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La geotermia clasica:

» Cobertera

> Almacén permeable
o Base impermeabl.
o Fluido _

Flujo de cainr
[ponducetn)

» Foco de calor | . __
. _ ¥
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Los yacimientos geotermicos de roca caliente seca:

Relacion entre energia y yacimiento geotérmico y estabilidad geolégica

FORMACIONES IMPERMEABLES
ZONAS ESTABLES {(no explotabies)
(FLUJO NORMAL)

A,

FORMACIONES PERMEABLES
’ (Yacimientos geotérmicos
de baja temperatura)

CORTEZA
TERRESTRE

FORMACIONES IMPERMEARBLES
(Roca caliente seca)

ZONAS INESTABLES FORMA ABLES +

| (FLUJO ANOMALO) | +FORMACIONES IMPERMEABLES
(Yacimientos geotérmicos
de alta temperatura)
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La idea basica de los sistemas HDR-EGS.

Comparacion con los sistemas geotérmicos convencionales

Conventional geothermal system Enhanced geothermal system (EGS)

Power Plant Paower Plant Market
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Principales experiencias de HDR y EGS en el mundo:

France Germany UK. Sweden United States Australia
1973
1974
1975 Ferton Hill KEY
1974 Phase | [ Jactie
1977 wolen | Ongoing
1978 Le Mayat Rese- | 1 | o Low level activity
1979 200 Falkenberg |Wrach manowes
1780 300m 3500m 300mmy
1961 Rose-
1982 manowes Ogachi
1983 2100rm Test
1964 Le Mayeat Well,
1985 B00m Fentan Hill
1984 Rose- Phase ||
Soultz manowes 4000~
100m 2700m 5000m
Figllbacka Hijicri
ongeing 2000m
o Urach Ogachi
S| Soul 4500m OGE-1 &
| 3500m 06e-2 Deepened
000 o 2300
Ogachi
1997 Field Tests | Hijiori
1998 Field
1999 Tests
2000 200 d Ogachi
200 ; Soultz Hunter 0GC-3 Long Term
200 o 000, Valley 1300m Dirc Test
200 L Coso EGS Desert Peak| Cooper 3R00m
200 Project EGS Project | Basin 4300
200 Fower plant
00 ongoing funded angeing ongeing angoing ongeing
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La idea basica de los sistemas HDR:

Crystalline
7 HCIEH.E LT
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Evolucion del mecanismo de HDR a partir de las diferentes experiencias:

Los Alamos Camborne
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How

El desarrollo de una tecnologia:  joummesmw s

I hot rock that has limiled perrmsabiiity
and fuid content,

EGS e Do e

to induce racturing, or open existing
fractures within the rock mass.

3 Hydro-fracture
Pumping of water is continued to

Enhanced Geothermal Systems exend Fachres some ditancs o

thar injection wellbore.

Engineered Geothermal Systems B e e .

5 Multiple Injection Wells

Additional production-irgection couplets
are drilled to extract hesl from lange
wvolurnes ol rock 1o meet power
geneislion requinemeants.
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del yacimiento:

T

1 Drill an Injection Well

A production-injection well is drilled
in hot rock that has limited permeability
and fluid content.

I;r ._-i 7 :,;-1 '%}h_ﬂ.

j 2 In|ect Water

Water is injected at sufficient pressure
to induce fracturing, or open exisling
fractures within the rock mass.
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3 Hydro-fracture
Pumping of water is continued to
extend fractures some distance fromn
the injection wellbore,

TR
- I

A second production well is drilled with
the intent to intersect the stimulated
fracture system, and circulate waler to
exbract the heat from the rock.

A TR @‘I""'m

3 5 Multiple Injection Wells — Inection el

Additional production-injection couplets
are drilled to extract heat from large
volumes of rock to meel power

iy =" generation requirements.

— RN R

Genbner
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Estimulacion:

Incremento de la
productividad

Example: Stimulation GPK4, development of fracture apertures
Iso-Surface = 0.0001 m

Los sistemas de EGS: la estimulacion del yacimiento

— v s Fractume Pupegation
mnmngh

il i .
A 11 - Shreem intensity Foctor
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EGS: de la idea a

la demostracion
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Commercial Potentially commercial
EGS: desde los primeros
esquemas y las primeras vedbormer | Enbascodgratermat | “cT
experiencias a los —_— T —
planteamientos de futuro il
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EGS: desde los primeros The Future of
esquemas. y IaS pl‘lmeraS Geothermal Energy
experiencias a los

. Impact of Enhanced Geothermal
planteamlentos de futu ro Systems [EGS) on the United States

in the 215t Century

injection puma

‘1 b sedimenis ardor Wolcanics
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EGS en Espana:

e Aumentar el potencial de recursos de media entalpia explotables

» Ya conocidos o T e -
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» No a gran profundldad h_ B e
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EGS en Espana:

e Aumentar el potencial de recursos de media entalpia explotables
Extrapolated temperatures at 5Skm depth in Europe
» Ya conocidos

» No a gran profundidad | N 7ot e Fouliod

<60° C Proyecto ENGINE

» Baja productividad
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200°- 220°C
=

220°- 240°C - (S
»> Z0on ’avar@bies @‘" '

' “ I.' :
> Recursos,! profundos i

Y I \ :I!- ’k‘

é I Congreso de Energia Geotérmica en la Edificacion y la Industria Madrid, 15 y 16 de octubre de 2008 @'-L!M}f:;-r-’.'



Al‘) Instituto Geologico

"o 8 | Minero de Espana Sistemas geotérmicos estimulados: el futuro de la geotermia

Instituto Geoldgico
y Minero de Espaina

Muchas gracias par su atencidn

c.garcia@igme.es

Madrid, 15 de octubre de 2008
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