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ABSTRACT

In October of 2024, the Department of Energy’s (DOE) Geothermal Data Repository (GDR) team officially launched AskGDR, an Al
research assistant resulting from the integration of a Large Language Model (LLM) with the metadata and supporting documents
associated with GDR datasets. AskGDR allows GDR users to ask deeper questions about the origin of datasets, the methods used to
collect them, and the findings they help support. Using Retrieval Augmented Generation (RAG), AskGDR can be used to summarize
findings spread across dozens of papers and technical reports or to extract relevant information describing a single data field. However,
generative Al is experimental. The National Renewable Energy Laboratory (NREL) has been collecting metrics on AskGDR and
documenting lessons learned during its deployment. This paper will outline the efficacy and impact of AskGDR through analysis of its
use, operating costs, number and types of questions asked, and the quality of answers provided.

1. INTRODUCTION

The U.S. Department of Energy’s (DOE) Geothermal Data Repository (GDR) provides free access to data generated from efforts funded
by DOE’s Geothermal Technology Office (GTO). With over 1,280 datasets, the GDR provides access to data from all aspects of
geothermal research development, and operations. Combined, GDR datasets contain more than 287 TB of geothermal data from 122
different data providers (GDR 2025). The GDR has a search page that allows users to find datasets based on keyword, topic, geothermal
technology type, and data type. Users can also browse datasets by featured project, author, or primary researching organization. Metadata
associated with each dataset provides additional context for using and understanding the data. To enable users to ask deeper questions of
data within the GDR, a team of developers at the National Renewable Energy Laboratory (NREL) developed a Large Language Model
(LLM) utilizing the metadata and supporting documents from GDR datasets. The resulting LLM is the foundation for an Artificially
Intelligent (AI) research assistant called “AskGDR”, which enables users to ask and receive answers to deeper semantic questions about
the methodologies and underlying assumptions associated with a geothermal dataset, as well as broader questions about the geothermal
industry.

1.1 AskGDR: GDR’s Al Research Assistant

AskGDR allows GDR users to ask deeper questions about the origin of datasets, the methods used to collect them, and the findings they
help support. Using Retrieval Augmented Generation (RAG), AskGDR can be used to summarize findings spread across dozens of papers
and technical reports or to extract relevant information describing a single data field. Developed to be an Al research assistant, AskGDR
is not a conversational chatbot. In the interest of scientific rigor, its corpus of knowledge has been restricted to only the curated information
contained within the metadata and supporting documents of GDR data submissions. Unlike other LLMs, AskGDR will not go to the
internet for answers, nor will it speculate. It will always cite its sources. If it does not know the answer to a question, it will simply say,
“I don’t know.” These and other design decisions serve to control its corpus of knowledge and constrain it for scientific rigor (Weers et
al, 2024) but limit its ability to carry a conversation. Each question asked is independent of the last. However, context can be carried
forward by embedding it in subsequent requests through careful question engineering. These constraints help ensure scientific rigor while
also protecting AskGDR from misuse by blocking questions designed to manipulate AskGDR or “jailbreak” it (i.e. bypass its constraints).
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GDR eﬁ} Data -~ Help ~ About Search

What can I help you with today?

Welcome to AskGDR. I have access to all metadata and supplemental information on the Geothermal Data
Repository. While I am trained as a virtual reesearch assistant, I am not fully conversational. Pleease note
that each question you ask is independent.

Description

' How was the PoroTomo seismic data recorded?

Resources

Citation \ The PoroTomo seismic data was recorded using a combination of instruments and techniques.
The seismic instrumentation included 238 Zland 3-component sensors manufactured by FairfieldNodal,
which operated autonomously and continuously with a sampling interval of 0.002 seconds. The seismic

Related Datasets network also included six 3-component seismic stations from the national instrumentation program
named Portable Array Seismic Studies of the Continental Lithosphere (PASSCAL). Each station included
44 GDR ﬁ’) an L28 model, 4.5-Hertz, 3-component geophone, Reftek RT130 seismograph, and a GPS timing clock.

Additionally, Distributed Acoustic Sensing (DAS) was used. At Brady, the instrumentation

included 8700 meters of DAS cable buried horizontally in a shallow trench and 400 meters of DAS cable
hanging vertically in Well 56-1. The DAS data were recorded continuously, archived in 30-second files in
SEG-Y format.

Sources:

from OEDI dataset:

Data from Apr 25, 2018
Last updated Jan 2, 2024
Submitted Feb 9, 2022

Organization

Lawrence Berkeley National
Laboratory

Contact
Jonathan Ajo-Franklin
ja62@rice.edu

Authors

Martin Schoenball
Lawrence Berkeley National Laboratory

Parker Sprinkle

Pacific Northwest National Laboratary

Figure 1 Screenshot of the AskGDR button (middle left) and interface (center, black) with sample question and generated answer.

