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Meltdown - severe accidents

International Nuclear and Radiological Event Scale
(INES)

Windscale 1957 INES 5
Three Mile Island 1979 INES 5
Chernobyl 1986 INES 7
Fukushima Daiichi 2011 INES 7 + INES 3

Design flaws, human error, the nature of LWR

Tiangi Li | Doctoral Candidates‘ Day 2023 | Miinchen, 16.03.2023

Source:
ABC News
Base.bund.de
TEPCO




Evolution of reactor technology

Generation 1V reactors
start from 2030

Gen IV International Forum
founded in 2001
14 Members

— Argentina* ® Japan
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§+0 Canada E Republic of South Africa
- People’s Republic of China n Switzerland

- Euratom EFE  United Kingdom

I I France B United States

Source: gen-4.org
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Blg Rock Point, GE BWR Diablo Canyon, Westinghouse PWR Kashiwazaki, GE ABWR Olkiluolo 3 AREVA PWR Aiving - 2030
Early Large-scale Evolutionary Innovative
prototypes power stations designs designs
- Calder Hall (GCR) - Bruce (PHWR/CANDU) - ABWR (GE-Hitachi; Toshiba - EPR (AREVA NP PWR) + GFR gas-cooled fast
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+ Kola1-2 (PWRVER) + Kalinin (PWRAVVER) . APR-1400 (KHNP PWR) - India DAE AHWR PR
. ;:Iacl'llliultr:n;\g;TGRJ + Kursk 1-4 (LWGR/RBMK) + APWR (Mitsubishi PWR) - KAERISMARTEWR « SCWR supercritical water-
~ Shippingport (PWR) « Palo Verde (PWR) . Atmea-1 (Areva NP - NuScale PWR cooled reactor
-Mitsubishi PWR) - OKBM KLT-405 PWR + VHTR very high
CANDU 6 (AECL PHWR) VVER-1200 (Gidropress PWR) temperature reactor
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Molten salt reactor (MSR) - history

Aircraft Reactor Experiment (ARE)
1946 — 1961
AEC and U.S. Air Force

Molten Salt Reactor Experiment (MSRE)
1965 — 1969
Oak Ridge National Laboratory

Source: Wikipedia 5
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Molten salt reactor (MSR) - technology
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Fuel cycle
Thorium based fuel
Actinide Burning

Emergency dump tanks

Source: gen-4.org
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TUTI

Opinion of the Federal Office

% Bundesamt
2 fur die Sicherheit
der nuklearen Entsorgung

BASE: “Since 2011, the Atomic Energy Act has set a shutdown date for each
nuclear power plant.”

Isar-2 and GKN-2 as "Einsatzreserve bis Mitte April 2023"

- Preussen
“= o  Elektra E n B 'JJ
As to Gen IV... cautious
no plans to build or deploy
not ruled out the possibility

preserving the know-how
participation in research and international collaborations
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One of the projects on software simulation

Gesellschaft fur Anlagen- und Reaktorsicherheit (GRS) gGmbH 2 S

“has been Germany's central expert organisation in the field of nuclear safety since 1977.”

ATHLET (Analysis of THermal-hydraulics of LEaks and Transients)

“is being developed by GRS for the analysis of the whole spectrum of leaks and

transients in PWRs and BWRs.” ‘Acz
Bundesministerium % Bundesministerium ATH LET

fiir Wirtschaft 2 fiir Umwelt, Naturschutz, nukleare Sicherheit
und Klimaschutz und Verbraucherschutz Source: grs.de
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Further development and validation

Initiative for MSR
Development of code : ‘u'
Implementation of physical properties and neutronics
Development of MSR Model
Simulation for steady states and transients
V&V and Benchmark

FLUORIDE FUEL FOR A MOLTEN SALT REACTOR | Source: nrc.gov

Further utilization (potential use in solar plants)

Challenges: Lack of information for Modelling, Complex fluid dynamics, Coupling
of neutronics and thermal-hydraulics, limited experimental data for V&V...

Source: google
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Thank you

Tiangi.li@tum.de
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