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7

The Rotorua Geothermal Resource

7.1

7.2

7.3

Introduction

This section is intended to give a general overview of the technical
background of issues within the Rotorua Geothermal Field. For more
detailed technical information, readers are referred to the Geothermics
Special Issue Rotorua Geothermal Field and the Environment B-O-P
publication Technical Publication No 7 "Rotorua Geothermal Field Response
of field since closure (1987 - 1992)".

Location of the Rotorua Geothermal Field

The Rotorua Geothermal Field, if delineated on the location of surficial
features and geothermal bores, has an area of approximately 12 square
kilometres.

Electrical resistivity surveying suggests that the area of the geothermal field at
around 500 metres depth is between 18 to 28 square kilometres and that it
extends 2 kilometres northwards into Lake Rotorua and 2 kilometres south of
Whakarewarewa. The boundary of the field is described in Figure 1 by the
hatched lines.

The Rotorua Geothermal Field differs from other fields in that information
concerning the first 200 metres is relatively well established, however
information on the deeper parts of the Field is very sparse.

Volcanic Origin

The Rotorua Geothermal Field, like the majority of geothermal fields in the
Bay of Plenty Region, is associated with the Taupo Volcanic Zone (TVZ).
The TVZ has resulted from the melting of crustal materials associated with
subduction of a continental plate. This molten crustal material or magma is
buoyant and melts to the surface to form volcanic chains.

Rainfall infiltrates to great depths (ie several kilometres) where it is heated by
the shallow magma and the surrounding heated country rock. This heated
rainwater, at great pressure, then rises (usually slowly) to the surface, passing
through the overlying rock strata. The overlying rock strata is also heated by
the hot rising rainwater. As the rainwater becomes heated it dissolves and
accumulates mineral salts and gases, and may undergo changes in acidity or
alkalinity. At this stage it becomes geothermal fluid.

A geothermal field occurs where this rising fluid approaches close to or
reaches the ground surface. The surface of the area is often, but not always,
characterised by the presence of hot springs, fumaroles, mud pools and
steaming ground.
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contain cracks and cavities filled with geothermal fluid that has
risen from depth. Together they form the geothermal aquifer. Bores
drilled into the aquifer will produce hot water and steam. Faults
generally provide channels for upflowing fluids. However, the ICBF
fault structure acts as a barrier at shallow depth, so that hot fluids
feeding Whakarewarewa are prevented from being drawn away to
the area of lower pressure in the north.

Mamaku Ignimbrite

Rotorua Rhyolite and Mamaku Ignimbrite are two different types of
volcanic rock buried beneath silts deposited in the lake. They both - Rotorua Rhyolite

FIGURE 2 Block diagram of Rotorua geology
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In the Ohinemutu area, most features are clear, alkaline springs. There are
seepages to the shallow lake bottom. A geyser is believed to have once
played in this region. At Kuirau Park, features are cooler, and consist
generally of acid or only weakly alkaline water, and mud pools, suggesting
steam heated waters, and various degrees of mixing of steam heated waters
and alkaline source waters. A possible deep secondary source has been noted
in this area.

Features at Ngapuna, Sulphur Flats, Government Gardens area tend to be
weakly acidic. Rachel Spring, and Blue Bath are the major alkaline features
in this area. The main acid feature is Priests bath within the Polynesian Pools
complex.

The Arikikapakapa reserve is an extensive area of steaming ground, mud
pools and acid features. This does not, however, attract much public interest.

Whakarewarewa has the most active and attractive thermal features. It has
several reliable geysers (Pohutu, Mahanga, Waikorihihi and Prince of Wales
Feathers). These features are fed by alkaline chloride waters, and are
sensitive to small changes in pressure of the source fluids. Geyser activity is
now generally restricted to Geyser Flat.

The largest single physical feature at Whakarewarewa is Lake Roto-a-
Tamaheke. This area has intermediate chloride values. Just north is a set of
springs near the Puarenga Stream with much higher chloride concentration,
while due south of Geyser Flat is a set of lower chloride springs near Ngawha
Crater. This illustrates the local variation in the chemical constituents of the
water emerging from the geothermal surface features resulting from the
mixing processes taking place and the different routes that the geothermal
water, steam and gas takes in reaching the surface.

Extensive areas of sinter and hydrothermal alteration show that hot springs
used to exist along a previously higher lake level. Also recorded are sinter
beds within diatomaceous sediments below the present sinter surface at Roto-
a-Tamaheke. These constitute evidence that thermal activity has been present
in Rotorua for the past 20,000 to 50,000 years.
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7.8

Fragility of Geysers and Springs

There are three main types of surface discharge: fumaroles, geysers and
springs. A fumarole discharges only steam and gas, which comes from
geothermal water at some level below the surface, far enough for the water
not to be able to discharge. A spring occurs when the water is easily able to
discharge, because of its pressure and the water level - it is an overflow. A
geyser can be regarded as a spring that has a water level that is too low to
allow it to discharge continuously - it is below overflow level. The timing of
the geysering action, of discharge in sudden, short bursts, is governed by
refilling of chambers that were emptied by the last discharge, which in turn is
related to the water level and temperature of the geothermal aquifer. In
scientific terms, the geyser is an unstable type of discharge that marks the
transition between a spring and a fumarole. There is only a limited range of
conditions that allow geysering, which is why geysers are so rare: these
conditions are the existence of the chambers, and necessary water
temperature, level and gas content.

The significant point to note is the importance of the pressure and water level
to the existence of the springs and geysers. As they are essentially overflow
structures, where pressure and water level is low, the rate of discharge will
reduced. In the case of a geyser, the lowering of pressure and water level
may be such that geysering conditions can no longer be created. The demise
of geysers in New Zealand, such as those associated with the Wairakei and
Spa Fields, as a result of pressure reductions are well documented.

Geysers and springs are features that are also sensitive to small changes from
other sources. These sources include groundwater, rainfall, barometric
pressure, and other effects.

Variations in barometric pressure were correlated with discharge events at
Rachel pool. Hot springs have deeper, near boiling water balanced by the
hydrostatic head of the upper parts of the water column. A reduction in the
hydrostatic head either by removal of water, or by heating can induce the
spring to move from flowing to splashing or more vigorous discharge.

Rachel Spring in the Government Gardens had a new discharge flume
inserted about 300mm below the previous level and the immediate result was
an increased discharge, violent and continuous boiling. The fragility of
geysers relative to the cumulative effect of natural pressure changes and
pressure changes caused by seasonal use of mass must be emphasised. This
threat is always present although the shift to reinjection should lessen the risk.
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8

Field Closure Effects

8.1

8.2

Introduction

Strengthening concern over the effect of geothermal fluid withdrawal on the
Whakarewarewa area led the Government to take emergency measures in
1986. This included a shutdown of all bores within a radius of 1.5 kilometres
of Pohutu Geyser and closure of all Government Depariment bores in
Rotorua. Some closures occurred in 1986, but the majority occurred in the
period June 1987 to March 1988. The closure program was essentially
complete by the end of 1988.

A resource rental (geothermal royalties) regime was imposed by the Ministry
of Energy and became effective from 1 April 1987. The charges were set at a
deliberately high level in line with the Governments mandate to preserve the
Rotorua Geothermal Field. A large number of bores were closed, upgraded or
moved to reinjection by their owners during the time high rentals were
instigated by the Crown.

The Environment B-O-P technical report "Rotorua Geothermal Field
Response of Field Since Closure" summarised the impact of the Closure and
the following discussion is drawn from that document. The closure of bores
and the imposition of the resource rental regime (cumulatively referred to as
the Closure) led to significant changes in the Field in respect of:

(a)  Physical characteristics, and

(b)  Resource use characteristics.

Physical Changes

Figure 4 shows plots of water level variation in three monitor bores (M6,
M12 and M16) for the period 1983 to 1993. These plots assist in illustrating
the points in the following discussion.

Cycles of geothermal aquifer water level change coinciding with
winter/summer drawoff cycles were evident in all monitor wells with records
over the time 1982 to 1987. These cycles were not induced by changing
rainfall and occurred at a time when it was known that consumers varied their
withdrawal from summer to winter.
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8.3

Closure occurred progressively from 1986 onwards accelerating with the
enforced closure programme in mid 1987. This was important as many
believe the start of the Closure to be the enforced bore closure programme
which neglects the closure of Government Department bores and voluntary
bore closures that occurred earlier. During this period rainfall was low with
little variation.

Since Closure, the annual variability in water level of the geothermal aquifer
(ie the seasonal cycling) has been about two thirds of its previous value.

Therefore it is considered that even if rainfall is the cause of all the present
variability, some other effect such as withdrawal made a contribution to this

earlier.

Prior to Closure, seasonal fluctuations in aquifer water level were occurring
around an annually declining value. Following Closure, aquifer water levels
have fluctuated seasonally around an apparently uniform annual level. The
Rotorua Geothermal Field, under the 1992 withdrawal conditions was
considered stable in this respect.

After Closure, pressure gains of around 0.2 bars (corresponding to 2 metres in
water level) were made in various parts of the field and were essentially
complete by the end of 1988,

For the period 1984 to 1990, it was calculated that the natural mass/fluid
outflow from Whakarewarewa increased by approximately 2750 tonnes/day.
For the same period, the increased chloride flux in the Puarenga stream
indicated an increase of deep geothermal water inflow of at least 950 tonnes

per day.

Changes in the play of features in Whakarewarewa can not be clearly
determined apart from the data for Pohutu eruption frequencies which show
definite improvement. Increase in flow from geothermal surface features
such as Lake Roto-a-Tamaheke (at Whakarewarewa), Rachel Spring
(Government Gardens) and Kuirau Lake (Kuirau Park) were noted. The
general pattern is one of increased discharge and increased deep geothermal
input.

The decisions by the Government to close Government bores, close bores
within 1.5 kilometres of Pohutu Geyser and impose the resource rental regime
appear to have been cumulatively successful in increasing the geothermal
aquifer pressure and the recovering of geyser and other spring activity in
Rotorua.

Resource Use Changes

Large changes in geothermal resource use occurred between 1985 and 1992.
Changes occurred in respect of:

(a) Magnitude;
(b)  User type;

(c)  Spatial location.
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8.3.2 User Type
The following table illustrates the changes in user type between 1985 and
1992.
PARAMETER 1985 1992
Domestic withdrawal 48 percent 33 percent
Commercial withdrawal 52 percent 67 percent
Domestic wells 50 percent 54 percent
Commercial wells 50 percent 46 percent
Domestic users 84 percent 80 percent
Commercial users 16 percent 20 percent
In terms of number of wells and users, the change in percentage between
domestic and commercial use was relatively small. The proportion of
commercial wells declined by four percent and the proportion of commercial
users increased by four percent. ~
The most significant change occurred in the percentage of the total
withdrawal represented by each use. Domestic use of geothermal fluid in
1985 was equivalent to that of commercial use, however, estimates for 1992
show that domestic use is now only 33 percent of total withdrawal. This
indicates that majority of the domestic bores shut down probably abstracted
only small volumes of fluid.
It can be expected that, over time, the proportion of the total fluid withdrawal
taken by commercial interests will continue to increase. The introduction of
transferrable consents will contribute to this increase.
8.3.3 Spatial Location

Figures 5 and 6 show the distribution and density of production bores in 1987
and in 1992. The impact of the 1.5 kilometre extraction exclusion zone is
immediately apparent with only down hole heat exchangers now located
within the zone. Also evident is a significant reduction in density of
geothermal bores between Malfroy and Devon Streets where a large number
of domestic bores were shut in response to the imposition of the resource
rental regime not as a result of compulsory closure. The density of domestic
bores in this Southern City reduced from 22 per square kilometre to 6 per
square kilometre between 1985 and 1992.

