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Some Housekeeping Items
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Search the Zoom Webmars Support
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To ask a question :
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Dr. Dorian Da Cunha is a Research Engineer at the Commissariat a

I'Energie Atomique et aux Energies Alternatives (CEA), in Cadarache, France
where he currently works on optimizing the estimation of the quantities of
interests for the fuel cycle of PWR.

He recently graduated from Aix-Marseille University, France. He holds a
Master of Science in Physical Engineering and Embedded Systems from
ENSICAEN as well as a Master’s degree in Experimental Nuclear Physic
from the University of Caen, in Normandy, France, where he was involved in
the design of chain-reaction control devices for Molten Salt Reactors.

His Ph.D. research focused on the interpretation and analysis of decay heat
measurements in sodium-cooled fast neutron reactors. He developed new
methodologies for interpreting these experiments and comparing them to
computed values in order to validate CEA Scientific Computation Tools.
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A temperature-based approach to estimate decay heat
in sodium-cooled fast reactors and validate associated

computational tools

1. Decay heat
2. Computational tools and validation
3. Temperature-based approach
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Decay heat : from the
physics to the computation
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Decay heat

Pho:ﬁ\

[
Incident

neutron

Fissile nucleus
\ Fission product

Emitted neutron

[ Ni (t) —_ Ni (O)B_Ait (law of large numbers) }

e N;: quantity of radioisotope i

e J;:decay constate of radioisotope i [s™']
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| DH; (t) = N(OAE, |

E;: mean decay energy of radioisotope i [/]

DH;: decay heat from radioisotope i [W]
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Decay heat experiments

Radioisotope Thermoelectric Generator (spatial probe) ]

[ Earth magnetic field
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Decay heat Iin a nuclear reactor

e N;: isotopic abundance

e ];: decay constant of radioisotope i [s™!]

DH(t)—E N, (£) A,E; [W]

e [E;: mean decay energy of radioisotope i [/]

Source of energy U235 U238 1239 1 241
(MeV)

Fission fragments 166.2 166.9 172.8 172.2
Neutrons 4.8 5.5 5.9 5.9
Prompt y 8.0 7.5 7.7 7.6
y from fission »
fragments
f from fission 39
fragments
Neutrinos / 9.6 11.9 8.6 10.2
Antineutrinos

GEN IV Lntemational Total ener

orum &Y 202.7 205.9 207.2 210.6
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Ordre of magnitude

[Modelling of the decay heat of a 3300 MWth Pressurized Water Reactor ]

GEN(1V =
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Decay heat in the fuel cycle

~——

o Reactor = 9%

e ——»
Incident
neutron

©Cédric Helsly/Areva

LE PROJET DE STOCKAGE CIGEQ

Fissile nucleus

100 000 years

l ©Larrayadieu Eric/Interlinks Image
12

GEN(IV gers

Expertise | Collaboration | Excellence ©Andra o GeOIOg|Ca| StOI’age



GEN(IV &

EEEEEE ise | Collaboration | Excellence

How do we compute
decay heat ?
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Decay heat computation

» Decay Heat
N;(t) — DH
Reproduce the _
irradiation history ~ Ni(©) DH
[cp : neutron flux } Compute isotopic B
abundances DH = N;(t) AE;[W]
i

[ Solve the Boltzmann equation ]

[ Solve Bateman equations ]

(16 (#E,0,t) h
T ELY L [pu (B8 ¢) + V(7 BT, 6) -
+SC(?, E, .Q, t)l/)(?, t) 1 Sfission(ﬁ E, .Q, t)d)(?, t) T = Zf NFO-F ¢YF—>i + Z[(Aj—n + O}C—ngb)lvj(t) - (/11 + O-icd))Ni(t)]
g +S4(7, E, O, t) + Soxe (7, E, O, t)]07. OE. 090 Ot P FE j=1
e N:isotopic composition e Y., :fission yield of isotope i from fissile isotope F
e o[ cross section of isotope i for reaction k e J;,; . partial decay constant of isotope j towards
e ¢: neutron flux isotope i

We need a robust framework e £;:mean decay energy of isotope i y
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The Verification Validation and Uncertainty Quantification process
(WUQ) Guide n°28 of ASNR (french safety regulation

Scientific Computing Tool (SCT) body)

T
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The Verification Validation and Uncertainty Quantification process
(WUQ) Guide n°28 of ASNR (french safety regulation

Scientific Computing Tool (SCT) body)

g
o
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The Verification Validation and Uncertainty Quantification process
(WUQ) Guide n°28 of ASNR (french safety regulation

: - : bod
Scientific Computing Tool (SCT) Y)
SCT (Isotopic abundances,
(Nuclear data, geometry, (simulation) decay heat...)
initial abundances...)

— A

Inputdata  Results

‘

GEN(IV gers
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The Verification Validation and Uncertainty Quantification process
(WUQ) Guide n°28 of ASNR (french safety regulation

: . : bod
Scientific Computing Tool (SCT) Y)
e
SCT (isetopi abundances,
(Nuclear data, g¢ometry, (simulation) decgy he\{[...)
initial abundances...)
Inputdata  Results WA v oY

Uncertainties

Experimental results

GEN(IV gers
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The Verification Validation and Uncertainty Quantification process
(WUQ) Guide n°28 of ASNR (french safety regulation

Scientific Computing Tool (SCT) body)

e s

(Nuclear data, geometry,
initial abundances...)

Input data Results ‘

A

SCT 2.0

(simulation)
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The Verification Validation and Uncertainty Quantification process
(WUQ) Guide n°28 of ASNR (french safety regulation

Scientific Computing Tool (SCT) body)

® A

Input data Results

New input data U
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Decay heat in the fuel cycle

~——

o Reactor = 9%

e ——»
Incident
neutron

©Cédric Helsly/Areva

LE PROJET DE STOCKAGE CIGEQ

Fissile nucleus

100 000 years

/ ©Larrayadieu Eric/Interlinks Image
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What about Sodium-cooled
Fast neutron Reactors ?
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Uncertainty
Discrepancy Code
Measurement Cooling time E(10-%) Date of computation
C/E-1 (%) Library
C(1o-%)
DARWIN
] -8 to +15 2012 (Benoit, 2012a)
Phenix 2008 5 JEFF3.1.1
1,5hto12d
5to11 DARWIN2
(Brau, 2008) -6 to +26 2018 (Lebrat et al., 2018)
2,5t04,7 JEFF3.1.1
. A o C/E-1 (% |
« Experimental measurements of o =k ) Experimental
SFR decay heat / uncertainties (2.
22,0 , '
« Unexplained calculation-to- ! '
experiment discrepancy ap '
\ T 70 e
= 40
( . . \ W
- Understand the discrepancies 5 I
8,0 t=170min
» Value this experiment A i ~
Nt T | o s T A
nternationa 20,0 3 5 e g
GEIQ I v Forum »0 Computational uncertainties (20) -
Expertise | Collaboration | Excellence 7)6,',0,0;.03 4,06 404

' cooling time (s) 408405 [l eprat et al., 2018]
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Superph

Measurement

Phenix 1979
(Desprets, 1979)

Phenix 1982

(Guidez, 1983)
Phenix 1993

(Martin 1993)

Phenix 2008
(Brau, 2008)

SPX 1987
(Favet, 1987)

SPX 1996
(Gody, 1997)

Uncertainty

Discrepancy Code
Cooling time E(10-%) Date of computation
C/E-1 (%) Library
C(10-%)
~9,5 Code (Costa, 1972) 1979 c . e c
+6to +18 L]
71036 h 6 SPNR (Cazalet,1979) (Desprets, Costa 1979 NO Clear b|aS Identlfled as It
t e
° 891098 MECCYCO —] does not have a specific trend
+6to+20 < /
7t013,5 JEF1 A
_ -8to8 ——
6to28 h -12to0 -8 « R Code PHENI 1983
6to72 h +5to +17 / 1993 (Gillet, 1993)
8 JEF1 )
C\ " st ARV 7——' Study the Puirex measurement ]
-8to+15 < 2012 (Benoit, 2012a)
A 5 JEFF3.1.1
1,5hto 12d
5to11 2
-6to+26 < 2018 (Lebrat et al., 2018)
2,5to04,7 JEFF3.1.1
7t013,5 MECCY ( H : \
9t0-3 J! 1988 (Gillet, 1988) 1 Understand the discrepancies
4,1t04,5 J
7to 13,5 CCcyco 1
15t0-7 1988 (Gillet, 1988) 1 Value these experiments
ttoa6h 3,5t06,5 JEF1
to . o .
@0 D 621047 MECCYCO 1996 (@t 165 "1 Determine if it can bring
331048 JEFL information for PWR MOX fuels
7t013 APOLLO3-MENDEL W,
-20to -8 2020 (Calame et al. 2020)
7to14 JEFF3.1.1
3,6t06,8 MECCYCO
-2to+3 1998 (Bernardin, 1998)
4,6t03,5 JEF1
3to52h
3,6t06,8 DARWIN
-10to -5 2002 (Bourdot, 2002)
? JEF2.2
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The Pheénix reactor: a quick overview
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An old and complex history

as )

« 560 MWth

e Demonstrator

« Marcoule, France
\_ ' J

B OCNES

S I')) | "
T RIS /

2003

[ 1969 ] [ 1973 ] [ 1979 ], 1982 My ;“ rr’;n g
-~ :‘-; * ¢ 1] o S e N o
B | rR

DH measurement n°4
Puirex 2008

New operating mode at
350 MWth approved by
ASN

First
concrete
i __ational

GEN(I\J "=
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An old and complex history

| o ] | -
E 0l -

AL

o 49 4
Foe 2925 -(a¢5+ q.cp'_;-'qqaq e gl

T, 38z - e B
F: = z=r25‘_-(-:¢g.+ 235)..%:,;;_:3_-_4_

. 383 . N
F. = 24855 - (143 + 234;_)—-*-__4}-!8_6“.3;‘_‘1’-‘ o

xxxxxxxx

Estimation of the specific heat of the reactor

|
g L L 1 T | [Kayser, 1973]

. m_ﬂ_m”_] \ xxxxxx vl"l l EXperimentaI results
Dﬂ | | IM Vl‘" [Martin, 1993]
o 1 [ S 1 1\ P 1

[ Iebpiyes

Irradiation history of Phénix from 1973 to 2004

[Sauvage, 2004]

GEN(IV gers ,

Expertise | Collaboration | Excellence



GEN 1V International Forum

A pool-type reactor

Lo

Heat exchanger

Rotating cap

Primary vessel

Main vessel

Double layer vessel
and insulator

GEN(IV gers
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IIIIII I

Primary pump

Hot sodium

Cold sodium

Core

Containment vessel
and last resort circuit

28
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E50m

Illlll

Intermediate loops

Secondary pump
\
Instrumented pole Saiin

GENIV &5
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Instrumented pole
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The Puirex 2008 experiment
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A temperature-based method to estimate decay heat

— — — — — — — —— —— — — —— — — — — — — — — —

| Hypothesis: a spatially uniform temperature |

00
Heat balance:| 1(6) Fri Z Sources — 2 Leakages + DH

1tlaw of [Appere, 1998]
thermodynamics

6: measured temperature Sources: heat sources

1(0): specific heat Leakages: heat leakages

a0 L
o temporal derivative of the temperature Empirical or semi-empirical
models
d0 DH + Sources(0) — Leakages(0) doe ot — 0t _ Cov(6,1)
dt 1(6) dt [p_p Var(o

GEN(IV ks
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06
DH = 1(6) Fr z Sources + z Leakages

-

Previous experiments

Sources: heat sources
Leakages: heat leakages
1(0): specific heat

N\

a0,
ot’

) g

Decay heat measurement

temporal derivative of the temperature
6: measured temperature

GEN(IV gers
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@ Acquisition/selection

@2mm

Smoothing

I /\/ Filtering

:;ww..iw;_..g......é... .g s

Decay heat

32
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The Puirex experiment

400 A

—— Temperature
380 - Lower speed regime of primary pumps
< Drying of the SGs

360
o
S 340 |
= Emptying of the S3 loop
i
£ 320 -
@

300 A End of experiment ———

280 -

T T T
0 2500 5000 7500

T T T
12500 15000 17500

Cooling time (min)

Mean primary sodium temperature

GEN(IV ks
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Primary circuit

-—-—-——--r————

90 kW

Secondary Heat
I I circuit exchangers

— Secondary |
slab 'l 2 Secondary
) eSS ll cold trap 7| circuit I
exchangers . I
Cold I !
o .
trap I 3,35 MW Primary l 777 W "I I
circuit I [ — TR
|
Heat exchange [— | ll '4— l
direction I . I
Thermal 4 511 kW I A/
leak in blue o e: | | I ' I
vesse
Thermal heating I 1 ,1 5 MW
source in red L I
BN SN N S S S S S .. [ R e —

1(0) 9 _ 1,78 MW
at

Power distribution during Puirex experiment at £t = 150 min
after the chain reaction stopped

33
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le6

2008 experiment

3.5 7 —— 2016 calculation

3.0 4

2.5 1

2.0

200 400 600 800 1000 1200 1400
le6

1.8 4 ,

2008 experiment
—— 2016 calculation

1.6 4

1.4 4

1.2 1

1510% 2000 2500 3000 3500 4000 4500 5000 5500
e

1.1 :
2008 experiment

1.0 - —— 2016 calculation

0.9 4

0.8 -

0.7 1

0.6 — T T T T T T

6000 8000 10000 12000 14000 16000

Cooling time (min)

« Calculation/experiment \
comparison times change
(misunderstanding)

* Dynamic calculation of the time
derivative (limit noise - retain
important information - minimize
post-processing)

» Thermal model modifications
(secondary leakage model)

o ——— — — — — — — — —

N

(ETNa)

« Others were constantly being
improved (Bilther)

Y  Previous and old models
I
I
I
I
\
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Heat balance decomposition
Cooling time 80.0 min

GEN(V
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‘Primary Pumps ===

Secondary Pumps——
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Calculation to Experiment discrepancy

7 - - - - == = = = ~
120 - Il « Given the measurement \I
| uncertainties, there is |
115 - | little value in continuing |
: to question the presence :
1101 - \ of bias. )
- £ - L T 1 T - T - \ _____________ /
1.05 - A1 *“’\./""'/\""
L \"__,f"' | W \--'_ IRERE |
Y 100+ ||'|1'||||'- | '.. R I R I N S
_ I _ ~
0.95 - { . Compu’Fatl.on
| uncertainties (nuclear
0.90 - : o | data) [Benoit, 2012b]
—— C/E with total uncertainties |
I Calculation uncertainties |
0.857 I Experimental uncertainties | * Measurement
. . . . . . . — | uncertainties [Benoit,
0 2500 5000 7500 10000 12500 15000 17500
Cooling time (min) I\ 20123]
[Brau, 2008]
N _

GEN(V iernationat ———— Smm————— oo
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Sources of uncertainties

Cooling time 80.0 min

emperatures s
Primary-pumps——
ondary-pumps =
Primary leakages 7]

Secondary leakages

GEN(V
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Conclusion on the Puirex experiment

__________________ 0.25 —— 2012 Benoit
Ve N\
[« Very significant improvement \I 00 ] —— 2018 Lebrat
: of the discrepancy at short | | —— 2024 Da Cunha
: cooling times : 0.15{
| | o 2018
| * Presence of a long-term bias : < 0.10 1
I

but less significant

/
\._ S _ 0.05 - l
0.00 1 T LRI
N T "SSP
24 ¥ -:.-.t;«rﬁ‘hﬂ A A

e T

i e | 1
~0.05 Pl
¥, y

0 2500 5000 7500 10000 12500 15000 17500
Cooling time (min)
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The feedback for the other experiments



V 4

enix

Superph

Measurement

Phenix 1979
(Desprets, 1979)

Phenix 1982

(Guidez, 1983)
Phenix 1993

(Martin, 1993)

Phenix 2008 (Brau,
2008)

SPX 1987

(Favet, 1987)

SPX 1996
(Gody, 1997)

Uncertainty

Discrepancy C/E-1 Code
Cooling time E(10-%) Date of computation
(%) Library
C(10-%)
~9,5 Code (Costa, 1972) 1979
+6to+18
6 SPNR (Cazalet,1979) (Desprets, Costa 1979)
7to36h
8,9t09,8 MECCYCO
+6to +20 1992 (Gillet, 1992)
7to 13,5 JEF1
-8to 8
6to28h -12to -8 N Code PHENIX 1983
10 MECCYCO
6to72h +5to +17 1993 (Gillet, 1993)
8 JEF1
5to 11 DARWIN
-8 to +15 2012 (Benoit, 2012a)
5 JEFF 3.1.1
1,5hto12d
5to 11 DARWIN2
-6 to +26 2018 (Lebrat et al., 2018)
2,5to4,7 JEFF 3.1.1
71t013,5 MECCYCO
9to -3 1988 (Gillet, 1988)
4,1t04,5 JEF1
7to 13,5 MECCYCO
-15to -7 1988 (Gillet, 1988)
3,5t06,5 JEF1
3to26h
6,7t012,5 MECCYCO
-15to -10 1996 (Gillet, 1996)
3,3t04,8 JEF1
7to13 APOLLO3-MENDEL
-20to -8 2020 (Calame et al. 2020)
7to 14 JEFF 3.1.1
3,6t06,8 MECCYCO
-2to +3 1998 (Bernardin, 1998)
4,6to0 3,5 JEF1
3to52h
3,6t06,8 DARWIN
-10to -5 2002 (Bourdot, 2002)

?

JEF2.2
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The 1979 experiment

1leb

Decay heat (W)

—8— 1979 PROTEE calculation
—8— 1992 MECCYCO calculation
—f— 2025 Model

I I I I I I I
0 20000 40000 60000 80000 100000 120000 140000

Cooling time (s)

GEN(IV gers
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C/E-1 (%)

25 1 —«— Discrepancy between 1979 model & 1992 simulation
—J— Discrepancy between 2025 model & 1992 simulation '
20 - V
15 4
10 4
5 ) -__ IEd L .-"_ __“"._
- (E.c,a.,gs‘?q; S e~ |
—5 4 (/ “"_
~10 4L -
4{}{500 ED(I}GO BD(I}I’JO lDDIOOD lEGIOOD
Cooling time (s)
<~ - - - - - = — \
« Significant improvement at short |
cooling times |
I
. . |
« Bias at the beginning of the |
experiment (30 000 s) /l
N
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The 1993 experiment

le6 15 1
—e— 1993 experimental interpretation
2.5 1 —o— 1993 EPURE Il calculation 10+
—8— 1993 MECCYCO calculation
204 —— 2025 experimental interpretation =h
s S
2 S
T .
g 1.5 - o
> U =54
18]
4
1.0 A
° ~10
0.5 =15+ —< 1993 model vs 1993 MECCYCO calculation
—f— 2025 model vs 1993 MECCYCO calculation
_20 B ! ! ! ! !
0 50000 100000 150000 200000 250000 50000 100000 150000 200000 250000
Cooling time (s) Cooling time (s)

— — — — — — — ————— —— —— — — —

I/  Very significant improvement of the \I
: Calculation/Experiment I
\

GEN IV ancE%rr}?tional discrepancy /| 42
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le6 9002 — KILOWATTS 9080 — KILOWATTS —  EPURE
] —  EPURE-M
3.00 A —8— 1982 interpretation 1 8202 — SR
—— 1982 EPURE | calculation ooty ] '
2.75 —8— 2025 interpretation with 2025 model =
—8— 2025 interpretation with 1982 model anne] s_;
2.50 :| :
- ] .
= seee —| .
% 2.25 1 s200 .
@ J ] ')
< 2.001 seee | agee — | S
m i ] m
[ \
. 2000 | -
8 1,751 wos | | :
1\ 1800 — N
1.50 - ] ] JOURS
3000 — \ P I T/ IS P Gl 0 T o0 B 2ok DL e £ s =1 bl | I
\ 8 1 2 3456 78 91811121314 151617 18 192821 22 23 24 25 26 27 28 29 38
1.25 1 »
2000 —
lnﬂﬂ T T T T T
20000 40000 60000 80000 100000 120000 = —— -
Cooling time (s) b
mmmmmmmm—— . B
. B S L B L B B e o S B A B T e ot o S 5 S SN SV
| ® Worser“ng of the : ) 1 2 3 4 g g 2 8 9 18
|  Calculation/Experiment discrepancy ), r———-—-————————————————"————————— \

N — — — — — — — — — — — — — — — — — — —

GEN(IV gers
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| '« Invalid result (computed with an operational code |
| recalibrated afterwards) I
\
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Superphénix experiments

26 - 27.5 4 1 —== 1998 model -
© o 1987 interpretation . <20 22;‘;‘122?;?23‘;?“"”
24 x 1987 calculation 25.0 - gi 2025 Primary model
x 2020 calculation
221 « 2025 interpretation 22.5 4
g 201
= g 20.01
E 18 - =
2 175
T 16 E
a o) 15.0
14 x o
x ¥
12 X gm 12.5 -
% % %-9000
101 R X ¥ 10.0 -
5 10 15 20 25
Cooling time (h) 10 20 30 40 50
Coulmg time (h)
————— Y (————————————___\ _—————
| 1987 case | Unchanged C/E | | 1996 case
\ « Athermal modeltoreview | T TTT 77T
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Conclusions on reinterpreting the experiments

Uncertainties

[p]1ol¢=To 13 T A I N o - ., =@ — — — — — — — — — — — — —

Measurement CIE—1( E(10-%) Date of interpretation 7 — \
/E=1{%) Cllo-%) ( Phénix |
| .
—————— o | Improvement of the thermal :
~95 1981) 0 o c | model |
X esprets osta,
e TS 6 (Costa & Mougniot, 1972) 1979) | « Much better coherence |
(Cazalet, 1979) |
(Desprets & 7to36h between measurements |
Costa, 1979) 8,91t09,8 MECCYCO 1992 | d lculat |
7 to 13,5 JEF1 (Gillet G. , 1992) \ ana calculations /
6,2107,5 MECCYCO 2025 N —— = ~
—6,4t0+2,8
7 to 13,5 JEF1 (Da Cunha, submitted)
: 8
Phenl.);19§2 ~12t0-8 ) Epure 1983 ;- - >~
(Guidez & 6t028h { Superphénix \
Carminati, 23 81017 4 6,2 to 8,6 Eoure 2025 . A . d t - | t |
1983) ’ ' ? P (Da Cunha, submitted) | n Inaustrial reactor |
| 10 MECCYCO 1993 | (different goal and much |
Phenix .1993 8 JEF1 (Gillet G., 1993) | more complex) |
(Martin & 6to72h 7510175 MECCYCO — | . L feedback th Phéni |
Mellano, 1993) -2,5t0+1,8 : e (0a Cunha, submitted) | eSS 1eedpacC an enix |
Gl el |+ Probably athermal model
Stoll DARWIN 2012 ‘ .
5 . to review /
JEFF 3.1.1 (Benoit, 2012a) \\ Y
Phenix 2008 1,5 hto 5tol1 DARWIN2 2018 (Lebrat etal., T T T -
(Auban, 2008) 12d 2,5 to 4,7 JEFF 3.1.1 2018)
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Extending the validation domain
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Decay heat validation

(

PWR UOX decay heat
calculations

&

~\

J

APOLLO2/DARWINZ2

PWR with MOX fuels
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Expertise | Collaboration | Excellence

I PWR MOX decay heat

calculations

- —_—

( )
SFR MOX decay heat
calculations N\
. J
ERANOS/DARWIN2

Improved results after re-
analysis of a decay heat

experiment in French SFR

Requires validation

Can we use SFR experiments to
validate PWR MOX calculations ?

Experimentally validated

x Lack of measurement to validate
47
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100

T T
U239
NP239

i P
ﬁ;ﬁf al(t) — l() l l_
. | 2 Ni(t) AE;

DH(t) = ) Ni(t) uF; [W)

o
o

80 1132
1135
1133
RU105
NB97

Y02 * Isotopes contributing

Y93

B | at least 2% of DH
v | + 53 radionuclides
ZR95
BA140
1131

cwza2 « ERANOS->PEPIN 2

PR143
RH106
Y9l
PR144
CE141
SR89
PU240

75 | PU238
20 PU239 |

50 - L | | | | AM241
BA137M
YO0
0 250 500 750 1000 1250 1500
Cooling time (min) 0
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N;: isotopic abundance
A;: decay constant of radioisotope i [s71]

E;: mean decay energy of radioisotope i [J]

—— Decay heat

40

Contribution to the decay heat (%)

10? 10 10 10° 108 107 o# 107

Cooling time (s)

=
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—e— PWR_MOX 50 GWd/t

A similarity factor
N;()E; £ 07/
DH,= Y Ny(t) 4E; %(8) = z E
A — ;o i Zi N;(t) AE; %0.6_
DHp = Z N;(t) AE; _ N{(OALE; s
j Ti(t) = —
Y Ni(t) 4E;
0.4 -
025+ _ _ PU239
a;(t) : Relative contribution of radioisotope i to an application A ] Uz
T;(t) : Relative contribution of radioisotope i to an application B - 0291 — oMz
",: —e— TC104
§ 0157 o 35
1 ~h —— LA140
] NP239
S(t) = 1 _Ezlal(t) _Tl(t)l g 0.10-::1?2‘
i 0.05 4
[0 Good representation of physical differences 0.00 r-ﬁi‘::%— =t 3o
0 Intuitive 102 103 104 10 106 107 108 10°
Cooling time (s)
- Easy to implement Phénix fuel at 10 GWd/t vs PWR MOX fuel at 50 GWd/t
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Characteristics of this similarity factor

[0 High-dimension problem (%Pu, %U, BU)
[1 216 000 comparison points (MOx PWR vs UOx PWR)

[1 Determine the main quantities of interest

MOX vs UOX at time = 60.0 s

®
Si milarity factor

GEN/IV liggpztiona
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Characteristics of this similarity factor

* Main factor: UOx burnup UOx
e [Low enrichment

* High burnup

—
8 0.00099 000059 0.00D83 0.00039 000039 D.000B3 0.35 MOx
* Low Pu enrichment
AN * Lowburmnup
) - onooso 0.00099 00014
m
o
S~
= - 0.00099 0.00:099 0.14
ol
- 0.2 O
* Promising factor
(&) 7
S~ . ooooss 0.0014 0.00083 * StUdy it for SFR
D 0.0
)
)
N 0078 -0.042 -0.2
W

BU1 BU2 Pu% U%

GE:[ max(s(t)) Vt [ ] >

Expertis




Experiments

Simulation

Theory
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Conclusions

1 Discrepancies for four experiments - v

explained and reduced
1 Six experiments and two reactors

studied

] An experimental restor:
experimental data base restored ?

0 An SCT under VVUQ process
(APOLLO3-MENDEL)

0 A study regarding transposition for decay

heat calculation

GEN(IV s
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Outlooks

Refine thermal model uncertainties

Study SPX thermal balances and review thermal models

and uncertainties

Modelling of the Puirex experiment with APOLLO3
Modelling of the 1982 experiment

Complete the parametric study of the factor s(t) with SFR
fuels

Studying the properties of coupled Bateman-Boltzmann

equations with the aim of transposing a distance
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Follow GIF on LinkedIn

For GIF updates, reports and webinars please
visit: www.gen-4.org
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