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OpenEI\opeueuensvao Exploration Best Practices and the OpenEl Knowledge Exchange
—————

PROJECT ACTIVITIES http://en.openei.org

1. Set Up Exploration Knowledge Structure

* Develop OpenEl mock-ups, templates, relationships
* Work conducted by: Kate Young, Jon Weers, Teresa Wong, KC Hallett, Graham Hill

2. Delineate Exploration Regions

« Work conducted by: Kermit Witherbee, Kate Young, with input from Hidda
Thorsteinsson, Mack Kennedy, Colin Williams

3. Conduct Literature Survey
« Work conducted by: Kate Young, Tim Reber
» Reviewed approximately 2000 documents
« Cataloged over 1,300 exploration activities from over 230 documents

4. Interview Industry Experts
« Interviewees included developers, consultants, national laboratory and university
personnel from geothermal and oil and gas industry
« Interviewed 11 experts (~75% of those contacted provided feedback)

» Conducted via phone and in person from prepared list of questions, and with follow
up questions in subsequent phone calls

+ Additional information, beyond the questions asked, was often provided by the
interviewee

5. Populate OpenEl Knowledge Exchange

 Import data into OpenEl
 Populate pages with additional information
» Develop more complex templates, forms

NREL Photo
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OpenEI\opsueuenevao Exploration Best Practices and the OpenEl Knowledge Exchange

OPENEI FACILITATES THE DESIRED EXCHANGE http://en.openei.org
History
« Gives public access a collaborative, knowledge-sharing platform OpenEl Statistics *
* Provides free and open access to energy-related data, models, tools, « Content Pages 55,674
and information * Downloadable Datasets: 798
e Languages Used:  English, Spanish
* Developed in 2009 by the National Renewable Energy Laboratory « Registered Users: 3,231
» Unique Visitors/Week: over 8,000

* Sponsored by the U.S. Department of Energy in support of » Visits Last Year: 350,195
the White House’s Open Government Initiative « Countries Visiting Site: 212

*per Google Analytics as of January 25, 2012
Wiki Platform
* Utilizes same underlying technology as Wikipedia
* Enables users to view, edit, add and download, data — all for free
* Allows the assignment of queryable properties via semantic links
* Creates relationships automatically between pages

* Permits querying and exporting of data, similar to a database, in universal formats such as
RDF and CSV

* Includes a variety of data display formats including maps, charts, graphs, and timelines

Data Quality

* Forms often requires references be cited

* Pages can be “watched” for changes, updates

e User community can help expand the data and increase accuracy

NATIONAL RENEWABLE ENERGY LABORATORY 4



OpenEI\opeueuenevao Exploration Best Practices and the OpenEl Knowledge Exchange

OPENEI OVERVIEW (PAGE ACTIONS: menu \ http://en.openei.org

_ allows user to discuss, edit,
iew history, move and watch
NEIl | oPENENERGY view ’
OpenEl | oren INFO - page.
| Wikl | Datasets

Browse -  Page Actions+ Wiew~ Get Involved Help

Login

. . Share this page o B
HELP PAGE: tips on reading,
searching, editing, querying Latest News —*

Seoistars network ] and other Semantic Media SEARCH: the OpenEl contents | = ., o

Incentiv] k and Policie Wiki information. ;

buildings gas

Energ \ =

Latinoar : q
LOGIN: Sign up and log in to

LEDS HISTORY PAGE: see complete page . g' P . g

low em .. . . contribute information. A user page

strateg development and revision history, with . .

. . is created for each user to input

Renewa date, contributor name, and contributor i F . .
U.s. 0 . i information about themselves for

el notes. Compare versions. Roll back to i 3 o e .

. . " | e the user community.

Browse previous versions .

J

Major Tight Gas Plays, Lower 48 States

b =

EDIT PAGE: correct or
update information on a
page, or contribute
additional information

Recent Contributors
new this week:
Inter4522 (1)
Jsmithhhhh (1)
Burnsmarty (1)

most active:

£4 authors modified 272
articles

Ysuryan (132)

DISCUSSION PAGE: 3 g |
view and contribute to =

[ bsaferka (71)
discussion on page Mesalle (38)
content Recent Updates
o — .1.5ee recent updates (+)
= About Feedback Follow OpenEI on:
e F ’ \ Cpen Energy Information (Openkl) is a knowledge sharing online community We welcome your ﬂ "= EJ:EI B
x;nnual Ene_r_g\; T - . dedicated to connecting people with the latest ir?f_urmatiun and data on _ﬁ‘ feedback on Ope:n
Report ) BNEergy resources frum around the Wprld. By pru\..rldlng access Fu energy- Energy fnfc_!rmafao.n. and Twitter: @OpenEnergyInfo®
related information via geographic discovery, unigue visualizations &, and encourage you to provide additional

NATIONAL RENEWABLE ENERGY LABORATORY 5



OpenEI\opsusuenevao Exploration Best Practices and the OpenEl Knowledge Exchange

EXAMPLE HISTORY PAGE http://en.openei.org

OpenEl|openenErcyineg - et
| Wiki | Datasets Linked Data

Browse~= Page Actions= Wiew~ Get Inwvolved User= Help

Revision history of "Gateway

From Open Enevgy Information

COMPARISON TOOL:
Select two versions to
compare differences

Gateway

Share this page on i L .. ~

CONTRIBUTOR: See contributor,
talk with contributor, see list of

rowse history contributions from contributor
’7Fr0m year (and earlier): l:l FWearlier): [ peleted only //\ J

Diff selection: mark the radi wes of the revisions to compare and hit enter or the button

Wiew logs for this page

UNDO: Undo previous edits.