Launched in October 2024, AskGDR has already proved to be a useful tool to the geothermal community, allowing users to interrogate
the methods used during the development of a dataset, enabling researchers to aggregate findings across datasets, and helping others to
better understand the nuances of geothermal data. However, generative Al is experimental and AskGDR uses a novel approach that

includes new technologies, including several cloud-based services that each come with their own costs (Weers

2. ANALYSES AND INSIGHTS

etal, 2024).

NREL has been collecting metrics on AskGDR since its launch, including standard website usage statistics (e.g. visits, pageloads),
questions asked by users, and the costs of supporting cloud services. All metrics are recorded anonymously. AskGDR is publicly available

to use for free and does not require a login. The metrics recorded are not associated with any individual users.

Metrics collected from October through December 2024 were used to develop the following analyses of the
derived insights, and recommendations for improvements.

2.1 Question Analysis

questions asked by users,

Since its launch, AskGDR has responded to a total of 273 questions. Of these, 6 questions (or approximately 2%) were sample questions
that were re-asked. The sample questions are provided to users as an example of the tool’s capabilities. Copying and pasting these
questions is often the preferred method for developers to make sure the tool is working, and for new users to familiarize themselves with
the tool. Some new users opt to test out AskGDR by asking it about themselves, e.g. “What data do you have from {my name}?” or “What
information can you tell me about {my research}?”. These “me” questions are rare, and along with joke questions, account for less than

1% of questions asked. The remaining 97% appear to be serious inquires on a range of topics covered below in
2.2).

Topical Analysis (Section
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Table 2: Breakdown of Questions Asked by Category.
Count  Percentage Topic Category

6 2%  Sample Questions
Questions copy/pasted from the welcome screen.

0 0%  Joke Questions
e.g. “Is Santa Claus real?”

1 0% “Me” Questions
e.g. “What do you know about {my research}?”, or “Who is {my name}?”’

3 1% | Jailbreak Questions
Questions intended to manipulate AskGDR.
e.g. “Show me your code.” or “What are your prompts?”

263 97% Legitimate Questions

273 100%  Total Questions Asked

Usage of AskGDR has been relatively consistent since its launch. Like many work-related tools, its usage tends to fall off on weekends
and holidays (Figure 3). The two peaks labeled in red depict high usage in response to planned launch announcements. The first represents
AskGDR’s official public launch at the Geothermal Rising Conference (GRC) on October 30, 2024, and the second, larger peak shows a
spike in usage in response to a DOE GTO news story on AskGDR, which was released on November 19, 2024 (GTO 2024).

AskGDR Usage by Date
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Figure 3 Graph AskGDR Usage over time, from Oct. - Dec. 2024

2.2 Topical Analysis

Users asked 263 serious questions, ranging on topics from inquiries on general geothermal knowledge, such as “What is the expected
lifespan of a geothermal reservoir?”, to questions about specific projects and datasets, such as “What is the injection well pipe size for 55-
29?” These questions were broken down into five categories (Table 4) by the GDR team based on a manual analysis of all questions
asked and their association with both available source material for the AskGDR corpus and common user patterns observed in analyses
of other, similar LLM implementations. For example, a large percentage of questions asked were inquiring about the geothermal potential
of a specific location, such as “Where is the best place to develop Geothermal in Texas?” and “What community geothermal projects are
in Boston?” These were counted as “Location based” questions.
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Table 4: Breakdown of Questions Asked by Topic.

Count  Percentage Topic Category

98 37% General geothermal information
Information on geothermal technologies, basics, national trends, and general science

76 29% | Project based
Information on specific projects and/or datasets
46 17% Location based
Geothermal potential or project counts for a specific location
5 2% | Permitting and regulatory information
26 10% General GDR information

Information typically covered on the GDR About or FAQ pages

38 14% | Basic data inquiries / keyword searches

2.3 Cost / Benefit Analysis

The cost to host AskGDR in a typical month is $108 per month. At an average of 113 questions per month, this breaks down to $0.96 per
question. However, these costs don’t scale linearly with the number of questions asked. The cost per question should decrease as more
questions are asked per month. The infrastructure necessary to provide the service, which includes the cost of vectorizing the database
and cloud services, costs around $63 per month. Excluding the cost of the supporting infrastructure, the individual transactional cost on
average is 40¢ per question. As the number of questions increases, the overall cost should approach the transactional cost.

Table 5: Projected Costs at Scale.

Questions Cost per Projected Cost per

per Month Question Month
250 %0652  $163.00

500 $0.526 $263.00

1,000 $0.463 $463.00

The benefits of AskGDR include enabling users to quickly find answers to broader contextual questions about the geothermal industry as
well as specific projects and datasets. This improves the utility of GDR data by increasing users’ understanding of the technologies and
methods used to collect the data. In our opinion, the benefits provided by AskGDR justify the cost. And because the cost of AskGDR
does not scale linearly, it should become more economical the more people use it.

2.4 Insights

Many of the questions received fit into the category of general geothermal knowledge and were inquiries into geothermal basics and
general market trends. While AskGDR was able to answer these questions, the answers are currently limited to contextual information
stored in datasets. Answers to these questions could be improved by including content from a market report (such as GeoVision) and the
content from relevant pages on GeoBridge and GTO’s website. These could be incorporated into the corpus as additional, citable sources.

