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PAUL SCHERRER INSTITUT

e e Laboratory for Reactor Physics and Systems Behaviour
dﬂz_[b M 1SsSion Nuclear Energy and Safety Department

- Develop and qualify simulation methodologies for for
current and advanced reactors

+ Actasa unit for national and international partners for the
safe operation of current and advanced Nuclear Power Plants

+ Design, carry out and interpret and fuel characterization
measurements to validate reactor physics codes and improve nuclear data

Perform for waste reduction and
incineration as well as safety enhancement and risk minimization

+ Contribute to the of the future generation of nuclear engineers and
scientists, with focus on reactor physics, integrated reactor analysis and reactor
experiments
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PAUL SCHERRER INSTITUT

Laboratory for Reactor Physics and Systems Behaviour

d_;T—E_[b St ra te gi C G 0 a I S Nuclear Energy and Safety Department

Build and maintain a (Higher-Order
I\Dnetcciar“ﬁnistic Neutron Transport, Full-Core Subchannel Analysis, 3D Thermal-Mechanical Fuel
odelling)

Development of computational tools (including Open Source CFD) for Uranium and Thorium

Consolidation of an Integrated Methodology for the Treatment of
in all Modelling Areas

Build up Knowledge in Component Activation, Storage and Transport Safety, and the relevant
Nuclear Safety Regulations for

during base irradiation and transients (LOCA, RIA, PC(M)I)

Establish an , foster cooperation with the Hot Laboratory
at PSI, and take benefit of the huge PROTEUS experimental data base

within the Nuclear Master Program of EPFL/ETHZ,
but also establishing new educational schemes for non-university partners
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FAUL SCHERRER (HRITT Laboratory for Reactor Physics and Systems Behaviour

dﬂg} Nuclear Energy and Safety Department

LRS Highlights
STARS
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PAUL SCHERRER INSTITUT
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Laboratory for Reactor Physics and Systems Behaviour
Nuclear Energy and Safety Department

_ LWR Safety Analyses
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TSO Mission

SCIENTIFIC SUPPORT RESEARCH AND DEVELOPMENT:
* Maintain Reference Validated Models * CodeA t and Validation

for all Swiss Reactors and Cycles of state-of-the-art simulation codes
*  Multi-Physics Coupled Methodologies

* Regulatory Support (ENSI, STUK EPR) for integrated safety simulations

e.g. Fuel/Core Reload Licensing, Multi-Scale Numerical Schem
Period Safety Reviews, New Reactor Designs ulti-Scale Numerical Schemes

for high-fidelity Reference solutions
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PAUL SCHERRER INSTITUT
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Laboratory for Reactor Physics and Systems Behaviour
Nuclear Energy and Safety Department

STARS

RND Samples 2014 - Plant Behaviour

TRACE Modelling of the Swiss Reactors

Research towards Consolidated V&V Strategy
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PAUL SCHERRER LNSTITUT Laboratory for Reactor Physics and Systems Behaviour

d;@:b Nuclear Energy and Safety Department

EXSE RND Samples 2014 - Core Physics

Reactor Dynamics and BWR Stability Full-Core Pin-by-Pin 3-D Transport

Validation of SIMULATE-3K and TRACE/S3K Development of CASMO/SPH Algorithm for
(Oskarshamn-2 Feedwater Transient and Stability Event)) Pin-Cell Homogenized 3-D Solvers
my || . . . . . Comparison CASMO vs nTRACER w/o SPH for U02/MOX Cluster
L C
w0 [ [—Fssrer |7 f__ _Jl_ ﬂ - :___ L j: __4 - :___ ﬂ__ _J|_ ﬂ[_l_ _ Without SPH _ SPH
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Signal and Noise-Analysis Methods Hybrid Stochastic/Deterministic Methods

Development of Continuous-Structural ARMA Method for
Plant Diagnostics and Causality Analysis

Development of Coupled CASMQ/Serpent Depletion

Application to KKL C20 Start-Up Stability Event SChem_e . ) ) .
Steam Flow = Neutron Flux Causality indicated by CSARMA Evaluation of CASMO Numerical Biases in SNF Isotopics
Period 1 Period 4 Period 6 et i ] i56d \
5% = Bias 3 )
0:5% = ] = Burnup Algorithm
s e T 0.0% A
Depletion to 60 GWD/MT E’ o M\"k‘\ T Bias 4
W ‘ 3 ]\ f =
- 3 il:m = ::::i{;} Transport Method
De!ermmnsnnn ) LE mT_a 20% \v ‘:g:ﬁ {z‘}

Diff in Nuclide Compositions [CASMO-HDS]/HD! Burnup [GWd/t]
<» CASMO Computational Bias |
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PAUL SCHERRER 1HSTITUT Laboratory for Reactor Physics and Systems Behaviour

dﬂa:b Nuclear Energy and Safety Department

RND Samples 2014 — Fuel Modelling

Advanced Fuel Behaviour Models tor FALCON Falcon V1 Code Development
New methodology to account for “Fuel Restructuring” August 2014 - LRS/STARS becomes member of
during LWR Fuel Base Irradiation (Bl) at very High T EPRI Falcon Development Team
PSI Advanced Gas Release and Swelling Model (GRSW-A)
e raaanans ot P [ g ———— integration in Falcon V1.3 Release

Transfer of GRWS-A results

(1) COLUMNAR GRAINS fgbinpt dan, to updated Mesh LT T~
IR TAPES, « , N
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l (AUTOMATED analysis of GRSW-A output |\ Neutronics ; /,—-\\\
Mesh Update N // " Thermo- \
FALCON MODO1 IGRSW-A The impact on thermo-mechanical S _ - hydraulics,
Wwih GRSW-A v3.01 behaviour is due to influence of FGR on — \\y u /
ENTONATED reating o TAPES, gas pressure, additional pellet swelling Fission rate, . _d
Integral FR TM analysis and ,,,r:w mr‘wj’:: caused by gaseous bubbles and effect of FP yield - -
- using R Z FE mesh on thermal i y conditions
L TS fer of Basic

MODO01 Results FALCON codg T, grad(T),

Diffusion, P, FGR...

Fuel rod > FG-kinetics
Mechanics &

)
TAPES,, ’
fobrestar,

fabout dat, Automated recursive restart Evolution of
Fuel microstructure,
Code output for time step [t;t.,] .
Fuel swelling rate
[T Analysis for next time step: i=i+1 The impact on thermal state
is due to gaseous porosity
i FGR: which leads to thermal
End of Analysis - conductivity degradation

Axe << hpter
P increase

is due to

Development of BWR “Fission Gas Trapping Model”
due to Pellet-Clad Bonding

The impact on gap
lower thermal conductivity of Xe released
and effect of FGR on the contact pressure
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"“L SCHERRER INSTITUT Laboratory for Reactor Physics and Systems Behaviour
Nuclear Energy and Safety Department

_ RND Samples 2014 - Multi-Physics

Development of the “COBALT Loop” Development of new

for Coupled Plant/Core/Fuel Safety Analyses “External Coupling Scheme” for
of the Swiss Reactors TRACE/S3K Coupled Plant/Core Analyses

Internal Coupling — All T-H with TRACE

Method/Model Swiss The COBALT Loop ’_ T —
Development Reference COnsolidated Best-estimate Analysis of Lwr Transients i
and V&V Methodologies l -[
1 > 2
T T-H
Hot Channel/Hot Rod Methodology - Swstem
: TH : ]
Feehack O REE TRACE
«  TH 6 Eqe
Full Core Grouped Core ;
Neutron Kinetics Channel T-H (6 £q., ,
~~ Core COUPLED EDNK/T-H
I J [
| Vessel T-H J -
—

External Coupling - Core T-H wnth S3K

Steady-State Initialization Transient Analysis

TRACE/S3K
Coupled 3-D Core/1-D Plant System |

Motivation 1:
Reference Best-Estimate Transient Analysis Methodologies

Full Core Full Core
Neutron Kinetics  Channel T-H (5 Eq.)

Motivation 2:  Core COUPLED NK/T-H_
Automated and Integrated Scheme for [

Multi-Physics Uncertainty Propagation
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PAUL SCHERRER INSTITUT
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Laboratory for Reactor Physics and Systems Behaviour
Nuclear Energy and Safety Department

RND Samples 2014 - Multi-Physics

Multi-Physics Multi-Scale Integrated Methodology for
Swiss RPV Ageing

SN Projects
Fluence/Activation

RPV

'
T 1 . .
: Development and Validation ! Neutron CF-DYNAMO - Coupling MCNP/CFD : Development and Verification 1
| of COREModels 1 SoUrce = Anpetwen/pecdies (NN £ oS08 CAD and CFO Mol i
' 7 MCN | r the Swiss Reactors 1
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PREVENT

\ RPV Embrittlement /

Establishment of PERFORM-60 for Microscopic and
Macroscopic Modelling of RPV Embrittlement

RPV3 Module — Microstructure Evolution and
Estimations of ADBTT for Swiss Conditions

Case study: KKG RPV irradiated at ~
300 °C and 1.9x10** nfcm?/s

AFTM Module
Macroscopic Flow Behaviour  revamoduledescription
and Fracture Toughness
Coll. LNM

Tensile tests,
MICROSTRUCTURES, %=
fluence

Enlarged Validation of
STARS/MCNPX Fluence Scheme

KKG C27 Scrapping Tests (C vs E for Mn Activity)
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Studies with CFD (OpenFOAM)
of KKG Vessel Coolant Conditions
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"“L SCHERRER INSTITUT Laboratory for Reactor Physics and Systems Behaviour

Nuclear Energy and Safety Department

ND Samples 2014 - Uncertainty Analysis

luclear Data Uncertainty/Sensitivity Analysis

ND Propagation in CASMO/SIMULATE Swiss Core Analyses ND Propagation in MCNP Analyses
Convergence Studies for Optimal # Samples Assessment of new Global Sensitivity Analysis Method
(Main Challenge: 1 Core Sample ~ 5-10 GB Model) for LWR Applications
i 23 (n,y) in PB-2 HZP
Fill oty A Foelf By S T —e— NUSS-RF (o = 421 pcm, max = 0.765)
- e - Drcirui e B —— SVST(c =418 pcm, max = 0.166)

Tl — ai_bai6 — ailtd_taibl)
R,

Rebative: Blas [pom|

Normalized variance fraction of inputs
with correlation

10° 102 10
Energy (eV)

Humiber of samples [-]

Manuftacturin

UL’.

and Technological Uncertainty Quantitication

Application to KKB Wet Storage Pool CSE+BUC
Z?L:\tnr :lrJyQPI;nr::?g:t?Longsyoffo d (U?l?ertainty of FA Location within Agsorber Box)

Large MCNP Models

Test study with an absorber box dimension:
MTUQ-Global: Kef 0=388pcm

MTUQ-Individual: Kef 0=88pcm

Convention OFAT:  AKef =409pcm; AKef/SQRT(N)=46pcm

MTUQV1.0
(PERL language)

N
Ia

Interface with
the R language

Statistical

:
II' e * With conventional “global” methods (SUSA),

i i Model execution = 1 Wl uod modeng uncertainties overestimated
o z = -
50 , S ow Effects o
= ty S

MCTputs Uncertain Intra-assembly Individual Perturbations

Tolerances + PDFs+
Constraints

analysis

modelling
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PAUL SCHERRER MNSTITUT Laboratory for Reactor Physics and Systems Behaviour

dﬂa:b Nuclear Energy and Safety Department

STARS RND Samples 2014 - Uncertainty Analysis

Thermal-Hydraulic Physical Model Uncertainties
Participation to OECD/NEA/CSNI PREMIUM

(Reflood Model Uncertainties during LOCA) PE—— Participant e =
PHASES Il AND IV (Code) uncertainty band (PERICLES)
PHASES | to Il PHASE IV IRSN 3
FEBA PERICLES Vi id
___CLADTEMP. __ .. B CLAD TEMP. (CATHARE ery wide 3
----- BASE - BASE
o o vTT . 6
s EXP. N EXP. (APROS) Wide .
— A "‘”-..“ '_'n fb '
S N =, N j FEBA & PERICLES data UNIPI Rather wide 4
% N % o ™ well bounded (RELAPS) 4
N
11] \\ L HIR'
= i = i SITU ) 4
i ) o (RELAPS) Wide 4
e o S 26
& oy = wn e =N & = T = = = = T , r ~ Wide -
TIME [S] - TIME [S] (TRACE)
DATA ASSIMILATION gl UNCERTAINTY Tractebel Wide to 8
QUANTIFICATION (RELAPS) rather wide 8
. Phases | and Il: Participants to select uncertain input parameters FEBA roughly bounded CVRez Average 2
; 1 (RELAPS) & 2
relevant to core reflooding after LB-LOCA PERICLES not always
. i . OKBM Rather narrow to 2
. Open Phase Il Participants to calibrate the PDFs of uncertain (KORSAR) average 2
input parameters using FEBA exp. data (6 tests)
UPC MNarrow to 3
. Blind Phase IV: Participants to quantify output uncertainty for 6 (RELAPS) rather narrow 3
PERICLES tests OKBM Very narrow to 3
i (RELAPS) narrow 3
. Evaluation of results based on C/E errors for PERICLES:
Clad temperature evolutions at different elevations FEBA Tquench not bounded CEA Rather narrow to 3
Quenching Time (Tquench) PERICLES not bounded (CATHARE) average 3
GRS ) 6
PS| current methodology using TRACE code (ATHLET) Wide 2
Phases | & II: Expert judgement
Phases Ill and IV: Monte-Carlo propagation Bel v Very narrow to 3
(CATHARE) average 3
. PSI ranked 5™ in top category: blind results “well bounded” KAERI Very narrow to 4
. . (COBRA) narrow 4
. PSI methodology being improved as part of PhD FEBA not bounded
Multi-variate data assimilation + Bayesian framework PERICLES not bounded KINS 2
(MARS-KS) Very narrow 3
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PAUL SCHERRER INSTITUT
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Laboratory for Reactor Physics and Systems Behaviour
Nuclear Energy and Safety Department

Scientific Support 2014

STARS

Comparison PSI/Ven

Core Reload

Licensing

1st Time “Blind-Mode” Verification for ALL Reactors

dor Results for KKG Cycle 36 Critical Boron

Code Licensing
Review of KKM PRIME Fuel Performance Code
with Benchmarking against Falcon/GRSW-A

1.20 T T 30 —
£ - H H -]  FALCON/GRSW.A claculation for FGR:
1.00 L MCRGroup 1+2 A| | | FUMEX Il / Case 27 2a
’ ] FUMEX Il / Case 27 2b
r @CRGroup 2 E 25 —|
0.80 .|

E ACRGroup3E i PRIME calculation for FGR:

E 1] = — — — FUMEXIl/Case 27 2a
<> 060 EICRGroup 4E | 4 = — — — FUMEXIl/Case 27.2a
2\.¢ £ || 20 —|
& 040 ]
| E i

£ =
x. 0.20 . n
—_ E = &71s
D 000 | - ~

-0.20 | 10 —|
-0.40 | = ]

f 5 |
-0.60 : E

F -] i
-0.80 - i ]

(o] 50 100 150 200 250 300 350 o

Coolant Temperature (oC) o 20 40 60 80 100

Burn_up, MWd/kgU

Periodic Satety Reviews

Time (s)

TRACE Modelling and Analyses of KKG SGTR Scenarios
Effect of Wall Fraction through Ruptured Tube on Releases

.

SAM Procedures
SIMULATE-3 Evaluation of Return-to-Criticality during
Depressurization for KKG Cycle 36

200 — T I T I T I T I T I T ] 5 I
=  MODEL 1 ] 4
@ i NODALISATION 7 3
= 150 —— MODEL 2 ] 2|
g [ NODALISATION ] +
- - o
E 100 __- E3 ——RHE & H
ﬁ [ 7 qaf ——RHE 12 Hr
o b 3 “RHB 24 Hr
E 50 L - 4 ——RHE 36 Hr
. 1 MODEL 1 MODEL 2 ] i
0 [ 1 1 v 1 + 1 + 1 1+ 7 NODALISATION NODALISATION il @ Return to Criticality
0 100 200 300 400 500 600 L -4 0 4 B 1:2 1‘5 2‘0 2‘4 2‘3 3‘2 3-5 40 44 4‘3 5-2 5‘5 Eﬂ 64 EB 7.2 ?‘6 a0

Time (Hr)
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PAUL SCHERRER INSTITUT

Laboratory for Reactor Physics and Systems Behaviour
d_,T_E—[h Nuclear Energy and Safety Department
STARS Scientific Support 2014

Plant Modernization — Multi-Physics Analysis of KKL Fast Pump-Run-Up Transients

Comparison PSI t Evaluation of
P In-depth Study of Transient Response in
PSI/S3K vs AREVA/S-Relap/RAMONA Transient Phenomenology Entire KKL Operating Domain

N\ e | o

/A\A ——— AREVA —.._._.— = T‘_:! _
g AV 1 == s
I AN = =

) NN - =
o e Time (s) " e Very tight and Fast NK/T-H Dynamical effects 5 &0 e i 7o 80

Time (s)

Fuel Safety Criteria — Core-Wide Estimates of Fuel Rupture/Dispersal (Coll. ENSI/NRC/PSI)
Development of “COBALT Loop” Modules for BWR Multi-Physics “FULL CORE LOCA” Analyses

. TRACE System +
KKC Cycle 30 — Assembly Bins Rod-by-Rod SIMULATE-3 N\
Reconstructed Bundle Operating History FALCON/GRSW-A Full Core Model

2510 2510 2510 2510 |

Base Irradiation

LHGR (t,z) Void (t,z)

s EEEEEEE
B

%

%

sssssssss

2520 1330 2520 1330 2520

1240 2510 2510 !
210 2810 o
Coenn Time (s)
1240 510 2510
! 1240 10
J—
24 1330 2420 2520 2420QFEL 1 . :::: ’ 3
bt 2520 1420 2520/ 1330 2520 1330 1420 1330 24 COBALT.SdISt """" - S

2420 1420)

2s20[gkR 120fRE 2520) . - . < Y
2520 2520 2420 mnﬁ mnﬁ 1420BLEY 2520 13 ‘“": ¥ [ ] | L"‘“‘L;
2820 2520 mn“ 2420 2520] 2520 1330 25 CO BALT' geo m Time (s)
)
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PAUL SCHERRER INSTITUT

Laboratory for Reactor Physics and Systems Behaviour
dﬂg} Nuclear Energy and Safety Department

Srars Education 2014

Q Post-Docs
» Criticality Safety of Spent Nuclear Fuel Geological Repositories - NAGRA Collaboration
» Deterministic (TRACE) / Probabilistic Dynamics — LEA Collaboration
» Physics-based Modelling of RPV embrittlement —SN/ LNM collaboration

P Atomistic modelling of Chromium doped fuel — Sciex Program / LNM Collaboration

Q PhDs
» Nuclear Data Uncertainty Propagation in MCNP Calculations (Compl. March 2015)
» Physical Model Uncertainties in Thermal-Hydraulics Codes (Feb. 2013)
» Fuel Fragmentation, Relocation and Dispersal during LWR LOCAs (March. 2013)
» Methodologies for Pin-Cell Homogenization in Next Generation Reactor Core Simulators (August 2013)
» Development of High Fidelity Depletion Solver for Spent Fuel Characterization (Oct. 2014)
» Advanced Methodologies for PWR Neutron Noise Modelling (Nov. 2014)

SNF Proposals (for new Post-Docs/Phds)
» Derivation and Assessment of CFD Anisotropic URANS Closure Models (Submitted October 2014)

» Nuclear Data Enhancements via Simulation-Experimental Studies (under preparation)

1
:
4
el
0,
@)
a4

2 Ei
g
P

g

H

N
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PAUL SCHERRER INSTITUT
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Laboratory for Reactor Physics and Systems Behaviour
Nuclear Energy and Safety Department

Srars Education 2014

Master Projects
» Batch 2013-2014 — Realization of 4 Master Projects

Validation of PSI Fluence Scheme for KKG Axial Gradient Probes

Hybrid Deterministic/Stochastic Transport Depletion Scheme

Development and Assessment of Monte-Carlo Codes for Nuclear Data Homogenization
Assessment of Open Source CFD Code for OECD/NEA PKL Turbulent Flow Experiments

» Batch 2014-2015 - Start of 3 Master Projects

Direct generation of TRACE plant system models using CAD geometry
Basement of nTRACER for direct-core PWR cycle depletion calculations

Atomistic simulations of irradiation damage in doped fuel

Teaching (EPFL/ETH2)

P  Special Topics in Reactor Physics

» Nuclear Computations Laboratory Course
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FAUL SCHERRER (HRITT Laboratory for Reactor Physics and Systems Behaviour

dﬂg} Nuclear Energy and Safety Department

LRS Highlights
FAST
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dﬂz_[b FAST re a Cto rs g ro U p @ PS I Nuclear Energy and Safety Department

Goals » Evaluation of performance and safety of Gen-IV SFR
» Search for design solutions for Gen-IV MSR
» Representation of Switzerland internationally
» Teaching

International < Generation IV International Forum;
e OECD WP on International Nuclear Data Evaluation;
» |AEA Technical Working Group on Fast Reactors

Teaching « EPFL/ETHZ NE MS: lectures for compulsory course
 5PhD and 13 MS completed
« 2 PhD and 4 MS on-going

52 peer-reviewed journal papers
» 103 conference papers
1 international patent

Publications
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a-[m ASTRID sodium-cooled fast reactor: ARDECO " \ieur Erery ana ey Doparimen

« Collaboration agreement with CEA on R&D and technological development
in support to the conceptual and basic design for the ASTRID prototype was
signed in March 2014

«  PhD co-financed by CEA started in October 2014 on static and transient
neutronic, TH and TM modeling of core and primary system of ASTRID.

Signed in Parison ___2 ([©5/ 2 0“{.

Two original copies,

On behalf of PSI ) On behalf of the CEA

— F ’
' Y ,/7 sl =
i FLEE e
Prof. Dr.Joél Mesot /J ichekMore
Director PSI “ Director of Ignovatjon and Nuclear Support
Division

P
"M{r:inzfmz:ﬁ?ann

a.i. Department Head
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w{m ASTRID SFR: EU project

WESNII

Laboratory for Reactor Physics and Systems Behaviour
Nuclear Energy and Safety Department

« Sep 2013 — Sep 2014 was the first year of ESNII+ EURATOM project

(“Preparing ESNII for Horizon 2020°).

» We coordinated the work of WP6 “Core safety” with 16 European

organizations and in particular a neutronic benchmark.

« The first result will be presented at the ICAPP conference in Nice.

ESNII+ meeting at PSI
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! _ Nuclear Energy and Safety Department

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Experimental Breeder Reactor-l (EBR-II) designed, built and operated by
Argonne National Laboratory in Idaho (1961-1994).

In 1986 pumps and all active safety systems were intentionally turned off with
the reactor at full power. The reactor shut itself down.

IAEA Coordinated Research Project focuses on
analysis of reactor data on

« Core static neutronics

* Protected Loss of Flow (SHRT-17)

« Unprotected Loss of Flow (SHRT-49R)

1D transient analysis revealed deficiencies and 3D analysis started.

The first result will be presented at the ICAPP conference in Nice.
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a--{» Molten Salt Reactor project: NES task force Nuclear Energy and Safety Department

The MSR Task Force was launched in 2014 at the level of NES.

Dr. Krepel from the FAST group is a coordinator and a responsible for system
design.

The activity is ongoing and the foreseen project
should be generally dedicated to the MSR safety.

Focus on selected design-independent features of
MSR (all safety relevant):

» salt phase changes,

« off-gas system layout,

* volumetrically heated liquids, etc.
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e -{m» SAMOFAR: framework for the new project

Laboratory for Reactor Physics and Systems Behaviour

Nuclear Energy and Safety Department

Title: A Paradigm Shift in Nuclear Reactor Safety
with the Molten Salt Fast Reactor

Prepared for the first call of Horizon2020 (NFRP 3: Innovative approaches to

reactor safety.

11 participants: TU Delft, CNRS, JRC, CIRTEN, IRSN, CINVESTAV, AREVA,

CEA, EdF, PSI, KIT
NES participation (financing additional to EU to be found):

NES lab Task MM
LRS FPs neutronics simulation 1.5
Simplified transient model (TRACE) 4.5
Coupled NK/TH/TM transient model (OpenFOAM) 6.0
Salt freezing with OpenFOAM 6.0
LEA Simplified PSA-3 8.0
AHL PuF3 behaviour 6.0
LTH Aerosols formation and migration 6.0

(Page 24/34) NES Compete

nces and Highlights 18.03.2015 / LRS



HHHHHHHHHHHH

TTTTTTTT

Laboratory for Reactor Physics and Systems Behaviour

qﬂ_a:b MOIten Salt ReaCtOr prOjECt: SNF phD Nuclear Energy and Safety Department

In 2014 the PhD study application “Small modular

Molten Salt Fast Reactor design for closed fuel cycle” was
approved by Swiss National Science Foundation.

The PhD plan as well as the first results was

approved by EPFL Committee:

Initial fuel criticality and breeding
Equilibrium fuel criticality and breeding
Breed-and-burn operation mode
Leakage utilization

Fuel cycle strategy

Recycling scheme

Thermal-hydraulics options

Salt selection Moderator selection

Core arrangement Materials selection

(Page 25/34)

NES Competences and Highlights 18.03.2015 / LRS



PAUL SCHERRER LNSTITUT Laboratory for Reactor Physics and Systems Behaviour

dﬂg} Nuclear Energy and Safety Department

LRS Highlights

rimental Neutronics
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d_,T_E—[b PROTEUS DECOmmiSSiOning Nuclear Energy and Safety Department

« The safety report, rules of operation, decommissioning
project document and post-operation plan were submitted
in the second half of 2014.

« All documents were accepted by ENSI in 2014.

* The post-operation phase started in 2015
* The reactor instrumentation is currently being shutdown
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« PROTEUS personal decreased slightly
» A reactor manager and its depute
5 reactor physicists involved with PROTEUS Pikett

« CROCUS manpower and licensed personnel increased
significantly
« New reactor manager and scientific collaborator in 2014
« Relocation of PSI employee to EFPL
* 2 new licensees as reactor physicist

- LRS/EPFL main tasks are to
« Renew the safety report of CROCUS,
+ Design new experiments for CROCUS and LOTUS
« Reinforce the teaching activities
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o -{m CROCUS Reactor

Laboratory for Reactor Physics and Systems Behaviour
Nuclear Energy and Safety Department

..............
...........

-

Reactor type

* LWR with core partially
submerged in light water

* AtmosphericP and room T

» Forced convection
Power lower than100W
Flux lower than 6.8.10%8 cm2.s"
Controlled by water level or rods

Core dimensions
* 260 cm/100cm

Fuel lattices

« 2-zone: 336/176 rods actually
* Inner: UO, 1.806 wt% 1.837 cm
« Outer: Umet 0.947 wt% 2.917 cm
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C RS Highlight 2014: CROCUS neutron noise NuclearEnergyandSafetyDepartmentI
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f [ S [
=l Highlight 2014: CROCUS neutron noise """ St ¥
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« Consistent B/A results for different subcritical levels and detectors

« Good agreement with MCNP predictions for 3 (e.g. 756 £ 20 pcm vs.
759 = 7 pcm) and A.

« Measurement station now used in a new experimental class for the
Master of Nuclear Engineering at EPFL

« Project helped start collaboration on measurement technique with CEA
and to define new experiments in CROCUS.
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d;@:b LiSt Of experiments on CROCUS Nuclear Energy and Safety Department

« PhD project on safety analysis for research reactor (A. Rais)
« Characterization of CROCUS spectrum
« Optical fibres scintillators

« small non-intrusive for core mapping

« used as tagged-source for safeguard purposes
* Hydrogen scattering cross sections above 100 keV
« Reflector materials qualifications (Fe, Cr, Ni, MgO)
 Pile oscillation methods (e.g. Hf, ;)
» Kinetic parameter measurements by noise techniques
« Control rod position measurement by noise techniques
« BWR void fraction determination by noise techniques
« Mechanical noise induced by fuel rod oscillations
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a = Mechanical noise by fuel rod oscillations NuclearEnergy and Safely Department

« Power fluctuations are observed in Swiss PWR reactors

« Suspected cause is vibration of fuel assemblies

* PhD on Modelling D. Chionis started within STARS on the topic

« Collaboration with CROCUS - Provide experiments for code validation
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