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OVERVIEW 

Background 
• Geothermal Exploration Overview 
• Typical Exploration Process 
• Subjectivity in Exploration Decision 

Making 
Methods 
• Value of Information Analysis (VOIA)  

o Previous Applications of VOIA 
o Potential Expansion of use of VOIA 
o Additional work to be done 

• Exploration Targeting (ETA) 
o Potential Application of ETA 
o Additional work to be done 

Discussions 

Dixie Valley, Northern Nevada 
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BACKGROUND 
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[Phase 2] 
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Geochemistry, In-situ & lab analysis, 

Regional Geophysics  

Regional Exploration 
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Focused Exploration 
 [Phase 3] 

Typical Field Activities 

 Multiple 
Updated 

 Conceptual  
Models 

remote sensing, gravity, magnetics, 
resistivity, detailed geological and 

geochemical analysis  

 detailed geophysics (3D MT, 
Resistivity…etc.), temperature gradient 

holes (TGH) 

Focused Exploration 
 [Phase 4] 

slim holes, advanced geophysics 
(seismic…etc.) 

Drilling Phase  

Conceptual Model & 
Volumetric Assessment 
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Typical Exploration Process - Schematic 
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BACKGROUND 

Uncertainty 
We typically talk about uncertainty in terms of 
quality of data – how uncertain are the data 
based on the type of technique employed and 
the quality of the information?  

Subjectivity 
Refers to how someone's judgment is shaped 
by personal opinions and feelings instead of 
outside influences.  Subjectivity negatively 
affects reproducibility. 

Reproducibility 
Two experts could reproduce the same 
estimate (e.g., for temperature) with the same 
level of uncertainty, if methods are employed 
to reduce subjectivity. 

Both UNCERTAINTY and SUBJECTIVITY contribute to project risk.  We investigate methods 
that could be employed to reduce SUBJECTIVITY and increase REPRODUCIBILITY. 
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Subjectivity: 
When deciding which 
techniques to employ, 

experts may be biased by 
their area of expertise 

(e.g. geophysics, 
geochemistry, remote 

sensing), or (correctly or 
incorrectly) by previous 

experience 
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Subjectivity in the Exploration Process 

Subjectivity: 
When analyzing data, experts (again) may be biased by 

their area of expertise or by previous experience. 
 

In a study by Bond et al, 2007; 412 different 
geoscientists (with different backgrounds and 

experience) were asked to interpret a seismic image;   
21% of the participants interpreted the correct 

tectonic setting and faults. 
 

This is one reason experts suggest developing more 
than one conceptual model for each area. 
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Subjectivity in the Exploration Process 

Subjectivity: 
When making go/no-go decisions, 

experts may be biased by their location 
of research. 

Many times teams of exploration 
geologists at a company may divide the 
workload by having different geologist 

research different potential geothermal 
areas.  This can cause experts to be 

biased towards their areas when 
making decisions. 
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BACKGROUND 

In 2013, DOE and NREL led a series of Exploration Best Practice workshops.   
Two questions were posed by industry during these workshops that prompted 
the current analysis: 
 
1. What is the best practice for making decisions during 

exploration?   
 

2. What is a best practice for determining when to walk away at a 
given location? 

 
We will look at each of these questions in more detail, then discuss the 
reviewed methodology 

Industry Request 



METHOD 1 

Value of 
Information 
Analysis 
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1. What is the best practice for making decisions during exploration?   
Experts gave examples where:  

a. techniques were correctly implemented in the field, but was not necessarily 
useful in that particular geologic setting.     

b. a technique was appropriate for the geologic setting, but wasn’t correctly 
implemented – perhaps a survey line was laid out parallel to known linear 
features, rather than perpendicular to these features. 

