iiNREL

NATIONAL RENEWABLE ENERGY LABORATORY

Development of Metric for Measuring the
Impact of RD&D Funding on GTO’s
Geothermal Exploration Goals

T e

Stanford Geothermal Workshop 2013
Stanford, CA

Scott Jenne, NREL
Katherine R. Young, NREL
Hidda Thorsteinsson, formerly DOE GTO

February 10-13, 2013

NREL/PR-6A20-58038

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.



Cost and Time Metric Tool

Objective

Objective

Develop a cost- and time-based metric for measuring impact of
Geothermal Technology Office (GTO) Exploration RD&D projects.

Why Cost and Time?

* Need to be able to measure impact of GTO funding — helps to justify
future funding

* For exploration funding, this means quantifying the impact that an
innovative technique or set of techniques has on an exploration
program

* One of many metrics that can be used to measure impact is cost and
time

* Will help GTO measure impact of RD&D funds and help to justify future
funding opportunities.
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Cost and Time Metric Tool

Methodology

* Create Data Set

o Collected cost and time estimates for exploration techniques
o Developed baseline cost based on current industry input
o Estimates encompass both data acquisition and data processing

e Create Baseline Suite of Exploration Methods

o Based on previous literature
o Validated by industry exploration experts
o Incorporated cost and time data from data set

* Create Open-Source Exploration Cost and Time Tool

o Allows user to adjust cost and time of exploration techniques to see overall impact
on baseline

o Allows user to save impacts for use in FOA proposals

o Available on OpenkEl.org
http://en.openei.org/wiki/Exploration Cost and Time Metric

Together, these items can be used and updated by industry to quantify how
an innovative exploration method or set of methods can impact the cost and
time of an exploration program.
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Cost and Time Metric Tool

OpentEl.org

http://en.openei.org

What is OpenEl?

o Wiki platform developed
in 2009 as part of the
Open Government
Initiative

o Provides free and open
access to energy-related
data, models, tools, and
information

o Gives Public access to a

sharing platform.

Open El|opENEnERGYINFO Login | Sign Up

Wiki | Apps Datasets Community Linked Data
Browse ™ Page Actions~™ View~ Get Involved Help [

Gateway & print PDF |Share this page on li§ L] ... ~
GEOTHERMAL ENERGY Geothermal Home

s -l =¥ Geothermal Information

— - [
N E

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

o Resource Assessments L. Installed & Planned Capacity s~ Geothermal Models & Tools
USGS Maps (2008) Geothermal Generation GETEM &/
Geothermal Resource Potential Map Installed Capacity SAM
Geothermal Areas Planned Capacity PROSPECTOR &

Geothermal Regions

COl |a boratlve ) knOWIedge } Geothermal RD&D ' Permitting & Policy & Geothermal Financing
Enhanced Geothermal Systems & Policymakers' Guidebook & Developers' Financing Handbook &7
Hydrothermal & Resource Developers' Permitting Checklist&# RE Project Finance @
Confirmation & State Geothermal Incentives CRESTS
Low-Temperature Resources & State Geothermal Electricity HOMER &
GTP-Funded Projects & Incentives REFTIZ)
Systems Analysis & DSIRE - Database of State
DOE Geothermal Data Repository &7 Incentives for Renewables &
Efficiency

Source: http://en.openei.org/wiki/Gateway:Geothermal
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Cost and Time Metric Tool

OpentEl.org

http://en.openei.org

What is OpenEl?

o Wiki platform developed
in 2009 as part of the
Open Government
Initiative

o Provides free and open
access to energy-related
data, models, tools, and
information

o Gives Public access to a

sharing platform.

