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This deliverable presents the verification, validation, and experimental analysis
of a prototype drill string developed by the Wroctaw University of Science and Tech-
nology (WUST) within the DeepU project. The aim was to evaluate the mechanical
and thermal performance of the prototype under extreme operational conditions
representative of drilling to depths up to 4,000 meters using supercritical nitrogen
as the working medium.

The primary objective of the study was to experimentally verify the structural
integrity, mechanical strength, and leak tightness of the vacuum-insulated drill string
prototype designed and manufactured by WUST. The validation was performed
through full-scale laboratory testing under simulated field conditions.

A dedicated high-pressure and cryogenic test stand was constructed at WUST.
The stand allows the application of:

e Mechanical tensile loads up to 1,000 kN (equivalent to the weight of a 4,000
m drill string),

e Supercritical nitrogen pressure up to 340 bar(g),
e Gaseous nitrogen pressure up to 200 bar(g),
e Operating temperature down to 77 K (-196A°C).

The test setup included hydraulic loading, cryogenic nitrogen supply systems,
vacuum insulation, and precision instrumentation for monitoring pressure, temper-
ature, displacement, and vacuum levels.

Three main experimental campaigns were carried out:

e Mechanical strength test of the coupling under 1,000 kN load,

o Leak tightness test with gaseous nitrogen at 200 bar,

e Leak tightness test with supercritical nitrogen at 340 bar and 77 K.
The results are as follows:

e The mechanical strength test confirmed high rigidity and minimal deformation
(0.3 mm at 1,000 kN).

e Both gaseous and supercritical nitrogen leak tests showed no detectable leakage
under all load and temperature combinations.

e Pressure transients over 24 hours indicated system stability and no leaks, with
minor variations attributed to valve operation and thermal effects.

The experimental campaign successfully validated the WUST drill string design.
The prototype demonstrated:

e Full mechanical integrity under maximum expected loads,

e Excellent leak tightness at cryogenic and high-pressure conditions,
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e Reliable operation in simulated deep drilling environments.

These results confirm the readiness of the design for further integration into the
DeepU drilling system and provide a robust foundation for subsequent field testing
phases.
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