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Nuclear data uncertainties AN

General comments:

it |
uudl

uncertainties are not errors (and vice versa),
uncertainties should now be given with every data (seemmobW?),
they are related to risks, quality of work, perception, feafety...

Uncertainty= safety= professionalism

True uncertainties do not exist ! They are the reflection eofkmowledge and
methods.

All the above for covariances
The importance of nuclear data uncertainties should bekelaedf believed
negligible, please prove it!
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Nuclear data uncertainties AN

Nuclear data
Uncertainty

propagation

reactors (kg, Beff, Void, Doppler, reaction rates, you name it),
fuel storage (criticality),

burn-up (inventory, radiotoxicity),

transient behaviour...
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TMC for nuclear data uncertainty propagation, what else ?

N3G
+ No MF 32-35 (no 2 Gb fileshut every possible cross correlation included \
+ No approximatiorbut true probability distribution

+ Only essential info for an evaluation is stored

+ No perturbation code necessaryly “essential’ codes

+ Feedback to model parameters

+ Fission yields and decay data included

+ QA

- Needs discipline to reproduce

- Memory and computer time

- Complexity for full reactor core calculation not fully iagtigated

- Role of data centers would change

WHOOOOOOOOO
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TMC for nuclear data uncertainty propagation \

“In general, this paper will or will not be a breakthrough inethodology if the \
[practicality and robustness] can or can not be demonstidte
ANE Referee, May 2008
“What about actinides, what about real systems ?”
JEFF &WPEC meetings, May-June 2008
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TMC for nuclear data uncertainty propagation \

“In general, this paper will or will not be a breakthrough inethodology if the \
[practicality and robustness] can or can not be demonstidte
ANE Referee, May 2008
“What about actinides, what about real systems ?”
JEFF &WPEC meetings, May-June 2008

Okay, let’s go from academic solutionse] to mass/applied productiogd) !

TALYS calculation + Resonance parameters (RP) + unceraint

100to 2000ENDF files per isotope frorfLi to 2>2Cf

190criticality-safety benchmarks=( 60 000 calculations) from the ICSBP
All Oktavian shielding benchmarks (neutrons and gammas)

Reactivity swing for a LWR using an “Inert Matrix Fuel” (Pu@iMo)

Keif for a HTR (PBMR), ESKOM specifications

Inventory

588888
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Example with 23°U: Monte Carlo calculations \
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Example with 2°%U: Monte Carlo calculations \
10° | TALYS —— - Sl e ' | \
z - 2380 (n,y) | 3 U(n,y) at 100 keV
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Examples with ®3Cu(n,2n) and °>Cu(n,el) \
1.0 — . . . 1.0 — . . . \
%3Cu(n,2n) n=1 %3Cu(n,2n) n = 100
0.8 o 0.8} A
= =
306} 306}
w 0.4 w 0.4r
“ o2} “ 02t
00 < 1 1 1 1 OO < 1 1 1 1
12 14 16 18 20 12 14 16 18 20
Incident Energy (MeV) Incident Energy (MeV)
101 T T T T T T 20 T T T
%Cu(n,el) (n=100) Cu(nel) E, =8 MeV
151 cos(f) = —0.41
= 10 E, =8 MeV Mean = 22 mb/Sr
w0 k= .
= 2 Sigma = 4 mb/Sr
g é 10 Skewness = 0.33
< 10t 3
S O
3
5 L
107 HM )
1 1 1 1 1 1 O HM 1 |H H MMH ” 1
-1.0 -0.7 -04 -0.1 0.2 0.5 0.8 0.01 0.02 0.03 0.04 0.05

cos(0) Cross section (b/Sr)
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Examples with (ny), (n,inl) and (n,el)
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Nuclear data: 23°Pu and 238U .

Random “**U(n,inl)
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Nuclear data: examples on (n,2n) cross sections
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Nuclear data: examples in the resonance region
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Examples of criticality benchmarks for 1°F
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Examples of criticality benchmarks for /Al and *2~1%Mo
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Examples of criticality benchmarks for °°Co and °°—2%zr

\
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Examples of criticality benchmarks for °*—>%Fe
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Examples of criticality benchmarks for 18-85\ and 24%u \

40 . T . TS0—186 ' \
% umf4-1 %80—186\7\7 2 50 L umf4-2 ( W) |
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Examples of reactivity swing

keff

Reactivity Swing

1.4 . l .

LWR Inert Matrix Fuel
1.3k Westinghouse 3 loops type reactor

12 % Pu, 88 % Mo (volume)
1.2¢
1.1F lo Mo data uncertainty
e
0.9r
03 | | & 01" ~ 35 efpd
0 500 1000 1500 2000

Time (efpd)
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Examples on shielding benchmarks \

RN

1l

— . 1 Paraftin
#g (0 Potyethylene
— Lead
= Concrete
B SUS316
3*¢x3"long Nal-Detecter
10 cm — ) "
580 cm

O Oktavian Leakage current spectrum from the outer surface of a spaigmile of
material, 14 MeV D-T neutron source at the center of the piAd.Cu, Si, Ti, Cr,
Mn, Co...)

O FNS Slabs of material of varying thickness, at five differenglas, 20 cm from a
14 MeV D-T neutron source. (Fe, W).

O LLNL Pulsed SpheresTime-of-Flight measurements through spherical shells of
varying thickness, 14 MeV D-T neutron source. (Al, Mg, Fe).
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Application for Cr Oktavian benchmark \

N3G

Oktavian Cr Neutron Leakage Oktavian Cr Gamma Leakage
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Application for Mn Oktavian benchmark

\
N3G
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Application for Si Oktavian benchmark \

N3G

Oktavian Si Neutron Leakage Oktavian Si Gamma Leakage
0.30— . -
This work This work
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0.20 Experiment . T EXperiment . 7 0.100
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g "
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D. Rochman — 23/ 66



Application for W FNS benchmarks \

FNS W d=5 c¢m, 6 = 38.0°, Neutron Leakage
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= | i !.

= | { l l“

< 10 — — — .

N !

E 20 t ' H\HL |

£ 10t

oLl mmw
0.01 0.1 1 5 14

Emission neutron energy (MeV)

D. Rochman — 24 / 66



Application for Fe FNS benchmarks \

FNS Fe d=40 cm, 8 = 0°, Neutron Leakage

10_4- ! j j L T T T T T T T T T —
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10_5? : This work ———— - 1
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S ;
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Application for Mg LLNL benchmarks \

LLNL Mg d=1.2 mfp, # = 39°, Neutron Leakage

10_1: __ T T T T T

Experiment .
JEFF-3.1 ————
This work ———

Counts/nsec/source particle

S
Z 10 T
o
.f,g
= 0 ‘
=
DOI 1 1 1 1 1

15 20 25 30 35 40
Time (1078 sec)
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Results for the ESFR parameters \

The sodium void reactivity (SVR) in units of dollars ($) cam dbtained with the \

following equation :
ko —ky 1

kl k2 Beff

where the number of delayed neutféu¥ (in units of pcm) and thed¢ values are
obtained from the MCNP calculations.

k1 corresponds to the core flooded with Na coolant, antbkhe same core voided of
Na coolant.

In both cases the Na coolant present in the axial and radiatters is supposed to
remain unchanged.

Main components?3Na, °°Fe, Zr,%38U, 239240py

Most sensitive reactiong€3%Pu(n,f) ancf38U(nyy)

SVR = x 10°, (1)
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Application on void coefficient SVR = kﬁl_k‘zl Blﬁ \
: NG
. 20 . . . . 8.5“ \
é . ggﬁtﬁgg;gfﬁgﬁ;;ﬁa) & \ﬂ Sodium Fast Reactor (Kalimer-600)
£ _ 83
§ 10 L Reduced Chi-square=0.215 C% "
= E
g5l :
= o
Z A IR el 1 e = 79t < void coefficient >
6.7 7.3 7.9 8.7 9.3 &
Void coefficient value ($) -
g 06 N e
— - f§ ,,,,,,,,, [i\km\}l,\,:',,,j ,,,,,,, S e
Coefficient Uncertainty due to S sl
nuclear data s |
+ 0.4 M < 0>
SVR ~ 6-7 % '§ |
Non Voided k¢ ~ 100 pcm "
. 200+
Voided kg ~ 15 pcm =
g 01 il
Be < 1 pem VN Wae
Doppler ~ 7-13 % £ [
= 03 -M' <Skewness>
S |
-0.4 | | | | |
0 200 400 600 800

Sample number
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TMC versus Perturbation method AN

[1 Obtain uncertainties on a large-scale models due to nud&aruncertainties \
[1 Systematic approach, reliable and reproducable

