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Outline GRS () o,

= Joint U.S.-German Objective

U.S. FEP Analysis and Scenario Development Approach
= SNL: Geoff Freeze, S. David Sevougian, Michael Gross, Christi Leigh

= German FEP Analysis and Scenario Development Approach
= GRS: Jens Wolf, Jorg Monig, Dieter Buhmann

= (Collaborative Results to Date

= FEP numbering scheme

= FEP template
= Future Work




Objectives GRS (M) &,

= U.S.-German collaboration to produce a common FEP list

= |dentify relevant features, events, and processes (FEPs) for disposal of
heat-generating waste (SNF and HLW) in salt

= Applicable to all potential salt concepts and sites

= Review FEP analysis approach

= Salt Club

= FEP Catalogue for use by all Salt Club members
= |nform new NEA FEP database




U.S. FEP Analysis

= FEP Identification

= Generic DOE Used Fuel
Disposition (UFD) FEPs

= Generic bedded salt FEPs

= US-German Salt FEPs
= FEP Matrix
= FEP Content

= FEP Screening

= Scenario Development
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U.S. Generic UFD FEPs GRS (),

= Freeze et al. (2010, 2011)

= 208 FEPs — derived from the NEA FEP Database (1999, 2006) to
be broadly applicable to a range of SNF/HLW disposal concepts

ENGINEERED BARRIER SYSTEM (EBS) NATURAL BARRIER SYSTEM (NBS) BIOSPHERE
(2.1) 90 (2.2) 51 (2.3) 34




U.S. Generic UFD FEPs GRS (),

= Example of a single UFD FEP

Broad FEP description Additional detail provided in “8Screening Decision”
provided in the the “Associated Processes” is dependent on
“Description” column column design and siting
Number | CC¥ctiption Associated Processes FEPs Decisi
2.1.08.06 Alteration and Evolution of - Drift collapse 2.1.08.12.0A
/ EBS Flow Pathways - Degradation/consolidation of EBS 2.1.08.15.0A
components 2.1.03.10.0A
- Plugging of flow pathways 21.03.11.0A
- Formation of corrosion products 2.1.09.02.0A
- Water ponding
21=EBS / [see also Evolution of Flow Pathways in WPs
0;3 :H droloai in 2.1.03.08, Evolution of Backfill in
= Hydrologic 2.1.04.01, Drift Collapse in 2.1.07.02, and
Mechanical Degradation of EBS in 2.1.07.10]
\

2.1.03 = EBS Waste Package
2.1.04 = EBS Buffer/Backfill
2.1.07 = EBS Mechanical
2.1.08 = EBS Hydrologic
2.1.09 = EBS Chemical




U.S. Generic Bedded Salt FEPs OS5 &,

= Sevougian et al. (2012)

= Reviewed generic UFD FEP list
= Broadly applicable to four different concepts
= Granite/crystalline, Clay/argillite, Salt, Deep borehole
= Modified UFD FEPs to be more salt-specific, as necessary

= Assumptions about design and geologic setting for bedded salt
repository “generic reference case”

= Cross-check against WIPP FEPs catalogue
= Cross-check against German (Gorleben) FEP catalogue

= Further modified as part of “FEP Matrix” approach

= Better identify related FEPs
= Eliminate redundancies




U.S. Generic Bedded Salt FEPs OS5 &,

= Example of a single Bedded Salt FEP

= Site and design-specific considerations:
= crushed salt backfill
= salt creep closure
= disturbed scenario FEPs (e.g., seismic ground motion, fault displacement)

Salt-specific detail shown

in red text
Number Number Decision
21.07.03 Mechanical Effects of Backfill | - Consolidation of crushed salt backfill 2.1.04 .04 0A
/ during room closure process
- Static and dynamic loading on other EBS
components

- Backfill restricts displacement of other
EBS components during ground motion

and fault displacement
- Protection of other EBS components from
21=EBS

rockfall / drift collapse caused by ground

07 = Mechanical motion and fault displacement

v

2.1.04 = EBS Buffer/Backfill




FEP Matrlx ?S mh ﬁggg'zﬂnes

Freeze et al. (2013b)

= Two-dimensional FEP organizational structure
= Matrix Rows = Feature Categories
= Matrix Columns = Process and Event Categories

n

= Matrix Cell contains all FEPs related to the “Process/Event
acting upon or within the “Feature”

= Related FEPs are grouped by Matrix Cell (or by Row or
Column)

= Not distributed among various locations as in the NEA-based
hierarchical list

= FEP Numbering

= Developed a new numbering scheme consistent with FEP Matrix
= Can still be mapped to NEA Database numbering for traceability




FEP Matrix
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F E P M atrlx ?S mh ﬁggg'zﬁénes

= All FEPs relevant to Buffer and Backfill

= Some are broadly applicable to both
= Some are specific to Buffer or Backfill
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F E P M atr | X CJ?S mh 'L%EEE?’:'E?LM

= All FEPs relevant only to Backfill
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F E P M atrlx ?S mh ﬁggg'zﬁénes

= All Thermal-Mechanical FEPs relevant to Buffer/Backfill
and Emplacement Tunnels/Drifts
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F E P M atr | X CJ?S mh 'L%EEE?’:'E?LM

= All Thermal-Mechanical FEPs relevant to Backfill only
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FEP Matrlx ?S mh ﬁggg'zﬂnes

= Characteristic FEPs

= FEPs containing properties and parameter values that describe a
feature or group of features

= No phenomena (i.e., process or event) to be screened
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U.S. FEP Screening GRS @z

Sevougian et al. (2012)

= FEP screening requires “generic” assumptions

= Bedded salt

= Waste package (UNF and HLW) barrier does not provide significant
performance credit

= Crushed salt backfill
= 10,000 year screening period

= Assumptions captured in a salt reference case design
= Sevougian et al. (2012)

= Preliminary FEP screening decisions based on generic reference
case design
= |ncluded / Excluded: low probability, low consequence, by regulation
= Site- or Design-Specific: requires detailed site or design information

= Evaluate: further evaluation needed



U.S. Scenario Development GRS @) .

Freeze et al. (2013a)

= |nitial generic scenario development performed independent
of FEP screening

= Scenario “overview” based on qualitative description of salt repository
initial state and evolution

= Scenario details supported by FEP screening
= Generic scenario development focused on undisturbed
scenarios
= Disturbed scenarios require site-specific and design-specific knowledge
= Safety Assessment Model development focused on high-
performance computing (HPC)-based numerical
implementation to better represent coupled THCM processes

= Multiple realization probabilistic analyses




German FEP Analysis GRS @

Wolf et al. (2012a, 2012b)

= 2008-2010:
General FEP-Catalogue for domal salt (reference Gorleben)

= based on NEA (1999)
= Combination of top-down and bottom up approach

= 2010-2012: Gorleben FEP-Catalogue

= status of knowledge on the Gorleben site
— basis of system analysis

= transparency and comprehensiveness

= fundamental basis for Scenario Development




German Scenario Development
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Tt referen Iternativ
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German FEP Description

= definition of FEP

= situation at site

" consequences at site

= temporal boundaries

= conditional probability

" interactions of FEP

= adverse effect on initial barriers
= open question

= |iterature

GRS

Sandia
National
Laboratories




German FEP Data Base ) i,

= o x|

J E E ﬂ E M E ﬂﬂ ﬂ E & Abfragen: | sortiert nach fepnr \:] E
FEP-Nr: G[s.101.01 NEA-NR:[3.1.01 | Titel: Radioakiver Zerfal Datum; 12.04.2012

