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Executive Summary

On May 7-10, 2012, the U.S. Department of Energy (DOE), Office of Energy Efficiency and Renewable Energy (EERE),
Geothermal Technologies Office (GTO or the office) conducted its annual program peer review at the Westin
Westminster Hotel in Westminster, CO. In accordance with the EERE Peer Review Guide, the review provides an
independent, expert evaluation of the strategic goals and direction of the office and is a forum for feedback and
recommendations on future office planning. The purpose of the review was to evaluate DOE-funded projects for their
contribution to the mission and goals of the office and to assess progress made against stated objectives. An ancillary
benefit is the opportunity for information exchange among scientists and engineers working on geothermal technologies.
Principal Investigators (PI), leading approximately 170 projects, came together to disseminate information, progress, and
results.

GTO develops innovative geothermal energy technologies to find, access, and use the nation's geothermal resources.
Through research, development, and demonstration (RD&D) efforts that emphasize the advancement of Enhanced
Geothermal Systems (EGS), GTO is working to provide the United States (U.S.) with an abundant, clean, renewable
baseload energy source. GTO works in partnership with industry, academia, and DOE's national laboratories to establish
geothermal energy as an economically competitive contributor to the U.S. energy supply. GTO's activities build on the
technical research base that has been developed over the last four decades. This technical base provides information and
understanding necessary to create new and more efficient and reliable technologies and to enable the U.S. geothermal
industry to compete for baseload electricity generation.

The 2012 Geothermal Technologies Office Peer Review Meeting was organized into the following tracks with associated
sessions:
e Track 1 - High Temperature Tools, Drilling Systems, and Zonal Isolation; and Systems Analysis, Resources
Assessment, Data System Development and Population, Education
e Track 2 - Enhanced Geothermal Systems Demonstrations; Seismicity, Fluid Imaging, and Reservoir Fracture
Characterization; and Modeling
e Track 3 - Tracers and Tracer Interpretation and Exploration Validation
e Track 4 — Low-Temperature and Co-Production Demonstration; Supercritical Carbon Dioxide; and Working
Fluids

Each project was reviewed by a minimum of three expert reviewers whom provided both numeric evaluations and written
comments. Additionally, one overall chairperson, Dr. Kate Baker, was selected to oversee the entire peer review process.
The chairperson provided oversight and guidance to ensure consistency, transparency, and independence throughout. As
a special note, Mr. Jim Faulds received the Geothermal Technologies Office’s Peer Review Excellence Award.

In addition to the reviewed projects, Tracks 3 and 4 also included the presentation of projects too early in their award life
to warrant a full review, or for those which had scored highly in previous reviews that the Program Managers determined
additional peer evaluation was not warranted in this annual cycle. Projects included in this “Presentation Only” category
will be officially evaluated during the 2013 peer review meeting.

The weighted average score of the reviewed projects ranged from poor (3% of reviewed projects) to outstanding (10%).
Two-thirds of projects received overall scores indicative of notable progress and impact on GTO mission and goals. The
project scoring results, expert reviewer comments, and key findings and recommendations are included in this report.
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The comments below, expressed by the 2012 Geothermal Technologies Office Peer Review Panel, summarize the current
state of the various technology areas within the Geothermal Technologies Office:

EGS projects were well selected by GTO and currently provide a good diversity between general stimulation
techniques and greenfield innovations. Additionally, the “step-out” projects have the potential to lead to further
advancement and may likely be the future of EGS development.

The most useful projects in the Exploration Validation portfolio are those that are based in fundamental geology
and mapping; however it should be noted that some of the projects in the Exploration Validation portfolio were
lacking in geochemistry. Additionally, it would be beneficial for GTO to transfer some of the laboratory drilling
methods to actual, real-world drilling rigs.

All High Temperature (greater than or equal to 300°C) work in SiC offers significant impact to the geothermal
industry; if there is commercialization of the technology.

GTO has a well-balanced portfolio of Low-Temperature and Co-Production Demonstration projects with valuable
data to collect, but the reviewers stressed that GTO needs to ensure and maintain the integrity and availability of
that data.

Projects in the Modeling portfolio will definitely help to improve the understanding of how to lower current EGS
reservoir creation technology barriers (reduce costs and boost performance) by providing modeling tools to
accelerate EGS implementation.

Application of more measurements to help characterize properties of EGS, which can yield models with more
predictive power for management, is a high priority for projects in the Seismicity, Fluid Imaging & Reservoir
Fracture Characterization portfolio.

Duplicative efforts in the Supercritical Carbon Dioxide technology area need to be avoided. GTO should revisit
the duplicative efforts in this technology area.

GTO should develop and implement a solution or protocol for accepting data regarding those projects in the
System Analysis, Resource Assessment, Data System Development and Population, and Education technology
area.

Formulation of new tracers, and methods to concentrate effluent, can aid in fracture network characterization for
EGS or other fracture-dominated systems. Adopting the use of first principles computational tools along with
experimental validations to gain fundamental understanding of new tracer interactions with rock and fluids is a
suitable strategy to help fulfil a key geothermal gap.

Development of fluids and the behavior models of working fluids will have a high impact if inexpensive working
fluids with properties focused on specifics can be developed.
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1.0 Introduction to the Geothermal Technologies Office

The U.S. Department of Energy (DOE) Geothermal Technologies Office (GTO or the office) develops innovative
geothermal energy technologies to find, access, and economically use the nation's geothermal resources. Through
research, development, and demonstration efforts that emphasize the advancement of Enhanced Geothermal Systems
(EGS) and discovering hidden natural hydrothermal systems, GTO is working to provide the United States (U.S.) with an
abundant, clean, renewable baseload energy source. GTO works in partnership with industry, academia, and DOE's
national laboratories to establish geothermal energy as an economically competitive contributor to the U.S. clean energy
supply. Geothermal energy production, a $1.5 billion a year industry, generates electricity and provides heat for direct
applications including aquaculture, crop drying, and district heating, or for use in heat pumps to heat and cool buildings.
GTO conducts multi-year research, development, and demonstration (RD&D) on surface and subsurface opportunities for
system cost reduction. RD&D priorities are focused on overcoming technology barriers that have the greatest potential to
hinder the development of viable resources at acceptable cost, risk, and timeframes.

The Geothermal Technologies Office is currently organized into three subprogram areas: 1) Enhanced Geothermal
Systems, 2) Hydrothermal and Resource Characterization, and 3) Systems Analysis. The subprogram goals at the time of
the 2012 Peer Review were as follows:
¢ Enhanced Geothermal Systems — Demonstrate reservoir creation and sustainability in various geologic
environments (Demonstration and R&D)
e Hydrothermal and Resource Characterization — Lower LCOE to 6 cents/lkWh by 2020
o Innovative Exploration Technologies — Confirm 400 MWe of undiscovered hydrothermal by 2014 and
lower the upfront exploration risk of blind hydrothermal systems
o Low-Temperature and Co-produced Resources — Enable 3 GWe of added geothermal capacity for low
temperature and coproduced resources by 2020
e Systems Analysis — assess geothermal resources, cost drivers, the impact of policy, and progress toward goals.

The funding and budget history for the Geothermal Technologies Office is illustrated below in Figure 1.1. and Figure 1.2.

Annual Budget for the Geothermal Technologies Office
1976 - 2012
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Figure 1.1. Geothermal Technologies Office Funding History
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Figure 1.2. Geothermal Technologies Office Budget History

The GTO mission is to establish geothermal energy as a significant contributor to America's future electricity generation
by partnering with industry, academia, and the national laboratories to discover new geothermal resources; research,
develop, and demonstrate innovative technologies; and facilitate commercialization.

GTO’s current goal is to reduce the cost of geothermal energy to be competitive with conventional sources of electricity
and accelerate the development of geothermal resources.

To achieve this goal, the office’s strategy is to:

e Accelerate near-term hydrothermal growth by:
o Decreasing exploration risks and costs;
o Lowering levelized cost of electricity (LCOE) to 6¢/kWh by 2020;
o Accelerating the development of 30 GWe of undiscovered hydrothermal resources.

e Secure the future with EGS by:
o Demonstrating that EGS is technically feasible by 2020;
o Lowering EGS cost of electricity to 9 cents/ kwh by 2020 and 6 cents/kWh by 2030;
o Accelerating the development of 100 GWe by 2050 (MIT).

Additionally, the office has an increased focus on the identification of new geothermal prospects, regulatory roadmaps
and streamlining, an EGS Field Laboratory to optimize EGS, strategic mineral assessments, and increasing funding
leverage, however these areas were not reviewed in FY 2012.
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The Geothermal Technologies Office has a total portfolio of more than 270 research, development, and demonstration
projects underway (with very few exceptions) with academia, the national laboratories, and in cost-sharing partnerships
with industry. The office also supports some deployment activities designed to move advanced technologies into the
market and conducts a broad range of systems analysis that support and direct office activities and provide needed

knowledge bases.

It should be noted that ground source heat pumps are no longer part of GTO. Additionally, the previously mentioned GTO
subprogram areas were further divided into several additional technology-specific areas for purposes of the peer review.
Because there are numerous specialized or niche technologies employed by GTO, further division of the subprogram areas
was necessary in order to assign reviewers (based upon their background and technical expertise) to evaluate projects in

their area of expertise.
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2.0 Geothermal Technologies Office Peer Review Process

Peer reviews are one of the standard mechanisms for assessment of highly complex and/or technically challenging
projects and programs and are widely used in industry, government, and academia. Objective review and advice from
peers provide DOE managers, staff, and researchers with a powerful and effective tool for enhancing the management,
relevance, and productivity of all Office of Energy Efficiency and Renewable Energy (EERE) research, development,
demonstration, deployment, and supporting business management programs. The 2004 EERE Peer Review Guide!
defines a peer review as:

A rigorous, formal, and documented evaluation process using objective criteria and qualified and independent
reviewers to make a judgment of the technical/scientific/business merit, the actual or anticipated results, and the
productivity and management effectiveness of programs and/or projects.

This definition is drawn from the U. S. Department of Energy, the National Academy of Sciences (NAS), the White
House Office of Management and Budget (OMB), the U.S. General Accounting Office (GAO), and other federal agencies
and institutions. It clearly distinguishes in-progress peer review from other types of peer review, such as merit review to
select winners of competitive solicitations or readiness (stage gate) reviews to determine when a technology is ready to
move to the next phase of development, as well as from other management activities such as quarterly milestone reviews
or budget reviews.

Peer review is based on the premise that the people best qualified to judge a program or project are experts in that or
related fields of knowledge. Seeking advice from experts is useful in all aspects of managing a program to add to the
perspective and broaden the knowledge of a program manager. Peer review is essential in providing robust, documented
feedback to EERE program planning. Peer review also provides management with independent confirmation of the
effectiveness and impact of its programs. Knowledge about the quality and effectiveness of current projects and programs
is essential in designing future programs and/or enhancing existing efforts.

GTO conducted a rigorous peer review as a four-day event from May 7 to 10, 2012 at the Westin Westminster Hotel
located in Westminster, CO. The purpose of the review was to evaluate DOE-funded projects for their contribution to the
mission and goals of the office, and to assess progress made against stated project objectives. To assist in identifying the
reasons for success or shortfalls in outcomes, reviewers also evaluated the merits of the technical and managerial
approaches of the Pls.

Principal Investigators (PIs), representing a total DOE investment of over $460 million, came together to report progress
and results. Peer reviewers included both unaffiliated, unconflicted Pls funded under EERE-GTO programs and experts in
geothermal or related technologies who do not and have not received EERE-GTO project funding. In addition to the
formal review, this event provided an excellent opportunity for the geothermal community, both funded researchers and
stakeholders, to share ideas and solutions to address the challenges facing the geothermal industry.

The 2012 Peer Review meeting was organized into four tracks into which the reviewed projects were grouped:

e Track 1 - High Temperature Tools, Drilling Systems, and Zonal Isolation; and Systems Analysis, Resources
Assessment, Data System Development and Population, Education

e Track 2 - Enhanced Geothermal Systems Demonstrations; Seismicity, Fluid Imaging & Reservoir Fracture
Characterization; and Modeling

e Track 3 - Tracers and Tracer Interpretation and Exploration Validation

e Track 4 — Low-Temperature and Co-Production Demonstration; Supercritical Carbon Dioxide; and Working
Fluids.

! Peer Review Guide, Based on a Survey of Best Practices for In-Progress Peer Review, August 2004
__________________________________________________________________________________________________________________________________________________| 6
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There was no formal review of goals and strategies at the office or track level. However, review panels sometimes offered
office-level insights during post-session debriefing. Where such insights were voiced, they are captured in this report (see,
especially, Section 3.0).

2.1 Scoring Methodology for Projects Reviewed in FY2012

A total of 169 projects in the Geothermal Technologies Office’s portfolio were presented at the review. Out of the 169
projects presented, a total of 115 were evaluated and scored by the reviewers. In addition to the reviewed projects, time
was included in Tracks 3 and 4 for presentation of projects too early in their award life to warrant review or for those
which had scored highly in previous reviews that the office managers determined additional peer evaluation was not
warranted in this annual cycle. Projects included in the “Presentation Only” category will be officially evaluated during
the 2013 peer review meeting. Approximately 60 reviewers participated in the peer review process, providing a total of
approximately 450 project evaluations (not every panel member reviewed every project within a given track).

In accordance with DOE EERE Peer Review Guide Section 6.0% the reviewer submitted both quantitative (i.e., numerical
scores) and qualitative (i.e., narrative accounts) evaluations as part of their review of the materials and projects presented.
The comments herein are the most direct reflection of reviewer’s written evaluations, and where possible have been
included verbatim.

Quantitative scores were based on the following four criteria:
Relevance/Impact of Research;
Scientific/Technical Approach;
Accomplishments, Results, and Progress; and
Project Management/Coordination.

Reviewers were asked to provide numeric scores (on a scale of 1 to 4, with 4 being the highest) for each of the four
criteria. A description of the numerical scoring is provided below:

2 Peer Review Guide, Based on a Survey of Best Practices for In-Progress Peer Review, August 2004
__________________________________________________________________________________________________________________________________________________|
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Numerical Scoring Descriptions
4 — Outstanding

The project has made substantial progress and impact on the DOE Geothermal Technologies Office missions and goals. The
project has demonstrated outstanding advancement in addressing knowledge gaps and barriers. The project has exceptional
impact on factors in geothermal energy development.

3 - Good

The project has made notable progress and impact on the DOE Geothermal Technologies Office missions and goals. The
project has demonstrated significant advancement in addressing knowledge gaps and barriers. The project has considerable
impact on factors in geothermal energy development.

2 — Fair

The project has made modest progress and impact on the DOE Geothermal Technologies Office missions and goals. The
project has demonstrated some advancement in addressing knowledge gaps and barriers; impact is below what could be
expected. The project has moderate impact on factors in geothermal energy development.

1 - Poor

The project has made little or no progress and impact on the DOE Geothermal Technologies Office missions and goals. The
project has demonstrated little to no advancement in addressing knowledge gaps and barriers; impact is below what could be
expected. The project has marginal impact on factors in geothermal energy development.

The criteria were weighted differently across the 10 geothermal technology areas that were included in the 2012 Peer
Review Meeting. Table 2.1 below illustrates the weighting of each criterion for each technology area. Scoring weight
varies by technology area due to an effort by the office to emphasize an alignment of areas of importance with the nature
of the work performed.

Table 2.1 Weighting of scoring criteria or metrics

»
A 0 N A ojie
Re

0lOQy Area and anage

0 esead APProa

Enhanced Geothermal Systems Demonstrations 20% 25% 40% 15%
Exploration Validation 20% 25% 40% 15%
High Temperature Tools, Drilling Systems, and 0 . 2 .
Zonal Isolation A S0 Ui J0E8
Low-Temperature and Co-Production Demonstration 20% 25% 40% 15%
Modeling 20% 30% 40% 10%
Se|sm|0|t¥, Flg|d Imaging, and Reservoir Fracture 20% 30% 40% 10%
Characterization

Supercritical Carbon Dioxide 20% 30% 40% 10%
System Analysis, Resource Assessment, and N 0 N 0
Education 20% 30% 25% 25%
Data Systems Development and Population* 15% 30% 30% 25%
Tracers and Tracer Interpretation 20% 30% 40% 10%
Working Fluids 20% 30% 40% 10%

*Data Systems Development and Population falls into the Systems Analysis, Resource Assessment, and Education technology area;
however these projects were evaluated based on a different weighting scheme.
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Reviews were conducted by different individual reviewers. For each project, a weighted average score was calculated
(from the combined scores of individual reviewers) for each of the four aforementioned criteria. The weighted average
score is an average in which each metric that is being averaged is assigned a weight. The weightings determine the
relative contribution of each metric to the average. Weightings are the equivalent of having that many like items with the
same value involved in the average.

In this manner, a project’s weighted average score can be meaningfully compared to that of another project. The following
formula, where x = score and y = weight, was used to calculate the weighted average score:

Calculation:

{(x1*yl) + (x2*y2) + (x3*y3) + (x4*y4)}= total
{(4*.20) + (3 *.40) + (4*.15) + (4*.25)} = total

{(.8) + (1.20) + (.6) + (1)} = 3.6 weighted average score

Scores and comments were submitted by reviewers into the Peer Review Management Information System (P2RMIS).
P2RMIS is an online database system that allows for real-time tracking of the review process. P2RMIS interfaces with
external electronic application systems, facilities online meeting planning and logistics, and supports evaluations, reviews
and scoring.

The qualitative analyses provided in this report are individual comments made by the reviewers, as consolidated by the
U.S. DOE for brevity and merging comments with commonalities, and do not represent consensus opinion on the subject
matter.
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3.0 Technology Area and Program Level Findings and
Recommendations of the Peer Review Panels

Below are programmatic findings and recommendations that were compiled from the comprehensive collection of
reviewer comments. In many tracks, independent reviewers provided similar comments, which are presented as one
collective thought in this section. The comments presented below are focused toward the office’s technology areas and
away from an individual project. All reviewer comments for an individual project were provided to that project’s Principal
Investigator (PI) for response. The comprehensive list of reviewer comments and Pl responses can be found in Appendix

While the peer reviews focused on individual projects, the comments below provide a higher-level indication of strengths
and barriers to execution within the named technology areas. Some comments, shown here in particular Technology
Areas/Panels, arose during discussions in more than one Panel (e.g. the desire expressed by reviewers to have access to
the original project proposals, and concerns about the appropriate role of proprietary information in government-
sponsored research may have implications for the conduct and review of government-sponsored research even beyond
GTO).

Enhanced Geothermal Systems (EGS) Demonstrations

* Overall, projects in this technology area have been well selected and the office has a good diversity of projects
between general stimulation techniques versus greenfield innovation.

e The step-out projects are the logical approach to take, will lead to further advancement, and are most likely the
future of EGS development.

¢ Inregards to the test site, the office needs to be careful about upsetting industry by blocking off wells for non-
commercial use.

* People seem to like the idea of the test site not being a single site. The office should use sites that are actual
geothermal sites (volcanic, existing fractures, sedimentary, metamorphic, hot, etc.).

e The office should take a postmortem look at all projects for lessons learned from failures and successes.

¢ The office should consider rebranding the Technical Monitoring Team to emphasize its role in coaching Pls for
success rather than judging project progress.

Exploration Validation

e The most useful projects funded in this technology area are those that are based in fundamental geology and
mapping.

e The office should note that some of the projects funded in this technology were lacking geochemistry.

e The office would benefit by transferring some of the laboratory methods to actual drill rigs. This would allow for
more timely answers and would expedite the decision making process.

e Permitting appeared to be a big road block for Exploration Validation projects.

e The office should find a uniform way to have Principal Investigators report the number of jobs created by their
projects.

e The office should explore options for removing funding from projects that have not made any progress within a
reasonable timeframe.

High-Temperature Tools, Drilling Systems, and Zonal Isolation
e There are many localized, small geothermal plays that are still available within the Great Basin that could be
analyzed with existing, relatively Low Temperature televiewers from the oil and gas industry.
e Aside-by-side test of the Sandia and Baker Hughes televiewers in the same well in rapid succession would be
interesting.
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e The application and relevance of the proposed technology was not clear in all projects and/or not recognized by
the presenters.

e The office is only funding a few projects within the Zonal Isolation technology area.

e The office should consider creating a working group to assess the current state-of-the-art for fiber optic
technology.

e The academic institutions need a commercial/industry partner.

e The office needs to cast tool development as an objective of this technology area.

e The office should collect and publish a set of real world needs for targeting a bigger EGS project. Part of the
impetus might be to put together the needs and guidance for integration efforts.

e The geothermal community is doing a much better job of sharing data than it has in the past.

Low-Temperature and Co-Production Demonstration

e The office has a good collection of projects with good data to collect going forward. The office needs to ensure
that this data is not lost.

Modeling
¢ No key findings comments were received for this technology area.

Seismicity, Fluid Imaging, and Reservoir Fracture Characterization
¢ No key findings comments were received for this technology area.

Supercritical Carbon Dioxide
e Principal Investigators should investigate permitting issues before applying for funding. Many of the oil and gas
partners had a significant learning curve on the National Environmental Policy Act (NEPA) process, etc.
e The office needs to avoid duplicative efforts in the Supercritical Carbon Dioxide Area.

Systems Analysis, Resource Assessment, Data System Development, and Population, and Education

e This work has exceptional relevance to the mission and goals of the GTO. A reliable resource assessment is the
starting point for a well-founded, productive R&D program, and the means by which industry can assess the
developmental potential of various resource areas.

e Developing and implementing a way to track the impacts of these projects should be a continuing goal of the
GTO. The use of Specific, Measurable, Attainable, Relevant, and Timely (SMART) objectives must be
complemented, and more teams should use this method.

e The development of consistent standards for data structure and metadata is a strong step towards making the
discovery of distributed data resources a success for the larger NGDS.

e The Life Cycle Analysis projects provide an important baseline for understanding the environmental and
economic impacts of geothermal energy. These projects also meet the goals of the GTO by improving the
understanding of water uses versus the quality of various geothermal technologies.

e The office should develop an overall solution or protocol for accepting data, especially after the project periods
have ended.

Tracers
e The office should focus on “environmental” tracers (such as naturally occurring dissolved minerals) in addition to
synthetic tracers.
e The office should develop specific technical targets for the tracer technologies projects.
o Full development of the tracers should be completed prior to field testing. The emphasis on field testing may have

been encouraged by generic Funding Opportunity Announcement (FOA) language, applicable to all research topic
areas.
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The office should integrate tracers with geochemistry and reservoir engineering. Reactive tracers seem to focus on
fracture surface area while reservoir engineers focus on flow of geothermal fluids.

Working Fluids
¢ No key findings comments were received for this technology area.

12
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4.0 Project Scoring Evaluation Analysis and Results

As part of the 2012 U.S. DOE Geothermal Technologies Office (GTO) Peer Review, 115 projects in 10 technology areas
were reviewed by approximately 60 reviewers. Analysis was performed based on project scores to determine if a
correlation existed between the project scores and various project attributes. Project attributes considered for this analysis
include total project funding, project scoring metric results, panel category, reviewer profile, project age, and standard
deviation. These attributes were collected from the information given by the Principal Investigators in their presentation
material. Correlation between project scores and project attributes (i.e., total project funding, panel category, etc.) could
be either positive or negative. Please note that the correlation results are presented later in this section of the report.

Supercritical Carbon Dioxide Tracers
Modeling $11.67M (3%) $8.57M (2%)
$15.63M (3%) 5 projects (4%) 7 projects (6%)

5 projects (4%)
3.2 avg score

2.8 avg score 2.9 avg score

Seismicity, Fluid Imaging, and
Reservoir Fracture
Characterization
$20.40M (4%)
16 projects (14%)
3.1 avg score

Working Fluids
$25.36M (6%)

8 projects (7%)
3.0 avg score

System Analysis, Resource
Assessment, and Education
$57.02M (12%)

16 projects (14%)

3.1 avg score

High Temperature Tools,
Drilling Systems, and Zonal
Isolation
$66.98M (15%)

25 projects (22%)

2.9 avg score

Figure 4.1. Total Project Funding

The budgetary attributes pertain to the entire project duration and are not indicative of or limited to project spending in the
fiscal year of the peer review. The projects reviewed in 2012 totaled nearly $460 million in total project funding, and as
seen in Figure 4.1, there is a diverse distribution of project funding within the technology areas of GTO. The office’s
portfolio includes demonstration, validation, and operation projects, which, due to the large-scale construction typically
required for these types of research, tend to have larger budgets than the projects with a research focus targeted at specific
geothermal industry needs or research areas. The total project funding shown in Figure 4.1 includes funding from the
DOE as well as cost-share funding, and the statistics shown on the chart represent the aggregate of all the projects within a
technology area. Further project funding analysis is shown in Figure 4.11.
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The charts in Figures 4.2 — 4.6 were generated from the peer review scoring data across the entire GTO, and the charts
show the distributions of reviewer scores for all four scored metrics of the review as well as the weighted average score. It
should be noted that, as shown in Table 2.1, the weighted average score calculation varies slightly between technology
areas, so conclusions drawn from comparing technology areas should take this into account. Figures 4.2 — 4.5 show
narrow distributions around the top of the scoring range, where each of the four metrics were scored as a “3” (Good) or
“4” (Outstanding) for 74% to 82% of all projects. DOE takes great care in project selection and accurate project reporting,
S0 it is not surprising that, in general, projects were scored highly. Interestingly, the weighted average score chart shown
in Figure 4.6 has a wider distribution than the individual project metric charts. This indicates that, while each individual
metric received high scores for many projects, it was uncommon for individual projects to score above the average for all
four scoring metrics. Programmatically, this disparity of scoring metric results within individual projects offers potential
opportunities to determine overall best practices and areas for improvement that could be communicated to Principal
Investigators to continually improve methodology and project management.

50% 50%
40% 40%
30% 30%
20% 20%
10% 10%
0% 0%
4 3 2 1 4 3 2 1
m Relevance & Impact of Research B Accomplishments, Results, & Progress
Figure 4.2. Relevance & Impact of Research Figure 4.3. Accomplishment, Results, & Progress
50% 50%
100%
40% 40%
30% 30%
20% 20%
10% 10% 29
O% O% T T
4 3 2 1
u Scientific & Technical Approach M Project Management & Coordination
Figure 4.4. Scientific & Technical Approach Figure 4.5. Project Management & Coordination
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Figure 4.6. Weighted Total Score

Analysis was conducted to compare how projects that scored either very high or low in Accomplishments, Results, and
Progress (Accomplishments) scored in Scientific and Technical Approach (Approach) and Project Management. Projects
that scored lower in Accomplishments were more likely to score lower in Approach. Twelve projects scored low for
Accomplishments and had a range of scores of 1.5-3.0 for Approach, with an average score of 2.4. Similarly, the top 8
high scoring projects in Accomplishments had a range of scores of 3.3-4.0 for Approach, with an average score of 3.7.
The correlation between scoring in Accomplishments and Approach was 0.33 for low projects and 0.43 for high projects.
The averaged correlation for Accomplishments and Approach was 0.36.

It was likely that projects which scored higher or lower in Accomplishments also scored higher or lower in Project
Management. The 12 projects scoring low in Accomplishments had a range of scores of 1.5-3.3 for Project Management,
with an average score of 2.2. Similarly, the top 8 projects scoring high in Accomplishments had a range of scores of 3.3-
4.0 for Project Management, with an average score of 3.6. The correlation between scoring in Accomplishments and
Project Management was 0.35 for low projects and 0.73 for high projects. The averaged correlation for Accomplishments
and Project Management was 0.54.

Quantitative analysis was used to perform a detailed comment analysis targeted at the projects scoring high or low for
Accomplishments. The findings of this qualitative analysis support those from the quantitative analysis. It was found that
projects scoring high or low in Accomplishments typically had key elements that influenced the scores for Approach and
Project Management. As one might expect, the predominant element for driving these scores was the quality, accuracy,
plausibility, and/or transparency of results.

Common themes of projects with low scores in Accomplishments include (1) changes in project approach, (2) an errant
initial approach, (3) a lack of experience or key expertise, (4) slow progress, (5) a lack of clearly defined project goals,
requirement, plans, schedules, budgets, and/or approaches, (6) reviewer disagreement with the engineering or scientific
methodology, (7) issues with project management, (8) insufficient review of available literature, research, tools, expertise,
and/or approaches, (9) a disconnect or a lack of experimental, field-tested, and/or real-world data, (10) staff and/or
funding changes during the project period, (11) questionable or lacking field testing, data validation, and/or site selection,
(12) a project scope that is inappropriate or has expanded detrimentally, (13) insufficient project funding, and/or (14)
insufficient collaboration. In some cases, these factors were outside of the project team’s control, such as team members
unexpectedly leaving or unanticipated changes in funding. Permitting difficulty was common with projects where site
selection was a negative aspect, and this lesson learned could be important to carry forward as one reviewer noted a
potential solution — “In general, for all GTO funded projects that propose a field test site, a backup test site should also be
identified.” It should also be noted that some projects received low scores for Accomplishments when, despite being on
schedule, were not at a point where results are available, and other projects with positive results received low scores due
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to vague results where poor presentation or proprietary concerns impeded clear dissemination of data. Low scores, by
themselves, do not always indicate poor projects. The comments must be examined to determine whether scores are low
due to substantial structural issues in the project, or if the scores are a function of the commercial readiness level or
surmountable barriers to project success identified by reviewers.

Common themes of projects scoring highly in Accomplishments include (1) good collection, consolidation, correlation,
and/or visualization of large data sets, (2) sufficient review of existing literature, tools, methodology, and/or data, (3)
obvious technology transfer efforts or capability, (4) application of industry or project lessons learned, (5) strong project
management and/or technical team, (6) strong project comprehensiveness or experiment methodology, (7)
accomplishments that obviously further the industry, (8) ability to overcome barriers, (9) novel project component, and/or
(10) actively avoiding redundancy with other work. The elements of this list with the highest frequency are a strong
project management and/or technical team and accomplishments that further the industry. This is congruent with the most
common themes of low scoring projects where the usefulness of the results and the creativity of the project teams in
solving problems were key attributes in reviewer scoring. Many of the high scoring projects will provide results
immediately useful to furthering the industry whereas low scoring project results were not as mature. It is anticipated that
as the low scoring project results progress towards maturity, their project scores will improve. The utility of this analysis
is to provide key challenges faced by low scoring projects and best practices of the high scoring projects so that these
lessons learned can be applied by the office to continually improve all projects in the office portfolio and avoid common
pitfalls.