 
 
 

PROBLEM:  The conducted activity did not improve the current  
understanding of the area (conceptual model) 

 

METHODOLOGY REVIEWED:  Value of Information Analysis (VOIA) 
A VOIA attempts to identify the value of particular data  

in improving the reliability of the conceptual model 
 before the exploration activity is conducted 

 

METHOD: VALUE OF INFORMATION ANALYSIS (VOIA) 
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METHOD: VALUE OF INFORMATION ANALYSIS (VOIA) 
Previous Applications of VOIA 

Medicine: 
• Treatments for inhibitors of influenza 
• Methods to shorten total hospital stay for acute cholecystitis 
• Wailoo et al., 2008; Wilson et al., 2010 
 
Civil Engineering: 
• The impact of hazards on bridges structural safety Straup, 2014 
• Grouting alternatives for tunnel construction Zetterlung et al., 2011 
 
Oil & Gas: 
• Value of 3D seismic data  
• Well Log Information for identifying production zones. 
• Bratvold et al., 2009 
 
Geothermal: 
• Value of 3D MT Data in identifying production well placement 
• Trainor-Guitton et al., 2013; Trainor-Guitton et al., 2014 

How could we expand the application of VOIA in geothermal to reduce subjectivity? 
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METHOD: VALUE OF INFORMATION ANALYSIS (VOIA) 
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METHOD: VALUE OF INFORMATION ANALYSIS (VOIA) 

Impact Factor (RM2-RM1) 
Assigned by best professional judgment as: 
• probability distribution functions 
• percentages 
• scoring scale/metric 

Conceptual Model  
(prior to next decision) 

Updated Conceptual Model 
(with additional information) 

Model Reliability 
(RM1) 

Risk of drilling without activity = 
the cost of an unsuccessful well 

Set of Exploration Activities:  
i.e. resistivity, MT, gradient wells…etc. 

Updated Model 
Reliability (RM2) 

Risk of proceeding with activity = 
drilling cost + exploration cost 

EMV2 

EMV1 

VOI 

Potential Expansion of Use of VOIA 
STEP 1: 
Each version of each conceptual model will 
have two values to be estimated:  

• Reliability of the model 
• Value of risk 

The project has an Expected Monetary Value 
(EMV) at the initial state.  
 

EMV = Gain x (RM) – Loss x (1-RM) 
 

P: Probability in model confidence/reliability 
Gain: The Net Present Value (NPV) of the project 
Loss: The value of risk 

 
STEP 2: 
A potential activity (or set of activities) is 
evaluated and the impact factor is estimated 
 
STEP 3: 
The reliability of updated conceptual model,  
the value of risk, and EMV are estimated.  

 
STEP 4: 
The VOI can be calculated by calculating the 
difference between the two EMVs. 
                   VOI = EMV2 –  EMV1 
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Impact Factor (RM2-RM1) 
Assigned by best professional judgment as: 
• probability distribution functions 
• percentages 
• scoring scale/metric 

METHOD: VALUE OF INFORMATION ANALYSIS (VOIA) 
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STEP 1: 
Each version of each conceptual model will 
have two values to be estimated:  

• Reliability of the model 
• Value of risk 

The project has an Expected Monetary Value 
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STEP 4: 
The VOI can be calculated by calculating the 
difference between the two EMVs. 
                   VOI = EMV2 –  EMV1 
 

 

Potential Expansion of Use of VOIA 
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METHOD: VALUE OF INFORMATION ANALYSIS (VOIA) 

Impact Factor (P2-P1) 
Assigned by best professional judgment as: 
• probability distribution functions 
• percentages 
• scoring scale/metric 

Conceptual Model  
(prior to next decision) 

Updated Conceptual Model 
(with additional information) 

Model Reliability 
(P1) 

Risk of drilling without activity = 
the cost of an unsuccessful well 

Set of Exploration Activities:  
i.e. resistivity, MT, gradient wells…etc. 

Updated Model 
Reliability (P2) 

Risk of proceeding with activity = 
drilling cost + exploration cost 

EMV2 

EMV1 

VOI 

STEP 1: 
Each version of each conceptual model will 
have two values to be estimated:  

• Reliability of the model 
• Value of risk 

The project has an Expected Monetary Value 
(EMV) at the initial state.  
 