It can be noted that the density of bores associated with motel/hotels along the
west side of Fenton Street did not apparently decrease between 1987 and
1995. This reflected the ability of the commercial facilities to pay the
resource rentals.
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FIG 6: LOCATION OF KNOWN PRODUCTION WELLS AS AT JULY 1998
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Equilibrium

9.1

9.2

Introduction

An equilibrium in a geothermal system occurs when there is a balance
between inflows to and outflows from the reservoir. In the case of the
Rotorua Geothermal Field, inflows are represented by geothermal fluid
flowing up from the deep geothermal aquifer, whereas outflows are both
natural discharge (springs, fumaroles, geysers and discharge to Lake Rotorua)
and artificial discharge (bores and down hole heat exchangers).

The balance in the system is represented by the geothermal aquifer water
level. Alteration of either inflows or outflows will result in a new water level.

The system may take some time to readjust to the alteration in inflows or
outflows, and thus the water level may be rising or falling for this period of
time. During this time, the system can be considered to be unstable. When
readjustment is complete, the water level (i.e. the balance) will remain steady
at a new level. If inflows had exceeded outflows, then this new level would
be higher than the original level whereas when outflows exceed inflows, the
new level would be lower,

Rotorua Situation

The Rotorua Geothermal Field differs from the above simple model in that
many of the natural outflows are overflows controlled by the water level in
the geothermal aquifer. Therefore, in simple terms, as the water level in the
geothermal aquifer falls, the outflow through springs and geysers also
reduces. Conversely, as the water level in the geothermal aquifer rises, the
outflow through the springs increases.

The high permeability structures in the Rotorua Field will freely supply fluid
(at least to the extent experienced ie. prior to the Closure), and as
demonstrated by responses to rainfall and reduction in withdrawal due to the

Closure, respond quickly to pressure transients.

The pressure drawdown of the resource during the period prior to Closure
indicates that either the resource decreased in temperature, or else that the
rate of outflow exceeded the rate of inflow to the aquifer. Temperature
profiles indicate that temperature fluctuations were not responsible for the
total variations in water level, so it is concluded that the rate of outflow

exceeded the rate of inflow.

Since the natural geothermal features are essentially overflow structures,
when the pressure in the aquifer declined, the rate of overflow reduced.

The recently developed model of the Rotorua Geothermal Field
commissioned from Industrial Research Limited also indicates that very little
storage exists within the geothermal aquifer and therefore any change in
equilibrium is quickly expressed as change in flow from geothermal surface

features.
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9.4

9.5

Strategic Equilibrium

As detailed above, the Rotorua Geothermal Field appears to be stable,
although the geothermal aquifer water level is still subject to small
fluctuations as a result of seasonal production drawoff, barometric pressure
and rainfall. Strategic equilibrium is the average of the fluctuations over a
nominal range through which the geothermal aquifer water level can fluctuate
in response to the above factors. Such fluctuations are natural and must be
accounted for in any management strategy.

Environment B-O-P (the Bay of Plenty Regional Council), however, must be
alerted if the geothermal aquifer water level fluctuates over a greater range
than can be expected as a result of the above factors. This may herald the
beginning of a period of Field instability which would require early
management action to minimise any potential environmental effects.

Selection of Minimum Aquifer Water Level

The Bay of Plenty Regional Council has been monitoring and recording water
levels in a number of geothermal bores located in the Rotorua Geothermal

Field.

The minimum level was taken as the minimum level the geothermal aquifer
water level fell to during the five years between 1989 and 1993. As the data
is recorded every 15 minutes, this is the lowest level recorded for any 15
minute period during the five years. This minimum point is a result of the
cumulative effect of a number of factors such as winter drawdown, low
rainfall and barometric pressure which combine to depress the geothermal
aquifer water level. Therefore by selecting this point, it is reasonable to
assume that most fluctuations of the geothermal aquifer water level will occur
above this point. Concurrently, if the geothermal aquifer water level declines
below this point for an extended period of time, then it is reasonable to
assume that a significant effect is being experienced in the field.

The current designated monitor bores are M6, M12 and M16. The minimum
geothermal aquifer water levels in those bores are:

M6 = 280.174 metres above Moturiki datum,
M12 = 283.995 metres above Moturiki datum,
M16 = 295.873 metres above Moturiki datum.

These levels are illustrated by the dotted lines entitled Minimum Geothermal
Aquifer Water Level on each of monitor bore water level variation plots in
Figure 4. The location of the current three monitor bores are shown in
Figure 1. The actual bores used may change if there are any difficulty
accessing or recording water levels. The water level in any new bore selected
would be calibrated to ensure a continuity of water level data.
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10

Field Use and Effects

10.1

10.1.1

10.1.2

10.1.2(a)

10.1.2(b)

Utility Use Information

This section gives a outline comparing the main types, areas and percentages
of utility use of the Rotorua geothermal resource in 1992.

Domestic Use
Domestic users are located mainly in two areas:

(a)  Southern City (an area bounded by Old Taupo Road, Fenton Street and
Amohau Street) and

(b)  Ohinemutu.

61 percent of domestic bores dispose of spent geothermal fluid by soakage
compared to commercial usage where 42 percent is disposed to soakage.

Commercial Use

Commercial use falls into three broad categories:

(a)  Tourist accommodation and other commercial usage; and
(b)  Health and therapeutic use.

(¢) Enjoyment and recreation use.

Tourist Accommodation and other Commercial Usage

Based on 1992 data, 5 Hotels, 44 Motels and 2 Motor Camps outside the 1.5
kilometre exclusion zone utilise geothermal fluid. This represents 55 percent
of all commercial use.

The majority of these users are located along Fenton Street, Hinemaru Street
and Lake Road.

The 5 hotels and one of the motor camps reinject spent geothermal fluid
whereas only 60 percent of motels using geothermal fluid/energy reinject
spent geothermal fluid.

The remaining commercial users include a wide range of activities such as
taverns, swimming pools, nurseries, churches and commercial buildings.
Almost all of this group of users are located in or near the Rotorua Central
Business District.

Health and Therapeutic Use

Rotorua and Queen Elizabeth Hospitals utilise geothermal fluid and energy.
Both institutions use geothermal energy for general domestic purposes such
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PARAMETER

1985

1992

Reinjection volume

1,500 tonnes per day

5,100 tonnes per day

Soakage volume

27,500 tonnes per day

4,400 tonnes per day

Reinjection percentage

5 percent of total
withdrawal

54 percent of total
withdrawal

Soakage percentage

95 percent of total
withdrawal

46 percent of total
withdrawal

104

There was a large increase in the volume of fluid being reinjected between
1985 and 1992, however the more important factor is the increase in the
percentage of total withdrawal being reinjected from five percent to 54
percent.

The huge increase in percentage of fluid being reinjected was due to the
resource rental regime put in place by the Government. A fifty percent rebate
of the resource rental was offered to those who moved to reinjection.

This shift to reinjection would have had positive effects through maintenance
of Field pressure and reduction of geothermal contamination of the
groundwater and surface streams.

Mass/Heat Relationships

Temperatures within geothermal bores vary across the Rotorua Geothermal
Field. As a result, some bore users can obtain their energy requirements from
a lesser volume of geothermal fluid than can others. The Bay of Plenty
Regional Council must take this into consideration if it is to equitably allocate
mass between users.

The relationship between mass and available heat for any particular bore is
determined by the heat content of the geothermal fluid. The heat content of a
fluid can be described by its enthalpy and enthalpy is related to temperature.
A formula used for determining available heat energy is:

Heat available (kW) = Mass flow rate (kg/sec) x (Enthalpy (kJ/kg) of
feed temperature - Enthalpy of discharge temperature).

The following examples illustrate how the enthalpy and the rate at which
mass is extracted influence the quantity of available heat energy.

Example One; a geothermal well which supplies geothermal fluid to a heat
exchanger at 1 kg/sec (86 tonnes /day) at a temperature of 200°C and after
passing through the heat exchanger, the fluid has cooled to 80°C for
reinjection. The available heat would be calculated as approximately 510

kW.

Example Two; a well supplies geothermal fluid at a rate of 3kg/sec (258
tonnes/day) at a feed temperature of 200°C and is cooled to 80°C for
reinjection. The available heat is approximately 1270 kW.
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PART III
MANAGEMENT ISSUES,
OBJECTIVES, POLICIES AND

METHODS

63




1 July 1999
Environment B-O'P

Understanding the Rotorua
Rotorua Geothermal Regional Plan Geothermal Resource

11

Understanding the Rotorua
Geothermal Resource

11.1

11.1.1

Explanation

If the Rotorua geothermal resource is to be effectively managed, then
managers will need to have good quality knowledge about the resource.

Firstly, there is parameter information that tells us fundamental facts about
the resource, such as where it is, how deep it is and how much energy it
produces. Secondly, there is dynamic information which tells us about
changes in resource characteristics over time, such as fluid and pressure
gradients, movements and changes, changes induced by fluid or energy
abstraction and how these may occur as a result of user interaction with the
field.

The quality of the information field managers have will determine to a large
extent management precision. Quality can be affected by such matters as the
accuracy of data measurement, the length of time over which data is gathered,
the resources available for monitoring, the sophistication of models and the
theoretical quality of interpretations and conclusions drawn from data
gathered. As technology and theoretical understandings develop, our ability
to use contemporary information more precisely increases.

Environment B-O-P has a variety of different tools with which to monitor and
predict changed in field characteristics. These include; a field model, the
monitoring of water level data for trends, information from bore construction
and testing and the monitoring of chemical and thermal changes across the

field.

Field Model

It is possible over time to build up a sophisticated picture or a model of the
field by assembling together all of the information gathered into a structured

formula.

A geothermal field model is an array of interrelated equations operated by a
computer programme. Into this programme is placed data about the field, for
example, information about geothermal pressures at various depths and
locations, volumes of natural and extracted outflow, reservoir geology, data
about how the geothermal fluid moves both vertically and horizontally within

the field reservoir.

The model is basically a sophisticated geothermal fluid/pressure budget
analyser that can be used to predict the effect that an abstraction or injection
of fluid and/or energy will have on the surrounding geothermal resource at
any location and time. It can also indicate the (cumulative) effect of many
such activities and probable effects that may be induced on surface activities.
It is the means by which the relative equilibrium of the field can be assessed
against the net changes in inflows and outflows of geothermal fluid and

energy.
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11.2

11.2.1

11.2.2

11.3

This would be a threat to the sustainability of the Rotorua geothermal
resource and the precision with which decisions on resource consent
applications are made. It would also compromise decision consistency.

Essentially, a good operating field model, backed with monitored and
analysis data achieves two main management functions. Firstly, it gives a
relatively accurate scientific picture of the dynamics of the field reservoir and
secondly, it provides a management tool to enable more sound analysis of
cause and effect relationships to be made. This would also enable more
precise decisions on resource use.

Because the field model is able to utilise current data, can be adjusted to
current calibration from that data, and has a programme that can be adjusted
to reflect current scientific theory, it is a dynamic tool able to provide a
current best practicable assessment of field characteristics. Information itself
is a dynamic commodity, it evolves over time and that evolution should be
better targeted towards answering the questions that will be raised by
management requirements for the field in the future.

