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Synopsis ) ..

= Problem: Prioritize future RD&D activities that best support the development
and assessment of generic mined HLW repositories in bedded salt

= Method: Use standard decision analysis
methodology:

1. Define objectives
(e.g., support postclosure safety; support design)

=

* Define a suite of RD&D issues/needs and a T m— e v
. i imi f i « Stakeholder | t:
corresponding set of RD&D activities to {pg-Comamment, "3“3:’ Feleages, teoitan) R
help rESOIVe those iSSUES 3. Define evaluation metrics
. (e.g., “impact”) that measure the worth of RD&D
— Use extensive current knowledge base issues/ activities in achieving objective(s), based on
g f . Decision Framework
for Salt repository SCienceS the importance of thielated system function L @ - e
,,[’ M= metric
* Define a set of objectives against which to | 4.pose 105 ADAD lssies anclcr BRI et e ﬁ
. o« . 0 be evaluated against metrics e [
measure the success of the RD&D activities ¥ g,
% 7 ‘L
* Define a metric for each objective to 5 Assass RDSD issues ando actves =
guantify the degree of success of each
RD&D activity, according to the activity’s S

including some qualitative (or expert-judgment) criteria

importance to its related system functions

—_—

= Safety case context: use elements of the safety case as the objectives in the
objectives hierarchy, i.e.,

* How well does an RD&D activity support the eventual safety case?

= Salt RD&D workshop: held in March 2013 to review issues and methodology




Safety Case — Definition & Roles  [@E=.

= “A safety case is a formal compilation of
evidence, analyses and arguments that Structure and Elements of the Safety Case

guantify and substantiate a claim that =

the repository will be safe.” (NEA 2013) : | Executive Summary |
* Quantitative information — calculated ‘.

values for safety standards and 2. Safety Strategy
indicators, includ ing unce rtainty (e.g., preeemm— e
based on a quantitative safety or Sty strategy 2.3 Assessment strategy
performance assessment)
* Qualitative information — supporting 3. Assessment Basis
evidence that builds confidence in the 3.1 Design, 3.2 Waste & 3.3 Geosphere/ |[73.4 Blosphere &
i H : Construction, i i atural Barriers Surf;
quallty Of the underlylng science and ogp:el::tliz:s E"%L'Lf,f"iig] ?;Z;?: © Technical Basis Envi‘:pr?r(;\eent_
C0nC|USIOnS (e.g, natural anaIOgS) «Site characterization Technical Basis
= Two major roles: 4. Disposal System Safety Evaluation
. H 4.1 Preclosure 4.2 Postclosure 4.3 Confidence
y Management' C tOOl to gUIde the Safety Analysis Safety Assessment Enhancement

activities of the implementer through
the various phases of repository

development 5. Synthesis & Conclusions

* Communication: transparently explain
the current understanding of safety to a
broad range of stakeholders, decision
makers, and the general public




Role of RD&D in Evolution of the Safety Case ()&=,

= |[teration of Safety Assessment and Site Characterization/Design:

Site Characterization Safety RD&D Activities Site Characterization Safety
and Repository Assessment in (Address Uncertainties » and Repository Assessment in
Design in Phase “A” Phase “A” & Build Confidence) Design in Phase “B” Phase “B”

Il 7 1 &

+ Decision Framework: ]

+ Stakeholder Input:

O = objective
% Me meu'ic

,,,,,

-gfetv Case Evolution M’

] Safety Case Evolution during Example Phases of Repository Development | | | Sa fety Ca Se p rovi d es a St ru Ct u red

Simomm T T T T framework to assist in prioritizing the
- technical work in the next phase, to

. reduce uncertainties and enhance
confidence

= = Safety understanding and the associated
technical bases evolve with phases of

repository development, via RD&D

breadth of the arguments for each element of the s
 substantial during the phased development of the




Basis for Formulation of RD&D Issue List h) i,

" |n a safety or licensing case, all RD&D issues and FEPs must ultimately
be addressed with technical arguments and evidence:

e But at this earlier stage of the safety case (still generic) and with the currently limited
resources, prioritization of RD&D activities to address these issues is important

* Existing broad technical basis for salt (WIPP, Germany) implies a reduced set of high
importance issues, with most of those related to the effects of heat generation

= RD&D Issue categories (example individual issues shown on a later
slide):
* Feature/process issues
* Modeling issues
* In-situ testing/design/operations issues
e Confidence-building Issues

= Sources for Salt RD&D Issues:

 DOE UFD R&D Roadmap and FEPs list; Hansen and Leigh 2011; F. Hansen 2013
IHLRWMC paper; Gorleben FEPs list; expert judgment




Objectives Hierarchy ) s
to Evaluate Issues/Activities

Support Safety Case
' J N V
Support Repository Support Repository System Support Preclosure Support Postclosure Support
Design, Construction, Technical Bases Safety Evaluation Safety Evaluation Confidence-Building
and Operations - including site characterization
= Use key elements of the safety case as 1. Define objectives
. . . . (e.g., support postclosure safety; support design)
high-level objectives, e.g., repository ¥
design, preclosure safety, postclosure 5 Define repository:system furclons
. o e (e.g., containment, limited releases, isolation) « Stakeholder Input:
safety, and confidence-building 3
* How well does an RD&D activity support 3. Define evaluation metrics
(e.g., “impact”) that measure the worth of RD&D
th e eventua I Safety ca Se? issues/ activities in achieving objective(s), based on O —
the importance of the related system function :
- s
Executive Summary ‘ 1
St oduction IRNTRoseandiEontiess 4. Pose the RD&D Issues and/or RD&D activities on
2. Safety Strategy (to be evaluated against metrics) T
| 2.1 I\:Ita;::;yment | | 2.2 Si:itr:gts«geesign IW ‘ L&é 2
2 (SRS 5. Assess RD&D issues and/or activities ! !
3.1 Design, 3.2 Waste & 33 Geosphere/ |[73 4 Biosphere & against metric(s), using system functions
Cor(\)s;:::ttliz:,s & En%:enc?\?\rligl BBaarerI:rs .:'ittaechnical I?asis E"‘jil:;f:;':ea";is ‘
T ST R 6. Define the best set of R&D activities —
| O pretlosurs | 0 | | 4:3 Confidence | including some qualitative (or expert-judgment) criteria

5. Synthesis & Conclusions




Some Assumptions ) e,

1) At this stage of generic repository RD&D, we rely primarily on the objective
“Support Postclosure Safety Evaluation”

* Design a metric “Importance to Postclosure Safety” that measures how well an
RD&D activity supports the postclosure safety evaluation

e Define “system functions” for postclosure safety, i.e., what must the system do
successfully to achieve postclosure safety; use these to formulate the metric

* The metric should determine or measure the importance of any RD&D activity
according to its ability to increasing our confidence in the successful operation of
postclosure safety functions (defined on next slide)

2) Prioritize each proposed RD&D activity by evaluating the corresponding
RD&D issue that the activity is designed to address:
e The metric that measures the importance of the RD&D issue relative to
postclosure safety is a “proxy” metric for measuring the importance of the
corresponding RD&D activity

Identification of RD&D
Issues and Associated
RD&D Activities (e.g., Tests)

¥

Prioritization of RD&D Issue-
Activity Pairs




Define System Safety Functions  [@JE=.

= Postclosure safety functions identify key
attributes of material barriers that are relied 1. Define objectives _
upon to prevent or Ilmlt contact Of the (e.g., support postclosure safety; support design)
emplaced waste with the biosphere

* These material or physical barriers fall into two major
categories: natural (e.g., the host rock formation) and
engineered (i.e., the waste container and other man-

=

2. Define repository system functions
(e.g., containment, limited releases, isolation)

@A

made barriers). 3. Define evaluation metrics
. . . . (e.g., “impact”) that measure the worth of RD&D
* Robust performance of physical barriers is facilitated issues/ activities in achieving objective(s), based on
when they work together, each complementing the bie importance of bie related syatom funelion
other, which is the “multi-barrier” concept identified in "

various regulations 4. Pose the RD&D Issues and/or RD&D activities
(to be evaluated against metrics)

= Substantiation of the successful operation of
the Sa,fetY funCtlonS 15 prowded by a 5. Assess RD&D issues and/or activities
qua ntitative pOStCIOsure safety assessment against metric(s), using system functions
calculation I

e

. . . 6. Define the best set of R&D activities -
" CO nﬂ d ence in th € Iong-te rm o pe ration Of SafEty including some qualitative (or expert-judgment) criteria

functions is part of a successful safety strategy




Define System Safety Functions™ (cont.)