EMV = Gain x (P) – Loss x (1-P) 
 

P: Probability in model confidence/reliability 
Gain: The Net Present Value (NPV) of the project 
Loss: The value of risk 

 
STEP 2: 
A potential activity (or set of activities) is 
evaluated and the impact factor is estimated 
 
STEP 3: 
The reliability of updated conceptual model,  
the value of risk, and EMV are estimated.  

 
STEP 4: 
The VOI can be calculated by calculating the 
difference between the two EMVs. 

 

Potential Expansion of Use of VOIA 

If the estimated  
 

Value of Information  > Cost of Exploration Activities 
 

then this methodology would suggest  
you proceed with the proposed activity. 

 
Note that the value of a particular set of information can be 

calculated to be insufficient or non-economic for a smaller project 
but may be economic when the project is larger. 
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METHOD: VALUE OF INFORMATION ANALYSIS (VOIA) 
Example: 

Conceptual Model 1  
(Model Reliability= 0.5) 

Conceptual Model 2  
(Model Reliability= 0.7) 

 Exploration Activities 
e.g., 3D MT & TGH 

(Impact Factor= 0.2) 

Risk of Drilling  
($4.25 million/well) 

Risk of Drilling  
($5.25 million/well) 

 Cost of Information 
($1 million) 

Net Present Value 
($10 million/well) 

 Value of Information 
($2.55 million) 

Expected Monetary Value  
($2.875 million)  

Net Present Value 
($10 million/well) 

Expected Monetary Value  
($5.425 million)  
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Impact Factor (RM2-RM1) 
Assigned by best professional judgment as: 
• probability distribution functions 
• percentages 
• scoring scale/metric 

METHOD: VALUE OF INFORMATION ANALYSIS (VOIA) 

Conceptual Model  
(prior to next decision) 

Updated Conceptual Model 
(with additional information) 

Model Reliability 
(RM1) 

Risk of drilling without activity = 
the cost of an unsuccessful well 

Set of Exploration Activities:  
i.e. resistivity, MT, gradient wells…etc. 

Updated Model 
Reliability (RM2) 

Risk of proceeding with activity = 
drilling cost + exploration cost 

EMV2 

EMV1 

VOI 

STEP 1: 
Each version of each conceptual model will 
have two values to be estimated:  

• Reliability of the model 
• Value of risk 

The project has an Expected Monetary Value 
(EMV) at the initial state.  
 

EMV = Gain x (P) – Loss x (1-P) 
 

P: Probability in model confidence/reliability 
Gain: The Net Present Value (NPV) of the project 
Loss: The value of risk 

 
STEP 2: 
A potential activity (or set of activities) is 
evaluated and the impact factor is estimated 
 
STEP 3: 
The reliability of updated conceptual model,  
the value of risk, and EMV are estimated.  

 
STEP 4: 
The VOI can be calculated by calculating the 
difference between the two EMVs. 

 

Potential Expansion of Use of VOIA 

Subjectivity: 
In estimating: 
• Model Reliability for 

each conceptual 
model, and  

• Impact Factor for the 
set of exploration 
activities 

 

Subjectivity: 
In estimating: 
• Model Reliability for 

each conceptual 
model, and  

• Impact Factor for the 
set of exploration 
activities 

 

Subjectivity: 
In estimating: 
• Model Reliability for 

each conceptual 
model, and  

• Impact Factor for the 
set of exploration 
activities 

 

Subjectivity: 
In estimating: 
• Model Reliability for 

each conceptual 
model, and  

• Impact Factor for the 
set of exploration 
activities 

 

Subjectivity: 
In estimating: 
• Development of Conceptual 

Models (as previously 
discussed) 

• Estimating Model Reliability 
for each conceptual model, 
and  

• Estimating Impact Factor for 
the set of exploration activities 
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Work to reduce subjectivity and increase reproducibility.  Two 
potential ways the level of subjectivity can be reduced include: 

• Developing some sort of scoring scale/metric with specific criteria to 
replace estimated probabilities 

• Using historical data statistics collected from analogous geological 
settings and geothermal play types.  

 
 

 

METHOD: VALUE OF INFORMATION ANALYSIS (VOIA) 
Additional Work to be Done 



METHOD 2 

Exploration 
Targeting 
Analysis 
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METHOD: EXPLORATION TARGETING ANALYSIS (ETA) 

2. What is a best practice for determining when to walk away at a 
given location? 

Anecdotal quotes: 

a. “If we just do xxx, then we’ll know our field know where to drill.” 

b. “no well is ever unsuccessful because it gives us more data and helps us to 
improve our conceptual model” 

c. “We can still produce power from this field.” 

 
 
 

PROBLEM:  How do you objectively determine  
when to walk away from a field? 

 

METHODOLOGY REVIEWED:  Exploration Targeting based on IRR limits 
The Exploration Targeting Analysis (ETA) 

sets a minimum Internal Rate of Return (IRR)  
to define minimum required exploration targets. 
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METHOD: EXPLORATION TARGETING ANALYSIS (ETA) 

Focused Exploration  
[Phase 2] 

literature survey, geological survey, 
Geochemistry, In-situ & lab analysis, 

Regional Geophysics  

Regional Exploration 
[Phase 1] 

Focused Exploration 
 [Phase 3] 

Typical Field Activities 

 Multiple 
Updated 

 Conceptual  
Models 

remote sensing, gravity, magnetics, 
resistivity, detailed geological and 

geochemical analysis  

 detailed geophysics (3D MT, 
Resistivity…etc.), temperature gradient 

holes (TGH) 

Focused Exploration 
 [Phase 4] 

slim holes, advanced geophysics 
(seismic…etc.) 

Drilling Phase  

Conceptual Model & 
Volumetric Assessment 

of Reservoir 

Analysis Decision 

Leave Area      

Go to Next Phase 

Ready to Drill 

full-diameter well 
(production wells, well logs, well 

testing) 

Refined Conceptual  
Models & Initial State 

Reservoir Model 
Leave Area 

Drill Additional Wells 

Design/Build Project 
Development  

Phase  

full-diameter well 
(production, injection, monitoring), 
Interference & reservoir monitoring 

Numerical Reservoir 
Model 

Enhance Non-Productive Wells 

Leave Area      

Go to Next Phase 

Target of ETA 
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METHOD: EXPLORATION TARGETING ANALYSIS (ETA) 
Overview 

Step 1 

Phase 1 Data 
(e.g. from literature search and 

preliminary field data) 

Planned 
Exploration Targets 
(e.g. Temperature, Capacity, Well 

Depth, Flow Rate) 

Planned Project IRR 

Step 2 Step 3 

Minimum Project IRR 

Phase 2/3/4 Data 
(e.g. remote sensing, geophysics, 

slim holes) 

Updated Project IRR 

Minimum 
Exploration Targets 
(e.g. Temperature, Capacity, Well 

Depth, Flow Rate) 

Updated 
Exploration Targets 
(e.g. Temperature, Capacity, Well 

Depth, Flow Rate) 
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METHOD: EXPLORATION TARGETING ANALYSIS (ETA) 

STEP 1: 
Use data collected in Phase 1 of exploration to  
make initial estimate of IRR.  Exploration 
Targets are calculated based on Inputs and 
Assumptions 
 

Note that there is uncertainty involved in the estimates entered 
in this table.  Monte Carlo analyses are often used in these 
calculations to be able to capture uncertainty.  Because 
uncertainty is not the focus of our analysis, we simplify the 
model here for illustration purposes. 

 
STEP 2: 
Using a minimum IRR, develop a scenario using 
the available input values – can a plausible 
scenario be developed at the target IRR?  New  
 

Note that there is not one right answer here, since all of the 
input variables are dependent upon each other. 
 
