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Typical Components of a Safety Case

1. Introduction, Purpose, and Context

2. Safety Strategy

2.2 Siting & Design
2.1 Management Strategy Strgtegy = 2.3 Assessment Strategy

3. Technical Bases (or Assessment Basis)

] 3.3 Post-closure Basis (FEPs*)
3.2 Pre-closure Basis _ _
3.1 Site ; : *Waste & Engineered Barriers
*Repository Design »Geosphere/ Natural Barriers

Selection * Construction — Site Characterization
* Operations *Biosphere & Surface Environment

4. Disposal System Safety Assessment

4.1 Pre-closure 4.2 Post-closure 4.3 Confidence
Safety Analysis Safety Assessment Enhancement

5. Synthesis & Conclusions

*FEP = Feature, Event, or Process
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Components of Safety Case — Other Examples
from NEA 2013a, No. 78121

Purpose and context of the safety case ata
given stage of development of a disposal system

L

Safety strategy

Management sirategy Siting and Safety assessment - _
design strategy strategy Safety case con H . Safety strateg

= l

—) C. System description "—
[ —

from IAEA 2012, No. SSG-23

Assessment basis

-
=

|

System concept — Scientific and Methods, models,
repository site technical information computer codes
and design and understanding and database = D Safety assessment

|

imits, controls and cond

|

tegration of safety argu

J L

Safety assessment, evidence and arguments

- Safety assessment including analysis of impact of uncertainties

= Intrinsic quality of site and design

= Natural analogues

= Arguments for quality assurance

- Adequacy of strategy to address uncertainties and outstanding issues
- Additional evidence and arguments

J L

Synthesis into a safety case

|

Haoun Jo judawabeu

|

1

FIG 2. Components of the safety case.

Key findings and statement of confidence vis-a-vis purpose and context
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Evolution and Iteration of the Safety Case

4.
‘ 4.1 Pre-closore
Safety Anaiyis

5. Synthesis & Conclusians

= Safety case and safety confidence evolve with the different phases
of repository development, via RD&D activities

[,
- T
. Characterization /
. m‘“‘“{ Sﬁe . q:haracterizaticn o 1;::56"“ (:qnut;.mtion
P h as es - Gustﬁ?m el ot Tepositary Design une,g‘]"‘:s Mgnfmﬂng
@

= [teration of two major elements of the safety case—technical
bases and safety assessment—guides RD&D activities:

Post-closure and Safety R&D Activities Post-closure and Safety
d Pre-closure Technical |:> Assessment in |:> (Address Uncertainties |:> Pre-closure Technical |:> Assessment in |:>
Ite rat|on E Bases in Phase “A” Phase “A” & Build Confidence) Bases in Phase "B’ Phase “B”
] ]
(across l £ ¥ |
1
phaseS) - Decision Framework: Iterate !
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Safety Understanding Evolves Through
“Issue Resolution”

" In a safety or licensing case, all outstanding issues* must ultimately
be addressed with technical arguments and evidence**
= During most phases of the safety case, limited resources (S, § ) requires
prioritization of issues and the associated RD&D activities to resolve them

= Set of remaining issues (“uncertainties”) is based on inferences from the existing
technical knowledge base — including lab, field, and in situ testing, as well as
prior performance assessment modeling and process modeling

= Typical issue “categories”:
= Feature/process issues (FEPs)—“technical bases”
= Modeling issues
= Confidence-building issues
= |n-situ design/operations/testing issues

* Information need or knowledge gap.

** An existing broad technical basis for either a generic repository or a site-specific repository implies a
reduced set of high importance issues (also depends on program phase).
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Prioritizing RD&D Activities

= RD&D activities prioritized by
2. Safety Strategy
1. Importance to components of the == e

| 2.1 Management Strategy | Strategy | 2.3 Assessment Strategy |

safety case: safety assessment,
technical bases, confidence-building 3. Technical Bases (or Assessment Basis)

3.3 Post-closure Basis (FEPs*)

3.2 Pre-closure Basis

Potential to reduce key uncertainties Selcion B | commpei S e o

Other fa Ct.O !’S (e -8, cost, m aturity or _ 4. Disposal System Safety Assessment
TR L Of a CtIVIty, red U n d a n C | eS, Syn e rgl eS) 4.1 Pre-closure 4.2 Post-closure 4.3 Confidence

