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HOW WE HARNESS GEOTHERMAL ENERGY

POWER GENERATION

Hydrothermal Resources
Naturally occurring geothermal
environment
« Subsurface heat
« Groundwater
« Rock characteristics
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HOW WE HARNESS GEOTHERMAL ENERGY
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EXAMPLE — FORMATION DETECTION

Instrumentation can be
emplaced in the
subsurface to detect the
formation of fractures
« Requires long-term
observations
« HT long-term
instrumentation will be
required to conduct the
measurement
« Require real-time
data from multiple
instrumentation to
triangulate
formation
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EXAMPLE — WELL INTEGRITY

« Geothermal well casing endures heavy
corrosion from the subsurface
environment.
« Well integrity instrumentation can be
lowered into the well to characterize the
casing, cement, rock
« Measurements can take extensively
long due to the scanning techniques
« Due to the amount of data, real-time
data is required from the tool
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HIGH TEMPERATURE INSTRUMENTATION

END GOAL
Enable reliable downhole
tool operation in geothermal

environments
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HIGH TEMPERATURE INSTRUMENTATION

Communications

e Conductor/Fiber Communications
e “Wireless” Communications

END GOAL

Enable reliable downhole
tool operation in geothermal
environments
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HIGH TEMPERATURE INSTRUMENTATION

Communications

e Conductor/Fiber Communications
e “Wireless” Communications

Energy Storage

» Local power source for electronics

............
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END GOAL
Enable reliable downhole

tool operation in geothermal
environments
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HIGH TEMPERATURE INSTRUMENTATION

Communications

e Conductor/Fiber Communications
e “Wireless” Communications

Energy Storage

» Local power source for electronics

Embedded Electronic System

» Local signal collection and processing

END GOAL

Enable reliable downhole
tool operation in geothermal
environments

000512
10



2025 Joint HITEC/CICMT/APPE Conferences | Albuguerque, New Mexico | April 14-17, 2025

HIGH TEMPERATURE INSTRUMENTATION

Communications

e Conductor/Fiber Communications
e “Wireless” Communications

Energy Storage

» Local power source for electronics

Embedded Electronic System

» Local signal collection and processing

END GOAL | Sensing

Enable reliable downhole B ot £ th | ! t
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HIGH TEMPERATURE INSTRUMENTATION

Communications

e Conductor/Fiber Communications
e “Wireless” Communications

END GOAL

Enable reliable downhole
tool operation in geothermal
environments
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PROBLEM STATEMENT

. Traditional data cables Metal Braid

for subsurface
instrumentation use:
 Teflon insulators
« Metal braiding for
strength and
protection
« Challenge is that you >
can’t seal against braiding —
« Thus grease is required
within the cable head
« Grease dissolves away
limiting operation time of the
cable
 Teflon will also soften above
260 °C

Conductor

Y/

Teflon

000515
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PRYSMIAN CABLE prysmian

Prysmian Group developed two cables
under American Recovery and Reinvestment
Act (ARRA) in 2009 with a 374 °C goal
« Multi-conductor/optical fiber cable w/ HT
epoxy insulator
« Study complete in 2015
» Four-conductor cable w/ glass braid
insulator
« Study was incomplete, until now

Four-conductor cable spec’s:
« Dielectric is a glass braid insulation
« Conductors are encased in Incoloy-825
tubing along the full length ~ L
« Creates high-pressure seal between
the cable and the tool, eliminating
the need of a grease seal
« Conductors are nickel plated copper

4100

Prysmian Paper: Complete Fiber/Copper Cable Solution for Long-Term Temperature and Pressidd@Measurement in Supercritical Reservoirs and EGS Wells; doi:10.2172/1225845 1
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CABLE PERFORMANCE — ROOM TEMPERATURE

Cable length is >5,000 ft
Cable resistance characteristics @
room temperature:

 Resistance between the . 511(d8)

conductors and the metal 10 \/\ —s21(dB)
[\\/\/\/\/\

Prysmian Cable Frequency Response

=
wu

(
(
----- $12(dB)
tu bing is 50-70 kQ $22(dB)
e Resistance between
conductors is 100-120 kQ
e Resistance of conductor from
one end to end is ~73 ohms.
« Cable attenuation characteristics: 0 50 100 150 200 250 300 350 400 450 500
e 10 dB @ 35-40 kHz Frequency (kHz)
« 17 dB @ 250-500 kHz

Magnitude (dB)
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OVEN TESTING — 10 FEET OF CABLE

« Ten-foot section of the cable was
evaluated at 300 °C for ~17 hours
« Baking out binder from the glass
braid
 Observe the resistance between
conductor and tubing increase | WL
over time - Cable Resistance

100.00 350

« After binder bake ouft,

. - i \ 300
parallel resistance matches = U/ j
70.00
room temperature S so00 W8
ey 8 E
conditions
E 40.00 ~——Wire 1 to Tubing 5
30.00 —Wire 2 to Tubing 100
20.00 ——Wire 3 to Tubing
Wire 4 to Tubing 50
10.00
—Temperature
0.00 0
0 2 4 6 8 10 12 14 16 18 20 22

Time (Hours)
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HIGH TEMPERATURE HIGH PRESSURE TESTING

 The cable was evaluated in a
300 °C, 5000 psi autoclave.

« Cable was sealed to the lid
with a 0.25" Conax Lava seal
fitting.

« Swagelok cap seal the tip of
the cable tubing

 Wires on the other end were
exposed to the air

 The autoclave was filled with
tap water that has a pH of 9.

 The cable exhibited no
observable leaks with the
autoclave set to 300 °C and
5000 psi for 27 hours
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FULL CABLE EVALUATION

 Evaluated full length of cable with 100 feet of cable placed within a large oven

« Could not bake the entire cable within the oven due to concerns of damaging the cable
« Observed low resistance at the beginning of the experiment
« Appears binder bake requires >150 hours

Resonance maybe due to room temperature fluctuating through out the day
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FULL CABLE EVALUATION

« Cable was kinked due to attempts to unspool
the cable into a metal container
« 13 dB @ 35-40 kHz @ room temperature
« 25dB @ 250-500 kHz @ room temperature
« At 300 °C, 120 hours of baking
« 13 dB @ 35-40 kHz
« 22 dB @ 250-500 kHz

Prysmian Cable Frequency Response - 22 °C and 300 °C

$11-300C ——S21-300C ——S512-300C ——S22-300C

S$11-22C ---S21-22C ---S12-22C ---522-22C

Magnitude (dB)
R
w

0 50 100 150 200 250 300 350 400 450 500
Frequency (kHz)
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SUPERHOT EVALUATION

 For additional testing, a piece
of cable was evaluated at
higher temperatures
e Cable was baked at 375 °C
for 192 hours and 400 °C for
240 hours
« Observed:
« Cable was structurally
intact
 Glass braid became bridle
« Can cause challenges if
retooling/resplicing the

cable

« Copper oxidized due to exposure to y ]

oxygen
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CONCLUSION

Prysmian Group had developed a viable cable for geothermal subsurface
instrumentation that can operate at temperatures of 300 °C and pressures
of at least 5,000 psi.

Cable is suitable for short-term operating tool required above 260 °C and
tools that need to function for long-term under the harsh conditions

Ideal for EGS applications that require long-term measurements
Future efforts:
Two opportunities have been discussed:
Combine the cable with SLB's well integrity FOA

ThermoChem reached out with interest to incorporate with their HT
Instrumentation




2025 Joint HITEC/CICMT/APPE Conferences | Albuguerque, New Mexico | April 14-17, 2025

ACKNOWLEDGEMENT

Sandia would like to acknowledge Taylor Myers for his work on evaluating the cable and preparing the
test setups.

Sandia National Laboratories is a multi-mission laboratory managed and operated by National
Technology & Engineering Solutions of Sandia, LLC (NTESS), a wholly owned subsidiary of Honeywell
International Inc., for the U.S. Department of Energy’s National Nuclear Security Administration
(DOE/NNSA) under contract DE-NA0003525. This written work is authored by an employee of NTESS. The
employee, not NTESS, owns the right, title and interest in and to the written work and is responsible for its
contents. Any subjective views or opinions that might be expressed in the written work do not necessarily
represent the views of the U.S. Government. The publisher acknowledges that the U.S. Government
retains a non-exclusive, paid-up, irrevocable, world-wide license to publish or reproduce the published
form of this written work or allow others to do so, for U.S. Government purposes. The DOE will provide
public access to results of federally sponsored research in accordance with the DOE Public Access Plan.

000524



	Table of Contents
	>>Next
	<<Previous