Open El|opENEnERGYINFO Login | Sign Up

Wiki | Apps Datasets Community Linked Data
Browse ™ Page Actions~™ View~ Get Involved Help [

Gateway & print PDF |Share this page on li§ L] ... ~
GEOTHERMAL ENERGY Geothermal Home

s -l =¥ Geothermal Information

— - [
N E

Geothermal Energy Overview
Types of Geothermal Resources
Energy Conversion Technologies

o Resource Assessments L. Installed & Planned Capacity s~ Geothermal Models & Tools
USGS Maps (2008) Geothermal Generation GETEM &/
Geothermal Resource Potential Map Installed Capacity SAM
Geothermal Areas Planned Capacity PROSPECTOR &

Geothermal Regions

COl |a boratlve ) knOWIedge } Geothermal RD&D ' Permitting & Policy & Geothermal Financing
Enhanced Geothermal Systems & Policymakers' Guidebook & Developers' Financing Handbook &7
Hydrothermal & Resource Developers' Permitting Checklist&# RE Project Finance @
Confirmation & State Geothermal Incentives CRESTS
Low-Temperature Resources & State Geothermal Electricity HOMER &
GTP-Funded Projects & Incentives REFTIZ)
Systems Analysis & DSIRE - Database of State
DOE Geothermal Data Repository &7 Incentives for Renewables &
Efficiency

Source: http://en.openei.org/wiki/Gateway:Geothermal
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Cost and Time Metric Tool

OpentEl.org

http://en.openei.org

8 Exploration Groups

Data and Modeling
Downhole Methods
Drilling Methods

Field Methods
Geochemical Methods
Geophysical Methods
Lab Analysis Methods
Remote Sensing Methods

OpenEl | openenercyiNFO

| wiki |

Browse ™

Apps

Page

2-M Probe Survey

Acoustic Logs

Aerial Photography

Aesromagnetic
Survey

Airborne
Electromagnetic

Survey

Airborne Gravity
Survey
Airborne Resistivity

Survey

Page Actions ™

B Edit | 1 History

Datasets

Exploration
Group

Drilling
Methods

Downhole
Methods

Remote
Sensing
Methods

Geophysical
Methods

Geophysical
Methods

Geophysical
Methods

Geophysical
Methods

View ™

Community
Get Involved Help

Exploration Lithology
Sub Group M | Info Provided

Exploration
Drilling

Well Log
Methods

Passive
Sensors

Magnetic
Methods

provide data on
rock type and
mineral content

Magnetic
Methods

Gravity
Methods
Electrical
Methods

Linked Data

Structure/Stratigraphic

Info Provided

map discontinuities to

determine their
orientation.

map structures/faults

map structure, basin fill

thickness, and
magnetic mineral

concentrations in ore

bodies

Source: http://en.openei.org/wiki/Exploration_Techniques
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Login | Sign Up

[

Share this page on

Hydrologic
Info Provided [

map surface
water features

can be used to
detect changes
in density of
fluids and
indicate if there
is salt water

intrusion

Thermal
Info Provided M|
Identify and
delineate shallow
thermal anomalies

if photos taken in

winter snow
COVer, can map
thermal anomalies



Cost and Time Metric Tool

Data Set Collection Efforts

Contacted 100+ Companies

Data Collection Summary

18% shared information

45% were not interested )
Companies Contacted

37% were non responsive.

H Non Responsive

Collected cost data for 66 different
methods

47% of cost data (31/66) includes
more than one data point

M Not Interested

i Received Data

Collected time data for 51 different
methods

31.6% of time data (18/51) includes
more than one data point.
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Cost and Time Metric Tool

Data Set Creation

Creating the Data Set

1. Collect raw data from industry

2. Clean up data (e.g. make units consistent):

MT data as shown on OpenEl
(Actual Data)

. Geophysical
Exploration Group Hetﬁoas

Exploration Sub Group ﬂ:?;j;sc

MT Exampie:
Data Inputs visible to NREL (Not Actual Data)
MT survey Low $ Typical$ High$  Unit
Company A | $550.00 | $1,400.00 | $2,500.00 | Station
Company B | $500.00 |$1,050.00 | $1,700.00 | Station
Company C $1,000 | $2,000 | $2,000 |Station
Company D 750 $2,300 2500 [Station