STEP 3: (not shown) 
For each successive phase of exploration, 
continue to update inputs, making sure to stay 
within the target IRR 
 

Potential Application of ETA 

Units Target Go-No/Go
Minimum Desired IRR % 17.0% 13.0%
Calculated IRR % 17.1% 13.1%
Inputs
Installed Power MWe 30 12
Reservoir Temperature °C 192 160
Min. Ave. Temperature Gradient °C/100m 9.00 7.50
Min. Re-Injection Temperature °C 70 70
Average Target Capacity per Well MWe/well 4.5 3.0
Maximum Exploration Budget $ 5,000,000 3,000,000

 
  

 
  

     
   
   

 
 

 

 
   
   

    
 

   
  

   

Phase 1  
 

 
 

   
  

    
  

 
  

 
  

     
   
   

 
 

 

Exploration Targets
Number of Production Wells # 7.0 4.0
Number of Re-Injection Wells # 3.0 2.0
Max Drilling Budget per Well $ 4,551,115 4,551,115
Well Testing $ 1,750,000 1,000,000
Maximum Total Drilling Budget $ 45,511,154 27,306,692
Target Well Depth m 2,133 2,133
Required Total Flow Rate L/s 562 343

 

  
 

 
 

   
  

    
  

Assumptions
Project Lifetime years 25 25
Project Completion Time years 5 5
Utilization Factor % 0.95 0.95
Pump cost $/per well 0 500,000
Effective Sales Price (PPA or FIT) cents/kWh 10.5 10.5
Power Plant (EM) Cost $/MWe 1,500,000 1,500,000
Power Plant (O&M) Cost $/MWh 9.00 10.00
Financial Contingency % 8% 8%
Conversion Constant kCal/kWh 860 860
Specific Heat kCal/kg°C 1 1
Density kg/m³ 998.15 998.15
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METHOD: EXPLORATION TARGETING ANALYSIS (ETA) 

STEP 1: 
Use data collected in Phase 1 of exploration to  
make initial estimate of IRR.  Exploration 
Targets are calculated based on Inputs and 
Assumptions 
 

Note that there is uncertainty involved in the estimates entered 
in this table.  Monte Carlo analyses are often used in these 
calculations to be able to capture uncertainty.  Because 
uncertainty is not the focus of our analysis, we simplify the 
model here for illustration purposes. 

 
STEP 2: 
Using a minimum IRR, develop a scenario using 
the available input values – can a plausible 
scenario be developed at the target IRR?   
 

Note that there is not one right answer here, since all of the 
input variables are dependent upon each other. 
 
STEP 3: (not shown) 
For each successive phase of exploration, 
continue to update inputs, making sure to stay 
within the target IRR 
 

Potential Application of ETA 

Units Target Go-No/Go
Minimum Desired IRR % 17.0% 13.0%
Calculated IRR % 17.1% 13.1%
Inputs
Installed Power MWe 30 12
Reservoir Temperature °C 192 160
Min. Ave. Temperature Gradient °C/100m 9.00 7.50
Min. Re-Injection Temperature °C 70 70
Average Target Capacity per Well MWe/well 4.5 3.0
Maximum Exploration Budget $ 5,000,000 3,000,000
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Project Completion Time years 5 5
Utilization Factor % 0.95 0.95
Pump cost $/per well 0 500,000
Effective Sales Price (PPA or FIT) cents/kWh 10.5 10.5
Power Plant (EM) Cost $/MWe 1,500,000 1,500,000
Power Plant (O&M) Cost $/MWh 9.00 10.00
Financial Contingency % 8% 8%
Conversion Constant kCal/kWh 860 860
Specific Heat kCal/kg°C 1 1
Density kg/m³ 998.15 998.15
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METHOD: EXPLORATION TARGETING ANALYSIS (ETA) 

STEP 1: 
Use data collected in Phase 1 of exploration to  
make initial estimate of IRR.  Exploration 
Targets are calculated based on Inputs and 
Assumptions 
 

Note that there is uncertainty involved in the estimates entered 
in this table.  Monte Carlo analyses are often used in these 
calculations to be able to capture uncertainty.  Because 
uncertainty is not the focus of our analysis, we simplify the 
model here for illustration purposes. 

 
STEP 2: 
Using a minimum IRR, develop a scenario using 
the available input values – can a plausable 
scenario be developed at the target IRR?   
 

Note that there is not one right answer here, since all of the 
input variables are dependent upon each other. 
 