Issue

The information available to Environment B-O-P may not be of
sufficient quality to enable effective management of the field.

Preferred Option

To ensure, with testing and ongoing relationship evaluation, that the
information available on field characteristics is of a quality sufficient to
enable effective management of the Rotorua geothermal field.

Principal Reason

Much of the information available to Environment B-O'P on field
performance monitoring prior to 1989 is inherited. Since 1989,
Environment B-O-P has, via consultants and its own monitoring effort,
worked to ensure data continuity and has conducted comparative analysis to
test whether previous results support current data trends. In effect, previous
monitored information is continually tested against current data and evolving
theoretical understandings of how geothermal fields work. Information
gathered over time can be further tested, refined and adjusted by theoretical
and mathematical models. It is best when this process is part of the
development of current understandings about the dynamics of the Rotorua
geothermal field rather than a separate process. Environment B-O-P does not
have unlimited resources and it must be clearly understood that resources
diverted to separately revisit and rework previous data will not then be
available for current monitoring and research effort.

Issue
That without a current model of the Rotorua geothermal field,

Environment B-O-P's ability to protect, cause and effect relationships
will be limited and uncertain.
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11.5

11.5.1

11.5.2

11.5.2(a)
11.5.2(b)
11.5.2(c)

11.5.2(d)

11.5.2(e)

11.5.2(F)

11.5.3

11.5.3(a)

11.5.3(a)(i)

11.5.3(a)(ii)

Dynamic information about the Rotorua geothermal field is also evolving
particularly as monitoring research continues and better modelling
interactions are understood. Understanding changes in field energy and
pressure patterns are vital to the detection of effects. Effects can be natural
such as changes in rainfall, atmospheric pressure, ambient temperature, or
induced changes such as seasonal variations, geothermal drawoff, reinjection
and quenching during the installation of a new bore.

The way that the field reacts to effects also varies depending on local field
geology, especially lateral transmissivity and known barriers, such as the
inner caldera boundary fault. The best practical means that
Environment B-O-P currently has to bring together the dynamic relationships
between natural and induced effects with the fluid hydraulics and field
geology is a field model. The field model allows dynamic interactions to be
expressed interactively giving a "moving" picture of what is happening in the
field. This can then be related to actual measured field effects giving further
calibration to the model. The model is growing and the picture we have of
the field is becoming clearer as further information becomes available. As
the model develops it will assist in planning the field monitoring programme.

Objectives, Policies and Methods

Objective

Best practicable cost effective management of data and information
precision and confidence.

Policies

To obtain best practicable quality field data and information.

To achieve best practicable field management precision and confidence.
To keep management expenditure to a practicable minimum.

To ensure measured data used in field management is of the highest
practicable quality.

To provide field model information, at cost, to any interested party.

To exercise caution with regards the use of historical data and information for
field management purposes

Methods of Implementation
Research
Environment B-O'P will:

Continue field monitoring and research, and make resources available in
accordance with the requirements of the Resource Management Act 1991
(section 35).

Upgrade, as appropriate, the current field model of the Retorua geothermal
resource.

69




1 July 1999
Environment B-O-P

Sustaining the Rotorua
Rotorua Geothermal Regional Plan Geothermal Resource

12

Sustaining the Rotorua Geothermal
Resource

12.1

Explanation

In general terms sustaining the Rotorua geothermal resource means to
manage the resource so that its potentials are safeguarded and its values are
retained and protected. This requires a sound understanding of field
dynamics, and also an appreciation of the consequences of not achieving a
defined sustainable balance between the renewal of the resource and its use.

The Rotorua geothermal resource is a limited, vulnerable but renewable
resource. It is common sense that only if the Rotorua geothermal resource is
managed to ensure that it continues, can the present and future social,
economic and cultural expectations that people have of the resource be met.

There has already been a lesson on the consequences of excessive and
uncontrolled draw-off from the field. The problems of the mid 1980% were
due mainly to the absence of a sound understanding of field characteristics by
users, the lack of any protective structure for geothermal surface features,
coupled to the absence of judicious and efficient management of the use of
the geothermal resource.

Part II of the Resource Management Act 1991 promotes the principle of
sustainable management and sets clear tests and parameters against which
management options and choices in the regional plan will need to be
measured. This places quite rigorous obligations on both administrators and
the public.

With respect to the principles of the Resource Management Act 1991,
sustainable management also requires the managing of adverse effects that
may compromise the natural qualities and potential of the resource and the
surrounding environment. The energy driving the Rotorua geothermal
resource is renewed from the deep heat source beneath the field, however the
rate at which energy moves up to into the surface of the field is relatively
constant. In this context, the resource is a resource that is renewing itself but
at a rate that is limited; once the rate of drawoff from the field (from bores
and natural springs) exceeds the sum of natural recharge plus recharge from
reinjected fluid, the potential of the field, in terms of field water levels and
pressure, decreases. If this happens the resource is being "mined"” and many
of its values will begin to diminish, or may be destroyed.

For management purposes, the geothermal field, its surface features, and
geothermal abstraction need to be considered as an integrated system, for the
most part relying on the good performance of each other for continued
sustenance. It is within this concept that the success of resource sustainability
and sustainable management needs to be assessed.

Sustainable management of the Rotorua geothermal resource is therefore the
concept of sustaining a limited but renewable geothermal resource by
ensuring that it retains its values and potentials, while:
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12.3
12.3.1

12.3.2

12.3.2(a)

12.3.2(b)

12.3.3

12.3.3(a)

12.3.3(a)(i)

12.3.3(a)(ii)

12.3.3(a)(iii)

The key indicator of the state of the field at any point in time is the water
level measured in wells monitoring the geothermal aquifer. This water level
is influenced primarily by fluid abstraction and reinjection, and meterological
factors, such as long term rainfall trends. These factors can be shown to alter
water levels across the geothermal aquifer. The strategic equilibrium is a tool
which can be used to keep track of changes and medium term trends in the
field water level.

These field water level changes and trends can then be related to geothermal
water abstraction figures, and field model information, to assist in predicting
ongoing effects of abstraction and reinjection against the background of
natural field water level fluctuations. This information can then be assessed
to indicate whether the values and potentials of the field are being sustainably
managed relative to plan policies.

As new data is collected and the understanding of the geothermal field
improves, field management options may be reviewed. Using the predictive
qualities of strategic equilibrium trends, geothermal fluid use and model

information, the ability to sustain the Rotorua geothermal resource should be
enhanced.

Objective, Policies and Methods

Objective

A strategic equilibrium designed to sustain the features, values and
potentials of the Rotorua geothermal resource into the future.

Policies

To restore and maintain the Rotorua geothermal field at an optimal strategic
equilibrium.

To restore the features, potentials, and values of the Rotorua geothermal
resource for present and future generations.

Methods of Implementation

Strategic Equilibrium

Environment B-O-P will:

Establish Minimum Geothermal Aquifer Water Levels measured in calibrated
field monitor bores to avoid or remedy adverse effects on fluid outflow from
geothermal surface features.

Monitor the minimum geothermal aquifer water levels for the field relative to
field data and model scenarios to provide an ongoing information base
relating the minimum geothermal aquifer water levels and the natural outflow
from geothermal surface features.

Use the field model to measure the effects any proposed resource use activity
may have on the strategic equilibrium and the minimum geothermal aquifer

water level.
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12.4

Stage 2 Ten Percent Reduction

If, following a stage 1 voluntary reduction period, the water in the
geothermal aquifer remains at or below the minimum geothermal aquifer
water level in any two of the designated field monitor bores,
Environment B-O-P may publicly notify a stage 2 ten percent reduction
notice. The notice may apply generally over the whole field, or fo a
specifically defined part or parts of the field. From the date specified in the
public notice, the Grantee shall reduce abstraction of geothermal water
(including geothermal mass) by ten percent. For the purposes of this
condition, the ten percent reduction shall be measured as a ten percent
decrease of current geothermal mass abstracted irrespective of resource
consent allocation. The fen percent reduction requirement shall remain in
force for a period of 30 days.

Stage 3 Specified Percentage Reduction

If, following a stage 2 ten percent reduction period of 30 days, the water in
the geothermal aquifer remains at or below the minimum geothermal aquifer
water level in any two of the designated monitor bores, Environment B:O'P
may publicly notify a Stage 3 specified percentage reduction notice. The
notice may apply generally over the whole field, or to a specifically defined
part or parts of the field. The notice will specify a percentage reduction
requirement up to but not exceeding thirty three percent. From the date
specified in the public notice, the Grantee shall reduce abstraction of
geothermal water (including geothermal mass) by the percentage specified in
the notice. For the purposes of this condition the specified percentage
reduction shall be measured as a percentage decrease of current geothermal
mass abstracted irrespective of resource consent allocation.  Different
specified reduction percentages may apply to designated parts of the field.
The specified percentage reduction requirement shall remain in force for a
period not exceeding 60 days.

Pursuant to Section 68 (7) of the Resource Management Act 1991, this rule
shall affect, under Section 130, the exercise of existing resource consents for
activities which contravene the rule, for the stages and periods specified
herein,

A notice issued to activate a stage 3 specified percentage reduction shall be
limited to a percentage not exceeding thirty three percent, for a period not
exceeding 60 days.

Environmental Results Anticipated

(a) The Rotorua geothermal field water level (and pressure) will be
stabilised at a strategic equilibrium, above a defined minimum
geothermal aquifer water level.

(b)  The features, values and potentials of the Rotorua geothermal resource
will be protected.

(¢)  Any activity that may or would compromise the established strategic
equilibrium, and thereby the field environment, will be tested by the
resource consent application process.
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13

Protecting Surface Activities and
Features

13.1

Explanation

Geothermal surface features are a major asset of the Rotorua geothermal
resource. They have significant values to the Rotorua community and to the
nation. In their own right they are the sentinel indicators of the state of field

pressure.

The "health" of the field is paramount in ensuring the continuity and
consistency of both surface feature and utility assets. All geothermal surface
features on the field are driven by the release of geothermal fluid either as
liquid, steam or gas. Liquid ‘charges’ operate the geysers whereas fumaroles
emit gas or steam or both.

Field monitoring data gathered from 1985 to 1995 shows clearly a
relationship between the water levels in the Rotorua geothermal aquifer and
the performance of geysers in the Whakarewarewa geyser field. Generally
during prolonged periods of low aquifer water levels a marked drop in geyser
display frequency occurs; the main objective of this plan is to maintain water
levels in the Rotorua geothermal field aquifer to restore the display frequency
of the geysers.

Surface activity is the expression of geothermal potential from the field out
onto the surface. Associated with surface activity is the formation of
geothermal surface features usually by deposition of silica, sulphur and other
materials precipitating or ejecting from geothermal fluid. Geysers, fumaroles,
sinter cones, tomos, mud pools, hot and cold springs and pools, steam and gas
vents, all form part of the Rotorua Geothermal scene.

The location of surface activity in Rotorua is divided into several groupings,
that generally align with known thermal upflow zones. The main centre of
activity and features is Whakarewarewa on the southern edge of the field.

Other significant upflow zones occur at Kuirau Park on the west of a rhyolite
dome, and about the shore of Lake Rotorua at Ohinemutu, Government

Gardens, Sulphur Bay and Ngapuna.

Together, the areas of geothermal activity in Rotorua form a very valuable set
of assets for the people of Rotorua City. The main asset being the geysers in
Whakarewarewa.