Safety Analysis Safety Assessment Enhancement

" Prioritization process can be formalized = -

A .
1. Identify a set of objectives and associated P'r':fr'i'ty
metrics, including Cilse of
= Value of information, maturity (TRL), cost, etc. Information*
Evaluate each RD&D activity using the metrics i
Define a “utility function” to combine the Priority
metric scores \ Cost of proposed
. he e RD&D activity
4. Compare utilities (“rankings”) of the RD&D
s * = Func {sensitivity of performance to the information
activities obtained; uncertainty reduction potential (TRL)}
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A Simplifying Assumption

= Prioritize each proposed RD&D activity by evaluating the
importance of the corresponding RD&D issue that the activity
is designed to address:*

= Example issue (FEP): “Changes in physical-chemical properties of host
rock due to excavation, thermal, hydrological, and chemical effects”

= Example activity: Single heater test

= A metric designed to evaluate the importance of a particular RD&D
issue to the safety case is a “proxy metric” for measuring the
importance of the corresponding activity

= Only rigorous if there is a one-to-one correspondence between issues
and activities

= There can be more than one activity to resolve an issue (e.g., lab test or in
situ URL test; or two types of measurement techniques)

= Can be more than one issue resolved by a single “activity”

= Need to evaluate the importance of issue-activity pairs

*see Sevougian et al. 2013
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RD&D Prioritization Methodology

= Method: Use standard decision analysis methodology to facilitate prioritization
(similar to systems engineering methods):

L. Dafins bbleciives > Safety case context: base the
(6., sipport bosk-closire Saletys objectives on elements of the

‘ safety case

2. Define evaluation metrics — l €.0., define post-closure

- safety functions™
that measure the “worth” of R&D issues/ (e.g.. containment. limited

activities toward achieving objectives releases, isolation)

A 2

3. Pose the R&D issueslactivities -
to be evaluated against metrics

¥

4. Evaluate/score R&D issues/activities
— against each metric

¥

5. Define the best set of R&D activities -
based on utility; additional qualitative factors

*see Sevougian and MacKinnon 2014
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Step 3. Pose the RD&D Issues

= Potential post-closure RD&D issues taken from FEPs 1. Define objectives —
catalogue (completeness)—e.g., DOE (2012) (e-g., support post-closure safety)
= |mportant remaining RD&D issues based on the existing : :

. . 3 3 2. Define evaluation metrics —
technical knowledge base— derived from lab, field, and in that measure the “worth” of R&D issues/
situ testing, as well as prior performance assessment activities toward achieving objectives
modeling, process modeling, and uncertainty ) 2
characterization 3. Pose the R&D issueslactivities -

to be evaluated against metrics
= Example for generic salt repositories: phenomena related IT

to heat-generating waste given special consideration, e.g., | 4. Evaluate/score R&D issues/activities

— against each metric
* Creep closure accelerated by elevated temperatures '

* Crushed salt backfill reconsolidation for elevated temperatures 5 Defliic the bast set of R&D activifies -

« Material property changes coupled to fluid movement enhanced by based on ulility; additional quaiitative-1actors
thermal-hydrologic-mechanical (THM) processes

Long time after closure
Waste Package Backfill

Prior to waste emplacement After waste emplacement

DRZ Oy Backfill DRZ
/_// )

\ \
\\’ - — ( ; }d ”

. ¥
] ! |:> " Vapor and Brine Migration :> \ /
oh , | /r@ / i Ch _

WP X Expanding
Thermal Field oy
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Salt RD&D Feature/Process Issues

