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INTRODUCTION

Detailed

exploration case studies, such as Beaumont and Foster (1990, 1991, 1992), which were

completed for oil and gas plays, will give operators an accessible portal for gathering clean,
unbiased information with which to explore for geothermal drilling prospects. Providing a database
of these case studies with each case study broken down into queriable properties makes this
information even more powerful in planning future exploration efforts in new areas.

The goal of this effort is to develop a template for geothermal case studies in a crowd-sourced
platform to allow for contributions from the entire geothermal community. Information collected
for the case studies includes historical information regarding exploration and development in an
area and current information about reservoir characteristics and facility production. The initial
focus is on populating case studies for developing and operational geothermal areas throughout
the world that can then be used as a basis for discovering new areas, and guiding efficient
exploration and development of those areas.

STUDENT CONTRIBUTIONS

This project has drawn heavily on student involvement. Although NREL has been instrumental in
the design and implementation of the OpenEl template, the content has been populated through
different student vehicles.

2013 — Three student interns developed case studies for ten geothermal areas.

e 2014 — The student Case Study Challenge (http://en.openei.org/wiki/CSC) allowed students from
across the country to compete. The top three student entries were featured in the GRC Poster
Session, where students showcased their work and were presented with awards from DOE.

e 2015 — NREL is working with technical communications departments at universities to
incorporate contributions to geothermal case studies into their future curriculum.

2015 — NREL is discussing the project with the GRC Student Committee the potential to continue
to offer the Case Study Challenge in the future.

2014, 2015 — NREL has worked with students from the Student Undergraduate Laboratory

Internship (SULI) program to develop research projects that contribute data and analysis to these

METHODS

In developing the methodology for completing case studies, the objective was to create a process
that could be used in the future by students completing these case studies. We wanted to be able
to develop consistently accurate, queriable case studies, with input from geothermal experts who
knew the areas well, but with minimal impacts on the experts’ schedules.

A case study template and user input form has been developed through iterative modifications
based on input from student interns populating the case studies and expert review of these studies
and templates. This template and form is continually updated as additional feedback is received

from the

user community. Though the pre-developed Open Energy Information (OpenEl) template

for the case studies may seem restrictive at first, adhering to it allows for gathering of consistent
information for each geothermal area, and for querying of information across areas. The template

includes:

For the data to be easily accessible, it was important to create a template (and associated form) on
the OpenEl website (http://en.openei.org/) to solicit crowd-sourced information sharing. Some of
the advantages of cataloging this information on OpenEl include the ability to:

1.

2.
3.
4

Crowd-source information

Easily search for the information needed

Query information to compare various techniques

Link these data to other databases on OpenEl (e.g., the NEPA database, Exploration
database).

case studies. These internships have resulted in two published papers (one each year).

FUTURE WORK

Geothermal resources can be examined using any number of properties, such as temperature,
structural control, geothermal region, or occurrence model. As an example, a property of “Brophy
Occurrence Model” (Williams et al. 2001) has been assigned in OpenEl to over 75 operating
systems worldwide. Analyses can be conducted for areas of the same model looking at exploration
histories, data, and exploration plans to identify successful methods for exploring a similar
resource.

The OpenEl template can be easily updated and modified as new information and classification
schemes are developed. For example, a more formal catalog of play types is currently planned for
development by the International Geothermal Association’s (IGA) Resources and Reserves Ad Hoc
Committee. This catalog could easily be incorporated into the current template, and data uploaded
with a script to allow the information to be available for use in a query.

The goal of assembling these case studies is to be able to explore and analyze exploration data and
information in a variety of areas to identify correlations between successful exploration programs
for areas with similar geologic occurrence models and to guide efficient exploration of new
systemes.
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/ In the eastern portion of central California, on the
military-owned Naval Air Weapons Station at China

Lake, the Coso Geothermal Field has been producing
geothermal power continuously since 1987 (Figure 1).
The project is fully financed by private investment, and
a prime example of industry-military cooperation in
power development. The Geothermal Program Office
(GPO) manages the military geothermal program at
China Lake. The GPO is a part of the U.S. Navy, but has
jurisdiction over exploration and development of
geothermal resources on all military-owned land. The

Figure 1. Location map of western U.S. showing Coso & governing policy states that no development will
geothermal field within the boundary of the Naval Air proceed if the military's mission is found to be
Weapons Station, China Lake, California (2] adversely effected. Through the creativity of the GPO,

they were able to resolve many hurdles and the power
development projects were successfully implemented.

The generating facility at Coso consists of four geothermal power plants that have a total of nine 30 MW turbine-
generator sets for a total of 270 MW of rated capacity.iz The plants were constructed by Mitsubishi and Fuji from
1987 through 1989. The net running capacity is higher than the rated capacity at 302 MW. This increase in
capacity is due to the high pressures and temperatures encountered in the field, which allows for the units to
operate above their initial rated capacity. Between 80-90 production wells operate at a given time, producing a
mass flow rate of more than 14 million pounds per hour. Depending on the volume of fluid that needs to be

handled and where pressure support is required the Coso field can use between 30 to 40 injection wellsi. The
power plants utilize double-flash technology for steam extraction due to the high temperature fluids. Wellhead

account for 6% of the gas fraction, with 98% of that from CO2. Hydrogen sulfide ranges from <10-85 ppm.

To access the case studies from the OpenEl landing page
(http://en.openei.org), click on the Geothermal Gateway,

Geology of the Area

Regional Setting

The Coso geothermal field is located at the boundary
of the Basin and Range and Sierra Nevada tectonic
provinces, and is situated at a releasing bend stepover
in a dextral strike-slip fault system between the Walker
Lane Fault Zone, the Sierra Nevada and the Garlock
Fault (Figure 5). A shallow (<2 km} and hot at 200-
328"C (393-622°F) resource is a result of crustal
thinning, seen in the shallow seismic-aseismic
boundary and rock and fluid nch'amistrvn_.r.r"-'I The
geothermal field at Coso is classified as a hot water
resource compared to a steam dominated system with
the system most likely liguid-limited and not heat-
limited. The superheated groundwater flashes to steam
at less than 2 km depth. The area also shows its
youthful characrer in the abundance of surface thermal
features. The hot springs, mud pots, mud volcanoes,
and fumarcles of the area indicate an active near-
surface resource over nearly 6,400 acres. The many

surface features in the area show considerable
variability both temporally and spatially.
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The Coso Geothermal Field is located in a zone of high

Figure 5. Shade relief map of the region around the 5] seismicity that produced a magnitude 7.5 earthquake
Coso Geothermal Field (star). The field lies in a triangular in 1872 and large seismic events continue through to
block between the Walker Lane, the Sierra Nevada, and the the present./2¥ The earthguakes in the area near Coso
Garlock Fault, 2! are predominantly dextral strike-slip events,

consistent with the minimum of 150-170 km of

extension that affected the scuthwestern Basin and
Range region in the late Cenozoic. 241125128127] g|abal positioning system data show approximately 6.5 mm/yr of
dextral shearing across the Coso region_:23| Recent micro-seismicity within the field is related to production and

represent permeable pathways for circulation of hydrothermal fluids.

Structure

then Geothel‘ma/ AI'EGS fOF d map Of areas |n the data base. A silicic magma body is inferred to be present beneath Coso at a depth of approximately 8 km. 2% The magma body

pressures range from 85-500 psig. Produced fluids are moderately saline chloride brines with total dissolved solids from 7,000-18,000 ppm. Non-condensable gases

and Energy Generation Facilities pages.
injection of fluids and is diagnostic of fracture permeability. Clusters of seismicity beneath the field correlate with the projection of surface faults and appear to
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Unit Conversion Links to Other Databases on OpenEl
Many other databases created for other projects exist on OpenEl that can be linked to

Data stored in common units (such as ¢C) are these case studies. Two examples include the NEPA Database, and the Exploration
semantically interpreted into classifications Activity database

(like “Temperature”) that automatically

translate their values into a predetermined set Exploration Activities (132)

Below is a list of Exploration that have been conducted in the area - and cataloged on OpenEl. .£ Add a new Exploration Activity

of relevant units (such as 2F and 2K). The result
is that the data are accessible via queries in

Page L] Technique #®  Activity Start Date ¢ Activity End Date # Reference Material L]
any un|t the user de5|res_ Hovenng over the « Rapid reconnaissance of g.enthermal proslpects using shallow
value will also display the value in multiple Geothermal Ares (1877, | Z-MProbe Survey 1977 1877 remperattre suneys, Semannual e reper
ConverSionS) as Shown In Flgure lb' The ImpaCt « Rapid reconnaissance of geothermal prospects using shallow

. . . 2-M Probe S At C emperature surveys. Second technical repo
of this new feature is to increase the Ceothermal Area (1970) | 2MProbeSurvey  |1979 1979 emperate sunveys. Secand technical report

accessibility, reusability, and scientific
relevance of data on OpenEl.
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Geothermal Area Profile k / NEPA-Related Analyses (1)

