TUNNEL & UNDERGROUND SPACE

TUNNEL & UNDERGROUND SPACE Vol. 24, No. 1, 2014, pp. 21-31 ISSN: 1225-1275(Print)
http://dx.doi.org/10.7474/TUS.2014.24.1.021 ISSN: 2287-1748(Online)

EGS AIZS{ZAR| - Y= Rosemanowes =M EQL S Cooper
Basin 2N E
017|1%, 20t A|, ZstL}, o|x{&*

EGS field case studies — UK Rosemanowes and Australian Cooper Basin projects

Ki-Bok Min, Linmao Xie, Hanna Kim, Jaewon Lee*

Abstract In order to generate electricity from geothermal energy for non-volcanic region, the concept of enhanced
geothermal system (EGS) is introduced which forms an artificial reservoir by injecting high pressure fluid to 5
km deep and circulating geothermal fluid through the reservoir. Demonstration studies have been conducted in
various countries and regions for determining the feasibility of EGS. In this technical note, experiences, errors,
and implications of EGS demonstration projects in UK Rosemanowes and Australia Cooper Basin which have been
carried out since 2002 are introduced to be used for the EGS demonstration project in Korea.
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Fig. 1. Location and Geology of Rosemanowes project
(Richards et al., 1994)

Table 1. Overview of UK Rosemanowes Project

Duration 1977 - 1991
RHI1 (2.0 km)
Boreholes RHI2 (2.0 km)

RHI5 (2.6 km)
100 C (2.6 km)

Reservoir Temperature

Camborne School of Mines
(CSM)/UK Department of Energy

Managing /Funding
organization

Rock type Granite

Discussion going on to re-start the

Current Status .
project
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Fig. 2. Strikes of major joint sets, in-situ stress direction
(a) Plan view, (b) Section view (Richards et al.,
1994)
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Fig. 3. In-situ stress at Rosemanowes site (Pine et al., 1983a,
b). Arrow means in-situ stress direction.
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Table 2. Hydraulic stimulation at different stages in Rosemanowes project (Parker, 1999)

Stage Duration Main research
Phase | 1977 - 1980 4 borcholes (depth 300 m)
hydraulic and blasting stimulations
two 2 km deep boreholes (production hole: RH11, injection hole: RH12)
Phase 2A 1980 - 1983
ase Impedance: 1.5 MPa/(kg/s), water loss: 75%
RHIS5 (production hole, 2.6 km depth), injection of viscous fluid, Impedance:1.0
Phase 2B 1983 - 1986
ase MPa/(kg/s),water loss: 20%
Phase 2C 1986 — 1988 Flowpath Characterisation Experiment (FCE)
Downhole pump
Phase 3 1988 - 1991 reservoir manipulation to improve thermal performance
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Fig. 4. Downward migration of shearing in fractured reservoir
(Pine and Batchelor, 1984)
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Fig. 5. Long term flowrate changes due to hydraulic stimulation (Parker, 1999)
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Geomechancis research from Rosemanowes project.
(a) DEM modeling of shearing of joints at Rosemanowes
(Pine and Batchelor, 1984), (b) Schematics of coupled
thermal-hydro-mechanical test on Carnmenellis granite
at Rosemanowes (Zhao and Brown, 1992)
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Table 3. Overview of boreholes at Cooper Basin (Geodynamics, 2012a)

GS A=A - 9=+ Rosemanowes ZZAEQL 53 Cooper Basin ZZAE

Habanero 1 Habanero 2 Habanero 3 Jolikia 1 Savina 1 Habanero 4
Start of drilling 2003 2004 2008 2008 2009 2012
depth (m) 4421° 4459 4200 4911 3700" 4204
size of open hole (") 6 6 8.5 8.5 8.5 8.5
Temperature (°C) 243" 244" 242" 278" NA 241"
Hydrauilc stimulation executed executed executed executed hold executed
current status ready for use closed casing failure furthire;zeeazment well suspended completed

*: Geodynamic (2012a) and Geoffrey Ward (2013)

