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2 Executive Summary -

A DOE-sponsaored study, The Future of Geothermal Energy , by a panel of independent
experts led by the Massachusetts Institute of Technology (MIT), examined the potential of
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5-1 Geothermal Resource

The study used the most current data available on subsurface temperatures across the
United States to estimate heat in place at depths of 3to 10 km. The analytic technique
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Failure of the borehole wall which forms because of stress in the rock surrounding the
borehole. The breakout is generally located symmetrically in the wellbore perpendicular
to the direction of greatest horizontal stress on a vertical wellbore.

Binary Cycle

Binary geothermal systems use the extracted hot water or steam to heat a secondary
fluid to drive the power turbine.

Casing

Pipe placed in a wellbore as a structural interface between the wellbore and the

surrgunding formation, It ally extends the top of the WWS cemented in
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iTES'fﬁJﬂ:HﬂJB{F. ‘J—:l‘LJ\)j_U:‘ ﬁﬁﬁﬂ'}ﬁz*% ﬁﬁ/*]’bbx = PDC bits dominate drilling because of increased rate of penetration and longevity, but

2 N in geothermal hard rock environments, a century-old technology that is robust but slow.
rE] ES(TJ‘?Z{- ’ éﬁj@??ﬁlﬁo 4E 7S o 15“%'5&;%2 IETJX Advancements in rock reduction technologies will probably be needed for EGS

21T

these bits have yet to be proven in geothermal environments. Roller cone bits are used

commercialization.

= High temperatures have hampered the introduction of oil and gas related technologies
into geothermal well construction. The target operating temperatures of EGS wells are
greater than those of almost all oil an, ggi‘wel\s Steering tools used at The Geysers
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TABLE 1. Finding the Site — Site Characterization

fd YeltEwing

Suggest potential

REQUIREDTASK  AVAILABLE TECHNOLOGY STATUS ADEQUACY
TECHNOLOGIES near-Tem | Long-Term
Determine Varioustemperature  Commonlyusedthroughot  YES YES
toolsin  indus
and predict shallow boreholes  diata, nottechnology.
temperature at depth
Geothermometry Some interpretation of YES NO
(chemical andisotopic ~ geothemomety recuires
ofnumerousinteraing
factors, suchas shallow
equilibration.
Determine stressfield InSAR Thestrength of Interferometic.  YES YES
using surface-based SyntheticAperture Radar
technology (INSAR) s its ability to provide:
abs ervations of ground
displacementswitha

precisionofa few millimeters

inimages with20-meter
spatial resolution covering

100-km distances
GlobalPositioning  TheGPS provids orly YES YES
System (GPS) regionalcoveragsunless

many instrumerts are used

with close spacir

3,2¢cm 3,2cm provide 4,0 cm

1,8 cm 1,8 cm
l8cm

As Table 1 notes, cument technology can be usedto

characterize potential EGS sites. As
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"MIT Study Reservoir Creation Process Tasks

q Drilthe first deep well (njecton) 2
with the casing set at appropriate
depth to give required mean
reservoir temperature.

Obtain basic fundamental properties
of the underground such as stress
field, joint characteristics, in situ
fluid characteristics, mechanical
properties of the rock mass, and the
identification of flowinglopen zones
where appropiiate

3 Faving established e best 4
positions forthe sensors of the
microsensorarray. install an
appropriate instrumentation system
1o yield the best possible quality of
microseismic sensor aray, install an
gopropriate instrumentation sy tem
inlebth

Sl

L~

Conduct stepped flow rate injections
until the pressure foreach
injection'’s step becomes steady
The maximum injection pressure
should exceed the minimum
formation stress at the point of

8 Glossary
6,5 cm 6,5 cm
Borenole Breakout 3 Jorystaline Bamond CompactDAling Bit.... 25
Binary Gydl 3 Proppant 5
Recovery Facr

Core 3 Ressiy suver 2
Gepeion Facior 3 Roler ConeBit 3
rag Bit 3 Resouce B 6
Enhanced Geothemmal Systems (EGS 23 Seismic. 26
Faul 2 seamciy o
Fractur 4 3
Fracturing Treatments 4 Self-potental 5
Global Pusmurvmg 5lsham (GP 4 Spinner Surve 6
GeomemslR s Simtol o
Graamety St lner 3
Hydraulic Stimulafi 4 Smart Tracer. 6

reherma s Stmuaion o
Hygromermal Resavor < s
Induced Sdsmery, .
Interferometic Synthefic Aperture Radar............24 Submerside SUMP......coocccoen S——-
Cine Shart Purmp s Timeier
2 Thoma Grade
Citoloay 25 Therma Drawdown 27
Le 3 Tracer,
Magnetic Survey. 5 Undi
Viagnetodl s Wellog
Wair Treatments s Zonaleision
M ity 5 Joule ()
Vi S Bitsn Themal Unit i

25 Kilowatt-hour kidth). 28

Permeabiiy. 2

Borehole Breakouts

Failure of the borehal which farms,
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