Control of nuclear data (TALYS) 1000
+ simple processing (NJOY)
+ system simulation (MCNP/ERANOS/CASMO.. )

Solution (1): Total Monte Carlo

times

Solution (2): Perturbation method
—>MCNP-+ Perturbation cardscovariance files
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TMC and Perturbation method: File production \

AutoTalys
l TASMAN l
n TANES n TALYS n TARES n TAFIS
input files input files input files input files
TANES TALYS TARES TAFIS
n Fission n TALYS n Resonance n v-bar

Parameters
output files

Neutron Spect.
output files

| N, 7

TEFAL

output files output files

1 ENDF file
+ nXx

covariances

ENDF
random files
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n TALYS
input files
AR
TALYS
3 1 ENDF file Perturbation _MCNP nx ENDF ]t
: covariances method input file T™MC random file | :
{NJOY | Add perturbation @oE
Processed Processed MCNP input file Processed '
covariances cross + E 3 nx Cross P
sections perturbation card . sections 3
Sensitivity ‘
: renen | ]
. {SUSD | 9 3
kcff :
4 A knuclldata keff +A kstat. E 3 +A kstat.
+A knucl.data
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Necessary software

Common to TMC and
Perturbation methods:
[1 TALYS
[1NJOY (ACE)

[1MCNP

For the Perturbation
method only:

[1 NJOY (ERRORR)/PUF

For the TMC method only:
‘ jo |

[1 Add perturbation
] SUSD

D. Rochman — 32/ 66



Convergence and consistency of-bar and resonance parameters

\
N3G

2-82 T T T T /-o\ T T T T
v-bar for 240Pu at thermal energy é 0.4 Relative diﬂerence betvgﬁ)en two
o > successive v-bar for “*’Pu
3 v-barpe: = 2.803 Q::J 0.2
S 280 =
g = 0.0 .
= v-barmyc = 2.799 o
2 g o
278 e
=S -04
| | | | é | | | |
0 200 400 600 800 1000 0 200 400 600 800 1000
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£ 0.24 t for F (standard deviation) —
= @ 5.52
= 0
= 0.22 as
N ARG0=0.201 fm < 548 A’“W”\«\J
< . o) Y
g . AR} 115,=0.20 fm E Rpye=5-47 im
— Riwrss R}
ARﬁf =0.6 % 5.44 | 2 —().2 %
0.18 . . . Rrve | |
0 200 400 600 800 1000 0 200 400 600 D. R6&Rmanl®s / 66



Convergence TMC/Perturbation

240Pu(n,f) cross section
uncertainties at 1.4 MeV

T™C
Perturbation ------

0.12
“n
-
—
<
=2 0.09}
N
(D)
£ 006}
D) i
O |
-
-
0.03
0

100 200 300 400 500

Ratio
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0.9
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100 200 300 400 500
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TMC versus Perturbation: Results

\

Comparison TMC-Perturbation methods for a few kenchmarks. The ratio ir!\t!g\
last column is "TMC over Perturbation”.

Total Monte Carlo| Perturbation Ratio

Benchmark Isotopes Uncertainty Uncertainty

due to nuclear due to nuclear

data (pcm) data (pcm)
hst39-6 '9F 330 290 1.16
hmf7-34 19F 350 290 1.21
ict3-132 99zr 190 150 1.29
hmf57-1 298ph 500 410 1.22
Omf2 239y 840 720 1.16
mf2 240py 790 650 1.21
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Results: Details of the TMC-Perturbation methods forl°F ke

\
benchmarks
hst39-61°F hmf7-34 1°F N\G
Akett (PCM) Akett (PCM)
TMC | Perturbation TMC | Perturbation
Total | 330 290 350 290
MF2 | 280 240 310 280
MF3 | 170 160 75 105
MF4 | 100 - 80 -
MF6 | 30 - 35 -
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Results: Details of the TMC-Perturbation methods for#32<4%Pu ker

benchmarks
pmf2 23%Py pmf2 24%Py N\G
Akett (PCM) Akett (PCM)
TMC | Perturbation TMC | Perturbation
Total | 840 720 790 650
MF1 | 400 - 370 -
(n,inl) | 170 140 70 50
(n,el) | 250 240 30 40
(n,y) 100 100 30 30
(n,f) 720 660 730 640
MF 20 - 20 -
MF 50 - 30 -
MF 50 - 30 -
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TMC vs. perturbation: pro and cons \