3. Aggregate Data:
MT Example:

Visible to Public on OpenELorg (Not Actual Data)

MT survey| $500.00

Low $§ Typical $§ High$

$1,737.50 | $2,500.00 | Station

Unit

4. Post on OpentEl.

Lithology:
Stratigraphic/Structural:

Hydrological:
Thermal:

Cost/Time Dependency:

Low-End Estimate (USD):

Median Estimate (USD):

High-End Estimate (USD):

Low-End Estimate:

Median Estimate:

High-End Estimate:

map
subsurface
clay structure

Location,
Size,
Resolution,
Terrain,
Weather

522.22 f
station

1,7358.83 f
station

2,297.62 /
station

1.67 days f
10 stn
3.77 days f
10 stn
7.50 days [
10 stn

Source: http://en.openei.org/wiki/Magnetotellurics
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Cost and Time Metric Tool

. Baseline Methodology

What is the Baseline?

* Generic suite of exploration
techniques

o Not any specific site
o Not a checklist for future sites

* Based on previous literature
* Reviewed by industry.

Assumptions
* 30 MWe hydrothermal
* Single site
 Western United States.

Photo from Joel Renner, DOE, NREL 05425
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Cost and Time Metric Tool

Baseline Creation

Walker et al. (2005)* NREL (2012)
 Regional Reconnaissance  Regional Reconnaissance
o Literature Review (Geology) o Literature Review (All Available)
o Regional Seismicity o Initial Geochemistry (Surface)
o Regional Remote Sensing. o Regional Remote Sensing.
* Prospect Identification * Prospect Identification
o Literature Review (Mineralogy) o Local Remote Sensing
o Local Seismicity o Detailed Geochemistry (Surface)
o Local Remote Sensing o Regional Field Mapping.
o Petrology * Project Appraisal
o Initial Geochemistry (Surface). o Geophysics (Seismic, MT, Gravity,
* Project Appraisal Magnetics)
o Geophysics (Seismic, MT, Gravity, o Local Field Mapping.
Magnetics)  Initial Drilling
o Local Field Mapping o TGHs
o TGHs o Initial Drilling
o Initial Drilling o Cutting Analysis
o Down Hole Geochemistry o Down Hole Geochemistry.
o Cutting Analysis.

Walker, J. D.; Sabin, A. E.; Unruh, J. R.; Combs, J.; Monastero, F. C. (2005). “Development of Genetic Occurrence Models for Geothermal
Prospecting.” Transactions-Geothermal Resources Council, p.312.
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Cost and Time Metric Tool

Baseline Validation

Reviewed by 4 exploration experts
o Overall agreement as a reasonable Phase costs assume one location and 30 MWe

starting point. .
Permits

Phase Title Required Typical Cost Range
« S/phase driving factor for which
methods are used in each phase 1 ﬁgffn”na;issance No Up to $50k
o S/phase is a common approach.
e . Prospect
 Most significant differences 2| tvaluation No 350-5100k
between experts occur in Phase 4
(Initial Drilling)
3 Project Appraisal Yes $250-$500k
o Range of $1.5-10M; 3 of 4 experts felt
S6-7M was a safe estimate.
Project
4 Appraisal, Initial Yes $6-7M
* Note that first 3 phases account for Drilling

less than 10% of total cost.
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Cost and Time Metric Tool

Final FY12 Baseline Suite

Method Unit Cost Cost Source # of Units

Phase I (no site visit) Regional Reconnaissance
Geothermal Literature Review 200.00 hour Database 80
Geothermometry 30.00 sample Database 20
Multispectral Imaging 370.23 sq. mile Database 40
Data Acquisition-Manipulation 250.00 hour Database 60