(( ” . . . .
= 30 feature/process (“FEPs”) issues were identified and ¥
a “ 2 - . 4. Evaluate R&Dllsslu_e(s:;actlwtles—
against metric(s
given “pre-workshop” importance ratings—11 rated “%
oy n» e
as “H” —then evaluated by experts during a DOE- 5. Deflne the best sef of R&D activities—
: including additional qualitative criteria
NE/EM workshop, March 2013, in Albuguerque, NM
= Based on nominal scenario evolution and high heat . lssuo
Salt RD&D Technical Issue Importance
. _ . Rating
Ioa d assum pt on SE€E SeVO Ug 1an et d I : 20 1 3 Natural Barriers (Geosphere: Host Rock and EDZ) Feature/Process
Issues
= Two breakout groups (pre-closure and post-closure) [ Sratgrapny and physicaicherical properties of | ;= p )
. - . host rock ’
reconsidered rati ngs, ma ki Ng a few cha nges 15. Changes in physical-chemical properties of host
rock due to excavation, thermal, hydrological, H (= D,P)
—r and chemical effects
. 16. Mechanical response of host rock due to
S e %2Ye Imgc;:itznce excavation (e.g., roof collapse, creep, drift H (= D,P)
9 deformation)
Wastes and Engineered Features (EBS) Feature/Process Issues 17. The formation and evolution of the EDZ H (=D,P)
Inventory and WP Loading M (= I,P) 18. Brine and vapor movgment through the host
rock and EDZ, including evaporation and H (=D, P)
2. Physical-chemical properties of crushed salt M (= 1,P) condensation
backfill at emplacement _ : 19. Chemical characteristics of brine in the host rock L(=18)
3. Changes in physical-chemical properties of H (= D,P) 20. Changes in chemical characteristics of brine in _
crushed salt backfill after waste emplacement ’ the host rock and EDZ M(=1,P)
4. Changes in chemical characteristics of brine in - 21. Radionuclide solubility in the host rock and EDZ L(=D,S)
the backfill and EBS M(=LP)
€ Dackiil an _ 22. Radionuclide transport in the host rock and EDZ L(=D,S)
5. Mechanical response of backfill H(=D.P) Repository System (EBS and Geosphere combined) Feature/Process
6. Impact of mechanical loading on performance of H (= D,P) Issues
th? WP _ _ ' 23. Thermal response of EBS and Geosphere
7. Brine and vapor movement in the backfill and (heat transfer from waste and waste packages H(=D,P)
emplacement drift, including evaporation and H (=D, P) into the EBS and Geosphere)
condensation —
8. Corrosion performance of the waste package M= (I,P) 24. Buoyancy of'the waste pac'kages — LEWP)
9. Mechanical and chemical degradation of the L 25. Gas generatlon and potential physical impacts to M = (I,P)
W oohns (=D.S) backfill, EDZ, and host rock
10. Brine flow through waste package L (=D,S) 26. Microbial act|V|t.y in the waste package, EBS, L(=1,S)
11. Changes in chemical characteristics of brine in L(=18) and host rock (including EDZ)
the waste package ) 27. Colloid formation and transport. in theT waste L(=D,S)
12. Radionuclide solubility in the waste package and L (=D.S) package, EBS, and host rock (including EDZ)
EBS ’ 28. Performance of seal system H (= D,P)
13. Egcélonucllde transport in the waste package and L(=D.S) 29. Performance of ground support L=(W,P,S)
30. Performance and effects of ventilation M (=1,P)

September 7, 2016



Post-Workshop RD&D Activity Proposals

Table 7-3. Summary of RD&D Test Proposals/Questionnaires Received after the Salt RD&D

