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l. Overview

KombilLyse: Project Scope and Structure
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I Framework
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I Framework O

Reference Final Disposal Concepts

Salt (Former German)  Clay (Swiss) Crystalline (Swedish)

e - » g‘h ‘-l.
L i L ‘,‘n

: sl R , 2y JeocICnSL.ae 9 5ol :@ \;VV\-/W.nqt‘u;[;;g_-t(_aine.at
= POLLUX® cask = Steel cask = KBS-3
Tocask = 200 °C - Bentonite (Mx-80) (iron and copper cask)
T enex = 150 °C = Bentonite (Mx-80)
i Anlieferung ganzer = TO,cask - 100 OC

_— Brennelemente
& fie Kopfstiicke ablrennen . ‘ ‘
@ srennsiabeziehen
= Canister
=i J
eBrennstabe einbiichsen / = !

i o=

oBrenstabbiichsenin ==
PULLUXem s

o epoLLu

= & verschweifien

el e
——— Brennstabe

~ Brennstabbiichse

- \‘ Strukturtelekord

i .j.@?“-z Moderator
- _Eudlaeemehaller
e Verlorene Vitrified HLW Sp nt Fuel

tonite
B kﬁ lling

aa rock

safeND, KombilLyse, Sentuc et al., 14. September 2023 5




lll. Storage Analysis GRS

Concept of Storage Analysis
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lll. Storage Analysis

Results of Storage Analysis

* Currently, no evidence of systematic failure during prolonged storage of cladding,

enclosures, or barriers of the inventories considered if the casks continue to meet
their safety functions.

* thermal analyses indicate temperature levels that are not expected to produce
any unacceptable temperature-driven effects and thus no significant negative
effects on material behavior during prolonged storage

 radiation-induced effects on the fuel/glass matrix and the surrounding material
are to be regarded as low

e Consideration of hypothetical scenarios in which temperature, radiation and effects of
radioactive decay can lead to impairment of the integrity of the enclosure (basis for
derivation of options/measures)

* temperature-induced effects addressable by measures during storage or early-
transport/conditioning before effect occurs

» effects caused by radioactive decay addressable by early-transport/conditioning
before effect occurs

* Identified knowledge gaps should be addressed by R&D (e.g. on material properties)
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IV. RN Mobility Analysis

Repository and Radionuclide (RN) Mobility Analysis
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V. RN Mobility Analysis .

Corrosion Models: Parameter Studies - HAW-Glass
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IV. RN Mobility Analysis

Corrosion Models: HAW-Glass — Results

=% Time dependency of corrosion rates for vitrified waste based on
available surface — parameter study — unlimited fluid availability
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IV. RN Mobility Analysis

Corrosion Models — Parameter Studies Summary
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V. Results: Course of Actions

Generic Flow Chart of Effects, Consequences and Possible Actions

Storage Conditioning Repository
= m
1 Radionuclide
_Nuclide m — - : :> mobility
el cause & > 5 Conditioning Waste
T T onsequenc orage measure
(Influedding 3 e ¢ o matrix | Ao
' parameter.” Yone
~ ® = m p’Oc
i
Conditioning .
Cause = Consequence e Enclosure o
Enclosure ® q Storaze measure Corrosion | Relevant \ concept
-+ g processes
77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 ‘{ ‘ ‘0('
N\
Consequenc Conditioni Cask/ °'A°o
onditioning Canist 2
r m r anister
Cask/ Cause Effect o Storage measure T camister
Canister |

| Conditioning plant
B © GRS

Compilation of possible actions for:
* Vitrified high active waste

LWR fuel assemblies

WWER fuel assemblies
AVR/THTR fuel assemblies
Research reactor fuel assemblies

Storage Conditioning
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V. Results: Course of Actions N L\ 1

Example: Vitrified Radioactive Waste
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V. Results: Course of Actions N L\ 1

Vitrified Radioactive Waste

.~ Incomparison to the

reference case:

Radionuclide mobility
Radiation protection

o
O
O Handling
O

Storage
Effect: — Degradation of the glass matrix
Cause: — Alpha-decay, decay gas
Consequence: — Increase of the inner surface due to glass defects
Goal: — Reduction of the inner glass surface

-> direct influence on corrosion rate in the modell (RN Mobility Analysis)