Legend: {cur) = difference with latest revision, {prewv) = difference with preced] M = minor edit,

[ Compare selected revizions ]

® fcur | prev) ® 15:10, 20 September 2011 Graham7781 contribs) (7,191 bytes) (undao)

15:04, 20 September 2011 Grah 1 {Talk | contribs) (8,017 bytes) {undo

12:05, 2 Movember 2010 Woodjr (Talk | contribs) (7,191 bytes) {undo)

20:11, 29 October 2010 Twong (Talk | contribs) {7,185 bytes) (undo)

19:49, 20 October 2010 Twong (Talk | contribs) (7,183 bytes) (undao)

21:46, 28 October 2010 Woodjr (Talk | contribs) m (6,505 bytes) (Text replace - "{{#Widget: SetTitle |title="to "{{DISBLAYTITLE:") (undo}
14:20, 27 October 2010 Woodjr (Talk | contribs) (6,515 bytes) (undo)

14:00, 27 October 2010 Woodjr {Talk | contribs) m (6,488 bytes) (Fived closing tag syntax for the <references>.. </ references> hlock) (unda)
12:32, 27 October 2010 Woodjr (Talk | contribs) (6,488 bytes) {undo)

12:31, 27 October 2010 Woodjr (Talk | contribs) (6,465 bytes) {undo)

13:52, 2 September 2010 Rmckeel (Talk | contribs) (6,298 bytes) {undo)

14:08, 30 August 2010 Woodjr (Talk | contribs) (6,259 bytes) (—Gsothermal Incentives & Policies) (undo)
16:41, 27 August 2010 Twong (Talk | contribs) (6,254 bytes) (undo)

11:11, 27 August 2010 Jackie Lyndon {Talk | contribs) {6,130 bytes) {unda)

11:09, 27 August 2010 Jackie Lyndon (Talk | contribs) {5,167 bytes) {undo)

08:11, 16 August 2010 Jackie Lyndon (Talk | contribs) (6,130 bytes) {undo)

12:55, 10 August 2010 Jackie Lyndon (Talk | contribs) (6,132 bytes) {undo) .
12:55, 10 August 2010 Jackie Lyndon {Talk | contribs) {6,168 bytes) {unda) NOTES Comments from the

I
I
I
| . . .
12:53, 10 August 2010 Jackie Lyndon {Talk | contribs) (6,167 bytes) {unda) contributor on edits made this
I
I
I
I

® (cur | prev)
e (cur | prev)
e (cur | prevy
* {cur | prev)
® (cur | prev)
e (cur | prev)
e {cur | prev)
* {cur | prev)
® (cur | prev)
e (cur | prev)
e (cur | prev)

* {cur | prev)

® (cur | prev)

® (cur | prev)

e {cur | prev)

 (cur | prev)
® (cur | prev)
e (cur | prev)
12:51, 10 August 2010 Jackie Lyndon ¢Talk | caontribs) (6,264 bytes) {undo) revision.
12:40, 10 August 2010 Jackie Lyndon {Talk | contribs) {6,016 bytes) {unda)

12:35, 10 August 2010 Jackie Lyndon (Talk | contribs) (6,100 bytes) {undo)

12:31, 10 August 2010 Jackie Lyndon {Talk | contribs) {6,154 bytes) {unda)

09:19, 10 August 2010 GregZiebold (Talk | contribs) {4,643 bytes) (undo)

e (cur | prev)

* {cur | prev)

® (cur | prev)

e (cur | prev)

Y)O0000000000O0O0O0O0OD0O0OOC0OO@

e (cur | prevy
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OpenEl ‘ OPENENERGYINFO.

e —

OPENEI OVERVIEW

i

Exploration Best Practices and the OpenEl Knowledge Exchange

http://en.openei.org

r

WHAT LINKS HERE:

provides a list of all

internal OpenEl pages

that link to this page

sy |
il UPLOAD FILE: allows user to upload
== afile (e.g. map, spreadsheet) to
;mu_a ool Openél for reference on other pages
Repart (available only from the OpenEl
homepage)

Recent Contributors
new this week:
Inter4522 (1)
Jsmithhhhb (1)
Burnsmarty (1)

most active:
54 authors modified 278
articles
Y¥suryan (132)
Aaferka (¥1)
Mesalle (38)

Recent Updates

EIY is a knowledge sharing online community

..5ee recent updates (+)

with the latest information and data on

he world, By providing access to energy-
nic discovery, unique visualizations &, and
you find the answers you need to make
JEIUSE the site is built on a wiki platform, your

5 are both welcomed and

encouraged.

|

and Gas Gateway

What links here Upload file§ Special pages

Sponsored by the .S, Department of Energy and developed by the National Renewable Ene
support of the Open Gowvernment Initiative to make energy data transparent, participatory, an

SPECIAL PAGES: provides a list of special
pages, including: Categories, Users, User
Settings (changing passwords), User Groups,
Manage Watch List

Printable version

y basics to cutting-eg
about a host of other
r fingertips. And it's al

le of an energy-relatd

Permanent link Duplicate this pagd Browse properties

About Us

available for use in queries.

7

Feedback Follow OpenEI on:

We weleorme yolr fj‘l i &I u
BROWSE PRQPERTIES: displays a T n—
list of semantic properties (and
values) associated with this page, Lorg

nEnergyInfo

.

ey Info Linked Open
Data: The Essentials, This is the
guide book to the movernent
you need to know about

hs, from details
ted topics —

LINKED DATA: Provides information
on Linked Data including overview,
tutorials, frequently asked questions
and a glossary of terms.

gas
i
v
onversation

Disclaimers Blog MediaWiki Linked Data Services

y Laboratary in
collaborative. Mo

warranty is made regarding the accuracy of the Google Translate service or its fithess for a particular purpose,

NATIONAL RENEWABLE ENERGY LABORATORY




OpenEI\opeueuensvao Exploration Best Practices and the OpenEl Knowledge Exchange

GEOTHERMAL STRUCTURE ON OPENEI http://en.openei.org
Location
Power Plants/Projects - Geothermal Area - Geothermal Region
Blundell 1 Power Plant Roosevelt Hot Springs Northern Basin & Range

SaltLake Gity |
S

UT
AR (Roosevelt

Exploration Techniques
Category —> Subcategory >  Subcategory >  Technique

Remote Sensing Active Sensors Radar INSAR
(can use any number of subcategories in OpenEl)

Activities
Source + Geothermal Area + Exploration Technique
Reference (Kennedy & Dixie Valley Area Water Sampling

Van Soest, 2006)

References
Info included: Title, Author(s), Publisher, Date, Abstract — can also upload files

NATIONAL RENEWABLE ENERGY LABORATORY 8



OpenEl ‘ OPENENERGYINFO

Exploration Best Practices and the OpenEl Knowledge Exchange

GEOTHERMAL GATEWAY

http://en.openei.org

OpenEl | opene:

| Wiki | Datasets Linked Data

Browse~ Page Actions~  View~ Get Involved Help

YINFO

B Edit | W History
Clean Energy Economy Energ
CLEAN
coordinated low emissions T ,3 i

assistance networl | l } !

Incentives and Policies

International Clean buildings geothermal

nart gri

GATEWAY. direct link back
to this geothermal gateway

EXPLORATION: direct links
to Exploration Techniques
and Reference Materials

Energy Analysis
Latinoamérica
LEDS

low emission development
strategies

Renewable Energy News
U.S. OpenLabs

Browse by Region

LOCATIONS: direct links
to Geothermal Areas
and Geothermal Regions

POWER PLANTS: direct links to
Installed Geothermal Plants and
Planned Projects

NATIONAL RENEWABLE ENERGY LABORATORY 9

penEl |open NFO

| Wiki | Datasets
Browse~ Page Actions = Wiew -

Linked Data

Gateway

GEOTHERMAL ENERGY

B Edit | WMaHistary

ormatich, Ua —$

Get Involved User~

Help

Installed 8 Planned Capacity

Share this pageybn (i -] . -

Geothermal Home

=¥ Geothermal Information

Geothermal Energy Overview
Types of Geothermal Resources
Energy Conversion Technologies
Cooling Technologies
Exploration Technigues
Reference Materials

o Resource Assessments i /% Geothermal Models & Tools
USGS Maps (2002) Geothermal Generation GETEM &
Geothermal Resource Potential Map Installed Capacity SAM
Geothermal Areas Planned Capacity PROSPECTOR #
Geothermal Regions MPACT A

Q— Geothermal RD&D

" Permitting & Policy

% Geothermal Financing

ystems &'
esource Confirmation @

DOE Geothermal Data Repository &

Category: Gateways

Upload file

Policymakers' Guidebook &
Developers' Permitting Checklist &

Printable Fermanent link B

Developers' Financing Handbook #
FE Project Finance 3

rature Resources & State Geothermal Incentives CRESTH
~-Funded Projects & DSIRE - Database of State Incentives for HOMER #
Systems Analysis @ Renewables & Efficiency REFTIS




OpenEI\opsususnevao Exploration Best Practices and the OpenEl Knowledge Exchange

GEOTHERMAL PLANTS & PROJECTS http://en.openei.org

Category: Energy Generation Facilities

/ * Listed on OpentEl for all renewable energy technologies

/ * Specific geothermal properties created for geothermal
facilities (e.g. Geothermal Area in which the plant is
located, average well depth, and average temperature of
geofluid into the plant)

\ * Properties allow for data input and queries.

\ * Not all information and data in OpenEl have been
\ populated; additional data could be added by industry or
through additional industry surveys.

NREL Photo

Annual U.S. Geothermal Power Production

Category: Geothermal Projects and Development Report

April 2011

e Listed in OpenEl, by geothermal area and region.

* Projects and associated data properties adapted from
Geothermal Energy Association’s (GEA) 2011 U.S.
Geothermal Power Production and Development
Update (Jennejohn, 2011).

. 5Ll
o

-,

L]

* Properties include location (county, geothermal area
if known, geothermal region), developer, project

f 2 : !
type, development phase, and capacity estimate.

/ GEOTHERMAL ENERGY ASSOCIATION

NATIONAL RENEWABLE ENERGY LABORATORY 10



OpenEI\opsusnenevao Exploration Best Practices and the OpenEl Knowledge Exchange

EXAMPLE: QUERY RESULTS TABLE PAGE

http://en.openei.org

OpenEl |openenercyiNFo
| Wiki | Datasets

Linked Data

QUERY TABLE: example
query with partial results
displayed in a table format,
sortable by any column.

