a

ONDRAF/NIRAS

IGD-TP Exchange Forum 5
Managing uncertainties in the safety case

Quantifying uncertainty:
Challenges for ONDRAF/NIRAS

Manuel Capouet

Kalmar, Sweden
28 October 2014

Belgian Agency for Radioactive Waste and Enriched Fissile Materials



100 - _' —8— Kaesche, 1965 ; Grubitsch et al., 1970 (alkaline sol.)
4  Switserland - NAGRA (alkaline sol.)
| =—ar— Switserland - NAGRA (alkaline sol.)
1 —m— SKB - Sweden (alkaline sol.)
¢ UK -AEAT/ Serco TAS (alkaline sol.)
+— UK - AEAT / Serco TAS (alkaline sol.)
»®  Japan-.JNC (alkaline sol.)
| —3— Japan - JNGC (alkaline sol.)
Republic of Korea - Jung, 2011 (alkaline sol.)
|  —e— Spain - Andrade et al. (concrete)
A Arup, 1983 (concrete)

very slow decrease of vggg —5— Sweden-SKE (concrete)
©— UK - AEAT/ Serco TAS (concrete)
| < UK - AEAT / Serco TAS (concrete)

1 — Japan-..JNC (concrete)

initial sharp decrease of veorg

A —

==

T —
——
——
—_—— —
——
— &
——
——
—
—_——

Uniform corrosion rate (um/year)

——
—_—
—_—
—_
——
——
—_——
—
—
—
—_—
—_
—_——
—_——

= oo
FrN
> e

0.001 + t t = |
0 1000 2000 3000 4000

Test duration (days)

e Corrosion rates of carbon steel in alkaline (cementitious)
conditions measured by different teams, using various
experimental set-ups [Kursten et al., 2013].

e Good support for a sound model parameterization and its
> associated uncertainties.
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 Sensitivity analysis:
» Focus on probabilistic (Global) methods:

» Investigate combined effects of uncertainties, find out
unfavorable combinations of parameters, “rank” sensitive
parameters.

» Graphic methods, Monte Carlo based methods, Variance
based methods.

» Use of test cases to compare methods.

e Guidance on the treatment of model &scenario
uncertainty and,

« Test cases, including modeling at different levels of
— detaills.
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« Perturbations of expected processes in the long-term
(evolving conditions).

« Rare or non-periodic events for which there is
iInsufficient information available to quantitatively
estimate the probability.

« Global events (climate evolution).

 Programs at initial stages with limited or no site-
specific data.
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« EXxpert judgment protocols:
» Stanford Research Institute (SRI) protocol (1988).

» SNL/NUREG-1150 protocol (1990).
» JRC’s KEEJAM protocol (2000).

« Combination of expert judgment:
» Group combination.

Total interaction group.

The Delphi method.

The nominal group.

Nirex/NDA protocol (1991/2006).
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« Mathematical aggregation:
» The linear pool.
» Bayesian combination of expert judgment.

Feedback of the application of expert judgment
ONDRVM,N.RAS processes in Safety Cases ?



« EXxpert judgment is ubiquitous, but not always visible
IN the treatment of uncertainties.

« Expert judgment must be documented in a traceable
and transparent way, and the proponent must apply
appropriate quality standards.

« Undoubtedly, expert judgment plays a central role
when describing the system and deriving scenarios.
In the future, it could also be interesting to examine
guidelines for expert involvement further, and also to
determine whether a more formal approach to expert
judgment is warranted for safety assessment and in
particular for system description and scenario

—derivation.
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The experts are requested to estimate two ranges:

« The expert range - the range within which experts
expect the parameter value to lie considering current
knowledge

« The source range - the range outside of which experts
do not expect the parameter value to lie considering
current knowledge

"Expert range"

"Source range"
RS
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Legend:
[x2,x3] = range within which the value of X should lie, according to experts i.e. “(fully)realistic values”
\ ]x1,x4[ = range of values that should be ruled out for X, according to experts i.e. “unrealistic” values;
= range of values that experts cannot entirely rule out for X, but which would be somewhat
surprising, i.e. somewhat less “realistic”
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"Expert range"”
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"Source range”

« The uncertainty of a parameter value is captured by 4 values
(X1--X4)-

« The values outside of the expert range are not immediately
excluded or considered as unrealistic, but are seen as
somewhat less representative considering current knowledge.

« R&D is on-going and knowledge constantly increases
» the expert range will inevitably change (usually narrowing, but
sometimes widening)
« “Expert judgment” is not playing darts - the ranges and, in
particular, the expert range, are supported by multiple lines of
evidence
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» The tool can guide discussions with experts when
information is too scarce to derive a pdf.

» The tool can be used to characterize qualitatively FEPs
inherently difficult to predict (e.g. occurrence of a
geological event).

v

ONDRAF/NIRAS



Example: Knowledge Quality Assessment (1) for process
understanding

Score ::32:::;c:-:lling Empirical E:lr:r};ymeteris- Robustness against time Colleague
. quality * ation) * scales and external conditions |consensus **
4 ‘Well-established : Controlled VAN exact : The process is extremely robust. ;All but cranks.
itheery. iexperiments, descnpnon of the Exceptlonalr}r unlikely that it will
; ‘large sample of deswed processin: ‘be significantly altered over time .
idireet great mechanistic : er due to changes in the external
e tmeasurements. G detall. __iconditions,
3 i Accepted theory ;Historical or field ; Good descnptlen The process is robust. Unhkely AII but rebels.
vwith partial idata, less ef the desired that it will be significantly altered
‘nature (in view :controlled process with ouer time or due to changes in
im‘the iexperiments, acceptable the external conditions.
| phenomenon it §sma|l sample of Imechamsnc
: describes}. idirect idetail.
e AmeAsUTeMeIS.
2 Accepted ther:)r'_.,.r ‘Modelied data, Fairh_,r good but  : The process is fairly robust with : Competing
;with partial indirect §simp|ified : medium likelihood that it will be  :schools.
‘nature and ‘measurements, representation of ! significantly altered over time or
Himited thandbook ithe process. idue to changes in the external !
iconsensus on iestimates. i conditions. ;
1 ' Prefiminary ' Educated ery simplified : The process cannot be :Embryonic
§theer\,r. §guesses, very §representatien of censMered robust. It will likely be field.
E tindirect ‘the process, su;mfcantly altered over time or !
| iapproximations, iconsideringonly |due to changes inthe external |
oy fhumbrules. cbasic properties. conditions. .
0 iCrude Pure guesses Poor The process is not robust. It is END opinion.
speculation. : i representation of wrtually certain that it will be
:the process. isigniﬂcantly altered over time
* applied from (Jeroen et all 2002) : ‘orfand by changes in external
** applied from (Refsgaard ef al. 2008) | ; ! conditions. ;
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 Follow-up from PAMINA:

» Return of experience of the application of expert judgment
processes & of analysis tools in recent safety cases.

* Need for more work on expert judgment protocols,
INn particular:

Do we need a consensus about the understanding
and the uncertainties of FEPs which have a global
Impact (climatic & geologic events) ? (NEA IGSC
topical session on extreme events, 2014)
» Making scenarios is an implementer choice constrained by
national boundary conditions.

» However, the scientific understanding supporting these
scenarios should be the same.
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