Additional analysis was performed on the reviewer profile of projects to constrain scores; the reviewer profile can include
direct factors such as number of reviewers per project or reviewer affiliations, or the profile can include various external
factors such as time of day of the project review or proximity to breaks in the review schedule. Cursory analysis of some
external factors yielded no correlation to these factors and the resulting project scores. Figures 4.7 and 4.8 focus on direct
factors and show the scatter plot of weighted average scores versus the number of reviewers on the panel of a specific
project and the weighted average score versus reviewer affiliations, respectively. As required by the EERE Peer Review
Guide, each project was reviewed by a minimum of three reviewers, and Figure 4.7 shows that the number of reviewers
on a given project had little effect on the weighted average score. In all cases the distributions centered around an average
of 3.0.
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Figure 4.7. Weighted Average Score vs. Number of Reviewers
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Figure 4.8 shows the scores from reviewers in five affiliation groups — Academia (87 total reviews performed),
Government (29 total reviews), Industry (101 total reviews), National Lab (126 total reviews), and Blank (104 total
reviews) — presented in ascending order. Regarding the affiliations, nine National Labs were represented on the various
panels, Government officials from local, state, and national organizations and agencies were included, and industry
representatives from private companies, industry organizations, and consultants sat on review panels. Industry and
undesignated or “blank” reps (who are thought largely to be consultants) scored 2/3 of projects “good” or better.
Reviewers who left their affiliation blank scored projects the highest with an average of 3.1, which was only 0.005 higher
than Industry reviewer’s average of 3.095. Government and National Labs reviewers scored only 1/3 of projects “good” or
better. Reviewers from academia were a little more lenient in their scoring than the government reviewers, but less so than
their industrial colleagues. Reviewers from academia, government, and National Labs scored projects the lowest with
averages of 2.91, 2.92, and 2.98 respectively. Reasons for these differing perceptions are not known.

45
4.0
3.5
3.0 Academia
2.5 - Government
2.0 Industry
15 = National Lab
e Blank
1.0
0.5
0-0 T T T T 1
0% 20% 40% 60% 80% 100%

Figure 4.8. Weighted Average Score vs. Reviewer Affiliation

Figure 4.9 shows the year-to-year scores of projects in the GTO portfolio. Only 74 projects were reviewed in both 2011
and 2012. These can be identified in Figure 4.9 as the projects that have a line between the two data points. Green lines
indicate that a project’s score rose from 2011 to 2012 whereas red lines indicate projects that received a lower score in
2012 than they had previously in 2011. Overall, projects were scored lower in 2011 than in 2012 with average weighted
scores of 2.81 in 2011 and 3.02 in 2012. In 2012, there were 38 projects reviewed that were not reviewed in 2011, and in
2011, there were 72 projects that were not reviewed in 2012. The EERE Peer Review Guide requires that projects are
reviewed every two years, so with EERE Programs that perform annual reviews it is common that some subsets of
projects are reviewed every other year, while other subsets are reviewed every year with considerable migration between
subsets. Out of the 74 projects that were reviewed in both 2011 and 2012, 53 improved their scores by an average of .482
with a maximum improvement of 2.25. Twenty-one (21) projects saw a decline in their scores with an average difference
of .388, with a maximum decline of 1.43.
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Figure 4.9. 2011 Weighted Average Scores vs. 2012 Weighted Average Scores*

Figure 4.10 shows a comparison of all projects categorized by panel. While direct comparisons should not be made due to
slightly different weighting structures between panels, it is obvious that each panel had similar averages and included both
high and low performing projects. It is also observed that few projects fell outside of one standard deviation with only
nine projects below one standard deviation and six projects above one standard deviation. No project scored less or more
than two standard deviations from the weighted average score.
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Figure 4.10. Weighted Average Scores — Panel Comparison*
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*Please see Appendix B for the correlation of project ID numbers to project title and organization.
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In general, demonstration projects, which have high budgets due to their large-scale physical nature, were scored above
the office average. EGS Demonstrations was the top performing panel with all projects scoring above the office average.
These large-budget projects (average budget of $15.8M is the highest in the office) were generally praised by reviewers
for site diversity and advancing the industry by putting concepts into practice. Both the Supercritical Carbon Dioxide and
the Tracers and Tracer Interpretation panels scored less than the office average for more than half of the reviewed
projects. The Tracers and Tracer Interpretation projects (average budget of $1.22M is the lowest in the office) and the
Supercritical Carbon Dioxide projects (average budget of $2.33M is the third lowest in the office) are experimental in
nature as opposed to high-scoring demonstration projects. Reviewers concerns with these projects centered around
potentially inconclusive results, unclear technology transfer pathways, failures to address permitting barriers before
receiving funding, and premature field testing. These results may indicate that as technology areas move closer to
commercialization, fewer barriers to success exist, which result in higher scores, whereas technology areas that are
experimental still have challenging and significant barriers before commercialization can be achieved. As shown by
Figure 4.9, continued research and peer assessments could help in the identification and mitigation of barriers, which will
improve scoring results and, more importantly, advance the state of the technology.

Further analysis on total project funding is shown in Figure 4.11. The x-axis represents a project’s average weighted score
and the y-axis represents a project’s “Relevance” score. The intervals from the axes represent standard deviations from
the average. The magnitude of the bubbles indicates the funding level of the projects. From Figure 4.11, we see that there
is no obvious correlation between the weighted average score of the project, the relevance of a project, and the total
funding for the project. It is seen that large budget projects are not more or less likely to perform well based on project
evaluations. This trend also holds true for the relevance of a project. Project budget information was included in the
review materials, and based on the equal distribution in Figure 4.11; it does not appear that budget information biased the
scoring of the reviewers. While qualitative analysis of the trends in reviewer scores and comments is performed in the
preparation of this report, this simple quantitative analysis further demonstrates the independent nature of the GTO peer
review process.
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Figure 4.11. Weighted Average Score versus Relevance — Project Funding

Figure 4.12 uses age rather than budget for the bubble magnitude, which shows a clear standard deviation distribution of
projects from the average “Relevance” score and the average weighted score. The distinct bands of projects seen at
various standard deviation levels from the Relevance score are an artifact arising from the required use by reviewers of
whole numbers on a four point rating scale. Programmatically, nonetheless, these bands can be analyzed to determine why
projects of similar quality are perceived as more or less relevant, and they can be used to determine areas of improvement
or best practices for projects with similar relevance but very different weighted average project scores.

Like the total project funding chart in Figure 4.11, Figure 4.12 compares projects based on the age of a project to
determine if there is potential for reviewer bias based on a project’s duration. In 2011, a scatter plot of project lifecycle
was shown to indicate no correlation between the percentage of completion for a project and the average weighted score.
While Figure 4.13 does not show a strong correlation between project age and the relevance or average weighted score of
a project, it should be noted that all of the oldest projects (largest bubbles) scored above the review average and only one
was below the review’s relevance average. It is not surprising that older projects tended to score slightly higher, as most
projects with a long-standing are either projects with a demonstrated history of accomplishments or are long-term research
projects with missions essential to furthering the geothermal industry.
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Figure 4.12. Weighted Average Score versus Relevance — Project Age

The following subsections describe the analysis of individual project scoring for each technology area included in the
2012 Peer Review. Also included in these subsections are callouts containing general or overview comments made by
expert reviewers for each technology area. Detailed reviewer comments on individual projects and Principal Investigator

responses to reviewer comments are included in Appendix A. Please see Appendix B for the correlation of project ID
numbers to project title and organization.
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4.1 Enhanced Geothermal Systems (EGS) Demonstrations

Enhanced Geothermal Systems (EGS) are engineered reservoirs created to produce energy from geothermal resources that
are otherwise not economical due to a lack of water and/or permeability. EGS technology has the potential to unlock the
vast amount of heat and energy located at depths accessible to current and future drilling technologies. This is a strategic
domestic resource that can supply more than 100,000 MWe of clean baseload energy. The technical targets for this
technology area are to demonstrate the technical feasibility of EGS at a commercial scale by 2020 and to lower the
levelized cost of energy (LCOE) to 6 cents/kWh by 2020. While achieving cost-competitive electricity generation from
EGS is a long-term goal, in the near-term, R&D projects will move industry along the learning curve toward technological
readiness. The office supports RD&D activities through academia, national laboratories, and industry partnerships that
advance EGS technologies.

Key EGS activities are currently focused on:

¢ Five EGS demonstrations to validate reservoir creation in different geologic conditions;

e Research and development (R&D) funded by the American Recovery and Reinvestment Act (ARRA) and through
a FY 2011 Funding Opportunity Announcement (FOA) - Key research areas include: zonal isolation, observation
and monitoring tools, well completions, subsurface modeling, and induced seismicity;

o National Laboratory Annual Operating Plan (AOP) projects focused on key office priorities and aligned with core
lab capabilities; and

e Technology roadmapping.

The office invests in both near-hydrothermal field and greenfield EGS. The near-hydrothermal field EGS resource
includes the areas around identified hydrothermal sites that lack sufficient permeability and/or in-situ fluids to be
economically produced as conventional hydrothermal resources. Greenfield EGS is used to describe technology
demonstration in geologic settings that have not been previously exploited as hydrothermal resources. Technologies of
R&D solicitations have included: temperature-hardened submersible pumps; zonal isolation tools; smart tracers; high
temperature, high pressure monitoring and logging tools; advanced seismic analysis for interpretation of fluid flow and
induced seismicity; coupled models to predict reservoir development and performance; advanced mineral recovery from
geothermal fluids; high temperature cements; directional drilling systems; measurement while drilling tools; well
stimulation technologies; advanced fracture characterization technologies; and power conversion. While these
technologies are vital to the success of EGS, they also apply to other types of geothermal power generation technologies
(e.g., hydrothermal systems). Recent successes include improved reservoir models and the expansion of the suite of high
temperature downhole tools available for geothermal energy applications.

The office’s EGS R&D efforts are currently focused on reservoir creation and monitoring, as well as FY 2011 awards as
they progress to phase I1. In FY 2013, an EGS field lab effort will be launched. The goals of this effort are to establish the
technical and operational settings and parameters where EGS can be commercially successful.

Table 4.1 provides a list of the EGS Demonstrations projects that were included in the 2012 Peer Review Meeting and
their scores. The scoring data are presented graphically in Figure 4.13. Overall, this technology review area had five
projects reviewed. The five projects were scored by an average of four reviewers. The weighted average scores had an
average, maximum, and minimum value of 3.3, 3.7, and 3.1 respectively. Table 4.1 also shows the job creation numbers
to date. The job creation numbers are self-reported by the organization or Principal Investigator. Please refer to Table 2.1
for the weighting criteria used to determine the final scoring, and see Appendix A for detailed reviewer comments and
rebuttals by the Principal Investigators for each individual project.



U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

TABLE 4.1 EGS Demonstration projects

Weighted

L . Job
Relevance | Scientific Project Average

& Impact & Accomplishments, | Management Scores AUMBEFS
.. . (FTEs to
Principal of Technical Results, & & for date)
Title Organization Investigator | Research | Approach Progress Coordination Projects
Demonstration of an Enhanced Geysers Mark 3.8 4.0 3.5 3.5 3.7 None
Geothermal System at the Northwest Power Walters Provided
Geysers Geothermal Field Company, LLC
Desert Peak East EGS Project Ormat Peter 3.5 3.5 33 3.8 3.4 None
Nevada, Inc. Drakos Provided
Feasibility of EGS Development at Ormat Peter 3.3 3.3 3.0 3.8 3.2 None
Brady's Hot Springs Nevada, Inc. Drakos Provided
Newberry Volcano EGS Demonstration AltaRock Susan Petty 3.3 3.3 2.8 3.8 3.1 10.0
Energy, Inc.
Concept Testing and Development at University of Joseph 3.5 3.8 2.5 3.3 3.1 None
the Raft River Geothermal Field, Idaho Utah - Moore Provided

Demonstration of an EGS at the Northwest
Geysers Geothermal Field (Geysers)

Feasibility of EGS Development at Brady's Hot
Springs (Ormat)

Newberry Volcano EGS Demos (AltaRock)

Concept Testing & Development at the Raft
River Geothermal Field, Idaho (U of U)

0 1 2 3 4
B Relevance & Impact of Research | Scientific & Technical Approach
m Accomplishments, Results, & Progress M Project Management & Coordination

FIGURE 4.13. EGS Demonstration projects

Figure 4.13 EGS Demonstration projects. Shown are the scoring metric’s weighted contribution to the weighted average
score for each individual project. The error bars represent the maximum and minimum weighted average score received
by project from individual reviewers.
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4.2 Exploration Validation

High exploration risks and costs are a major barrier to expanded development of the Nation’s hidden hydrothermal
resources. To address this challenge the office is developing exploration tools and techniques to create a lower and more
predictable risk profile for geothermal development projects. In addition to reducing exploration risk, office exploration
RD&D priorities are the following: increase the economic viability of exploration technologies, confirm new
hydrothermal resources, and foster useful data for the National Geothermal Data System. Best practices for geothermal
exploration, which include geologic research, remote sensing, and both surface and downhole geochemistry and
geophysical techniques and how they are used throughout the U.S, are being developed. These best practices will help
establish technical and cost targets. Additionally, the portfolio of Recovery Act Exploration Validation projects has the
specific goal of confirming 400 MWe of new geothermal resources by 2014.

Significant investment was made in R&D and validation of innovative exploration technologies with the 2009 American
Recovery and Reinvestment Act. A funding opportunity in 2011 further added to the portfolio of exploration technology
development projects. The office has also been engaged in roadmapping efforts for the past two years. For more
successful targeting of exploration wells, technical advancement is needed in several areas: noninvasive geophysical
techniques including improved data collection and interpretation of existing techniques; improved invasive measurement
tools and techniques; geophysical airborne data gathering techniques; improved geochemical techniques; high resolution
remote sensing data and reliable automated processing methods; stress/strain data mapping; multidisciplinary conceptual
models; 3-D modeling software; and the creation of case study examples of geothermal systems in different geologic
settings. The office is working in cooperation with industry, academia and the national labs to address many of these

technology challenges.

Table 4.2 provides a list of the Exploration Validation projects that were included in the 2012 Peer Review Meeting and
their scores. The scoring data are presented graphically in Figure 4.14. Overall, this technology review area had 16
projects reviewed. The 16 projects were scored by an average of 3.4 reviewers. The weighted average scores had an
average, maximum, and minimum value of 3.0, 4.0, and 2.1 respectively. Table 4.2 also shows the job creation numbers
to date. The job creation numbers are self-reported by the organization or Principal Investigator. Please Refer to Table 2.1
for the weighting criteria used to determine the final scoring, and see Appendix A for detailed reviewer comments and
rebuttals by the Principal Investigators for each individual project.

Title
Characterizing Structural Controls of
EGS-Candidate and Conventional
Geothermal Reservoirs in the Great
Basin: Developing Successful
Exploration Strategies in Extended
Terranes
Integrated Chemical
Geothermometry System for
Geothermal Exploration

The Snake River Geothermal Drilling
Project - Innovative Approaches to
Geothermal Exploration

Organization

University of
Nevada,
Reno

Lawrence
Berkeley
National
Laboratory
Utah State
University

TABLE 4.2 Exploration Validation projects

Relevance | Scientific
& Impact &
Principal of Technical
Investigator | Research | Approach
James 4.0 4.0
Faulds
Nicolas 3.7 3.7
Spycher
John W. 3.5 3.3
Shervais

Accomplishments,
Results, &
Progress

4.0

33

3.8

Project
Management

&

Coordination

4.0

3.7

83

Weighted
Average
Scores
for
Projects

4.0 15.0

Job numbers
(FTEs to date)
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Weighted
Relevance | Scientific Project Average
. Job numbers
& Impact & Accomplishments, | Management Scores (FTEs to date)
Principal of Technical Results, & & for
Title Organization | Investigator | Research | Approach Progress Coordination Projects
Comprehensive Evaluation of the Pyramid Donna Noel 3.0 3.5 3.5 3.5 3.4 20.0
Geothermal Resource Potential Lake Paiute
within the Pyramid Lake Paiute Tribe
Reservation
Development of Exploration AltaRock Joe lovenitti 2.7 33 33 33 3.2 6.0
Methods for Engineered Energy, Inc.

Geothermal Systems through
Integrated Geophysical, Geologic
and Geochemical Interpretation

High Precision Geophysics & Nevada John 3.0 3.0 3.0 33 3.1 5.5
Detailed Structural Exploration & Geothermal Casteel

Slim Well Drilling Power Inc.

Validation of Innovative Exploration  University of  Gwen 3.0 3.0 3.0 3.0 3.0 2.0
Techniques at Pilgrim Hot Springs, Alaska Holdmann

Alaska Fairbanks

Conducting a 3D Converted Shear Ormat Patrick 3.0 33 2.7 3.0 3.0 66.1
Wave Project to reduce exploration Technologies  Walsh

risk at Wister, CA Inc.

Recovery Act: Detachment Faulting  University of  Daniel 2.8 3.8 2.8 2.3 29 None Provided
and Geothermal Resources — An Texas Stockli

Innovative Integrated Geological
and Geophysical Investigation of
Pearl Hot Spring, Nevada

Innovative Exploration Techniques Pueblo of Greg 3.0 2.7 3.0 3.0 2.9 6.0
for Geothermal Assessment at Jemez Kaufman

Jemez Pueblo, New Mexico

Advanced Seismic data Analysis Oski Energy, Theodore 3.0 3.0 2.7 3.0 2.9 0.0
Program (The "Hot Pot Project") LLC De Rocher

Merging High Resolution Ormat Patrick 3.0 2.7 2.7 3.0 2.8 5.5
Geophysical and Geochemical Technologies  Walsh

Surveys to Reduce Exploration Risk Inc.

at Glass Buttes, Oregon

Validation of Innovative Exploration  Davenport Albert F. 33 2.7 2.3 2.7 2.7 46.0
Technologies for Newberry Volcano ~ Power, LLC Waibel

Direct Confirmation of Commercial Flint Lee 2.7 2.3 2.3 2.0 24 1.0
Geothermal Resources in Colorado Geothermal Robinson

using Remote Sensing and On-Site LLC
Exploration, Testing and Analysis

El Paso County Geothermal Electric Ruby Jon Lear 2.5 2.3 2.3 2.5 2.3 None

Generation Project: Innovative Mountain, Provided

Research Technologies Applied to Inc

the Geothermal Resource Potential

at Ft. Bliss

Alum Innovative Exploration Project ~ Ram Power Clay Miller 2.3 3.0 1.8 1.5 2.1 0.0
Corp.
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Characterizing Structural Controls of EGS & Conventional Reservoirs in the Great
Basin: Exploration Strategies in Extended Terranes (UNR)

Integrated Chemical Geothermometry System for Geothermal Exploration
(LBNL)

The Snake River Geothermal Drilling Project - Innovative Approaches to
Geothermal Exploration (Utah State)

Comprehensive Eval of the Geothermal Potential within the Pyramid Lake
Paiute Reservation (Pyramid Lake)

Dev of Exploration Methods for EGS through Integrated Geophysical, Geologic &
Geochemical Interpretation (AltaRock)

High Precision Geophysics & Detailed Structural Exploration & Slim Well Drilling
(NGP)

Validation of Innovative Exploration Techniques at Pilgrim Hot Springs, AK (U of
A, Fairbanks)

Conducting a 3D Converted Shear Wave Project to Reduce Exploration Risk at
Wister, CA (Ormat)

Detachment Faulting & Geothermal Resources — An Innovative Geological &
Geophysical Investigation of Pearl Hot Spring, NV (U of TX)

Innovative Exploration Techniques for Geothermal Assessment at Jemez Pueblo,
NM (Pueblo of Jemez)

Advanced Seismic data Analysis Program - The "Hot Pot Project" (Oski Energy,
LLC)

Merging High Res Geophysical & Geochemical Surveys to Reduce Exploration
Risk at Glass Buttes, OR (Ormat)

Validation of Innovative Exploration Technologies for Newberry Volcano
(Davenport)

Direct Confirmation of Commercial Resources in CO using Remote Sensing &
On-Site Exploration, Testing & Analysis (Flint)

El Paso County Geothermal Electric Generation Project: Innovative Research
Technologies at Ft. Bliss (Ruby Mtn, Inc)

Alum Innovative Exploration Project (Ram Power)

0 1 2 3 4 5
M Relevance & Impact of Research B Scientific & Technical Approach
= Accomplishments, Results, & Progress B Project Management & Coordination

FIGURE 4.14. Exploration Validation projects

Figure 4.14 Exploration Validation Project. Shown are each scoring metric’s weighted contribution to the weighted
average project score for each individual project. The error bars represent the maximum and minimum weighted average
score received by project from individual reviewers.
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4.3 High-Temperature Tools, Drilling Systems, and Zonal Isolation

In order to effectively develop EGS reservoirs, the subsurface must be comprehensively characterized prior to and during
EGS stimulation, therefore, the office is working with partners to develop high temperature sensors and electronics for
both transient and permanent downhole applications, including tools for reservoir characterization and tracking reservoir
evolution; real-time down-hole monitoring of temperature, pressure, fluid characteristics, and seismicity; tools for
identifying and tracking fluid flow paths, pre- and post-stimulation; and tools, techniques, and technologies for
drilling/well completion. The office is also developing enabling technologies for reservoir creation and sustainable
operation including high-temperature borehole packers and submersible pumps.

The American Recovery and Reinvestment Act of 2009 allowed the office to support research and development of various
High-Temperature Tools, Drilling Systems, and Zonal Isolation technologies tailored for use in harsh geothermal
environments. High temperature tools and sensors are being designed for temperatures of 374°C and depths up to 10,000
m (supercritical reservoirs). In Drilling Systems, technologies are being developed that provide increased rates of
penetration (3x the current rates of 10 ft/hr), reduced costs for drilling in hard rock environments, and 300°C tolerance
with capabilities of reaching depths of up to 10,000 m. The Directional Drilling and Measurement-While-Drilling (MWD)
technologies focus on tool development to guide directional drilling operations and facilitate characterization of the rock
mass/reservoir during drilling, including telemetry methods to transmit data to the surface and design and development of
high performance bottom-hole assemblies. The objectives of the Zonal Isolation efforts are to seal off unwanted flow
regions using both physical and chemical diverters, and to facilitate multi-stage fracturing in high-temperature (>200°C)
environments as well as to increase power production per well.

Table 4.3 provides a list of the High-Temperature Tools, Drilling Systems, and Zonal Isolation projects that were included
in the 2012 Peer Review Meeting and their scores. The scoring data are presented graphically in Figure 4.15. Overall, this
technology review area had 25 projects reviewed. The 25 projects were scored by an average of four reviewers. The
weighted average scores had an average, maximum, and minimum value of 2.9, 3.4, and 2.4 respectively. Table 4.3 also
shows the job creation numbers to date. The job creation numbers are self-reported by the organization or Principal
Investigator. Please Refer to Table 2.1 for the weighting criteria used to determine the final scoring, and see Appendix A
for detailed reviewer comments and rebuttals by the Principal Investigators for each individual project.

TABLE 4.3 High-Temperature Tools, Drilling Systems, and Zonal Isolation projects

Relevance | Scientific Project Weighted Job
& Impact & Management Average numbers
Principal of Technical Accomplishments, & Scores for | (FTEs to
Title Organization Investigator [ Research | Approach | Results, & Progress | Coordination Projects date)

Pressure Sensor and Telemetry GE Global Alexey Vert 3.5 3.8 3.3 3.0 3.4 3.0
Methods for Measurement While Research
Drilling in Geothermal Wells
High Temperature 300°C Directional Baker Hughes Aaron Dick 3.8 3.5 3.3 3.0 3.4 5.5
Drilling System Qilfield

Operation,

Inc.
Application of geothermally Lawrence William 3.0 3.0 3.5 3.8 3.3 1.0
produced silica in Reservoir Livermore Bourcier
Management National

Laboratory
Multiparameter Fiber Optic Sensing GE Global William 3.5 3.3 3.0 33 3.2 10.3
System for Monitoring Enhanced Research Challener
Geothermal Systems
OM-300 - MWD Geothermal Honeywell Bruce Ohme 3.8 3.0 3.0 3.3 3.2 5.5
Navigation Instrument International,

Inc.
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Relevance | Scientific Project Weighted Job
& Impact & Management Average numbers
Principal of Technical Accomplishments, & Scores for | (FTEs to
Title Organization Investigator Research Approach | Results, & Progress | Coordination Projects date)
Technology Development and Field Sandia David 3.0 3.0 3.3 3.3 3.1 4.0
Trials of EGS Drilling Systems National Raymond
Laboratories
Stinger enhanced bits for engineered  Novatek, Inc. David Hall 3.0 3.3 3.0 3.3 3.1 23.0
geothermal systems (EGS)
High-Temperature Circuit Boards for =~ Composite Matthew W. 3.0 3.0 3.0 33 3.0 2.0
use in Geothermal Well Monitoring Technology Hooker
Applications Development,
Inc.
High Temperature, High Pressure Composite Paul Fabian 3.5 3.0 2.8 3.3 3.0 1.0
Devices for Zonal Isolation in Technology
Geothermal Wells Development,
Inc.
Geopolymer Sealing Materials Brookhaven Toshi 3.0 3.0 3.0 3.0 3.0 0.5
National Sugama
Laboratory
Development of a Hydrothermal Potter Drilling, Jared Potter 3.3 3.0 2.8 3.5 3.0 4.0
Spallation Drilling System for EGS Inc.
Development of a Multichip Sandia Scott 3.0 2.8 3.3 2.8 3.0 None
Module(MCM) to Enhance High National Lindblom Provided
Temperature Accelerometer Laboratories
Measurements
Perforating System for Geothermal Schlumberger  Moises 3.3 3.0 2.8 3.3 3.0 6.0
Applications Technology Smart
Corporation
Evaluation of Corrosion/Erosion of Oak Ridge John Jy-An 3.0 2.8 3.0 3.5 3.0 None
Casing Materials Under Extreme National Wang Provided
Conditions Laboratory
Complete Fiber/Copper Cable Draka Mark Lowell 3.5 3.3 2.5 3.0 3.0 4.1

Solution for Long-Term Temperature  Cableteq USA
and Pressure Measurement in
Supercritical Reservoirs and EGS

Wells
High Temperature Downhole Motor Sandia David 3.3 3.0 2.7 3.3 3.0 None
National Raymond Provided
Laboratories
Detecting Fractures Using Baker Hughes Doug 3.0 33 2.8 2.8 3.0 None
Technology at High-Temperatures Qilfield Patterson Provided
and Depths Operation,
Inc.
Harsh Environment Silicon Carbide University of Albert 3.0 3.0 2.8 3.3 2.9 2.8
Sensor Technology California, Pisano
Berkeley
Enhanced High Temperature/High Sandia Scott 2.8 3.3 2.8 3.0 2.9 None
Speed Data Link for Logging Cables National Lindblom Provided
Laboratories
Base Technologies and Tools for Sandia Scott 2.8 2.5 2.8 2.3 2.6 0.5
Supercritical Reservoirs National Lindblom
Laboratories
Modeling of thermally induced spall Lawrence Ilya Lomov 2.0 2.8 2.8 3.0 2.6 None
of brittle geomaterials Livermore Provided
National
Laboratory
Energetic Materials for EGS Well Sandia Doug 3.0 2.8 2.0 33 2.6 None
Stimulation National Blankenship Provided

Laboratories
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Relevance | Scientific Project Weighted Job
& Impact & Management Average numbers
Principal of Technical Accomplishments, & Scores for | (FTEs to
Title Organization Investigator Research Approach | Results, & Progress | Coordination Projects date)
Multipurpose Acoustic Sensor for Los Alamos Cristian 2.3 2.5 2.8 2.5 2.6 1.0
Downhole Fluid Monitoring National Pantea
Laboratory
Auto-Indexer for Percussive Sandia JiAnn Su 2.5 2.8 2.3 2.5 2.5 None
Hammers National Provided
Laboratories
Microhole Arrays Drilled With Impact Kenneth 2.3 2.3 2.5 2.5 2.4 4.2
Advanced Abrasive Slurry Jet Technologies, Oglesby
Technology To Efficiently Exploit LLC
Enhanced Geothermal Systems
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Pressure Sensor & Telemetry for MWD in Geothermal Wells (GE Global)
High Temp 300°C Directional Drilling System (Baker Hughes)
Application of Geothermally Produced Silica in Reservoir Mgmt (LLNL)
Multiparameter Fiber Optic Sensing for Monitoring EGS (GE Global)
OM-300 - MWD Geothermal Navigation Instrument (Honeywell)
Technology Development and Field Trials of EGS Drilling (SNL)

Stinger enhanced bits for EGS (Novatek)

High-Temp Circuit Boards for Geothermal Well Monitoring (CTD)

High Temp, High Pressure Devices for Zonal Isolation in Wells (CTD)
Geopolymer Sealing Materials (BNL)

MCM to Enhance High Temp Accelerometer Measurements (SNL)

Dev of a Hydrothermal Spallation Drilling System for EGS (Potter)
Perforating System for Geothermal Applications (Schlumberger)

Eval of Corrosion of Casing Materials Under Extreme Conditions (ORNL)
Fiber/Copper Cables for Temp/Pressure Measurement (Draka)

High Temperature Downhole Motor (SNL)

Detecting Fractures Using Technology at High-Temp and Depths (Baker Hughes)
Harsh Environment Silicon Carbide Sensor Technology (UC, Berkeley)
Enhanced High Temp/High Speed Data Link for Logging Cables (SNL)
Base Technologies and Tools for Supercritical Reservoirs (SNL)
Modeling of thermally induced spall of brittle geomaterials (LLNL)
Energetic Materials for EGS Well Stimulation (SNL)

Multipurpose Acoustic Sensor for Downhole Fluid Monitoring (LANL)
Auto-Indexer for Percussive Hammers (SNL)

Microhole Arrays With Adv Abrasive Slurry Jets To Exploit EGS (Impact)

B Relevance & Impact of Research B Scientific & Technical Approach

1 Accomplishments, Results, & Progress B Project Management & Coordination

FIGURE 4.15. High Temperature Tools, Drilling Systems, and Zonal Isolation projects

Figure 4.15 High Temperature Tools, Drilling Systems, and Zonal Isolation projects. Shown are each scoring metric’s
weighted contribution to the weighted average project score for each individual project. The error bars represent the
maximum and minimum weighted average score received by project from individual reviewers.
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4.4 Low-Temperature and Co-Production Demonstration

The Geothermal Technologies Office (GTO) works with industry and academia to develop and deploy new low
temperature and co-production technologies that will help the geothermal community achieve widespread adoption of
under-utilized, low temperature resources. The Low-Temperature and Co-produced technology area benefits from office-
wide component research and development to drive down capital and operating costs through improved efficiencies in
working fluids, cooling systems, heat exchangers, and other system components. Additional capital, operations and
maintenance (O&M), and waste disposal costs will be driven down by knowledge gained and technical advances made in
both the demonstration projects and applied research and development (R&D) science.

