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— RISTAL INTRODUCTION

-

< A long term collaboration between IRSN, CEA and AREVA

FORMULAIRE CRISTAL

: 2016
e =N CRISTAL V2.0.1
1/ = ; 2010
]j CRISTALV1.2 02
g \ L }
; 1999 CRISTA 2
“ First version of 2020
; O
CRISTAL CR\STN‘\H — 29
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r‘LDOU - CRSTALV2 |-
s 2015
2600 | - 5007  CRISTALV2.0
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CRISTAL V1.1
2003 CRISTAL V1.0
CRISTAL V0.2

< Continuous improvements via different releases
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< CRISTAL V2 0 : a criticality calculatlon package de5|gned and valldated

« To cover the needs of criticality practitioners in the fields of nuclear fuel cycle
facilities and transportation of fissile materials

s )
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CRISTAL

< User-friendly and easy-to-use package including
* Consistent nuclear data libraries based on JEFF3.1.1 evaluation
* Procedures libraries (embedding recommended calculation schemes)
* New versions of transport codes (deterministic and Monte Carlo ones)
e User-friendly workbench including parametric capabilities .
* An extended validation database (more than 3000 experiments) o a0

Nuclear Data Library

< Four calculation « routes » dedicated to criticality
e Multigroup and point-wise routes | oum
* Various density laws implemented

* Burnup Credit Calculations using directly output files from various French
depletion codes
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FORMULAIRE DE CRITICITE

Four calculation « routes »

« APOLLO 2 Sn »
Multi-group route

Calculation

procedures
(APROC, APROC-CRISTAL)

Nuclear Data
(CEA VS,
based on JEFF 3.1)

APOLLO 2.8

Keff fﬂ.D

or 2D geo

Criticality standar
Calculation route

ND APOLLD 2.8
(CEAV5) sniD
o /f_—_

Calculation
procedures
(APROC, APROC-CRISTAL) DImﬂI’ISIOI'IS,

- -
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ISTAL FUNCTIONAL ARC
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CRISTAL
0
=" CRISTALV2  /<APOLLO 2 - MORET5»
package Multi-group route
APOLLO 2.8 -
Pij method
Calculation
rocedu
K__T\ /.\_—7 MORET 5 B e 1 "
\,«.\\\\\?n \§ /_..— S
Keff for 3D b
LATEC V1 \ Fiux, Reaction rate
- Unique model
- Dilution Laws
- 3D geometry builder and viewer \‘ &_\‘
- Multi-parameter capabilities
- Calculations Iau_ncher
- Post-processing /" «TRIPOLI4» O
— /&T\ /N . p
/w JA Point-wise —
-8, Monte Carlo route
1 o | @.
Coupling with WRPEEE
depletion codes ﬂ
CESAR
and DARWIN Keff for 3D geometry,
(Burnup credit) \Fqu, Reaction rate /
!"5 s M
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< Creation of materials (fissiles and non fissiles)

e Material atomic composition calculations using various density laws
e Burnup credit calculation: creation of irradiated media using isotopic data
automatically extracted from CESAR or DARWIN depletion codes

-’fﬂ DICTA \ Vv . :
RISTAL LATEC V1w

I Loi Generalisee des solutes

[ |—';“|| L |Lni Generalisee des solutes @‘

&, Materipue Matériau | Apollo2 Pij | TRIPOLI (sotopes) | Vérification
. EA| @ Rename (F2) [] Propriétés visuelles
AC Yy Duplicate
AR \J i Eléments chimiques Masse volumique Température
U Copy Loi: 'Loi Ceneralisee des soluies’'
%] Delete W [massiaue] ot 100 % [] calc. Masse volumique théorique
= New calculation sheet Poudre (g/cm3) : 0.0 Co|2Ln0
Dilution laws 4 u 4 Urnetal Cristal (g/cm3) 115
Materials » Pu »
Modération
A Mixture UPu 4
- UF4 s Variable (Curl + click) : [Moderation
al Help Standards salts uo3 Définition de la modération :
Nitrate UZrHx Masse [0.99799 @
7 . ol v volumigue o H.0 Hz01000  |%
Generalized dilution la 04 4H20 (g/cm3) 2
zZI i . .
it 0T UO2F2 revised % masse
< Burned medi % % atome
4 U308 N
stoechiometrie
dl Help UF6HF
U04 4H20 revised 4 vinia
Ollution laws ] Il LK g A A WA VA VIA VIA e
- = W Cruate o material ' b oL R
s 4 MacroMedium. . a n
Q) velp 4 3M Na f,lg e WE VE VIE VIE __wiiE _ e 1E A7 'si P s ‘€1 Ar :
I CAir: VIDE E Elément modérateur: =
b A \-'I‘DE 4Nk Ca 'S¢ Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr H
sy w e m & o a s s @ m s owm ou m s m
: SORD Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
uquo Eau HNO3 ss % & @ s m @ m o om @ om s Es
§F Cs Ba La Hf Ta W Re Os Ir Pt AuHg Tl Pb Bi Po At Rn
TN
a At
S 11 1]
Ce Pr Nd Pm St—=d Tb Dy Ho Er Tm Yb Lu
aomoan mom w85 @ owow
METAL Th Pa U Np PlAmmEk Cf Es Fm Md No Lr
concrere & =[] I
Rapports entre les éléments Acdidité | Poisons
OTHER T
==t =)
| @ neip Dans C Solution (@ Mélange
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% Creation of geometry and association with the created materials

Description of cell pattern and description of an assembly for multi-cell calculation
Description of the overall geometry of the model (1D, 2D or 3D) = unique model

LATEC @ IRSN(R) 2015 - version 1.3.0 — 4+ x
Projects Views Tools Bookmarks Options ?
|# Edition ¢ - x| calculation list R
L B ﬂa Scene 3D : 1 - case3.A2M4 :-: spmEim s o g MILIEU_UOX_15X15-4.5 BUM_12000_AIC_NCRAY ‘350 g i [
DIEL ez \ g3 | @ '
Matériau | Apollo2 Pij | TRIPOLI (isotopes) | Verification

@@ JMUeu_Uox 15%15-4.5_ BUM_12000_AIC_NCRAY

Type: O Sphere ® Cylinder O Plane

Ina selection

[lvisual Properties

[= - - - -
A Geometry | visual Properties | Apollo2 Pij | Verification |
Chemical elements Density Tempe J‘ é Layers
Law: 'Loi Generalisee des solutes. [ e N Name Material Hurnber of pe. Value Typs
v| calc. Theoric densit
[ 02 [massique] tot:100 % ¥ P | & Lcouche 1 [ ZONE 1, MA... |4.0 0.45615 | |+ Abs...
UassEE % Powder (g/em3):  |0.0 °c: ] Mediums |~ 2/couche 2 ZR 1.0 0.535 || abs...
= Cristal (g/cm3):  [10.96468 7 | 5 3couche s |leavnzio.. a0 0.84523 ||| Abs..
u u2zafs %
Moderation
5
uz3sko %

4] I |
Variable (Ctrl + click) : noderation

_— Definition of moderation : "Q‘ I
U236l %
U Densltv 0.99799 @
(grem3) ‘ = ¢ H2oloee 1% & Z
238 L4
ss0 %
U |u238lEn | %, masse - B
9%, atome . b
stoechiometrie
Total:
R * = #$
RlALLp_on
MEHE Rt ot =i T Volume | Graph | MORETS5 | Verification |
Linked material
Type : [Modx |~ Moderator element: ) Duplicate Volume | medium : [ ACIER 1 4541
X Geometry Source
92 Orientation Type:anSaurce
U Ux':fo.0 X
The infinite cylindr aptien is uy'zlo.o - Intensity X y [ =z
x| not known by every codes, N
value =hx | if t's not, the height valus will 1.0
< use g z
Sa, please, put the height in
any case !
&= Q % Center
Element ratios Acidité | Poisons Oinfinite X0
FB= i
=] A= [3)
A= (R =] acid | HLSO,
i Operations
Acidity (W) [0 Radius: 0_2011 écrase 0_221
10.5 02011 écrase 0_222
02011 écrase 0_223
In O Solution < Mixture 0_2011 écrase 0_224
0 2011 écrase 0 225
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CRISTAL

< 3D model visualization with the VTK library

R/

< Example of parametric studies over chemistry and geometry model
variables

er?'ll o |jeu 1

Target node: % Geometrie 3D_AllIn_ One ~ Code: |CRISTAL_V2.0_AP2M5 |v|  calculation points: 48 / 48

Parameter setting rOptions rVerification |

Name Type Values Objects
. — — —
epAcier real 1235 |'Boite_Beton.\/olu! | Boite_Beton \/olu|_|'Boite_|
MILIEU_BETON Medi... BETOM. 9% (I Boite_Beton.\Volume.medium