Technical feasibility has to be evaluated!

safeND, KombilLyse, Sentuc et al., 14. September 2023 14



V. Results: Course of Actions N L\ 1

Vitrified Radioactive Waste

.~ Incomparison to the

reference case:

Radionuclide mobility
Radiation protection

O

e

Lﬂ O Handling
O

Storage
Effect: — Gas accumulation in the stainless steel canister
Cause: — Release of helium from the glass matrix
Consequence: — Pressure build up and potential loss of integrity of the stainless steel

canister and helium release in the cask

Goal: — Early-transport to conditioning plant to prevent loss of integrity

safeND, KombilLyse, Sentuc et al., 14. September 2023 15



V. Results: Course of /

Vitrified Radioactive Waste

In comparison to the
 reference case:

O Radionuclide mobility

O Radiation protection

O Handling
Effect: — Gas accumulation in the stainless steel canister
Cause: — Release of helium (from alpha decay) from the glass matrix
Consequence: — Pressure build up and potential loss of integrity of the stainless steel
canister and helium release in the cask
Goal: — Early-transport to conditioning plant to prevent loss of integrity

safeND, KombilLyse, Sentuc et al., 14. September 2023 16



V. Results: Course of

Vitrified Radioactive Waste

In comparison to the
 reference case:

O Radionuclide mobility

O Radiation protection
- O Handling

Effect: — Gas accumulation in the stainless steel canister
Cause: — Release of helium (from Alpha decay) from the glass matrix
Consequence: — Pressure build up and potential loss of integrity of the stainless steel

canister and helium release in the cask

Goal: — (Re-)establishment resp. preservation of the barrier
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V. Results: Course of

Vitrified Radioactive Waste

In comparison to the
 reference case:

© Radionuclide mobility
O Radiation protection
O Handling

Effect: — Degradation of the glas matrix

Cause: — Alpha-Decay, Decay Gas

Consequence: — Increase of the inner surface due to glas defects
Goal: — Reduction of the inner glass surface

-» direct influence on corrosion rate in the modell (RN Mobility Analysis)
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VI. Summary and Conclusion

Overview of possible measures

Measure RNM HAN | Inventory type
Thermal Treatment X Vitrified Radioactive Waste
o Early-Transport X Vitrified Radioactive Waste, LWR,
&p WWER
£ | Heating X LWR
Gentler procedure X LWR
Early-Transport/Conditioning X Vitrified Radioactive Waste, LWR,
WWER
Overpack Vitrified Radioactive Waste
b0 Re-packing/Overpack for Stainless X AVR/THTR
'g Steel Canister
5 | Thermal Treatment X Vitrified Radioactive Waste
§ Encapsulation of Fuel Assemblies X LWR, WWER, FR-BE
Heating/Quenching X LWR
DPC used as Disposal Canister X LWR, FR-BE
Welding of Canisters X AVR/THTR
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VI. Summary and Conclusion

Conclusion

* Kombilyse project systematically examined the interactions between storage and
final disposal with regard to storage safety and radionuclide mobility (safety of
disposal) within the final repository (causes — effects — consequences).

* Resulting course of actions rely on hypothetical scenarios developed during
storage analysis.

 Summary table reflects only direct influence on RN mobility according to the model
used for the repository analysis and the reference case (“doing nothing”, no
(unforeseen further) effects during storage, transport to conditioning and transfer
to final disposal canister), neglecting possible positive (or detrimental) effects

» Repository site and disposal concept are a prerequisite for the conditioning of the
inventories

®» without specified acceptance criteria the presented course of actions cannot
be finally evaluated concerning plausibility and feasibility

* Resulting mitigation measures and actions described aim to
* maintain or restore the handling properties of HAW-glass/fuel elements

* and/or to delay RN mobility within the near field of the final repository
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Thank you for your attention!

The research project "Combined analysis of safety-relevant aspects from the * Federal Office

. . . . . L. ‘x> 1 for the Safety of
perspectives of storage and disposal of high-radioactive waste taking into account Nuclear Waste Management
longer periods of storage (Kombilyse)" has been commissioned by BASE under the
project number 4719F10701. Project start: 01.08.2020, term: ~ 3 years

This presentation reflects the view and opinion of the contractor and does not have
to agree with the opinion of the client.
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