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

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

* |If 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

Sandia
m National

1. Define objectives

(e.g., support postclosure safety; support design)

,

2. Define repository system functions
(e.g., containment, limited releases, isolation)

¥

3. Define evaluation metrics
(e.g., “impact”) that measure the worth of RD&D
issues/ activities in achieving objective(s), based on
the importance of the related system function

L 2

i

. Pose the RD&D Issues and/or RD&D activities
(to be evaluated against metrics)

¥

5. Assess RD&D issues and/or activities
against metric(s), using system functions

¥

6. Define the best set of R&D activities —

including some qualitative (or expert-judgment) criteria

*These definitions are from Bailey, L., et al. 2011. PAMINA (Performance Assessment Methodologies in Application
to Guide the Development of the Safety Case): European Handbook of the state-of-the-art of safety assessments of
geological repositories—Part 1. European Commission. January 31, 2011. http://www.ip-pamina.eu/

Laboratories
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N °
Define Metric(s " Do e
(e.g., support postclosure safety; support design)

= Define “Importance to Postclosure Safety” metric
based on system safety functions:

=

2. Define repository system functions
(e.g., containment, limited releases, isolation)

=

: 3. Define evaluation metrics
|m90rtance m of RD&D Function Level (e.g., “impact”) that measure the worth of RD&D
= Issue on a + of the Safety issues/ activities in achieving objective(s), based on
of RD&D Issue Safety Function Function the importance of the related system function
o . . . 4. Pose the RD&D Issues and/or RD&D activities
* “Function level” for any safety function is defined as (to be evaluated against metrics)
either primary or secondary: I
— A primary safety function operates from the time of closure to B e b
prevent transfer of radionuclides to the biosphere ¥
— A secondary safety function is only operative if a primary 6. Define the best set of R&D activities -

including some qualitative (or expert-judgment) criteria

function fails, for whatever reason

Aspects of the repository and geologic o fhiah |
environment that isolate the waste from 2 Etr:?dZ) shiast'roiﬁ o
Safety  Primary (P) external events or changes, and

3 5 s . . ication between
therefore help maintain the integrity and (non-) communica
longevity of the barriers. salt beds and interbeds

Aspects of the repository that prevent
fluid contact with the waste.

Aspects of the repository that delay or « (high) sorption
reduce the transfer of radionuclides to « (low) solubility
the accessible environment after the 5 :
containment function is compromised. * (low) dissolution rates

Safety  Primary (P) « (very low or zero) permeability

Safety  Secondary (S)

173 . Aspects of the repository that allow for
Des'gnu Sl oy (53 retrievability of the emplaced waste « (sufficient) WP thickness
function without any releases, for a specified

period of time after closure.




Define Metric(s) — (cont.) ) i,

1. Define objectives
(e.g., support postclosure safety; support design)

=

2. Define repository system functions

I m p o rtan C e (e.g., containment, limited releases, isolation)
of RD&D Issue

I
M

3. Define evaluation metrics
(e.g., “impact”) that measure the worth of RD&D
issues/ activities in achieving objective(s), based on

the importance of the related system function
Impact of RD&D Issue Function Level2 of L 2
on a Safety Function T | the Safety Function e vl smatmtieay oS
L 2
@ Also called the “significance level” 5. Assess RD&D issues and/or activities

against metric(s), using system functions

¥

6. Define the best set of R&D activities -
including some qualitative (or expert-judgment) criteria

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

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

Weak impact (whether direct or indirect) on the success of a safety or design function




Define Metric(s) — (cont.) ) i,

Importance Impact of RD&D Function Level 1. Define objectives
of RD&D Issue = Issueon a + of the Safety (e.g., support postclosure safety: support design)
Safety Function Function ;

2. Define repository system functions
(e.g., containment, limited releases, isolation)

= “Importance” value ratings (H, M, or L) for RD&D

issues (based on impact and function level): ’
3. Define evaluation metrics
(e.g., “impact”) that measure the worth of RD&D
issues/ activities in achieving objective(s), based on
the importance of the related system function

¥

4. Pose the RD&D Issues and/or RD&D activities
(to be evaluated against metrics)

Direct (D)

Primary (P)

Indirect (1) Primary (P) ‘

Weak (W) Primary (P) 5. Assess RD&D issues and/or activities
against metric(s), using system functions

Direct (D) Secondary (S) ‘

Indirect (1) Secondary (S) 6. Define the best set of R&D activities —

including some qualitative (or expert-judgment) criteria

Weak (W) Secondary (S)

(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.)