Browse= Page Actions= Yiew= Get Involved User= Help

l Edit ‘ History

Category

Share this page on lj =
Category:Energy Generation Facilities

From Cpen Energy Information

m Geaothermal (68)

K

M X cility pacity CIBlmETEE Geothermal Dthermal
Chucy Type ] Ol Area Region
Date
Aidlin Geothermal Facility Calpine Cry Steam 20 15989 Gaysars Geothermal Area Holocene Magmatic Geothermal Region
Amedee Geothermal Facility amedee Geothermal Yenture Binary 1.6 1988 Amedee Geothermal Area Walker-Lane Transition Zone Geothermal
Region
BLM Geothermal Facility Coso Operating Co. Double Flash 90 1989 Coso Geothermal Area Walker-Lane Transition Zone Geothermal
Fegion
Bear Canyon Geothermal Facility Calpine Dry Steam 20 1988 Geysers Geothermal Area Holocene Magmatic Geothermal Region
Beowawe Geothermal Facility Beowawe Power LLC Double Flash 16.6 1985 Beowawe Hot Springs Geothermal Central Nevada Seismic Zone Geothermal
Area Region
Big Geysers Geothermal Facility Calpine Dry Steam 97 1980 Geysers Geothermal Area Holocene Magmatic Geothermal Region
Blundell 1 Geothermal Facility PacificCorp Energy Single Flash 29 1924 Roosevelt Hot Springs Geothermal Morthern Basin and Range Geothermal Region
Area
Blundell 2 Geothermal Facility PacificCaorp Binary 11 2007 Roosewvelt Hot Springs Geothermal Marthern Basin and Range Geothermal Region
Area
Brady Hot Springs I Geothermal Ormat Technologies Double Flash & Binary 12 1992 Brady Hot Springs Geothermal Area Morthwest Basin and Range Geothermal Region
Facility
CE Turbo Geothermal Facility CalEnergy Generation Single Flash 10 2000 Salton Sea Geothermal Area Gulf of California Rift Zone Geothermal Region
Calistoga Geothermal Facility Calpine Dry Steam 20 1954 Geysers Geothermal Area Holocene Magmatic Geothermal Region
Chena Hot Springs Geothermal Facility | Chena Hot Springs Binary 0.45 2006 Chena Geothermal Area 4laska Geothermal Region
Cobb Creek Geothermal Facility Calpine Dry Steam 1979 Geysers Geothermal Area Holocene Magmatic Geothermal Region
Del Ranch {Hoch) Geothermal Facility | CalEnergy Generation Double Flash 1929 Salton Sea Geothermal Area Gulf of California Rift Zone Geothermal Region
Desert Pesk II Geothermal Facility Ormat Technologies Binary 11 Desert Peak Geothermal Area Morthwest Basin and Range Geothermal Region
Dixie Yalley Geothermal Facility Terra-Gen Operating Co. Double Flash Dixie Yalley Geothermal Area Central Nevada Seismic Zone Geothermal
Region
Eagle Rock Geothermal Facility Calpine Dry Steam 110 Holocene Magmatic Geothermal Region
Elmore Geothermal Facility CalEnergy Generation Ciouble Flash 3z TEXT COLOR: blue text indicates Gulf of California Rift Zone Geothaermal Region
Faulkner I Energy Generation Faci!ity Mevada Geothermal Power clean link to OpenEI page; red text Northwest.Basi.n ahd Range Geothermal Region
GEM Resources II Geothermal Facility | Ormat Technologies Couble Flash 20 . . Gulf of Califarnia Rift Zone Geothermal Region
GEM Resources IIT Geothermal Facility | Ormat Technologies Double Flash 12 Indlcates brOken Ilnk toa page Gulf of California Rift Zone Geothermal Region
zalena 2 Geothermal Facility Ormat Technologies Binary 15 that does not yet exist on OpenE| Walker-Lane Transition Zone Geothermal

Reaion

NATIONAL RENEWABLE ENERGY LABORATORY 11



OpenEl ‘ OPENENERGYINFO

Exploration Best Practices and the OpenEl Knowledge Exchange

EXAMPLE: LINK TO GEA DEVELOPMENT PHASES http://en.openei.org

OpenEl | openenErcyINED

| Wikl | Datasets Linked Data

Browse~ Page Actions= VYiew~= Get Involved User~ Help

B Edit | Wi

Category

Share

GEOTHERMAL ENERGY

Category: GEA Development Phases

The information for this page was taken directly from Geothermal Reporting Terms and Definitions: 4 Guidy

Development Progress and Results to the Geothermal Energy Association 3 (GEA, November 2010)

The Geothermal Energy Association’s (GEAY Geothermal Reporting Terms and Definitions are a guidelj
use when submitting geothermal resource development information to GE4 for public dissemination
Production and Development Update. GEA's Geothermal Reporting Terms and Definitions serve to
accuracy, and reliability of industry information presented in the development updates, These
information regarding geothermal industry growth, financing, and public palicy.