STEP 3: (not shown) 
For each successive phase of exploration, 
continue to update inputs, making sure to stay 
within the target IRR 
 

Potential Application of ETA 

Units Target Go-No/Go
Minimum Desired IRR % 17.0% 13.0%
Calculated IRR % 17.1% 13.1%
Inputs
Installed Power MWe 30 12
Reservoir Temperature °C 192 160
Min. Ave. Temperature Gradient °C/100m 9.00 7.50
Min. Re-Injection Temperature °C 70 70
Average Target Capacity per Well MWe/well 4.5 3.0
Maximum Exploration Budget $ 5,000,000 3,000,000
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Exploration Targets
Number of Production Wells # 7.0 4.0
Number of Re-Injection Wells # 3.0 2.0
Max Drilling Budget per Well $ 4,551,115 4,551,115
Well Testing $ 1,750,000 1,000,000
Maximum Total Drilling Budget $ 45,511,154 27,306,692
Target Well Depth m 2,133 2,133
Required Total Flow Rate L/s 562 343

 

  
 

 
 

   
  

    
  

Assumptions
Project Lifetime years 25 25
Project Completion Time years 5 5
Utilization Factor % 0.95 0.95
Pump cost $/per well 0 500,000
Effective Sales Price (PPA or FIT) cents/kWh 10.5 10.5
Power Plant (EM) Cost $/MWe 1,500,000 1,500,000
Power Plant (O&M) Cost $/MWh 9.00 10.00
Financial Contingency % 8% 8%
Conversion Constant kCal/kWh 860 860
Specific Heat kCal/kg°C 1 1
Density kg/m³ 998.15 998.15
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Units Target Go-No/Go
Minimum Desired IRR % 17.0% 13.0%
Calculated IRR % 17.1% 13.1%
Inputs
Installed Power MWe 30 12
Reservoir Temperature °C 192 160
Min. Ave. Temperature Gradient °C/100m 9.00 7.50
Min. Re-Injection Temperature °C 70 70
Average Target Capacity per Well MWe/well 4.5 3.0
Maximum Exploration Budget $ 5,000,000 3,000,000

Assumptions
Project Lifetime years 25 25
Project Completion Time years 5 5
Utilization Factor % 0.95 0.95
Pump cost $/per well 0 500,000
Effective Sales Price (PPA or FIT) cents/kWh 10.5 10.5
Power Plant (EM) Cost $/MWe 1,500,000 1,500,000
Power Plant (O&M) Cost $/MWh 9.00 10.00
Financial Contingency % 8% 8%
Conversion Constant kCal/kWh 860 860
Specific Heat kCal/kg°C 1 1
Density kg/m³ 998.15 998.15

Exploration Targets
Number of Production Wells # 7.0 4.0
Number of Re-Injection Wells # 3.0 2.0
Max Drilling Budget per Well $ 4,551,115 4,551,115
Well Testing $ 1,750,000 1,000,000
Maximum Total Drilling Budget $ 45,511,154 27,306,692
Target Well Depth m 2,133 2,133
Required Total Flow Rate L/s 562 343

Phase 1

METHOD: EXPLORATION TARGETING ANALYSIS (ETA) 
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Phase 2 & 3
Units Actual

Minimum Desired IRR % -
Calculated IRR % 16.2%
Inputs
Installed Power MWe 20
Reservoir Temperature °C 192
Min. Ave. Temperature Gradient °C/100m 9.00
Min. Re-Injection Temperature °C 70
Average Target Capacity per Well MWe/well 4.0
Maximum Exploration Budget $ 5,000,000

Assumptions
Project Lifetime years 25
Project Completion Time years 5
Utilization Factor % 0.95
Pump cost $/per well 0
Effective Sales Price (PPA or FIT) cents/kWh 10.5
Power Plant (EM) Cost $/MWe 1,500,000
Power Plant (O&M) Cost $/MWh 9.00
Financial Contingency % 8%
Conversion Constant kCal/kWh 860
Specific Heat kCal/kg°C 1
Density kg/m³ 998.15

Exploration Targets
Number of Production Wells # 5.0
Number of Re-Injection Wells # 2.0
Max Drilling Budget per Well $ 4,551,115
Well Testing $ 1,250,000
Maximum Total Drilling Budget $ 31,857,808
Target Well Depth m 2,133
Required Total Flow Rate L/s 375

