Bayesian benchmarking of off-normal occurrence rates for US
underground natural gas storage facilities

Richard Schultz!, Douglas Hubbard?, David Evans®, and Sam Savage*

1Orion Geomechanics LLC
2Hubbard Decision Research
3British Geological Survey
“ProbabilityManagement.org

November 26, 2022

Abstract

Defining a baseline for the frequency of off-normal occurrences at underground natural gas storage facilities is critical to main-
taining safe operation and to the development of appropriate risk management plans and regulatory approaches. Currently
used frequency-estimation methods are broadened to include critical factors of cause, severity, and uncertainty that contribute
to risk. A Bayesian probabilistic analysis characterizes the aleatoric historical occurrence frequencies given imperfect sampling.
Occurrence frequencies for the three main storage facility types in the United States (depleted oil-and-gas field storage, aquifer
storage, solution-mined salt cavern storage) are generally on the order of 3 to 9 x 10-2 occurrences, of all causes (surface,
well integrity, subsurface integrity) and severities (nuisance, serious, catastrophic), per facility-year. Loss of well integrity is
associated with many, but not all, occurrences either within the subsurface or from there up to the surface. The probability
of one serious or catastrophic leakage occurrence to the ground surface within the next 10 years, assuming constant number
of facilities, is approximately 0.1-0.3% for any facility type. Storage operators and industry regulators can use occurrence
frequencies, their associated probabilities and uncertainties, and forecasts for severity magnitudes to better prioritize resources,
establish a baseline against which progress toward achieving a reduction target is measured, and develop more effective mitiga-

tion/monitoring/reduction programs in a risk management plan.
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Overview

306, .
7% "e"'e“é‘iﬂ'@.’;‘i Natural gas (methane) is a critically important component to the energy economies of the United States and
Data: US Energy Information Agency other countries. Because storage capacity in the above-ground pipeline network is insufficient to meet
demand, natural gas is stored in large underground (UGS) facilities.
Defining a baseline for the frequency of reported and documented off-normal occurrences (= any reported
El Above-Ground } or documented issue, event, incident, accident, or failure with or without leakage arising during routine
peeurrences operations at any given facility, of any cause or magnitude of severity, that may have involved human error,
el process safety, mechanical or operational issues, or natural events) at UGS facilities is critical to maintaining
T ———— |.-f' beurface safe operation and to the development of appropriate risk management plans and regulatory approaches.
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Arithmetic Averages

Frequency =
(Number of Occurrences)

(Number of Facilities)(Number of Years)

_ (Number of Occurrences)
~ (Number of Wells)(Number of Years)

or

Example: 0.005 or 5 x 1073

* Increases with number of occurrences,
decreasing number of facilities

* Decreases with increasing years of
operation

* Uncertainties rarely calculated

* New estimates made in isolation from
previous ones

Bayesian inversion was used to calculate the
probability of an occurrence frequency that was
incompletely sampled by the historical
occurrence data. The frequency of occurrences
was modeled by a binary choice (occurrence/no
occurrence) per facility-year, corresponding to a
Bernoulli trial and calculated using the BETAINV
and BINOM.INV functions in Excel™

* Assess success of Risk Management Plans by comparing targets to baseline <
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Calculated Bayesian occurrence frequencies to surface per facility-year for
increasing severity magnitude group, wells and subsurface causes
combined. Note reversed scale for occurrence frequency, decreasing
toward top of figure. Small filled symbols, scalar arithmetic mean
frequencies of number of occurrences to surface per facility-year; larger
filled symbols are Bayesian occurrence frequencies for each facility type
with P5, P50, and P95 exceedance probabilities shown by error bars. Values
for aquifer mean occurrence frequencies of zero are not plotted.
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