Integration Workshop
Laboratory testing (no modeling)
Table Principal Investigator(s) Long-term steel corrosion Laboratory test; (no simulation
D Test Name Test Type(s) and Lab Affiliation H-11 | analyses from Room A1/B re- mo daing%enti‘c:%ed) Pat Brady (SNL)
entry
Primarily in situ, large-scale field testing (with modelin Imaging Brine Migration in Salt - :
y g g ( gd) H12 | Using Neutron and Synchrotron Ir_nE:)b(;)é?r:O? tests (no simulation Tgﬁg&gﬂ)(:j él-_FArgrl;&lin w80
In sifu tests in the new URL; X-ray Tomography g
H-1 | Clay Seam Shear Testing Laboratory tests; Constitutive Frank Hansen (SNL) Validation of constitutive models
modeling; Intemational collaborations H.13 | @nd parameterization of Laboratory test (no simulation Kris Kuhlman (SNL); Bwalya
Generic in situ tests in the new URL; i unsaturated brine flow in intact modeling) Malama (SNL)
H2 | single Heater Test International collaborations; Modeling JFE?"‘;"C%‘]’QHSTES_?L) Carlos and crushed salt
prediction and validation 114 | Stability of Polyhalite in the Laboratory test (no simulation Florie Caporuscio (LANL)
In situ tests in the new URL; Salado Formation modeling) P
H-3 | Large-Scale Seal Test International collaborations; Frank Hansen (SNL) Stability of hydrous phases Laboratory test (applicable for SDDI
D I Modeling, Lab—ACI concrete testing H-15 | (comrensite, bassanite) in the waste emplacement studies)— (no Florie Caporuscio (LANL)
all Leiense Epasa In situ thermal test; Laboratory tests; Salado Formation simulation modeling)
H4 | Investigations (SDDI) Thermal | T ang THMC model valdation Doug Weaver (LANL) Use of Ultra Jow field (ULF)
Philip Stauffer (LANL), Florie e netic oo imulati
Water migration tracer test In sifu field test with lab analysis; : : H-1 | (NMR)and magnetic resonance | Laboratory test (no simulation Florie Capomuscio (LANL
H-5 | during the proposed SDDI including pre-, during, and post-test %mgﬂ?ghﬁ“%gam imaging (MRI)) to map and modeling) P ( )
experiment transport modeling Hardin (SNL) quantify brine content in an
ardin (SNL) undisturbed salt core.
Laboratory testing, followed by in situ testing (with modeling) Elevated-Temperature
_ Measurements of Plutonium (I1l) Jonathan Icenhower and
o Laboratory fests initially; borehole & ) H-17 | and Neodymium(lll) Solubility in | Laboratory tests (no modeling) David Shuh (LBNL); Donald
H-6 Salt Decrepitation Effects in situ field testing later; THM process | Kris Kuhlman (SNL) Low to Moderate lonic Strength Reed (LANL)
and constitutive modeling Aqueous Solutions
Development of an Integrated . ] Laboratory Stu the Long-
' ; Laboratory tests; Field testing at ry Study on the Long
Geophysical Imaging System for | | BNI' Geophysical Measurement | LM. Daley, Y. Wu. J. tem Porosty and Permeabilty
H-7 | Field-Scale Monitoring of Brine PyS Birkholzer, and J.B. Ajo- o i ; Tim Kneafsey and Seiji
LS : Facility (GMF); (no modeling initially et -2 H-18 | Reduction in Salt Backfill Under Laboratory tests (no modeling) Nak LBNL
Migration and Mechanical : Frankiin (LBNL) Elevated T tu akagawa (LBNL)
e - but later some pre-test modeling) evaied lemperature
Alteration in Salt Repositories Conditions
Laboratory testing, followed by in situ testing (no modeling) Modeling and simulation studies only (no physical tests)
Geophysical and acousfical Initial lab sensitivity experiments; o - "
t1g | monitoring of fluid migration and | followed by in situ field tests at WIPP | i oo (LANL) H-19 gfﬂ:g?:ﬁﬂl%drﬁgﬂ? of brine Theoretical and modeling study Qinjun Kang (LANL)
i fracture evolution for WIPP salt during SDDI thermal tests (no Jonny Rutqvist and Laura
thermal tests : modeling) — THM Optimization of Preclosure . Blanco-Martin (LBNL);
H9 In situ and laboratory testing of Laboratory tests; In situ field tests (no Dan Levitt (LANL H-20 Repository Desi Coupled process modeling Phil Stauff d Flori
> ora . ' ) - ( ) pository Design il Stauffer and Florie
moisture monitoring methods simulation modeling mentioned) Caporuscio (LANL)
- - : THM(C) benchmark modeling— Jonny Rutquist and Jens
model-fo model comparisons fora | Birknoizer (LBNL). Phil
Laboratory testing (with modeling) H-21 Benchmarking Simulations for i ) Stauffer and Bruce Robinson
- X simplified repository, for a lab/field 3
. THM Behavior of Rock Salt - ) (LANL); Carlos Jove-Colon,
Themno-Hydro-Mechanical- THM experiment; and for the planned Kristopher Kuhiman, and
Chemical Experiments to Study | Complex THMC laboratory SDDI test Emest Hardin (SNL;
1110 | the Effect of Creep and Clay on | experiments; coupled process Tim Kneafsey and Seiji
- Permeability and Brine Migration | modeling to predict/interpret the Nakagawa (LBNL) THM Model of Salt Rock o _ _ ] ]
in Salt at High Temperatures and | resufts H22 | Microstnuctural Damage and Mechanistic microstructure modeling | Daisuke Asahina and Jim
Pressures Healing of coupled processes in salt Houseworth (LBNL)
Brine Migration in Salt: Review Jim Houseworth, Jonny
H-23 | and Constitutive Model Constitutive models Rutqvist, Hui-Hai Liu, Jens
Development Birkholzer (LBNL)
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Effect of Uncertainty and/or TRL