METHOD: EXPLORATION TARGETING ANALYSIS (ETA) 
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Phase 4
Units Actual

Minimum Desired IRR % -
Calculated IRR % 14.3%
Inputs
Installed Power MWe 15
Reservoir Temperature °C 180
Min. Ave. Temperature Gradient °C/100m 8.00
Min. Re-Injection Temperature °C 70
Average Target Capacity per Well MWe/well 4.0
Maximum Exploration Budget $ 3,000,000

Assumptions
Project Lifetime years 25
Project Completion Time years 5
Utilization Factor % 0.95
Pump cost $/per well 0
Effective Sales Price (PPA or FIT) cents/kWh 10.5
Power Plant (EM) Cost $/MWe 1,500,000
Power Plant (O&M) Cost $/MWh 9.00
Financial Contingency % 8%
Conversion Constant kCal/kWh 860
Specific Heat kCal/kg°C 1
Density kg/m³ 998.15

Exploration Targets
Number of Production Wells # 4.0
Number of Re-Injection Wells # 2.0
Max Drilling Budget per Well $ 5,062,505
Well Testing $ 1,000,000
Maximum Total Drilling Budget $ 30,375,027
Target Well Depth m 2,250
Required Total Flow Rate L/s 332

METHOD: EXPLORATION TARGETING ANALYSIS (ETA) 
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Drilling
Units Actual

Minimum Desired IRR % -
Calculated IRR % 13.7%
Inputs
Installed Power MWe 13
Reservoir Temperature °C 182
Min. Ave. Temperature Gradient °C/100m 8.50
Min. Re-Injection Temperature °C 70
Average Target Capacity per Well MWe/well 3.5
Maximum Exploration Budget $ 3,000,000

Assumptions
Project Lifetime years 25
Project Completion Time years 5
Utilization Factor % 0.95
Pump cost $/per well 500,000
Effective Sales Price (PPA or FIT) cents/kWh 10.5
Power Plant (EM) Cost $/MWe 1,500,000
Power Plant (O&M) Cost $/MWh 10.00
Financial Contingency % 8%
Conversion Constant kCal/kWh 860
Specific Heat kCal/kg°C 1
Density kg/m³ 998.15

Exploration Targets
Number of Production Wells # 4.0
Number of Re-Injection Wells # 2.0
Max Drilling Budget per Well $ 4,584,641
Well Testing $ 1,000,000
Maximum Total Drilling Budget $ 27,507,846
Target Well Depth m 2,141
Required Total Flow Rate L/s 279

METHOD: EXPLORATION TARGETING ANALYSIS (ETA) 

Wells Pumped 
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METHOD: EXPLORATION TARGETING ANALYSIS (ETA) 
Additional Work to be Done 

The initial model built for this analysis was intentionally simple.  Additional 
complexity can be added to the model for actual use in the field.  For example: 
  
• The input variables used in the model is not always a definite number and may 

have a range of value. In this case Monte Carlo simulation can be used to reduce 
the assign input variables while calculating the heat in place and production 
capacity of the reservoir. 
 

• In the exploration targeting model, energy conversion calculations are based on an 
average enthalpy value and single-phase flow. Enthalpy calculations may be 
different in a double-phase flow having different brine-gas ratio.  
 

• The financial model used in ETA assumes 100% equity financing with a certain 
percentage of financial contingency.  A detailed financial model can be included in 
the model with variables and parameters from debt financing. 
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DISCUSSION 

METHOD: Value of Information Analysis (VOIA) 
 
 

• This initial work shows that VOIA has a high degree of subjectivity in assigning 
probabilities. 

• The level of subjectivity can be decreased by; 
o using historical data statistics collected from analogous geological settings and geothermal play types 
o assigning impact buckets or reliability percentages 

• VOIA approach is sensitive to project capacity. Consequently, a set of exploration 
activities may have higher VOI for larger capacity projects while they are not found 
to be economic to purchase for smaller size projects. 
 