Rev.-Nr.|1.028

Kurzheschreibung:
Unter radioaktivern Zerfall versteht man die spontane, d.h ohne auReren Anlass verlaufende, Urmwandiung instabiler Atomkerne unter Abgabe einer charakteristischen
ionisierenden Strahlung. Die Strahlung besteht aus Teilchen oder Photonen
Bedingte Eintrittswahrscheinlichkeit: Beeintrachtigung der Funktion der Initialbarrieren:

@wahrscheinlich (_rnicht zu betrachten (Crdirekt (@ nicht zutreffend

L Konzepthezug:
(wienig wahrscheinlich (indirekt [Kein | = ]

Direkte Beeintrachtigung der Funktion folgender Initialbarrieren: ||<eme
Begrundungen:
Eintrittswahrscheinlichkeit: Auf Grund der eingelagerten radioaktiven Abfalle 1st der radioaktive Zerfall ein Prozess, der betrachtet werden muss.

Wirkung in den Teilsystemen: Auf Grund der eingelagerten Abfalle ist radioaktiver Zerfall im Nahfeld immer zu betrachten. Erfolgt ein Transpart der
eingelagerten Radionuklide in andere Teilsysteme, ist deren Zerfall auch dort von Bedeutung

< 7

Allgemeine Infurmationen‘ Sach\age| Auswirkungen |: Direkte Abhangigkeiten; wirkung im Teilsystem| Literatur / Fragen| Revisiun|

Auslidsende FEPsS Beeinflussende FEPS:

21010 Inventar: Radionuklide
8 &l

Resultierende FEPs: Beeinflusste FEP5:

2.1.11.01 Warmeproduktion =l 21.01.0 Inventar: Radionuklide =l
2.1.13.01 Strahlungsinduzierte Akthvierung 2.1.0201  Abfallmatrix

211303  Radiohse 3.207.01 Radionuklidtranspart in der filssigen Phase

3.2.09.01 Radionuklidtransport in der Gasphase

Normal |

leourz 115 [skit: 4 1750




Gorleben FEP Analysis G5 .

= 115 FEPs

= statement on probability:

probable: 98, less probable: 4, not to consider: 13 (Screening |)
= FEP-Screening (I1):

6 probable FEP are classified as not relevant

= FEP list for scenario development:
92 probable and 4 less probable FEP

= 17 alternative scenarios (all less probable)




Collaborative Results GRS () &,

= FEP numbering scheme: F.XX.EP.XX
F: Compartment (Features):

Waste Form: WEF
Waste Package: WP
Buffer/Backfill: BB
Mine Workings: MW
Seals/Plugs: SP
Host Rock: HR
Other Geologic Units: ou
Compartment Type XX:

Overall FEP: 00
Subcompartment (e.g. shaft seal, drift seal, borehole plug, ...): 01, 02, 03, ....




Colloraborative Results OR5 @ .
= FEP numbering scheme: F.XX.EP.XX
FEP type EP:

Physical-chemical characteristics: CP

Mechanical and thermal-mechanical processes: TM

Hydrological and thermal-hydrological processes: TH

Chemical and thermal-chemical processes: TC

Biological and thermal-biological processes: TB

Transport and thermal-transport processes: TT

Thermal: TR

Radiological: RA

Long-Term Geologic: LG

Climatic: CL

Human Activities (Processes): HP

Other (Processes): OP

Nuclear Criticality: NC

Early Failure: EF

Seismic: SM

Igneous: IG

Human Activities (Events): HE

Other (Events): OE
I ———————



Collaborative Results GRS (M) .
= FEP Template

1. Definition

2. Description and Related FEPs
2.1 General
2.2 Concept specific (bedded salt vs. domal salt)

2.3 Properties and parameter values
2.4 Related FEPs

3. Processes and Screening Decision
4. Screening Justification

5. Open Issues

6. References




Future Work RS B

= FEP descriptions
= Applicability of presented FEP template
= Schedule for FEP descriptions

= Preamble for FEP catalogue
= Definitions
= Explanations of Screening process etc.

= |nformation exchange on scenario development
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