MILIEU_INTERSTITIEL  |Medi.. | arBeau (" Boite_air \volume[ ['Volume_Reseau | Maille |

epLame real 2.1 2,205 3.5 chlindre_Eau Mol chlindre_Eau.CyIiletylindq
MILIEU_LAME Medi.. |FIALUMINIUN  PLOMB Heylindre_Eau Vol Sicylindre_Eau_1.v B(.‘ylindrl

epLame Variable type
o I Weefreal ]
1 Z 2.1
2| vl 2.205 Format:li
3 v 3.5

Generate
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% Other LATEC functionalities

e Choice of calculation codes, methods (P”, Sn, Monte Carlo...) and
calculation options (energy mesh, spatial mesh, ...) through tabs for each

code
* Generation of the four CRISTAL calculation routes input decks E | =
e Parallel remote launch and follow up of calculations E [T
* Display of the calculated main results @

* Import existing input decks from the previous CRISTAL 1.2 package
* Project verification through a dedicated mode

NCSD 2017, Carlsbad, September 11 — 14, 2017 Page 10/ 20
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< 2 main steps of the Monte Carlo “APOLLO2 MORET 5” route

Cell or Multicell calculation using the Probability Collision Method (P;)
*  Flux and multigroup self-shielded cross sections
e Spatial Homogenization (281G self-shielded and homogenized cross-sections)

®-0— @

; 7
=) e’e ) %

Cell calculation

!_._._,._
]

FE T T n | _-
E BECEN RN R
ks 5 |

Multicell calculation

o Calculation of the k.4 using the Monte Carlo MORET code
e Transport calculation in the 3D geometry with the MORET Monte Carlo code %%

* Anisotropy treatment with a Pn-like model

NCSD 2017, Carlsbad, September 11 — 14, 2017 Page 11 /20 .
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< 2 main steps of the deterministic “APOLLO2 Sn” route

Cell or Multicell calculation using the Probability Collision Method (P,;)

*  Flux and multigroup self-shielded cross sections
* Spatial Homogeneization and 20-groups collapsing of the cross sections

®- 00—
\/

7
W -

i Cell calculation
g i — —— ol
 EEEcEREEEE e
e i N .

T
BEUNNCEREEET
|
|

43D =2 -

Fram T ==

L R
b
e Multicell calculation

e Calculation of the k.« using the discrete Ordinate Method (APOLLO2 Sn)
* Transport calculation in 2D geometry or simplified 1D geometry

i

* Calculation of the keff of the studied configuration
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ETE . Point-wise fission cross-
section for U23°, U238 gnd

CRISTAL

conti Pl LI Nuc'ea”z?"a brary) .| Pu®issued from JEFF3.1.1
continuous energy cross sections library I Nuclear Data (CEAV5.1.2
l e cross-sections library)

TRIPOLI-4® Monte-Carlo
Code (version 8.1)

|

ket flux, Reaction Rates i

Example of a 3D geometry
modeling : fuel disposal
configuration

Variation of the configuration
Ketfective VErsus the thickness
of the water gap

1 13 3 4 5
Epalssour do la lame d'eau [em]

< TRIPOLI-4®: 3D continuous energy Monte-Carlo code

e Point-wise cross-sections library (continuous energy)

— Nuclear data is consistent with the multigroup route of CRISTAL V2.0 (CEA V5.1.2 cross sections
library based on JEFF3.1.1 nuclear data evaluation)

* Probability tables for the unresolved resonance range (URR)

e TRIPOLI-4® solves the linear Boltzmann equation for neutrons, with the Monte Carlo
method, in any 3D geometry and without any approximation
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< « Standard » route using APOLLO2 P;-APOLLO2 Sn (1D)
e Iterative process to determine dimensions (sphere, slab, cylinder) corresponding to a target k¢
e Quantification of bias due to the approximations in S, Method (spatial and energetic meshes,
anisotropy)

< Possibility to automatically compare with TRIPOLI 4® point-wise route (via LATEC)

R LATEC

1
Initial conditions .

I / Geometry, B’m, kg 1qr5e: I
APOLLO2.8 - P;;

New _, IEYIMEPERCN Geometry . permrrramn I

i dime nsion 3

- k jfff target I

! | : "APOLLO2 $n bias |

: i...Kato k. 281G :

I | APOLLO2 Sn / TRIPOLI-4 © I
<—

eff = Keff ta rget
: i |

L..—..—..—..—..—..Finaldimension  __  __ |
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< Verification according with = strong QA system

e Separate verification of each code, workbench, procedure, library, ...
e Verification of multigroup routes by comparison with point-wise one
e Verification of the complete calculation routes on industrial cases

< Validation process
e STEP1:(C-E) calculation and combined one standard deviation

_ 2 2
0= \/acalculation + %henchmark

= Using recommended calculation schemes and procedures

= Discrepancies within the uncertainties margins
=  Calculation results in good agreement with the benchmarks