METHOD: Exploration Targeting Analysis (ETA) 
 
 
• Exploration targeting approach is appears to be less subjective and more 

reproducible because numerical inputs come from collected data (but still has 
significant uncertainty).  
 

 
 

Helps to justify the cost of additional exploration activities by showing impact to understanding of area 
geology (reliability of conceptual model) 

Helps to facilitate communication between project managers and exploration geologists in making objective 
go/no-go decisions throughout the different project phases 



Thank You 

 

    This project is funded by the Geothermal Technologies Office through Annual Operating Plan funds. 

Sertaç Akar   
sertac.akar@nrel.gov 
(303) 275-3725 
 
Kate Young 
katherine.young@nrel.gov 
(303) 384-7402 

        Acknowledgments: 
     This work was supported by the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy (EERE), Geothermal Technologies    
   Office (GTO) under Contract No. DE-AC36-08-GO28308 with the National Renewable Energy Laboratory (NREL). The authors wish to thank  
 reviewers for their comments and suggestions including Chad Augustine, Emily Newes, Tom Williams, and David Mooney. In addition, we also wish 
to thank Kendra Palmer (NREL) for her technical review.  All errors and omissions are the responsibility of the authors 

mailto:aaron.levine@nrel.gov
mailto:katherine.young@nrel.gov

	Reducing Subjectivity in Geothermal Exploration Decision Making
	OVERVIEW
	BACKGROUND
	BACKGROUND
	BACKGROUND
	BACKGROUND
	BACKGROUND
	BACKGROUND
	BACKGROUND
	BACKGROUND
	Method 1: Value of Information Analysis
	METHOD: VALUE OF INFORMATION ANALYSIS (VOIA)
	METHOD: VALUE OF INFORMATION ANALYSIS (VOIA)
	METHOD: VALUE OF INFORMATION ANALYSIS (VOIA)
	METHOD: VALUE OF INFORMATION ANALYSIS (VOIA)
	METHOD: VALUE OF INFORMATION ANALYSIS (VOIA)
	METHOD: VALUE OF INFORMATION ANALYSIS (VOIA)
	METHOD: VALUE OF INFORMATION ANALYSIS (VOIA)
	METHOD: VALUE OF INFORMATION ANALYSIS (VOIA)
	METHOD: VALUE OF INFORMATION ANALYSIS (VOIA)
	METHOD: VALUE OF INFORMATION ANALYSIS (VOIA)
	METHOD: VALUE OF INFORMATION ANALYSIS (VOIA)
	Method 2: Exploration Targeting Analysis
	METHOD: EXPLORATION TARGETING ANALYSIS (ETA)
	METHOD: EXPLORATION TARGETING ANALYSIS (ETA)
	METHOD: EXPLORATION TARGETING ANALYSIS (ETA)
	METHOD: EXPLORATION TARGETING ANALYSIS (ETA)
	METHOD: EXPLORATION TARGETING ANALYSIS (ETA)
	METHOD: EXPLORATION TARGETING ANALYSIS (ETA)
	METHOD: EXPLORATION TARGETING ANALYSIS (ETA)
	METHOD: EXPLORATION TARGETING ANALYSIS (ETA)
	METHOD: EXPLORATION TARGETING ANALYSIS (ETA)
	METHOD: EXPLORATION TARGETING ANALYSIS (ETA)
	METHOD: EXPLORATION TARGETING ANALYSIS (ETA)
	DISCUSSION
	Thank You and Contact Information


<<

  /ASCII85EncodePages false

  /AllowPSXObjects true

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /PageByPage

  /Binding /Left

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorConversionStrategy /LeaveColorUnchanged

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 150

  /ColorSettingsFile ()

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<

    /ENU ([Based on '[StdWeb150]'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /DetectBlends true

  /DetectCurves 0.10000

  /DoThumbnails true

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 150

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 1200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (U.S. Web Coated \050SWOP\051 v2)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements true

      /GenerateStructure true

      /IncludeBookmarks true

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier (CGATS TR 001)

  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)

  /PDFXRegistryName (http://www.color.org)

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice





