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Uncertainty structure

Type All possible Probabilities | Evidence can | Evidence can | Uncertainty
outcomes can be be defined? be obtained? | reducible?
identified? assigned?

Shallow Practically

uncertainty L L L L reducible

Deep - Practically

uncertainty = X L X irreducible

Recognized : ,

ignorance X X X X Irreducible

Janzwood, S. (2022). Confidence deficits and reducibility: Toward a coherent conceptualization
of uncertainty level. Risk Analysis, June, 1-13.
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Uncertainty structure - examples
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Reality check
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How to use uncertainty in risk assessment?

Uncertainty type Strategy

Shallow Quantify probabilities
« Data-driven models (ML / Al)
* Process-based models

Deep Quantify probabilities but recognize ignorance
* Process-based models
» Assumption hunting > What if the model is wrong?

Recognized ignorance Improve system understanding
Robust decision making
* Precautionary principle
« Conservative / “worst” case—> Bounded by what is known
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Legend
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D Gloucester Basin
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- Proposed mina pits

Example Deep Uncertainty

Impact coal mining and coal bed methane
extraction on water resources
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Example Deep Uncertainty

Assumption / Effect on
Resources | Technical
Model choice predlctlons
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Wells as constant head
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Prior distributions
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Example Recognised Uncertainty =
Greenfield shale gas development
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Make what is known explicit
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Is it possible?

Is it material?

Is it avoidable?

Can it be mitigated?

#& vito

Q1: Is it possible? . .
Could a change in A cause a change in B? lee|lh00d

¢

Caukd  changain Acause 8 matedl change B7 Consequence

¢

: If a link is possible and material, could it be
o Link is possible and material

Could a material change in B due to a change in A "" but can be avoided s Avoidance
be avoided in the GBA region?

¢

Q4: If a link is possible, material and unavoidable, iy . ;
could it be mitigated? Link is possible, material _and - -
Could a material change in B due to a change in A unavoidable but can be mitigated Mltlgatlon
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Precautionary principle risk solute migration
vertically along fault

Table 1 Parameter values for solute transport calculations

Symbol Name

Ah

D*

Hydraulic
conductivity
fault zone

Hydraulic
gradient
across
aquitard

Effective
porosity
fault zone

Porosity of
matrix

Fault or
fracture
aperture

Molecular
diffusion
coefficient

Value Unit Comment

1e73

0.33

0.01

0.05

le

8.6e%
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m/d

m2/d

Three orders of magnitude larger than
aquitard (Caine et al., 1996)

Corresponds to 100 m of pressure difference
over 300 m of aquitard. This is consistent with
the upper range of gradients in (Evans et al.,
2020)

Lower end of plausible range of effective
porosities

Lower end of porosity for shale or clay rich
sediments

Lower end of range of fracture apertures at
depth

Lower end of range for shales and clays (e.g.
Chen et al., 2018)
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aquitard integrity: Stressor node description for the Cooper GBA region,
accessed 07 August 2023.
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Conclusion

Uncertainty analysis — technically possible, not only academic / large projects
Not all sources of uncertainty are quantifiable
Assumption hunting
Clear, transparent and honest reporting
Source - Receptor framework
Defines quantities of interest for quantitative analysis
Formalizes what is known and highlights knowledge gaps
Precautionary principle
Rule out areas / pathways of no or low concern
Highlights potential pathways of concern
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