= Previous evaluation of issue significance was mostly based on
their importance to system performance or safety:

= How sensitive is the system to the given issue or FEP?

= Just as critical to any RD&D funding decision is our current
state of knowledge (TRL) regarding the issue or FEP, i.e.,
uncertainty reduction potential

range ‘EDSF X S = Change in output
Change in input

Uncertainty in FEP Sensitivity Coefficient
(input)

1 DF
— range ’E :

Uncertainty in System
Performance (output)
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Potential Focus Topic for Today

= Uncertainty characterization for THM processes and models

= How can we know how uncertainty in THM models affects
system performance (e.g., total dose), in order to know how
much additional RD&D is necessary?

= How to characterize uncertainty in model input parameters?

= Which constitutive model or how many models are needed
to encompass potential behavior?

1 90%
Model 1

10%
Observed

Closure
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Uncertainty in YM Total Expected Dose

(Sum over All Scenario Classes and RNs)

LA_v5.005_ED_003000_000,gsm; LA_v5,005_EW_006000_000 gsm; LA_v5.005_ED_003000_000_Total_Dose_Rev00 JNB, LA_v5 005_EWW_006000_000_Rev00 JNB,
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5 P C ]
LA_V5.005_ ‘\Myr Total Doae ualcs RevDu gsm LA vf:uO’ lMyr To!al DDE? RevFJU JNB Loy ODS 1Myr 0 SQD EXPDQSE fivviotw. LA V5,005 TH_00 300 B DOE’E PRE !"T FTEV'), M
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. : PRCC PI
of igneous events e Dose PIOt CC Ot
é 10
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. ©
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1 z E o
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g_ os || { - — woecaz
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‘g . 106 I I T T T T
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EXPDOSE: 500,000 Years
LA_v5005_ED_W03000_000_Total_Dose_Rev00 JNB: LA_v5 005_EW_006000_000_Rev00 JNB: A_v5.005_ED_003000_000_Total_Dose_Rev00 JNB: LA_v5.005_EW_006000_000_Rev00 JNE;
Variable R2 SRRC e e G B T o e i R e o e i G S Tom T B o bt
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Uncertainty in Creep Closure
of Emplacement Drifts in Salt

Sources of Uncertainty
In Creep Closure

Aleatory Epistemic

* A
I |

Spatial variability Temporal
in Variability Data _ Model _
material In events/ Uncertainty = Uncertainty
properties PIOCERSCS
(randomness) (randomness)

Limited Lack of
knowledge % creep process >
of systgm/ F understanding

material
properties

Alternative
Model Form
Measurement -~ Creep Model 1 -
Error Creep Model 2
Creep Model n

Numerical Error [~
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Some Aspects of Uncertainty Characterization

= Nature of uncertainty: aleatory (inherent randomness) vs. epistemic
(lack of knowledge)

= Sources of model and prediction uncertainty, e.g.:
— Parameter (input) uncertainty (epistemic)
— Model structural uncertainty (epistemic—lack of knowledge of true physics)
— Experiment or data measurement uncertainty (aleatory or variability)
— Numerical approximation uncertainties, arising from spatial-temporal

discretization error, statistical sampling error, iterative convergence error

= How to upscale data (from lab to field; from core data to numerical grid
blocks)—how to handle associated variance reduction

= Methods to fit uncertainty distributions to dense data sets
— Mechanistic considerations when choosing probability distribution type