%ItH(Geodynanics, 2009). 71 &, Habaneoro 332
A|5}7] ¢Jal Habanero 4-3-& 2012d0]| 2-351A] =)
ow, 233k EjRt=Fo] AlHE YItH Geodynamics,
2012b). Habanero 133} Habanero 43 A}o]of doublet
closed loop AJ~BIS Ea10] 7120] | MW ¥4
2 ALgst RS BE2 Sk 9lon] 201349 4916
Mol gsiol AeRe ANsiark o] 4o
= GeodynamicAl= Jolokia®} Savina 32 A|5513.20
U, 201040] AAJEE S22 23, F]efo] vl &
sk Aoz Uehieh

3.2 =7|12™

Innmincka A% ¢] 3p7}et ohirel A T of
9| gAY T2 W EHAE(overthrust) 7159
Apeoled, Hojsm g elel ke ok W Wl 2
o2 FHE(Wyborn, 2010). Cooper basine T3
4 o] gokeoR Qe ghe Wt ohel
A oS- FRalch Agek 7 Sl A
3t o} 71 B AT Q) WAL ERfel,
o]& ulEO 2 Reynold et al. (2004)+= 373aE AR
Q1 A% oF 3.5 km 7}R]| 9] 27|-8& 4513
L& 3.7-5.0 km 3PFehtol 4] 27139 W T390
9 o, g 84, dHAAEY 5= ol the

Zro] 24319 Chen, 2010).

B orlo o>

0H71Lax/0leli7L/0L' = 16/11/10 (1)

oy, =0.0257z—10.0 2)

P=0.0172+3.0 3)

o]7]4 P= ZF=(pore fluid pressure)S 2ju]ic}.
A SPdeRtol A= oF 34.4 MPa®] HQf(overpressure)

Ae7F W25 o= 2, Cooper Basind 11274 24|
(hot dry rock)7} oPd 11-&+E A A|(hot fractured rock)
W] EZFFEIt Wyborn, 2010).

3.3 £B2|X=

Ao}t EelA5S 5% A A3 Cooper Basin W]
of EAitt= delE2 s FANECR Wds
o, @ HEZAE(overthrust) 27188 AE|E 12
e 79 efte] n|1ie|R)7] gold Zem ASE

Cooper Basin®] A329] 4-22o] et gL
Table 49} 0] Aela 4 gick

Habanero 1-39] 7-¢- 20033} 2005 z+z st
WA 3 28)9] Sel43S ANk Fig 83} Fig 9
= 200317} 200510 435 4-2] A=oA] 9l
(injection rate)¥ A5 4 (wellhead pressure), |4
5 B4 (event rate)E HolFal k.

20031} 20051 2] Habanero 13- 5~8]A}=, 2008d2]
Habanero 3% $8]A=-2- 3 & AT|(main fracture)S
A8FAAL, 20050]l+= Habanero 239 &A=&
Falol 42 4E AT SATOR s of

1604 80 T T T T 200

140+ 704 Pressure

- 150

- 100

Tikction fbw rate (wn/h)
2

hictibn pressure i Pa)
»
—

Number of events/2hours

0 04—l 0
/28 1e/1 12/3 12/5 12/7 12/3  12/11
2003

Date
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Time injected volume area of artificial number of
borehole 3 . 2 . .. refernece
(year) (m”) reservoir (km®) microseismic events
Habanero 1 2003 20000 2.5 28011 Fig.8
Habanero 2 2005 7000° 04" 1283 upper fracture
stimulated
Habanero 1 2005 20000 40 16454" Fig.9
Habanero 3 2008 2200 02 452" local stimulation
Jolokia 1 2010 not available not available not available not successful
Habanero 4 2012 34000# not available 24000# results being assessed
*: Chen & Wyborn (2009), #: Bendall et al. (2003)
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Fig. 9. Injection rate, wellhead pressure and event rates at
Habanero 1 hydraulic stimulation in 2005 (Baisch et

al., 2009)
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