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RESOLUTION OF THE ENVIRONMENTAL FACTORS
INFLUENCING THE DEVELOPMENT OF
OHAAKI POWER PROJECT

P. A. Canvin

DesignPower New Zealand Ltd, Wellington

Uilisation of geothermal energy resour ces
posed several environmental problenms which were

identified during investigations preceding the .

preparation of an Environnental Inpact Report. An
audit of the Environnmental |npact Report was carried
out by the Commission for the Environment and the
recommendations of the audit were accepted and taken
into account during the planning and design of the
station.

Envi ronment al Consi derati ons

Environmental requirements for Chaaki have
necessitated features in the design which were not

used at Wairakei. Requirements which considerably
increased the capital cost of the station were:-

i) the reinjection of separated geothernal water;

ii) the disposal of nuch larger quantities of
non- condensi bl e gases from the geothermal steam
than was the case at Wi rakei .

It is the first time that these features have
been used in New Zeal and and therefore a consarvacive
approach has been taken in the design. The experience
gained at Chaaki will benefit future simlar

applications.

Because the separated geothernmal water contains
dissolved ninerals which are considered harnful to
human and aquatic life if they are allowed to pass
into the Waikato River, a requirenent of the Water
Rights issued by the National Water and Soil
Conservation Authority was that all separated water
be reinjected into deep wells. The effect that the
reinjection will have on the production zone of the
geothermal field is not fully known and therefore a
conservative approach has been taken in designing a

reinjection systemusing wells renmotely located from
the broducuor){ welnfs. 9 y

To operate the turbo- generating pl ant
efficiently and to avoid discharging large quantities
of geothernmal steam into the atnosphere, it is
necessary to condense the steam after it has been
through the turbines. This process requires
consi derabl e quantities of cooling water. Again the
conditions of the Water Rights restrict the amount of
cooling that can be provided directly by the Waikato
River, making it necessary for a circulating water
system incorporating cooling towers to be used. A
natural draught cooling tower is considered nost
suitable for this application.

The geothermal steam from the Broadlands field
contains at least fifteen tinmes nore non-condensabl e
gases than the Wairakei field. Special neasures are
necessary to extract these gases from the condensed
steam and discharge them in a manner which avoids
high ground level concentrations of gases such as
hydrogen sul phide. Because the actual gas content
varies within the field, design of this extraction
equi prent has been based on flexible operation up to
the highest expected I|evels.

Description of the Process

Ceothermal fluid will be taken from the ground
via approximately 25 production wells located in the
two connected steanfields on the east and west banks
of the Waikato River. The geothermal fluid will be
fed to five separation plants where steam and water
fractions are separated, with the water being
returned to the ground via reinjection wells. The
steam will be passed to the power station via a
piping system Some of the steam will condense
during this process due to heat loss from the
pipeline and this will be renoved fromthe pipzl ius
by steam traps discharging to drains leading to the

river. In the power station, the steam will pass
through the turbines, generating electricity, and
will be finally condensed (Note: HP steam after

passing through the HP turbines is added to the I[P
steam and passes through the [P turbine for
condensing) . The condensing process w |l be achieved
by spraying circulating water into the steam The
resultant warmwater will be passed through a cooling
tower and then be returned to the power station as
circulating water. The circulating water systemwi ||
therefore continuously gain condensed steam  This
gain will be balanced by evaporative |osses from the
tower and by discharge via the condensate reinjection
systeminto the ground. The non-condensible gases,
extracted fromthe condenser by the gas exhausters,
mainly carbon dioxide and hydrogen sul phide, are
di scharged to the natural draught cooling tower " to
risewith the plume (refer fig. 1).

A factor comon to nost geothermal power
stations is the use of direct contact condensers. As
its nane inplies, steamdischarged into this type of
condenser comes into direct contact with the cooling
wat er . Steam condensate and sone  dissol ved
non-condensi ble gases wll be carried out of the
condenser by cooling water.

Ceneral ly there are tw ways to dissipate heat,
either to the atnosphere using a closed cycle cooling
system such as a cooling tower or cooling pond; or
direct (open cycle) cooling by heating a natural
wat er body.

Nornal |y the method chosen for condenser cooling
reflects a balance between availability of cooling
wat er, econonic cost and environmental acceptability.

Wth open cycle river cooling heat is dissipated
to the river by raising the tenperature of the
fraction of river flow which is passed through the
condensers. River tenperature increases after
conplete mixing with the condenser discharge and
di scharges of waste bore water would raise the river
tenperature above the 7°C maxinum river tenperature
rise stipulated by the water classification applied
to this stretch of the Waikato and constraints woul d
be placed on operation of the power station.
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Figure 1 Sinplified Flow Diagram

A cooling pond of the size necessary for
adequat e condenser cooling would need to be Iocated
east of the mmjor steam production area and the
Wai kat o Ri ver and would cover an area of
approxi mately 350 acres. A maj or econoni ¢
di sadvant age woul d accrue from the I engt hy
circulating water culverts to a station which would
be sited west of the river. For this reason cooling
ponds were not preferred.

The remaining closed cycle condenser cooling
alternative was cooling towers. In a cooling tower
heat is renmpved fromthe water by allowing it to fall
through an induced flow of air. The resulting
evaporation of a small fraction of the water provides
the necessary cooling. Both natural draft and
nechanical draft towers were considered for OChaaki
with the decision being that circulating water will
be cooled in a natural draught cooling tower, the
tower being of the conventional hyperbolic shape,
105 netres high and 70 netres across at the base
(refer fig. 2).

At nospheric Eni ssions

Emissions from the cooling tower are the other
significant source of chemcal substances to the
envi ronnent surroundi ng the Chaaki Power Project.

At full load the discharge from the gas
exhausters will be up to 40 tonnefir of geothermal
gas. The gas is at 1.05bar pressure, 130"C, and is
di scharged to atnmosphere through the copling tower.

The conposition of the geothernal gas on
percentage wei ght basis is estimated to be:

Car bon di oxi de 97. 25
Hydr ogen sul phi de 1.39
Hydr ogen 0.01
Ni t rogen 0. 64
Hydr ocar bons 0.71

(mai nly nethane)
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Other Discharges

Steam and associated gas will also be discharged
to the atmosphere fromthe followi hg sources:

Station Vent Val ves

Production Well head Geothermal Silencers
ReinjectionWellhead Geothermal Silencers
Separation Plant Geothermal Silencers
Steanfield Vents

The average gas content of the HP steamis 6.35%
The average gas content of the IP steamis 1.14%

The average gas content of the atmospheric steam is
3.9% (Designpower New Zeal and Ltd).

i) Vent Val ves:

Four vent valves are located in the vicinity of
the '»' Turbine House. These valves discharge steam
to the atmosphere when a turbo-generator either
starts up, trips or is required to be shut down in an
emergency. The valves are located on the IP line and
are capable of discharging a total of wup to
710 tonnes/hour of steammade up of a mizture of HP
steam (either fromthe HP turbine exhausts or froin HP
bypass valves) and IP steam

ii) ProductionWellhead Geothermal Silencers:

The silencer located adjacent to each production
well will be used to occasionally discharge bore
fluid to the atmosphere at times of well maintenance,
associated separation plant maintenance and station
start up.

iii) ReinjecticonWellhead Geothermal Silencers:

The silencer located adjacent to each
reinjection well will be wused to occasionally
di scharge separated water and steam to the atmosphere
at times of separated reinjection systemstart up.

iv) Separation Plant Silencers:

The silencer located adjacent to each separation
plant will be used to occasionally discharge steamto
the atmosphere. Discharges will occur at times of
Separation  Plant start up, separated water
reinjection system start up, separated water
reinjection system failure and station start up.

V) Steanfield Vents:

These are manually operated vents wused during
times of start-up and maintenance for short periods
and located on both HP and IP lines. The composition
of the gas in the steamwill depend on the line being
vent ed.

i) Monitoring

a) Hydrogen Sul phide (H2S)

As a result of extensive discussions beginning
in 1978 between officials of the Department of
Health and the then Mnistry of Energy,
Electricity Division, an H2S monitoring system
has been installed in the Ohaaki Power Station
area. The systemhas the following components:

4 Monitor LAB H2S Fluorescent Analysers Model
8780

4 Moni tor Enviro/Logger Datal oggers

1 1BM Portabl e Conputer

The system has been used to provide continuous
monitoring of the H2S concentration at four
points in the Broadlands Valley at centres of
popul ation and areas where nmaxi mum ground | evel
concentrations were predicted.

Each monitoring station provides an output of
the hourly average ground level concentration.

(b)  Wnd Speed and Direction -

To assist in identifying the source of any over
[imt levels of H2S pollution wind speed and
direction equipment has been installed in the
Broadl ands Valley.
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ii) Design

The power station has been designed on the basis
of the hourly average ground |level concentration
of hydrogen sul phi de outside the designated |and
area not exceeding O.05ppm (50 ppb) by vol une.

Di sposal of Geothermal Fluid

COccasi onal di scharges of geothernal fluid to the
Wai kato River will occur, the majority of which will
emanate from the steanfield areas. Di scharges will
occur at the production wellheads when the wells are
being tested for output (flow neasurenent) and for
short periods during the conm ssioning and starting
up after nmintenance of steanfield plant. Di schar ges
will also occur at reinjection wellheads and
separation plants for short periods during the
commi ssioning and starting up after nmintenance of
steanfield plant. M nor discharges will occur from
the various drains and vents for short periods during
the conmm ssioning and start up of steanfield plant.

The geot her nal fluid di schar ge system
incorporates a holding pond on each of the West and
East bank of the Wai kao River. The capacity of th
ponds, being 12,0002 (Wst Bank) and 16,000m
(East Bank), has been designed to accommpdate a
regul ated release to the Waikato River of geothernal
water originating from a total failure of the
reinjection system (eg. total loss of power to the
punps) and conm ssioning, starting up and shutting
down of plant together with that discharged resultant
from flow measurenments, nmintenance and devel opnent
wor k. (Brown and Canvi n)

The use of holding ponds will enable control of
the discharge, and enable the loss of heat and
vol atile pollutants to the atnosphere (G H.&, Hg,

NH;) while water is held in the ponds. (Keppard) .

It is proposed to neke use of the hol ding ponds
to generally restrict major flows to the river under
the water right to periods when the river is flow ng
at a normal to high rate. Electricorps operation of
the hydro stations on the Wiikato Rver leads to
regular periods of low river flow and it is the
intention to mnimse flows to the river during those

Statutory Procedures

The devel opnent of the Chaaki Power Project was
subject to planning procedures in terns of the Town
and Country Planning Act, the Water and Soil
Conservation Act and the Clean Air Act.

Town and Country Pl anning Act

A conbined local authority (Taupo County Counci l
for West Steanfield, Rotorua District Council for
East Steanfield) public hearing was held on 26 March
1979 to consider the mnisterial requirenents for the
Chaaki Power Station.

On 29 June 1979, the Mnister of W rks and
Devel opment advised the Taupo County Council of his
decision on the designation of land subject to
various conditions. The pertinent conditions are
reflected within a "Heads of Agreenent" between the
Crown and the owners (through the Responsible
Trustees) on 28 July 1982 for the lease of the
designated land on the western side of the Wiikato
Ri ver.

Water and Soil Conservation Act

At its meeting on 5 Decenber 1978, the National
Wat er and  Soi l Conservation Authority (NWASCA)
granted the Mnister of Energy a nunber of water
rights in connection wth the operation and
mai nt enance of the Chaaki Geot hermal Power Station.



P A CANVIN
Clean Air Act

A licence authorising operation of the Station
in terms of the Clean Air has been granted by the
Department of Health and monitoring of Hydrogen
Sulphide levels is continuing.

LAND TENURE

The Ohaski Powa Project site covers tw
distinct areas, each in different ownership.

The area of land on the east bank of the Waikato
River (East Steanfield) is Crown |and, adninistered
by Land Corporation Ltd (Landcorp) . Electricorp has
access to this land for geothermal purposes wth
farm ng operations conti nui ng under Landcor p

The area of land on the west bank of the Waikato
River (Wst Steanfield) is Muori freehold |and. A
"Heads of Agreenent" exists between the Crown and the
owners for the lease of the land. Negotiations have
continued towards the signing of a fornal | ease
agreement. This lease will be between the Crown and
the owners with a further agreenent between the Crown
and Electricorp to ensure that Electricorp has the
requisite authority to operate and maintain the power
station as well as utilise its output.

The west steanfield land tenure arrangenents
recognise the owners wish to retain traditional
ownership and represents a mpjor departure from
normal practice in land acquisition for "public
wor ks" .

In recognition of the owners traditional use of
hot water from the steanfield area Electricorp has
provided to the |land owners; steam for cooking, hot
water for domestic purposes, (ie. heating and
bat hing), and a supply of energy in the formof heat
is to be made avail able for devel opnent purposes once
a use has been identified.

SI TES OF CULTURAL | MPORTANCE

El ectricorp in consultation with the |andowners
representative prepared a nap identifying all known
Urupa, archaeological sites and all other sites of
historical significance or spiritual or enotional
association with the Maori which may be situated in
or upon the Iland.

Shoul d any above described sites, or any further
such sites be identified during project devel opment
and operation and it was necessary to disturb the
site for project devel opnent then as soon as a site
was discovered or if an identified site (not being a
site protected by Section 439 of the Maori Affairs
Act, 1953) was required for developnment, then all
work on that site would cease and no work take place
to disturb that site until all matters in issue were
resolved with the |andowners.

Electricorp in consultation with, and wthout
cost to the owners has established and will maintain
a planted and |andscaped area between the Urupa,
Te Chaaki Marae, Ngawha and fertility rock reserve.

PUBL, C AMEN TI ES

Public anenities to satisfy specific social and
recreational needs of the local community have been
provided in consultation with the |ocal authorities.

These anenities are to reconpense the community
as a whole for any intangible losses in natural
anenities or pleasantries of life which it may have
incurred due to the construction or presence of the
station. The anenities provided were not intended to
conpensate individuals or groups of individuals.
They included:

i) Broadl ands Hal | (repl acenent)
ii) Reporoa Hall (extension)
iii) Reporoa St Johns Hall (extension)
iv) Reporoa Squash C ub
V) Wai pahi hi Hal |
y Regional Sports Gound Grandstand (Delaney Park)
vii) Taupo Borough Council civil Centre
viii)Te Chaaki Marae - Upgrade of dining hall and
abl ution bl ock
ix) Te Toke Marae - Upgrade of dining hall

LANDSCAPI NG

The environment surrounding the OGChaaki Power
Project site could be described as extensively man
modi fied, with nost land either farmed or wutilised
for exotic forest and the Wi kato River inpounded for
hydro-el ectric devel opnment.

The basic aimof the |andscape devel opment is to
integrate the power station with the surrounding
| andscape. The power station, which includes the
associ ated steanfields nmust be seen to sit in the
| andscape, not on the |andscape. In planning to
achieve this integration, factors such as the |and
use and character of the surrounding |andscape,
El ectricorp's policy of |andscape maintenance and the
life of the power station have been considered.

The various phases of |andscape design nay be
summarised as fol |l ows:

a) Landscape assessnent.
b) Desi gn phi |l osophy, devel opment and approval .

c) Desi gn proposal devel opnent and approval .
d) Preparation of detailed specifications and
wor ki ng draw ngs.
e) I mpl ement ati on of design.
f) Production of a maintenance plan.
9) Production of a |andscape managenent plan.
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