= How to fit uncertainty distributions to sparse data sets
— Maximum entropy
— How/when to use expert elicitation (i.e., subjective uncertainty assessment)?
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Open Discussion
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Step 1. Define Objectives Hierarchy
(to Evaluate R&D Issues/Activities)

= Use key elements of the safety case as high-level objectives for evaluating
RD&D activities:

@cigrey NS
Difwe [

LE=

1. Define objectives —
(e.g., support post-closure safety)

1. Introduction, Purpose, and Context _ : ,

that measure the “worth” of R&D issues/
2- Sﬂfety Stm tegy activities toward achieving objectives

2.2 Siting & Design
| 2.1 Management Strategy Strategy 2.3 Assessment Strategy 3. Pose the R&D issueslactivities —
to be evaluated against metrics
3. Technical L4
I - Tec n'ca Bases 4. Evaluate/score R&D issuesl/activities
. . % — against each metric
[ S Preitlosure Basis 3.3 Post: das_ure Basis {FEPS )
( 3.1 Site *Woaste & Engineered Barriers

4 *Repository Design <:> & A ) s
Selection - Construction szii"cf‘;f! d’:g:;‘;;{ Barrets 5. Define the best set of R&D activities -

= Operations «Biosphere & Surface Environment based on utility; additional qualitative factors

4. Disposal System Safety Evaluation

4.1 Pre-closure 4.2 Post-closure 4.3 Confidence
Safety Analysis Safety Assessment Enhancement

5. Synthesis & Conclusions

7 Objectives Hierarchy \
1
|
! Support Safety Case i
D | ! ! ’
0 Support Repository System :
: Support Site Technical Bases Support Pre-closure Support Post-closure Support 1
I Selection it vty i Safety Analysis Safety Assessment Confidence-Building :
l - Including site characterization 1
\ 4
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Step 2. Define a Metric for each Objective

(Example for Post-closure Safety Objective)

= For generic repository investigations, the Do b edven -

importance of R&D issues (particularly FEPs (6.9, Seport Pesk civalis amiehy)
issues) might primarily be determined by their =5 - o e
importance to the post-closure safety objective: it Gk g
* Design a metric “Importance to Postclosure ¥
Safety” (see backup slides) 3. Pase e BaD Laveclaclivities -
* Decompose “Importance to Postclosure Safety” g

into “Important to Postclosure Safety Function A,” | # Evaluate/score R&D issues/activities

— against each metric

“Importance to Postclosure Safety Function B,” ¥

etC. 5. Define the best set of R&D activities —
based on utility; additional qualitative factors

— What functions the system must perform to
successfully achieve post-closure safety

e Evaluate R&D issues against the post-closure safety
functions:

max {Importance to Safety Function A; Importance to Safety Function B; etc.}

= Importance to Postclosure Safety
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Define System Safety Functions

= Post-closure safety functions* identify key attributes of material
barriers that are relied upon to prevent or limit contact of waste with
the biosphere:

= |solation/Stability Safety Function— Aspects of the repository and geologic
environment that isolate the waste from external changes or events, and
therefore help maintain the integrity and longevity of the barriers

= Containment—Aspects of the repository that prevent fluid contact with the
waste:

= |f groundwater does not contact the waste there is, in general, no release mechanism to
transport radionuclides

= {Note: An alternative definition of containment is provided at 10 CFR 60.2:
“Containment means the confinement of radioactive waste within a designated
boundary.”}

= Limited or Delayed Releases— Aspects of the repository that delay or reduce
the transfer of radionuclides to the accessible environment after the
containment function is compromised

*Definitions from Bailey, L., et al. 2011. PAMINA: European Handbook of the state-of-the-art of safety assessments of geological repositories—Part 1.
European Commission. January 31, 2011.
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Define Post-closure Safety Metric

= Define importance of an R&D issue to post-closure safety based on a
safety function metric:

Impact of R&D Function Level
o%e - Issue on a L) of the Safety
Safety Function Function

* “Function level” for any safety function is defined as either primary or
secondary:

A primary safety function operates from the time of closure to prevent transfer of
radionuclides to the biosphere

A secondary safety function is only operative if a primary function fails, for whatever reason

Function : = Emepie i ey )
Function Type Level Definition Associated Parameter(s) or
Characteristic(s)

Aspects of the repository and geologic . . 8

environment that isolate the waste from . Ethhl(‘i}chlf:})?ziftlgiﬁrzne
Isolation/stability Safety  Primary (P) external events or changes, and e

therefore help maintain the integrity and ~ * (N0N-) communication between

longevity of the barriers. salt beds and interbeds

Containment Safety  Primary (P) ﬁjizezigcih\iigs ?ﬁzlﬁgsggat B « (very low or zero) permeability

Aspects of the repository that delay or

—_— ey . ) : + (high) sorption
Limited or delayed reduce the transfer of radionuclides to i
releases Sl SRy the accessible environment after the flow) splubllrty

+ (low) dissolution rates

containment function is compromised.
“Design” Aspects of the repository that allow for

. - . - = ; retrievability of the emplaced waste e .
function ——> | Retrievability Design  Primary (P) itiok by Pelbases for o cpecaed + (sufficient) WP thickness

period of time after closure.
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Define Post-closure Metric — (cont.)

Importance — Impact of R&D Issue U Function Level* of
of R&D Issue B on a Safety Function the Safety Function

* Also called the “significance level”

= “Impact” of an R&D Issue on performance of a safety/design function (for
process/ parameter issues), or on confidence in the demonstration of
performance of a safety/design function (for modeling or in situ testing
issues):

Impact of an R&D Issue
D Direct and potentially significant impact on the success of a safety or design function
| Indirect but potentially significant impact on the success of a safety or design function

W  Weak impact {whether direct or indirect) on the success of a safety or design function
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Define Post-closure Metric — (cont.)

Importance — Impact of R&D Issue U Function Level of
of R&D Issue = on a Safety Function the Safety Function

* “Importance” value ratings (High, Medium, or Low) for R&D issues (based on
impact and function level):

Direct (D) Primary (P)
Indirect (1) Primary (P)
Weak (W) Primary (P)
Direct (D) Secondary (5)
Indirect (I) Secondary (5)
Weak (W) Secondary (5)

(Note: An R&D Issue receives a rating according to its highest function-impact
combination, i.e., it may receive an L rating for one function/impact but if it gets an H for
another function/impact, it inherits that highest rating.)
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Post-closure Technical Bases
(Organized according to the FEPs Matrix™* structure)
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Modeling, Testing, Confidence-Building Issues

Issue
Salt RD&D Technical Issue Importance Explanation of Issue Importance Rating
Rating

Modeling Issues

31.Appropriate constitutive models (e.g., Darcy flow; effective stress) H (= D,P) If?]lr:((e:;:iglnrzpact on the confidence in the demonstration (modeling) of performance of primary safety

32. Appropriate representation of coupled processes in process models H (= D,P) If?]lr:((e:;:iglnrzpact on the confidence in the demonstration (modeling) of performance of primary safety

33. Appropriate representation of coupled processes in TSPA model H (= D,P) If?]lr:((e:;:iglnrzpact on the confidence in the demonstration (modeling) of performance of primary safety

34. Appropriate inclusion and scaling/representation of spatially and o ) ) ) ) :
temporally varying processes and features in process and TSPA H (= D,P) If?]lr:z;:iglnrzpact on the confidence in the demonstration (modeling) of performance of primary safety
models

35. Efflc.lent and high performan(_:e computing of three-dimensional, M (= I,P) Indirect impact on demonstrating the importance of primary safety functions
spatially and temporally varying processes

36. Efficient uncertainty quantification and sensitivity analysis methods M (= I,P) Indirect impact on demonstrating the importance of primary safety functions

37. Verification and validation H (= D,P) If?]lr:z;:iglnrzpact on the confidence in the demonstration (modeling) of performance of primary safety

38. Data and results management H (= D,P) Direct impact on confidence (QA)

In-Situ Testing/Design/Operations Issues

39. Development of accurate instrumentation and methods forin situ _ Direct |mpa<;t on the confidence in the dempns_tratlon (modeling) of performance of the cqntalnment
cesiinG A GiEEE e o H (= D,P) safety function, through measurements of in situ stresses and rock movement (H) and brine and

g vapor/gas movement (M)

40. In situ demonstration and verification of repository design, with — . o S - o o i
respect to its impact on the host rock and the ability to comply with H (= D,P) fu';zgow]pac on the confidence In the demonstration ot periormance ot the containment saiety
preclosure and postclosure safety requirements.