Phase 1 Total $ $46,409

Phase Il (no permit required) Prospect Evaluation

Hyperspectral Imaging S 1,337.56 sq. mile Database 40
Compound and Elemental Analysis S 30.00 compound Database 50
Geothermometry S 30.00 sample Database 50
Field Mapping S 600.00 hour Database 40
Modeling-Computer Simulations S 195.00 hour Database 40
Phase 2 Total $ $88,303
Phase Ill (permit required) Project Appraisal

Ground Gravity Survey S 68.31 station Database 500
Aeromagnetic Survey S 167.34 mile Database 200
Magnetotellurics $ 1,738.83 station Database 75
Reflection Survey S 44,946.67 sq. mile Database 6

Field Mapping S 600.00 hour Database 40
Modeling-Computer Simulations S 195.00 hour Database 40

Phase 3 Total $ $499,515
Phase IV (Initial Drilling) Project Appraisal
Thermal Gradient Holes S 16.50 foot Database 500
Core Hole Drilling S 200.00 foot Interview 3500
Cutting Analysis S 4,000.00 100 feet cut Database 15
Core Analysis $ 10,000.00 30 foot core Database 10
Slim Holes S 169.90 foot Database 7000
Compound and Elemental Analysis S 30.00 compound Database 50
Modeling-Computer Simulations S 195.00 hour Database 80

Phase 4 Total $ $6,220,630

Phase costs assume one location and 30 MWe | T | 5 6854357 |
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Cost and Time Metric Tool

_Openél Tool Methodology

Why a public tool?

e Quantitatively measure impact of
RD&D projects

e Serve as a platform for future funding
applicants to calculate impact to
submit with proposals.

Capabilities

* Visually represent a change in cost
and/or time

* Show the impact of
removing/replacing an exploration
technique or set of techniques.

* Easy to read data tables

 Potential to add new baselines in the
future.

NATIONAL RENEWABLE ENERGY LABORATORY

Selected
Phase

9 phase 1
Phass 2
Phasz 3
Phasz 4

Baseline
NREL201Z «

Chart Options
4 Madify

d Save

#; Share
« Load

Total Cost

§70,000

$60,000

§50,000

§40,000

$30,000

$20,000

§10,000

0

Unsaved Exploration Cost and Time Impact
W \
~

16,000

15,000

\“ G0
\{2 5 days

MREL 2012 Bazeline Lots of Existing Data Remove Multi Target Exploration

M Literature Review [ Ceothermometry WM Multispectral Imaging W Datz Acguisition-Manipulation == Time --- Dotted Line

Source: http://en.openei.org/wiki/Exploration Cost and Time Metric
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Cost and Time Metric Tool

OpenEl Cost and Time Tool

Exploration Cost and Time Me
Selected Unsaved Exploration Cost and Time Impact
Phase Fhase
_ $70,000 45 days
® phase 1
O phase z
- $60,000 387 days
'/ Phase 2 *
' Phase 4 $50.000
Baseline
MREL 2012 . §40,000 30 days
k 2
Chart Options E %
+ Modify = $30.000 25 days
= Save
- $20.000
= Share
- Load
£10,000 15 days
50
NREL 2012 Baseling
B Literzsture Review [l Geothermometry [ Multispectral Imaging Il Data Acguisition-Manipulation -+ Time Dotted Line
Data Table
Technigua NREL 2012 Baselina
Literature Review S];G'DDD
2.0 days
5600
Geoth ity
actharmomatry 3.0 days
£14,809
Multi ctral I i
ultispectral Imaging 25,2 days
£15,000
Diata Acquisition-Manipulation o
7.5 days
$46,400
Latal 41.7 days
Modifications
Add a Medification

Source: http://en.openei.org/wiki/Exploration Cost _and Time Metric
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Cost and Time Metric Tool