Below is a list of NEPA-related analyses that have been conducted in the area - and logged on OpenEl. To add an additional NEPA-related analysis, see the NEPA

& IN SEARCH FOR THERMAL ANOMALIES IN THE COS0
GEOTHERMAL FIELD (CALIFORNIA) USING REMOTE SEMSING

Location: B California Database.
Exploration 5 Walker-Lane Transition Download CSV &
Region: Zone
> « [Analysis o :  |Application . |Decision . Lead o Development . - -
CEA ) Operational 4, Documen t# T Applicant Date Date R Phase(s) Technigues
Development
Phase: DOI-BLM-CA-650-2005- Robert A. Phinney, Deep Rose 3 June Bureau of Land | Bxplaratory
086 EA LLC 2006 Managemen . Geothermal /Exploration [Well
Coordinates: [ 36.170876398225°, 3 Flow Test
-117.83246211914"
Resource Estimate Cluantity /
Mean Reservoir Temp:
Estimated Reservoir Volume: C] 553'}5 I':
545 F
Mean Capacity: &} 1 Q04 687 °R

USCS Mean Reservoir Temp:

\ / Querying on Specific Data \

i /Citation of Data Click on any of the blue links to access more detailed information about

USCS Mean Capacity: msia M the topic, and a list of Geothermal Areas with that same attribute.
iy Wiki platforms have never allowed for direct citation of

data. Because Semantic MediaWiki’s key advantage
over normal wiki pages is the semantic linking of page
properties, the ability to provide citations for these
properties is key to validating the accuracy of the

Type E: Extensional Tectonic, Fault-Controlled Resource [edit]

“Thetuetma |

Ceo |OC;| ic Setti ng . . Extensional-tectonic, fault-controlled resources typically result from a thinning of the crust which increases heat
- = E — 5 I nfo rm at|0n. The Open EI tea m developed a flow. The permeability of these reservoirs is almost entirely secondary {controlled by faults and fractures as Brophy Occurrence Models
Tectonic Bl Extensional Tectonics L= opposed to rock porosity).
_— . . . . B ~ This ification scheme w
5El‘tll‘lg. methodology for‘ addlng user_fr‘lendly data C|tat|0n x:::e::érrﬂrdgs of this type of rescurce can be found throughout the Basin & Range province of the US and devel by phy, as re
Controlling B Pull-Apart in Strike-Slip [201 V- Updating the Cla: siﬁcatio[nuof
1oy . . . w _ : N . GCeothermal Resources| A,
Structure: Fault Zone Ca pa bl | Itles to fo rms a nd ba Ck_en d SynCI ng Of Cltatlo ns According to Brophy, extensional-tectonic, fault-controlled resources typically have the following properties: o Type A Magma_heated, Dry Steam
. =+ Topography -Rugged on upthrow, low on valley floor Resource

Topographic E Horst and Graben to data Oi nts » Climate - Usually dry with low precipitation
Features: p . « Depth to resource - Usually deep (2500-3500m) + Type C: Caldera Resource

— - = Surface manifestations - Usually restricted to fault traces + Type D: Sedimentary-hosted,
Eroph: =1 Ty EE nal « Permeability - Dominantly fault controlled Wolcanic-related Resource
Model: Tectonic, Fault- 1 T E: Ex! ional Ti ic,

O For example, the Coso Geothermal Area page (which R frivbmmrivta b

. . . + Type F: Oceanic-ridge, Basaltic
Moeck- TTET-TERerTOTS can now be cited as Williams et al. 2008) has a
Beardsmore Domain . o E I
— [edit]

Play Type: property for Mean Reservoir Temperature = 28529C. The xamples

Want to add an example to this list? Select a Geothermal Resource Area to edit its "Brophy Model" property using the "Edit with Form” button.

result is that the Case Study templates on OpenEl now
allow for the referencing of individual data points (e.g.,

Ceologic Features

Modern Geothermal & Fumarole [21]

o o 20 all data in tables now have unique references), as

Features Ateion shown in Figure 1a. The impact of this new feature is to
:lm:i : ii increase the credibility of cited data in all of the

Host Rock Lithalagy:  granitic 2 geothermal wiki pages on OpenEl, including

Cap Rock Age: E]

Exploration Techniques, Geothermal Resource Areas,

Cap Rock Lithology: =
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