Geothermal Energy (Week 12, 16 Nov)

- Enhanced Geothermal System
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Next week B
Invited lectures

SEOUL NATIONAL UNIVERSITY

 16:00 - 18:00, Mon 23 Nov 2009

— Geothermal Energy Development in Korea
— Dr Yoon Ho Song (=

o

& 2), Korea Institute of Geoscience and
Mineral Resources (KIGAM, et= X| & XH& H &)

* 09:00 - 10:15, Wed 25 Nov 2009

— Direct Use of Geothermal Energy

— MrHyung Jun An (2t& = X&), KOLONE&C (228 A&
Il RA)



Progress report Gy
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You need to be very specific on the purpose of your project.

Proper citation
— 1) gives a credit to the people who have done previous study

— 2) supports your argument.

Copy and Paste is not allowed.

— Itis often out of context. If you have to use wordings from other
people, add citation.

Read instruction



Past two weeks %;,
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Geothermal Power Generation

Design consideration: Separator, Gathering system, Pressure
losses, Turbine blade integrity, condenser

Type of Geothermal power generation

Status

EBS video on Geothermal Energy
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Enhanced Geothermal System
 Definition
o Status

What we know

Remaining issues

Feasibility

Geothermal Energy in Korea
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inj=ction pump

makeup water

I Sedimernits and)or Velcanics

' Los Permeability Crystalline
Ba=zement Rocks

Figure 1.1 Schematic of a conceptual two-well Enhanced Geothermal System in hot rock in a
low-permeability crystalline basement formation.

Tester et al., 2006
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Enhanced Geothermal System *«g_ﬁg
Defi n iti On SEOUL NATlo:iL UNIVERSITY

« EGS: Enhanced (or Engineered) Geothermal System

 Broader definition: A system designed for primary energy
recovery using heat-mining technology, which is designed to
extract and utilize the Earth’s stored thermal energy (Tester et
al., 2006)

« Narrower definition (also called HDR, Hot Dry Rock, or HFR,

Hot Fractured Rock): A geothermal system that requires

nydraulic stimulation to improve the permeability.




Classification of geothermal
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Au Strai ian PerS peCtive SEOUL NATIONAL UNIVERSITY

Hot Fractured Rock (HFR) Hot Sedimentary Aquifer (HSA) Volcanic Geothermal

Very limited natural permeability, High levels of natural permeability High levels of natural permeability
needs io be enhanced - "EGS” from both parosity (1°) and fractures (2°) from predominantly fractures (2°)
Requires highly spacialised technology Developed and produced with Developed and produced with
conventional geothermal technology conventional geothermal 1echnology

heat N Heat + permeability op Heat+ permeability + water

installed generation capacgy
hotrockltd.com g Pﬂﬂ% ?I



Enhanced Geothermal System
Definition

SEOUL NATIONAL UNIVERSITY

* Indirect use (electricity)

— Volcanic geothermal

Hot Sedimentary Aquifer (HSA)
Enhanced Geothermal System (EGS)
Geopressurized

Magma Energy

. heat + permeability + water

. heat + permeability

heat
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How does EGS works? Wty
Principles oot o RS

 Animation from Geodynamics Limited.

o WWW.0eodynamics.com.au




History
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Figure 4.1& Evolution of estimated eleCtrical power output per production well, with time from BEGS
projects. The Fenson Hill, Cosa, and Desert Peak projects receided, or are receiving, major funding from

the LS. DOE.

Tester et al., 2006



The things that we know
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— High flow rates with long path lengths are needed

— Stimulation is through shearing of pre-existing fractures

— Monitoring of acoustic emission is our best tool for understanding
the system

— Rock-fluid interactions may have a long-term effect on reservoir
operation



The things that we know Y
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— Pumping the production well for high flow rates without increasing
overall reservoir pressure => reduce the risk of short circuiting

— Dirilling technology being improved

[ Drill bits last ~ 50 hours in deep high temperature environment

— Circulation for extended time periods without temperature drop is
possible

— Models are available for characterizing fractures and for managing
the reservoir

— Induced seismicity concerns
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Remaining technical issues iy
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* Preventing short circuit

— Short circuit reduce the effective heat-exchange area of the
system

— We cannot stimulate specific fractures

« Better understanding the influence of major fractures and
faults as subsurface barriers or conduits to flow

— Barriers or conduits

— Method of characterising these features are needed



Remaining technical issues ER
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Site selection

Equipment and Instrumentation
— Downhole pumps

— High-temperature packers/well-interval isolation systems

Rock property quantification

Fracture design model/Fracture mapping method

Reservoir connectivity



Remaining technical issues

SEOUL NATIONAL UNIVERSITY

 Understanding the seismic event and its impact on
environment

 Characterizing rock fluid interactions

— Will mineral deposition occur over time that will diminish
connectivity and increase pressure drop?