OpenEl Cost and Time Tool

Exploration Cost and Time Me
Selected Unsaved Exploration Cost and Time Impact
Phase Fhase
_ $70,000 45 days
® phase 1
O phase z
_ 60,000 387 days
'/ Phase 2 *
' Phase 4 $50.000
Baseline
MREL 2012 . §40,000 30 days
k 2
E |
®
= $30,000 25 days
$20.000
£10,000 15 days
50
NREL 2012 Baseling
B Literzsture Review [l Geothermometry [ Multispectral Imaging Il Data Acguisition-Manipulation -+ Time Dotted Line
Data Table
Technigua NREL 2012 Baselina
Literature Review S];G'DDD
2.0 days
5600
Geoth ity
actharmomatry 3.0 days
£14,809
Multi ctral I i
ultispectral Imaging 25,2 days
£15,000
Diata Acquisition-Manipulation o
7.5 days
$46,400
Latal 41.7 days
Modifications
< Add a Modification

Source: http://en.openei.org/wiki/Exploration Cost _and Time Metric
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Cost and Time Metric Tool

OpenEl Cost and Time Tool

Selected Unsaved Exploration Cost and Time Impact
Phase 0 _
o §70,000 o . (]} 45 days
Phase 1 Add Modification )
Phase 2 -
$60,000 Technigue 40 days
Phasze 2 Literature Review -
ri riptio
Phase 4 $50.000 Brief Description
B i Baszeline
Baseline
NREL 2012 g $40.000
J $16,000 =
Chart Options = E
+ Modify & s30.000 Time Adjustment (Days) 25 days
A Save Ex. #/3or( 2 days
$20,000 Justification 20 days
= Share
4 Load Describ g behind this adjustme
£10,000
<0 Cancel | Submit
BB Literature Review [l Geocthermometry Multispectral Imaging [l Data Acguisition-Manipulation -+ Time Dotted Line
Data Table
Technigue NREL 2012 Baseline
Literature Review :SLGZD_DD_
Geotharmometry - - S_G_DD_
Multispectral Imaging _ 151_4:8_05]
£15,000
Diata Acquisition-Manipulation o
$46,400
Total 41.7 days
Modifications

Add a Modification

Source: http://en.openei.org/wiki/Exploration Cost _and Time Metric
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Cost and Time Metric Tool

OpenEl Cost and Time Tool

Selected Unsaved Exploration Cost and Time Impact
Phase : _
o $70,000 o . (]} 45 days
Phase 1 Add Modification )
Phase 2 .
$60,000 Technigue 40 days
Phasze 2 Literature Review -
i i [ .|'|
Phase 4 $50.000 Brief Description
. Lots of Previous Data =t
Baseline
NREL 2012 = $40.000 Cost Adjustment (US$)
é <5000 P15 -
Chart Options = E
+ Modify & s30.000 Time Adjustment (Days) 25 days
4 Save +2 > e
$20,000 Justification 2
= Share
Extra Data = More time & More r.1uneV
= Load
£10,000
<0 Cancel | Submit
BB Literature Review [l Geocthermometry Multispectral Imaging [l Data Acguisition-Manipulation -+ Time Dotted Line
Data Table
Technigue NREL 2012 Baseline
Literature Review :SLGZD_DD_
Geotharmometry - - S_G_DD_
Multispectral Imaging _ 151_4:8_05]
5,000
Diata Acquisition-Manipulation _Sl: L
$46,400
Total 41.7 days

Modifications

Add a Modification

Source: http://en.openei.org/wiki/Exploration Cost _and Time Metric
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Cost and Time Metric Tool

