Annex A.1 to TNO report 2021 R10526 "Identification and
quantification of risks of subsurface hydrogen storage in salt
caverns"

BowTie Analysis for the hazard
“Storage of H, in a Salt Cavern”

This Annex A.1 contains BowTies for 2 top events:
* T1: Top Event 1 : Leakage of H, in the subsurface
* T2: Top Event 2 : Leakage of H, at the surface

Only threats and consequences are shown in this high-
level version. In a detailed version of the BowTies
(Annex A.2), the measures that can be taken to reduce
risks and mitigate consequences and monitor them are
also included.
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Well

Overburden

Cavern

A

H, embrittlement of
well materials

Internal corrosion of steel

components exposed to
brine, H,S, and MIC

Connections not H, tight

Mechanical failure of the
casing (fatigue)

Poor quality and/or
bonding of the cement

Cement degradation

Integrity failure of last-
cemented casing shoe

Packer integrity failure

Degrading durability of
materials due to scaling
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Bow Tie for top event T1
Leakage of H, in the subsurface

Hazard

External corrosion of the
casing (including
conductor, anchor casing)

Faults or leaky interbeds
intersecting the cavern

Roof fall

H, permeation into the
wall

Integrity loss caused by
drilling activities

Overpressurisation due
to malfunctioning
equipment

Large sub-zero temperatures
leading to failure of
materials or components

Storage of H,
in a salt
cavern

Explosion of near-surface
H, accumulations leading
to damage or injury

Leakage of H,
in subsurface

Adverse effects of H,-
pollution on
groundwater quality,
vegetation and animals
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Well

Overburden

Bow Tie for top event T2
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Leakage of H, at the surface

Catastrophic x-mas tree
damage due to collision

Catastrophic x-mas tree
damage due to
vandalism/terrorism

Failing wellhead flange
or hose connection

Improperly closed
wellhead valve

Integrity failure during
workover under pressure

H, dissolved in brine

coming to surface during
debrining

Migration of H, via
overburden to surface

Hazard

Storage of H,
in a salt
cavern
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Leakage of H,
at surface

Adverse effects to

humans and animals due
to air pollution with H,

Extreme noise levels
leading to hearing
damage

Shockwave from
explosion causing
structural damage, injury
or death

Heat radiating from flash
fire or jet flame causing
structural damage, injury
or death

Injury or death — occurs
in combination with
other consequences

(fire, explosion)
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