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GeoThermalCloud Demo Video

A Machine Learning Tool for Discovery, Exploration, and Development
of Hidden Geothermal Resources

Abstract:

In this 25 minute presentation, we showcase our open source “GeoThermalCloud” tool for identifying
hidden geothermal resources using a publicly available dataset for southwestern New Mexico. The
presenters include Bulbul Ahmmed and Luke Frash. All of the visuals use source material from LA-UR
approved publications and this work falls under the Earth Sciences DUSA. The code shown in this video is
already released with LANL approval in open source format on GitHub and DockerHub. The audio in this
video includes only material on the topics of geothermal energy and machine learning applied to
geothermal energy. The primary machine learning method used is LANL's Non-negative Matrix
Factorization “NMFk” method. Modeling work also mentions LANL’s Geothermal Design Tool “GeoDT”
which is another approved open source code that has been released by LANL. This work was performed
for DOE Geothermal Technologies Office (DE-EE-3.1.8.1). The host for the released video is intended to
be YouTube or a suitable perpetual data repository such as GDR.
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GeoThermalCloud Advantages:

e Open-source: An open-source cloud-based machine learning framework for geothermal resources
exploration.

e Resource discovery: This tool can identify new unknown or hidden geothermal prospects using
large datasets and non-obvious relationships.

e Reduces preprocessing effort: Automatically categorizes dataset inputs and identifies
prospectivity (a.k.a., ‘signatures’).

e Data valuation: Help identify high-value data that could be relatively cheap to obtain and find low-
value data that does little to inform prospectivity.

e Diverse datasets: Inputs can be field data and model data spanning across dimensional scales and
data types (e.g., chemistry, fault maps, and modeled power production).

e Handles sparse / missing dataset: Missing some data here and there? Not a problem.

Los Alamos National Laboratory 8



GeoThermalCloud Disadvantages:

e Interpretation: Subject matter expertise is required to get the best
interpretation of the results. Unfortunately, there is no way around this.

e False negatives: Just like any other method, GTC cannot identify resources
that have no data to show they exist. A lack of a signature does not signify non-
existence of a resource.

e Adding new data: The machine learning models should be rerun to
accommodate new data to achieve the best results, which adds some
computational time when applying GeoThermalCloud.

e Indefinite answers: Machine learning models such as GTC cannot provide
“yes” or “no” answers for prospectivity.

Los Alamos National Laboratory 9
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Sources: Esri, USGS, NOAA

Platform: Based on the R&D 100 award winning
SmartTensors toolset.

Tools: SmartTensors use patented matrix/tensor
factorization methods.

Applications: GeoThermalCloud has been
successfully employed on several large datasets
(e.g., Great Basin, New Mexico, and FORGE)
and on synthetic datasets from models (e.g.,
GeoDT).

Explainability: It produces rational and
explainable results.

Development status: GeoThermalCloud is
actively being developed at Los Alamos National
Laboratory and Pacific Northwest National
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GeoThermalCloud Workflow

[

Legend

(J Developer

User

[ Stakeholder

|

(on Gitlab/Docker

GeoThermalCloud ]

Hub)

[

NMFk

) (

GeoDT-ML

)

| Package and

Data Store

}

Cloud Platform
(GCP/AWS/Julia Hub)

data load

|

Visualization

|

Preprocess

|

Run NMFk

}

Postprocess

|

Results
Visualization

¢

Geothermal
Prospectivity
Designation

!

SME Opinion

11



Load EGS
Data

1

Package and
data load

‘

Legend

(J Developer
[] user

[ Stakeholder Data Store

)

!

|

Preprocess

Preprocess

GeoThermalCloud

Cloud Platform

(GCP/AWS/Julia Hub)

{

.

Run GeoDT-

Gitlab/Dock
[ fon I:umocer J Run NMFk

‘

Postprocess

.

Results
Visualization

.

Geothermal
Prospectivity
Designation

|

Postprocess

EGS Design
Optimization

P

Technoecono

mic analysis || 0| EE=
I i
[ T I

/. 14 ddll ;' |
_ ;plgﬂ;_y..L._L_t_q_LLlf |

[ NMFk | [ GeoDT-ML |

I
I
|
I
I
I
:
|
ML |
|
I
I
I
I
|
I
I

I
I
I
I
:
Visualization ‘
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

|
|
|
|
:
I Visualization ‘

I

I

I

|

|

|

I

I

I

I

I

|

I

|

|

I

|

I

I

I

|

|

I

|

I

I

I

I

I

I

|

I

I

| |
GeoThermalCloud GeoDT-ML



Where you can get it

To get started using GTC, download from DockerHub:

docker pull bulbulahmmed/geothermalcloud-v1

For advanced users, install from GitHub:

https://github.com/SmartTensors/GeoThermalCloud.|l
Thank you for your interest and enjoy!

Questions: ahmmedb@lanl.gov
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https://github.com/SmartTensors/GeoThermalCloud.jl

How to Use GeoThermalCloud?

GeoThermalCloud: A Machine Learning Framework for Geothermal
Resources Exploration

GeoThermal https://github.com/SmartTensors/
/ GeoThermalCloud.jl

W'dockerhu b Q@ bulbulahmmed/geothermalcloud-v1 Explore Pricing  Sign In

Explore bulbulahmmed/geothermalcloud-v1
bulbulahmmed/geothermalcloud-v1 * Pulls 1

v By bulbulahmmed - Updated 7 hours ago

Qverview Tags

It can be used on personal
laptop, cloud platform, and
S u pe rco m p ute r docker pull bulbulahmmed/geotherma.. [

No overview available

docker pull bulbulahmmed/geothermalcloud-v1

Los Alamos National Laboratory 14
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