= Comparisons with other available experimental programs in the same field (similar
media, materials and/or configurations)

e STEP 2 : (C-E) discrepancies analysis in order to have a feedback to the nuclear data
and/or to the calculation schemes by using inter-code comparisons:

= Between the different CRISTAL V2 routes
= Using other available calculation results from international codes (MCNP, SCALE,

MONK, etc...) using various libraries
NCSD 2017, Carlsbad, September 11 — 14, 2017 Page 15/ 20
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< An extended validation database

T 1 -- ) %’- X\Aé——
VALIDATION (V&V JaziS

- ",

~ 80 % of benchmarks from ICSBEP Handbook
Additional experiments from French proprietary programs
Validation performed by the codes development teams ‘

lle n
\B\enefits from and contributes to JEFF-3.1.1 validation
'_r "’L 5;

@00 (ynen

NUMBER OF CASES

Target Multigroup route Multigroup route  Point-wise route
(APOLLO2 — MORET 5) (APOLLO2 Sn) (TRIPOLI-4®)

L Pu BT 212 145 595
BT 2 e o 25
| U 91 78 7 5

983 887 174 410
BTN . i’ E
| Mix | 597 517 172 167
| SPEC 6 6 5 0
_ 3127 2714 793 1350
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IO AL VERIFICATI(DN AND VALIDATION (V&V)

% Evolution between CRISTAL V1.2 and CRISTAL V2

* 3127 experiments for the three routes

_ 2714 (AP2MS5), 793 (AP2Sn), 1350 (TRIPOLI-4)

CRISTAL V1.2 CRISTAL V2

U

= Handbook ICSBEP since 2005

= Users needs
= BUC, Lowly moderated MOX, slabs, structural materials
= Nuclear future cycles (*32Th)

NCSD 2017, Carlsbad, September 11 — 14, 2017 Page 17 / 20
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% Main results

Use of JEFF-3.1.1 evaluation

* A significant improvement of calculated k compared to the use of JEF2.2
in the previous version of the CRISTAL package

Use of the 281-group energy mesh and the new treatment of scattering cross-
sections of intermediate mass isotopes

e Bias reduction from 1% to 2.5 % for multi-group calculations for thick
reflector compared to 172-group energy mesh library

New 281-group treatment of 233U combined with the JEFF-3.1.1 cross-sections

e A strong bias reduction of 1.4 % on average for the multi-group Sn
deterministic route compared to the previous version of the CRISTAL
package

Calculation results generally in good agreement with the benchmark k

Significant over-estimations still observed with the multi-group calculations
routes for reflected configurations with thick structural materials (aluminum,
steel, nickel), mainly in fast spectra

Lacks in the validation database coverage : lowly moderated MOX, slab....
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<+ Feedback
e First version of the CRISTAL V2.0 delivered in June 2015
* One year of user’s feedback
— Released version V2.0.1 distributed in June 2016
* Anew one, called V2.0.2, under development and validation

% Customers services
e Covering a range of areas of activity like
— Documentation
— Hotline
— Maintenance
— Training courses

NCSD 2017, Carlsbad, September 11 — 14, 2017 Page 19/ 20
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< CRISTAL V2.0 package

e 10 years of development, verification and validation in the frame of a strong
collaboration between CEA, AREVA and IRSN

e Represents a coherent system combining the best properties of the APOLLO?2,
MORET 5 and TRIPOLI-4 codes

e Offers a high level of user friendliness and flexibility with the LATEC
workbench

* Proposes an accurate, comprehensive and extended validation database
* Has been designed, verified and validated according with a strong QA system

Provision of the CRISTAL V2.0 package

to the OECD/NEA Data Bank

NCSD 2017, Carlsbad, September 11 — 14, 2017 Page 20/ 20
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<+ Implementation of Burnup Credit (Buc) methodology in criticality studies of PWR applications

e Calculations using CESAR5 or DARWIN2.3 depletion codes (CEA) to provide BUC isotopic
concentrations

— Burnup profile @
— Isotopic Correction Factors on BUC isotopes retained in the criticality study [ 2

— Specific CRISTAL output files created by CESAR or DARWIN providing spent fuel conservative
isotopic concentrations after irradiation or cooling time @&»

G v
: | Pu Ir[
Axial profile Carserveive Spent Fuel Correction | | uPu b
of hurnup h | rliation Imventory \ F actors | B standards salts
1 ks nrave

neralred divtian law

i dé

£ w [FO¥) CRISTAL VW2

CESARS

| Depletion calculation with DARW Criticality calculation with CRISTAL
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