Pose the Salt RD&D Issues rh) pe

= Set of remaining salt RD&D issues is based on the existing technical
knowledge base — derived from lab, field, and in situ testing, as well as prior
performance assessment modeling and process modeling

Salt Attributes and Distribution e ———

(e.g., support postclosure safety; support design)

=

= Easi Iy mined wmistow 7 _ : 2. Define repository system functions
‘ ) 7 e (e.g., containment, limited releases, isolation)
. Idaho-Utah- % Powder River Michigan — Z ‘
| Wyoming Green { i
D efo rms p I astica I ly Sevier Valley 8 P,f;a‘,’,'ce Morthern 3. Define evaluation metrics
d Q) Appalachian (e.g., “impact”) that measure the worth of RD&D
Virgin Va""y Eagle . issues/ activities in achieving objective(s), based on
u F ra Ct ures se |f‘ h ea I Pm:o" v( oo ) the importance of the related system function
~ I?a?g 0 Supal ermian ‘
M HYH Luke Gulf Coast
u H |g h t h erma I con d u Ct |V|ty 4. Pose the RD&D I[ssues and/or RD&D activities
(to be evaluated against metrics)
~500 Miles
o e P
= Very low permeability - souer Q) 4
. Atem Enderialy ty ttack fal ‘ 5. Assess RD&D issues and/or activities
an d p oros |ty @3 Area of Salt Domes or Salt Anticlines against metric(s), using system functions

= Has existed underground for millions of years 6. Define the best set of R&D activities -

including some qualitative (or expert-judgment) criteria

= Deposits are often in stable tectonic regions and
exist over a wide geographic distribution in the U.S.




Near Field Salt Evolution — Barrier Functions (@)=,

= Excavations will creep towards closure and potential
flow paths for brine/gas will be sealed by in situ stresses

Prior to waste emplacement

DRZ Oy
= Creep closure is accelerated under higher temperatures
. ape . S Sl (
= Crushed salt backfill stabilizes converging host rock and . "L
. . . . . h .
limits excavation volume reduction and fracturing TN
= |n situ rock stress consolidates backfill into a mass
comparable to intact salt with low permeability A“efwasteemp'“;;‘;"t
5. /" V:por ar;d Brine Migration
Barrier Functions = Safety Functions A
applied to Individual Features/Barriers: \‘/ -
Expanding
B Host rock (and EDZ) — strongly limits or prevents the flow of brine Thermal Field
into the waste emplacement drift, self heals, and greatly limits or
prevents the release of dissolved radionuclides to the geosphere T W — —
B Crushed Salt Backfill — strongly limits or prevents the release of Waste Package Backfil
radionuclides, stabilizes and limits drift closure, provides a long-term % /
barrier to inflowing brine, and conducts heat to the host rock A
B Waste Canister — prevents water from contacting the waste and o ‘ L
provides containment for an adequate time period (e.g., retrievability)
B Waste Form — limits the release rate of radionuclides subsequent to
container breach o,




Example Salt RD&D Feature/Process Issues ([,

1. Define objectives

H H H o" (e.g., support postclosure safety; support design)
= 48 salt RD&D technical issues were given “pre- 3
" . . .
workshop” importance ratings for the nominal > Define reposiory system functions
Scenario a n d h ig h h eat |Oa d (e.g., containment, limited releases, isolation)
“ ” 3. Define evaluation metrics
H . 1 H . (e.g., “impact”) that measure the worth of RD&D
u 30 featu re/process ( FEPS ) Issues, 8 mOdeIIng IssueS; issues/ activities in achieving objective(s), based on
. . . . . . . . the importance of the related system function
4 in situ testing issues; 6 confidence-building issues — ¥
see conference paper for com P lete list 4. Pose the RD&D Issues andlor RD&D activities
(to be evaluated against metrics)
Issue 5 i e
Salt RD&D Technical Issue Importance Explanation of Issue Importance Rating 5. %mzaf‘(g 'i:iggss;’t‘gﬂuﬁftmges
Rating ;
Wastes and Engineered Features (EBS) Feature/Process Issues ‘
Indirectly related to limited and delayed releases through 6. Define the best set of R&D activities —
: _ elemental composition of inventory (L = 1,S), but also including some qualitative (or rt-iud t) criteri

1. Inventory and WP Loading M (=1,P) indirectly related to containment (permeability) through kg Soime uaitatve (beRiIiIdanal) SteiE

heat loading density and associated affects (M = |,P)

2. Physical-chemical properties of crushed salt M (= 1,P) Indirectly related to the final state of the backfill
backfill at emplacement - permeability (containment function of the backfill)

3. Changes in physical-chemical properties of H (= D,P) Directly related to maintaining the containment function of
crushed salt backfill after waste emplacement ’ the backfill by directly changing its permeability

