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Background and MotivationBackground and Motivation 

 Resource classification is a key element in the characterization, 
assessment and development of geothermal energy. 

 Stakeholders at all levels of government, within the geothermal 
industry, and among the general public need to be able to use and 
understand consistent terminology regarding issues such as location, 
quality, feasibility of development, and potential impacts. 

 This terminology must encompass both the geological nature of 
geothermal resources and the practical technological and economic 
aspects of resource exploitation while remaining understandable to 
the broad community of non-specialists. 



Background and MotivationBackground and Motivation 

 Developments over the past 30 years, especially advances in 
geothermal technology, have expanded the scope of exploitable 
geothermal resources beyond the earlier classifications. 

 The USGS is working with DOE to engage the geothermal industry 
and academic partners on an update of geothermal resource 
classification in order to better reflect developments in geothermal 
technology and to serve as a effective means of characterizing, 
quantifying, assessing and communicating geothermal energy 
potential. 

 There will always be diversity in the characterization of geothermal 
resources, and we are not attempting to impose a single approach. 
Consequently, a key component of this effort will be the development 
of tools to translate between different approaches. 
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Desired CharacteristicsDesired Characteristics 
 Desired CharacteristicsDesired Characteristics 
 IsIs simple and logical for effective communication andsimple and logical for effective communication and 

understandingunderstanding 
 IsIs valid from scientific and technical perspectivesvalid from scientific and technical perspectives 
 MeetsMeets clearly identified needclearly identified need 
 IsIs easily translated to other systemseasily translated to other systems 
 IsIs stable over a relatively long period of timestable over a relatively long period of time 
 AvoidsAvoids misconceptions that adversely affect commercial activitiesmisconceptions that adversely affect commercial activities 
 EliminatesEliminates gaps or overlap between categoriesgaps or overlap between categories 
 AvoidsAvoids unnecessary predictionsunnecessary predictions 
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USGS Resource Assessment ConceptsUSGS Resource Assessment Concepts 

Reserve – Geothermal 
energy that can be 
extracted legally and 
economically. 

Resource – Geothermal 
energy that is technically 
recoverable and can be 
added to Reserves at 
some future time. 

Resource Base – Thermal 
energy in the crust in 
specific area. 



Australian and Canadian Protocol TermsAustralian and Canadian Protocol Terms 

AGEA (2008) 



 

Geothermal Systems DefinitionsGeothermal Systems Definitions 
AGI Glossary of Geology (earlier USGS) 
definition - “any regionally localized 
geological setting where naturally occurring 
portions of the Earth’s thermal energy are 
transported close enough to the Earth’s 
surface by circulating steam or hot water to 
be readily harnessed for use.” 

Provisional National Geothermal Data 
System definition – “A body of material in 
the Earth from which energy may be 
extracted as heat in a fluid circulated through 
the body and transported to an external point 
of use.” 

Draft definition for this study – “A  
geothermal system is any localized geologic 
setting where portions of the Earth’s thermal 
energy may be extracted from a circulating 
fluid and transported to a point of use. A 
geothermal system includes fundamental 
elements and processes, such as fluid and 
heat sources, fluid flow pathways, and a 
caprock or seal, which are necessary for the 
formation of a geothermal resource.” 

From Reed (1983) 

From Henley 
And Ellis (1983) 



Examples of Temperature/Enthalpy ClassesExamples of Temperature/Enthalpy Classes 
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Relation of Exergy to Enthalpy and TemperatureRelation of Exergy to Enthalpy and Temperature 

Exergy (or 
available 
work) is a 
also useful 
for classifying 
resources 
(Lee, 2001) 
and can be 
calculated 
easily using 
public domain 
software. 

E = mWH[hWH – h0 – T0(sWH – s0)] 

Modified from Lee (2001) 



Geothermal Systems and Plate TectonicsGeothermal Systems and Plate Tectonics 

From White, D.E., 1973, Characteristics of geothermal 
resources, in Kruger, P. and Otte, C., Geothermal Energy: 
Resources, Production, Stimulation, Stanford Univ. Press. 

“Different 
classifications 
can be based on 
total salinity, 
dominant 
chemical 
characteristics, 
temperature 
range, structural 
and stratigraphic 
environments, 
presence or 
absence of 
permeable 
reservoirs, and 
insulating cap-
rocks.” 



Geothermal Systems and Geologic SettingGeothermal Systems and Geologic Setting 

Characterizing the geologic setting of a 
geothermal system can be an 
important interpretive tool in evaluating 
geothermal resources, but it is 
important to remember the diversity of 
characteristics. 

From Reed (1983) 

From Henley 
And Ellis (1983) 



Magmatic andMagmatic and ““AmagmaticAmagmatic”” SystemsSystems -- 11 
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On average, 
U.S. 
geothermal 
systems 
associated 
with 
magmatic 
activity (red) 
are hotter 
than those in 
other settings 
(blue). 



Magmatic andMagmatic and ““AmagmaticAmagmatic”” SystemsSystems -- 22 
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Similarly, 
geothermal 
reservoirs 
associated 
with 
magmatic 
activity (red) 
are often 
larger than 
those in other 
settings 
(blue). 



Geothermal Resources by Geologic Setting fromGeothermal Resources by Geologic Setting from 
Paul Brophy, EGS Inc.Paul Brophy, EGS Inc. 

Defining 
resources 
by geologic 
setting is 
critically 
important for 
both 
exploration 
and 
assessment. 



Conductive, sedimentConductive, sediment--hosted resourceshosted resources 

Image courtesy of Alison LaBonte (DOE) 



Enhanced GeothermalEnhanced Geothermal 
Systems (EGS)Systems (EGS) 

Draft definition for commentDraft definition for comment –– 
““Enhanced Geothermal SystemsEnhanced Geothermal Systems 
comprise the portion of a geothermalcomprise the portion of a geothermal 
resource for which a measureableresource for which a measureable 
increase in production over itsincrease in production over its 
natural state is or can be attainednatural state is or can be attained 
through mechanical, thermal, and/orthrough mechanical, thermal, and/or 
chemical stimulation of the reservoirchemical stimulation of the reservoir 
rock. In this definition there are norock. In this definition there are no 
restrictions on temperature, rockrestrictions on temperature, rock 
type, or pretype, or pre--existing geothermalexisting geothermal 
exploitation.exploitation.”” 
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