Seismix2003

Seismix2003

Mid Conference Field Trip Guide
Geothermal Systems

8 January 2003

)

Institute of
GEOLOGICAL

& NUCLEAR

SCIENCES
Limited

10th International Symposium of Deep Seismic Profiling of the Continents and their Margins



GEOTHERMAL SYSTEMS

Mid Symposium Field Trip

A collapse crater with acid pools on floor

Mud Volcano, exploding mud

Cover photo:

Champagne Pool, Waiotapu




DEEP SEISMIC PROFILING OF THE CONTINENTS AND THEIR MARGINS 6-10 January 2003, Taupo, New Zealand

BIBLIOGRAPHIC REFERENCE

Scott, B. and Henrys, S. (comp) 2002. Geothermal Systems. The 10™ International Symposium
on Deep Seismic Profiling of the Continents and their Margins, Mid-symposium Fieldtrip Guide,
Taupo, New Zealand, 8 January 2002. Institute of Geological and Nuclear Sciences information
series 53, 32p.

Bradley Scott, Institute of Geological and Nuclear Sciences Ltd
Stuart Henrys, Institute of Geological and Nuclear Sciences Ltd

© Institute of Geological & Nuclear Sciences Limited, 2002
ISSN 1172-0298
ISBN 0-478-09785-9

Mid Symposium Field Trip - Geothermal Systems Page ii




DEEP SEISMIC PROFILING OF THE CONTINENTS AND THEIR MARGINS 6-10 January 2003, Taupo, New Zealand

FIELD TRIP LEADERS

Bradley J Scott, Institute of Geological and Nuclear Sciences, Wairakei
Hugh Bibby, Stuart Henry and Vaughan Stagpoole, Institute of Geological and Nuclear
Sciences, Lower Hutt

OVERVIEW

This field trip will visit two geothermal systems Ohaaki-Broadlands and Waiotapu. Ohaaki-
Broadlands is being utilised for electricity generation to produce close to 45 MW of electrical
energy from 17 production bores (50 bore holes have been drilled). Waiotapu is not being
exploited for geothermal power but is a geothermal system that has a variety of natural
surface features. On the field trip we will be see a region characterised by moderate-large
upflows of chloride waters and steam heated features. Small-moderate hydrothermal
eruptions occurred in this area 600-700 years ago.

FIELD TRIP PLAN

1030 Depart Conference Venue
1100-1130  Stop at Ohaaki geothermal field overview
1200-1300  Lunch stop - Lake Okaro

1300-1500  Visit Waiotapu Geothermal area
e Collapse craters

e Champagne Pool
e Mud Volcano

1600 Return Conference Venue
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APPENDIX 1 - OHAAKI GEOTHERMAL POWER PLANT

Contact Energy Limited

Contact Energy Ltd is responsible for the operation of the Ohaaki Geothermal Power Plant.

Contact Energy Limited was formed on 1 February 1996 following a split of the generation
assets owned by the New Zealand Government. It now competes with state owned electricity
generating companies and some smaller generators.

Contact Energy owns and operates approximately 26% of New Zealand’s total power
generation capacity and produces about 25% of New Zealand’s electrical energy. The
company operates Clyde and Roxburgh hydro power stations; New Plymouth, Otahuhu, and
Te Rapa thermal power stations; and Wairakei, Ohaaki and Poihipi geothermal power plants.
Contact Energy also has an interest in two thermal power stations in Australia - Oakey in
Queensland and Valley Power in Victoria.

| Otahuhu Te Rapa

; Wairakei
| New Plymouth

Poihipi

| Clyde

Roxburgh Ohaaki

Contact Power Stations

Figure 1. Contact Energy's New Zealand Power Plant Sites

Ohaaki Geothermal Power Plant

Government approval for the construction of the Ohaaki Geothermal Power Plant was given in
1982. The station, which is remotely controlled from Wairakei, has a gross installed capacity
of 116 MW. This is comprised of two intermediate pressure steam turbine generator sets of 47
MW and two high pressure steam turbine generator sets of 1IMW. Approximately 8 MW are
required for auxiliary power, mainly for gas extraction, reinjection pumping and cooling water
circulation. The net capacity of the station is 108 MW.
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Electricity generation at Ohaaki started in the second half of 1988, all the generation sets were
commissioned by May 1989, and the station was officially opened on 31 October 1989, by the
Governor General, Sir Paul Reeves.

Steamfield

17 production wells, ranging in depth from 400m to 3,000m, currently supply hot geothermal
water (up to =280°C) from the underground geothermal reservoir for use at the Ohaaki Power
House.

Plate 1. Separation Plant

The geothermal water from a group of wells is fed to a common separation plant. There are
two separation plants in the eastern steamfield and two in the western steamfield. A typical
separation plant consists of a grouping of vertical cylindrical vessels up to 3 metres in
diameter and 11 metres high with associated pipe work. The two phase flow from the wells
consists of a mixture of water and steam. At the separation plant the two phases are separated
in a two stage process to produce high (=8 bar g) and intermediate (=3.5 bar g) pressure steam
and water.

Steam is piped via a network of insulated pipes to the Ohaaki Power House to drive the
turbines.

There are 6 reinjection wells with an average depth of 1,060m. Separated geothermal water is
pumped back into the ground through the reinjection wells at a pressure of 20 to 30 bar g and a
temperature of =145°C. This temperature is greater than the silica saturation temperature for
the water.
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Power House

The Ohaaki Power House has an installed
capacity of 116 MW. This is made up of
two 11 MW high pressure steam turbine
generator sets (located within the “HP”
Turbine House) and two 47 MW
intermediate pressure condensing steam
turbine generator sets (located in the “A”
Station Turbine House). One intermediate
pressure set is currently decommissioned
due to the steam availability from the
steamfield.

High pressure steam from the steamfield is
passed into the two 11 MW high pressure
steam turbine generator sets which convert
the energy in the steam into electricity.
Steam exits the turbines at a lower pressure
and combines with intermediate pressure
steam from the steamfield. This generates
electricity as it passes through the 47 MW
condensing steam turbine generator set.
Efficient use of the steam in a condensing
Hall turbine is achieved by condensing the
steam to water as the steam leaves the
turbine. This is undertaken in a condenser where cooling water absorbs the heat energy in the
steam passing out of the turbine, condensing it to water. Using a condenser enables
significantly more energy to be extracted from a given amount of steam and hence improves
the efficiency of the plant.

Plate 2 Intermediate Pressure Turbine

The condensed steam (condensate) mixes directly with the cooling water sprayed into the
condensers and is drained into the Hotwell from where it is pumped back up to the cooling
tower to be cooled down. This cycle is then continuously repeated. The heat energy gained
by the cooling water as it passes through the condenser is transferred to the air passing through
the cooling tower. Gas extracted from the condensers is discharged into the cooling tower
plume.

Because the condensed steam mixes with the cooling water the volume of water in the cooling
circuit increases. This surplus condensate is reinjected back into the ground.

The cooling tower is a visually dominant feature of the Ohaaki site. It is 105m high with a
base diameter of 70m and a top diameter of 45m. The reinforced concrete shell is 160mm
thick over much of its height. Its distinctive hyperbolic shape gives strength to the relatively
thin walled structure. The height of the tower is designed to create a natural upward flow of
air through the tower to enable the water to be cooled.

Transformers, which step up the voltage from 11 — 14 kV from the generators to the national
grid voltage of 220kV, are located adjacent to the Power House.

A switchyard, owned by Transpower New Zealand Limited is located adjacent to the Power
House. This provides the electrical connection to the National Grid.
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The Ohaaki Geothermal Power Plant is operated from the Geothermal Group Control (GGC)
at Wairakei using a supervisory computer system. The maintenance, management and support
staff are based at Wairakei and visit Ohaaki as necessary to service the facility. Some 64 staff
support the Ohaaki, Poihipi and Wairakei Geothermal Power Plants.

Production History

Figure 5.1 plots the energy produced from Ohaaki with time.

Ohaaki Generation
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Figure 2 Ohaaki Generation

Contact energy is looking to target up to 70 Mwe gross production from the plant over a 15 year
planning horizon. Additional drilling will need to be undertaken to achieve this level of production.

Prepared By:
Brian Carey
Geothermal Resource Manager
Contact Energy Ltd
Wairakei Geothermal Power Station
Private Bag 2001
Taupo
New Zealand
November 2002
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