9 1 Geothermal - Hydrothermal

Recap:

1. Geothermal Resource Characterizations by:
a. Environment/Geological Habit
b. Geophysics
c. Drilling - for exploration and production
2. Designed to reduce risk of projects - drilling is one of the most significant costs

Movies: (IGA): https://www.youtube.com/watch?v=ZjtimFfBTBBg
(Indonesia): https://www.youtube.com/watch?v=WBpjzBg1nRw

Resources: WG10

Motivation:

1. Motivation [10%] Provide context for the topic. Use of relevant public domain videos are a useful
method for this. Why is this particular topic or sub-topic important in the broad view of geothermal
energy engineering?

Quiality of resource defined by Thermal_power = Mass_rate * ¢ * delta_T
How is hot water/steam recovered. And once recovered - used to generate power?

Scientific Questions:

2. Scientific Questions to be Answered/Outline [10%] What questions arise from the motivation.
What are the sub-topical areas that address these scientific questions.

Hydrothermal

1. Plant layout

2. Recovery from wells

3. Friction losses in wellbores

4. Thermodynamics of energy conversion

A. Single-flash production
B. Double-flash production
C. Binary production
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TABLE 10.1

Geothermal Generation Capacity by Country
Country 1995 (MWe)
Argentina 0.67
Australia 0.17
Austria 0.0
People’s Republic of China 28.78
Costa Rica 55

El Salvador 105
Ethiopia 0
France 42
Germany 0
Guatemala 334
Iceland 50
Indonesia 309.75
Ttaly 6317
Japan 413.7
Kenya 45
Mexico 753
New Zealand 286
Nicaragua 70
Papua New Guinea 0
The Philippines 1,227
Portugal 5
Russia 11
Thailand 0.3
Turkey 204
The United States 2,816.7
Total 6,866.77

7,974.06
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1. Plant Layout

Steamfield Design
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Steam separation plant

Separator vessel Water vessel Atmosphere silencer

Separator Plant

Steam-water mixture Dry steam piped to the Separated geothermal
enters the separator power station steam water to waste or reinjection
vessel 200°C or less turbines - 130°C back underground

Production/ Injection Well

Examples of Power Generation

CAPITAL

Steam Condensing
Nga Awa Purua / Rotokawa 2010

2—pase Binary - Ngatamaiki 201
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Steam Condensing — Pohipi 1996




2. Recovery from Wells P&,
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3. Friction losses in wellbores
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chart. (Data from Ref. 7 with permission.)
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4. Thermodynamics of energy conversion

Examples of Power Generation

CAPITAL

Steam Condensing
Nga Awa Purua / Rotokawa 2010

Steam Condensing — Pohipi 1996
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A. Single-flash production

Flash-Type Power Plants
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Physics of energy conversion
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B. Dual-flash plants
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C. Binary plants

Wairakei A, B, Binary Plants
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Bioreactor

Sulphur eating
bacteria reduce
discharge of
dissolved H,S to
Waikato River.

Wairakei A (1958)
Wairakei B
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