41. Demonstrate under representative conditions the integrated design H (= D,P) May not be possible in the time frame of an in situ test. Direct impact on the confidence in the
functions of the waste package, backfill, host rock, and ventilation. ’ demonstration of performance of the containment safety function

42. Provide a full-scale benchmark for understanding coupled THMC _ o L o ) .
processes and comparing measured system responses with model H (= D,P) Similar to I§sue 37, Vgrlﬂcatlon and Valldatlon._ Direct impact on‘the confidence in the

C h demonstration (modeling) of performance of primary safety functions
predictions and assumptions

Confidence-Building Issues

43. Develop generic safety case H This is the fundamental documentation structure for demonstrating repository safety

44. Comparisons to natural and anthropogenic analogs H It is the best way to validate long time-scale processes

45. International peer review and collaboration M Adds credibility with the scientific community

46. In-situ testing and demonstrations H Adds credibility with the political and scientific communities. Was rated H in ltems 39-42

47. Verification, validation, transparency, and traceability H Essential for all nuclear waste programs

48. Qualitative arguments about the intrinsic robustness of site and
design

Helpful for understanding and transparency
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Steps 4 & 5. Evaluate the Issues and Recommend R&D

= Overall goal: Identify best set of R&D activities 1. Define objectives —

o 3 N b e ege e.g., support post-closure safet:
(including in situ URL activities) that have the e .
greatest potential to further understanding and 2. Dofin evaluation metcs
safety confidence S vtes by dching CfeLINES

3. Pose the R&D issueslactivities -

= Method: Workshop(s) comprised of subject matter

experts, safety assessment experts, and decision to be evaluated against metrics
analysts. Recent example: L 2 : —
4. Evaluate/score R&D issuesl/activities
« Joint DOE-NE/EM workshop, March 2013, in = agai”“ifh e
Albuquergque, NM: “Advancing the Science and
Engineering Supporting Deep Geologic Disposal of e e

Nuclear Waste in Salt”, whose major tasks included

Review/revise pre-workshop R&D issue list and the
associated importance ratings

For high importance (“H”) issues that are not being addressed
by current fiscal year tasks, define specific activities needed
to advance the state of the art (lab, modeling, in situ)

Fill-out test questionnaire for each newly proposed
test/activity (see backup slides)
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Expected Accuracy of RD&D Activity

o o o o o . O o o o o

$ High
; Priority |
Value of
" Information*
Low

§ Priority

>

Accuracy of proposed :
RD&D activity

* = Func {sensitivity of performance to the information
obtained; uncertainty reduction potential (TRL)}
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Test Questionnaire

1) Name of test:
2) Test objectives, description, and type (lab, field, etc.):

3) R&D issue(s) addressed by test (field tests should include one or more “H”-rated
issues):

4) Safety case objectives addressed by test (e.g., post-closure safety; pre-closure
safety; confidence building) and why the test is important to the safety case:

= List objectives in order of applicability (e.g., 1. Post-closure safety, 2. Confidence-building, etc.)

5) For the proposed test describe the current “state of the art” knowledge
regarding the issue(s) it addresses; in other words, why is this data necessary?

6) Define the data that will be collected/measured (e.g., name and description of
process(es)/parameter(s), time duration, spatial scale, frequency, accuracy):

= Describe how the data will be collected

7) Define the instrumentation that will be used to measure process(es)/
parameter(s) and define the instrumentation placement or layout:
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Test Questionnaire (cont.)

8) Define the pre-and post-test modeling/simulation needs for the activity,
including:

= Description and type of model addressed by test (constitutive; process; coupled process;
N/A if testing for constructability)

9) List system features involved in test (e.g., waste package; backfill; seal
system; DRZ; pristine host rock; etc.):

10) Time period of applicability for data gathered: pre-emplacement; pre-
closure, post-closure:

= E.g., data gathered applies to processes occurring during first 300 years after closure;
data gathered applies to processes that occur over 10,000 years after closure; etc.

11) For field tests define additional lab tests or other separate activities/data
needed to support this test:
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