Low-Temperature geothermal energy is defined as heat obtained from geothermal fluid at temperatures of 300°F (150°C)
or less. These resources are typically used in direct-use applications, such as district heating, greenhouses, fisheries,
mineral recovery, and industrial process heating. However, some low-temperature resources can be harnessed to generate
electricity using binary-cycle power-system technology.

Approximately 15-30 billion barrels of co-produced hot water is produced each year from oil and gas operation in the
United States. Historically, this hot water has been an inconvenience and requires proper disposal; however, it is now
being looked at as a resource to produce electricity for in-field use or to be sold to the grid. Co-produced geothermal
resources have the potential to extend the economic life of oil and gas fields as well as engage the oil and gas sector in the
geothermal market.

Projects funded by GTO in this technology area work toward a goal of achieving widespread production of low-
temperature power through demonstration of economic power generation from low-temperature and co-produced fluids,
data collection and dissemination, and increased collaboration between government and industry. GTO is working toward
a goal of achieving widespread production of low-temperature power by 2020 through surface and down-hole technology
advances and improved education and outreach.

Table 4.4 provides a list of the Low-Temperature and Co-Production Demonstration projects that were included in the
2012 Peer Review Meeting and their scores. The scoring data are presented graphically in Figure 4.16. Overall, this
technology review area had 12 projects reviewed. The 12 projects were scored by an average of 3.8 reviewers. The
weighted average scores had an average, maximum, and minimum value of 3.1, 3.8, and 1.7 respectively. Table 4.4 also
shows the job creation numbers to date. The job creation numbers are self-reported by the organization or Principal
Investigator. Please Refer to Table 2.1 for the weighting criteria used to determine the final scoring, and see Appendix A
for detailed reviewer comments and rebuttals by the Principal Investigators for each individual project.

TABLE 4.4 Low-Temperature and Co-Production Demonstration projects

Weighted

Relevance | Scientific Project Average Job
& Impact & Accomplishments, | Management Scores numbers
Principal of Technical Results, & & for (FTEs to
Title Organization Investigator | Research | Approach Progress Coordination Projects date)
Dixie Valley Bottoming Binary Project Terra-Gen Dale 4.0 3.8 3.8 3.5 3.8 None
McDonald Provided
Beowawe Bottoming Binary Project Beowawe Dale 3.8 3.5 3.5 3.8 3.6 None
Power, LLC McDonald Provided
Rural Cooperative Geothermal Surprise Valley  Daniel 3.5 3.3 3.8 3.8 3.6 0.0
Development- Electric and Agriculture Electrification Silveria
Corp.
Demonstration of a Variable Phase Energent Lance Hays 3.8 3.5 33 3.0 3.4 None
Turbine Power System for Low Corporation Provided
Temperature Geothermal Resources
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Title
Osmotic Heat Engine for Energy
Production from Low Temperature
Geothermal Resources
Small Scale Electrical Power Generation
from Heat Co-Produced in Geothermal
Fluids: Mining Operation
Technical Demonstration and Economic
Validation of Geothermally-Produced
Electricity from Coproduced Water at
Existing Oil/Gas Wells in Texas
Scale Resistant Heat Exchangers for
Low Temperature Geothermal Binary
Cycle Power Plant
Kalex Advanced Low Temperature
Geothermal Power Cycle (The Bald
Mountain Project)
The Canby Cascaded Geothermal
Development Project

Low Temperature Power Production
Field Validation

Novel Energy Conversion Equipment
for Low Temperature Geothermal
Resources

Organization
Oasys Water

ElectraTherm,
Inc.

Universal
GeoPower, LLC

Energent
Corporation

Oski Energy,
LLC

Modoc
Contracting
Company
National
Renewable
Energy
Laboratory
Johnson
Controls, Inc.

Principal
Investigator
Robert
McGinnis

Tom Clark

Chris
Luchini

Phillip
Welch

Larry Bandt

Dale
Merrick
Tom

Williams

Eric Minor

Relevance
& Impact

of

Research

35

3.7

3.0

3.8

3.0

3.0

2.8

1.8

Scientific

&

Technical
Approach

33

3.0

3.0

3.0

3.0

2.8

2.5

1.5

Accomplishments,
Results, &
Progress

35

3.0

33

3.0

2.8

2.5

23

1.8

Project
Management
&
Coordination
3.0

3.7

3.7

3.0

2.5

3.0

2.0

2.0

Weighted
Average
Scores
for
Projects

3.4

Job
numbers
(FTEs to
date)
None
Provided

5.0

0.2

None
Provided

0.0
None
Provided
None

Provided

None
Provided
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Dixie Valley Bottoming Binary Project (Terra-Gen)

Beowawe Bottoming Binary Project (Beowawe)

Rural Cooperative Geothermal Development- Electric & Agriculture
(SVEC)

Demo of a Variable Phase Turbine Power System for Low Temp
Geothermal Resources (Energent)

Osmotic Heat Engine for Energy Production from Low Temp
Geothermal Resources (Oasys)

Technical Demo & Economic Validation of Geothermally-Produced
Electricity at Existing Oil/Gas Wells in TX (Universal GeoPower)

Small Scale Power Generation from Heat Co-Produced in
Geothermal Fluids: Mining Operation (ElectraTherm)

Scale Resistant Heat Exchangers for Low Temp Geothermal Binary
Cycle Power Plant (Energent)

)

Kalex Advanced Low Temp Geothermal Power Cycle -The Bald Mtn
Project (Oski)

The Canby Cascaded Geothermal Development Project (Modoc)

Low Temp Power Production Field Validation (NREL)

il

Novel Energy Conversion Equipment for Low Temp Geothermal
Resources (Johnson Controls)

o
N
N
w
~
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M Relevance & Impact of Research M Scientific & Technical Approach

= Accomplishments, Results, & Progress M Project Management & Coordination

FIGURE 4.16. Low-Temperature and Co-Production Demonstration projects

Figure 4.16 Low-Temperature and Co-Production Demonstration projects. Shown are each scoring metric’s weighted
contribution to the weighted average project score for each individual project. The error bars represent the maximum and
minimum weighted average score received by project from individual reviewers.
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4.5 Modeling

The objectives of GTO’s predictive modeling efforts are to assess the productive capacity and longevity of potential EGS
or known geothermal systems and to design the creation and exploitation of reservoirs. For both the initial native state of
geothermal systems, and in response to alternative exploitation scenarios that may be considered, predictive modeling of
geothermal systems primarily involves fluid and heat flow modeling. However, prediction of rock response to
enhancement activities is of particular importance for EGS. The objectives of GTO’s reservoir/seismicity modeling efforts
are to develop a computational test bed to produce realistic models of EGS stimulation-response scenarios, and to serve as
a general guide for the geothermal developer to address induced seismicity issues.

Subsurface energy technologies associated with shale gas exploration, carbon capture and storage, and geothermal energy
utilization can give rise to microseismic activity. Thus, modeling capabilities are needed to predict such activity from
perturbations induced by stimulation, production, and injection operations, and to identify and implement operational
conditions that eliminate or limit the potential for large and/or numerous earthquakes.

Within the Modeling technology area, activities are focused on:
¢ Developing reservoir-scale fully coupled thermal-hydraulic-mechanical-chemical models;
Developing joint geophysical inversion techniques;
Identifying geologic environments that are favorable to creating EGS;
Improving fracture and flow imaging using surface technologies, and;
Identifying the most cost-effective geophysical methods and how they are applied for identifying undiscovered
geothermal resources.

Table 4.5 provides a list of the Modeling projects that were included in the 2012 Peer Review Meeting and their scores.
The scoring data are presented graphically in Figure 4.17. Overall, this technology review area had five projects reviewed.
The five projects were scored by an average of five reviewers. The weighted average scores had an average, maximum,
and minimum value of 3.2, 3.6, and 2.5 respectively. Table 4.5 also shows the job creation numbers to date. The job
creation numbers are self-reported by the organization or Principal Investigator. Please Refer to Table 2.1 for the
weighting criteria used to determine the final scoring, and see Appendix A for detailed reviewer comments and rebuttals
by the Principal Investigators for each individual project.

TABLE 4.5 Modeling projects

Weighted

Relevance | Scientific Project Average Job
& Impact & Accomplishments, | Management Scores numbers
Principal of Technical Results, & & for (FTEs to
Title Organization Investigator | Research | Approach Progress Coordination Projects date)
Predicting Stimulation-Response Lawrence Charles 3.8 3.8 3.4 3.8 3.6 3.0
Relationships for Engineered Livermore Carrigan
Geothermal Reservoirs National
Laboratory
Analysis of Geothermal Reservoir Texas A&M Ahmad 3.3 3.5 3.5 3.5 3.5 None
Stimulation using Geomechanics- University Ghassemi Provided

Based Stochastic Analysis of Injection-
Induced Seismicity

Modeling Supporting the Lawrence Jonny 4.0 3.2 3.2 34 3.4 None
Demonstration of a Deep Enhanced Berkeley Rutqvist Provided
Geothermal System at the Northwest National

Geysers Geothermal Field, California Laboratory

Development of an Advanced Science John 3.2 3.2 2.8 3.2 3.0 0.5
Stimulation/Production Predictive Applications Pritchett

Simulator for Enhanced Geothermal International

Systems Corporation
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Weighted
Relevance | Scientific Project Average Job
& Impact & Accomplishments, | Management Scores numbers
Principal of Technical Results, & & for (FTEs to
Title Organization Investigator | Research | Approach Progress Coordination Projects date)
A new analytic-adaptive model for University of George 2.8 2.3 2.5 2.5 2.5 7.0
EGS assessment, development and Nevada, Reno Danko

management support

Predicting Stimulation-Response Relationships
for EGS (LLNL)

Analysis of Reservoir Stimulation using
Geomechanics-Based Stochastic Analysis of
Injection-Induced Seismicity (Texas A&M)

L

Modeling Supporting the Demo of a Deep EGS
at the Northwest Geysers Geothermal Field,
CA (LBNL)

Dev of an Advanced Stimulation/Production
Predictive Simulator for EGS (SAIC)

=+

A new analytic-adaptive model for EGS
assessment, development & management
support (UNR)

0 1 2 3 4 5
M Relevance & Impact of Research B Scientific & Technical Approach
= Accomplishments, Results, & Progress M Project Management & Coordination

FIGURE 4.17. Modeling projects

Figure 4.17 Modeling projects. Shown are each scoring metric’s weighted contribution to the weighted average project
score for each individual project. The error bars represent the maximum and minimum weighted average score received
by project from individual reviewers.
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4.6 Seismicity, Fluid Imaging, and Reservoir Fracture Characterization

Mapping seismicity and subsurface fluid flow pathways during stimulation and throughout the life of Enhanced
Geothermal Systems (EGS) projects is critical from both a monitoring and reservoir management perspective; these data
provide a means to identify the location of critically stressed fractures through both observation and modeling approaches.
When collected over time, information on fracture location and orientation and the ability to predict fracture
characteristics will promote an understanding of reservoir evolution and will lower EGS and Hydrothermal development
costs by facilitating the drilling of preferentially oriented (and inherently successful) wells.

In general, the objectives of the Seismicity, Fluid Imaging, and Reservoir Fracture Characterization technology area are to
understand and predict the mechanical characteristics of a reservoir including the state of stress on existing or induced
fractures in reservoir formations. Specifically, projects in this technology category seek to image natural or EGS-induced
fluid-filled fractures at depths of 1,000 to10,000 meters in rocks of various compositions and to monitor and record
seismicity to sub-zero magnitudes with 99% reliability and a small location error. The Geothermal Technologies Office
(GTO) is developing surface and borehole seismic methodologies using both compressional and shear waves for
characterizing fractures in EGS. Additionally, GTO is developing high resolution, microearthquake (MEQ) tools and
methods suited to monitoring EGS-induced microearthquakes.

Reservoir stimulation (hydraulic, thermal, and/or chemical) is an essential step in creating an EGS. Seismic imaging and
monitoring MEQs, as well as fracture characterization, are critical R&D areas for EGS and have relevance to
hydrothermal systems as well. The seismic energy released during reservoir stimulation provides the best means of
locating and characterizing induced or reactivated fractures. The collection and interpretation of these seismic signals is
thus crucial for understanding the extent, density, and quality of the reservoir created by the stimulation. Moreover, EGS
risk and hazard assessment will benefit greatly from better microearthquake predictions and simulation abilities currently
under development.

Table 4.6 provides a list of the Seismicity, Fluid Imaging, and Reservoir Fracture Characterization projects that were
included in the 2012 Peer Review Meeting and their scores. The scoring data are presented graphically in Figure 4.18.
Overall, this technology review area had 16 projects reviewed. The 16 projects were scored by an average of 3.9
reviewers. The weighted average scores had an average, maximum, and minimum value of 3.1, 3.7, and 2.6 respectively.
Table 4.6 also shows the job creation numbers to date. The job creation numbers are self-reported by the organization or
Principal Investigator. Please Refer to Table 2.1 for the weighting criteria used to determine the final scoring, and see
Appendix A for detailed reviewer comments and rebuttals by the Principal Investigators for each individual project.

TABLE 4.6 Seismicity, Fluid Imaging, and Reservoir Fracture Characterization projects

Weighted

Relevance | Scientific Project Average Job
& Impact & Accomplishments, | Management Scores numbers
Principal of Technical Results, & & for (FTEs to
Title Organization Investigator Research | Approach Progress Coordination Projects date)
The Role of Geochemistry and Stress University of Joseph 3.8 3.8 3.8 3.5 3.7 None
on Fracture Development and Utah Moore Provided
Proppant Behavior in EGS Reservoirs
Imaging Fluid Flow in Geothermal Lawrence Barry 3.5 3.5 3.5 3.8 3.5 None
Wells Using Distributed Thermal Berkeley Freifeld Provided
Perturbation Sensing National
Laboratory
The Use of Downhole Technologiesto  Stanford Roland 3.5 3.3 3.3 3.3 3.3 None
Characterize Fractures in EGS University Horne Provided
Reservoirs
Micro-earthquake Technology for EGS ~ Foulger Gillian 3.3 3.3 33 33 3.3 None
Fracture Characterization Consulting Foulger Provided
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Title
Joint Seismic-Electromagnetics
Inversion for Iceland Geothermal
Systems

Application of Microearthquake
(MEQ) Monitoring for Characterizing
Enhanced Geothermal Systems

Seismic Technology Adapted to
Analyzing and Developing
Geothermal Systems Below Surface-
Exposed High-Velocity Rocks
Seismic Fracture Characterization
Methods for Enhanced Geothermal
Systems

Mapping Diffuse Seismicity for
Geothermal Reservoir Management
with Matched Field Processing

Imaging, Characterizing, and
Modeling of Fracture Networks and
Fluid Flow in Enhanced Geothermal
Systems (EGS) Reservoirs

Detection and Characterization of
Fractures for the Development of EGS

Fracture Network and Fluid Flow
Imaging for Enhanced Geothermal
Systems: Applications from Multi-
Dimensional Electrical Resistivity
Structure

Ultra High Resolution Cold Neutron
Imaging of Fluid Flow and Fracture in
EGS Environments

Fluid Imaging of Enhanced
Geothermal Systems through Joint 3D
Geophysical Inverse Modeling

Characterizing Fractures in Geysers
Geothermal Field by Micro-seismic
Data, Using Soft Computing, Fractals,
and Shear Wave Anisotropy
Monitoring and Modeling Fluid Flow
in a Developing EGS Reservoir

Energy Efficiency &
Renewable Energy

Organization
Lawrence
Berkeley
National
Laboratory
Lawrence
Berkeley
National
Laboratory
University of
Texas at Austin

Hi-Q
Geophysical
Inc.
Lawrence
Livermore
National
Laboratory
Los Alamos
National
Laboratory

Massachusetts
Institute of
Technology
University of
Utah

Oak Ridge
National
Laboratory
Lawrence
Berkeley
National
Laboratory
University of
Southern
California

Massachusetts
Institute of
Technology

Principal
Investigator
Greg
Newman

Ernie Majer

Bob A.
Hardage

John H.
Queen
Dennise

Templeton

Lianjie Huang

M. Nafi
Toksoz

Philip
Wannamaker

Philip R.
Bingham

Greg

Newman

Fred
Aminzadeh

Michael
Fehler

Relevance
& Impact

of

Research

33

3.8

33

3.0

3.0

33

3.0

3.0

2.5

3.0

2.8

2.8

Scientific
&
Technical
Approach

33

33

33

33

3.0

33

3.0

3.0

2.5

2.8

2.5

2.5

Accomplishments,
Results, &
Progress

33

3.0

33

33

33

2.8

3.0

2.8

3.3

2.8

2.8

2.5

Project
Management
&
Coordination
33

33

33

3.0

33

3.0

2.8

2.8

2.5

2.3

3.0

2.8

Weighted
Average
Scores
for
Projects

3.3

Job
numbers
(FTEs to
date)
None
Provided

None
Provided

6.0

None
Provided

2.0

None
Provided

None
Provided

2.0

None
Provided

None
Provided

2.5

None
Provided
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The Role of Geochemistry & Stress on Fracture Development &
Proppant Behavior in EGS Reservoirs (U of U)

Imaging Fluid Flow in Geothermal Wells Using Distributed Thermal
Perturbation Sensing (LBNL)

The Use of Downhole Technologies to Characterize Fractures in EGS
Reservoirs (Stanford)

Seismic Tech Adapted to Analyzing & Developing Geothermal Systems
Below Surface-Exposed High-Velocity Rocks (UT, Austin)

Micro-earthquake Technology for EGS Fracture Characterization
(Foulger)

Joint Seismic-Electromagnetics Inversion for Iceland Geothermal
Systems (LBNL)

Application of MEQ Monitoring for Characterizing EGS (LBNL)

Seismic Fracture Characterization Methods for EGS (Hi-Q) —

Mapping Diffuse Seismicity for Geothermal Reservoir Management
with Matched Field Processing (LLNL)

Imaging, Characterizing, & Modeling of Fractures and Fluid Flow in EGS
Reservoirs (LANL)

Detection & Characterization of Fractures for the Development of EGS
(MIT)

Fracture Network & Fluid Flow Imaging for EGS: Applications from
Multi-Dimensional Electrical Resistivity Structure (U of U)

Ultra High Res Cold Neutron Imaging of Fluid Flow and Fracture in EGS
Environments (ORNL)

Fluid Imaging of EGS through Joint 3D Geophysical Inverse Modeling
(LBNL)

Characterizing Fractures in Geysers Field by Micro-seismic Data, Using
Soft Computing, Fractals, & Shear Wave Anisotropy (USC)

Monitoring & Modeling Fluid Flow in a Developing EGS Reservoirs
(MIT)
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FIGURE 4.18. Seismicity, Fluid Imaging, and Reservoir Fracture Characterization projects

Figure 4.18 Seismicity, Fluid Imaging, and Reservoir Fracture Characterization projects. Shown are each scoring metric’s
weighted contribution to the weighted average project score for each individual project. The error bars represent the
maximum and minimum weighted average score received by project from individual reviewers.
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4.7 Supercritical Carbon Dioxide

The Geothermal Technologies Office’s Supercritical Carbon Dioxide technology area has numerous activities that are
currently focused on:

e Modifying an existing numerical simulator (e.g. TOUGH2) to allow coupling of experimentally observed
chemical interactions between supercritical carbon dioxide (scCO,) and reservoir rocks with spatial and temporal
variations in pore/fracture geometries and in associated permeability and flow fields;

e Elucidating the carbonation reaction mechanisms between the supercritical carbon dioxide and reservoir rocks
consisting of different mineralogical compositions in aqueous and non-aqueous environments, and developing
chemical modeling capabilities for CO,-reservoir rock interactions;

e Assessing the geochemical impact of CO, on geothermal energy production by analyzing the geochemistry of
existing geothermal fields with elevated natural CO,;

e Measuring realistic rock-water reaction rates for geothermal systems using laboratory and field-based experiments
and developing reactive transport models using field-based rates to determine/stimulate the effects of carbonate
scale on production;

o Developing a CO; reactive-transport model that predicts mineral precipitation and dissolution reactions within
EGS reservoirs and surface facilities;

o Developing a new geochemical model capable of simulating an EGS-CO, reservoir during the transition from
water to scCOy;

e Estimating the performance of CO,-based EGS and enhancing and calibrating modeling capabilities for such
systems; and

e Utilizing synchrotron X-ray measurements to monitor atomic to nanoscale structural changes resulting from
chemical interactions of scCO,-H,O binary fluids in EGS reservoir rocks.

Table 4.7 provides a list of the Supercritical Carbon Dioxide projects that were included in the 2012 Peer Review Meeting
and their scores. The scoring data are presented graphically in Figure 4.19. Overall, this technology review area had five
projects reviewed. The five projects were scored by an average of four reviewers. The weighted average scores had an
average, maximum, and minimum value of 2.8, 3.8, and 1.9 respectively. Table 4.7 also shows the job creation numbers
to date. The job creation numbers are self-reported by the organization or Principal Investigator. Please Refer to Table 2.1
for the weighting criteria used to determine the final scoring, and see Appendix A for detailed reviewer comments and
rebuttals by the Principal Investigators for each individual project.

TABLE 4.7 Supercritical Carbon Dioxide projects

Weighted
Project Average

Results, &

Title Organization i A Progress
Enhanced Geothermal Systems (EGS) with CO2 as Lawrence Berkeley National Tim 3.8 4.0 3.8 33 3.8 None
Heat Transmission Fluid Laboratory Kneafsey Provided
Development of Chemical Model to Predict the  University of Utah Brian 3.5 3.3 3.0 3.0 3.2 3.1
Interactions between Supercritical CO2 and Fluid, Mcpherson
Rocks in EGS Reservoirs
Laboratory and Field Experimental Studies of CO2 Lawrence Berkeley National Tianfu Xu 2.8 3.0 2.5 2.8 2.7 None
as Heat Transmission Fluid in Enhanced Laboratory Provided
Geothermal Systems (EGS)
Experiment-Based Model for the Chemical PARC (Palo Alto Research ~ Miroslav 3.0 2.8 2.5 2.8 2.7 3.3
Interactions between Geothermal Rocks, Center) Petro
Supercritical Carbon Dioxide and Water
Single-Well Low Temperature CO2-Based GreenFire Energy Alan D. 2.3 1.8 1.8 1.8 1.9 None
Engineered Geothermal System Eastman Provided




U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

EGS with CO2 as Heat Transmission Fluid
(LBNL)

Development of Chemical Model to Predict
the Interactions btwn SCO2 and Fluid, Rocks
in EGS Reservoirs (U of U)

Lab & Field Experimental Studies of CO2 as
Heat Transmission Fluid in EGS (LBNL)

J

Experiment-Based Model for the Chemical
Interactions btwn Geothermal Rocks, SCO2
and Water (PARC)

Single-Well Low Temperature CO2-Based EGS
(GreenFire)

J
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FIGURE 4.19. Supercritical Carbon Dioxide projects

Figure 4.19 Supercritical Carbon Dioxide projects. Shown are each scoring metric’s weighted contribution to the weighted
average project score for each individual project. The error bars represent the maximum and minimum weighted average
score received by project from individual reviewers.
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4.8 Systems Analysis, Resources Assessments, Data Systems Development &
Population, and Education

The Geothermal Technologies Office’s (GTO) Systems Analysis technology area conducts financial, environmental, and
policy analysis, implements data gathering, and assesses the geothermal-resource base for all geothermal resources. This
technology area also provides analytical and technical support to inform the direction of GTO and project prioritization,
and evaluates the office’s performance and ability to achieve its goals.

In general, Systems Analysis is responsible for:

identifying technology, market, and industry barriers;

supporting informed decision-making;

analyzing the economic, environmental, and energy security benefits of geothermal development; and
demonstrating progress toward GTO goals and directing research efforts.

Development of analytical tools aims to reduce the costs and risks associated with geothermal development, which inhibit
the growth of geothermal in the U.S. Economic competitiveness of geothermal technologies is assessed through the
evaluation of implementation costs incurred by current technologies. Such an analysis is necessary to help determine
which projects might have the highest potential for near-, mid-, and long-term success. Geothermal technologies are
broken down into categories such as exploration and confirmation, well construction and drilling, reservoir engineering,
power conversion, geofluid purchase, leasing and permitting, and operations and maintenance.

Geothermal resource assessments, including information contained in the National Geothermal Data System, will help
industry to determine the available, accessible, and cost-effective geothermal resources in the U.S., ultimately reducing
costs and risks. Resource assessments and supply curves are also valuable to the office for techno-economic modeling and
office planning. In partnership with the U.S. Geological Survey (USGS), the GTO will complete the sedimentary basin
resource assessment.

The GTO’s international partnerships are intended to accelerate the development of geothermal technologies. Through
cooperative projects and information sharing, the participating countries limit blind alleys and unnecessary duplication.
The office participates in two major international efforts: the International Partnership for Geothermal Technology (IPGT)
and the International Energy Agency's Geothermal Implementing Agreement (IEA-GIA). The IPGT’s goals closely match
those of GTO, and all IPGT collaborations will lead to material gains for the office and the U.S. geothermal industry. A
collaborative project between Iceland and the U.S. on advanced 3D geophysical imaging for resource characterization to
explore valuable tools for reservoir exploration and characterization began in FY 2010.

Table 4.8 provides a list of the Systems Analysis, Resources Assessments, Data Systems Development & Population,

and Education projects that were included in the 2012 Peer Review Meeting and their scores. The scoring data are
presented graphically in Figure 4.20. Overall, this technology review area had 16 projects reviewed. The 16 projects
were scored by an average of 3.7 reviewers. The weighted average scores had an average, maximum, and minimum value
of 3.1, 3.9, and 2.2 respectively. Table 4.8 also shows the job creation numbers to date. The job creation numbers are
self-reported by the organization or Principal Investigator. Please Refer to Table 2.1 for the weighting criteria used to
determine the final scoring, and see Appendix A for detailed reviewer comments and rebuttals by the Principal
Investigators for each individual project.
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TABLE 4.8 Systems Analysis, Resources Assessments, Data Systems Development & Population,
and Education projects

Title
Heat Flow Database Expansion for
NGDS Data Development, Collection
and Maintenance
Geothermal Workforce Education
Development and Retention

State Geological Survey Contributions
to NGDS Data Development,
Collection and Maintenance
Geothermal Prospector and other
data provision tasks at NREL

Analysis of Low Temperature
Utilization of Geothermal Resources

Life Cycle Analysis of Geothermal
Systems

Geothermal Systems Engineering and
Analysis
DOE Geothermal Data Repository

Economic Impact Analysis for EGS

Northern Nevada Renewable Energy
Training Project (NV)

UNR - Great Basin Center for
Geothermal Energy

National Geothermal Resource
Assessment and Classification

Water Resource and Water Quality
Assessment of Geothermal Systems

Estimation and Analysis of Life Cycle
Costs of Baseline Enhanced
Geothermal Systems

Hydrothermal and Resource
Confirmation analysis - Data Gap
Analysis, Exploration Success Metric
and Case Studies

National Geothermal Data System
Architecture Design, Testing and
Maintenance

Organization

Southern
Methodist
University
UNR

Arizona
Geological
Survey
National
Renewable
Energy
Laboratory
West Virginia
University

Argonne
National
Laboratory
Sandia National
Laboratories
Boise State
University

University of
Utah

Truckee
Meadows
Community
College
University of
Nevada, Reno

U.S. Geological
Survey

Argonne
National
Laboratory
Adi Analytics,
LLC

National
Renewable
Energy
Laboratory
Boise State
University

Relevance | Scientific
& Impact &
Principal of Technical
Investigator | Research | Approach
David 4.0 3.7
Blackwell
Wendy 4.0 4.0
Calvin
Lee Allison 4.0 3.7
Kermit 33 3.7
Witherbee
Brian 3.5 33
Anderson
John 33 33
Sullivan
Tom Lowry 33 33
Walter 3.7 3.0
Snyder
Varun 2.5 2.8
Gowda
Jim Nichols 3.0 2.5
Wendy 33 2.0
Calvin
Colin 3.0 2.8
Williams
Corrie Clark 33 2.8
Uday 2.5 2.5
Turaga
Katherine 2.3 2.5
Young
Walter 3.0 2.3
Snyder

Weighted
Project Average Job
Accomplishments, | Management Scores numbers
Results, & & for (FTEs to
Progress Coordination Projects date)
4.0 4.0 3.9 15.6
33 4.0 3.8 None
Provided
33 3.7 3.6 237.3
3.7 3.7 3.6 None
Provided
33 3.5 3.3 6.0
3.3 3.5 3.3 None
Provided
33 3.5 33 None
Provided
3.0 2.7 3.0 59
33 3.0 29 8.0
3.5 2.8 2.9 None
Provided
33 33 2.9 None
Provided
2.5 3.0 2.8 None
Provided
2.3 2.8 2.7 None
Provided
2.8 3.0 2.7 11.2
2.5 3.0 2.6 None
Provided
1.7 2.3 2.2 23.0
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Heat Flow Database Expansion for NGDS Data Development,
Collection & Maintenance (SMU)

Geothermal Workforce Education Development & Retention (UNR)

State Geological Survey Contributions to NGDS Data Development,
Collection & Maintenance (AZGS)

Geothermal Prospector & other data provision tasks at NREL (NREL)

Analysis of Low-TempUtilization of Geothermal Resources (WVU)

Life Cycle Analysis of Geothermal Systems (ANL)

Geothermal Systems Engineering and Analysis (SNL)

DOE Geothermal Data Repository (Boise State)

Economic Impact Analysis for EGS (U of U)

Northern Nevada Renewable Energy Training Project (TMCC)

Great Basin Center for Geothermal Energy (UNR)

National Geothermal Resource Assessment & Classification (USGS)

Water Resource & Water Quality Assessment of Geothermal
Systems (ANL)

Estimation & Analysis of Life Cycle Costs of Baseline EGS (ADI)

Hydrothermal & Resource Confirmation Analysis: Data Gap
Analysis, Exploration Success Metrics & Case Studies (NREL)

National Geothermal Data System Architecture Design, Testing and
Maintenance (Boise State)
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FIGURE 4.20. Systems Analysis, Resources Assessments, Data Systems Development & Population,
and Education projects

Figure 4.20 Systems Analysis, Resources Assessments, Data Systems Development & Population and Education. Shown
are each scoring metric’s weighted contribution to the weighted average project score for each individual project. The
error bars represent the maximum and minimum weighted average score received by project from individual reviewers.
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4.9 Tracers and Tracer Interpretation

Tracers are important tools for reservoir characterization and can be divided generally into two groups: 1) chemically inert
and 2) physicochemically reactive. Inert tracers are useful in providing information on the degree of well-to-well
connectivity, tortuosity of the interwell pathway, and dispersive characteristics. Temperature sensitive, chemically
reactive, or adsorbing and fluorescing tracers can provide additional insight into flow in fractured media, heat extraction
efficiency along various flow paths, and fracture surface area. This information facilitates the development of reservoir
models with predictive capabilities. Quantitative analysis of tracer and hydrologic data provides one of the only means for
gathering information about reservoirs.

Interpretation of tracer data is difficult and subjective, which can lead to differing interpretations of a given set of tracer
data. Tracers, whether they are conservative or smart tracers, only directly contact a fraction of the geothermal reservoir.
Thus, interpretation of the data collected is always conducted with many unknown parameters. As the GTO proceeds with
the tracer and tracer analysis/interpretation technology area in the future, the goal will be to develop new technologies and
data interpretation methods that reduce the number of unknown variables and yield data that is essential to characterizing
the geothermal reservoir, as any heat exchanger would normally be characterized.

The office is developing multidimensional geothermal tracer systems that offer great promise for use in characterizing
fracture networks in EGS reservoirs. The GTO is also providing integrated tracer and tracer interpretation tools to
facilitate quantitative characterization of temperature distributions and surface area available for heat transfer. The office
is designing and analyzing laboratory and field experiments that would identify tracers with sorption properties favorable
for EGS applications. Additionally, the office is applying reversibly sorbing tracers to determine the fracture-matrix
interface area available for heat transfer, and exploring the feasibility of obtaining fracture-matrix interface area from non-
isothermal, single-well injection-withdrawal (SWIW) tests.

Table 4.9 provides a list of the Tracers and Tracer Interpretation projects that were included in the 2012 Peer Review
Meeting and their scores. The scoring data are presented graphically in Figure 4.21. Overall, this technology review area
had seven projects reviewed. The seven projects were scored by an average of 4.7 reviewers. The weighted average scores
had an average, maximum, and minimum value of 2.9, 3.5, and 2.3 respectively. Table 4.9 also shows the job creation
numbers to date. The job creation numbers are self-reported by the organization or Principal Investigator. Please Refer to
Table 2.1 for the weighting criteria used to determine the final scoring, and see Appendix A for detailed reviewer
comments and rebuttals by the Principal Investigators for each individual project.
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TABLE 4.9 Tracers and Tracer Interpretation projects

Weighted
Relevance | Scientific Project Average Job
& Impact & Accomplishments, | Management Scores numbers
Principal of Technical Results, & & for (FTEs to
Title Organization Investigator | Research | Approach Progress Coordination Projects date)
Verification of Geothermal Tracer California State Matthew 3.8 3.8 3.2 3.4 3.5 1.5
Methods in Highly Constrained Field University - Becker
Experiments Long Beach
Advancing Reactive Tracer Methods Idaho National Laurence 3.2 2.8 3.2 3.6 3.1 1.0
for Measuring Thermal Evolution in Laboratory Hull
CO2- and Water-Based Geothermal
Reservoirs
Use of Tracers to Characterize University of Peter Rose 33 33 2.8 3.0 3.0 None
Fractures in Engineered Geothermal Utah Provided
Systems
Quantum Dot Tracers for Use in University of Peter Rose 33 3.0 2.8 2.5 2.9 1.0
Engineered Geothermal Systems Utah
Using Thermally Degrading, Pacific Vince 2.8 2.8 2.8 2.8 2.8 X
Partitioning and Nonreactive Tracers Northwest Vermeul
to Determine Temperature National
Distribution and Fracture/Heat Laboratory
Transfer Surface Area in Geothermal
Reservoirs
Integrated Approach to Use Natural Lawrence Mack 2.6 2.8 2.6 2.4 2.6 3.0
Chemical and Isotopic Tracers to Berkeley Kennedy
Estimate Fracture Spacing and Surface  National
Area in EGS Systems Laboratory
Novel Multidimensional Tracers for Power, Yongchun 2.4 2.4 2.2 1.8 23 8.0
Geothermal Inter-Well Diagnostics Environmental Tang
and Energy
Research
Institute
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Verification of Geothermal Tracer Methods in
Highly Constrained Field Experiments (Cal
State, Long Beach)

Advancing Reactive Tracer Methods for
Measuring Thermal Evolution in CO2- &
Water-Based Reservoirs (INL)

Use of Tracers to Characterize Fractures in
EGS (U of U)

1l

Quantum Dot Tracers for Use in EGS (U of U)

Using Tracers to Determine Temp Distribution
& Fracture/Heat Transfer Surface in
Reservoirs (PNNL)

Integrated Approach to Use Natural Chemical
& Isotopic Tracers to Estimate Fracture &
Surface Area in EGS (LBNL)

Hi

Novel Multidimensional Tracers for
Geothermal Inter-Well Diagnostics (PEERI)
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= Accomplishments, Results, & Progress B Project Management & Coordination

FIGURE 4.21. Tracers and Tracer Interpretation projects

Figure 4.21 Tracers and Tracer Interpretation projects. Shown are each scoring metric’s weighted contribution to the

weighted average project score for each individual project. The error bars represent the maximum and minimum weighted

average score received by project from individual reviewers.
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4.10 Working Fluids

There are currently eight projects in the Geothermal Technologies Office (GTO) portfolio focused on research and
development (R&D) for geothermal working fluids. The majority of these projects were the result of the American
Recovery and Reinvestment Act of 2009 (ARRA) or ARRA Laboratory R&D opportunities that were originally funded in
2009. As such, many are now nearing completion and detailed analysis of their work to develop new and innovative
technologies to advance the utilization of geothermal energy is nearing completion. One example is Argonne National
Laboratory’s work on Chemical Energy Carriers (CECs). If successfully implemented, this advanced geofluid-working
fluid could potentially double the power output of EGS power generation plants. Another very promising and ongoing
project is Pacific Northwest National Laboratory’s work with Metal Organic Heat Carriers (MOHCs). This project is in
the process of developing a new type of biphasic working fluid for subcritical geothermal systems that utilizes
microporous metal-organic solids as the primary heat carrier and heat transfer medium to support an organic Rankine
cycle for low temperature EGS and traditional hydrothermal systems. Finally, a newly awarded project to Oak Ridge
National Laboratory, will attempt to maximize binary-cycle efficiency through the development of a specialized working
fluid that can be used in a hybrid-organic Rankine cycle/ Brayton cycle plant. While these projects pursue various
technologies, their overarching goal to increase efficiency, improve energy utilization and decrease cost for Low-
Temperature, Hydrothermal and EGS systems is the same.

Table 4.10 provides a list of the Tracers and Tracer Interpretation projects that were included in the 2012 Peer Review
Meeting and their scores. The scoring data are presented graphically in Figure 4.22. Overall, this technology review area
had eight projects reviewed. The eight projects were scored by an average of 3.8 reviewers. The weighted average scores
had an average, maximum, and minimum value of 3.0, 3.7, and 1.9 respectively. Table 4.10 also shows the job creation
numbers to date. The job creation numbers are self-reported by the organization or Principal Investigator. Please Refer to
Table 2.1 for the weighting criteria used to determine the final scoring, and see Appendix A for detailed reviewer
comments and rebuttals by the Principal Investigators for each individual project.

TABLE 4.10 Working Fluids projects

Weighted
Relevance | Scientific Project Average Job
& Impact & Accomplishments, | Management Scores numbers
Principal of Technical Results, & & for (FTEs to
Title Organization Investigator | Research | Approach Progress Coordination Projects date)
Technologies for Extracting Valuable Simbol Stephen 3.5 4.0 3.5 3.5 3.7 16.0
Metals and Compounds from Materials Harrison
Geothermal Fluids
High-Potential Working Fluids for Next ~ GE Global Jalal Zia 3.5 3.5 3.5 3.5 3.5 None
Generation Binary Cycle Geothermal Research Provided
Power Plants
Development of New Biphasic Metal Pacific Peter 3.8 3.8 33 2.8 3.5 2.0
Organic Working Fluids for Subcritical Northwest McGrail
Geothermal Systems National
Laboratory
Tailored Working Fluids for Enhanced United Ahmad 3.5 3.5 3.0 3.5 3.3 30.0
Binary Geothermal Power Plants Technologies Mahmoud
Research Center
Geothermal Working Fluids Notre Dame Joan 2.5 3.3 3.0 3.0 3.0 None
University Brennecke Provided
High-Temperature-High-Volume GE Global Norm 3.7 2.7 2.7 3.0 2.9 34.0
Lifting For Enhanced Geothermal Research Turnquist
Systems
Working Fluids and Their Effect on Oak Ridge Adrian S. 3.0 3.0 2.3 2.3 2.6 6.2
Geothermal Turbines National Sabau
Laboratory
Chemical Energy Carriers (CEC) for the  Argonne Bassam 1.8 1.8 2.0 2.3 1.9 1.0
Utilization of Geothermal Energy National Jody
Laboratory
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Technologies for Extracting Valuable Metals &
Compounds from Geothermal Fluids (Simbol)

High-Potential Working Fluids for Next Gen
Binary Cycle Geothermal Power Plants (GE
Global)

Development of New Biphasic Metal Organic
Working Fluids for Subcritical Geothermal
Systems (PNNL)

Tailored Working Fluids for Enhanced Binary
Geothermal Power Plants (UTRC)

Geothermal Working Fluids (Notre Dame)

High-Temperature-High-Volume Lifting For
EGS (GE Global)

Working Fluids & Their Effect on Geothermal
Turbines (ORNL)

T

CEC for the Utilization of Geothermal Energy
—
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FIGURE 4.22. Working Fluids projects

Figure 4.22 Working Fluids projects. Shown are each scoring metric’s weighted contribution to the weighted average
project score for each individual project. The error bars represent the maximum and minimum weighted average score
received by project from individual reviewers.
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Appendix A: Detailed Reviewer and Pl Rebuttal Comments

ENHANCED GEOTHERMAL SYSTEMS DEMONSTRATIONS

Standard Deviations from Program Average
Relevance vs Weighted Avgerage Score [y, x)

Review: 2012 Geothermal Technologies Office Peer Review 3
ID: EE0000215

Project: Concept Testing and Development at the Raft River Geothermal Field, z
Idaho

Principal Investigator: Moore, Joseph
Organization: University of Utah 2‘”9
Panel: Enhanced Geothermal Systems Demonstrations

RELEVANCE/IMPACT OF RESEARCH 2
Reviewer 23416 -3

-3 2 1 h 1 2 3
Score: 3.0

Comment: Barriers to moderate temperature resource use are addressed. Practical well-conceived project with realistically
achievable goals.

Pl Response:

Reviewer 23625

Score: 3.0

Comment: The project is testing a moderate temperature sequence at intermediate depth with subcommercial
permeabilities. Such conditions are abundant throughout the US. If successful, it will improve significantly the nationwide
geothermal potential.

PI Response:

Reviewer 23554

Score: 4.0
Comment: This is an important application in a moderate temperature environment.

PI Response:
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Reviewer 23579

Score: 4.0

Comment: The score for this review item is based more on the potential impact of the project than on progress to date.
The project is behind schedule and over budget due to permitting problems, apparently not the fault of the project
management, and to problems with drilling equipment failure.

There are many hydrothermal systems in the USA with temperatures in the ~150C range to which the results of this
project might be applicable. The project is innovative in its proposed research on the use of cooling to induce thermal
fracturing prior to stimulation by hydraulic fracturing. A good database using geology, geochemistry and geophysics has
been obtained to help characterize the field and the stimulation well environment. It will be useful not only in interpreting
results of the stimulation, but also in judging how much of this type of work is necessary prior to stimulation in other EGS
projects. Success on this project would also result in increased production from the Raft River field.

Pl Response:

SCIENTIFIC/TECHNICAL APPROACH

Reviewer 23416

Score: 4.0
Comment: Scientific methods tested successfully; approach was sound.

PI Response:

Reviewer 23625

Score: 3.0

Comment: The use of contractors from the oil & gas industry is commendable. The geothermal industry does not make
enough use of reflection seismic data in general. In this particular project there are many unknowns about the nature of the
heat source and the structure of the reservoir. Electromagnetic data and magnetotelluric (MT) do not provide sufficient
information to understand the reservoir structure. The Proterozoic basement surface is most likely a strong seismic
reflector which would allow to delineate faults that are extending deep into the basement. This would provide critical
information about the heat source and may provide critical information for the site selection of future wells.

Pl Response:
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Reviewer 23554

Score: 4.0
Comment: Very good application of new and established methodologies.

Pl Response:

Reviewer 23579

Score: 4.0

Comment: This project has a reasonably sharply focused approach and clear objectives. Execution of the project has been
good, but marred somewhat by several drilling equipment failures of such a nature that it is unlikely they could have been
anticipated. A team of experienced geothermal researchers and operators has been assembled for this project, and there is
collaboration with several universities and national laboratories as well as with Japanese researchers developing a
downhole seismic tool.

Pl Response:

ACCOMPLISHMENTS, RESULTS, AND PROGRESS

Reviewer 23416

Score: 2.0

Comment: Many frustrating delays (permitting related) and technical difficulties with the borehole have left the project
struggling to achieve targeted time frames. But these are now largely overcome and progress should improve. The phase
of scientific studies revealed complex structure with different chemistries and fracture orientations in apparently separate
reservoir compartments with no obvious fault targets from basement displacements. Different source fluids are poorly
mixed. Practical use of integrated gravity/magnetotelluric (MT)/ vertical seismic profiling (VSP) and petrography
interpretation for targeting purposes in this setting being queried. Few background microearthquake (MEQ) events
recorded. Most useful/cost effective tools apparently related directly to injectivity testing. The crucial stage of stimulation
is yet to start.

Pl Response:

Reviewer 23625

Score: 2.0
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Comment: Due to drilling problems and various instrument failures, not all targets have been achieved. In such projects
we recommend to abstain from the use of experimental tools. It is recommended to use standard equipment with a good
performance record.

Pl Response:

Reviewer 23554

Score: 3.0

Comment: Initial phases are complete. The results are limited by the failure of equipment; however, each failure is an
opportunity to learn what to do to make it work. This EGS experiment should not be criticized for unanticipated
circumstances that control what phases succeed.

Pl Response:

Reviewer 23579

Score: 3.0

Comment: This project is over budget and delayed relative to the original schedule. Significant delays were caused by the
lengthy process of permitting, a problem apparently with the lack of experience in this matter by the approving agencies.
This problem should be lessened somewhat as the agencies gain more experience and expertise with the EGS process.

The over budget situation is the result of failures of several components of the drilling equipment. Although these things
regularly happen in drilling, one wonders if enough attention was given to the quality of some of the equipment. It might
also be questioned whether sufficient contingent funds were allocated for drilling problems since they seem to be the
norm in geothermal projects.

Well RRG-9 ST1 is now ready for stimulation. An injection test found tight rocks in the Elba quartzite (the producing
horizon in other wells) and televiewer and temperature logs have shown a fractured interval in the Elba that may be
suitable for stimulation. A microseismic array has been deployed in the field by Lawrence Berkeley National Laboratory
(LBNL) and is operating -- it detected some small activity during the injection test. Current work consists of finalizing
design of the stimulation prior to a stage-gate review for carrying the project forward.

PI Response:
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PROJECT MANAGEMENT/COORDINATION

Reviewer 23416

Score: 3.0

Comment: Dealt with some frustrating delays with permitting. Planning appears sound. Coordination with other projects
is excellent. Data sharing is on track.

Pl Response:

Reviewer 23625

Score: 3.0

Comment: The project management team appears to be very experienced. It is difficult to assess whether the encountered
drilling problems are due to insufficient planning or other reasons. The use of contractors from the oil & gas business is
commendable. When using non-standard logging tools or microseismic monitoring equipment backup tools should be
available on site.

Pl Response:

Reviewer 23554

Score: 4.0

Comment: Good planning and execution for the preliminary phases. Again, unanticipated conditions and equipment
failures do not limit the chance to learn from this experiment.

Pl Response:

Reviewer 23579

Score: 3.0

Comment: Project management has been reasonably effective. The several problems with drilling equipment were
handled well as evidenced by the fact that the well was successfully competed and is now ready for stimulation. Decision
points are placed to allow for project review prior to each stage. The next review will be in the summer of this year and
will result in a Go/No-Go decision to proceed with the actual stimulation office. The project has resulted in publications
at the annual Geothermal Resources Council (GRC) and Stanford meetings. The project is also interacting with the
National Geothermal Data Repository, and project results will be made public.
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Pl Response:

STRENGTHS

Reviewer 23416

Comment: A good EGS demonstration project. If successful, fluid circulation will be rapidly taken advantage of because
of existing power plant. Good collaboration between experienced researchers in a wide range of disciplines. Project
provides tests of suitability of practical methods for EGS exploration tools. Coordination with other projects allows for
knowledge transfer.

Pl Response:

Reviewer 23625

Comment: A successful development of a geothermal resources in a moderate temperature environment will increase the
nationwide geothermal potential in the US substantially. In this respect the project has a light tower function.

The geothermal industry does not make enough use of reflection seismic data in general. In this particular project there are
many unknowns about the nature of the heat source and the structure of the reservoir. Electromagnetic data and
magnetotellurics (MT) do not provide sufficient information to understand the reservoir structure. The Proterozoic
basement surface is most likely a strong seismic reflector which would allow to delineate faults that are extending deep
into the basement. This would provide critical information about the heat source and may provide critical information for
the site selection of future wells.

PI Response:

Reviewer 23554

Comment: A well managed, complex effort.

Pl Response:

Reviewer 23579

Comment: Strengths of this project include:

1. This is a research and demonstration project in a different lithologic setting from that of most geothermal systems,
namely the hard Elba Precambrian quartzite. The project is important simply because of this fact alone. Itisalsoina
moderate-temperature geothermal system, and there are a number of such systems known in the USA. These include,
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among many others, permeable horizons, many of them quartzite or sandstone, in sedimentary basins containing water at
elevated temperatures, potentially of interest for geothermal development.

2. Success in this project would increase the output of the operating power plant at Raft River, an obvious benefit.
3. A comprehensive data base has been collected/compiled. This project will make a good case study.

Pl Response:

WEAKNESSES

Reviewer 23416

Comment: Delays with permitting are a source of considerable frustration. Stimulation, flow-testing, and interconnectivity
improvement have yet to commence. Seismic knowledge at depth is still lacking. Interpretation of 3-D magentotelluric
(MT) model not very clear in terms of resource extent but possibly identifies inferred barrier structure from chemistry.

Pl Response:

Reviewer 23625

Comment: Moderate temperatures and moderate flow rates will result in a low efficiency power conversion. It is
guestionable whether the set production targets will allow for an economic power production. The stated production
targets of 20 kg/s at temperatures of 129°C will produce not more the 5 MW thermal resulting in a net power production
of significantly less than 1 MW electric. The set target of of 5 MW electric will require more than one production and one
injection well.

Pl Response:

Reviewer 23554

Comment: Slow progress and too many setbacks.

PI Response:

Reviewer 23579

Comment: One minor weakness is the relative inexperience of some on the team in the areas of drilling and stimulation.
This does not mean that the Raft River team is composed of novices by any means, but simply that much of the (very
considerable geothermal) experience of some team members has been in research endeavors other than drilling and
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fracturing. The emphasis here is on the term "relative", and there is absolutely no implication that the team is unqualified
for this project.

Pl Response:

IMPROVEMENTS

Reviewer 23416

Comment: Recommend post-mortem on drilling-related and logging problems (packer, bridge plug and televiewer) to
avoid repetition of identifiable mistakes. Recommend ranking of geoscience endeavors on cost-benefit basis. Reconsider
possible advantages of stimulation plan with thermal cycling (alternating hot/cold water injection). Suggest place more
emphasis on developing/testing tools to improve injection testing and stress/fracture orientation with depth.

Pl Response:

Reviewer 23625

Comment: The geothermal industry does not make enough use of reflection seismic data in general. In this particular
project there are many unknowns about the nature of the heat source and the structure of the reservoir. Electromagnetic
data and magnetotellurics (MT) do not provide sufficient information to understand the reservoir structure. The
Proterozoic basement surface is most likely a strong seismic reflector which would allow to delineate faults that are
extending deep into the basement. This would provide critical information about the heat source and may provide critical
information for the site selection of future wells.

Abstain from using experimental tools, unless they are covered by research funding.

Pl Response:

Reviewer 23554

Comment: Reviewer did not provide comments for this criterion.

PI Response:

Reviewer 23579

Comment: Some suggestions are:
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1. As in most projects, members of the team are working on other projects as well. This project needs to be given the
very highest priority possible because a good result -- a successful project -- is needed to keep EGS moving ahead.

2. The team has on occasion sought outside help on specific matters. This is commendable, and should be continued as
needed.

Pl Response:
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RELEVANCE/IMPACT OF RESEARCH

Reviewer 23416

Score: 4.0

Comment: Most EGS gaps and barriers are addressed. Practical, realistic and achievable demonstration project.
Outstanding features are: green-field hot volcanic setting, dealing with very low permeability, and novelty of multi-depth
stimulation method.

Pl Response:

Thank you. That's what we were trying to do.

Reviewer 23533

Score: 1.0

Comment: Several rather interesting "new" developments (e.g. TZIM, Hydraulic Fracturing simulator) will remain
proprietary!...hence, their reviews are limited and their impact non-existent. The development of high temperature logging
tools might be interesting. What was the reason for developing AltaStim rather than using commercially available design
software; any new capabilities? Comparisons should be carried out.

PI Response:

AltaRock is a commercial entity funded by investors, not a university or national laboratory funded by the federal
government. While the methods, software and materials developed by AltaRock are proprietary they are available to
operators of geothermal projects or others desiring to use these services through normal commercial channels. The data
from the project will be available to the public through the National Geothermal Database. AltaStim is AltaRock'’s
software implementation of a theoretical model originally developed by researchers in Japan to model Hijiori HDR results
and published in two JGR papers (Willis-Richards et al., 1996, and Jing et al. 2000). In 2008, AltaRock evaluated existing
conceptual models and codes, and determined that the theoretical basis for the Willis-Richards model best matched our
own understanding and conceptual model of hydroshearing. We published a paper on the Newberry AltaStim model at the
2011 GRC Annual Meeting. We agree that comparisons to other modeling codes, including commercially available
software should be carried out, particularily with the data set produced as part of this project. Code comparison is outside
the scope of a field demonstration; perhaps a future DOE FOA can address this need (and this reviewer can propose his
favorite commerically available design software be included).
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Reviewer 23554

Score: 4.0

Comment: The research is highly relent because many of the techniques and methods could be applied in a variety of EGS
geothermal projects and conventional hydrothermal settings. Unfortunately, permitting is the only thing to report for this
project.

Pl Response:

The fact that three federal agencies and numerous state agencies were involved and had to coordinate and agree on the
induced seismicity mitigation protocol (ISMP) definitely added to the length and difficulty of the permitting process. I'm
not sure why the other projects with DOE funding did not have a similar difficulty in permitting. It's possible that having
an operating power plant made the process easier for others with that situation. | hope that while our experience paves the
way for other projects, that all projects are not treated with equal levels of inspection and requirements for report since
many of the requirements were duplicated due to lack of understanding of the first reports. We did three separate
engineering studies of the structures at the Volcanic National Monument, two hydrologic studies and two separate induced
seismicity hazards studies.

Reviewer 23579

Score: 4.0

Comment: Progress on this project has been slower than expected, due largely to the length of time needed for acceptance
by regulating agencies of the induced-seismicity report. The score given is based less on progress to date and more on the
expected impact of the research, if the project is successful.

This project will test the ability of current EGS technology to develop an enhanced geothermal system in deep, very hot
igneous rocks through hydroshearing stimulation. EGS research in the Cascades volcanic/igneous environment is
important due to the large amounts of heat contained in numerous volcanic centers in this province. In addition, this
project is the only one of the current crop of EGS Demonstrations presented at the review that is a greenfield project,
which increases its importance to the geothermal office.

Hydroshearing as a stimulation method has gained favor over massive hydraulic fracturing mainly because of its supposed
ability to self-prop pre-existing fractures as they open. This idea has not been thoroughly tested, but may represent an
important breakthrough in EGS technology. Moreover, the use of thermally degradable zonal-isolation materials
(TZIMS) to create three separately stimulated zones is a unique feature of this project. Successful demonstration of this
ability would spur EGS development by lowering the costs of creating a viable reservoir and potentially allowing a
measure of control on subsurface fluid flow not now available. AltaRock has been active in TZIMS research, leading the
industry in their development and patenting.

Pl Response:
That is the goal. | agree that if we accomplish the stimulation of multiple zones we will help to improve the cost and risk

associated with EGS power development. The fact that we have done two test stimulations and one commercial
stimulation should improve our chances of a successful stimulation.
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SCIENTIFIC/TECHNICAL APPROACH

Reviewer 23416

Score: 4.0

Comment: Well planned scientific investigation, particularly a new stimulation method using diverter agents and planning
software (AltaStim) to target several zones/well and achieve 75 kg/s (at least). Good collaborations are established.
Overcoming technical challenges — lack of data at high temperature, lack of cores/geomechanical data, and lack of natural
seismicity. Well-planned public outreach.

Pl Response:

Thank you

Reviewer 23533

Score: 2.0

Comment: | am not convinced that "shear stimulation™, as defined, will occur.

If an existing discontinuity (intersecting the borehole) needs to be stimulated, has the orientation of the borehole been
optimized?

No attempts have been made to simulate a naturally fractured reservoir.

Coupled effects have been ignored

Stress shadowing due to multiple fractures planning has been completely ignored

Pl Response:

Our plans are based on the designs and results of HDR and EGS project worldwide, including Fenton Hill (US), Hijiori
(Japan), Soultz (France), and Basel (Switzerland). It is now well accepted that shear failure on pre-existing fractures
(hydroshearing) was the primary mode of permeability enhancement at those sites. Our plans have been reviewed by
many qualified geoscientists whom agree that hydroshearing is the best conceptual model for stimulation of geothermal
wells (including three of the four peer reviewers here). Further, we plan to collect the data needed to distinguish the
failure type caused by hydraulic stimulation and provide the geothermal community further information on this ongoing
debate on hydraulic stimulation design.

The well, drilled in 2008, is a "well of opportunity" and therefore its design could not be optimized for EGS. Fortunately,
the well deviates to the east, parallel to the direction of the minimum principle stress and perpendicular to the strike of a
large population of fractures. No commercial operator is going to purposely drill a well that is not productive, so this
well represented the best available opportunity at the time of the project conceptual development.

We agree that the simulations performed so far do neglect factors such as coupling and stress changes due to the
stimulation itself. At present the stimulation model is underconstrained by a lack of some data such as the minimum
principle stress magnitude and the pressure required to initiate hydroshearing. We feel that a more complex model would
not change the basic stimulation design of the demonstration. The accuracy of the modeling effort that we have
performed and comparison to other modelling paradigms can be evaluated after the stimulation.

Reviewer 23554

Score: 4.0
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Comment: This is the best planned and researched EGS project reviewed. AltaRock has made a considerable effort to
prepare and potentially execute a successful EGS stimulation in a very worthwhile geologic environment.

Pl Response:
Thanks. That is indeed what we hoped for.

Reviewer 23579

Score: 3.0

Comment: The technical approach is reasonably thorough, well planned, and (so far) reasonably well executed. Most
preparations are in place for the stimulation, to be carried out later this year. The microseismic network is still in the
installation process, but appears to be well planned to yield good event hypocenters, with some 20 stations, half of which
will be borehole installations.

The stimulation approach relies completely on hydroshearing since the research team believes that a single hydrofrac
would not deliver enough heat to allow economic development. Based on the Los Alamos National Laboratory (LANL)
experience at Fenton Hill, this may be so. Presumably the thermally degradable zonal isolation materials (TZIMs) would
not provide sufficient blockage at pressures need for hydraulic fracturing to allow development of several hydrofracs. If
this is right, some documentation should be made available by the team. If not, the team might consider hydraulic
fracturing in case hydroshearing does not perform as expected. Is this a possibility given the budget and the preparation
already in place?

Pl Response:

The microseismic array will have 15 stations when completed (not 20 as stated by the revieer); nine borehole
seismometers and six surface sites.

The TZIM materials have been tested in the laboratory at up to 1800 psi differential pressure. The TZIM particle pack-off
were not tested to failure due to limitations of the laboratory equipment.

The differential pressure needed to shift hydroshearing from one zone or depth to another depends on the relative values
of frictional strength and fractures orientation compared to the fractures stimulated in the prior. So it is difficult to predict
the differential pressures that will be needed to stimulate multiple zones. However, it has been observed in many wells,
that the crust is often near frictional failure at any depth. If this is also the case in NWG 55-29, the differential pressure
required to initiate hydroshearing at a new depth will be relatively small (<100 psi), in which case the TZIMs will not
need to resist high differential pressures.

The use of packers to obtain multiple tensile fractures was considered, but the pressures required, the extra equipment
including a drilling rig and the additional pumping horsepower to hydrofrack in a relatively strong, igneous rock are very
expensive. There would only be sufficient funds to do two tensile fractures and they would be of shorter length so that a
much smaller heat exchange area would be developed between the injector and producers. We do still have this
contingency in the budget. Our testing at other sites gives us the hope that we will not need to do this.
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ACCOMPLISHMENTS, RESULTS, AND PROGRESS

Reviewer 23416

Score: 3.0

Comment: Progress since last year on stimulation has been modest (less than desired). Some changes to stimulation plan
resulted from information about diverter dissolution at higher temperature. Some water supply, environmental and MEQ
issues were sorted out. Results to date are comprehensively reported. Good public communication- few induced seismicity
concerns, but some water resource concerns. Stress orientation and magnitude at depth are still unknown, affecting
reliability of stimulation modeling.

Pl Response:

I'm not sure about the "diverter dissolution at higher temperature” . We do have diverter materials tested to the high
temperatures at Newberry. It wasn't easy to do, but we do have them. As to stress orientation at depth, the BHT data does
give us that information, so the primary issue for stimulation modeling is the unknown length of existing fractures.

Reviewer 23533

Score: 3.0

Comment: Impressive public outreach efforts

If successful, would this project be economical

Delayed by 6 months, mainly due to unexpected bureaucracy

Pl Response:

The reason for the doing the demonstration project is to determine if this would be economic. We have been delayed
more than 10 months.

Reviewer 23554

Score: 2.0

Comment: Procedural and permitting activities complete although behind schedule. Now that the preparation work is
complete, looking forward to the project actually conducting the stimulation and seeing the results.

Pl Response:
Yes, we are too.

Reviewer 23579

Score: 3.0

Comment: Progress has been slower than anticipated, due partly to events beyond the control of AltaRock. However, the
progress is well commensurate with expenditures on the project to date. The stimulation phase of this project will be
carried out later this year, and should prove to be very interesting.
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Pl Response:

Agreed

PROJECT MANAGEMENT/COORDINATION

Reviewer 23416

Score: 3.0

Comment: Dealt appropriately with some frustrating delays in permitting. Publication of results & public presentations
record (2010-12) is impressive. Management of decisions was reasoned and appropriate.

Pl Response:
When it became clear we would delayed on permitting, we concentrated on public outreach and publications.

Reviewer 23533

Score: 4.0

Comment: Many collaborators, well managed

Developed an accepted seismic mitigation plan

Completed the BLM environmental assessment documents

Some of these above efforts could be used by other projects; at least in the definition of the potential hurdles

Pl Response:

We hope that the Induced Seismicity Mitigation Plan (ISMP) can be used as a model by others. The duplication of
reporting requirements needed to develop the plan may not be needed by others after our experience. Having little to no
background seismicity data was both a blessing and a curse. The area is pretty much aseismic which is good, but there is
not much data for statistical analysis of the potential hazards.

Reviewer 23554

Score: 4.0

Comment: Again, the best managed and planned EGS experiment reviewed.
Pl Response:

Thanks.

Reviewer 23579

Score: 4.0
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Comment: This project appears to be effectively managed. The Pl and top management have the necessary technical
background and skills to make good decisions. The entire technical team assembled is of very high quality, and includes
appropriate collaborations with national laboratories and universities. The next Go/No-go decision point is appropriately
placed after the stimulation and will determine whether or not to proceed with production well drilling. The project team
has done a commendable job of educating the public and other stakeholders about the project. They understand that a
negative public appraisal of the project might lead not only to its cancellation, but also to damage to the image of EGS
development. This is especially true after the Swiss experience. The project team has also done a commendable job of
discussing the project and expected results at the annual Geothermal Resources Council (GRC) and Stanford conferences.

Pl Response:

Thanks. The delays were frustrating for us to deal with but will hopefully help others.

STRENGTHS

Reviewer 23416

Comment: Promising and well-planned EGS demonstration project in a green-field area. Public outreach program and
good publication record is a positive. Collaboration with reputable scientists has helped.

Pl Response:
Thanks. This is really a great team of people to work with all dedicated to having a successful project.

Reviewer 23533

Comment: Strong management
Impressive list of collaborators
Pl Response:

Agreed

Reviewer 23554

Comment: Completed research and seismicity phases. Continuing to install microearthquake (MEQ) monitoring network.
Preparations are complete, now it is time to go to work.

Pl Response:
Yes indeed.

Reviewer 23579

Comment: Strengths of this project include:
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1. The project is the only greenfield project among the EGS demonstrations reviewed. Developing and demonstrating
EGS technology in undeveloped areas is highly important to the long-term future and goals of EGS.

2. The Newberry EGS demonstration project is in the Cascades province, known to include a number of active volcanic
centers and a great deal of heat, with very little development of these resources to date. Developing technology to utilize
the geothermal resources in this area would be a significant contribution to the growth of geothermal energy utilization in
the USA.

3. The project team is well experienced in geothermal technology development and in geothermal energy utilization.

4. This project has developed an extraordinarily effective program for interacting with all stakeholders, especially with
the public. This is very important because of the extreme environmental sensitivity of the Newberry area and its
surroundings.

Pl Response:

The extra time in permitting did help with the communication effort.

WEAKNESSES

Reviewer 23416

Comment: Lack of background data is challenging. Permitting delays means progress could have been better.
Pl Response:

A microseismic network was installed as soon a feasible in the summer of 2010. Last summer, the USGS has also
installed a much better seismic network to monitor Newberry. Six very small events have been detected between the two
networks in the past 2 years, confirming that the low level of seismicity was not related to lack of monitoring. The
detection of some seismicity has been a relief, because it indicates that the differential stress is sufficient for the crust to
be near failure in, at least in some locations near the EGS well.

Reviewer 23533

Comment: Need more coordination between the different parties. Would help if the Principal Investigator would listen to
suggestions

Pl Response:

It is not clear from the comment what parties the reviewer is referring to.

The PI has listened to many suggestions and incorporated new ideas when possible. For example, a project proposed by
the National Renewable Energy Lab and Oregon State University to monitor EGS using innovative methods was funded
in the last DOE FOA cycle. We have assisted this project to get an early start and loaned our own permitting expertise to
the PI of that project.

AltaRock does have a vision on how to best accomplish the goals of developing and commercializiong EGS. It is true that
suggestions that do not align with our vision may not be heeded.
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Reviewer 23554

Comment: Time for the project to move on to stimulation and testing.
Pl Response:
Yes indeed.

Reviewer 23579

Comment: Some potential weaknesses are apparent in the project:

1. The project has high visibility, especially due to the extreme environmental sensitivity of the area, as noted above. The
Newberry volcano area has been a popular recreation site for many years and is well known for its beauty. If the project
were to cause an environmental problem, it would likely increase the difficulty of getting geothermal projects permitted
throughout the Cascades. The possibility of a felt seismic event always exists, and if one were to occur, it might end the
project. Also, since the project has high visibility and is in a greenfield, failure to reach its goals would be taken among
some as a black mark against EGS anywhere. However, none of this contraindicates moving ahead with or supporting
this project. We must start somewhere in the Cascades with this type of research, and Newberry is a good choice.

2. The project is being undertaken at temperatures and depths near the maximum for today's technology. This necessarily
increases the chances of failure. However, the high temperatures at depth certainly form an attractive target for this
research.

Pl Response:

It is important to remember that this project was funded not as a research project, but as a demonstration project. As such,

AltaRock provides 50% of the funding. The project is certainly visible and we hope that there is enough in the budget to
accomplish the goals.

IMPROVEMENTS

Reviewer 23416

Comment: Recommend full documentation of cost/time/effort in permitting/compliance issues (~80% of costs so far), to
assist in streamlining/reducing these for future projects. | suspect that this effort was an outcome of earlier media attacks
on an AltaRock project, and that the expenditure was designed more to influence public opinion than advance scientific
knowledge. However, the public are now apparently behind the project, which is a positive outcome, despite one year
delay in project execution.

The crucial phase of stimulation is about to begin. Recommend full documentation of commentary on how to plan a
green-field EGS stimulation with insufficient subsurface stress information, because of limited natural seismicity and deep
borehole info. Critical issues to be tested are the appropriate spacing of stimulation zones (is 100m adequate?) since
induced fractures are likely to be sub-vertical, and performance of the degradable diverter. A remaining challenge is to be
able to detect when diverter has dissolved downhole. It would also be desirable to obtain/improve borehole imagery at
~300 degrees C.
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Pl Response:

| agree that our experience should be used to help others and reduce their time and effort for this type of project. The
phase | report does contain full documentation of this effort and its cost and timing.

Reviewer 23533

Comment: Have access to discrete element models to obtain a more realistic reservoir representation. Need some
"Fracture Mechanics" expert on the team

Pl Response:

We do not believe that anyone knows what model type (discrete element, finite element, finite difference, discrete
fracture network, or hydbrid) provides the most realistic reservoir representation for an EGS reservoir. As noted above,
the theoretical model that AltaStim is based on was developed to model the results of Hijiori HDR. We are not aware that
any validated discrete element models of the creation of a EGS or HDR.

There are four PHD scientists on the team with expertise in fracture and rock mechanics, structural geology, and
numerical modeling: Trenton Cladouhos (AltaRock), Nicholas Davatzes (Temple University), Steve Hickman, and
Ahmad Ghassemi (Texas A&M). We assume that this reviewer was unaware of the participation of these individuals.

Reviewer 23554

Comment: Reviewer did not provide comments for this criterion.
Pl Response:
No response entered.

Reviewer 23579

Comment: It is important that this project conclude with a result that most would agree is success. Of course it would be
best if the project reaches and even exceeds its goals, but falling short by some amount may not necessarily be a disaster.
The team, including the researchers themselves as well as the Geothermal Technologies Office staff and their contractors
helping to oversee the project, must be exhorted to give this project their very best shot. We need a winner here!

PI Response:

| totally agree. If there are things that would help to get us a winner that others want to obtain independent funding for,
we would certainly support their efforts. Data from the project will be available for any further studies.
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RELEVANCE/IMPACT OF RESEARCH

Reviewer 23416

Score: 3.0

Comment: When stimulation commences it will be a useful test of lessons learned, particularly from Desert Peak. This is a
good demonstration of the current state of EGS technology with reduced risk of failure because not experimenting with
untested methods. However, this project is not outstanding in terms of innovation.

Pl Response:

Reviewer 23533

Score: 3.0

Comment: This project is the "twin brother" of the Desert Peak EGS demonstration project. Hence, most of the comments
from Desert Peak's review will not be repeated here, unless they are more appropriate for this project

Unsure of what transpired from Desert Peak to optimize this new project.

This project has a more robust seismic monitoring area.

PI Response:

Reviewer 23579

Score: 4.0

Comment: This research addresses the problem of how to bring tight wells within operating hydrothermal fields into
production as injectors or producers. Most known hydrothermal fields have wells that are neither producers nor suitable
for injection because they are not well connected to the hydrothermal fracture system even though they may be located
within the thermal anomaly. Testing of EGS fracturing technology to bring these wells into the system is important
because of the potential for increased productivity and/or field longevity.

At present, the project is awaiting a Go/No-go decision with the stimulation planned to begin later in 2012.
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Pl Response:

Reviewer 23583

Score: 3.0

Comment: When successfully completed this project will improve the productivity/injectivity of a poorly performing
(uneconomical) well within the Bradys Hot Springs (BHS) geothermal field while, hopefully, enhancing hydraulic
connection to more productive resource areas thus making notable progress and impact toward achieving the Geothermal
Technologies Office's EGS mission "...to improve performance, reduce cost, and facilitate technology validation and
deployment.” When demonstrated, this achievement will significantly advance progress towards reducing EGS hydraulic
fracturing knowledge gaps by employing “off-the-shelf” permeability-enhancement technologies. This project, if
successful, will improve, significantly, understanding of how to lower current EGS reservoir creation technology barriers
(reduce costs and boost performance) by providing a strategy to deploy standard tools and techniques to improve
connectivity and injectivity in non-performing wells.

Pl Response:

SCIENTIFIC/TECHNICAL APPROACH

Reviewer 23416

Score: 3.0

Comment: Good quality science. The execution and chances of success are also good, given nearby well info. Stimulation
plan may be improved by adopting lessons learned from other projects. Expectations are modest (2-3 MWe).

PI Response:

Reviewer 23533

Score: 3.0

Comment: Please see previous comments on Desert Peak.

Development of a 3-D geologic model.

Attempt made to relate scratch test to logs.

Carried out Fullbore Formation Microlmager (FMI) analyses to characterize fractures.
Tried to relate type of faulting to fracture propagating pressure.
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Pl Response:

Reviewer 23579

Score: 4.0

Comment: The approach appears to be sound and thorough. A suite of geological, geochemical, geophysical and rock
mechanics data has been gathered and interpreted to yield a subsurface structural model that has been used to design the
stimulation plan. The project team represents a broad range of disciplines in geothermal energy research and development
and is of high quality. The work elements as shown in the decision-tree are well designed, and are based partly on
experience with a similar project at the nearby Desert Peak field.

Pl Response:

Reviewer 23583

Score: 3.0

Comment: The implemented scientific/technical approach is thorough, reasonably likely to succeed and should be
effective in achieving the project’s objectives. The scientific rigor employed in the development of the geologic,
structural, and stratigraphic models is very high and instills a feeling of confidence in the final results. The focus of the
project is good, with most aspects of the project contributing to significant progress in overcoming barriers/knowledge
gaps. The execution of the approach is good and has room for minor improvements. However, details of how individual
studies influenced the final technical decisions, such as the stimulation interval choice, were not presented nor discussed.
This is a minor improvement compared to the project’s technical goals but if others are to benefit from work performed,
which is one of the project’s goals, then it must be made clear which efforts influenced the important technical decisions.

Pl Response:

ACCOMPLISHMENTS, RESULTS, AND PROGRESS

Reviewer 23416
Score: 3.0

Comment: The progress slow, but careful and methodical. The first phase of laying the ground work for the stimulation
phase was well thought out in terms of demonstrating EGS in a favorable setting. Proof remains to be seen with success of
actual stimulation, which has yet to be achieved.

PI Response:
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Reviewer 23533

Score: 3.0

Comment: Please see previous comments on Desert Peak.
Carried out 29 days of shear stimulation (@ 3 pressure tests), followed by 7 to 10 days of mixed hydro-shear and 4 days
of high-rate pulse stimulation. How were days selected, and why are they different than what was done for Desert Peak?

Pl Response:

Reviewer 23579

Score: 3.0

Comment: This project is behind schedule, due in part to permitting problems with the BLM, apparently not the fault of
the project team. Expenditures to date appear to be in line with progress. The suite of data gathered and interpreted to
construct the subsurface model and design the stimulation program appears to be thorough and well done. The critical
part of the project, namely the stimulation itself, is yet to be done, and is planned for the third or fourth quarter of 2012,
after a Go/No-go decision being studied at the moment.

Pl Response:

Reviewer 23583

Score: 3.0

Comment: The project was initiated in June of 2009 and the end date is set for June of 2012 for a total of three years.
Therefore, by calendar time (as of Jan-2012) the project should be 83% complete. However, the scope is only 50%
complete and the budget is only 13% spent. Therefore, the accomplishments have been outstanding in relation to the
resources expended and adequate with regard to progress towards project objectives and technical targets/goals but there
is significant room for improvement regarding the schedule. This state of affairs is most likely due to difficulties in
receiving BLM permits.

The quality and significance of the technical accomplishments and results is very high, however, the progress of the tasks
is way behind schedule in relation to meeting project objectives. The level of productivity in work underway considering
accomplishments and the value of the accomplishments compared to the costs is very admirable; lots of work for little
cost. This situation is most likely due to the fact that major cost components will be in the final phase of the project.

PI Response:
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PROJECT MANAGEMENT/COORDINATION

Reviewer 23416

Score: 4.0

Comment: Coordination between multiple advisors, interested parties and collaborators is excellent. Delays are
unfortunate but are dealt with appropriately. Data sharing on track.

Pl Response:

Reviewer 23533

Score: 4.0
Comment: Please see previous comments for Desert Peak....very efficient.

Pl Response:

Reviewer 23579

Score: 4.0

Comment: Planning for this project has been thorough, and the execution well done so far. Of course, the most difficult
part of the project, the actual stimulation and analysis, is yet to be done. Coordination of the efforts of the rather large
technical and management team has been well done. Collaborations have been established with several national
laboratory and university groups. From the presentation, it is a bit unclear how all stakeholders have been brought in;
however, this is a remote part of Nevada, and little effect on populations from any aspect of the project can be anticipated.

Pl Response:

Reviewer 23583

Score: 3.0

Comment: So far, project management has been effectual in keeping costs down while getting the work done and plans to
move forward are reasonable, logical and include needed control points. Better management is desirable to keep the
project on schedule. In particular, the project management has been very effective in coordination with the fairly large
number of collaborators. However, communication with the regulators has not been as effective in keeping the project on
schedule.



U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

Pl Response:

STRENGTHS

Reviewer 23416

Comment: Builds on knowledge from Desert Peak experiments. Probability of success is high.

Pl Response:

Reviewer 23533

Comment: There is a strong team.
Similar decision tree as established for Desert Peak, very efficient.
Nothing new, with the exception of having more data, based on previous reviews of Desert Peak.

Pl Response:

Reviewer 23579

Comment: Some strengths of this project are:

1. Developing and testing technology to stimulate tight in-field wells to establish an effective connection with the rest of
the hydrothermal system is an important endeavor. Many hydrothermal fields have hot but tight wells not suitable for
production or injection. Isolated wells can also be anticipated in development of EGS reservoirs, and the results of
projects such as this should enable a better understanding of the problems and their solutions for such wells.

2. Success in this project would increase the production from an operating geothermal field, helping to spur further
geothermal development.

3. A comprehensive data base has been collected for this project, and a good case study should result from its publication.

PI Response:

Reviewer 23583
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Comment: If successful this project will achieve notable progress and impact toward advancing the Geothermal
Technology Office's EGS mission while significantly reducing EGS hydraulic fracturing knowledge gaps, and improving
the office’s understanding of how to lower current EGS reservoir creation technology barriers to reduce costs and boost
performance.

The implemented scientific/technical approach is thorough, reasonably likely to succeed and should be effective in
achieving the project’s objectives. The focus of the project is good, with most aspects of the project contributing to
significant progress in overcoming barriers/knowledge gaps. The execution of the approach is good and has minor room
for improvement.

The project’s accomplishments have been outstanding considering the meager resources expended with adequate progress
towards project objectives and technical targets/goals. In addition, the quality and significance of the technical
accomplishments and results is very high.

So far, project management has been effectual in keeping costs down while getting the work done and plans to move
forward are reasonable, logical and include needed control points.

Pl Response:

WEAKNESSES

Reviewer 23416

Comment: Lacks innovation.

PI Response:

Reviewer 23533

Comment: This project should have produced a report on "Best Practices and Lessons Learned from Desert Peak".

Pl Response:

Reviewer 23579

Comment: One minor weakness identified is the distribution of borehole microseismic stations around the stimulation
well -- the NE quadrant has only one station, and it is a temporary surface station. When a reviewer asked about this, the
PI responded that due to land access problems it was not possible to put a borehole MEQ station there. As a result. the
locations of MEQs from the stimulation will likely be more poorly known with just the surface station to the NE since the
freeway and railroad, which run through the geothermal system, can be expected to generate noise on surface stations.
This problem is not seen as a major weakness in the project.
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Pl Response:

Reviewer 23583

Comment: Details of how individual studies influenced the final technical decisions, such as the stimulation interval
choice, were not presented nor discussed. This is a minor improvement compared to the project’s technical goals but if
others are to benefit from successful work performed, which is one of the project’s goals, then it must be made clear
which efforts influenced the important technical decisions. In addition, it would seem that without more information it
looks like too many studies might have been done.

There is significant room for improvement regarding the schedule and better management practices are needed to keep the
project on schedule. In particular, communication with the regulators has not been as effective in keeping the project on
schedule.

Pl Response:

IMPROVEMENTS

Reviewer 23416

Comment: Recommend the project reconsider order and duration of pulse-shear and longer-term low-pressure shear
stimulation phases, if fluid and pumps are available. The effect of cyclic cooling over time on thermal stresses might be
more beneficial and cheaper than high-pressure pumping. Consider ways to test whether or not self-propped fracture
failure induced by either hydro-shear or thermal stresses from longer-term cooling creates irreversible permeability
improvement.

PI Response:

Reviewer 23533

Comment: Desert Peak and Brady projects are expensive and unique demonstration projects...why are we then essentially
duplicating the operations rather than exploring other alternatives?

Need to consider 'reversing' the logical order; i.e. hydraulic fracturing stimulation prior to shear stimulation.

PI Response:

Reviewer 23579
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Comment: With the failure of the project at Desert Peak to reach its target injectivity (at least at this point in time), the
very best effort possible should be made by the project team to ensure that the Brady project is a success. We need a
winner in this part of the EGS Demo office!

Pl Response:

Reviewer 23583

Comment: Provide details of how individual studies influenced the final technical decisions; better management practices
are needed to keep the project on schedule, specifically communication with the regulators needs to be improved to keep

the project on schedule.

Pl Response:
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Standard Deviations from Program Average
Relevance vs Weighted Avgerage Score [y, X)

Review: 2012 Geothermal Technologies Office Peer Review

ID: GO18201 2

Project: Demonstration of an Enhanced Geothermal System at the Northwest

Geysers Geothermal Field 1 201}
Principal Investigator: Walters, Mark

Organization: Geysers Power Company, LLC 0

Panel: Enhanced Geothermal Systems Demonstrations

RELEVANCE/IMPACT OF RESEARCH 2
Reviewer 23416 3

-3 2 1 o 1 2 3
Score: 4.0

Comment: Tests deep permeability enhancement in high temperature roots of large conventional geothermal system.
Outstanding factors include: relevance to roots of other systems from sustainability perspective; approaches the limits of
corrosive chemical and high temperature settings; provides educational outreach; investigates injection cooling
contraction, chemical dissolution, understanding of induced seismicity mechanisms, and brittle-ductile transition behavior.
Pl Response:

No response entered.

Reviewer 23533

Score: 3.0

Comment: Definitely the highest temperature project.
Conducting a comparison with Hijori project in Japan.
Including tomography to refine 3-D geological model.
Achieving 100% mass replacement.

Pl Response:

No response entered.

Reviewer 23554

Score: 4.0

Comment: An excellent experiment in a very productive geothermal system. The presenter remarked that one of his senior
geologists thought this section of The Geysers would be the future production "breadbasket.” This is the most relevant
research to allow that speculation to come true. The Geysers is often dismissed as being unique and not representative of
other geothermal settings but this is the best prospect of demonstrating the effectiveness of EGS techniques in the
Geothermal Technologies Office project portfolio.

Pl Response:
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No response entered.

Reviewer 23579

Score: 4.0

Comment: This project has the goal of testing EGS technology in the undeveloped High Temperature Reservoir (HTR)
portion of The Geysers field. The HTR is believed to result from a very young intrusion beneath the field, causing a
thermal pulse that is migrating upward, and has not yet reached the Normal Temperature Reservoir (NTR). The intrusion
seems not to have outgassed yet, and the HTR carries a high NCG content, including high chlorine. NCGs degrade
performance of the conversion plant while the chlorine forms hydrochloric acid, which corrodes well casings and surface
equipment. The objectives of the project -- to develop a fracture system in the HTR and to determine whether water
injection into the HTR will significantly decrease NCGs and chlorine -- are highly pertinent to development of the HTR.
If technology can be developed to utilize the heat in the HTR, the longevity, and perhaps the production capacity, of the
premier geothermal field in the USA will be increased. This is, thus, an important research project.

Pl Response:

No response entered.

SCIENTIFIC/TECHNICAL APPROACH

Reviewer 23416

Score: 4.0

Comment: Excellent research approach by testing cost-efficient ways of accessing high-temperature, low-permeability
rock for stimulation trials (low pressure, cold water) in the roots of NW Geysers. Challenges tackled include: well
repairs, numerical models, understanding seismicity, chemical issues, geomechanical issues, downhole measurement
issues, & NCG gases, in a field setting that is relatively well instrumented and understood. The 'roots' could be the “bread
basket for the future” in terms of long-term sustainability of this and other large developed geothermal systems.

Pl Response:

No response entered.

Reviewer 23533

Score: 4.0

Comment: Only EGS project investigating coupling effects (i.e. LBNL model).

Studies shear reactivation with thermal contraction and chemical dissolution.

Investigate a Hot Dry Rock (HDR) underlying a known thermal system; hence extending resource base.

PI Response:
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The size of the explored but undeveloped EGS resource base in the Northwest Geysers is approximately 1100 acres. This
area is sufficient for the drilling of at least 10 to 12 production and injection wells to develop this EGS resource base.

Reviewer 23554

Score: 4.0

Comment: This project is well planned and documented. Much of the background research and project documentation
could serve as an operations manual for EGS projects.

Pl Response:
No response entered.

Reviewer 23579

Score: 4.0

Comment: This project has been essentially completed as planned with no undue problems. A slight overrun in budget
was made up by Calpine. Project results show that the technical approach and the project team were appropriate and of
good quality. A significant amount of new knowledge was obtained, and based on this knowledge, Calpine should be able
to move ahead with decisions about whether to develop the HTR portions of the field. The major obstacle to development
appears to be in obtaining a power purchase agreement with a price that will allow economic operation -- an obstacle
made worse by the very low price of natural gas at the moment.

Pl Response:

Calpine recently submitted a proposal to a major utility to sell power from the EGS demonstration area in response to a
request for proposals (RFP). To date, no response has been received from the utility. Calpine will continue to submit
proposals for a Power Purchase Agreement (PPA) to build a power plant near the EGS as opportunities arise.

ACCOMPLISHMENTS, RESULTS, AND PROGRESS

Reviewer 23416

Score: 3.0

Comment: Over the past year progress has been steady, except for the five month delay in stimulation. Adaptive approach
allowed for changes in well utilization where justified by new information. Improvements in tasks related to seismic
monitoring, super-critical temperature reservoir/geotechnical modeling, and educational outreach, are on track. Enhanced
steam flow has resulted from the stimulation.

P1 Response:

No response entered.

Reviewer 23533
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Score: 4.0

Comment: Careful microseismic data acquisition and processing; some events were of magnitude 2.6.
Project seems to be on-time and within budget; no major problems and/or difficulties encountered.

Pl Response:
No response entered.

Reviewer 23554

Score: 4.0

Comment: Finally an EGS project that actually produces something! This effort deserves a gold star.
Pl Response:

No response entered.

Reviewer 23579

Score: 3.0

Comment: The primary technical results include (a) a demonstration that low-volume water injection results in fracturing
of the tight HTR rocks, as evidenced by microseismic observations, (b) the fact that communication with the NTR was
developed, as evidenced by increase in steam from wells that can be traced through oxygen isotopes to the water injected
into the HTR, and (c) the NCG content of the steam is reduced by a factor more than 10, while the chlorine content is not
significantly changed. This later finding is a disappointment. The research team believes that it will take saturation of the
fracture network in the HTR to reduce the chlorine content appreciably, and this was apparently not achieved. How it
could be achieved in future projects in the HTR is an open question. Perhaps it's simply a matter of enough injection
volume, or will the fracturing continue and the fractured volume never be saturated enough?

P1 Response:

The corrosive chloride may originate from a flux (magmatic?) that is separate from the Total Noncondensible Gas source
(hydrothermal) consisting mostly of carbon dioxide. Presently there is no means of determining if the concentration of
chloride in steam flow from the HTR can be significantly lowered unless the HTR steam temperatures are lowered
system-wide to saturated steam temperatures.

PROJECT MANAGEMENT/COORDINATION

Reviewer 23416

Score: 4.0

Comment: This project is well managed and coordinated. It has strong industry support and there is a focus on improving
modeling and measurement technology.
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Pl Response:
No response entered.

Reviewer 23533

Score: 2.0

Comment: Very cluttered and confusing oral presentation.
Planned to included a visitor center.
Good progress.

Pl Response:

We apologize for the heavily concentrated and detailed technical information contained in a relatively few PowerPoint
slides given in our oral presentation. We found that the mandated PowerPoint slide format is not conducive for presenting
the technical aspects of a Phase 2 project. The mandated oral presentation format is OK for a review of the administrative
and organizational aspects of a Phase 1 project. However, a Phase 2 (or Phase 3) EGS project is primarily technical in
nature and much more space should be allowed for this information. We look forward to a better mandatory Peer Review
format in 2013 when most of the GTO EGS projects have reached a Phase 2 level.

Reviewer 23554

Score: 4.0

Comment: This project is well planned, executed and managed. A prime example of how to do things right.
Pl Response:

No response entered.

Reviewer 23579

Score: 4.0

Comment: This project has been well managed. It was completed on time and a bit over budget, but no additional money
was needed from DOE. The project team is outstanding in its qualifications for this work. Especially close collaboration
was established with the LBNL for microseismic monitoring and reservoir modeling. This knowledge resource at LBNL
is potentially available to others and for publication, so this collaboration has importance. The publication of information
that will result from this project will represent a valuable addition to current technology. The very sensitive matter of
inducing felt earthquakes did not occur during the project.

Pl Response:
Both LBNL and Calpine have published several papers as shown during our oral presentation. The knowledge resource
(provided by Calpine) at LBNL is already available to others and is being published by others. Since the Peer Review two

papers have been submitted for publication (e.g., Lutz, S., et al, June 2012, New Insights into the High-Temperature
Reservoir, Northwest Geysers, in press: GRC Transactions to be published in October 2012).
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STRENGTHS

Reviewer 23416

Comment: Returns from this project will be significant, and the knowledge gained will help guide development strategies
for the roots of many other high temperature geothermal systems. Strengths are in the areas of high temperature
instrumentation, modeling, public outreach, understanding induced seismicity, mitigation of NCG, and cold water
stimulation methods.

Pl Response:

No response entered.

Reviewer 23533

Comment: Complete approach with all scientific aspects covered. Contains a portion of research-oriented aspects.
Probably the most probable successful EGS project.

Pl Response:
No response entered.

Reviewer 23554

Comment: Exceptionally well planned and executed.
Pl Response:
No response entered.

Reviewer 23579

Comment: Strengths of this project include:

1. The high-temperature reservoir (HTR) that underlies parts of The Geysers field represents a very large thermal
resource. Developing technology to ensure its utilization is very important for this premier geothermal field, and for
application to other very high temperature fields.

2. The project team has extensive experience in The Geysers area, were eminently qualified to carry out this project, and
are equally qualified to continue work to develop the HTR.

3. Calpine is a large enough company to have the financial and human resources and the infrastructure to carry a project
such as this forward in the face of most difficulties that might be encountered. This may be an important consideration for
DOE in considering future projects to support.

Pl Response:

No response entered.
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WEAKNESSES

Reviewer 23416

Comment: Weaknesses are the potential for problems with discharging fluid and gas chemistry, and with longevity of re-
completed old well bores, to cause premature failure.

Pl Response:
No response entered.

Reviewer 23533

Comment: Very poor presentation; this reviewer was lost in details and | needed to review the slides afterwards for
clarification.

Pl Response:

We believe that the mandated oral presentation format should generally follow the required written Project Summary
outline. This year's written Project Summary outline and mandated oral presentation PowerPoint slides were entirely
different which makes the presentation of the project difficult to review.

Reviewer 23554

Comment: Reviewer did not provide comments for this criterion.
Pl Response:
No response entered.

Reviewer 23579

Comment: None identified.
Pl Response:

No response entered.

IMPROVEMENTS

Reviewer 23416

Comment: Recommend continue exploring novel tracer test methods to understand flows. 1 also suggest the PI further

investigate ways of mitigating high CL (HCL) in produced steam from these stimulated roots. Further research into the
issue of coinciding ductility and brittle failure -induced microearthquakes (MEQ)-could be very enlightening and assist
with resource potential assessments for deeper high temperature resources. Such research may uncover implications, in
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terms of ductile versus stick-slip strain relief, and MEQ behavior, of long and short term changes in temperature and
pressure arising from utilization of these deeper resources.

Pl Response:
No response entered.

Reviewer 23533

Comment: Reduce the review to the most salient points.
Pl Response:

We felt that we needed to "force fit" the guts of our project's progress into the clumsey structure of the mandatory
PowerPoint slides. We will welcome the opportunity to reduce our 2013 Peer Review presentation to its salient points
assuming the DOE reduces the mandatory slides to a minimum consistent with the Phase of a particular project (see
comments above in Project Management coordination).

Reviewer 23554

Comment: Continue to power production phase. Regrettably, power purchase agreements limit the project.
Pl Response:
No response entered.

Reviewer 23579

Comment: None suggested.
Pl Response:

No response entered.
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Standard Deviations from Program Average
Relevance vs Weighted Avgerage Score (y, x)

Review: 2012 Geothermal Technologies Office Peer Review

ID: 1D14406 2

Project: Desert Peak East EGS Project

Principal Investigator: Drakos, Peter 1

Organization: Ormat Nevada, Inc. 2 zou)
Panel: Enhanced Geothermal Systems Demonstrations 0 “"‘

RELEVANCE/IMPACT OF RESEARCH

Reviewer 23416

Score: 3.0

Comment: This project tested different stimulation approaches in a softer rock setting; research successfully addresses
issues around creation and testing of stimulated permeability. Lessons learned will be transferable to other similar
projects.

Pl Response:

Reviewer 23533

Score: 3.0

Comment: This project attempts several stimulation types: shear, chemical, controlled hydraulic fracturing, and pulsation.
Fit for operation optimization.

Borehole stability problems in abandoned well 23-1 should be back analyzed.

Pl Response:

Reviewer 23579

Score: 4.0

Comment: This research addresses the problem of how to bring tight wells within operating hydrothermal fields into
production as injectors or producers. Most known hydrothermal fields have wells that are neither producers nor suitable
for injection because they are not well connected to the hydrothermal fracture system even though they may be located
within the thermal anomaly. Testing of EGS fracturing technology to bring these wells into the system is important
because of the potential for increased field productivity and/or longevity.

The project is essentially complete as originally designed, and nearly achieved its target injectivity, but fell a bit short. An
interesting and worthwhile case history should result from this work, especially in view of the large amount of pre-
stimulation information collected. Release of data to the public through the Geothermal Data Repository is part of the
project, with the exception of data Ormat considers to be proprietary. The impact and value to the geothermal community
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of the data and interpretations generated will be maximized if a minimum of proprietary data is retained by Ormat. The
score for this element is based on the assumption that this will happen.

Pl Response:

Reviewer 23583

Score: 4.0

Comment: This project has been going on for a long time (almost 10 years!) but is almost completed (workover and 2nd
pulsed stimulation planned) and on the plus side it has met its technical goals of: increasing the injectivity of well 27-15 to
commercial levels (to ~0.8 gpm/psi), improving the hydraulic connection to the producing geothermal field (reduced
break-through time to producer 74-21 by a factor of 7X), and demonstrating enhanced power generation through
successful stimulation (+1.5 MWe, personal communication with Ezra Zemach). It is clear that these successes have made
notable progress and impact toward achieving the Geothermal Technologies Office's EGS mission "...to improve
performance, reduce cost, and facilitate technology validation and deployment.” However, the “reduce costs” part of the
mission remains undecided and the question remains, “Would the PI have done this stimulation without Geothermal
Technology Office funds?”

That being said, these achievements have made a significant advancement towards reducing EGS hydraulic fracturing
knowledge gaps by showing that if used correctly, “off-the-shelf” permeability-enhancement technologies can improve
injectivity. This project, has improved, significantly, the understanding of how to lower current EGS reservoir creation
technology barriers (reduce costs and boost performance) by providing a strategy to deploy standard tools and techniques
to improve connectivity and injectivity in non-performing wells. This project has already had a significant impact on the
geothermal industry.

PI Response:

SCIENTIFIC/TECHNICAL APPROACH

Reviewer 23416
Score: 4.0

Comment: Scientific and technical approach was sound. An adaptive strategy allowed for plan changes, and evaluation of
different technology options. The project was designed to test the technique of self-propping shear-failure to enhance
permeability.

PI Response:

Reviewer 23533

Score: 3.0
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Comment: This project developed a reservoir model based on rigorous mechanics.

Pl Response:

Reviewer 23579

Score: 3.0

Comment: A thorough and well designed approach has been taken for this project. Pre-stimulation data collection and
interpretation to characterize the field and help plan the stimulation program was thorough. The work elements appeared
to be well designed even though the target objectives were not realized by execution of the planned program. The project
is staffed with a wide variety of experienced geothermal experts and is of high quality.

Pl Response:

Reviewer 23583

Score: 4.0

Comment: The scientific/technical approach was well-planned, straightforwardly implemented and effective in achieving
the project’s objectives. That is not to say that challenges did not occur, they did, like the well instability issues cause by
the chemical stimulation. The scientific rigor employed in the development of the geologic model, core/cuttings analysis,
well field correlation & mapping, and seismic reflection survey was commendable. Overall the focus of the project was
good, with most aspects contributing to significant progress in overcoming barriers/knowledge gaps. The execution of the
approach was good but has room for productivity improvements (10 years!). However, details of how individual studies
influenced the final technical decisions, such as the stimulation interval choice, were neglected. This is a major issue if
others are to benefit from work performed, which is one of the project’s goals. It must be made clear which efforts
influenced the important technical decisions and which did not.

Pl Response:

ACCOMPLISHMENTS, RESULTS, AND PROGRESS

Reviewer 23416

Score: 3.0
Comment: Progress was delayed by technology issues, equipment availability, and permitting issues related to seismicity

protocol compliance. Some issues developed in managing well condition, due to formation instability and chemical
stimulation, leading to extra cost of well cleanout. Ongoing work to achieve success still required.
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Pl Response:

Reviewer 23533

Score: 4.0

Comment: This project achieved 113 days of shear stimulation, followed by 10 days of chemical stimulation (type?), and
then 3 days of pulse stimulation to reach an injectivity of 8 gpm; questioning the success of such a logic.

Was pulse stimulation efficient?

Good seismic analysis, revealing moments ranging from 0.1 to 0.74.

Controlled hydraulic fracturing stimulation of hundreds of gpm induced 45 seismic events.

Pl Response:

Reviewer 23579

Score: 3.0

Comment: Although the stimulation program was well carried out, and the injectivity of well 27-15 was increased by a
factor of about 60 to 0.8 gpm/psi as a result of stimulation, the target of 1 gpm/psi was not reached, and the well is
deemed not to be commercially useable. Whereas the hydroshearing, hydraulic fracturing and pulse stimulation were
successful, the chemical stimulation caused wellbore damage that required workover. The instability continues to persist
and further workover will be required before stimulation to reach the target injectivity can be carried out. This will
require further funding, some of which is presumably being requested from DOE.

A wealth of geoscientific data was generated by this project and it will contribute significantly to the growth of knowledge
in the geothermal community. This will be especially true with a thorough examination of the problems generated by the
chemical stimulation.

Pl Response:

Reviewer 23583

Score: 3.0

Comment: The Geothermal Technologies Office-funded portion of the project is completed. Other work (workover and
2nd pulsed stimulation) is planned outside of the initial project scope and budget. It was initiated in September of 2002
and the end date was last year Q4 2011 for a total of 9.3 years. The project’s budget is 100% spent and accomplishments
have met the targets/goals within the resources expended.

The quality and significance of the technical accomplishments and results is high (increasing the injectivity of well 27-15
from 0.012 to 0.8 gpm/psi, improving the hydraulic connection to the producing geothermal field by a factor of 7X, and
demonstrating enhanced power generation by +1.5 MWe). However, the level of productivity considering the length of
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the project and the accomplishments was low. The value of the accomplishments compared to the costs is questionable
and will need to be looked at very carefully; increased injectivity for considerable cost ~$8M.

Pl Response:

PROJECT MANAGEMENT/COORDINATION

Reviewer 23416

Score: 3.0

Comment: Stimulation work program and plan reasonably comprehensive and well managed. Technology evaluation is
competent. Delays unfortunate but mostly managed appropriately.

Pl Response:

Reviewer 23533

Score: 4.0

Comment: The Principal Investigator is totally 'in control' of an impressive team of experts.
There have been numerous reports and technical papers to disseminate results in a timely fashion.
There is fast decision making, very efficient operation.

This project has good coordination with plant operations.

Pl Response:

Reviewer 23579

Score: 4.0

Comment: The project appears to have been well managed, especially in view of the large number of participants. The
project team is well experienced and of high quality. The use of a well constructed decision tree to help with quick
project decisions is noted. The project team has produced a large number of publications at the annual GRC and Stanford
workshops.

PI Response:
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Reviewer 23583

Score: 4.0

Comment: Because the project is completed and the goals were met or exceeded within the agreed-to budget,
retrospectively, one has say that project management was successful; i.e., effectual in keeping costs down while getting
the work done. However, it is clear that better project management could have kept the project on schedule. That being
said, project management was very effective in coordinating with the fairly large number of collaborators.

Pl Response:

STRENGTHS

Reviewer 23416

Comment: A mature project, Desert Peak has encountered its share of problems in the past, but is now showing promising
indications of success. Stimulation activities were generally sound. Lessons were learned in terms of the causes of well
instability issues, and the benefits of perseverance with various stimulation techniques, and choice of favorable structural
settings. The need for deep borehole seismometers to characterize very small magnitude events to track the progress of an
expanding stimulated reservoir volume was identified.

Pl Response:

Reviewer 23533

Comment: This is a strong team, working together.
Project results readily available.

Pl Response:

Reviewer 23579

Comment: Some strengths of this project are:

1. Developing and testing technology to stimulate tight in-field wells to establish an effective connection with the rest of
the hydrothermal system is an important endeavor. Many hydrothermal fields have hot but tight wells not suitable for
production or injection. Isolated wells can also be anticipated in development of EGS reservoirs, and the results of
projects such as this should enable a better understanding of the problems and their solutions for such wells.

2. Success in this project would increase the production from an operating geothermal field, helping to spur further
geothermal development.
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3. A comprehensive data base has been collected for this project, and a good case study should result from its publication.

Pl Response:

Reviewer 23583

Comment: This project has achieved notable progress and impact toward advancing the Geothermal Technologies Office's
EGS mission while significantly reducing EGS hydraulic fracturing knowledge gaps, and improving the office’s
understanding of how to lower current EGS reservoir creation technology barriers to boost performance.

The implemented scientific/technical approach was thorough, successful and effective in achieving the project’s
objectives. The focus of the project was good, with most aspects of the project contributing to significant progress in
overcoming barriers/knowledge gaps. The execution of the approach was good with some room for improvement.

The project’s accomplishments are outstanding with outstanding progress towards project objectives and technical
targets/goals. In addition, the quality and significance of the technical accomplishments and results are very high.

Project management was highly effectual in getting the work done and reaching the goals but the project took way too
long to complete.

Pl Response:

WEAKNESSES

Reviewer 23416

Comment: Additional stimulation is still needed to improve injectivity and make the project completely successful. Also,
the need to maintain high pressure stimulation pumping continuously for a week or more requires attention to
maintenance schedules and water supply.

Pl Response:

Reviewer 23533

Comment: Should carry out a post-mortem analysis on well 23-1.

In light of the presence of soft shale, was the chemical compatibility checked?
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Pl Response:

Reviewer 23579

Comment: It might be argued that the wellbore damage resulting from the chemical stimulation could have been
anticipated, and this may or may not be true.

Pl Response:

Reviewer 23583

Comment: Details of how individual studies influenced the final technical decisions, such as the stimulation interval
choice, were missing. In addition, it would seem that without more information about the specific influence of each study,
it might look like too many studies were done.

There is significant room for improvement regarding the schedule and better management practices were needed to keep
the project on schedule.

Pl Response:

IMPROVEMENTS

Reviewer 23416

Comment: Recommend a post-mortem on successes/failures. For example, documenting of the problems caused by
geological and tectonic setting (soft rock, high clay content), and utilization of chemical stimulation (after sufficient near
wellbore permeability has been created to disperse chemicals away from wellbore and avoid damage). Recommend
document lessons learned: benefits of low pressure shear and high pressure pulsed stimulation; the value of borehole
seismometers to detect smaller events; being cautious about stimulating old wells with possible stability issues.

Recommend consider the possible long term benefits in terms of gradual but permanent permeability increase caused by
cooling contraction (and thermal stimulation of self-propped shear-failure) through low-pressure injection. Compare with
modeling studies and overseas injection experience (e.g. Mokai, Kawerau and Rotokawa).

PI Response:

Reviewer 23533

Comment: | recommend that a summary be published clearly outlining the satisfactory technology transfer to the Brady
project....and what to avoid (e.g. is pulse stimulation efficient?)
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Was there any microseismicity resulting from the shear stimulation?
Is it possible to improve the definition of the stimulated volume?

Pl Response:

Reviewer 23579

Comment: A thorough analysis of project results, with emphasis on why the various stimulations fell short of achieving
their goals, is needed for this project. Some emphasis should be placed on why the chemical stimulation caused wellbore
instability and how this can be anticipated and/or prevented in future projects. Results of this analysis should be
published.

Pl Response:

Reviewer 23583

Comment: Details of how individual studies influenced the final technical decisions are needed; an analysis of why the
project took so long is suggested in hopes of providing helpful suggestions to other projects of what not to do.

Pl Response:
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EXPLORATION VALIDATION

Standard Deviations from Program Average
Relevance vs Weighted Avgerage Score (y, x)

Review: 2012 Geothermal Technologies Office Peer Review 3
ID: 904 FY11 AOP 3

Project: Integrated Chemical Geothermometry System for Geothermal 2
Exploration

Principal Investigator: Spycher, Nicolas 1
Organization: Lawrence Berkeley National Laboratory 20")
Panel: Exploration Validation 0 b

RELEVANCE/IMPACT OF RESEARCH

Reviewer 23554

Score: 4.0

Comment: Highly relevant and an important step in making sense of geochemistry and geothermometry. Release of the
software may be the best advance in geochemistry since Werner Giggenbach.

Pl Response:

Reviewer 23552

Score: 3.5

Comment: The research by Spycher and his team is important and should be of wide interest as different geothermometers
are widely applied in geothermal exploration and resource evaluation. Their approach attempts to create a practical
thermodynamic method to optimize geothermometry results and identify and minimize the effects of gas loss and dilution.
Their synthetic, numerical, and case study approach is innovative and the results of significant importance. Furthermore,
their multi-component geothermometer approach should be less susceptible to disequilibrium processes and time-
dependent changes. In detail, their laboratory benchmarking experiments and sensitivity tests give the novel approach
credibility and promote a more fundamental understanding of processes and chemical components influencing resulting
compositions and possible erroneous results. My concerns are mainly related to (1) a necessary better treatment of time-
dependent transient signals and re-equilibration during ascent, outflow, or storage; (2) a more robust Monte-Carlo based
approach to better understand realistic uncertainties (compared to the controller approach); and (3) the uncertainty or lack
of plan in regards to code/software dissemination and making it available to the community. Making the data (not the
product?) available through the National Geothermal Data System platform appears inadequate. Despite, these minor
points, the research by Spycher and colleagues is extremely important and systematic and should lead to a fundamentally
improved and more robust approach to geochemical geothermometry in geothermal research and exploration.

Pl Response:
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Reviewer 23532

Score: 3.0

Comment: This project may have limited application to exploration of hidden geothermal systems since it relies on the
availability of fluid samples. However, once temperature gradient wells are available, fluid samples may be available. The
project should have significant application to exploration in geothermal areas where springs are available for sampling.
Proper interpretation of geochemical thermometers should have a major impact on selecting drill sites that reach adequate
temperatures for economic geothermal production. This project should have an important impact on accurate
determination of subsurface temperatures without drilling if applied to areas where adequate samples are available for
inverse modeling.

This project is well worth continued funding to improve and test the potential and limitations of the methodology

Pl Response:

SCIENTIFIC/TECHNICAL APPROACH

Reviewer 23554

Score: 3.0

Comment: Very good progression from controlled experimental phase to applied practical phase. Still early in evaluating
field results and limited to one field example (Dixie Valley).

PI Response:

Reviewer 23552

Score: 3.5

Comment: The scientific, and technical approach by Spycher and his team and the pursued methodology is flawless and
based on a deep and comprehensive understanding of the problem and the applications and shortcomings of chemical
thermometry of geothermal fluids. The project takes a multifaceted approach to improved and automated geothermometry
using complete geothermal water analysis and multi-component thermometry. The approach consists of optimization of
multi-component analysis of synthetic and "real-life" examples from several collaborative case studies, experimental
bench-marking, and integration into available reactive transport models. In particular, laboratory-based sensitivity analysis
of multi-component systems and the exploration of the parameter space in terms of deviation from "true value" due to
specifications (e.g. Al), gas loss dilution, etc. The approach is very solid and promising, however, also somewhat
simplistic. While this might make the proposed widely applicable and easy to use in an automated fashion that only
depends on complete water analysis and a series of assumptions. The project would benefit from a more critical review of
these assumptions. For example, their employed optimization approach assumes that the system is in equilibrium and that
all chemical thermometers record the same temperature and all are in thermodynamic equilibrium. Storage, ascent re-
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equilibration, and the influence of lithologies the fluids percolate through makes that assumption questionable. Is it
possible that the optimization (i.e. finding a common minimum) combines a more complicated signal that might in fact
record more information? The laboratory based approach might allow a test of this assumption, but varying the bulk
chemistry, not just Al content. As mentioned above, the Monte-Carlo based approach developed by Spycher and his team
should also allow for a better estimation of temperature uncertainties. While people might just want a number, it would be
very useful of the automated approach would also allow an estimation of confidence. Certainly not all complete water
analysis thermometry results are created equal. Overall excellent and very useful research.

Pl Response:

Reviewer 23532

Score: 4.0

Comment: The project appears to be making outstanding progress in developing the technology to utilize inverse
modeling and geochemistry to determine subsurface temperatures while taking into account boiling, mineralogy, mixing,
etc. So far the project has focused on the important parameters.

The Pl is aware of problems and limitation of the method such as compartmentalized fluid and rock.

There are some restrictions on its use that the Pl seems to understand but that future users will need to be aware of.
Hopefully any manual will carefully provide this information. As mentioned during the talk, highly saline waters will
cause problems as well as compartmentalized systems of different base temperature, geochemistry and rock type.

Re-equilibration of fluids during transport to the surface will mask deeper temperatures as well as the effects of boiling
and mixing which are already being considered by the PI.

PI Response:

ACCOMPLISHMENTS, RESULTS, AND PROGRESS

Reviewer 23554

Score: 3.0

Comment: The Dixie Valley results are a prime illustration of how this software can work and how relevant this research
is to quickly and realistically evaluating geothermometer results.

PI Response:



U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

Reviewer 23552

Score: 3.5

Comment: The project has successfully automated the multi-component chemical geothermometer developed previously,
taking into account reservoir mineralogy, gas composition, gas loss, and dilutions, while assuming a reservoir temperature
that is record by equilibrium conditions of multiple geothermometers. The team has applied this approach to several case
studies (e.g., Dixie Valley) in collaboration with a large number of industry and academic collaborators. The completed
research has also evaluated the important effects of gas loss and dilution and co-existing mineralogy through by
thermodynamic models and laboratory-based experiments. The project appears to be on track despite initial personnel-
related delays (hiring of post-doc). The project is currently in the process of implementing an optimization-based
approach, input from multiple locations, integration with existing software packages, and reactive transport modeling of
real and synthetic data. The last point that is mentioned in progress is the integration into a practical software tool.
However, Spycher was not clear or didn't articulate a plan on how to make this the Geothermal Technologies office-
sponsored tool available to the community and how to disseminate the knowledge and lessons learned. | would rate this as
a significant shortcoming, despite the substantial progress and valuable research outcome to date. Along the same lines,
the "data" sharing plan is inadequate. How about calling is "product” sharing (and software is a product; THE product of
this project).

Pl Response:

Reviewer 23532

Score: 3.0

Comment: There was some delay in getting staff for the project so progress has not been outstanding. However, progress,
results and accomplishments have been outstanding since the project was fully staffed.

The progress so far has shown that the method works under some circumstances. To the Pls credit he seems to have
realized most, if not all, of the constraints on the accurate application of the model. Hence progress and future direction
should continue to be outstanding.

Pl Response:

PROJECT MANAGEMENT/COORDINATION

Reviewer 23554

Score: 4.0

Comment: Proceeding to target date for release.
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Pl Response:

Reviewer 23552

Score: 4.0

Comment: The team assembled by Spycher is very qualified and well-coordinated and managed as one would expect from
a successful National Laboratory team. What is particularly noteworthy is how the team is piggy-backing very
successfully onto existing projects for the case studies. | find this to be excellent use of collaborative contacts and
illustrate the well managed and coordinated project. Of course, unlike many other more complex project that involved a
wide spectrum of geological, geophysical, etc exploration tools as well as drilling and exploration efforts, this project is
significantly more straightforward and manageable. This, however, does not and should not detract from a nicely
coordinated and productive project.

Pl Response:

Reviewer 23532

Score: 3.0

Comment: The technical team is well qualified to undertake this work and successfully complete it. Geochemists at
Lawrence Berkeley National Laboratory (LBNL) with strong experience in geochemistry of geothermal systems are part
of the LBNL project team.

PI Response:

STRENGTHS

Reviewer 23554

Comment: Excellent experimental work and software development.

Pl Response:

Reviewer 23552

Comment: | consider this an excellent project with a number of significant project-oriented, scientific, and "user-
community" strengths. As discussed above on the scientific, and technical strength of the project by Spycher and his team
this is a flawlessly executed project that builds on a well-developed understanding of the chemical problems as hand. The
team of experts of international caliber is a true strength with all their expertise, experience, and know-how that they bring
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to the table. The science plan is well formulated and conceived and promises success and significant results with wide-
ranging applicability and impact in terms of the improved and more robust application of chemical thermometry to
geothermal fluids in order to characterize reservoir temperatures. The improved and automated geothermometry using
complete geothermal water analysis and multi-component thermometry will be useful for a large audience of industrial
and academic users. Spycher's team's approach utilizes an interesting and powerful optimization approach for calculating
refined reservoir temperatures based on of multi-component analysis of complete water analyses. Another strength of the
project lies in the system strategic devised by the team, integrating synthetic and "real-life" examples from several
collaborative efforts, experimental laboratory-based insights into effects of various parameters, and integration into
available reactive transport models. As previously stated, the laboratory-based sensitivity analysis of multi-component
systems and the exploration of the parameter space in terms of deviation from "true value" due to specifications (e.g. Al),
gas loss dilution, etc. is clearly powerful and will shed real light on the validity of the various assumptions and
misconceptions of widely-used and -abused chemical thermometry.

Pl Response:

Reviewer 23532

Comment: The scientific objectives of this project are well thought out and the science is very interesting. This could be a
very important new tool for determining geochemically derived temperatures for geothermal systems where an adequate
number of chemical samples are available from hot springs and wells.

I hope that the Geothermal Technologies Office will continue to fund this project in order to fully validate its usefulness.
There are some restrictions on its use that the Pl seems to understand and that future users will need to be aware of.
Hopefully any manual will carefully provide this information. As mentioned during the talk, highly saline waters will
cause problems as well as compartmentalized systems of different base temperature, geochemistry and rock type.

Re-equilibration of fluids during transport to the surface will mask deeper temperatures as well as the effects of boiling
and mixing which are already being considered by the PI.

Its use will be limited in hidden systems but once even shallow or intermediate depth temperature data becomes available
the method may be useful.

Pl Response:

WEAKNESSES

Reviewer 23554

Comment: Expand to other areas and other geothermal systems.

Pl Response:

Reviewer 23552
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Comment: While the overall project is very strong as detailed in the "Strength" section and while the approach is very
solid and promising, some aspects are maybe somewhat simplistic and would benefit from a more realistic fluid-rock
interaction concept. The project could make a bigger effort to explore some of the fundamental assumptions and discuss
the limitations and pitfalls. As stated before, the project would benefit from a more critical review of the assumptions, the
likelihood of equilibrium in the reservoir, re-equilibration with rocks during percolation and ascent, the possible kinetic
effects on results. The employed optimization approach assumes that the complete system, as characterized by complete
fluid chemical analysis, is in equilibrium and that all chemical thermometers record the same temperature and all are in
thermodynamic equilibrium. Storage, ascent re-equilibration, and the influence of lithologies the fluids percolate through
makes that assumption questionable. Is it possible that the optimization (i.e. finding a common minimum) forces a more
complicated signal into a common artificial minimum that might in fact record a more complicated and time-transgressive
information? The laboratory-based approach might in fact allow a test of this assumption, but varying the bulk chemistry,
not just Al content. As mentioned above, the Monte-Carlo based approach developed by Spycher and his team should also
allow for a better estimation of temperature uncertainties. While people might just want a number, it would be very useful
of the automated approach would also allow an estimation of confidence. These points are not necessarily weaknesses of
the project, but rather cautionary suggestions.

Pl Response:

Reviewer 23532

Comment: There are some restrictions on this inverse modeling approach that the Pl seems to understand and that future
users will need to be aware of. Hopefully any manual will carefully provide this information. As mentioned during the
talk, highly saline waters will cause problems as well as compartmentalized systems of different base temperature,
geochemistry and rock type.

Re-equilibration of fluids during transport to the surface may mask deeper temperatures.

The effects of boiling and mixing may make analysis more difficult but the P1 is already considering these aspects of the
technique.

The technique maybe limited in hidden systems but once shallow or intermediate depth fluid samples are available, the
method will be useful.

The system may also have limited applicability in exploration for EGS which are lacking sufficient fluid for near surface
sampling.

Pl Response:
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IMPROVEMENTS

Reviewer 23554

Comment: Deploy in volcanic environment where the majority of geothermal systems occur worldwide.

Pl Response:

Reviewer 23552

Comment: Without wanting to sound repetitive, as | summarized much of this in the previous section, the project could
benefit from the following improvements and adjustments of future directions:

(1) a more careful evaluation and exploration the basic assumptions and their validity
(2) an improved treatment of uncertainties during optimization (temperature estimate and +/-)

(3) explorations of geological pitfall both in applied and laboratory-based studies (what could influence or potentially
invalidate results)

(4) a better defined and articulated software distribution and dissemination strategy and plan (the main weakness at this
point)

Pl Response:

Reviewer 23532

Comment: Continue to work on solutions to the weaknesses noted.

Testing of the system at the Raft River geothermal field might provide a good test of a system in which the fluids appear
to be strongly compartmentalized.

PI Response:
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Project: Characterizing Structural Controls of EGS-Candidate and . 2012)
Conventional Geothermal Reservoirs in the Great Basin: Developing Successful .
Exploration Strategies in Extended Terranes
Principal Investigator: Faulds, James
Organization: University of Nevada, Reno
Panel: Exploration Validation

RELEVANCE/IMPACT OF RESEARCH 3

Reviewer 23427

Score: 4.0

Comment: The research addresses EGS site selection and characterization barriers. This work will augment the discovery
of new conventional geothermal systems, as well as enhancement of known systems, by providing qualitative and
quantitative data on the most favorable structural settings for geothermal activity.

Better characterization of known geothermal systems is critical for new discoveries, targeting drilling sites, and EGS
development. This is especially important in the Great Basin, where the bulk of geothermal resources may have no surface
expression. The project is assessing the structural controls of geothermal systems in the Great Basin and adjacent regions
in close collaboration with industry.

The project end date is 1/31/2013.

Pl Response:
| agree.

Reviewer 23530

Score: 4.0

Comment: This is an important project as it will help with structural predictions of reservoirs to reduce the risk of drilling.
The oil and gas industry has greatly benefited from such characterizations and predictions and this project will promote
the same for geothermal exploration and development. Many of the systems in the Basin are blind so this project will pave
the way to the development of better conceptual models to predict reservoirs in this area. The project has similar
applications to EGS reservoirs as well.

The educational influence of this work in drawing students and young professionals into the geothermal industry is to be
especially commended.

Pl Response:
I agree. Itis indeed imperative to involve the next generation of geoscientists in such research.

Reviewer 23627

Score: 3.5
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Comment: The idea of systematic analysis of site-tectonic conditions to find out where within a geothermal field the
upflow zone is likely to be or where conditions for a blind field might be favorable is very interesting and could have high
impact in the future works.

Pl Response:

Agree.

SCIENTIFIC/TECHNICAL APPROACH

Reviewer 23427

Score: 4.0

Comment: The project is systematically assessing the structural controls of geothermal systems in the Great Basin and
adjacent regions. Phase | (Year 1) involved a broad inventory of structural settings of geothermal systems, with the aim of
developing conceptual structural models and a structural catalogue of the most favorable environments. This overview
permitted selection of representative sites for more detailed studies in Phases Il and 111 (Years 2, 3). Sites were selected
based on quality of exposure, potential for development, and general type of system. The detailed investigations include
geologic mapping, kinematic analysis, and stress

This project expands upon previous research efforts through an inventory of known systems in the Great Basin, detailed
investigations of several additional but representative sites, and comparative analysis of systems in different tectonic
provinces or settings (e.g., magmatic vs. non?magmatic). In addition, we have incorporated a more quantitative approach
through analysis of the slip dilation tendency of faults and 3-D modeling of geothermal systems, thus facilitating the
selection of drilling sites and well paths.

Pl Response:
Agree.

Reviewer 23530

Score: 4.0
Comment: The project has a comprehensive approach as the PI has analyzed 300 geothermal systems to develop
categorizations. As the presenter said, there is “no geothermal field of dreams;” the project approach will make the most

of existing data to develop a comprehensive characterization of geothermal structures based upon existing data.

The project has a logical approach to develop categorization of all structures and subsequently test the approach via
detailed evaluation of a smaller number (5-6; maybe 9-10) of resources.

Development of three dimensional models will help with an understanding of the complexity of geothermal structures.
Pl Response:

Agree.
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Reviewer 23627

Score: 4.0
Comment: Systematic analysis of existing date from numerous sites is an excellent way to proceed.
Pl Response:

Agree.

ACCOMPLISHMENTS, RESULTS, AND PROGRESS

Reviewer 23427

Score: 4.0

Comment: The primary goals of Year 2 were to finalize selection of representative sites for detailed study, conduct the
detailed studies, embellish the structural catalogue, and initiate 3-D modeling and slip dilation tendency analysis.
Major field excursions were undertaken to analyze geothermal systems in eastern California, northern Nevada, and
southern Oregon.

Structural controls of over 300 geothermal systems have been analyzed either with literature research or field reviews
(200 additional systems this year). Eleven representative geothermal fields were selected for detailed study.

The project has defined a spectrum of favorable structural settings for geothermal systems in the Great Basin region. The
project also completed a catalogue that interprets the structural setting of most of the geothermal systems in the region.
This work will augment the discovery of new conventional geothermal systems, as well as enhancement of known
systems, by providing qualitative and quantitative data on favorable settings. Specifically, it will help to focus regional
exploration programs, target productive well sites in individual geothermal fields, and select the best sites for EGS
experiments.

Pl Response:
Agree.

Reviewer 23530

Score: 4.0

Comment: Progress to date has been very good. Database development is aggressive. The Pl and team have produced
many publications and presentations on their work. The development of categorization of geothermal structures allows
similarities to be evaluated across the industry. Use of data to evaluate the five or six systems has shown good progress
towards defending structure categorizations. This project has shown good progress in categorization of blind systems
based upon existing geophysical data.

Pl Response:

Agree.
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Reviewer 23627

Score: 4.0
Comment: Excellent.
Pl Response:

None needed.

PROJECT MANAGEMENT/COORDINATION

Reviewer 23427

Score: 4.0

Comment: The greatest challenges involved changes in the time commitments of two original co-principal investigators.
These were overcome by adding additional personnel to the project.

This project is progressing well, with completion of nearly all Years 1 and 2 milestones.

Pl Response:

The additional personnel, including one post-doctoral scholar, are contributing enormously to the project.

Reviewer 23530

Score: 4.0

Comment: Project has successfully backfilled positions created by vacancies. The Pl has done well to draw in so much
industry participation. Project is progressing well; milestone progress is clearly evident.

PI Response:

Industry collaborations have greatly benefited this project and facilitated the 3D modeling with substantial subsurface
data.

Reviewer 23627

Score: 4.0
Comment: The project management seems very good.
Pl Response:

None needed.
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STRENGTHS

Reviewer 23427

Comment: The strength of this project is that it is systematically carrying out evaluations in an area (the Great Basin) that
is critical to EGS exploitation.

Pl Response:

The Great Basin is one of the premier regions of the world for geothermal activity. Systematic studies here will provide
critical data for EGS exploitation world-wide.

Reviewer 23530

Comment: Project is creating foundational work that will lead to successful exploration on future geothermal projects and
categorization of structures within geothermal reservoirs to facilitate communication throughout the industry. Training of
next generation of researchers is commendable.

Pl Response:
Agree.

Reviewer 23627

Comment: The strength of this project lies in a very clear vision on the objectives and well-defined tasks.
Pl Response:

None needed.

WEAKNESSES

Reviewer 23427

Comment: A weakness is that of the 300 systems selected, there was insufficient data on 100 of them. This isn't a near-
term problem, because there appear to be more characterized sites than there are geothermal prospectors.

Pl Response:

We have found that many so-called "geothermal systems" in the Great Basin correspond to nothing more than warm wells
within basins. Such systems are difficult to characterize unless substantial geophysical data are available for the basin,
which is not common. Furthermore, we are currently in the midst of reviewing our interpretations of the designated
structural setting of all systems, including those that we could not initially categorize. This process is reducing the
number of "undetermined” systems.

Reviewer 23530

Comment: None noted.
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Pl Response:
None needed.

Reviewer 23627

Comment: This project has no obvious weaknesses.
Pl Response:

None needed.

IMPROVEMENTS

Reviewer 23427

Comment: I don’t think that I came up with any weaknesses or strengths that everyone isn’t pretty much aware of already;
however, I think there needs to be a proactive approach to ensuring that data/information generated in Geothermal
Technologies Office projects is not only archived, but actively used in advancing the goals of the office.

Specifically, this project has made the following statements as to how its results will be made public.

* In addition to providing the required quarterly and annual reports, results will be presented at various meetings and
workshops.

*A course in geothermal exploration was taught in Spring 2011, as described above. In addition to transferring knowledge
to the next generation of geothermal geoscientists, some of those taking the course were professionals currently holding
positions in industry.

*Papers and presentations were presented at national meetings and workshops.

*Multiple publications addressing structural controls of geothermal activity will result from this project, including a
comprehensive catalogue detailing favorable settings.

*Results were presented at the 2011 GSA and GRC annual meetings (Year 2, Milestone 5).
*And this project is integrated with other projects in Geothermal Technologies Office portfolio.

Pl Response:
We will work toward achiving all of our products, including those listed above.

Reviewer 23530

Comment: Reviewer did not provide comments for this criterion.
Pl Response:

None needed.
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Reviewer 23627

Comment: No suggestion — the project is excellent.
Pl Response:

None needed.
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RELEVANCE/IMPACT OF RESEARCH

Reviewer 23537

Score: 2.0

Comment: While not explicitly stated in the slides or presentation, the objective appears to be to develop a statistically
defensible EGS exploration methodology. This project presents a robust analysis of the geological indicators for a
geothermal system in Dixie Valley. It is unclear whether this methodology is transportable anywhere beyond Dixie
Valley. EGS has not been demonstrated to be commercially sustainable anywhere. The applicability of this project as an
exploration tool that is not portable beyond the valley limits its value. The application of this methodology to another
district that contains a producing geothermal system would be valuable (e.g., Imperial Valley) and would demonstrate its
portability.

Pl Response:

Portability of the findings in the current EGS Exploration Methodology is very important. The present study was designed
to start with an area that has a large amount of available data with similar geologic conditions over a wide area and
determine whether a calibrated EGS exploration methodology could be developed and how defensible could the calibrated
model be. Dixie Valley was chosen because it has a large amount of existing data and is in the Basin and Range province
where similar temperature at depth and geologic conditions extend over a very large area. It appears based on the baseline
data analysis that a defensible, calibrated model can be developed.To answer the portability issue beyond the Basin and
Range, the methodology needs to be applied at other producing geothermal areas as stated by the reviewer above. Ideally
this should be conducted in a systematic fashion with the first test being in another Basin and Range geothermal field of
comparable setting analyzed, and with success exporting the methodology to a comparable Basin and Range geothermal
field, then the methodology would need to be tested at other geothermal provinces such as the example cited above, the
Imperial Valley.

In summary, while I agree with the reviewers comments, at this stage of developing the method, Dixie Valley is acting as
a proxy for the Basin and Range. Further testing is needed to understand the applicability of the method to other areas.
The PI can report that parts of the methodology developed have been previously applied to other geothermal areas both
within and outside of the Basin and Range.

Reviewer 23427

Score: 3.0
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Comment: The Geothermal Technologies Office's mission is to accelerate the growth of geothermal energy in the US.
That will require discovering and exploiting the EGS resources of this country. This project addresses that goal by
developing methodologies that can be applied in greenfield areas and reduce the need for drilling and thereby lower
exploration costs. The project has made significant progress in addressing knowledge gaps and barriers. A calibrated EGS
exploration strategy will be developed (based on Dixie Valley). This strategy should increase drilling success and thereby
decrease exploration costs.

The rating would have been ‘Outstanding’; however, the usefulness of the methodologies in finding new EGS sites or
even an EGS area within Dixie Valley has not yet been demonstrated. The current project, developing a calibrated
exploration methodology for EGS through integrated geoscience interpretation, is designed to attempt to meet the
objective of lowering the cost of EGS by reducing exploration and development risks. More specifically, this project
supports the goals of demonstrating 5 MW reservoir creation by 2020; and lowering EGS levelized cost to 6 cents/lkWh by
2030.

End date September 2012,
Pl Response:
I, on behalf of the project team, thank the reviewer for the comments.

Evaluating the validity of the EGS exploration methodology findings is one of the critical next steps in being able to
validate that the project findings can be used to reduce exploration and development risks.

It is critical to recognize that developing the methodology for defining EGS drilling targets is different from conducting a
project to delinate EGS driling targets. The current project accomplishes the former. Additional work (not a significant
amount but a critical amount) is needed to select EGS drillling targets.

Reviewer 23530

Score: 3.0

Comment: The focus of this project is on the Dixie Valley Geothermal System. The team is developing trends via
statistical analysis of the available data. These trends will reduce exploration risks and accelerate the development of both
EGS and hydrothermal resources.

The project has proposed an EGS exploration methodology that allows for a system engineering approach to exploration.

Pl Response:

Thanks, that's what we intended.
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SCIENTIFIC/TECHNICAL APPROACH

Reviewer 23537

Score: 3.0

Comment: The techniques employed in this project were of very high quality and consistent with the project's objectives.
A next step would be to apply these criteria to another, well-studied region deemed through alternate methods to have a
high EGS potential and see whether this potential EGS site is identified.

Pl Response:

Thank you. We completely agree with the next step identified above.

Reviewer 23427

Score: 4.0

Comment: The approach is clearly stated, excellent in design and addresses the technical barriers to achieving project
objectives. As evident in the accomplishments to date the approach is Outstanding. The technical challenges are clearly
stated and a program has been carried out to meet those challenges. What is missing, at least from the summary, is a clear
delineation of the path(s) to meeting the Geothermal Technologies Office goal regarding creating a reservoir capable of 5
MW. There needs to be a clear statement of how this project supports that objective. This is particularly important,
because this approach involves spending more money upfront to save a lot more money later in reservoir development
(drilling). Also, it should be made clear that this is meant to be a generalized approach, applicable to different EGS
regimes.

Pl Response:

I, on the behalf of the project team, thank the reviewer for the comments. The issue of defining the path(s) to meeting the
Geothermal Technologies Office goal of creating a reservoir of 5 MWSs will be addressed in the next Peer Review from
the prespective of potential drill site locations. It is important to note that this project cannot, in and of itself, create an
EGS reservoir capable of generating 5 MWSs. All that this project can do is define where to drill for a potential EGS
reservoir.

Reviewer 23530

Score: 3.0

Comment: The Pl makes the point that decisions are based upon available data and trust maps are being developed based
upon these data. Trends should be peer reviewed by the industry for concurrence.

PI Response:

| agree.
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ACCOMPLISHMENTS, RESULTS, AND PROGRESS

Reviewer 23537

Score: 3.0

Comment: Most tasks have been successfully completed on time and appear to be of the highest quality. It was unclear,
however, whether the observed T- vs. P-wave velocity relationships is a real phenomenon or an artifact of the limited
available data. To "discover" a relationship like this through this project is expected. To demonstrate that this relationship
is real and applicable elsewhere would be significant. This relationship is not yet significant. Like other relationships
identified in this project, their relevance is in their portability.

Pl Response:

I concur with the review on the validity of the T vs P-wave relationship based on the baseline data presented. The first
step in evaluating the validity of the observation is to determine if the relationship exists using the enhanced seismic data
(to be presented in the next Peer Review). If the relationship using the higher resolution seismic data is supportive, then
the issue of portability comes into play. Given this potential outcome, a "path forward" to evaluate the portability of the
identified relationship will be presented in the next Peer Review and in the project's final report.

Reviewer 23427

Score: 4.0

Comment: All of the existing, available extensive geological, geophysical, geochemical, and hydrological data at Dixie
Valley was reviewed and assessed. Then a fully integrated baseline conceptual model was developed which included re-
interpretation of some of the structural setting and stress conditions. It was recognized that the existing geophysical data
did not have sufficient resolution and new gravity, magnetotelluric (MT), and seismic data were collected along with
developing a 3-D conductive and thermal model. These data will be integrated as appropriate with the baseline data to
develop a fully-integrated enhanced conceptual model.

From my viewpoint, the most innovative aspects of the project consisted of developing an interdisciplinary method for
synthesizing, integrating, and evaluating geoscience data, demonstrating new seismic techniques based on ambient noise,
and discovering a previously unrecognized relationship between temperature and P-wave velocity (Vp) using well data
and modeled Vp data.. T vs P wave, if validated, allow non-invasive subsurface thermal mapping through seismic
tomography. (Validate at other sites).

The project expects results to be integrated into other program by the EGS exploration area in the future to develop a fully
integrated EGS exploration process. And future activities should be the application of the methodology developed to other
Basin and Range geothermal systems and other geothermal geologic provinces. But those activities are not part of this
project.

Pl Response:

Thank you for the comment.

Reviewer 23530

Score: 3.0
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Comment: The PI affirms that the project spend plan is on track in the respective technical tasks. The project has
identified an interesting correlation between formation temperature and P-wave velocity. This is very innovative but
should be validated by additional research before industry acceptance. The exploration methodology is justified by
presentation of available data. Data is relevant to the Dixie Valley system and generalized application to other resources is
cautioned.

Pl Response:

I concur. A previous reviewer (above) raised the issue of portability of the finding and the reader is referred to the Pl
comments on that issue.

PROJECT MANAGEMENT/COORDINATION

Reviewer 23537

Score: 3.0

Comment: Given the ambitious plans and regional requirements (i.e., BLM delays), the managers of this work and the
many collaborators stayed on top of the schedule.

Pl Response:
Thank you for your comment.

Reviewer 23427

Score: 4.0

Comment: Program management has been outstanding in coordinating a diverse virtual team of university
professors/researchers and independent consultants to maintain project schedule, and obtaining permits in a timely
fashion. The lessons learned here have applicability to other projects.

I would like to have seen more regarding the path forward with the steps laid out to the ultimate goal of a 5 MW reservoir
at a greenfield site by 2020. I think that laying out that logic would help build support for follow-on projects.

It is stated that this project is fully integrated with other projects. | have no idea what this means.
Pl Response:

Thank you for the comment. We will address the "path forward" in next year's Peer Review, published papers, and in the
final project project. With respect to the comment, "...this project is fully integrated with other projects.", the PI calls the
reviewer's attention to the Peer Review presentation Slide 3 that states, "We expect project results to be integrated into
other programs in the EGS exploration area in the future to develop a fully integrated EGS exploration process.” On Slide
10 of the presentation we report that as a project accomplishment we have a "fully integrated geoscience baseline
conceptual model...".

Reviewer 23530
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Score: 3.0

Comment: The project has engaged three universities and one national laboratory to develop project team. Project
management appears to be on track with accomplishments, publications and milestone completions demonstrated.

Pl Response:

Thank you for your comment.

STRENGTHS

Reviewer 23537

Comment: Solid team established. Excellent planning and management. Solid peer review presentation.
Pl Response:
Thank you for your comment.

Reviewer 23427

Comment: Program management has been outstanding in coordinating a diverse virtual team of university
professors/researchers and independent consultants to maintain project schedule, and obtaining permits in a timely
fashion.

Strengths include the development of an interdisciplinary method for synthesizing, integrating, and evaluating geoscience
data, and demonstrating new seismic techniques based on ambient noise.

Pl Response:
Thank you for your comment.

Reviewer 23530

Comment: This project is making strides in interpretation of the Dixie Valley geothermal system and development of
statistical methods to guide future explorations. Generalized trends should be broadly communicated to operators in the
region to develop trust in predictions resulting from this work. Overall project management, technical approach and
results to date appear to be satisfactory

Project is making good use of available data to establish trends

P1 Response:

Thank you for your comment.
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WEAKNESSES

Reviewer 23537

Comment: Premise: Given that there are no commercially sustainable EGS systems on earth, how does one gauge the
value of an EGS exploration methodology?

Interim findings: Several of the correlations (3-D convective thermal model, T- vs. P-wave relationship, ambient noise)
are intriguing but have not been applied in a robust fashion such that they hold any value to others.

Pl Response:

I concur. However, the PI believes that this project is the first of its kind and the process of making EGS commercially
successful begins with demostration projects such as AltaRock/DOE's Newberry Project. It is anticipated that EGS
projects will be commercially successful and with the large EGS resource identified by other investigators we need a
process to explore for it. This project is designed to make a contribution to the latter objective.

Reviewer 23427

Comment: From the summary, | see no significant weaknesses.
Pl Response:
Thank you for your comment.

Reviewer 23530

Comment: Reviewer did not provide comments for this criterion.
Pl Response:

No response entered.

IMPROVEMENTS

Reviewer 23537

Comment: Reviewer did not provide comments for this criterion.
Pl Response:
No response entered.

Reviewer 23427

Comment: Under ‘Plans for the Future’, there could be an outline of the steps leading to reservoir creation by 2020. From
previous discussions, | know that such a scenario exists. Also there could be a discussion of lessons learned in
coordinating a diverse virtual team be applied to future and different challenges.
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It is not clear to me how this methodology is meant to be applied at a completely new site. Moving down the road to Coso
is not much of a stretch. Does the methodology require input data in a specific format or can existing data, if available, be
used? This isn't exploration in the sense of finding a site, but confirming before drilling. Is it therefore a companion to
EE0002748, 'Characterizing Structural Controls ..."?

Therefore, application of the methodology should be discussed at length.
Pl Response:

The project scope of work is to essentially develop a calibrated EGS exploration methodology. The Dixie Valley site was
chosen because of the large amount of existing data that could be used to calibrate the methodology. We have taken that
data, processed it, integrated and interpreted the data into an internally consistent conceptual model. The approach is
applicable to other sites irrespective of the amount of existing data that exists for an individual project site. One of the
principal differences that will manifest itself as a function of the amount of viable data available is degree of uncertainty
associated with the favorability/trust maps.

We would plan to discuss the methodology developed at the next Peer Review, within published papers and in the final
report.

Reviewer 23530

Comment: Reviewer did not provide comments for this criterion.
Pl Response:

No response entered.
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Standard Deviations from Program Average
Relevance vs Weighted Avgerage Score [y, x)

Review: 2012 Geothermal Technologies Office Peer Review

ID: EE0002827 2
Project: El Paso County Geothermal Electric Generation Project: Innovative
Research Technologies Applied to the Geothermal Resource Potential at Ft. Bliss
Principal Investigator: Lear, Jon

Organization: Ruby Mountain, Inc

Panel: Exploration Validation 1 2013)_

RELEVANCE/IMPACT OF RESEARCH

Reviewer 23577

Score: 2.0

Comment: Marginal impacts to broader office mission and goals. It appears that most of the accomplishments have used
conventional geothermal exploration tools and models. | cannot understand the role of the Chem Stratigraphic analyzer
and the Heli-lite Drill Rig within the project. With that being said, the project is nicely laid out and managed well it may
lead to results relevant to the local area.

Pl Response:

Reviewer 23404

Score: 3.0

Comment: The success of this project will provide, perhaps, the necessary information to determine if there is a useful
geothermal resource for a military base. The two innovative methods were evaluated in the presence of other
data/information; these represent objectives which appear to have been demonstrated.

Pl Response:

Reviewer 23537

Score: 3.0

Comment: Determining if a low temperature geothermal resource exists at Ft. Bliss (or anywhere with geothermal
potential) is a worthwhile endeavor and relevant as is determining the source of fluids and the best location for a “resource
well.” Some of the gaps or key issues (as identified in the presentation) such as the minimum depth and expected
temperatures weren't really issues. The T’s determined during this program, so far, were similar to the T’s determined by
Sandia 15 years ago. And resource volumes and “limitations” do not appear to have been addressed yet.
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Pl Response:

Reviewer 23485

Score: 2.0

Comment: This project has two goals that can have a positive impact on the goals of the Geothermal Technologies Office.
The first is demonstrate an approach to assessing a low temperature geothermal prospect, whose existence had been
demonstrated by earlier work. Success would lead to more utilization of low temperature resources, increasing the use of
geothermal energy by a modest amount. It remains to be seen whether the temperatures at this site are hot enough to be
useful.

The second is to assess the value of two innovative assessment methods: Heli-lite, an environmentally sensitive impact
drilling method and QEMSCAN, a commercially available system that automatically produces images of the spatial
distribution of minerals on the surface of a sample from cuttings or core.

The impact of this work will not be known until the project progresses further.

Pl Response:

SCIENTIFIC/TECHNICAL APPROACH

Reviewer 23577

Score: 3.0

Comment: Solid exploration approach. The methods employed may have greater applicability when folded into an
exploration package for low temperature resources in general.

Pl Response:

Reviewer 23404

Score: 2.0

Comment: The approach taken was rather straightforward with a variety of lab and field activities in this difficult access
area; Go/No-Go decisions were incorporated into the process. The team evaluated the methods they used, this is important
on its own--perhaps it will inform others what to try first. There is nothing innovative about the work presented in this
project.

Pl Response:

.| A-?O
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Reviewer 23537

Score: 2.0

Comment: The "regional flow" model, chemostratigraphy and confirmation of temperatures (originally determined in the
late 1990s) is somewhat additive. Given the temperatures encountered, the (muddy) presentation attesting to poor
permeability, and no flow testing, it is unclear exactly how this approach adds to the understanding of whether or not a
direct use or even low temperature binary resource exists at Camp McGregor. Clearly the isothermal temperature profiles
(in 1997 and in 2012) suggest heat and lateral flow of some kind. But the work presented did not. Furthermore, it is
totally unclear where this next well should be drilled and why.

Pl Response:

Reviewer 23485

Score: 2.0

Comment: The overall scientific approach is very good. The team is collecting and reviewing a variety of appropriate
geological and geophysical information, and taking full advantage of pre-existing datasets and using slimholes both for
samples and testing. All this information should allow the siting of a confirmation well that will reveal a lot of information
about the system. The quality of some of the scientific and technical details is harder to assess based on the information
presented, which raises some questions. For example, how reasonable is the geological/structural model that they have
determined? On page 9 of the presentation shows unrelated several families of faults determined from different methods
all plotted on the same map. Are they related? Which ones might be young and open? Which ones are favorably oriented
given the stress conditions? How constrained is the flow model they present? More information would be needed to assess
the scientific approach with confidence.

Pl Response:

ACCOMPLISHMENTS, RESULTS, AND PROGRESS

Reviewer 23577
Score: 2.0

Comment: The accomplishments of the project are behind schedule due to permitting issues. Most of the major results that
focus on the project objectives are still to come. | may have scored higher if some of the more important results had been
accomplished.

PI Response:
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Reviewer 23404

Score: 2.0

Comment: This project appears to be somewhat on track in terms of meeting the stated goals, but is behind schedule due
to permitting issues. They did not drill the slimholes but rather found that such wells had already been drilled - it is
unclear why they took credit for completing this goal?

Pl Response:

Reviewer 23537

Score: 2.0

Comment: Some very solid work has been performed. However, the accomplishments are marginal especially if a Low
Temperature resource is to be developed. A question to the presenters about the marginal T's and poor permeability
resulted in an answer 100% foreign to all of the presentation material. The answer provided was that the future of this
project and Camp McGregor is to develop these fluids as a solar thermal resource. This may someday prove to be the case
but solar thermal is mentioned nowhere in any of the material provided.

Pl Response:

Reviewer 23485

Score: 3.0

Comment: The project is moving through its planned tasks on schedule, and this work has lead to a choice for a site to
drill a confirmation well. They demonstrated that the Heli-lite system did not work well in this application, but then
discovered some pre-existing thermal gradient holes, and are using the QEMSCAN system on available core from an
earlier well. These activities have all contributed to their goal of siting a well to confirm this resource. However, from the
presentation it is not possible to assess how much these methods have contributed, and how different the model of the
system is now compared to when they started.

Is this appropriate progress based on the expenditures to date? This cannot be determined from the information presented.
The presentation does not provide the total expenditures, but indicates that almost 40% of the DOE funds have been spent.
If that same ratio applies to the matching funds, then, compared to other demo projects, this project has spent a larger than
average fraction of its funding before drilling.

PI Response:
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PROJECT MANAGEMENT/COORDINATION

Reviewer 23577

Score: 2.0

Comment: Project management is fair to good. Being behind in schedule is never a good thing, especially if it is driven by
circumstances outside of their control (permitting). Next year will really tell the tale with respect to this project. | am
optimistic that the project can recover lost time on the schedule.

Pl Response:

Reviewer 23404

Score: 2.0

Comment: This project gives the appearance of being well run and coordinated. Collaborations with the military, the local
government, and universities are all good things. Future consideration of industry collaboration was mentioned.

Pl Response:

Reviewer 23537

Score: 3.0

Comment: In terms of technical, policy, schedule, business and staffing plans, as well as spend plans, Project
Management seems to be solid. The seemingly unscripted reference to solar thermal at the Peer Review was either
indicative of internal dissent or an out of scope direction that the project is taking. Neither is a positive attribute nor a
great reflection on PM.

Pl Response:

Reviewer 23485

Score: 3.0

Comment: This project is well defined and is moving systematically through its planned tasks. There is a slight delay now
due to permitting, but until now the project is on or ahead of schedule. While pushing towards a site-specific system
confirmation, the team is also considering the wider applicability of what has been learned. Efforts have been made to
explicitly describe the decision processes and to perform a preliminary assessment of the value of different methods.

Pl Response:
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STRENGTHS

Reviewer 23577

Comment: The project has a good team pulled together. This is an interesting problem and needs to be finalized.

Pl Response:

Reviewer 23404

Comment: Reviewer did not provide comments for this criterion.

Pl Response:

Reviewer 23537

Comment: University Utah provides skills an credibility in any such geothermal exploration program. The subject area is
worthy of further investigations and the specific objectives of this office are strong.

Pl Response:

Reviewer 23485

Comment: The project is well defined and well organized. If they continue their efforts to explicitly evaluate the different
methods, the project will have benefits beyond their particular site.

PI Response:

WEAKNESSES

Reviewer 23577

Comment: Schedule variance and lack of scope are a concern. It is not possible for me to determine if the delays are all
driving by permitting issues. The delays need to be addressed very quickly and the project put back on track.
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Pl Response:

Reviewer 23404

Comment: Reviewer did not provide comments for this criterion.

Pl Response:

Reviewer 23537

Comment: The presentation was unclear, the presentation material is confusing (and the Geothermal Technologies Office
boilerplate material about jobs etc. really needs to be removed for a technical review with a time limit) , and I am
uncertain where or why a well should be drilled (other than the fact that money is available).

Pl Response:

Reviewer 23485

Comment: | do not see a convincing argument that the confirmation well is in the best place. It appears that the rationale
is to drill into faults contained in the highest temperature zone of the shallow temperature gradient (TG) survey. Based on
page 9, the well is sited in a lobe of the 120 degree temperature contour. Looking at the location of the actual data, the
well is sited equidistant from 4 TG wells with a large range of temperatures, from >120F to about 110F. Consequently, the
uncertainty about the temperature at that location is fairly high. Why not place the well close to the TG holes with the
highest temperature? That would have a high expected temperature with lower uncertainty.

Of course, the flow model must be taken into account. The arrows on page 14 indicate that the model consists of rising hot
fluid flowing (generally) to the west, and presumably cooling as it flows. Since flowlines don't make right-angle turns, in
this simple model, the upflow zone zone would be upstream (to the east) of this highest near-surface temperatures.

Strengthening the geological model and the flow model would make it clearer where the confirmation well should be.

Pl Response:

IMPROVEMENTS

Reviewer 23577

Comment: Other than the geophysical well logs, the presentation didn't show any seismic, gravity, magnetics, or other
geophysical data. Perhaps the data are available but not presented. | would like to ensure that a comprehensive analysis
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has been done using all the available datasets and that if additional traditional datasets are not available that
recommendations be made to collect these data.

Pl Response:

Reviewer 23404

Comment: Reviewer did not provide comments for this criterion.

Pl Response:

Reviewer 23537

Comment: This project is screaming out for a thorough repackaging, rewriting, and re-presentation of the salient data and
interpreted results. If such an event occurs, then perhaps it would be obvious that a model for whether or not a resource
might exist has actually been developed. This model can include specific flow paths, projected permeabilities/flow rates,
volumes and other attributes central to a direct use or Low Temperature binary operation. Only then can a defensible
drilling target be sited. None of this is clear right now and it is very unclear exactly where or why a well should be drilled.
Only then should money be made available to drill. And if this repackaging results in an argument for enhancing fluid
temperatures via solar troughs or some other secondary heating application, the presentation should explicitly describe
how this will work.

Pl Response:

Reviewer 23485

Comment: As stated in other sections, the geological model and flow models could be improved, or, if they are more
rigorous, be explained better in the presentation.

Pl Response:
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Review: 2012 Geothermal Technologies Office Peer Review
ID: EE0002828

Project: Direct Confirmation of Commercial Geothermal Resources in Colorado 1
using Remote Sensing and On-Site Exploration, Testing and Analysis

Principal Investigator: Robinson, Lee 0
Organization: Flint Geothermal LLC 2012)
Panel: Exploration Validation 1 '

RELEVANCE/IMPACT OF RESEARCH

Reviewer 23404

Score: 2.0

Comment: This project attempts to do a statewide evaluation of geothermal resources in CO. Successful evaluations like
this are important to developing an understanding of the geothermal resource within the US. There is nothing innovative
about the work done in this project.

Pl Response:

Reviewer 23577

Score: 2.0

Comment: Landsat thematic mapper (TM) or enhanced thematic mapper (ETM) has been used in the past and is focused
into this approach. Although the project claims the use of integrated remote sensed data, as a reviewer, | am left
wondering what is new or unique about this approach. | think the project does have value in creating a data set for
Colorado and the drilled data will be useful for future studies. | was baffled with how the use of remote sensed data could
be used to infer geothermal sources and flow paths, etc. but | think ETM was also used from an on the ground survey.
Obviously the relevance and impact would go way up if a new geothermal field had been discovered, however, the project
is behind schedule and the drilling has not started yet.

PI Response:

Reviewer 23627

Score: 3.5

Comment: Innovative project that is able with low cost to detect geothermal fields that are reflected by elevated
temperature at the surface.
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Pl Response:

SCIENTIFIC/TECHNICAL APPROACH

Reviewer 23404

Score: 1.0

Comment: The approach taken by the researchers was to try many different methods, | believe 15+ were listed to evaluate
resource potential in CO. The researchers down selected to areas/sites but it was not clear what criteria were used to make
this decision. It is unclear from the work presented and written how the researcher valued one method, or a group of
methods in arriving at the down selection. This project has the potential to offer the geothermal community value by
evaluation of technology prioritization but this was not done. Also, it is unclear how the researcher was connecting
ASTER (surface) based technology to subsurface hydrothermal flow. This is a shortcoming.

Pl Response:

Reviewer 23577

Score: 2.0

Comment: Only 10% of budget has been spent. 38 sites were visited for ground confirmation. After running down a dead
end and having to redirect the project in another direction they seem to be making good progress. | almost gave them a
three on the technical approach because it does take a lot of discipline to realize you need to change directions. However,
more progress should have been made. On-the-ground temperature and geophysical surveys are critically important and
not being done has hurt this review.

PI Response:

Reviewer 23627

Score: 4.0

Comment: The utilization of Aster data allow a rapid scanning for possible geothermal fields over of huge areas. This
methodology is well justified and the scientists are well aware of the limitation of the methods applied.

PI Response:
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ACCOMPLISHMENTS, RESULTS, AND PROGRESS

Reviewer 23404

Score: 2.0

Comment: The project has completed its stated goals for Phase 1 for reasons that are unclear as the decision basis for local
area selections is not stated. Therefore there is nothing remarkable to state for the accomplishments and results.

Pl Response:

Reviewer 23577

Score: 2.0

Comment: As mentioned previously, the project is underspent and behind schedule, which is better than overspent and
behind schedule. Nevertheless, progress has been made and reasonable explanations were given for the delays.

Pl Response:

Reviewer 23627

Score: 3.0

Comment: The project was delayed due to the researchers underestimating the real effect of the solar radiation that
masked the underlying surface thermal anomalies. This was corrected and the project seems to produce promising results.

Pl Response:

PROJECT MANAGEMENT/COORDINATION

Reviewer 23404

Score: 2.0

Comment: Although the goal of this work was to assess the entire state of CO, it would have been more advantageous to
downsize and perhaps focus on doing a better job in half of the state. This may represent insufficient management abilities
since the Pl failed to recognize that the original scope was too overwhelming. In this case, maybe less would be more?

PI Response:
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Reviewer 23577

Score: 2.0

Comment: Asked for a no cost time extension. Not clear how project management is performing with only 10% having
been spent. Behind on schedule due to reassessment of methodology. Established five lease areas out of 29. Difficult to
assess project management success due to little progress.

Pl Response:

Reviewer 23627

Score: Not scored
Comment: Reviewer did not provide comments for this criterion.

Pl Response:

STRENGTHS

Reviewer 23404

Comment: Reviewer did not provide comments for this criterion.

Pl Response:

Reviewer 23577

Comment: Multi-component data set approach. Good collaborations. Pl seems to have relevant experience.

PI Response:

Reviewer 23627

Comment: If successful, this methodology might lead to fast discoveries of numerous geothermal fields. The method
involves the scanning of large areas and narrows down prospective areas for further conventional exploration on local
scale. It is however obvious that the method applied in Phase | will lead to many false-positive results caused by local
disturbances of the surface temperature (outflow zones, etc.) that has to be sorted out with the on-site exploration.
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Pl Response:

WEAKNESSES

Reviewer 23404

Comment: Reviewer did not provide comments for this criterion.

Pl Response:

Reviewer 23577

Comment: Project management appears to be suffering a bit. More involvement by collaborators should be occurring to
get on the ground for Phase Il and 11I.

Pl Response:

Reviewer 23627

Comment: It is necessary to bear in mind that blind geothermal systems will not be detected by this method.

Pl Response:

IMPROVEMENTS

Reviewer 23404

Comment: Reviewer did not provide comments for this criterion.

PI Response:

Reviewer 23577

Comment: As presented the Landsat TM or ETM was sort of a black box to this reviewer. Of the 16 criteria listed in the
presentation, it was only listed on one item. How useful is it and how does it correlate to the other 15 criteria listed?
Project would benefit by clearly ranking and weighting criteria for discovery.
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Pl Response:

Reviewer 23627

Comment: The project seems to be very well constructed with clear targets. | see no need for major improvements

Pl Response:
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Standard Deviations from Program Average
Relevance vs Weighted Avgerage Score (y, x)

Review: 2012 Geothermal Technologies Office Peer Review
ID: EE0002833
Project: Validation of Innovative Exploration Technologies for Newberry 1

Volcano .
Principal Investigator: Waibel, Albert 0 aug) |
Organization: Davenport Power, LLC
Panel: Exploration Validation

RELEVANCE/IMPACT OF RESEARCH 3

Reviewer 23530

Score: 3.0
Comment: This project is taking a number of technologies and blending them together for improved geothermal

exploration. Newberry is a blind resource so this research has broad industry application. The developer has indicated the
results of this work will be beneficial to identification of future targets.

Pl Response:
The Davenport team agrees with the Reviewer’s comment. In addtion to the technical tools, the Davenport team has
developed a more coordinated and collaborative process of intergrating the various technical specialists to evaluate the

Newberry resource and locate potential geothermal targets.

Reviewer 23537

Score: 3.0

Comment: The project’s stated objective of locating “hundreds of megawatts of potential geothermal resources” has great
value and is extremely important. It is unclear to date whether this objective will be achieved through this work. Certainly
it has not be achieved yet.

This project incorporates the following technologies: gravity, magnetotellurics (MT), LIDAR, drilling and 4-D seismic
analysis and passive seismic. Passive seismic is a “technology” not typically incorporated in other geothermal exploration
projects; however, the value of passive seismic to date, if any, is unclear. It can be argued that the “knowledge gap” is the
gap between the acquisition and interpretation of field data (including potential field data) results in an understanding of
where best to drill to identify a resource. This “gap” has not yet been bridged via this work.

If the integration of these technologies results in the location of a productive well (i.e., locating “hundreds of megawatts
of potential geothermal resources”) then this project will have had a great impact. To date, no such claim can be made.

Pl Response:

The Reviewer’s comments are correct. The integration of all data collected to date addresses the cumulative volcanic
structure underlying the western flank of the volcano. The goal is to identify structures that are favorable to hosting
geothermal cells. Data from the final phase of this effort and the temperature gradient well completion, will add a critical
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overlay, showing a more complete picture of the distribution of heat within this structurally complex area. To date, less
than 20% of the budget has been spent.

The data processing phase of the first half of the passive microseismic monitoring is going slower than anticipated, in
large part because the collaborative process has resulted in technical specialists rethinking and revising some of their
traditional evaluation approaches. Also, the Apex HiPoint passive microseismic survey is their first attempt to adapt this
oil and gas tool to geothermal exploration and volcanic terrain. Davenport has been in regular communication with Apex
HiPoint as they are working to develop the methods to understand and evaluate the extremely large amount of data (far
more than originally aniticpated) that their monitoring recorded. The result is that this evaluation is taking a considerable
amount of time, and may not be fully finalized until the northern passive microseismic survey is completed late this year.
The second survey will include an area with an exploration well with known noncondensable gas releases.

Reviewer 23485

Score: 4.0

Comment: This project has objectives that can potentially have a significant impact on the Geothermal Technologies
Office's mission -to determine how effective a set of exploration tools can be in detecting and characterizing blind hot
plutons and geothermal targets. If successful, this effort could increase the probability that a large resource will be
exploited at Newberry, and could lead to improved chances of success at a number of similar areas. A well-documented
case study of the integrated use of multiple exploration methods could lead to better understanding of exploration
strategies for volcanic systems. The inclusion of several moderate depth (3500') thermal gradient holes should provide
valuable information about how effective the geophysics is at getting through the near-surface volcanic deposits which are
assumed to be masking the deeper heat. Although most of the methods being used are traditional, one (possibly)
innovative technology is being studied: the APEX Hi-Point seismic noise/event location approach. If the performance of
this approach is documented and compared to more traditional microearthquake (MEQ) methods, then others could use
this method do reduce their resource characterization risks.

To date, the activities have not realized this impact, as the project is ongoing.
P1 Response:

The Davenport team agrees with the Reviewer’s comment.

SCIENTIFIC/TECHNICAL APPROACH

Reviewer 23530

Score: 3.0

Comment: The Pl is using new and traditional techniques to identify and target blind resources. The researchers used 700
ft. — 1000 ft. wells for APEX survey.

PI Response:

The Davenport team agrees with the Reviewer’s comment.
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Reviewer 23537

Score: 3.0

Comment: A high quality team was assembled for this work. The instrumentation and technical approach were
appropriate for the desired tasks. The technical approach was sound. It is difficult to assess whether these methods achieve
the project’s outcomes because the intended outcomes, at least per the slides and presentation, are to assist Davenport in
locating “hundreds of MW of potential geothermal power.” While this effort is assisting Davenport, they have yet to
discover/drill into any potential geothermal resources. In the presenter's defense, however, they have only spent 18% of
their total funds.

Pl Response:

The Davenport team agrees with the Reviewer’s comment, but notes that this program alone will not fully locate the
targets for all of the the hundreds of MW’s that Newberry may yield over time. We are hopeful that we will locate some
of the targets to utilize the Newberry resource for power production, while developing the tools and process for continued
evaluation and location of more targets for future resource utilization. Portions of the program are proceeding slower than
anticipated.

Reviewer 23485

Score: 2.0

Comment: The project is collecting exploration data using a variety of techniques that appear to be of high quality. The
project is integrating extensive previous work with new LIDAR, gravity, magentotelluric (MT), temperature, chemistry
and seismic noise/event location. (The presentation says eight methods, so there must be others.) The rationale for
choosing these techniques was not described. The scientific/technical approach could be more accurately assessed if the
presentation had described a conceptual model for the area, and indicated what different measurements may tell us about
uncertainties of that model. What are they looking for? The project team may have a well-thought-out rationale for their
approach, but it was not apparent from the presentation.

Pl Response:

The scientific process is broadly split into two logic paths. "A priori" is a method of starting the investigation with a pre-
conceived conclusion (a conceptual model), followed by data collection. "A posteriori* is a method whereby data are
collected and conclusions are drawn from the data.

The process of developing and testing models is both time consuming and expensive and we would have difficulty
meeting the restraints of the program, but more importantly the Davenport technical team does not believe a detailed
conceptual model would be the most appropriate approach in designing this early stage exploration program. The team
choose to approach the program with a posteriori logic, as opposed to a priori logic, by collecting data and drawing
conclusions from those data (creating an "integrated model™ based on the data) which we believe is the most time and
cost efficent approach at this stage of the Newberry resource exploration. The scientific team is lead by the data obtained
from past and ongoing studies, and adjusts the methodology as new data arrive. The scientific team began with what is
known, and develops a list of questions that need to be resolved in order to address the end-point question "Where do we
drill our deep exploration test wells?". As with all forensic science programs, there are a number of issues to address. The
first team issue is to separate out relevant data from irrelevant data. The second issue is to identify which gaps in
knowledge need to be filled in order to reach the final project goal.
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With regard to exploration for geothermal resources on the flank of Newberry Volcano, it is a true blind exploration area
with no surface thermal features, and recent volcanic tephra obscuring potential structural evidence. Earlier geographically
constrained geothermal exploration produced a very limited, though very enticing, block of data. The western flank of the
volcano was shown to be underlain by hot rock, at least a portion of which consisted of young granitic plutonic rock. Two
very hot deep exploration wells were drilled by Davenport, one showing fractures containing geothermal fluid and the
other showing abundant though isolated fractures without geothermal fluid. The challenge has been to identify and
implement a set of exploration techniques that could locate deep blind geothermal cells. The key question for Davenport
Newberry is: "What structural conditions resulted in one hot well having connective hydrothermal-hosting fractures and
the other having abundant though individually isolated fractures?" The resolution of this question leads into the question:
"Which other area(s) underlying the broad flanks of Newberry Volcano host hydrothermal cells?"

A century of data generated by the minerals exploration industry have provided the Davenport Newberry exploration team
with a good understanding of the various tectonic/geologic settings that have potential for hosting geothermal systems in
volcanic terrain. The exploration challenge is to try to identify the location(s) of such structures under the "blind
geothermal” flank of Newberry Volcano. This DOE-coupled program is designed to accumulate structural and geological
data, using a combination of traditional and untested innovative exploration techniques that can lead to the identification
of potential structures and test the results with deep exploration driling. To date the program has reached the 20% budget
expenditure level.

ACCOMPLISHMENTS, RESULTS, AND PROGRESS

Reviewer 23530

Score: 3.0

Comment: To date: the gravity is complete, the magnetotellurics (MT) is complete, and they had LIDAR data dropped in
their lap. A number of shallow temperature holes have been drilled. The data suggests the rim collapsed and filled with
ash.

PI Response:

To date, only the shallow upper portions of the temperature gradient wells have been drilled and cased to accommodate
the microseismic monitoring program. These holes will need to be deepened for the acquisition of temperature gradient
data.

The recognition of older explosive volcanic craters on the upper west flank of the volcano, along with the chaotic lack of
stratigraphic correlation among close-proximity drill holes and the trail of plutons under the western flank of the volcano
enabled the team to recognize that the volcanic activity has been sauntering eastward. This really changes the
understanding of the geological and structural complexity underlying the west flank. The surface features observed within
the current caldera are likely variations of the complexity buried under the west flank. This strongly affects geophysical
data processing and modeling from one of simple layering to one of complex 3-D structures.

Reviewer 23537

Score: 2.0
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Comment: The technical plans and results to date seem straightforward. There are no results yet from the "innovative"
portions of this works - 4-D passive seismic. Results from the other work include an interpreted offset of the caldera rim
and hot (?) plutons on the basis of gravity data. It is difficult to tell from the graphics what the geothermal project (lease?)
boundaries are vs. the “monument” boundaries. Therefore it is difficult to tell whether the previously drilled hot hole
actually syncs up with the presented model of available structures (from LIDAR and mapping), potential heat source (hot
plutons) and potentially altered zones (magnetotelluric (MT) anomalies).

If the stated objective is to “assist”, then the objective will have been accomplished upon completion of this work. If the
objective is to assess 4-D seismic, then that too will have been achieved regardless of the results. If the objective is to
“locate” producible geothermal resources, then it is too early in the project to rigorously assess.

Recommend:

A restatement or refinement of the objective (“relevance of research”) would add considerably to the ultimate assessment
of this research. Specifically, if a model or geothermal occurrence concept were advanced, and this work was designed to
test that mode, then the objectives could be accomplished even if "hundreds of MW" are not developed.

Graphics for review purposes that include scales, lat-longs, etc. would be extremely helpful. Otherwise it is very unclear
how these geophysical anomalies vs. previously drilled holes vs. your model for development are related in space.

Pl Response:
The Reviewer’s comments are appreciated, and point out the need to clarify ambiguities in the presentation.

The basis for concluding plutons underlie the western flank of the volcano, and that those plutons underlying the upper
western flank are hot, is based on temperature data from both temperature gradient and deep exploration wells, intrusive
lithology encountered in deep exploration wells, the occurrence and ages of silicic volcanic outcrops on the western flank,
and detailed gravity data across the area.

The stated object for this program is to assemble a set of exploration tools, traditional and innovative, to deploy over a
truly blind geothermal volcanic location, and to assess the ability of these combined tools to identify hydrothermal
structures within the area underlain by and adjacent to hot plutonic rock. An incidental side product of this effort will be
identifying areas with no indication of hydrothermal structures within the thermal area (prime EGS sites). In addtion to
the technical tools, an objective for the Davenport team is to develop and successfully utilize a more coordinated and
collaborative process of intergrating these various technical specialists to evaluate the Newberry resource. The Phase 1
goal is to produce an integrated geological and geophysical model of the west flank of Newberry Volcano that can be used
to define Phase 2 drilling locations and targets.

The purpose of this program is not to propose and test a conceptual geothermal model. The purpose of this program is to
conclude with a model, to try to advance functional exploration methodology.

The problem: An area covering many square miles is known to be underlain by hot rock. This area has no surface thermal
features and recent volcanism has obscured surface structural evidence. The southern and western boundaries of the
thermal area are poorly constrained.

The question: Which combination of exploration tools can identify areas in volcanic terrain underlain by young hot

plutonic rock? A follow-up question is which techniques can identify potential hydrothermal structures at depth in this
blind thermal area?
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The program: Apply a combination of exploration tools to better constrain the boundaries of the thermal anomaly; identify
potential hydrothermal targets at depth; and evaluate the practical contribution of each of the techniques in a final
integrated model.

The Reviewer’s comment regarding graphics is well taken. Clarity to the viewer would be improved greatly if each graph
would have shown both the Monument boundary and the lease boundary.

Reviewer 23485

Score: 2.0

Comment: There has been progress on a number of exploration methods, but their significance towards meeting the
project goals cannot be assessed with the information provided. Previous results have been reviewed, and a number of
new measurements taken. New measurements include gravity, magentotellurics (MT), LIDAR and 4-D seismic
noise/event detection. Thermal and chemical studies have been delayed due to permitting issues and drilling difficulties.
Although the speaker is enthusiastic about the gravity, MT and LIDAR results, it is not clear from the presentation what is
being learned from them about potential targets. The gravity shows high densities to the west, the MT shows a "shallow"
conductor whose existence has been known for some time, and the LIDAR shows an area with little erosion. The seismic
data is currently being processed. It seems to have identified a linear feature. The presenter asserts that new processing of
the MT data will lead to extremely valuable results, but did not justify. These results may be providing improved
understanding for the project team, but for the results to have value beyond the project, they will have to be integrated into
a comprehensive conceptual model in order to guide site selection for a deeper hole, and to assess the contribution of
various methods.

Pl Response:
The Reviewer comments focused on details of the MT observations and a conceptual model.

MT studies at Newberry, published as far back as the 1988 Journal Geophysical Research - Newberry Volcano issue,
show a general high resistivity at depth and a standard shallow low resistivity layer, both interpreted as thermal artifacts.
MT modeling produces a non-unique result. That is, multiple models are equally valid. The Davenport team worked
together to successfully utilize a more coordinated and collaborative process of intergrating the various technical
specialists. An example of the results was that other technical specialists contributed insight as to how to constrain the
MT modeling. After a number of iterations, the product looked markedly different from the early versions, particularly
with regard to the shallow conductive areas. The density of MT stations allow for some certainty with regard to the data
set.

The deployment of MT for geothermal exploration has been standard for decades, and the “conceptual model” for
interpreting MT has changed little over time, while both the equipment and data processing has advance greatly. The
standard model for MT in volcanic terrain has been one of showing a deep highly electrically resistive stem overlain by a
highly electrically conductive alteration cap. The observations at Newberry are markedly different from the standard MT
interpretation model. There is no empirical correlation between the intense shallow electrical conductor areas and
hydrothermal activity. The one location of known hydrothermal activity is located in a very weak shallow electrical
conductive area. Well 55-29, shown to be in rock that does not and has not hosted hydrothermal activity, is located in an
area with an extremely strong shallow electrical conductive zone. The recent MT results now show marked vertical
structural off-sets within the shallow conductive area that did not show up in the standard geothermal MT modeling of the
data. At this early stage there is a tentative correlation between shallow conductive intensity and geometry, and volcanic
structures. There is clearly no empirical correlation between areas of shallow highly electrically conductive zones and
areas overlying hydrothermal systems.
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Currently the MT sub-contractor is discussing the possible collaboration with the other Davenport team members to
completely re-address the data acquisition, processing and interpreting of MT in geothermal exploration.

The goal of the Davenport project is to address an exploration problem, assemble data from a variety of venues, and
produce a concluding model based on the integration of all data. The Davenport scientific team is lead by the data, and
adjusts the methodology as new data arrive. The scientific team begins with what is known, and develops a list of
guestions that need to be resolved in order to generate a concluding model that will facilitate answering the endpoint
exploration question "Where do we drill our deep exploration test wells?".

PROJECT MANAGEMENT/COORDINATION

Reviewer 23530

Score: 3.0

Comment: The project team experienced delays with permitting. They have issued a drilling contract for low temperature
wells.

Pl Response:

Delays unfortunately are too common in projects of this type. As the Reviewer noted, permitting has been challenging but
management continues to work closely with the various regulators to keep the project moving forward.

Reviewer 23537

Score: 3.0

Comment: Management of this project and schedules seem to be as good as can be expected when relying on select
federal agencies (BLM) for permits.

PI Response:
See previous comment

Reviewer 23485

Score: 2.0

Comment: There is very little hard information to use to assess the quality of the project management. The presenter has a
lot of enthusiasm for the project, and a good understanding of the geology and the exploration methods, all of which is
essential for a successful project. There have been delays due to permitting and drilling problems, but those issues impact
most projects. It is possible that there is not much collaboration, as most of the listed participants are sub-contractors.

Pl Response:

Part of the objective of this project, in addtion to the technical aspects, is to develop and successfully utilize a more
coordinated and collaborative process of intergrating the various technical specialists to evaluate the Newberry resource
and locate potential geothermal targets. To date, the collaborative process has been a cornerstone of this project as the
geophysical and geological members have formed an integrated team. Multiple joint working meetings have already been
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held where each team member lays out their body of data and interim results of data processing. Each team member
provides insights and constraints for processing data. The MT portion of the program has benefited the most from this
team approach. The Davenport Peer Review presentation did not illustrate the “back-room” collaboration between the
team and various other groups who are not compensated by the grant, including AltaRock Energy (Davenport’s EGS
partner at Newberry Volcano), faculty at various universities, DOE national labs and U.S.G.S. scientists.

STRENGTHS

Reviewer 23530

Comment: Reviewer did not provide comments for this criterion.
Pl Response:
Response not required

Reviewer 23537

Comment: Strong team and great potential resource.
Pl Response:
The Davenport team agrees with Reviewer’s comment

Reviewer 23485

Comment: This project is addressing an important problem - how to find hot plutons in a blind volcanic environment, and
utilizing a broad range of technologies to try to answer it. The presenter has a lot of enthusiasm for the project, and a good
understanding of the geology and the exploration methods. If the efficacy of the Apex HiPoint seismic method is
demonstrated, it could be used in other geothermal sites.

P1 Response:

The Davenport team agrees with Reviewer’s comment. In fairness, it should be pointed out that the enthusiasm of the
presenter is merely a reflection of the enthusiasm of the entire team

WEAKNESSES

Reviewer 23530

Comment: The lack of a project write-up makes one question project leadership and accountability to project sponsorship.
Pl Response:

The Davenport team was not aware that a “Project write-up” was required at this stage of the project. A paper on the
status of the exploration to date was submitted to the GRC for publication later this year. The project is still in an early

.| A-90



U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

stage and data continues to be analyzed. Additional testing and studies are ongoing. Davenport intends to include its
findings in a comprehensive project write up at the end of Phase I of this project.

Reviewer 23537

Comment: Not very solid presentation material. Benefits of "innovative" portions of this work are not at all clear yet. An
integration of work accomplished to date is not innovative although it is very valuable/useful, especially given the
locality.

Pl Response:
The exploration process at Newberry is in the early stages. Data continues to be processes from MT, passive
microseismic and LIDAR studies. Unfortunately the processing is taking considerable time so Davenport was not able to

present the results as the data integration has not been completed.

Reviewer 23485

Comment: As is discussed under the Scientific/Technical Approach criterion, the presentation does not communicate the
logic behind the choice of exploration methods and their utilization. Assuming that there is an underlying logic, this
weakness can be dealt with if, as the project progresses, subsequent presentations and reports communicate the hypotheses
being tested and how successfully the methods reduced uncertainty in the conceptual model being used to make choices.

One single innovative technique is being used, the APEX HiPaint 4-D seismic noise and microearthquake (MEQ)
detection method. The technique is not described in the presentation. If my description is not correct, then my questions
are not very useful! Based on other reading, strings of seismometers are placed in several drillholes. Traditional MEQ
detection searches the recordings for discrete events, and uses the picked travel times to estimate the locations and the
seismic velocity structure. This approach appears to assume a seismic velocity model, and, cycling through all
possibilities, assumes an event took place at a location and time. The waveforms are then summed based on when the
signals would arrive at the recorders, and locations and time that provide high correlations among the recordings are likely
spots for events. (Apparently, the seismic recordings are then screened to look for false alarms.)

Figure 11 shows preliminary data from this method. The locations that produce highly correlated events define a plane,
which would be an interesting result. The detected events are as deep as 10,000' (presumably from the surface) and the
plane appears to be vertical. The presentation does not indicate the vertical extent of the seismometer arrays. If that extent
is small, then it is possible that the vertical array of points is an artifact caused by poor depth resolution. If the array is in
the upper 1000 to 2000 feet, and the velocity increases with depth, then the seismic energy will be traveling nearly
vertically as it passes through the seismometer strings. In that case, placing the event at a greater depth and an earlier time
would not reduce the correlation.

PI Response:

The presentation and peer review process format includes a set number of topics required to be addressed within the
allotted time. A discussion of just the passive microseismic monitoring portion of the project could require a 45 minute
presentation. Due to the large number of presentations, the peer review meeting is not the appropriate venue for detailed
discussions of each technology applied.

The first of two passive microseismic surveys was conducted involving multiple-well seismic monitoring. . This survey
will provide two categories of data. First, monitoring for seismic events related to possible local faulting could identify
structural exploration targets. Second, monitoring for low-amplitude seismic waves generated by fluid moving through
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fractured rock could locate geothermal drilling targets in a 3-dimentional format. The second category represents an
innovation to geothermal exploration for “blind” systems by adapting cutting-edge oil-field technology to frontier
geothermal exploration. Geophones will be placed in multiple wells to greatly improve monitoring results. Placing
geophones in multiple wells will greatly reduce surface-generated noise, and it will eliminate the problem of signal
attenuation due to shallow non-compacted volcaniclastic layers

A set of ten to thirteen 3-component digital geophone sondes are placed in the upper portion of the temperature gradient
wells for a period of 7 days. This test is used to locate areas of anomalously high levels of seismic energy that could be
indicative of hydrothermal fluid movement. Apex HiPoint processes this data using proprietary “Low Amplitude Seismic
Emission Analysis (“LASEA”) software (previously known as “Fluid Flow Analysis).” The seismic monitoring is
conducted during the interim between the rotary drilling and the second drilling stage of drilling the temperature gradient
wells. This dual-use of temperature gradient wells will reduce the time, cost and surface disturbance associated with
separate wells drilled solely for seismic monitoring. We are coordinating activities between this project and the EGS
Demonstration project. As a result of this and the plan to drill two more wells now in permitting, we expect that we will
wait until after the EGS stimulation before the second seismic test will be performed.

The first microseismic monitoring was conducted in 4 wells located south of Paulina Creek. These 4 wells encompassed
approximately 4 square acres. The data thus far analyzed has been encouraging and Davenport will perform a similar
test north of Paulina Creek. This second monitoring will encompass a larger area and use up to 6 wells that will surround
well 46-16.

The geophones sondes are placed in each of the wells involved in the test. Measurements for each sonde is collected every

.5 millisecond for a period of approximately 7 days. This resulting tremendous amount of data takes a considerable
amount of time to process and analyze.

IMPROVEMENTS

Reviewer 23530

Comment: A write-up was not available for this project which made it difficult to understand project intent, technical
approach and accomplishments. Based upon the slides and presentation, the project appears to be on track relative to
programmatic objectives.

Pl Response:
The Davenport team was not aware that a “Project write-up” was required at this stage of the project. A paper on the
status of the exploration to date was just submitted to the GRC for publication later this year. The project is still in an

early stage and data continues to be analyzed. Additional testing and studies is ongoing. Davenport intends to include its
findings in a comprehensive project write up at the end of Phase | of this project.

Reviewer 23537

Comment: Stated earlier:

A restatement or refinement of the objective (“relevance of research”) would add considerably to the ultimate assessment
of this research. Specifically, if a model or geothermal occurrence concept were advanced, and this work was designed to
test that mode, then the objectives could be accomplished even if "hundreds of MW" are not developed.
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Graphics for review purposes that include scales, lat-longs, etc. would be extremely helpful. Otherwise it is very unclear
how these geophysical anomalies vs. previously drilled holes vs. your model for development are related in space.

Pl Response:

The Reviewer’s comments regarding refinement to the project objectives have been addressed above.

Latitudes and longitudes were not superimposed on graphs given the general purpose of the slides. However, the
Monument and lease boundaries on some of the slides would have improved the presentation for the viewers. In future
presentations or at least in more detailed project write-ups, Davenport will consider including location reference data to

more clearly describe the area being discussed

Reviewer 23485

Comment: As is discussed elsewhere, as this project progresses, an explicit discussion of the conceptual models that lead
to the choice and interpretation of exploration methods would enhance the value of this demonstration to the geothermal
community. Special attention should be given to analysis of the innovative seismic method. The value of project would be
increased if the same data were processed by standard first-break detection algorithms, so that the benefits from this
method could be clearly quantified.

Pl Response:
Refer to Conceptual model question above in response to first comment

The Davenport team will be publishing a paper outlining in detail the acquisition, data processing, and deduction
metholologies when the program has been completed. Davenport feels that its is premature at this point to attempt to
input this data into a conceptual model as the data from the intial passive microseismic studies continues to be processed
by the Apex HiPoint team. This process has taken longer than expected, but this is an innovative process to the
geothermal industry and thus it can be expected that appling a new technique will have some time hurdles to overcome.
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Reviewer 23537

Score: 3.0
Comment: