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And
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My name is Arnold Watson and | am a geothermal engineering consultant
contracted to Environment Waikato in connection with the application being

heard.

Qualifications and Experience

Immediately after graduating with an Honours BSc in Mechanical Engineering at
the University of Leeds (UK) in 1961, | studied at Queen Mary College, University
of London for a postgraduate Diploma in Nuclear Engineering and then a PhD in
heat transfer by natural convection. | spent 3 years in nuclear heat transfer
research and development for the UK Atomic Energy Authority, and then took up
a post-Doctoral Fellowship in the Department of Nuclear Engineering at the

University of Manchester followed by a lectureship there.

My research specialty during this period was heat transfer and fluid flow of water
at high pressure and temperature, including laboratory experimentation and the

development of numerical models for flow in pipes.

| was seconded to industry for one year in 1977 specifically to develop computer
software (a numerical model) for the analysis of multi-stage flash evaporators, in
which salt water is progressively evaporated by reducing its pressure, a process
of relevance to geothermal reservoir processes. | analysed various failures in

thermal power stations.

| became interested in geothermal energy and in 1980 | joined the Auckland
based international consulting company of KRTA since my background was
appropriate to geothermal development at that time. | introduced reservoir
modelling to the firm, using early versions of what has since become the
predominant reservoir modelling software, and became Reservoir Engineering
Manager and later Geothermal Division Manager when KRTA merged to become

Kingston Morrison (it has since become SKM).

After 16 years with the company | took up a position as Associate Professor in

the Geothermal Institute, University of Auckland, becoming its Director in 1999,
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from which position | formally retired in December 2002. Shortly after coming to
New Zealand | became a member of the Institution of Professional Engineers,
NZ, and a Registered Engineer, but | have allowed these to lapse. | remain a

Chartered Engineer and Fellow of the Institution of Mechanical Engineers (UK).

| have given evidence as an expert witness on geothermal reservoir engineering
matters to Regional Council hearings, the High Court, the Waitangi Tribunal, and
before the Planning Tribunal and the Environment Court on resource consent

applications for many New Zealand geothermal fields.

| acted for the Rotorua Bore Users immediately before the 1987 bore closure and
subsequently for the Ministry of Energy in assessing the resultant risks. | have on
several occasions acted for Environment Bay of Plenty in reviewing reservoir
models of Rotorua, and | recently acted as a Commissioner in the hearings
associated with the new 70MWe geothermal power station at Kawerau. | acted
for the developer of the Ngawha geothermal power station in Northland in the
early 1990s, then for the Northland Regional Council as a member of the Ngawha
Peer Review Group, and again more recently in relation to reconsenting and the
appeal before the Environment Court which led to the current expansion of the

station.

In the 1980s | acted for Geotherm Energy Ltd in obtaining consents for the
Poihipi geothermal power station and have acted for Environment Waikato over
the last decade in various geothermal matters, in particular for the Wairakei-

Tauhara resource.

My overseas geothermal work was carried out while | was with KRTA/Kingston
Morrison. While with those firms our modus operandi was normally for me to
lead a small team of geoscientists, and in this way we carried out assessments of
the potential for resource development for electricity generation. In 1983 |
assessed the Heber reservoir (USA) for its capacity to support development and
in subsequent years | carried out similar work in Indonesia, Japan, the
Philippines, Papua New Guinea and Vanuatu. Some of this work was extensive
and my involvement lasted for many years. | have carried out lesser studies of
geoscientific data, well measurements and reservoir modelling results, for other

reservoirs. | worked with the UN Fund for Natural Resources Exploration for a
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short period to define its so-called Global Geothermal Energy Strategy,
examining the mandate of the fund and its implications for geothermal project

selection.

The main function of the Geothermal Institute was to provide a one-year
postgraduate diploma course to mature students from developing countries, as
part of New Zealand's Overseas Development assistance, and to carry out
academic research. | taught and carried out research in reservoir engineering,

and taught a new course on geothermal power station engineering.

| have been provided with a copy of the Code of Conduct for Expert Witnesses in
the Environment Court Consolidated Practice Note 2006 and have read and
agree to comply with that Code. Except where | state that | am relying upon the
specified evidence of another person, my evidence in this statement is within my
area of expertise. | have not omitted to consider material facts known to me that

might alter or detract from the opinions which | express.

Work carried out for Geotherm’s receivers in
December 2007

| am sure that | have no conflict of interests in relation to this Inquiry, but for the
record | should explain some work | have carried out for Geotherm’s receivers
since the Contact-Geotherm Environment Court hearings, in which | acted for
Environment Waikato. The Geotherm consents granted by the Environment
Court permitted multiple operators — Contact and Geotherm — to use the Wairakei
resource and it was a condition of Geotherm’s consents that a Multiple Operator
Protocol be written and approved by Environment Waikato before November
2007. This was to be an entirely new protocol. Geotherm was by that time in
receivership. The receivers were being assisted by SKM Ltd, but its staff were
unavailable and | was approached by Geotherm’s receivers to carry out the task
at short notice. My opinion of the prospects for success of the Geotherm project
had been set down in my evidence to the Environment Court and has not
changed; these views were made clear to the receivers. | viewed the task as

simply drafting a working arrangement to deal with any two users of a resource.
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Scope of this evidence

There are three issues for me to bring to the attention of the Board :-

(a) the potential effect on Geotherm’s proposed project of the extra injection that
Contact has applied for;

(b)the potential effect of the extra injection on subsidence beneath Taupo
township;

(c) the effect of the applications on resource sustainability.

The potential effect on Geotherm’s project

Geotherm’s proposed project strategy at the time of its application in terms of
reservoir engineering is to reinject immediately below its production; it has no
option with such a small land area available. Geotherm’s reservoir modelling as
presented to the Environment Court hearing indicates that this is feasible, but |

am unconvinced that any modelling in this part of the reservoir is reliable.

The area over which Contact has applied to inject 95,000 tpd goes right up to
Geotherm’s boundary. Prof O'Sullivan has modelled the effect of this on
Geotherm, assuming injection into blocks 495 and 500. | have reproduced part of
his Exhibit MJO2 (Figure 1.9 of Technical Report 12 of the application) as Fig
AW1, to show these areas in relation to Geotherm’s property. The modelling
shows two results, that this will assist Geotherm rather than hinder it, and that the

Geotherm production will in any case decline to zero in a few years.

The potential effect of Contact’s proposed injection on Geotherm’s exercise of its
consents may be an issue for the Board to consider, and in this regard an earlier
decision® by the former Planning Tribunal under Judge Sheppard may be
relevant. | have appended the relevant pages from the decision to my evidence.
In the 1980s when Geotherm Energy Ltd (“GEL”, an earlier company owned by
the McLachlan interests) applied for consents to develop the Poihipi station, the
Wairakei reservoir and power station was operated by ECNZ, and an important

issue was what reservoir effects GEL's proposed operations would have on

! Geotherm Energy Ltd v Electricity Corporation oW Zealand, A58/91
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ECNZ's. GEL'’s application was heard by the Tribunal, which made one particular
determination that | will explain. At that time | acted for GEL while Mr Carey and
Professor O’Sullivan acted for ECNZ.

The reservoir beneath what was then GEL’s land but is now Contact's Poihipi
area consists of a shallow steam zone, the production capacity of which was only
partially proven at the time, and a deeper resource which was unproven. GEL'’s
main plan was to use the shallow steam zone, which on the basis of my rather
simplified modelling would have provided enough resource for the economic life
of the power station then proposed — a larger one was eventually installed. The
deeper unproven resource was expected to result in separated water to be

reinjected.

ECNZ's evidence to the Court was that according to Prof O’Sullivan’s modelling,
production from the shallow steam zone would decline to an insignificant level in
a few years, and that geological interpretations indicated a high risk that GEL's
injected water would flow directly back to ECNZ's part of the reservoir via faults,
and would decrease its production. Mr Carey, for ECNZ, proposed and the
Tribunal took up what was referred to as “the shielding principle” under which
GEL'’s injection had to be west of its production area so that any return of cold
injected fluid towards the central (ECNZ) area would damage GEL’s production
first, thereby causing its production and injection to cease and avoiding damage
to ECNZ’s production.