The Rotorua geothermal field contains New Zealand’s one remaining area of
major geyser activity that display in their natural state. To lose the
Whakarewarewa geysers would be a devastating event, particularly to the
international scientific community, the New Zealand tourist economy and to
the whole Rotorua economy. The loss of the geysers through over
exploitation and imprudent management would be a negligence that would
certainly not reflect well on the people of the region. It would also be
contrary to the principles of the Resource Management Act 1991. As a
consequence it is proposed that the geothermal surface activities, features and
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13.2

13.2.1

13.2.2

13.3

13.3.1

unnatural physical degradation, unauthorised interference and insensitive
development.

Issue

The geothermal surface features of the Rotorua geothermal resource
have not been adequately assessed for qualities requiring protection.
The Whakarewarewa thermal area is not adequately protected.

Preferred Option

That in the absence of a definitive assessment of those field qualities and
values requiring protection, protection will be given to all geothermal
surface features. The geothermal surface activities, features and
associated ecologies of the Whakarewarewa area are acknowledged as
outstanding natural features, consequently requiring protection. To
achieve this the established 1.5 kilometre radius mass abstraction
exclusion zone around Pohutu Geyser will be retained.

Principal Reason

There has been extensive effort to identify and register geothermal surface
features of the Rotorua geothermal resource. Publications have assessed and
classified more well known features in terms of importance and vulnerability.
The information compiled in this and other works should be brought together
and further developed. In particular an assessment needs to be made to
determine which features of the Rotorua geothermal resource would qualify
as outstanding. This is particularly important as once identified, outstanding
natural features are required to be protected under section 6(b) of the
Resource Management Act. The proposition has also been put that the
Rotorua geothermal field itself is, in its entirety, of international importance
and at risk due to exploitation of the geothermal resource or other influences.

The need to respect and protect geothermal features as taonga is a matter of
deep concern for Te Arawa people. For over 600 years Te Arawa iwi have
been resident in the Rotorua area, in particular Ngati Wahiao/Tuhourangi and
Ngati Whakaue. It is a matter of urgency that geothermal taonga and the
mauri of geothermal water be protected and respected.

In the absence of definitive information regarding which features require

protection, the default suggested is to regard all geothermal surface features
as having qualities worthy of protection until information proves otherwise.

Issue
Geothermal aquifer water levels will need to be managed to ensure

healthy geothermal activity continues so that geothermal surface
features are protected.

Preferred Option

To manage the water level in the field aquifer at a level that ensures the
restoration of geothermal surface feature outflow activity.
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13.5

13.5.1

13.5.2

13.5.2(a)

13.5.2(b)

13.5.2(c)

13.5.2(d)

13.5.2(e)

13.5.2(f)

13.5.2(g)

apparent, the Rotorua community have come to recognise a need for a more
thorough formal assessment of development effects.

Altering and interfering with geothermal phenomena can cause risk from
geothermal hazard, ranging from the re-emergence of fumeroles and gas
emission to hydrothermal eruption. To avoid, remedy or mitigate such risk
and to protect geothermal surface features from physical degradation, any
activity that will interfere with or cause effect on any natural geothermal
feature will require a resource consent. Interference with geothermal surface
features comes primarily from two main sources; inappropriate structures and
site development adjacent to features, and interference and damage to the
natural hydrology and deposition forms of features particularly geysers,
springs and hot lakes.

Objective, Policies and Methods

Objective

The protection of geothermal surface features, the restoration of
geothermal surface features outflow activity and the avoidance or
mitigation of natural geothermal hazards.

Policies

To identify, protect and, where practicable, enhance the intrinsic, ecological
and tourist values of the geothermal surface features of the Rotorua
geothermal resource.

To protect the intrinsic, ecological and tourist values of the geothermal
surface features of the Rotorua geothermal resource by advocating the
establishment of policy in relevant planning documents that would require
formal resource consent assessments and tests be applied on the effects of
each development on geothermal surface features present in the development
area.

To avoid, remedy or mitigate natural hazard caused by interference with
geothermal activity or geothermal surface features, formal resource consent
assessments and tests are to be applied on the effects of development on
geothermal surface features present in a development area, with particular
regard to the effects of development on geothermal hazard risk.

To require the provision of formal planning assessment of the effects of
development on geothermal hazard risk in relevant planning documents.

To define and protect outstanding natural geothermal activity and geothermal
surface features of the Rotorua geothermal field.

To ensure that geothermal taonga identified and named by tangata whenua
are respected and afforded appropriate protection.

To ensure that any use or development of the Whakarewarewa area is
evaluated with particular regard to the protection of the outstanding natural
features of the Whakarewarewa area.
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13.5.3(a)(iv)
13.5.3(b)

13.5.3(b)(i)

13.5.3(b)(ii)

13.5.3(b)(iii)

13.5.3(b)(iv)

13.5.3(b)(v)

(g) Include, as practicable, quality scientific information of relevance to
each feature in particular an assessment of outflow rates of geothermal
fluid,

(h) Include location maps and other information presentations to ensure
that the register can provide "user friendly" quality information and be
an effective planning device for developers and the public.

Require the effective reinjection of bore abstracted geothermal water.

Rules

The following activities shall be administered as activities that increase the
risk of natural hazard, and have an adverse effect on the environment. They
shall be regulated as discretionary activities requiring a land use consent:

()  Any interference with the natural geothermal fluid outflow from a
geothermal surface feature, and,

(b) Any interference with the physical structure of a geothermal surface
feature, and;

(¢)  Any destruction of a geothermal surface feature including excavation,
and;

(d)  Any placement or deposition of any substance, including fill or waste

material on, into or under any geothermal surface feature ;

shall be considered as activities causing natural hazard requiring avoidance or

| mitigation, and as having an adverse effect on the environment, and shall be

discretionary activities requiring a land use consent from Environment B-O-P.

The bore abstraction of geothermal water within the geothermal mass
abstraction exclusion zone, being that area circumscribed by a circle of 1.5
kilometre radius measured from the centre of Pohutu Geyser, shall be
considered as having an adverse effect on the environment and is a prohibited
activity.

With respect to the provisions of section 14.3(c) of the Resource
Management Act 1991, the bore abstraction of geothermal water from the
Rotorua geothermal field is deemed to have an adverse effect on the
environment.

The total quantity of heat extracted by authorised down hole heat exchangers
within the geothermal water abstraction exclusion zone shall not be increased.

Any minimum geothermal aquifer water level set by Environment B-O'P
under this regional plan shall be set with regard to the protection and
preservation requirements of outstanding natural features, the natural
character of geothermal wetlands and other natural features of the Rotorua
geothermal resource including associated natural ecologies.
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14

Quantifying Available Resource

14.1

Explanation

Having established a need to secure a quality understanding of the Rotorua
geothermal resource, and adopted the principles of managing the field so that
its values and potentials are sustained and features protected, resource
available for utility activities must be addressed. Utility activities include use
of geothermal resource for heating buildings, thermal baths and pools, and
other commercial and industrial uses.

Initially the concept that environmental considerations were to be given
precedence over the use of geothermal resource for utility purposes was not
widely accepted. However, as people have come to understand the fragility
of the geysers, and the reality that bore abstraction of mass does directly
affect geyser performance, the community has increasingly supported a
preference for the protection of surface features.  What must be
acknowledged however, is that the field, its features and its utility potentials
are all inextricably linked and that the only realistic aspect that can be
controlled is the artificial abstraction of geothermal resource (both mass and
energy) for utility purposes. It is utility abstraction that causes effects and as
field managers, local authorities are required to avoid, remedy or control
those effects.

It is now about 100 years since the first use of extracted mass from the
Rotorua geothermal resource occurred. For much of that history, the majority
of effects appear to have been relatively benign. It is fair to say that until the
late 1970’ not much attention was paid to effects, the resource appeared quite
limitless, and it appeared that a user simply had to sink down a bore and that
was that. Discharges went into drains and everything appeared rather well
organised. What was not recognised was the delicate system of balances
within which the field exists. Balances between inputs and outputs, hot water
and cold water intrusion, abstraction and pressure drop, pressure changes and
changes in surface feature activity. Today these interactions are more
apparent.  People now also understand that without a precautionary
management strategy that sets an amount of abstraction that the field can
tolerate without stress, it is only a matter of decades before the resource
would be quenched, and for geyser and spring outflows, only a matter of a
few years.

Current modelling and research has indicated that the field can sustain
without significant stress, a net utility abstraction totalling around 4,000 to
5,000 tonnes per day. This relates to the current field status where total
withdrawal is 9,500 tonnes per day with 54% reinjection giving a net
withdrawal of 4,400 tonnes per day. The effects of abstraction however, are
not uniform across the field, but relate to proximity to outflow zones and
geothermal surface features.

Feedback from the field monitoring programme, consent information, trends
in measured data and the field model will be the tools by which potential
local and cumulative effects will be able to be calculated and evaluated. To
date the management of the field by Environment B-O-P has followed on
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14.3.2(b)

14.3.2(b)(i)
14.3.2(b)(ii)
14.3.2(b)(iii)
14.3.2(b)(iv)
14.3.3
14.3.3(a)

14.3.3()(i)

14.3.3(a)(ii)

14.3.3(a)(iii)

14.3.3(a)(iv)

14.3.3(a)(v)

14.3.3(b)

14.3.3(b)()

To establish procedures for the review and variation of the net measure of
available resource, with particular regard to:

The maintenance of the strategic equilibrium, and;
The protection of natural surface features and ecologies, and;
The cumulative effort for efficient resource use, and;

The control of environmental effects.

Methods of Implementation

Establishing Available Resource

Environment B-O-P will:

Establish an initial total net amount of geothermal water available for utility
abstraction.

Initiate a change to the plan to vary the total net amount of geothermal mass
available for utility abstraction at any time that the review procedure of
Section 14.3.3 (a)(iii) indicates that a variation is required.

Establish a review procedure by which assessment of the total net amount of
geothermal water available for utility abstraction will be made using quality
information including:

(2)  Current analysis of trends in monitored information,
(b) Information from the field model,

(c)  Environment B-O-P's requirement for the maintenance of the strategic
equilibrium,

d Environment B-O-P's requirement for the effective protection of natural
q P
geothermal surface features and ecologies,

(e)  Results of cumulative effort for efficient resource use and,

()  Environmental effects, including positive effects through the
establishment of down hole heat exchangers.

Define a relationship between mass abstraction activities and energy
abstraction activities.

Define the relationship between mass abstraction activities and energy
abstraction activities in order to provide trends towards using more efficient
geothermal utility systems, such as down hole heat exchanger systems.

Rule

The initial net amount of geothermal water (mass) available for utility
abstraction shall not exceed an accumulated total of 4,400 tonnes per day.
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Protecting Authorised Users

15.1

15.2

15.2.1

15.2.2

Explanation

Existing resource consent holders and users on interconnected multiple user
systems (community schemes) have invested both time and money to access
and use geothermal resource. The cost of bores, bore headworks, pipework,
insulation, heat exchangers and reinjection systems can all amount to a
substantial investment. It is the intention of Environment B-O'P to give a
measure of confidence for existing authorised users in their geothermal
resource allocation and, providing compliance with this regional plan can be
met, protection of their geothermal investments.

Environment B-O-P will be expecting existing users to abide by the policy
requirements developed in this regional plan, and should note in particular
the policy seeking more efficient use of resource and the requirements for the
installation of reinjection systems or down hole heat exchangers within three

years.

Issue

Environment B-O-P will need to establish some certainty and protection
for authorised users, particularly from unreasonable costs and over

allocation.

Preferred Option

That Environment B-O-P will seek to protect current authorised
geothermal resource users, provided that the user complies with the
policy requirements of the Rotorua Geothermal Regional Plan.

Principal Reasons

For resource users there are three principles that Environment B-O-P seeks to
achieve, they are: cost equity and natural justice, protection of rights and
certainty of availability.

Cost equity can only be achieved if Environment B-O-P is aware of and has
registered authorisations for every bore that extracts geothermal fluid or
energy or reinjects geothermal fluid. Cost equity relates to distributing costs
levied on resource users fairly and relates to Environment B-O-P's ability to
control wasteful or inefficient use thereby providing further available
resource for use. Natural justice requires that all users are treated faitly with
respect to their rights, but in turn must respect that they have statutory duties
and obligations that must be fulfilled.

To protect the rights of users Environment B-O-P must also be aware of their
location and requirements.  Unauthorised users would have difficulty
promoting claims of detrimental effect should resource consents be granted to
adjacent property owners. Conversely, if an application is made for a
resource use activity that may detrimentally affect an adjacent authorised
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15.3.2 Policies

15.3.2(a) To recognise the commitments and investments of existing current authorised
resource users while ensuring that the geothermal resource is taken, used and
discharged in accordance with the policies and rules of the Rotorua
Geothermal Regional Plan.

15.3.2(b) To encourage all users supplied by an interconnected multiple user system to
form into a documented association to represent their individual and
collective rights and interests.

15.3.3 Methods of Implementation

15.3.3(a) Process

15.3.3(a)(i) To be considered under this section, the applicant is required to have a

15.3.3(a)(ii)

15.3.3(a)(iii)

current authorisation, provided that Environment B-O-P may, at its discretion,
consider an application under this section if the applicant has had a valid
authorisation within one year from the date of application.

The applicant shall supply the following application information and
evidence as appropriate when application is being sought for a replacement
resource consent:

(a)  That the application is lodged with Environment B-O-P no later than 6
months before the expiry of the original resource consent expires
(section 124 of the Resource Management Act 1991), and

(b)  That the application is for an amount of mass or energy not exceeding
their existing authorisation, and

(¢}  That the use of resource is efficient, and

(d) That any fluid extracted is or will be reinjected, or a down hole heat
exchanger is being used, and

(e)  That the bore installation has been maintained to standard, and

(f)  That the application complies with all other policies of this regional
plan.

In accordance with Section 418(2) and (4) of the Resource Management Act
1991;

(a)  Any permission for the taking of geothermal energy from the Rotorua
geothermal field for any purpose authorised (by licence or otherwise)
under Section 9 (1)(b) of the Geothermal Energy Act 1951 is hereby
revoked on the date six months following the date on which this
regional plan becomes operative.

(b) Any taking of heat or energy from geothermal water or from the
material surrounding geothermal water in the Rotorua geothermal
aquifer being lawfully taken or used, and such taking or use did not
require any licence or other authorisation, shall cease to be permitted
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154

not exceed five years from the date on which the Rotorua Geothermal
Regional Plan becomes operative.

Environmental Results Anticipated

(a)  Existing authorised users who have given effective effort to using
resource efficiently and minimising environmental effects will gain
certainty of access to resource.

(b)  All users on an interconnected multiple user system will have a
measure of security of tenure, providing for the protection of rights and
the enhancement of the “social environment”.
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16

Managing Unauthorised Users

16.1

16.2

16.2.1

16.2.2

Explanation

The taking of geothermal resource, heated water or energy from geothermal
source over 30°C requires an authorisation. There are many and various
forms of licences, rights and permits that have been issued over time and in
fairness to all users Environment B-O'P will be researching all such
authorities to bring them within the management system of the regional plan.

There may be users who are confident that they have or did have authority to
operate a bore, but now find that they have difficulty validating that authority.
For these users Environment B-O-P will work together with the bore owner
to research whether the use can be validated.

The only difficulty arises where bores have been constructed and used
following the October 1991 commencement of the Resource Management
Act, in this situation, the bore must have a current authorisation to be used.

In the context of this section; an unauthorised user is anyone whose authority
to take and use geothermal resource has not yet been determined through the
policies and methods of this plan

Issue

The effective management of the Rotorua geothermal resource can not
be achieved while there are unauthorised users on the field.

Preferred Option

That Environment B-O-P work together with people who have no formal
authorisation to take geothermal resource to determine the status of
their resource use. If, as a result, people are found to have no valid
authorisation, then they be given a period of three months in which to
secure an allocation of geothermal resource and make a formal
application for a resource consent. Any user subsequently discovered to
be taking and/or using geothermal resource would, following due
warning, be prosecuted. This process shall not apply to bores installed
and used without resource consent on or after 1 October 1991.

Principal Reason

There is some confusion about who is authorised to take and use geothermal
resource. The lack of previous management and multitude of agencies
involved have not helped this confusion.

Parallel to this, is the issue as to where the burden of proof should lie and
what tests should be applied to establish whether some prior actual or implied
consent permit or licence exists.
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Figure 7 - Rotorua Geothermal Bore Authorisation Flow Chart
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1 July 1999

Environment B-O-P

Managing

Rotorua Geothermal Regional Plan Unauthorised Users

16.3.3(a)(ii)

16.3.3(a)(iii)

16.3.3(b)

16.3.3(b)(i)

16.3.3(b)(ii)

16.3.3(b)(ii)

16.3.3(b)(iv)

16.3.3(b)(v)

16.3.3(c)

16.3.3(c)(i)

16.4

Register, monitor and map known current authorisations for the taking or use
of geothermal resource.

Work together with bore owners to ascertain whether individual bores that
have no known current authorisation are authorised or not.

Prevention of Unauthorised Abstraction

Environment B-O-P will:

When it has reasonable grounds to believe that a bore is being operated
without authorisation, issue a written warning notice to the owner of the bore.
The warning notice will include a summary of the grounds for
Environment B-O-P's concerns.

Require that after receiving a warning notice a bore owner shall, within 20
working days, provide to Environment B-O-P information stating the
authority under which the bore owner believes the bore to be operating.

Following assessment of any advice or information received, determine
whether or not a bore is being used with or without authorisation and respond
accordingly.

Ensure that any bore used to illegally access and take geothermal water, heat
or energy from the Rotorua geothermal field is effectively decommissioned
by any practical means.

Following a moratorium period of 60 working days from the date on which
an unauthorised taking and use of geothermal resource has been determined
by Environment B-O-P to have no authorisation, pursue, as appropriate,
enforcement action.

Rules

The taking and use of geothermal heat or energy from geothermal water, or
heat or energy from the material surrounding any geothermal water, pursuant
to section 418(2) and (4) of the Resource Management Act 1991, is hereby
revoked on the date one year from the date on which this regional plan
becomes operative.

Environmental Results Anticipated

(a)  Unauthorised bores currently operating on the geothermal field will
either become authorised or will be shut down and sealed, decreasing
drawoff from the geothermal aquifer.

(b)  Field management costs will be more equitably distributed.

(c)  Field management effort to reduce adverse environmental effects will
be more effective.

(d)  Authorised bore operators and owners will be better protected.

(e)  The preservation and protection of features and efficiency of resource
use will be enhanced.
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17

Equating Allocation to Use

171

17.2

17.2.1

17.2.2

Explanation

This section is designed to induce both users and decision makers to consider
with care whether the amount of geothermal resource sought by an applicant
is reasonable when related to the use proposed. It will challenge some current
wasteful practices particularly with regards the control of heating
temperatures.

Essentially the section will ensure that the amount allocated is, within
reasonable tolerance, neither too much nor too little for the use proposed.

Issue

The amount of geothermal resource granted to a user should be related
directly to their use requirement, and limited to prevent resource being
wasted.

Preferred Option

That Environment B-O‘P will require, as part of the information
supporting any new application, an assessment relating to the amount of
mass or energy sought to the use of the resource sought and evidence of
the efficiencies anticipated by the applicant. Environment B-O-P will
consider altering existing consents to meet the minimum geothermal
aquifer water levels required by this regional plan.

Principal Reasons

The over allocation of geothermal resource is one symptom of previous
relaxed management coupled to the misconception that the Rotorua
geothermal resource was somehow limitless and free. This has also lead to
use inefficiencies and waste of resource. If this situation is permitted to
continue then the limited quantity of available resource is in fact
unnecessarily restricted.

Over recent years Environment B-O-P has been requiring applicants to relate
mass sought to the use they require. This formula should be continued if
optimal resource utility potentials are to be achieved. For resource consents
granted prior to this precaution, Environment B-O-P has the ability through
this regional plan to establish a review of consent conditions (Resource
Management Act section 128(b)).

Reviews of consent conditions can apply where rules in the regional plan
establish ranges of temperature or pressure of geothermal water to be
achieved and where Environment B-O-P is of the opinion that it is appropriate
to review conditions in order that minimum aquifer water levels set by
regional plan rules can be met.
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17.3.3(b)

17.3.3(b)(i)

17.4

Rule

An allocation of geothermal resource granted by a resource consent shall be
limited to an amount sufficient for the efficient use of resource relative to the
activity proposed. For the purposes of this rule, the efficient use of resource
means that all practicable means have been or will be installed to ensure that
wastage of geothermal resource, in particular heat and energy, is minimised.

Environmental Results Anticipated

(a) Resource users will be restricted to amounts of resource that are
relevant to the use they propose.

(b) Resource users are restricted from installing inefficient or wasteful
resource use systems.

(c) Resource users are restricted from unnecessarily holding amounts of
available resource that could be made available to other users.

(d) Resource users are restricted from capturing resource for speculative
purposes.

(e)  Resource users are restricted from holding resource on the off chance
that they may need a bit more at some future time.

(f)  Resource users would only get enough resource to operate their
proposed use efficiently, without waste.
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18

Transfer of Allocations

18.1

18.2

18.2.1

18.2.2

Explanation

With the exception of the surface feature areas and the abstraction exclusion
zone, the Rotorua geothermal resource is to a large extent able to be accessed
almost anywhere over the field. Apart from restrictions as to location and the
total net amount of extracted resource, there is no technical reason to inhibit
users from transferring allocations of resource provided the objectives and
policy criteria of the plan can be met. Establishing a mechanism to facilitate
transfer would allow a greater flexibility for existing and potential users to
make decisions that would otherwise be difficult to achieve. There is a
potential that transferring allocated resource may have the effect that resource
use would over time shift from domestic towards commercial activities,
however it should be noted the choice to transfer would remain with the
resource consent holder,

Issue

To achieve resource mobility, to provide for community resource use
aspirations and to allow the holders of resource allocations a wider
range of options, a mechanism for facilitating the transfer of geothermal
resource should be provided.

Preferred Option

That Environment B:O‘P provide for the transferring of geothermal
resource between authorised users that have recognised transferrable
consents, but subject to controls to ensure that the objectives and policies
of the Rotorua Geothermal Regional Plan are not compromised.

Principal Reasons

The concept of transferrable resource consents has many theoretical
advantages but also some serious restrictions. To provide for authorised
consent holders to sell and transfer all or part of their rights to geothermal
resource to another user would create a resource market that, in theory,
should lead to movement of resource towards the highest economic benefit.
In contrast however, movement in that market may compromise objectives in
this regional plan and subvert social and amenity aspiration of the Rotorua
community. In this context it is proposed that transferring will be provided
for but not by way of an open market system. Only if a transfer can be
arranged within specified policy parameters will it be authorised to take
place. Any payment of monies resulting will remain outside the jurisdiction
of Environment B-O-P. Environment B-O-P will be involved only to the
extent of establishing a register of transferrable consents, testing a proposed
transfer against policy parameters, enabling the issuing of new resource
consents (subject to section 136(2) of the Resource Management Act 1991)
and establishing appropriate resource use conditions.
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18.3.3(a)(vii)

18.3.3(b)

18.3.3(b)()

18.3.3(b)(ii)

18.3.3(b)(iii)

18.3.3(b)(iv)

18.3.3(b)(v)

18.3.3(b)(vi)

18.3.3(b)(vii)

18.3.3(b)(viii)

18.4

Not accept liability or responsibility for compensation, commercial
competition or subsequent availability of a transfered resource allocation.

Rules

Transferring a geothermal resource is limited to originate from any resource
consent that qualifies and is registered as a transferrable consent identified on
Environment B-O-P's transferrable consents register.

A transfer of geothermal resource shall not result in a net additional demand
on the resource.

A transfer has not occurred until all relevant application requirements, policy
criteria and rules have been complied with, and new or replacement resource
consents issued.

The transfer shall not result in any increased adverse effects on the surface
features of the Rotorua geothermal resource.

Any bore owner transferring the whole of their resource allocation shall have
no further claim to that transfered allocation.

Any bore owner transferring part of their resource allocation shall adjust their
bore and use systems accordingly.

Environment B-O-P shall not involve itself with any negotiation, transactions,
or exchanges of money or goods between parties in relation to a transfer of
geothermal resource.

The transfer of any portion or allocation of geothermal resource related to an
interconnected multiple user system shall require the application for transfer

to be made with the consent of all users connected into that system. Any
application not complying with this provision shall be a notified discretionary

activity.

Environmental Results Anticipated

(a)  Mobility of resource use about the field.

(b)  Net shift of extractive effects away from Whakarewarewa.
(¢)  Enable allocated resource to shift to more efficient use.

(d) Induce a shift to downhole heat exchangers and reinjection.

(¢)  Enable users choices.
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19

Controlling Environmental Effects

19.1

Explanation

This section considers four environmental effect issues; effects caused by the
placement of geothermal bores, effects on the field from the withdrawal of
geothermal water, effects caused by the discharge of fluid to the environment
and effects resulting from the discharge of geothermal gases.

The abstraction of geothermal water or energy (heat) has the highest order of
impact and effect on field aquifer water levels, pressure and geothermal
surface features. Generally the effect of individual abstractions is a function
of radial distance from the abstraction point (cones of influence). It is the
cumulative effect of many such cones of influence that can cause water level
and pressure to drop, thereby affecting geothermal surface features. The
configuration of cones of influence also change due to the differences in
geology around the abstraction point. In this context it is necessary that
Environment B-O-P remains aware of the positioning of all new abstraction
and reinjection bores.

Both mass and energy abstractions cause the field to experience a localised
pressure drop around the abstraction point. Mass abstraction without
reinjection has the highest net effect, whereas mass abstraction with
reinjection, and energy abstraction through down hole heat exchangers have a
lesser net effect. Currently the abstraction of mass from the Rotorua
geothermal resource has been equated directly with the abstraction of heat via
downhole heat exchanges. Environment B-O-P will need to develop
guidelines to provide further definitive information on the mass energy
relationship. Abstraction of heat energy downstream from a natural thermal
spring outflow is probably the abstraction process that has least direct impact,
but again this depends on location. The policies of this section are designed
to induce, over time, a shift towards resource access methods that have the
least net environmental effect.

The field model will enable better prediction of the cumulative and net effects
of abstraction so that if required, the management of available quota taken
from a particular location can be adjusted.

Reinjection will be encouraged as a discretionary activity, requiring a non-
notified consent with conditions to establish depth and location etc. There
are some circumstances however where reinjection is either impracticable or
potentially dangerous. There are areas of "boiling ground", for example in
Ohinemutu, where reinjection is not technically feasible and may be
potentially dangerous. The plan will need to provide a discretion to
Environment B:O-P to make exceptions from reinjection requirements in
special circumstances. Where a down hole heat exchanger or trade-out
option is available that alternative must also be considered.

The reinjection of cold fluid may also have a local effect on the field and
under those circumstances where this effect may be detrimental,
Environment B-O-P will reserve the right to set temperature limits on
reinjected fluid to protect the field.
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19.3

19.3.1

19.3.2

with the schedule of conditions, standards and terms. The conditions will
require the consent holder to provide information both before and after
construction.

The application information required would be: location, bore dimensions,
construction technique and materials. Following construction, the
information to be returned to Environment B-O-P would be: geologic
information, resource parameter information (e.g. temperature profile, mass
flow rates, borehead pressure ratings and mass production information.

Issue: effects caused by the withdrawal of
geothermal water

The withdrawal of geothermal water lowers field aquifer water levels
and causes environmental effects.

Preferred Option

To require all users that extract geothermal fluid to install a reinjection
or down hole heat exchanger system within three years, and to require
that resource consents for any new bore system, or renewal of existing
system, are limited to a term of 10 years with reinjection or a downhole
heat exchanger, provided that:

(a) The taking of limited amounts of geothermal fluid for medicinal
and therapeutic facilities may be granted if waste fluid is
subsequently reinjected, and

(b) Under special circumstances, particularly where reinjection is not
practicable, Environment B-O‘P may waive or defer the
reinjection requirement. In such circumstances
Environment B:O-P may consider other options to limit mass
abstraction effects.

Principal Reasons

Environmental effects include effects on the geothermal field itself. If the net
mass abstraction from the Rotorua geothermal resource was decreased to near
zero, energy able to be extracted could, in theory, be increased. A reduction
in abstracted geothermal water will provide effective protection for surface
flows from geothermal features.

It is to the advantage of the field, geothermal surface features and all users
that the move towards reinjection proceeds as quickly as is practicable. To
this end the policies proposed set a three year transition time, with discretion
for Environment B-O-P to extend this to five years under circumstances
where there is proven hardship. The policy will not prevent the taking of
mass (fluid) for medical or therapeutic purposes however reinjection of used
geothermal fluid will be required.

The use of downhole heat exchangers will require a singular consent for a
discretionary activity to divert heat and energy, and may also be non-notified.
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19.5

19.5.1

19.5.2

Issue: effects resulting from the discharge of
geothermal gases.

The venting of gas, particularly from unused bores, poses an avoidable
threat to the environment, and an unnecessary hazard risk to the
community.

Preferred Option

That Environment B-O-P requires the sealing of all unused geothermal
bores and ensures that any operational bore, including production,
reinjection and soak bores are made safe from gas discharge.

Principal Reasons

Discharge of gases from geothermal bores has been in the past considered a
"passive side effect" of the use of the resource. This perspective is no longer
appropriate. Cumulatively the gas emissions from the field have the potential
to cause health risk and interfere with community wellbeing. The
uncontrolled venting of gas from either operating production bores or
abandoned bores is not a desirable environmental outcome. The technology
and installation of means to control gas emissions, such as suitable pumps,
vents and casings, are expensive.

The escape of gases particularly hydrogen sulphide (H,S) and carbon dioxide
(COy) to the atmosphere can pose a serious risk to health if not detected and
avoided. This matter is particularly concerning where bores are installed
within buildings that have inadequate ventilation. Both H,S and CO, are
"heavier" than air and sink to displace air in basements and foundations
where they can concentrate to toxic levels.

Geothermal gases also combine with atmospheric moisture to form an acid
solution on condensing surfaces that can corrode metals.  Electronic
equipment is particularly vulnerable as are iron construction materials.

Environment B-O-P realises that there is a large natural discharge of gases
from the Rotorua geothermal field. The whole matter of how and whether the
natural discharge of gas should or can be controlled is an issue that may need
to be carefully assessed in the future, however where unnecessary effects
from geothermal gas discharges due to resource use exist, those effects should
be avoided or remedied.

Discharge of gases from the Rotorua geothermal resource can be considered
in three main categories:

Category A venting from controlled systems, such as production and
reinjection bores and soakholes. These discharges should be avoided and
where practicable remedied with gas discharges limited and controlled.

Category B, venting from rogue bores, especially unused production bores
and soakholes and bores that have not been adequately sealed. There is no
real reason for Category B discharges to take place, they should be prevented
through a requirement for property owners to seal any such rogue bores.

113




1 July 1999
Environment B-O-P

Controlling
Rotorua Geothermal Regional Plan Environmental Effects

19.6.3

19.6.3(a)

19.6.3(b)

19.6.3(c)

19.6.3(c)(i)

19.6.3(c)(ii)

Methods of Implementation
Environment B-O-P will:

Promote an education campaign to explain the new requirements, especially
the need to obtain resource consents for the discharge of geothermal fluid and

geothermal gases.

Make available information on the location and extent of surface geothermal
outflows and encourage the use of outflow resource provided the use does not
cause damage to sensitive ecosystems.

Rules

From the date three years following the date on which the Rotorua
Geothermal Regional Plan becomes an operative plan, the taking and using of
geothermal water from a bore installed into the Rotorua geothermal field
aquifer shall be a prohibited activity, unless all geothermal water abstracted
through that bore is effectively reinjected at an appropriate temperature into
the source from which it was taken, in which case the taking and using of
geothermal water shall be a discretionary activity provided that:

a)  If an applicant demonstrates to the satisfaction of Environment B-O-P
that for a particular bore system reinjection is not technically feasible
or may be potentially dangerous, abstraction from that bore shall be a
discretionary activity.

b) For an existing bore, an authorised user or consent holder may, within
one year following the date on which the Rotorua Geothermal Regional
Plan becomes an operative plan, make written application, including
appropriate evidence, to Environment B-O-P, requesting, on the
grounds that the requirement will cause unreasonable financial
hardship, an extension to the requirement that all geothermal water
abstracted through their bore is effectively reinjected into the source
from which it was taken within three years following the date on which
the Rotorua Geothermal Regional Plan becomes an operative plan. On
receiving such an application, Environment B-O-P may, at ifts
discretion, extend the reinjection compliance period for that authorised
user or consent holder, to a date greater than three years but not
exceeding five years following the date on which the Rotorua
Geothermal Regional Plan becomes an operative plan. Any such
extension given by Environment B-O-P shall have the effect of causing
the taking and using of geothermal water from that bore to be a
discretionary activity until the date on which the extended period
expires, and from then on shall be a prohibited activity unless all
geothermal water abstracted through that bore is effectively reinjected
into the source from which it was taken.

c) Notwithstanding the above requirements and provisions, rule
13.5.3(b)(ii) prohibiting the taking and using of bore abstracted
geothermal water within the 1.5 kilometre mass abstraction exclusion
zone shall take precedence.

The taking of geothermal water, heat or energy for the purpose of testing the
production of a bore shall be a Permitted Activity provided:
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19.6.3(d)(iv)

19.6.3(c)

19.6.3(e)(i)

(g) whether the consent holder shall be required to supply a chemical
analysis, and

(h)  whether the installation of the bore is to be under the direct control of a
Certified Bore Manager and whether the Grade of that Certified Bore

Manager is correct relative to the depth of bore proposed and the
requirements of the Geothermal Energy Regulations 1961.

Each resource consent granted for the construction or installation of any new
bore, replacement bore or reinjection bore shall comply with the following
conditions, standards and terms:

BORE TEST INFORMATION

Within 10 working days following the date of installation, the consent holder
shall return the following bore test information to Environment B-Q-P.

(a)  Actual bore depth, and

(b) A bore log showing the depths of geological strata intercepted by the
bore, and

(¢)  The temperature profile of the bore, and

(d)  Borehead (mass) temperature, and

(e)  Borehead pressure, and

(H  Depth to water level, and
If specifically required by Environment B-O-P return, within 60
working days following the date of installation, the following bore test
information:

(g)  Calorimeter test results, and

(h)  Chemical analysis (to standard method 852) of production fluid,
including pH, conductivity, and concentrations of Na, Mg, K, Ca,
HC03, SO4, N03, Cl and B.

PROVISION FOR CONTROL AND MEASURING DEVICES

The borehead design and construction shall include a manual bore control

valve and provide for the installation of an orifice plate and water meter

after the bore control valve.

Discretionary Activities

Subject to the provisions of rule 19.6.3(c)(i), the taking, using or diverting of
geothermal water with or without reinjection, and the taking, using or
diversion of energy, including heat from a down hole heat abstraction system
are deemed to be activities that have an adverse effect on the environment
and shall be discretionary activities requiring a water permit, provided that
rule 13.5.3(b)(ii) prohibiting the taking and using of geothermal water within
the 1.5 kilometre mass abstraction exclusion zone shall take precedence.
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19.6.3(g)(ii)

19.6.3(g)(iii)

19.6.3(g)(iv)

19.6.3(g)(v)

19.6.3(g)(vi)

19.7

reinjection is not technically feasible or may be potentially dangerous, the
term of consent shall be limited to a period not exceeding ten years.

Resource consents granted for a combined water and discharge permits to
abstract geothermal water with effective reinjection discharge shall be limited
to a period not exceeding ten years, on condition that the reinjection system
returns all abstracted geothermal fluid into the geothermal aquifer from which
it was sourced.

A resource consent granted for a water permit to extract geothermal energy,
including heat, from a down hole heat exchanger system shall be limited to a
period not exceeding ten years, on condition that the exchanger system is
maintained to ensure that no discharges of geothermal fluid or geothermal
gases occur to the surface environment.

Resource consents granted for a combined water and discharge permit for the
taking and discharging of geothermal water, heat or energy from and into the
same surface geothermal resource flowing naturally from the Rotorua
geothermal field shall be limited to a period not exceeding ten years, on
condition that the fluid is returned substantially unaltered into the source from
which it was drawn.

A resource consent granted for a discharge permit to discharge geothermal
fluid to surface or soakage drainage systems shall be limited to a period not
exceeding the date five years following the date on which the Rotorua
Geothermal Regional Plan became an operative regional plan, provided that
where the applicant demonstrates to the satisfaction of Environment B-O-P
that for a particular bore reinjection is not technically feasible or may be
potentially dangerous, the term of consent shall be limited to a period not
exceeding ten years.

A resource consent granted for a discharge permit to discharge geothermal
gases shall be limited to a period not exceeding the date five years following
the date on which the Rotorua Geothermal Regional Plan became an
operative regional plan.

Environmental Results Anticipated

(a) A shift towards minimal abstraction or the substantial reinjection of all
extracted geothermal fluid within three years.

(b) A shift to the use of down hole heat exchangers and fluid reinjection
will be encouraged for five years and required after that.

(¢)  There will be control over unnatural discharges of geothermal fluid
into surface drainage and shallow groundwater systems, culminating in
a substantial prohibition on the surface and soakage discharge of bore
extracted fluid after five years.

(d) The unnatural emission of geothermal gases into the air will be
remedied.

(¢)  The hazard of uncontrolled gas emissions from bores and soak holes
will be remedied.
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20

Efficiency in Resource Use

20.1

Explanation

Alongside minimising abstraction effects on field pressure, establishing firm
yet practicable means of achieving efficient use of resource will enhance
availability and perhaps lead to extra resource becoming available for
consumers.

Wasteful practices reduce resource availability for other activities and will be
actively discouraged. Efficient practices that free up extra resource for new
ventures will be encouraged.

The added drawoff needed to sustain inefficient uses and abstraction methods
result in lower local field pressures. Conversely, better efficiencies in use and
abstraction can help increase local field pressure gradients. Exceptions aside,
down hole heat exchangers have the least net impact on local field pressures
(relative to energy equivalents) followed by bore abstraction with reinjection
of waste fluids to the same depth. Abstraction with discharge of waste into
shallow soak pits or a drainage system is the least efficient method with
highest environmental effects.

Currently there is no incentive to either use geothermal resource efficiently or
invest in current heat exchange and insulation technologies. On the other
hand, to change technologies is expensive and the regional plan will need to
allow time to encourage and enable alterations to be made to existing
systems, either as they are replaced, or over an agreed time.

The practice of leaving heated pools uncovered, controlling heat by opening
windows rather than turning down the valve etc. will be discouraged, and will
eventually become an expensive option. An assessment of efficiency will be
one of the requirements for each new use consent application. Careful
analysis will be required to match the amount of resource allocated to the
need proposed. Resource allocated will simply not be sufficient to provide
for wasteful practices or enable them to continue.

Efficiencies can also be achieved by using cascade techniques to better
capture available thermal energy, encouraging the idea of multiple users off
single systems, and using waste heat from natural surface discharges.
Theoretically, the use of insulation and control of heat discharge alone could
easily save considerable amount of unnecessary drawoff from the field.

Users must now recognise and accept that the Rotorua geothermal resource is
a limited resource and it is only through their efforts to achieve efficiencies
that there will be sufficient resource available to realise some of the
aspirations that the Rotorua community has for future geothermal
development.

This may mean the upgrading of current systems, ideally toward down hole
heat exchanger systems that are sealed against gas venting.
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20.3.2(c)

20.3.3
20.3.3(a)

20.3.3(a)(i)

20.3.3(a)(ii)

20.3.3(b)

20.3.3(b)(i)

20.3.3(b)(ii)

20.3.3(c)

20.3.3(c)(i)

20.3.3(c)(ii)

20.3.3(c)(iii)

20.4

To require resource consent holders to insulate their mass and heat
abstraction and exchanger systems and associated pipework to minimise heat
loss.

Methods of Implementation

Information

As practicable, Environment B:O-P will investigate establishing geothermal
resource efficiency standards on means and methods to protect available
resource from inefficient and wasteful use practices.

Environment B-O-P will compile and make available any information it has
on means, methods and resource efficiency standards.

Application Criteria

As appropriate, Environment B-O-P may require the installation of control
devices for bores that are over productive relative to the amount sought.

All resource applications to take or use geothermal resource are accompanied
by an analysis of measures that the applicant has or will undertake to prevent
waste of geothermal resource, in particular heat and energy.

Consent Terms and Conditions

Any consent granted to take or use geothermal resource, including energy and
heat, shall be made subject to a condition requiring that adequate control of
heat transfer equipment has been installed, including any variable control or
sealed orifice devices that Environment B-O-P considers necessary to achieve
minimum heat loss from the system proposed.

The amount of resource granted to an applicant shall, in terms of energy or
heat (thermal) equivalents, not exceed an amount adequate to service the use
sought.

On any subsequent application for a resource consent, an assessment of the
applicants efficiency performance shall be made, relative to any consent
conditions of the applicants previous consent, and to the policy requirements
of this regional plan.

Environmental Results Anticipated
(a)  Wastage of geothermal resource will stop.

(b) By requiring an assessment of efficiency of use to be considered by
Environment B-O-P when a resource consent is sought, wasteful
abstraction will be limited and the environment better protected.

(c)  Resource consent holders will need to consider means and methods
that they can use to remedy any adverse effects their resource use may
have on the field. This will enhance resource conservation and protect
the environment.
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21

Administration of Resource

211

21.2

Explanation

The operational success of this plan depends greatly on the continued
participation of all involved in the resource to give effective encouragement
and direction to this regional plan. The regional plan itself should be seen as
a dynamic management tool that will likely from time to time need
amendments and reviews. Although to large extent Environment B-O-P has a
duty to monitor the effectiveness of the plan and initiate change processes,
other agencies and the community will be asked to provide key information
on whether the regional plan is achieving desired and anticipated results. To
achieve this Environment B-O-P will seek to set up workshop style discussion
sessions on a regular basis.

Administration Responsibilities

The primary responsibility to administer and monitor this regional plan lies
with Environment B-O-P, however Environment B-O-P does recognise that
the plan will probably need adjustment when it becomes operational.
Environment B-O-P will need to consult with and involve local authority and
community interest groups in any operational review process. To achieve this
it is proposed to establish a Rotorua Geothermal Liaison Group that will
convene regularly to oversee the operation of the regional plan.

Although statutory duty for the management of the Rotorua geothermal
resource rests on Environment B-O-P, Environment B-O-P recognises that iwi
of the Te Arawa people have rangatiratanga over them and act as kaitiaki of
them. In this respect Environment B-O-P will take particular note of the
requirements and aspirations that Te Arawa people have and will form a
system of administration that has regard to Te Arawa kaitiaki principles.

Environment B-O-P is required by the Resource Management Act and the
Proposed Bay of Plenty Regional Policy Statement to take into account the
principles of the Treaty of Waitangi. The Proposed Regional Policy
Statement (PRPS) has as a policy the requirement to ensure the participation
of kaitiaki of tangata whenua in the management of those geothermal
resources within their rohe (PRPS Section 5.3.2(b)(vii) page 117). The PRPS
further requires that Environment B-O-P recognises that;

(a)  The principles of the Treaty are based on partnership, active protection
and rangatiratanga, and

(b)  The principles of the Treaty affords iwi authorities and hapu a status
distinct from that of interest groups or members of the public, and

(¢) Each iwi has the right to define there own preferences for the
sustainable management of natural and physical resources, where this
is not inconsistent with the Resource Management Act, and
Environment B-O-P policy statements and plans (PRPS Section 12.3.1
page 176).
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22.2 Objective, Policies and Methods

22.2.1 Objective
Continual monitoring and review of the effectiveness of the plan as a
means of achieving its objectives and policies.

22.2.2 Policies

22.2.2(a) To ensure the Rotorua geothermal field monitoring programme is oriented to
provide information that supports the objectives and policies of this regional
plan.

22.2.2(b) To compile a register of matters that may require reconsideration in any
subsequent review of the regional plan.

22.2.2(c) To initiate action to resolve any matter that may confuse or subvert the
objectives or policies of this regional plan.

22.2.3 Methods of Implementation
Environment B-O-P will:

22.2.3(a) Align the Rotorua geothermal field monitoring programme to the
requirements of this regional plan.

22.2.3(b) Monitor the regional plan for structural and operational faults.

22.2.3(c) Initiate a review of the regional plan at any time that an unacceptable fault
arises.

22.2.3(d) Initiate a full review of the regional plan after five years from the date on
which this regional plan became operative.

22.3 Environmental Results Anticipated

(a)  The effectiveness of the environmental objectives and outcomes of the
plan will be continuously monitored, and reviewed as appropriate.
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21.3.3(a)(ii)

21.3.3(a)(iii)

21.3.3(b)

21.3.3(b)(d)

21.3.3(c)

21.3.3(c)(i)

21.3.3(d)

21.3.3(d)(i)

21.4

Keep a register of matters including any issues, problems and concerns raised
about the regional plan, its operation or the Rotorua geothermal field.