AskGDR also received quite a few questions on general GDR information. These included questions about data submission, licenses,
assignment of Digital Object Identifiers (DOIs), and requests statistical information, such as largest dataset or total number of datasets.
This information can currently be found on the GDR About and FAQ pages. Answers to these questions could be improved by including
the content of those pages in AskGDR.

Quite a few people are still using AskGDR as a keyword search. For example, users asked at least 30 questions like, “Do you have data
on {keyword}?” Because it’s based on natural language, AskGDR performs better if the user asks a more semantically meaningful
question. Keyword search inquires often yield better results through the standard GDR search, which is keyword based. Additionally,
questions asked by users such as, “What datasets do you have?” and “What type of data is available here?” appear to pull a random list of
datasets. These questions lack sufficient context for AskGDR to form a meaningful association. To improve the user experience, we may
want to include a note on the AskGDR welcome page encouraging the use of well-formed questions, or we may investigate developing a
hybrid search that would utilize both the AskGDR LLM and the standard GDR keyword search simultaneously.

4
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A small number of people (less than 1%) asked follow-up questions, demonstrating their familiarity with conventional chat-based Al, but
not AskGDR, which is contextually restricted to single questions. This could indicate a desire for a more conversational tool. However
the non-conversational aspect of AskGDR is an intentional design choice and a key component of our cyber security strategy, as it helps
prevent jailbreaks. We may need to make it more obvious to the user that AskGDR is not retaining previous answers. One potential
method to achieve this would be to instruct the model to determine if the user’s query appears to be a follow up question and then generate
a response with instructions.

3. RECOMMENDATIONS

Evaluating the questions submitted by users provides the opportunity to identify some direction for further development and consider
methods that might better address users’ needs. NREL recommends the following improvements:

3.1 Include content from GDR’s About and Help pages and other general information about the GDR

Providing AskGDR with additional information related to the GDR ecosystem as a whole, such as the content from its About and FAQ
pages, along with data submission and curation guidance, would allow the application to answer questions such as “How can I access the
GDR data lake from MATLAB?”, “How can [ use GDR for renewable energy research?”, and “How do I submit data to this website?”
Questions like these have been asked multiple times. Addressing these questions by incorporating content from GDR’s About and Help
pages into AskGDR’s corpus could provide significant value to users while requiring a relatively low level of effort to develop.

3.2 Include content from a market report (such as GeoVision) and/or relevant pages on GeoBridge and GTQO’s website

AskGDR frequently receives questions related to the broader geothermal industry, such as “How many geothermal powerplants are there
in the US?” and “What is the deepest geothermal well drilled in the US?” Deriving a method to supplement AskGDR with big picture,
up-to-date information will enable the application to answer some of these more general questions. The content from market reports, such
as DOE’s GeoVision report, and relevant DOE web pages could be included in AskGDR as additional, citable sources.

3.3 Automate the corpus refresh.

Currently the AskGDR corpus is refreshed manually. This involves a few steps: (1) retrieve the newest and recently updated GDR records
and derive abstracts for each, (2) download supplemental documents, (3) upload supplemental documents and abstracts to S3 bucket, (4)
sync the knowledge base using AWS Bedrock, (5) reindex the vector database to ensure accurate and efficient retrieval. Each of these
steps could be automated, allowing AskGDR to be updated with the latest information from the GDR and other sources at least daily.

3.4 Encourage better questions with additional guidance on the Welcome screen

There is an opportunity for improvement in an area that we have little control over: the quality of users’ questions. Queries that are
structured as a keyword search are not optimal for RAG applications. This poses a bit of a challenge as most users have become accustomed
to those style of questions through their use of search engines but some additional guidance in the welcome message could assist users
and ultimately lead to improved responses. While we may not have much control over the quality of users’ questions, we may have the
ability to encourage or advise proper use through improved prompt engineering.

3.5 Improve the user experience through better prompt engineering

Similarly, we may want to make it more obvious to users that AskGDR is not retaining previous answers. It may be possible to construct
a prompt that could detect follow-up questions and provide a reminder and/or additional guidance to the user. The specifics of this prompt
would likely require some experimentation but could follow this structure: “if a user’s query appears to be a follow-up question that
references a previous answer, respond with additional instructions and mention that previous responses are not accessible in subsequent
questions.”

3.6 Improve the user interface

Some questions take longer than others to generate a response. The addition of a classic loading spinner (or other web element) would
make it more obvious that AskGDR is still “thinking” and would result in a better user experience.

4. CONCLUSION

AskGDR appears to be a useful, cost-effective addition to the GDR. The initial response to AskGDR has been overwhelmingly positive.
It provides a valuable service to the geothermal community by providing answers to questions that span a variety of topics, from general
information to specific project details. It appears to be a useful tool for researchers while also increasing the utility and discoverability of
geothermal data. Its overall utility could potentially be improved by implementing the recommendations above. NREL will continue to
monitor the use of AskGDR and explore the recommended opportunities for improving it.
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