The decision to develop a more thorough and codified resource development repaorting guid
industry reporting codes, as well as the realization that a guide will enhance reporting qu
level members GE& concluded that it would not develop a geothermal code for publicly r
in the United States, but that a more thorough and vetted reporting guide was neede
consulting with a committee of industry experts, as well as its own Scientific and Te
process of drafting and adopting a set of Geathermal Reparting Terms and Definitio

aforementioned committees and, over the course of four months,
in this document.

The Geothermal Reporting Terms and Definitions are provided to geothermal in
reporting development results to GEA. The Geothermal Reporting Terms and
The information provided by developers to GE& through the Geothermal Rep,
basis to GEA and is not independently verified. GE& believes that the ado
accuracy of geothermal project development, adding value to GEA's ind

In reporting geothermal projects in development to the GEa&, they
each separate geothermal project falls under. Stages of developm
11, I, and I%. Each project must meet certain criteria to be consi
development,

Pages in category "GEA Develop

The following 4 pages are in this category, out of 4 total,

Phase 1 - Resource Procurement and Identification

e e

Phase III - Permitting and Initial Development
Phase 1Y - Resource Production and Power Plant Construction

as precipit:
. Through m
rting explorati
May 2010, GE
cal advisory Cor
E& continuously e

produced the G ermal Reporting Ter

ry companies and argar
nitions are not a geotherr
Ing Terms and Definitions is
h of this reporting system wi
reports,

ask t organizations indicate at what
ave been divided into four differen

d and reported by the GE& as being

e

nt Phases”

young | Log out

OpenEl|opencnercyineo

| Wiki | Datasets Linked Data

Browse~ Page Actions~ “Yiew~ Get Involved User~ Help
B Edit |
GEOTHERMAL

Page

GEA Development Phase I: Resource Procurement and Identification ledit]

The information for this page was taken directly from Geothermal Reporting Terms and Definitions: & Guide to Reporting Resource Development
Progress and Results to the Geothermal Energy Association 8] {GEA, November 2010)
Phase I - Criteria A
In reporting a Phase 1 geothermal project to the GEA the dewveloper must ascertain whether or not the project being reported meets the
following specified criteria, The development criteria are divided into three different subsections of geothermal Phase I development {Resource,
Transmission, and External Development). It is not necessary that a geothermal project mest all of the criteria listed, The number of criteria
that 3 project must meet in each subsection of geathermal Phase I development is specified below,
1. Resource Development Criteria [edit]

For a project to be considered a Phase I project at lesst two of the following Resource Development criteria must be met,

* Literature Survey Complete

existing data and information from previous studies, exploration, and/or development has been acquired and analyzed by the developer, This
preliminary analysis reveals conditions generally considered favorable for the presence of subsurface geothermal resources capable of being
Ueweluped inlu g curnmmerciglly vigble geuthermal resereuin,

+ Geologic Mapping Completed, Geophysical and Geochemical Sample Sites Identified

a geologic survey and any necessary airborne surveys have detected areas that exhibit features characteristic of 3 viable subsurface
geathermal resource. This has enabled the construction of a geologic map of the area as well as a first draft conceptual model of the
hydrothermal system so that sample sites have been identified.

* Geochemical and geophysical surveys in progress

geochemical and geophysical survey techniques which determine the chemical properties, temperature, and overall characterization of the
geothermal resource are underway or finished at the time of reporting and further indicate the presence of 3 cormmercially viable geothermal
reseryvair,

2. Transmission Development Criteria [edit]
For a project to be considered a Phase [ project all of the following Transmission Developrment criteria must be met,
« Internal transmission analysis complete

internal analysis of possible transmission routes by the developer completed,

3. External Development Criteria [edit]

For a project to be considered a Phase I project a# of the following criteria must be met.

NATIONAL RENEWABLE ENE
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Exploration Best Practices and the OpenEl Knowledge Exchange

OpenEl ‘ OPENENERGYINFO

GEOTHERMAL AREAS & REGIONS

http://en.openei.org

alttake Gy T i Category: Geothermal Areas
€0 / * Geothermal areas are specific locations of
/ geothermal potential (e.g., Coso Geothermal

' _U-T fRoosevelt ' }
' e I / Area).
* Base set of geothermal areas used came from the
\ 253 geothermal areas identified by the USGS
\ Resource Assessment (Williams et al., 2008).

\ * Additional areas added based on the literature
! search and projects listed in the GTP’s database

of funded projects.

Map Credit: Billy Roberts

Category: Geothermal Regions

* 21 Regions were outlined for the western United
States (including Alaska and Hawaii)

* Regions were developed based on the USGS
physiographic regions

* Boundaries adjusted to fit geothermal parameters
such as differences in geologic regime, structure, heat
source, surface effects (weather, vegetation patterns,
groundwater flow), and other relevant factors.

N ¥l
Map Credit: Billy Roberts

13
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OpenEl ‘ OPENENERGYINFO

Exploration Best Practices and the OpenEl Knowledge Exchange

EXAMPLE: GEOTHERMAL AREA PAGE

http://en.openei.org

OpenEl |opencnErcyiNED
| Wiki | Datasets  Linked Data

Browse~ Page Actions= Yiew~= Get Involved Help

QUERIES: queries of related
data are provided in tabs
including a count of items
returned in query

Page Bl g B Edit with form | B His

Geothermal Area

Area Overview JAN
Roosevelt Hot Springs is amang the hottest and best documented of
the geothermal resources in the Basin and Range Province, The field is
located on the eastern edge of the Province in south central Utah, on
the western margin of the Mineral Mountains, approsimately 15 miles
northeast of the town of Milford and about 165 miles south of Salt
Lake City. Blundell Plant 1, a 26 megawatt (MW} installed-capacity
single-flash unit was completed in 1984, The project earned the U.S,
Department of Energy’s innovation award in 1984 for being the first
commercially-produced geothermal power plant outside of California,
In 2007, Blundell 2, an 11 MW hinary bottoming-cycle unit was
brought on-line. The geathermal fluid for both plants comes from four
production wells and three injection wells that are between 2,100 and
6,000 feet deep with bottom-hole temperatures 469 and 514°F,
respectively, In 1981, the hot springs were also the test site of a 1.6
MW biphase turbine research unit, This was a “total flow" turbine that
would accept both brine and steam to improve energy conversion by

F utilizing both the thermal and kinetic energy of the geothermal fluid.
However, a conventional flash unit was selected to be installed at the site instead, and thus, the biphase unit was
decommissioned,

AREA DATA: most immediate
grouping listed here (as a link
to the Active Sensors page)

Geology and Hydrothermal System
History and Infrastructure AREA INFORMATION:
Technical Problems and Solutions

Regulatory and Environmental Issues

expandable boxes provide
information about the area.

DOE Involvement

Future Plans Vv

References

CATEGORIES: all categories of
which this page is a member
are listed at bottom of page

rmal Powar Plant &"
oise Effects| 8"

1.1 103112 wglgctrical Power Genaration
2. 1 2021 wan guerview of Environmental

Category: Geothermal Resource Areas

Exploration Region

GEA Dewvelopment Phase

Coordinates

Mean Reservoir Temp {°C)

Estimated Reservair Yolume (km®)

Mean Capacity (M)

Mumber of Operating Plants

Qeners

Power Purchasers

Mumber of Production Wells
Hurmber of Injection Wells
#verage Temperature of Geofluid (2C)
Average Depth to Reservaoir (km)

Development Area (km?)

References

Location

B Display map

Gross Production Capacity (M
Ket Production Capacity (M)

Login | Sign Up

Share this page on B =

Milford, Utah

Morthern Basin and Range
Operational

3‘8‘48671588220, -112.852795604°

250
8.5
119.53

206,098
2

* PacificCorp Energy
s PacificCorp

4,132

30,720

Electrical Power Generation in the
Roosevelt Hot Springs Area - The Blundell
Geothermal Power Plant[t]

an Overview of Environmental Issues:
Roosevelt Hot Springs KGRA, Utah;
Geathermal Noise Effectst?]
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OpenEI\opsusumsquo Exploration Best Practices and the OpenEl Knowledge Exchange

EXAMPLE: EDIT WITH FORM http.//en.openei.org

Welcome Kyoung | Log out

| wiki | Datasets Linked Data

Browse= Page Actions= View = Get Inwvolved User= Help

RED STAR: required input Share this page on i 14 .. -

Roosevelt Hot Springs Geotherm=

BLUE QUESTION: pop-up tip
[Roosevelt Hot Springs Geatharmal Are with description of data to be

Name *

Location * (it entered by user
REgion ;k‘mn Easm and Range

*
Development Phase ; |Operati0nal

Cootbernalisp |GeothermalCaseStudyMap15—D1.jpg Upload file

Goordinates g so57158822, -112.652795604 \Muse address

~ | map | satelite | Hybrid | Terain

<y
l’)

bl

FONWERED BY 2000 ft
GOUSIC | 500 m T htap data @2012 Google - Terms of Use

Mean Reservoir Temperature |250
B

Estimated Reservoir Yolume {(km3) '857
5 | |8
Mean Estimated Capacity (MW) ,7
» 119.53
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OpenEI\opsueuenevao Exploration Best Practices and the OpenEl Knowledge Exchange

EXAMPLE: EDIT WITH FORM http://en.openei.org

all types of geothermwal noise sources, existing awbient noise conditions,
locations of noise receptors, and any applicable regulations that were in place

prior to developwent. Based on the analysis performed, it was decided that o
environmental noise is not a concern at Roosewvelt Hot Springs - or any other TEXT BOXES' for |Onger data
known geothermal resource areas in Southwest Utah. <ref neme="03TIGZ17544"/> entry- no Content I|m|t

’

DOE Involvement

2 In 2000, DCOE funded an RED grant at Roosewvelt for the testing and feasikhility

analysizs of a high-efficiency binary heat recovery cycle known as the Kalina
Cyzle. The Kalina Cycle was designed Lo recover energy ab tewmperatures as low
az 171°C from silica-rich geothermal brine from an existing geothermal plant
on the facility that was previously being re-injected. The scope of work also
included determination if pH modification (acid injection) would he able to
prevent or delay destructive silica precipitation within the power cyole
wconflrm that the Kalina Cycle is suitable for

WATCH: can add a
watch to this page
from this form

Future Plans
o W (net) double-flash plant. The double-flash

lower capital cost per installed megawatt
ore power output over single-flash units).
r production wells to 5,000 feet and four
goal i= to produce a geothermal resource
s steam separators (four high-pressure and one

ill also be required. Sixteen miles of transmission line
lso be reguired. The plant i=s still in the design phase with
Set Lo Start construction.

PREVIEW: can Th
preview changes
before saving

REFERENCES: can add as
many references as needed.

References

Tit

flel:trical Power Generation in the Roosewvel o

|http:,-f,-fgeoheat.D\t.edufbulIetinfbull25—4,-fan4.pdf

? |0ITart optional

COMMENTS: add comments on
contributions made; comments will
show up on History page. Good

7 [QSTIe217844 optional practice to always comment on edits
made, no matter how minor

? |An Overdew of Environmental lssues: Roos o

? |http:,-",Mww.osti.govfbr\dge,f’servletsfpurl,-"ﬁm F844PRACT /62178

Ouse advanced syntax

* Mandatary fie

Edit history:
OJ This is a mino¥ edit [ watch this page HELP: get help with wiki
[ Save page ] [ Show preview ] [ Show changes | Cancel | Editing help {opens in a new window) formatting Semantic

J 7

queries, etc.

NATIONAL RENEWABLE ENERGY LABORATORY 16



OpenéEl ‘ OPENENERGYINFO

Exploration Best Practices and the OpenEl Knowledge Exchange

GEOTHERMAL REGIONS

http://en.openei.org

The base map for this figure is the 2008
USGS Geothermal Favorability Map showing
relative favorability for the presence of
geothermal systems in the western United
States. Itis an average of 12 models that
correlates different geological and
geophysical factors of moderate (90-150°C)
to high (>150°C) temperature geothermal
systems. Exploration regions outlined in red
were derived for this study from USGS
physiographic regions of the contiguous
states.

Data source: United States Geological Survey
Map Credit: Billy Roberts

Geothermal
Favorability

B High

A

IECLLER

(ol

L]
o
=
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OpenEI\opsusnenevao Exploration Best Practices and the OpenEl Knowledge Exchange

GEOTHERMAL REGIONS http://en.openei.org

Installed Capacity Planned Capacity Resource Estimate
(GEA website) (GEA, 2011) (USGS, 2008)
. # of # of Planned
ExPIor_atlon Installed 5G] Planned Plannefi Plants with Identified . un-
Region e Plants . Plants v.wth Unknoyvn S dlscove-red
Installed Capacity Capacity Capacity
Estimate Estimates
km? -
1 BR: Central Nevada Seismic Zone 28,863 97 3 100 2 15 378 744
2 BR: Northern Basin & Range 327,187 68.8 5 134 6 18 358 3,741
3 BR: NW Basin & Range 137,091 214.36 9 161 6 9 1,044 2,238
4 BR: Southern Basin & Range 217,012 0 0 100 2 2 9 830
5 BR: Walker-Lane Transition Zone 81,265 431.1 16 244 7 9 763 1,130
6 Cascades 124,543 0.28 1 30 1 2 608 1,057
7 Gulf of California Rift Zone 20,044 658 21 388.6 8 0 3,147 8,790
8 Holocene Magmatic 25,977 1,587 19 26 1 3 1,128 316
9 Idaho Batholith 72,883 0 0 49 2 2 218 500
10 Northern Rockies 101,604 0 0 0 0 0 71 415
11 Rio Grande Rift 130,309 0.24 1 15 1 1 227 1,137
12 San Andreas 69,192 0 0 0 0 0 17 480
13 San Andreas Split 18,246 0 0 0 0 0 7 101
14 Sierra Nevada 58,554 0 0 0 0 0 0 26
15 Snake River Plain 61,320 0 0 0 0 1 130 778
16 Southern Colorado Plateau 92,142 0 0 0 0 0 0 274
17 Transition Zone 40,705 0 0 0 0 2 53 693
18 Yellowstone Caldera 11,842 0 0 0 0 0 44 210
19 Southern Rocky Mountains 128,454 0 0 0 0 0 0 1,010
20 Alaska 1,717,854 0.73 1 25 3 1 677 1,788
21 Hawaii 28,311 35 1 0 0 1 181 2,435
Other (outside region boundaries) - 0.25 1 - -—- - 0 1,341
Table Totals 3,493,398 3,093 78 1,273 39 66 9,060 30,033

NATIONAL RENEWABLE ENERGY LABORATORY 18



OpenEl ‘ OPENENERGYINFO

Exploration Best Practices and the OpenEl Knowledge Exchange

EXPLORATION TECHNIQUES & ANALYSES

http://en.openei.org

Exploration Techniques

* Because information in this study was destined for the knowledge exchange, a structure was

needed to categorize exploration technigues.

» Exploration techniques were categorized into exploration groups, such as field methods,
geochemistry, geophysics, and remote sensing (see next slide for structure)

Exploration Analyses

* Four different types of exploration analyses
were identified:

e Lithology

e Stratigraphic/structural
* Hydrological

* Thermal

 Each technique can be described in terms of
the data it could provides for each type of
analysis.

* See the data on OpenEl for a full listing of
exploration techniques and the data that
could be provided for each analysis.

NATIONAL RENEWABLE ENERGY LABORATORY

Example
Technique

Lithology

Stratigraphic
/structural

Exploration Analysis

Hydrological

Thermal

Map fault and

Map surface

Field Map surface |fracture patterns, | manifestations of| Map surface
Mapping geology kinematic geothermal temperature
information systems
Map permeable
Trace structures
Element connected to
Sampling geothermal
reservoir
Geo- Estimate
temperature of
thermo- hydrothermal
metry reservoir
19



OpenEI\opsueuenevao _ Exploration Best Practices and the OpenEl Knowledge Exchange

EXPLORATION TECHNIQUES CATEGORIES http://en.openei.org

Data & Modeling Methods Remote Sensing Methods

> Passive Sensors

Field Methods .
Hyperspectral Imaging

Multispectral Imaging

Geochemical Methods

v

Active Sensors

Example Techniques:

Lab Analytical Methods LiDAR > SAR
Radar > InSAR
Geophysical Methods
Drilling Methods > PSInSAR
Lﬁ Seismic Methods R
Exploration Drilling > SRT

Active Seismic Methods

Development Drilling

Passive Seismic Methods

N Electrical Methods
—> Gravity Methods L> Drilling Data
L» Magnetic Methods L> Flow Data

—> Passive Seismic Methods —> Well Log Data

NATIONAL RENEWABLE ENERGY LABORATORY 20



OpenéEl ‘ OPENENERGYINFO

Exploration Best Practices and the OpenEl Knowledge Exchange

EXAMPLE: EXPLORATION TECHNIQUE PAGE

http://en.openei.org

OpenEl ‘ OPENENERGYINFO

Welcome Kyoung | Log out

Linked Data

View >

| Wilki | Datasets

Browse~

Get Involved User~

Page B Edit with form | [l History

GEOTHERMAL ENERGY

Page Actions~

Exploration Technique: LiDAR

Help

| Lo [ search !

Share this page on f§j 1) .. -

QUERIES: queries of related
data are provided in tabs
including a count of items
returned in query

—cothermal Home
EXPLORATION GROUP: most

immediate grouping listed

here (as a link to the Active
DEFINITION: independent ), SeNnsors page)
entity, pulled into this

S | iDAR:
L9
o

BEST PRACTICES: as described in the paper,
results from the expert interviews are populated
here; log in to add your contributions and help
to flesh out these sections.

Light Detection and Ranging (LIDAR) is an a
sensing technology that uses optical measuremen
to find range (Young, 2006). Measurements can b
aircraft- or land-based sensors. Distance to an obj
and detection o
ion, 0.2 m at 3-
ation beneath t

finitions:

technique template and

semantically linked to external
definitions, such as Wikipeia
and Reegle

Active Sensors

Exploration Group

Lithology:

lution)

. used to delineate faults,
vegetation

created high-resolution

Wikipedia Reegle Stratigraphic/Structural: | CEMS,

J

Use in Geothermal Exploration
Data Access and Acquisition

Best Practices

Categories: Exploration Techniques | Remote Sensing Methods | Active Sensors

What links here Related change Upload file Special pages

quantify fault kinemaics,
develop lineament maps

V4 Hydrological:
Thermal:/\

CATEGORIES: all categories of ANALYSIS INFORMATION:

which this technique is a part provided in upper right table
are listed at bottom of page

NATIONAL RENEWABLE ENERGY LABORATORY

Printable version Permanent link Duplicate this page
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Exploration Best Practices and the OpenEl Knowledge Exchange

EXAMPLE: QUERY RESULTS LIST PAGE http://en.openei.org

0 pe n E l ‘ OPENE L¢ . Login | Sign Up

| Wiki | Datasets Linked Data

Browse~ Page Actions=  ‘Wiew~ Get Involved Help

QUERY LIST: example query
B Edit with form | Wy History with partial results displayed Share this page on i L) ... =
in a bulleted list format,
properties included in Geothermal Home
parenthesis.

Exploration Technique: LiDAR

| Activities (10) ‘ Areas (5)

o LIDAR {Laney, 2005)
o LiDAR (Lewicki & Oldenburg)

e LiDAR {Lewicki & Oldenburg, 2004)
o LiIDAR (Lewicki & Oldenburg, 2005)
o LIDAR (Monaster And Coolbaugh, 2007

e LiDAR Af Chocoolate Mountains Area (Alm, EE Al, 2010)
o LiDAR AL Gabbs Valley Area (Doe Gtp)

e LiIDAR AL Glass Buttes Area (Does Gip)

e LiDAR AL Twhety-hine Palms Area (Page, Et Al., 2010)
o LIDAR AL Twnety-MNine Palms Area (Sabin, EL Al, 2010)

ACTIVITY: each query item links
to an Activity page, which has
links to the Reference page.

Categories: Exploration Technigues | Remote Sensing Methods | Active Sensors

What links here Related changes Special pages  Printable version  Permanent link Browse properties

NATIONAL RENEWABLE ENERGY LABORATORY 22



OpenEI\opsususnevao Exploration Best Practices and the OpenEl Knowledge Exchange

FUTURE POTENTIAL http://en.openei.org

Planned
e Adding exploration Case Studies (as category)

e Adding geothermal Models (as category, can be
assigned to Areas)

* Geothermal Developers’ Permitting Checklist
(federal, state)

Potential Future Features

* Navigation — add tools, links, pages and forms that
increase navigability of geothermal sites

e Search —increase search functionality

e Add graphical features (e.g. interactive maps, graphs,
timelines)

e Additional Data, for example:

o Pull data from EIA for power plants and graph
historical data

o Pull news feeds — link to Projects, Areas, etc.

o Link to other available served data

NREL Photo
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Thank You!

Th|s work was funded by the Department of Energy Geothermal Technologies Program.

Katherine R. Young
katherine.young@nrel.gov
303-384-7402

Timothy Reber
tr255@cornell.edu
630-740-1075
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