Act to remedy any urgent matter that arises, and bring other matters to the
attention of the Rotorua Geothermal Liaison Group for discussion and
solution.

Responsibilities of Tangata Whenua

Environment B-O-P will seek to establish a partnership of management
relationship with tangata whenua. This will be primarily for the geothermal
resource and the hot pools and springs and other geothermal surface
manifestations within the Whakarewarewa and Ohinemutu areas of the field.
The purpose of this partnership will be to oversee any partnership matters that
the tangata whenua or Environment B-O-P consider require attention
including:

(a)  The registration and protection of geothermal taonga, and

(b)  The determination of who has the right to claim geothermal use rights
under Section 14 (3)(c) of the Resource Management Act, and

(¢) Resolution of the concerns and matters of importance to tangata
whenua noted at the Geothermal Meeting with Te Arawa
Representatives on 15 July 1993, and

(d) Any other partnership matters that the tangata whenua or
Environment B-O-P consider require attention.

Integrated Inspectorate

Environment B-O-P and the Rotorua District Council will actively advocate
to Government that an integrated inspectorial and charging system be
established for the Rotorua geothermal resource.

Rescinding Previous Policy

Authorisation to abstract geothermal water pursuant to General Authorisation
No.6 of the Bay of Plenty Regional Council Transitional Regional Plan dated
October 1991 is hereby cancelled.

Environmental Result Anticipated

Best practicable operation of the Rotorua Geothermal Regional Plan, with
continued active community liaison and participation.
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23 Appendix One: Glossary and
Definitions

Where italics are used in the glossary, the definition is from section 2 of the Resource
Management Act 1991.

Acidity : A measurement related to the concentration of hydrogen ions, having a pH between 0
and 7.

Alkalinity : A measurement related to the concentration of hydroxide ions. Having a pH
between 7 and 14. .

Ambient temperature : The temperature of any part of the atmosphere which immediately
surrounds an entity.

Amenity values : Those natural or physical qualities and characteristics of an area that
contribute to people’s appreciation of it’s pleasantness, aesthetic coherence, and cultural and
recreational attributes.

Anthropocentric : Regarding man as the central factor of the universe.

Aquifer : A geological formation capable of supplying an economic quality of fluid or energy.
Atua : A God.

Bay of Plenty Regional Council : Environment B-O-P.

Bedrock : Country rock.

Bore : A hole drilled into the ground to access a wanted commodity.

Borehead : The top of a bore; usually above ground level. The headworks of a bore, including
any valves, flanges, measurement and control devices. Also referred to as a wellhead.

Breccia : A rock type made up of angular pieces imbedded in a finer matrix.
Caldera : A large, often circular basin shaped volcanic depression created by either the
destruction of the upper part of the volcanic cone by an eruption of great force or the collapse of

the volcanic cone inwards.

Chemical reagent : Chemicals that when combined together they produce a change in the
chemicals to give a product. eg. acid and iron produces rust. Acid and iron are reagents.

Chloride : A chloride atom which has received an electron, e.g. the negative ion in common salt.
Chloride flux : The rate at which chloride ions migrate through a medium.
Contaminant : Includes any substance (including gases, liquids, solids, and micro-organisms)

or energy (excluding noise) or heat, that either by itself or in combination with the same, similar,
or other substances, energy, or heat-
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Feedwater : Geothermal fluid flowing into surficial features such as geysers.
Flashing : the rapid conversion of pressurised superheated water into steam.

Fumarole : A small vent in a volcanic area form which steam, gases and various acids are
ejected.

Gas : Geothermal fluid contains gases, mainly carbon dioxide. There are also varying amounts
of hydrogen sulphide which gives Rotorua its characteristic smell.

Geothermal energy : Energy derived or derivable from and produced within the earth by
natural heat phenomena; and includes all geothermal water.

Geothermal field : Identified by extensive scientific investigations that have been conducted, in
particular, detailed resistivity surveys and by the drilling and testing of deep boreholes. The
energy content and productive potential of the locality have been reasonably assessed.

Geothermal field equilibrium : The balance between the inflow of geothermal water (natural +
reinjected) and the outflow of geothermal water (natural + user extracted) at a field pressure
fluctuating around an annually constant level.

Geothermal fluid : Refers to all geothermal water, liquid, steam, gas and condensate ejéctéd
from a geothermal bore or any geothermal feature.

Geothermal mass : A measure of geothermal fluid. The volume of a fluid changes with
temperature and pressure. Therefore it is more accurate to refer to a mass of fluid rather than a
volume. This is especially relevant to geothermal fluid which can be subjected to rapid and
extreme changes in both temperature and pressure.

Geothermal surface (surficial) feature(s) : Includes structures formed by deposition from
geothermal water, phenomena and manifestations caused by the release of geothermal water,
steam and gases from geothermal fields and any resulting earthforms, any geothermally activated
geysers, fumaroles, sinter cones, tomos, mud pools, hot and cold water pools, springs, steam and
gas vents, pressure domes, fissures and also includes inactive structures formed by extinct or
intermittent geothermal activity.

Geothermal water : Water heated within the earth by natural phenomena to a temperature of
30 degrees Celsius or more; and includes all steam, water, and water vapour, and every mixture

of all or any of them that has been heated by natural phenomena.

Geyser : A violent ejection of steam and super heated water from an underground source through
a hole in the ground.

Gravel : A mixture of coarse sand and small rounded stones.

Groundwater : Water that occupies pores, cavities, cracks and other spaces in crustal rocks and
soil.

Grout : A sand and cement mixture used to seal bores into the surrounding material.
Hydrostatic head : A pressure equivalent to the height of a vertical column.

Ignimbrite : A pyroclastic flow deposit of rhyolite composition. They are volcanic rocks which
form thick sheets covering many square kilometres of ground.
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Resistivity boundary : Geothermal fields are often characterised by low resistivity. The
boundary between the low resistivity of the geothermal area and the higher resistivities of the
surrounding area. '

Rhyolite : A fine grained volcanic rock of granitic composition.

Rhyolite dome : Dome shaped structures formed of rhyolite. The hospital hill is an example of a
rhyolite dome.

Rohe : A territory or boundary which defines the area within which a tangata whenua group
claims traditional association and mana whenua.

Sand : Fine particle of rock.

Saturation : The state where the maximum quantity of gas is dissolved in a fluid for a given
pressure and temperature.

Sedimentary : A type of rock formed by the accumulation and cementation of mineral grains
transported by water, wind, or ice to the site of deposition or by chemical precipitation at the

depositional site.

Sedimentary layers : These are layers of sedimentary rocks. Rocks are formed by build up of
sand, gravel and mud. Sometimes the particles are cemented together to form solid rock.

Seepage : The slow movement of a fluid through a porous medium.
Shallow well : In Rotorua, this is defined as a well less than 61 metres in depth.

Silica : Chemically, it is silicon dioxide, but the properties of the silica group are closely allied to
the silicates.

Siltstone : A fine grained consolidated rock, composed largely of silt.

Sinter cone : A cone comprised of siliceous or calcareous material around the orifice of a geyser
or hot spring, as a result of deposition from the hot fluid.

Spa : A mineral spring or place where such a spring is found.

Spring : A natural flow of water from the ground at a point where the watertable intersects the
surface.

Strata : The layers of sediment deposited through geologic processes.

Strategic equilibrium : The state of field balance where water levels in the geothermal aquifer
oscillate above a defined minimum geothermal aquifer water level.

Subduction : The process of a continental plate being overridden by another plate with it being
forced down into the underlying mantle along an oblique plane.

Supersaturated : The state where a fluid has been cooled below its saturation temperature
without crystallisation taking place.

Sustainable management : Managing the use, development, and protection of natural and
physical resources in a way, or at a rate, which enables people and communities to provide for
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Appendix Two: Consultation
Details

24.1
24.1.1

24.1.2

Consultation

Public Meeting: 17 February 1993

The first round of public consultation on the plan commenced with a public
meeting on 17 February 1993. That meeting was designed as a seminar to
present the findings of the bore closure report and outline some of the
management options available to Environment B-O-P. The meeting debated
wide and various issues including:

(a) The management roles of the various agencies involved, particularly
Environment B-O-P, the Rotorua District Council, the Ministry of
Commerce, and tangata whenua;

(b)  The lack of co-ordination and the high expense of bore inspections;:
(c) How much geothermal resource was actually available and where;
(d) The quality of the data being used,;

(¢) The management of unauthorised bores.

A call was made to those attending the meeting to further consider matters
raised and make written comments.

"Think-Tank" Workshop: 18 February 1993

Following from the February public meeting Environment B-O-P convened a
"think-tank" workshop of planning and technical experts on 18 February
1993 to assess issues raised at the meeting and set out the issues that the
regional plan would need to address. That workshop established some of the
fundamental principles of plan development including that the regional plan
should contain policy to address a need to:

(a)  Establish a more precise model of the field to assess natural and
manmade effects;

(b)  Define the relationship between mass and heat withdrawal;

(c)  Ensure that any serious effort to sustain the qualities and potentials of
the field would included a progressive move towards the complete
reinjection of extracted geothermal water, and a shift to down hole heat
exchangers and the further use of surface flows;

(d) Include within the regional plan a protection for the traditional use of
geothermal resource by Maori;
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24.1.6

@

©

®

€

(h)

(¥

Te Arawa will identify the respective iwi or hapu of Te Arawa that are
kaitiaki to specific areas of the Rotorua geothermal field;

The respective Rotorua iwi or hapu of Te Arawa that are the kaitiaki of
geothermal taonga will identify and name their taonga, or not, as they
wish. Te Arawa will provide Environment B-O-P with the location and
name of taonga they wish identified;

Te Arawa require that named taonga are to be respected, protected and
referred to by their given Maori names throughout all planning
documents;

Te Arawa understands that Environment B-O-P has no jurisdiction to
determine ownership of the field. Te Arawa acknowledge that
Environment B-O-P is obligated by the Resource Management Act to
allocate geothermal resource available for use;

Te Arawa require to be involved in the administration and management
of the Rotorua geothermal resource as management partners in accord
with the principles of the Treaty of Waitangi;

Te Arawa require that the Rotorua Geothermal Regional Plan provides
for the self-regulation and self-management of geothermal surface
manifestations on land owned by Te Arawa iwi as they have
rangatiratanga over them and are kaitiaki of them. Te Arawa are to
give guidance as to whether the concerns and matters of importance
noted are complete with respect to the plan.

Peer Review Workshop: 30 September 1993

This was a specialist resource management and planning workshop designed
to test the practicability of the draft policy and method elements of the plan
against actual scenarios. [Each suggested section, objective, policy and
method was rigorously scrutinised as to:

(@)

(b)

©

(d)

©

®

Whether the sections proposed would achieve the management aim and
principal objectives of the regional plan;

Whether the policy and method structure of each section would work
to achieve the objectives proposed;

Whether proposed policy and methods were legally possible with
respect to the requirements of the Resource Management Act 1991;

Whether there were other more effective options available to achieve
the policy effects required,;

The merits or otherwise of alternative means of achieving the policy
effects required;

Structural, semantic and syntax changes necessary to amend the
regional plan.

From this workshop an amended draft regional plan was produced for
analysis by the specialist workshop in October,
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