4. Changes in chemical characteristics of brine in Indirectly related to backfill permeability through WP

) the backfill and EBS M (= I,P) corrosion and subsequent gas generation (M)
€ backiill an Indirectly related to limited and delayed releases (L)
. 2 Directly related to host rock permeability in the EDZ and to —
5. Mechanical response of backfil H (= D,P) backfillypermeability (i.e., to gontainmen){) Direct (D) Primary (P)
Ianact of mechanical loading on performance of H (= D.P) By G i vty Indirect () Primary (P)
the WP ’
Brine and vapor movement in the EBS are directly related Weak (W) Primary (P)
to containment by definition (fluid contact with waste), Direct (D)  Secondary (S)
7. Brine and vapor movement in the backfill and although this movement is much less likely after the
’ W R A A _ backfill consolidates and the thermal period ends. Indirect (I)  Secondary (S)

emplacem_ent diit inclucingjevaporatiomand AEDLE) Also, can indirectly result in changes to backfill

condensation permeability (containment)—through gas generation from Weak (W)  Secondary (S)
WP corrosion or through trapping of water during
consolidation




Use of the Confidence-Building Objective ()&=

Laboratories

= Confidence-building is the another important safety-case objective to be
considered in designing test/modeling activities to resolve RD&D issues:

Support Safety Case

Support Repositqry Support Repository System Support Preclosure Support Postclosure Support

Design, Construction, Technical Bases Safety Evaluation Safety Evaluation Confidence-Building

and Operations - including site ization /
Support Confidence-|
Building ‘
= _ : ] Verification, Validation,
il International In Situ Testing and Natural Analogues Transparency and
Review Collaborations Demonstrations Traceability

= Decision-makers will decide what weight or importance to give to the
confidence-building objective versus the postclosure safety objective:
* Given a more mature technical basis, confidence-building activities (such as large-scale

in situ demonstration tests) may receive a higher importance rating than FEPs-specific
RD&D activities (e.g., constitutive model development)

* Can be used to refine/revise the postclosure safety importance ratings — e.g., to move
an “M” issue to an “H” level, based on current “state-of-the-art” knowledge:

— Confidence-building activities (or any RD&D activities) are more justified for an “M” safety
issue with high parameter/model uncertainty than for an “H” issue with low uncertainty



Salt RD&D Workshop ) e

Laboratories

= Joint DOE-NE/DOE-EM workshop, March 2013, in Albuquerque, NM: “Advancing

the Science and Engineering Supporting Deep Geologic Disposal of Nuclear Waste
in Salt”

= QOverall goal: Identify RD&D activities that have the greatest potential to
contribute to the advancement of deep geologic disposal of heat-generating HLW
in bedded salt—generally only defined for “H” issues at this time

1. Define objectives

| M aj O r ta S kS : (e.g., support postclosure safety; support design)

ke

* Review pre-workshop RD&D issue list and the associated
importance ratings—provide comments/revisions as necessary

2. Define repository system functions
(e.g., containment, limited releases, isolation)

— M and Lissues may be moved to H if warranted; give reasons . 3: Define evaluation metrics
(e.g., “impact”) that measure the worth of RD&D
. . . . issues/ activities in achieving objective(s), based on
* For high importance (“H”) items that are not currently being the importance of the related systemn function
addressed by UFD RD&D tasks (see issue table), define specific 3 —
e ey 4. Pose the RD&D Issues and/or RD&D activities
activities needed to advance the state of the art (to be evaluated against merics)

e

* Answer the test questionnaire for each newly proposed activity

5. Assess RD&D issues and/or activities
against metric(s), using system functions

= Day 1: two breakout groups in the afternoon: ¥

6. Define the best set of R&D activities -

* Group 1: Review postclosure FEPs issues and modeling issues Lt smeaan oy 7o

e Group 2: Review preclosure design and in situ testing issues
= Day 2: the combined group discussed in situ field testing




Summary h) i,

= Standard decision analysis methodology adapted to rank the
importance of RD&D issues and associated RD&D activities needed to
support disposal of heat-generating HLW in bedded salt

= RD&D issues/activities based on current extensive salt knowledge base

= Decision analysis “objectives hierarchy” based on elements of the
generic safety case

= Postclosure safety functions (e.g., containment) used to formulate an
“Importance to Postclosure Safety” metric for ranking RD&D issues —
the sole quantitative metric used at this generic stage of repository
research

= “Confidence-building” objective used to modify postclosure safety
issue rankings where appropriate

= Salt RD&D workshop reviewed the methodology, rankings, and issues,
as well as the importance of large-scale in situ testing in salt

* Workshop participants moved some issues to an “H” ranking based on their
importance to the human intrusion scenario
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Backup Slides




Test Questionnaire ) o
1) Name of test:

2) Test objectives, description, and type (lab, field, etc.):

3) RD&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., postclosure safety; preclosure
safety; confidence building) and why the test is important to the safety case:

* List objectives in order of applicability (e.g., 1. Postclosure 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):

e 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:



Sandia
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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;
preclosure, postclosure:

* 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:



