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Safety control measures for ultra-deep exploration well test string to reduce perforation
explosion damage
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Abstract: In domestic ultra-deep well testing, the perforation-testing combined process is utilized. However, in ultra-deep wells with
small boreholes, issues such as bending and fracture of the lower part of the casing and the center tube of the isolation packer are prone
to occur. Based on the gas Clapeyron equation and detonation gas energy formula, we derived a calculation formula for maximum peak
pressure at the bottom of the well and at the isolation packer due to perforation detonation. Additionally, using tubular string bending
mechanics theory and material bending theory, we derived a calculation formula for bending stress in perforated section tubular strings.

By combining piston effects from peak pressures, we also derived a stress calculation formula for tubular strings under impact loads to
assess their strength safety. Building upon results from mechanical analysis of perforated section tubular strings, technical measures
were established for safe control of test tubular strings by altering string combinations, adjusting tool insertion sequences, adding
bidirectional shock absorbers, and implementing segmented delayed perforations. Taking LX1 well as an example: measured acceleration
of tubular string vibration was 100 m/s*(upper) and 60 m/s*(lower) , while high speed pressure gauge measurements showed upper
peaks at 150 m/s” and lower peaks at 80m/s’— indicating a difference between them ranging from 40% to 50%. This demonstrates that
bidirectional shock absorbers can effectively reduce vibration-induced losses. After being applied across multiple ultra-deep well
exploration sites these measures have been validated for reliability in ensuring safety controls.

Keywords : safety control measures; ultra deep exploration well; test pipe string; gun perforation; impact load; detonation; injuries
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Fig.3 Control procedure diagram of perforating
detonation safety control measures
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