— Is mineral dissolution going to create short circuits or improve
pressure drop?
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EGS development
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aralana'Callabonna EGS

a Hunfer %l wy EGS

Sydney
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e
~'Melbourne. |
N e srustal Temperature at Skm Depth
Image © 2006 MDA EarthSal

~Google i —

Long term goal of the Joint Venture with
Origin Energy remains to bring this
considerable energy resource to market




EGS development Nk,
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EGS development i
Cooper Basin
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TEMPERATURE IS KING! N T

| Geothermal Gradient
Cooper Basin

Cooper Basin has hottest known
rocks of its type in the world

Commercial viability of all renewable
sources will come down to the most 't‘-g:];

efficient use of capital ",‘%
2

Lowest Capex per unit of useful 'cy

energy will be most competitive

Geodynamics believes the Cooper
Basin EGS resource will be the
lowest cost renewable source in \

Australia — delivered sub $100 / MWh 150°c ®  287°C W
1 L|

\

\
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EGS development i
Cooper BaSI n SEOUL NATIONAL UNIVERSITY

lemperature Is King
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Geothermal industry (B
An example in Australia

SEOUL NATIONAL UNIVERSITY

« Currently only 120kW geothermal power plant in Birdsville

« GEL (Geothermal Exploration License)
— first in 2001, now 385 licenses in 360,000 km?2

« 48 geothermal companies with 10 ASX (Australian Security
exchange) listed

 Expenditure more than 1,500 million A% from 2002 — 2013
(700 million A% in the US for 3 years)

+ 5.5 GW (6.8%) by 2030

17,000 new employment expected



Growth In Australian EGS and Hot
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US$ 400 Million
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US$ 80 Million |
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Goldstein et al., 2008



Geothermal drilling and downhole Ak,
measurements (end Of 2008) SEOUL NATIONAL UNIVERSITY

Geodynamics/Origin/Tata Power/Sentient-SunSuper Geothermal Drilling &

¥ 2003-5: Proved flow of geothermal energy with Habanero 1 & 2 H
»2007-8: Habanero 1- 3 closed loop flow tests, Jolokia 1 dnlled. '_.‘EIEDthSICﬂl SUI’EWS to 31 Dec 08

C

»MNext 1 MW demo, Savina 1 (3,300m at YE08) & HOTROCKS50 project
Several others plan geothermal

Petratherm/Beach Petroleum/TRUenergy : "% dilling in the term 2009-13.
»2005-7: Drilled Yenla and Paralana, deepened Paralana & recorded MT + seismic =
¥ Next: Petratherm JV commence deep Paralana well operations June 09
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Green Rock Energy .
3 Dnlled and Mini-Frac'd — Blanche 1 to 1935m Eh“--““““-IIIIIIIIIM‘I
»MNext: Optimise plans for a deep well. : "

Geothermal Resources
¥ 2007-8: drilled 6 Frome area wells up to 500m depth
»MNext Locate a deeper test

Torrens Energy/AGL
»2007-8: drilled 5 of 9 wells in Lake Torrens region
¥»MNext Shallow driling near Tomens Island
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Inferus Resources (Southern Gold Ltd)
»2008: Measured temperatures in minerals hole to 1 Km #**=======ssuuun
¥ Next: Seismic and shallow dnlling

Eden Energy
»2007-8: Chowilla 1 in Renmark region
¥»MNext — Assessing options for a deeper test well

Panax-Osiris (now merged)

32006 — 3 wells to 500m depth & an MT survey in SE SA
¥ Bid for Osiris - and raising $20 million

¥ Next — Dnill a deep test well in 2009 T L

Hot Rock Ltd Greenearth Energy Ltd 3--*°

» Recorded MT in '08. Target defined =~ > Thermal data from 4 gas wells in '07 .

- g - = ¥ 31 shallow dnllholes (~20x20 km gnd) for heat flow
> Next: Drill 2 deep wells > Next—MT surveys folocate deep wells ot Holes to 1,500m, then deep drilling

Goldstein et al., 2008
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Geothermal industry G
An exam pie I n AUStrai Ia SEOUL NATIO:';L UNIVERSITY

« The Geothermal Reporting Code
— First published in 2008
— Second edition in 2009

 Covers a minimum, mandatory set of requirements for the
pubic reporting of exploration results, geothermal resources
and geothermal reserves.

 Governing principles
— Transparency
— Materiality

— competence



Exploration Results

v Geothermal Resources Geothermal Reserves
Increasing
geological
kngw|edge Inferred

and
confidence

Indicated - >  Probable
- -er F;r
Measured - - Proven

Consideration of energy recovery and conversion, economic, marketing,
environmental, social, legal, and regulatory factors
. (the ‘Modifying Factors’) -

Figure 1. Rplaﬁnnqhip hetween Fxphm tinn Resnlts, Geathermal Resnurces and Genthermal Resarves. The Genthermal
Code recognises three levels of Geothermal Resource (Inferred, Indicated and Measured) based upon increasing

levels of geological knowledge and confidence which directly affect the assessment of the probability of occurrence.
Geothermal Reserves are further estimated from Geothermal Resources by consideration and application of “Modifying
Factors™ which directly affect the likelihood of commercial delivery (e.g. production, economic, marketing, legal,
environmental, land access, social and governmental factors). Two categories of Geothermal Reserve are recognised
(Probable and Proven) based upon confidence in both the underlying Geothermal Resource estimate and the Modifying
Factors. General relationships and pathways between the various Geothermal Resource and Reserve categories that are

permitted under the Geothermal Code are as shown.
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 Greenearth Energy introduction



Today
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« Enhanced Geothermal System
— History & status
— remaining issues

— example

« The Geothermal Reporting code
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Next week 2
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« 16:00 - 18:00, Mon 23 Nov 2009
— Geothermal Energy Development in Korea

— DrYoon Ho Song (& & &), Korea Institute of Geoscience and Mineral
Resources (KIGAM, et = X| & X} & A 2 &)

« 09:00 - 10:15, Wed 25 Nov 2009
— Direct Use of Geothermal Energy

— MrHyung Jun An (2t&l & XHA), KOLONE& C (2L S HE
« Week 14

— Report writing guide

— Feasibility of geothermal energy development
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