OpenEl Cost and Time Tool

Exploration Cost and Time Me
Selected Unsaved Exploration Cost and Time Impact
Phase Fhase
_ $70,000 45 day=
® phase 1
= 40.7 days 40.7 days
-/ Phas= 2 $60,000 33--7:3’_5,_._——-—'—'_'___-_._'_._ 40 days
'/ Phase 2
) phasea $50,000 m'“"'“""""“" 5 day
Baseline
NREL2012 . E $40,000 ey
i g
Chart Options E ) . "
~ $20.000 25 days
+ Modify
= Save
= $20,000 20 day
= Share
= Lozd $10,000 15 day
$0 10 day
MREL 2012 Baseline Lots of Previous Data Target Exploration
B Literature Review [l Ceothermometry [l Multispectral Imaging [l Data Acquisition-Manipulation -8 Time Dotted Line
Dotted Line
Data Table
Technigua NREL 2012 Baselina Lots of Previous Data Target Exploration
Literature Review _\SL_E:_D_DD_ __515_'_0_00_ 32_1;0_00_
Geotharmometry ~ =e0D ~ =e0D
3.0 days 3.0 days
Multispectral Imaging _\_\51;4"8_0? _\_\51;4"8_0?
Data Acquisition-Manipulation _S]'_S'D_DD_ _S]'_S'D_DD_
$46,400 $51,400
Total
41.7 days 432.7 days
Modifications
Add a Maodification
+ £5,000 M Lots of Previous Data
2 days Extra Data = More time & More Money

Source: http://en.openei.org/wiki/Exploration Cost _and Time Metric
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Cost and Time Metric Tool

OpenEl Cost and Time Tool

Exploration Cost and Time Me

Selected Unsaved Exploration Cost and Time Impact
Phase Phase
® oi $70,000 45 days
'® Phase 1
- 40.7 day: 40.7 days
'/ Phase 2 — ur

i $60,000 33_?:3:_;________,_._-———-—'—'_'_ 40 days
") Phase 2
) Phase 4 $50.000 m 35 days

Baseline
NREL2012 . E $40,000 0 day .
i g
Chart Options E $30.000 " . "
= 530 i 25 days
+ Modify }
= Save
= $20,000 20 day
= Share
o o n B
$0 10 day
MREL 2012 Baseline Lots of Previous Data Target Exploration
B Literature Review [l Ceothermometry [l Multispectral Imaging [l Data Acquisition-Manipulation -8 Time Dotted Line
Dotted Line
Data Table

Tachnique NREL 2012 Baselina Lowm\Ta rget Exploration

Literature Review _\S]'_E"_D_DD_ {_52_1;0_00_
Geothermometry h 5500 i £600
3.0 days 3.0 days
Multispectral Imaging _\_\51;4-’8_0? _\-\51;4,8_051
Data Acquisition-Manipulation EILS‘D_DD_ _‘.5]._5,0_00_
$46,400 $51,400

Total
41.7 days 432.7 days

Modifications

Add a Modificati

7000 M Lots of Previous Data

dsys Extra Data = More time & re Money

Source: http://en.openei.org/wiki/Exploration Cost _and Time Metric
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Cost and Time Metric Tool

OpenEl Cost and Time Tool

GEOTHE Exploration Cost and Time Me
Selected Unsaved Exploration Cost and Time Impact
Phase Fhase
- $70,000 = = 45 day
¥ Phase 1 Add Modification
40.7 days
' Phasz 2 ~ . ———
$60.000 R — Technigue 40 days
) Phase 2 Muttispectral Imaging -
) Phase 4 $50,000 Brief Description 5 day
B Dont Need Baseline
Baseline
NREL 2012 . E $40,000 Cost Adjustment (US$)
-14809 $14,809 g
Chart Options E - . "
— $20.000 s - e ’ 5 25 days
+ Modify Time Adjustment (Days)
< Save -29.2 29.2 days
=] $20.000 Justificati 20 day
ustimcaton
#5 Share
Multi ral not necessary|
& Load 10000 Nutispeciral vl .
30 10 days
MREL 2012 Bazelina Cancel | Submit Target Exploration
B Literzture Review [l Geothermometry Il Multispectral imaging Il Data Acquisition-Manipulztion - Time Dotted Line
Dotted Line
Data Table
Technigue NREL 2012 Baseline Lots of Previous Data Target Exploration
Literature Raview ..SL_E,‘_D_DD_ __s..SLD_DD_ 32_1:0_00_
Geothermometry ~ =S ~ =S
3.0 days 3.0 days
Multispectral Imaging _\_\51;4'8_0? _\_\51;4'8_0?
£15,000 £15,000
Diata Acquisition-Manipulation o o
$46,400 $51,409
Total
41.7 days 42.7 days
Modifications
Add a Madification
+ z5,000 M Lots of Previous Data
2 days Extra Data = More time & More Money

