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w(-]-}j» LRS The a Nutshell

Home of Nuclear Data, Reactor Physics and Integral Safety Analyses

=  Thermal and Fast Reactor Systems pevelop and
for Current a7

simulation Methodofog;es

Qualify d Reactors

d Advance

= Multi-Physics Multi-Scale Simulations _
tual studies on

Home of Technical and Scientific Support on
=  Deterministic Safety Analyses (e.g. ENSI, STUK) support safe &fearpowerpfa”ts

=  Neutronics/Multi-Physics aspects of Long-Term Operation
and/or Fuel Cycle Optimization (e.g. swissnuclear, E.ON, Areva)

= Criticality Safety/Burnup Credit (e.g. NAGRA)

measurements to

Home of Experimental Reactor Physics

interpret 0
=  Until 2011, at PSI Zero-Power PROTEUS Research Reactor f;,f;%’;ﬁiﬁ gﬁfs;?s -odes and nuclea’ oot
u Since then, at EPFL Zero-Power CROCUS Reactor
Home of Education and Teaching Programs
=  Neutronics, Special Topics on Reactor Physics, Nuclear Computation Lab @EPFL/ETHZ
= Supervision of Post-Docs, PhDs and Semester/Master Students
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. Supervision of Practicums and Guest Scientists contributé

ineers an
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Scientific Consultant
0. Zerkak

EPFL/CROCUS Liaison Officer
Vincent Lamirand

ERP
Experimental
Reactor Physics

35 Team Members = 19 Scientists + 2 Administrative Staff + 3 Post-Docs + 6 PhDs + B MSc/Prac. Students

2017.10.24/LRS/FH41-(3/15)

H. Ferroukhi a.i.

[
N

Organization

|
)

Secretariat

A. Mohr

Core Behaviour

Fuel Modelling

-~

System Behaviour

Fast Reactors

H. Ferroukhi H. Ferroukhi I.P .
Dep. A. Vasiliev M. Krack Dep. I. Clifford K. Mikityuk
f S. Canepa | f C. Cozzo \ R. Mukin B. Hombourger @
D. Chionis@ P. Jacquemoud R. Puragliesi M. Di Filippo ®
A. Dokhane G. Khvostov S. Rahman® J. Krepel
P. Grimm M. Kosa® Z. Wei @ S. Mambelli ®
B.Jung ® R. Ngayam Happy D. Wicaksono@® S. Pelloni
P. Mala® A. Ponomarev @
M. Pecchia R. de Oliveira @
D. Rochman F. Vitullo @
M, Westlund ®
M. Hursin J—/——_ — (G- Perret ] / \_ J
STARS FAST
Light Water Reactor Fast Reactor
Modelling Modelling

4 Research Groups

3 Research Programs - ERP, STARS, FAST

____________

PROTEUS |

Operation |

A. PautziP.
As of November 1, 2017
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(-I{}» PROTEUS Decommissioning :Ju.r:us

Legal Framework

* 2011: Stop activity on reactor 20172 20202
e 2013: Application for decommissioning 2013 2015 vy iegung (VEK)
e 2015: Post-operation phase approval
* 2016: Public obligation of the project
w/o objections Reserbaniebnahme
e 2017: Decommissioning ordinance? (SBtigggungsgesuch
* 2020: End of decommissioning? S
Progress on the Ground
e 2012: Reactor unloaded
e 2013-2016: Disposal of experimental material
(D,0, glovebox, detector)
e 2017: Fuel characterization of utilized metallic
Uranium and UO, (5%) completed
= To be considered as irradiated fuel M
e 2017: Potential customer for acceptance of 7 i
PROTEUS Uranium fuel found
(formalities are being negotiated)
e 2018: Take-over of PROTEUS building by PSI LOG
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(I }» Experimental Reactor Physics 580 [ciiadol

MCNP Design of Measurement Station for Spent Fuel Neutron Source based on Novel
Fast Neutron Detectors with Plastic Scintillators

* Detector based on a composite ZnS(Ag) e o @ =
scintillators with embedded wave-length = m—
nt Wi & e @ e /
shifting optic fibers 1 — py 4
. e o o e /
* High neutron sensitivity and gamma-ray i ' —
T a8 | [ [ lear epoxy E 10 ;E T ! I I '
blindness essential for measurement on spent ﬁ -.} ? L= .
. | 1 { 9 4
fuel were measured — Lt ;
Rod insertion cavity 107 %_ ..'. i _é
LWR spent fuel rod Rod insertion tube 10 01 * o.|15 0!2 o.izs oia 035

neutron sensitivity

* Detection system (collimation, shielding and

(| detection mechanism) simulated with Monte
Carlo codes
6 T T T T T .
M —ual | * Count rate and transfer function

3l ~ = | demonstrated a possible measurement on

2 —"1  spentfuel segments

5 M * Future work will extend the result to full-

get length rods.
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(5}» Dryout Reactor Physics

High-Resolution Deterministic/Monte-Carlo Neutron Transport Models

Studies of 3-D Pin Power for and Effects of Local Perturbations

Radial Distribution

90 Rel. Diff. from Aver. [%]

Axial Distribution

1 | 1

1 i I
3.6E-15
42|
4.2 f: sl .
j ‘- Sensitivity Analyses
-4.2 "}ZH 8.4

Azimuthal [deg]
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Development/Optimization of COBRA=TF Development of OpenFOAM Solver for Fuel Rod
Methodology for Sub-Channel Analyses Thermo-Mechanics Analysis of Local Multi-Physics Effects

*  3sections

* 411 subchannels

* 684 gap connections

* 96 heated rod

* 209 unheated structures [
* Total 5615 lines =

Q W/m?] —-—

i - heatstructure connection
—W\— channels connection
unheated heat structure

'
g

3.18 3.52
Inner (30°)
H 287 401 — — — Quter (30°)
.0 I g Inner (60°)
g — = = Quter (60°)
3.19 3.22 255 H 3.89 gEElN 3.15 3.09 ‘(E Inner (90 )
5 — — = Quter (90°)
o
£
o
[t
3.22 3.26 2.63 3.94 o
;=
B 2
272 EEECHTC 3.94 -]
o
(@]

2.49 2.88 4.05 2.89 2.66 e S
285 354 319 T T T T T
.... -180 -120 -60 0 60 120 18C

5 9 245 | 2.67 EERE] .

Azimuthal Angle [°]

— http://www.psi.ch/Irs 2017.10.24/LRS/FH41-(7/15) -



PAUL SCHERRER INSTITUT
—e

HE

Transients and Accidents

BOCA Fuel Behaviour

Multi-Physics Full-Core LOCA Analyses for Core-Wide Estimations of Fuel Behaviour

Development of Novel TRACE Hybrid
Nodalization Scheme for PWR LOCA

Connection e
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S
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‘\\ \\
\\ \\
\\\ \\‘ |
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\\ ‘\
ALY
Upper Plenum ‘\ \‘
(VESSEL) \ .
! N X |-
LU} N
i 9y Hot Fuel Rod Core Outlet b w
i s 1 per assembly (VESSEL Junction) [
i (HTSTR) [ 3
| [
i [
i L i
1 1 H
i ; | =
1 2 Core Channels Pl
\ = 1 per assembly [
\ by (VESSEL) .
\ by Il B
\ 3 i
\ ~ i
(Y 1
\‘ \ Reactor Core :" !
v Point Kinetics o
vy (POWER) Core Inlet ) =
b, Average Fuel Rod (VESSEL Junction) ; l,'
1 per assembly /7
(HTSTR) Y
Lower Plenum i
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Assessment of TRACE

New Dynamic Gap Conductance Models

Maximum Fuel Radial Avg. Temperature

_ TRCE/FALC=1
Quad. fit
eee Data
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(I}~ Reactor Operation Noise Analysis ‘i ‘!

Numerical Noise Simulations Noise Measurement Evaluations with
with PSI Core Models (CMSYS/S3K) PSI Time Series Analysis (TSAR) Methodology

PWR Noise Response to Fuel/Cluster Vibrations Application of Causality Analysis Method for Assessment
P —— of “Chicken-Egg” Relationships between Measured Signals
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Spent Fuel Characterization

BEPU Analyses

Development of Best-Estimate Plus Uncertainty (BEPU) Analysis Methodology for
Integral Core-, Spent Fuel- and Criticality Safety Analyses

Validated Core Models for All Swiss Reactors, Cycles and All Assemblies
Nuclear Data Uncertainty Quantification

— with PSI SHARK-X for CASMO-to- SNF nuclides and source term evolution

—  With PSI-NUSS for MCNP reactivity and criticality analyses

CASMOS5/SIMULATE3

- Assembly/core calculations
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(I }j» Decommissioning Activation Analysis

Enlargement of PSI Fluence Scheme to Ex-Vessel Neutron Transport and Activation

Swiss Core Models for MCNP for Development of XVA<~ MCNP/FISPACT-Il Coupling

Cycle-specific neutron source In-Vessel Radiation Transport

Relative source
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r g —l
Transport Activation and Depletion
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First Validation for KKG Gradient Probes Test Study for Simplified Ex-Vessel Model
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[J—__— Sodium Fast Reactors European SFR C:' 010 o519;

ESFR-SMART

sodium fast reactor safety

— Horizon-2020 ESFR-SMART
project coordinated by PSI
started on September 2017.

— MS thesis completed at PSl on
development of CAD model for
ESFR.

— CAD drawings will be design
specifications to be used by all
partners to develop code inputs.

— To be also used for 3D printing of
ESFR mockup.
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Organization and Hosting of
2017 International MSR Workshop |

Molten Salt Reactors

GIFE Activities

GEW International =EEAEFIEEL
Forum™

LREN |+ =

— http://www.psi.ch/Irs

Molten Salt Reactor
Workshop at PSI

Designs, Diversity, Safety, Sustainability _#¢

PSI Auditorium, 24. January 2017, afternoon % "'f"f

In November 2015 Switzerland joined the GIF MSR activities

and the upcoming 23rd GIF MSR PSSC meeting will be hosted [}

by PaulScherrer Institute, the Swiss implementing agent.

At this occasion an MSR workshop dedicated to the . lt_li'erlmtional
national projects of the GIF MSR partners will be held. l‘C‘lUll’l'

It will include the country programs of China, EU, y

France, Russia, USA, and the motivation

and foreseen project of Australia

and Switzerland.

Welcome to the molten salt reactor workshop at PSI
Andreas Pautz, PSI, Switzerland

MSR provisional system steering committee
Jérdbme Serp, France

Status and perspective of TMSR in China
Hongjie Xu, China

U.S. MSR development programs & supportive efforts
David Holcomb, USA

EU SAMOFAR project goals and contents
Jan-Leen Kloosterman, Euratom

Introduction to ANSTO and contributions to GIF with focus on MSR
related materials
Lyndon Edwards, Australia

Concept of molten salt fast reactor
Elsa Merle-Lucotte, France

Developing the next generation of molten salt reactor systems in
Russian Federation
Victor Ignaev, Russia

Molten salt reactor research in Switzerland
Jifi Krepel, Switzerland

2017.10.24/LRS/FH41-(13/15)
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(I }» Nuclear Data Fast Energy Range _A\_ﬁ_ljugm@

Development of Asymptotic Progressive Individual Adjustment (APIA) Method

= Enhance confidence of current nuclear data (ND) adjustment techniques in the fast energy range on the basis of
— progressive assimilation by considering at a time small groups of experiments performed in the same
configuration, by accounting for nonlinearity from which the name “asymptotic”.
= Allows (to a large extent)
— obtaining a posteriori C/Es within experimental uncertainties; reducing uncertainties of Cs due to ND uncertainties.
— Separating effects provided by the adjustment :
Distinct links between assimilation steps and specific cross-section adjustments.
— Providing automatic criteria for judging the reliability of individual adjusted cross-sections:
Suitable adjustment does not depend on APIA sequences.
@ \on suitable adjustment depends on sequences and leads to contradictory trends.

Pu239 (n,inelastic) adjustment Pu239 (n,inelastic) adjustment Pu239 (n,inelastic) adjustment
TENDL . TENDL cross-sections 5 TENDL cross-sections
N LR | L RLLL | LA ELELRLLL]| LELELELLRLL) | ] A [P T LELILILLL | LR | L L] | i s [T T L] L L] | LR | i
o[~ GODIVA . L[~ PIA-1: TENDL ] [ [— PIA-1: COM-2.0 ® ]
L |— ZPPR9 Void - ~ af|— PIA-2: TENDL . —~ a— PIA-2: COM-2.0 .
£ t|- zPPR9 {1 & |- A priori: TENDL ] E |- A priori: TENDL ]
g ok~ ZPR6-7 ]l £ I < [ ]
' | JEZEBEL-Pu239 1 g~F EF .
- [ 2 s [
o IS S
= Sl AN N
EOTL 2 f 2 f
o o r S r
Mo S ok S oF
Q [ [
L i L AT R B Q ool M | Ll METEITETIT B ok
10° 10* 10° 10° 10’ 10* 10° 10° 10’ 0 10
Neutron energy (eV) Neutron energy (eV) Neutron energy (eV)
PIA-1: Primarily due to ZPPR9 spectral indices PIA-1 = PIA-2: reliable PIA-1 # PIA-2: non reliable
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dml -,_:b LRS Schwerpunkte 2018

Lab Organization

» NES restructuration = LRS will be “split & spread” across two labs

» LRS Research Programs will continue

» PROTEUS Decommissioning Removal of Fuel and Declassification of Nuclear facility
» Spent Fuel Measurements  New neutron source measurement campaigns at PSl/Hotlab

STARS

» Dry-Out Phenomenology Coupled Local Effects Analyses and Transient Fuel Behaviour

» LOCA Phenomenology H-Uptake Modelling

» RIA Phenomenology Uncertainty Analysis (WGFS Phase-3)

» Reactor Noise Analysis Start participation to new H2020 CORTEX Project

» Spent Fuel Characterization Analysis of JOPRAD/SKB CLAB Decay Heat Blind Benchmark

» Decommissioning Optimization of XVA Scheme with Swiss Ex-Vessel Model Refinements
FAST

» Sodium Fast Reactors Experimental Studies of CHUG Flow Boiling Regime

» Molten Salt Reactors Burnup Calculation Methods for moving Liquid Fuel Salt

—  http://www.psi.ch/Irs 2017.10.24/LRS/FH41-(15/15) -
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to all National Partners ' ' —

to all «kHomies»

and also to all International § oyl
Partners e.g. :

BS Thank You !

ENSI S—
swissnuclear

Nuclear Power Plants
Axpo/BKW/Alpiq

ESB

NAGRA

PSI
NES
LRS .
LTH/LNM/AHL/LES/LEA/LRC &

GFA/NUM N
EPFL/ETHZ

EU

OECD/NEA and IAEA

STUK

E.ON/Preussen Elektra/AREVA
CEA

ETSON/GIF
NRC/Studsvik/EPRI/SNU

etc....