In the event, Prof O’Sullivan’s predictions did not turn out to be correct; the
shallow steam zone is still producing today at the rate granted in GEL's original
consents. Deep production was never achieved by GEL and hence the injection
of separated water in the Poihipi and current Geotherm area has never been
tested. In my opinion it remains almost as uncertain today as it was then where
any water injected into that part of the field will migrate to and how quickly; | say
almost because | understand that the well that Geotherm has drilled for its
proposed new project may have provided information on the degree to which a
local fault might allow the passage of water back to the main reservoir. The
question that | see for the Board is to what extent it should pay attention to the

shielding principle in considering Contact's application.
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Prof. O'Sullivan’s evidence is that Contact’'s proposed injection will not detract
from Geotherm’s project potential but will improve it, but that Geotherm’s
production will in any case run down after a year or two. Geotherm is injecting
immediately adjacent to its production, but that is its own decision, and Contact
can take no encouragement from that to support its application to inject close to
Geotherm’s boundary but will have to base its reasoning on the veracity of its
modelling. But the modelling in that part of the field in general has been
demonstrated to be unreliable; we are particularly concerned here with fluid
movements below the shallow steam zone, where there is litle more scientific

information to help modelling now than there was in the 1980s.

Fig AW 1 shows that the closest extra injection to Geotherm modelled is into
block 495 which is referred to as infield area 1, with the next being block 500
which is called area 2. In Prof O’Sullivan’s model it is assumed that the blocks
are made of uniformly permeable material; different blocks have different
permeabilities of course, but the fluid flows everywhere within a block with the
same flow restriction — it is not directionally sensitive. The fact that the modelling
predicts any effect on Geotherm indicates that the flow assumed to be injected
into blocks 495 and 500 is great enough, and the blocks close enough to

Geotherm’s property, to raise the pressure in Geotherm’s part of the field.

A fault is a planar (linear on the map) zone of fractured (cracked) rock through
which water would flow very much more easily than through porous rock unless
the cracks have been sealed by chemical deposition. The main faults identified
at Wairakei by geologists run SW-NE, so that such a fault could not join
Geotherm’s area directly to blocks 495 or 500. However there will, in principle,
be faults perpendicular to this direction (SE-NW) and one of these could, in

principle, lead Contact’s injection directly back to Geotherm’s area.

This very real possibility, which was extensively canvassed by the same
withesses appearing for Contact when they represented ECNZ in opposition to
Geotherm, is not represented in the modelling. Because of this, and because of
the very sparse scientific information available to construct the model in the
Geotherm area of the reservoir, | do not consider that modelling this particular

part of the field can provide results that the Board can rely upon.
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| understand that Contact’s view is that the Board does not need to consider
effects on Geotherm, as Geotherm’s consents are unlikely to be exercised. That
is not a matter for me to comment on. | have concentrated on providing the
Board with purely technical discussion to assist if it decides that the potential
effects on Geotherm are valid considerations. | have not considered any
regulatory or legal obstacles to implementing methods of reducing the potential

effects.

To limit any effect of Contact’s injection on Geotherm’s project, injection areas as
far away from Geotherm’s area would be best. If the Board was sufficiently
concerned about the likelihood of an adverse effect on Geotherm’s production, it
could permit the injection application but introduce a buffer zone between
Geotherm’s boundary and Contact’s injection area. It might permit only a small
injection rate immediately adjacent to Contact’s side of the buffer zone. It might
also arrange that if and when the Geotherm project was to go ahead, Contact
would be required to carry out tracer tests, to ensure that there is no direct route
back to Geotherm’s production. If such a direct route was found then

modification of Contact’s injection scheme could be called for.

The potential effect of the extra injection on

subsidence beneath Taupo township

The subsidence over the Wairakei-Tauhara reservoir area, in my opinion, results
not from the compaction of a single formation in the geological strata, but
because the pressure reduction that occurred in the main production strata
relatively soon after the Wairakei power station operations began, slowly spread
upwards into other formations. Some of these could sustain the pressure
reduction without compacting, so did not contribute to ground subsidence, while
others could not, and did contribute. This issue was thoroughly dealt with in the

Environment Court hearings of Contact’s earlier applications.

By my interpretation, the Court recognised in its decision that if no further change
in the production strata pressure was to result from Contact’s newly consented

operations, then future subsidence would result only from past changes working



29.

30.

31.

32.

33.

their way through to the surface. A target reservoir pressure was set for the area
beneath Taupo township, as a pressure level below which monitored pressures
were not to be allowed to fall, and Contact is required to manage its injection to

achieve this resullt.

The Court rejected a proposal to significantly increase the pressure beneath
Taupo starting immediately. In my view such an increase would have produced
unpredictable results and might have done more harm than good. The Court
required research on subsidence by Contact and set consent conditions to avoid

further pressure decline. It did not limit pressure increase.

I have confidence in Prof O’Sullivan’s reservoir modelling results in that part of
the reservoir where the pressure is to be monitored, and accept his predictions
that the pressure will rise as shown in Fig 1.9 of his Technical report, reproduced
here as Fig AW?2.

My opinion is that the subsidence may be most extreme where a localised steam
zone is condensed, producing a rapid and large localised pressure reduction and
hence compaction. This could be caused by cooling, or, ironically, by an
increase in reservoir pressure around the steam zone. While my opinion is firm
and is based on physics, there is no evidence to support it. If there was
evidence, then even the 3 bar increase by 2026 might be of concern. However if
there was evidence then, for example, disposal of stormwater to ground soakage
would also have to be examined, since it could provide the cooling to condense

shallow steam zones. Wider issues would thus arise.

Prof O’Sullivan has commented that the step changes in reservoir pressure
shown in his predictions, Figure AW2, could in practice be smoothed out by more
gradual changes in injection rate than he has adopted in his model. 1 think this
would be beneficial, but | have no way of arriving at a permitted rate of rise — not

enough is yet known about the subsidence process.

| have suggested that Contact not inject near to Geotherm if the protection of
Geotherm’s project is important, thus depriving Contact of injection area, and for
entirely different reasons | have suggested that the rate of injection near Taupo

be low enough to avoid increasing the reservoir pressure until subsidence
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research has produced results, thus preventing it from taking advantage of the
injection capacity of that area. At the same time | can clearly see the wider
benefits of the Te Mihi application, and in particular the benefit of undertaking the
extra injection. These are competing requirements, because the injection area is
not unlimited. | believe my reasoning to be correct, but | am not able to suggest
how this conflict of requirements can be met, except to suggest as a first step that

Contact re-examine its infield injection options.

Resource sustainability

Sustainable management of the resource is a particular concern of Environment
Waikato. It will be appreciated that the rate of energy extraction from a
geothermal resource used for large scale electricity generation, such as Wairakei,
is always very much greater than the rate at which energy naturally enters the
resource from the earth. In other words, it is inevitable that all such resources will
run down with use; however they will recover in time. Sustainable management
requires the management of a number of resources as a whole, as well as the
careful permitting of the use of any one resource. This is a wider issue than

simply reservoir engineering.

In this instance, sustainable management having been considered by the
Environment Court in granting Contact’s existing consents, a simple and direct
approach to the issue can be adopted by examining whether the extra injection
applied for will significantly modify the longevity of the resource or the energy that
can be extracted from it compared to the exercise of the existing consents. The
answer to this question is best obtained from Prof O’Sullivan’s computer
modelling, on which | am happy to rely for this purpose. He has identified the

differences in his Technical Report already referred to.

As a reservoir becomes depleted of energy the energy content of the fluid
discharged from the wells declines. The energy content of the fluid in the
reservoir is indicated by its temperature and state (water or steam). Wairakei
wells discharge spontaneously when opened, certainly if the reservoir contains
steam or a mixture of steam and water, and also if the reservoir fluid is water
above a temperature of approximately 180°C. Wells cease to discharge when

the reservoir cools below this temperature.

10
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A parameter known as flowing enthalpy measured at the well outlet indicates the
energy content of the discharge; graphs of its variation over a period of
approximately 50 years from now with electricity generation at the planned rate,
for the exercise of the existing consents (Scenario TM1) and the additional
consents being sought now (Scenario TM2), have been presented. The run-
down of the reservoir can be judged by examining when wells cease to discharge

and the flowing enthalpy decline.

As might be expected, the injection of the extra cool water in TM2 has a cooling
effect on the reservoir which is not present in TM1. However this cooling effect is
relatively minor as judged by the flowing enthalpy variation over the 50 year
modelled operating period, a few % only — Tech Report Fig .4.11. The cooling
effect is greatest in the Western Borefield, as demonstrated by the fact that the
wells there cease to discharge — the reservoir temperature has declined to 180°C

or less - however this occurs only after approximately 42 years of production.

Given the uncertain criteria by which to judge sustainable use of the resource, |
see no reason to criticise the application on these grounds. Given the lack of
hard and fast criteria, it would have taken a significant difference to show up
between the two scenarios modelled to have raised any concern, and the

differences reported are relatively small.

11
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DECIRION

The Appeals

Thege three appeals ware brought under section 25 of the Water
énd Z0il Conservation Act 1967 against a decision of the former
Waikato Catchment Board granting the right to take 10,000
tonnes per day of geothermal fluid from the Wairakei geothormal
fimld for electricity generation, and righte for diecharge of
spant gecthermal fluid by re-injection to the geothermal
resarvoir. The principal issue is whather the amount of fluid
authorised to be taken (and discharged) should be incressed ta
40,000 tonpes per day.

by Appeal T14/89, Geotheras Energy Limited sesks that the
decisgion be amended so that the saximum total mass of fluid
abatraction be increaged to 40,000 tonnes por day; that a
restriction on the total mase abstracted from the steam zone of
Lhe reservoir to 3,000 tonnes per day be confined to the
ghallow stean zone; amendments to conditions about the location
of the re-injection wells and &8 monitor well; extension of the
period of the rights from 15 years to 20 years; and amesdaent
of a requiremant that the rights be exercised within 17 months
of the date of grant.

By hppeal 717/89 Electricity Corporation of New Zealand Limited
sought amendsents to conditions attached to the rights about
deviation of bored, the limit to the amcunt of steam which may
be abstracted from the steam zone, and constraints on

The Fartles

Gectberm Energy Limited (Geotherm) is & company the shares in
Which are owned by Mr A § HcLachlan and members of his family.
HMr and Mrs McLachlan, other family companies, and a famil
trust, own parts of a block of land at Tukalrangi and E‘nii:ipi
Roads, Wairakei, having a total area of 182 hectares (the
MoLachlan property), much of which overlias pact of the
Weirakei geothemmal field. Ome of the family companies
produces a varfiety of tropical orchid, mainly for export. The
orchids are ?-:-nun in greenhooses which are heated by geothermal
energy; and for that purpose the company takes [pursuvant to
water rights) geothermal fluid from under the land.
Substantial quantities of electricity are required to simulate
tropical day-lemgth throughout the year, amd Geotherm Enorgy
Limited was formed to generate electrical enecgy from the
tharmal fluid under the land, partly for use in the orchid
8, and alss for cala.

14
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That evidence is relevant to the decision of the Ceotherm
appeal; and it is right that we take those matters into
consideration in the balancing process.

| (514

Geotherm's proposal is to re-inject all the spent geothermal
fluid inte the reservoir by separate bores drilled for the
rpose. Dr Watson estimated that the re-injected fluid wouold
ave temparatures of 1009 C for separated water and 00 ¢
for condensate. The intent is that the re-injected fluid would
flow through rock which is hot, and would be heated by that
procesg. The injection wells would be targetted to the deoep
liquid zone, on the marging of the reservoir, where
temperatures are cooler. It was propofed to locate Lhem at the
gouth-eastern end of the McLachlan property, to the south of
the Waiora fault.

GCeotherm maintained that it would be possible to re-inject all
the waste floid in that way without adverse effects on the
field, or on Electricorp; and indeed that it would be
beneficial for it to do so.

The Catchment Board had granted the right to re-inject the
10,000 tonnes per day in the north of the Mclachlan

only, Lots 1 and 2 LTS 16410. In seaking the right to take
40,000 tonnes per day, Geotherm sought the right to re-injest
at that rate. It also sought the freedom to re-inject anywhers
on the Molachlan propecty, so that if re-injecting on ons
location proves unsatisfactory, it would be able to gelsct
another re-injection location.

The respondent accepted that re-injection of the waste
gecthermal floid would be essential, to avoid contamination of
surface water or shallow gmund&qtﬂr, Aowever, it arpressed
concern that becaose the re-injected fluid wonld ba
substantially cooler than the hot reservoir fluid, there may be
detrimental cocling of the reservoir. It acknowledged that
some flexibility in re-injection locations should be allowed,
dividing the fluid between the parts of the McLachlan Froperty.

Electricorp acknowledged that re-injection would have some
benaficial aspects, but maintained that because of lack of
information about the geology bencath the McLachlan property,
and the connections between that part of the geothermal field
and the presesnt production areas, there woold be a real risk of
detrimental effects to the quality of the geothermal fluid, in
terms of tesperature and pressure cha » Electricorp
indicated its preference for re-injectlion locations at the

weslern end of the Mclachlan proparty.

FRY]
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Tt was not contested that there would be advantages in
re-injecting the waste water. Indeed there appears to ba VEry
litrle choice; except for the possibility that some of the
condensate might be uwsed for irrigatiom. Discharging tha waste
fluid to the Waikato River, as ip done from the Walirakei Power
Station, was rejected because the fluid is likely to be
contaminated with minerals in sclution, such as boron and
argenic, which can be damaging to the environmeat. In

avent, Lhe MocLachlan property is some distance from the river.

T™he chjective of the re-injection would be to return the waste
water and condensate to the reservoir without unnecessarily
degrading the stesm zone, of retorming cool fluid to the liguid
zone production wells. It would aléc be necessary to avoid
contamination of groundwater.

The potential positive advantages of re-injection would be to
coppensate for the decline in pressure in the reservoir cauged
by production. By maintaining pressure, it {g hoped that
recharge of cool fluid would be avoided; and incidentally, any
subaidence of ground due to pressgure decline avoided as well.

A further advantage would be that by passing through hot rock
im the course of flowing back to the reserveir, the re-injected
fluid would extract further heat remaining in the rock.

Experience in sevaral fields where re-injection is practis

hag shown that full pressure maintenance is not achieved. at
to’ the extent that re-injection does restore the pressure, it
ig & desirable practice if it can be managed =0 as to avoid
harmfnl effects.

All the expert witnesses who gave evidence on the topic
accepted that there is some risk that cooler re-injected fluid
wonld reach prodoection areas of the reservoir without hawing
been rehoated to aboat the same rature as that of tha
fluid there. That would canse detr tal effocts in reduction
of temparatore and pressure in the production fluids, and loas
of genarating potential for the current user, Elactricorp, even
at re-injection rates of 10,000 tonnes per day. All were
agreed that there is uncertainty about whether that would
ccour, becausa not encugh is known about the underground flow
paths, whethar along faults or fractores or throogh a permeable
matrix, batwsen the re-injection points and the production
ATRAR .

The difference between the sxperts was their assessments of Lhe
relative probability of that kind of harm eccurring. Dr
Wateon, Geothéarm's professional adviper, accopted that for
ra-injection €9 work there would sesd to ba & At
permaability for the cool fluid te travel away from tha

'é.d.r:'-"’.“-"rn—lnjwtiqn welly yet it would be necessary to keep cool

e,

%
¢
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=
1
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e

‘Te-injected fluid from returning in large guantitics to the
prodoction wells. He assessed the probability of cool
:I'.‘ﬂ-l'l'[iﬁ:t&d. fluid reaching the borefields &2 small, because of
the distance, and the permeability of the strata a8 well as the

4.,_ faults. He explained that if the strata were not pormeabla,
"}‘_ then /the probability would incroase.
3 ""'—f@,;
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His geolagist colleague, Mr Lawless, added that fluid in the
Earapiti fauwlt would bhave 3.5 kilompetrzes to heat up bafore it
rgaches the borefield. He agreed that whather it heats up
would depend on its temperature on re—Enjection, how far it
travels, how much floid is baing re-injected and travelling
along that flow path, the temperatare of the rock through which
it pagges, and the rats of travel, He also agreed that soonar
or later re-injected fluid would start cooling off the
formation it {8 flowing through, Lf it is at a lower
temperatores.

Mr Lawlasns acknowledged that Geotherm's propased tq—jmj-eq:tj'_-nn
areas and the current produoction area lie along the sane
ptructural aligrneent, and that the Walora fault is scst
directly alligned batwesn the proposed Geothersm ssuthorn
re=injection area and the western borefield; bul because the
fault probably dips to the north, he thought it wnlikely that
the re-injection wells would intersect it. It was his
asgesement that the probability of &8 eufficiently 1a
propoction of £luid Eravelling preferentially along x fault
near Well WEK213, and from thers to the wagiern borafisld to
adversely atffect the borefield is remote.

Sommn of the eryperts gained assistance in asscssing the risk
from the tracer tests which had beon sade by injecting water
with radiocactive isotopes, and tracing the passage of the water
* by.testing the fluid from other wells for the presence of the
radicackive materlial. They showed a strong flow path from
Well WE 218 [east of the Helachlan property) to the western
borafield. The sazimam velocity seasueed paraliel to the
faulte, B metres per hour, was nearly twice the maxioum
velocities in other directions, 5 metres per hour.

Mpr Lawless painted oot that that does not mean that there would
be bulk movement of injected fluids at Lhe pams rate along the
game paths. The radiochemist who had conducted the tests, M W
J MeCabe, agreed that they had sesasored an existing flow th
in certain conditions of pressure and permeability; and that if
the conditions had changed, thore would be different results.
He copsidersd that re-injection would be likely to increase the
pressure differential, and so increase tha speed of flow.

The difficulty of predicting re-injection effects at Wairakei
was confirmed by Dr Donaldson, with his extensive knowledge of
that field. He agreed that it would be very difficult for
anyone to know whers to pe-inject. DOf Donaldson explained his
concept that emall sectione of the faults may be opsn or have
aspociated fractuce zones, but that other sections may be

compEesEed .

e ' F Bizley, a geothormal reservoir enginesr with 14 yescs*®
b=~ .axperienca at the Wairakei field, who wae called on behalf of
" Electricorp, gave the opinilen that it is probable that

re-injection anywhere on the Geotharm area at the rate of
40,000 tonnes per day would impact on Electricorp production,
both at the borefield and at Te Hiki.
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Having congidersd all the evidence, we find that although
re-injection would have potential benoficial affects on the
reservolir, there is also a real risk of it having a detrimental
affect on the reservoir by cooling temperatures and reducing
presgures; and that the greater the rate of ra-injection, the
greater is the risk. It may take some Lime, parhaps two yearm,
for such detrimental effects to become apparant.

We also find that the risk of harm can be redoced to some
extent by selection of sites for re-injection avay from faults,
and in locatiopns whers the effects wou be apparent first at
Geotherm's own prodoction wells (the ‘shielding’ effect).

Dr Watson considered that re-iniection in the area degignated
by Lhe Catchment Board in the north of the HoLachlan propoerty
(loté 1 and 3 DPS J6410) wonld increase the risk of ré~injected
fluid returning to the present production area. He preferced
the part of the property described as Section 22, which is ac
the south-eastern corner, bocause it is downhill from tha
gtation site and off the direction af the fault. Rowever, he
agreed that eiting re-injection wells betwesn the boundary of
the field and the Gaotherm producticn wells weould provide an
incentive to Ceotherm to site and use its re-injection wells
with care. Re-injection wells in Section 237 wonld not achisve
that. Mr Lawless agreed that thers are engjineering reasons to
prefer re-injection in the south-eastern SeCctor, becaose it is
downhill from the power station, so as to avoid the cost of
pumping. He also considered that re-injection in the
north-western cormer of the MclLachlan property would give some
potential for flow in the direction of Te Mihi along the Te
Mihi and Rajiapo faults.

Dr Curtis deposed that re-injection should be divided betwesn
the north-western and soothern partions of the property, 6,000
tonnés per day in Lots 1| and 2 DPS 36410 and Lot 4 DPs 28957,
and 4,000 tonnes per day in Section 22. If the right to
abstract is increased to 40,000 tnnnﬂtﬁr day,; he considored
tha total to be re-injected in the scuthers poction of the
proparty should be limited to 10,000 tonnee per day, and the
remaining 30,000 tonnes per day in the vicinity of Well WE 223
(in Lot 4 DPS 2§957). He agreed that the latter is the most
appropriate area for re-injection.

Hr Carey and Mr Bizley maintained that fluid disposal cuteide
the gecthermal field would ensure that there would ba ng
cooling of the reservoir and no thermal impact on Electr T
He observe that there would be no compensation for the presoura
lost from production either.

e ME Carey agreed that Lote 3 and 4 DPS 28597 ware the preferabl o

cinjection area within the field because of the ehialding
t. He opposed other areas.
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