Source: http://en.openei.org/wiki/Exploration Cost _and Time Metric
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Cost and Time Metric Tool

OpenEl Cost and Time Tool

selected Unsaved Exploration Cost and Time Impact
Phase Phase
$70,000 45 days
® phase 1
40.7 days

! Phase 2 $60,000

40 days

-/ Phase 2

_' Phase 4 $50,000

Baseline
NREL 2012 E §40.000
g
2

Chart Options

$30,000
+ Modify :
= Save
8 $20,000 200 day
<5 Share
& Load $10.000 15 days
$0 10 day
WREL 2012 Baseline Lots of Previous Data Don't Meed Target Exploration
B Literature Review [ Geothermometry Multispectral Imaging @ Data Acquisition-Manipulztion % Time --- Dotted Line
--- Dotted Line
Data Table
Technigua NREL 2012 Baselina Lots of Previous Data Don't Nead Target Exploration
$16,000 + $5.000 521,000
Literature Review I o P
Geotharmometry ety HEa
3.0 days 3.0 days
A . 514,809 - £14,809 £0
Multispectral Imaging o e Sy e P T
£15,000 £15,000
Data Acquisition-Manipulation e gy
46,4009 26,600
Total $as, $36,
41.7 days 14.5 days
Modifications

Add a Maodification

+ 55,000 M Lots of Previous Data
2 days Extra Data = More time & More Money

- 514,809 Don't Need
Multispectral not necessary.

Source: http://en.openei.org/wiki/Exploration Cost _and Time Metric
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Cost and Time Metric Tool

OpenEl Cost and Time Tool

Selected Unsaved Exploration Cost and Time Impact
Phase Phase
$70,000 45 days
@ phase 1
40.7 days
! Phase 2 $60,000 40 days
! Phase 3
-/ Phase 4 $50.000 5 day
Baseline
NREL2012 »  § 40000 Ddays
- =
Chart Options ﬁ I "
' 2 $30,000
Save + Modify
P H t =) $20.000 20 day
rl n «5 Share
Share $10,000 15 days
0 0 days
WREL 2012 Bazeline Lots of Frevious Data Don't Meed Target Exploration
B Literature Review [ Geothermometry Multispectral Imaging @ Data Acquisition-Manipulation % Time --- Dotted Line
--- Dotted Line
Data Table
Technigue NREL 2012 Baselina Lots of Previous Data Don't Need Target Exploration
$16,000 + £5,000 £21,000
Literature Review o o P
3600 =600
Geothermometry i
2.0 days 3.0 days
. _ $14,809 - $14,809 40
Multispectral Imaging e o e e
o _ . $15,000 £15,000
Data Acquisition-Manipulation S e e
— $46,400 £36,600
41.7 days 14.5 days
Modifications
Add a Modification
+ 55,000 M Lots of Previous Data
2d Extra Data = More time & More Money
- £14,809 Don't Need
-29.2 Multispectral not necessary.

Source: http://en.openei.org/wiki/Exploration Cost _and Time Metric
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This project is funded by the Geothermal Technologies Office through Annual Operating Plan funds.
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THANK YOU

Questions? Comments? Suggestions?
We'’d love to hear from you!

Scott Jenne
scott.jenne@nrel.gov
Special thanks to those (303)-384-7248
providing input for this
project: Eric Hass, Hidda Thorsteinsson
and participating geothermal
exploration contractors.

Kate Young
katherine.young@nrel.gov
(303)-384-7402

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.
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