N3G

First attempt to compare two uncertainty propagation neetho

TMC: more general and exact answer, does not require spaxak, more
exhaustive

but slower

Perturbation: approximate, require special processidgcades, limited
but faster
TMC uncertainties 15 to 30 % larger than from perturbation

o ® 0O

Perturbation approach still dominates tharket

but for how long ?
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Application to a Pebble Bed Modular Reactor (PBMR)

[1 Model of a fuel pebble

Dia.0,5mm
Uranium Dioxide
Fuel Kernel

_Pomus Carbon Buffer ss/1000mm
e

—Silicon Camide Bamer Coaling 35/1000mm

E
_—Pymiytic Carbon 40/1000mm
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Dia. 0,92mm
Rl
Coated Particle

. Coated particles imbedded

- 5mm Graphite layer

“ in Graphite Matrix

Section

Dia. 60mm
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[1 Fuel particles, surrounded by coating layers, explicitydeled

[1 Regular rectangular lattice of fuel particles




Application to a Pebble Bed Modular Reactor (PBMR) \

[1 Hexagonal close packed lattice
[1 Moderator region consists of homogeneous moderator pgbBléhe fuel,
reflectors and shields as defined by ESKOM

02/16/99 15:32:43
PMBR coreanalys's; production
of surface source

probid = 02/16/99 14:20:16
basis

(0.000000, 1.000000, 0,000000)
(-1.000000, 0000000, 0.000000)
origin:

(000, 000, 500.00)
extent = (250,00, 250.00)

Reserve Shutdown System

Reactivity Control System (5

(RCS)
Core Structures
(o))

Reactor Pressure Vessel
(RPV)

02/16/9911:20:35
PMBR coreanalys's; production
of surface source

&

7

probid = 02/16/99 10:12:47
basis.

(-0.173665, 0.984805, 0.000000)
(-0.000017,-0.000003, 1.000000)
origin:

(000, 000, 500.00)
extent=( 25000, 250.00)

Core Unloading Device
(CUD)
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PBMR: Neutron Flux spectrum \

PBMR design

neutron flux at core boundary
10- T o o I D A D D o o o

-2 -1

@ /Au (cm’s”)

[EEN
oI
T

.-‘.___4 o flux spectrum at the radial core bounda AIMOoSTt AN apDWechman — 41 / 66
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PBMR: 12C nuclear data .

[1 For neutron energy lower than few MeV: only elastic and ceptumoss sectlons?\
1 JEFF-3.1.04 (n,el=4.746+0.002b andoi, (n,y)= 3.53+£0.07mb
(1 All (n,el), (n)y), angular distribution and emission spectra randomlyedri

Cross section (b)

Incident Energy (MeV)
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PBMR: Results

AN
g

0.998¢ 18 . 1
N

) 2 16 | PBMR (12C) ke = 0.99624 -
=2 0.997F PBMR i 14 L =
g 2 19 o12¢ = 138 pcm
< g = ]
B 0006k T = (Ostat = 196 pcm)
= * o 10 -

< kegp > o ] L |
= 0.995 A ., 1 | 1|
2 5 0 r -
20 NN ot At S e 4 L |
E S = g
S ﬁtﬁwﬂ*‘w s 2 | 1 —
5200 Z » o
g ¢k O S ] R 1

< 0>
T ol o 0.990 0.995 1.000 1.005
3 o
"‘é e ke value

0 50 100 150 200 250 300 350 400

Sample number

[1 Convergence achieved after350 runs (10 days of 15 CPU)
[1 More runs would be suitable
0 Effect of other isotopesC, Si, fission products and of course actinides)
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Thermal scattering data (H in H>0) \

TMC is the only method to propagate uncertainties due tothéscattering data (XG
covariances exist)

In the case of H in KO, the incoherent inelastic scattering is the major compbaed
the coherent and incoherent elastic scattering can becatedlelhe inelastic scattering
IS described by the scattering lawo§Jg) at different temperatures.

0?0(E —E',p) \/7
oEon TV EXNP) (2)

with E andE’ the incident and outgoing neutron energies in the laboyaystemytis
the cosine of the scattering angle in the laboratory systgns the characteristic
bound scattering cross section for the material (wateriswxahse) an&T is the
thermal energy in eV. $(3) is the asymmetric form of the scattering law, which
depends on two variables: the momentum transfand the energy transf@r

E+E —2/EFn
a = AKT )
E_E

()
kT D. Rochman — 44 / 66




Thermal scattering data (H in H>0)

\
create input parameters for the LEAPR module of NJOY, N\G
2. run LEAPR to generate thermal scattering data in ENDF &fidlF 7, MT 4”
(incoherent inelastic data in terms ofo§f}) tables for different temperatures),
3. use the ENDF file with the THERMR module of NJOY to generatmtwvise
thermal scattering cross sections,
4. use the ENDF file and the output of THERMR with the ACER medfiINJOY
to generate thermal scattering data for the MCNP code in @ fdormat,
5. and finally repeat times the previous steps with random input parameters for
LEAPR.

=

The central (or nominal) values for all model parameterstosed in LEAPR are the
values used for the JEFF-3.1.1 evaluation.
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Thermal scattering data (H in H>0) \

6- 102 |

2- 1021

7-10'¢
H in HyO (n,inl)

Cross section (barn/molecule)

2- 101 |

Total uncertainty (1)

co

(=)

Uncertainties (%)
\]

107° 1074 1073 1072 107! 10V
Neutron Energy (eV)

) Figure 1: Top: incoherent random inelastic scatteringssestion of H in HO com-

pared to experlmental data and the melastlc Cross sectiom the JEFF-3.1.1 library.
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Thermal scattering data (H in H>0) \

(n,inl) for H in H,O

100
>
=L
g
S 100
§ 1071 =
73 95 é
7 o
2 90 §
- -2 |
= 10 i 85 L;
Z S
,g SO'E
()] D]
=) o=
o 107 | [EIS
2 O
% 70
E

1074 |

1074 1073 1072 1071 10°
Inelastic incoherent cross section (eV)

Figure 2: Energy-energy correlation matrix for the incamtnnelastic scattering of H
. In H20. Note that the correlation values are always larger than O.
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Thermal scattering data (H in H>0) \

700

pst12-14

GOOMWW

pst12-15

500 r

pst12-10
400

Standard deviation (pcm)

let6-1

200 %W

pst12-2
100 r let7-1 .
Imt1-1
0 I I I I
0 100 200 300 400 500

random cases

3. Standard deV|at|ons for some benchmarks as aidnnef the number of
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Thermal scattering data (H in H>0)

Number of counts/bins

Number of counts/bins

40 : . .
Imt1-1
keg = 0.99813 + 80 pcm
30
20
10
0 .
0.996 0.999 1.002
kog value
40
pstl-1
keg = 1.00286 £ 350 pcm
30
20
10
0
0.99 1.00 1.01

Number of counts/bins

Number of counts/bins

40 ; . : .
hst42-1
Keg = 0.99646 + 210 pcm
30 | .
20 | .
10 .
O 1
0.990 0.995 1.000 1.005
keg value
40 . .
pst12-10
keg = 1.00561 £ 400 pcm
30 | .
20 | .
10 .
0
0.99 1.00 1.01

+ value

1.02
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Burn-up calculation: Overview \

G

[]  Method: Total Monte Carlo (TMC) e —
[1 Description of the SERPENT model nuclear code package
(Fuel pin-cell)

[ Considered data in TMC
[ Results
Library Original nuclear data

cloning and — library TENDL
complement + covariances
Uncertainty Optimum
propagation Search and find
(fast) TMC (Petten Method)

The complete report (NRG-113696) can be found at

ftp://ftp.nrg.eu/ pub/wwi talys/bib rochman/tnc. nrg. pdf
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Description of the SERPENT model (Fuel pin-cell)

\

The fuel test is a typical fuel rod from TMI-1 PWR, 15x15 as®@ndesign.

N3G

Hot Full Power conditions

Fuel temperature (K) 900
Cladding temperature (K) 600
Moderator (coolant) temperature (K) 562
Moderator (coolant) density (g/éh  0.7484
Reactor power (MWh) 2772
Number of assembly in reactor core 177
Number of fuel rods/fuel assembly 208
Active core length (mm) 3571.2(

-

Configuration
Unit cell pitch (mm) 14.427
Fuel pellet diameter (mm) 9.391
Fuel pellet material Uue
Fuel density (g/cr) 10.283
Fuel enrichment (w/0) 4.85
Cladding outside diameter (mm) 10.928
Cladding thickness (mm) 0.673
Cladding material Zircaloy-4
Cladding density (g/c) 6.55
Gap material He
Moderator material BO

The fuel sample is burned for a unique complete cycle andetingths of the burn time
and cooling time:

Operating cycle
Burn time (days)

Final burnup (GWd/MTU)

Downtime (days)

Specific power (kW/kgU)

1
1825
61.28
1870
33.58
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Considered data in TMC \

N3G

pellet diameter 2%
fuel enrichment 3%
fuel density 4 %
moderator density 5%

Nuclear data ENDF-6 name | 22U 238U  2/Np  Pu  %*'Pu | Lumped fiss. prod.
complete ENDF file| MF1-6,10,12,14| X X X X
fission yields MF8 X X X X X
v-bar MF1 X X X
Resonance range MF2 X X X
Fast range MF3 X X X
Angular distr. MF4 X X X
Fission neut. spec. MF5 X X X
(ny) X X X
(n,) X X X
(n,el) X X X

Lumped (138) fission producté*'47°Ge, "°As, 76-80825¢ 7981py 80-8486Ky
8587R|y 86-8892g, 89y 93957, 9495\ 9597\ 99Tc 99-104106R, 103105106RN

104-108110p 1097 111-1141160q 113115, 115117-119126g 121123125}

122-128130Tg 127129135 128130-132134-136y o 133-137(g 134-138R4 140 5 140142C¢
\ 141144p 142-146148150\|q 147-149pyy 147149-152154g ) 151156 152154-158160G(
591607 160-164py 165 166167¢
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Results on k, ﬁ G
10— ?\
due to transport data —
| due to resonance oy - _
235U 1 o due t(idp -----
= 0.8 ue to fission yields — -
=
5
—4
o 0.6 -
o
>
+~
- :
‘= 04
+~
—
®
O
-
— 0.2
0.0 ' ' '

0 10 | 20 | 30 | 40 | 50 | 60
Burn up (GWd/tHM)
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Results on k, \

H | | " due to transport data
due to v -
238U due to r(ésonancl\e/[ 53 .............
t N
08 T due to ﬁSSl;ll%nOyleldS -
0.6 ]

Uncertainty on keg (%)

0.0 : ' ! I Teaned
0 10 20 30 40 50 60

Burn up (GWd/tHM)
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Results on k, \
—~ 1.0 I I I Tralunsport I I I I Tralmsport I 0'10/\ \
§ 23913u ME; 24013u %g% é\i

g 081 MF3 il 1008 "
— fission yields ---------- —
g 0.6 | 1r 10.06 g
Z z
E 0.4 F 4L 10.04 E
= | e =
- e -
= a0l 0 T =
o2t 4t 0.02 &
2 | T e =
D _____________________________________ D
00 == | | fommmmmmmm e fommmmmmmmmmm Pommmmmmmm L T 1 1 1 000
10 20 30 40 50 60 10 20 30 40 50 60
Burn up (GWd/tHM) Burn up (GWd/tHM)
—~~ 0.30 I I I Transport - I I I Transport - 0'30/\
S8 241py \F1 LumpedFP e <
~ 0.25 MEF2 e, 1r MF3 —oooeee 10.25~—
5 MF3 - | 5
=< 0.20 fission yields ---------- 4L P 10.20 =<
g ) g
S S
>, 0.15F 1t 10.15 =,
+ -
= =
< 0.10F - 10.10 <
+ -
5 ool :
= 0.05 Ff e 10.05 =
- , -
0.00 - L : : : : : 0.00
10 20 30 40 50 60 10 20 30 40 50 60
Burn up (GWd/tHM) Burn up (GWd/tHM)
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Results on k,

Burn-up (GWd/MTU)
0 10 20 30 40 50

\
N3G

Keo 1.41e+00 1.25e+00 1.16e+00 1.08e+00 1.02e+00 9.55e-01 1e-9D
Order
1.
2
3.
4,
5. Fiss. Yields | Fiss. Yields | Fiss. Yields

Uncertainties (in %) coming from
235 0.50 0.43 0.39 0.35 0.32 0.28 0.24
238 0.46 0.47 0.44 0.40 0.35 0.33 0.36
239y 0.05 0.15 0.26 0.33 0.39 0.44 0.47
Fiss. Yiel. 0.00 0.21 0.25 0.29 0.32 0.35 0.36
Lumped F.P. 0.00 0.37 0.36 0.31 0.31 0.29 0.28
Total 0.68 0.79 0.78 0.76 0.76 0.76 0.79

D. Rochman — 56 / 66




Results on reaction rates

Burn-up (GWd/MTU)
0 10 20 30 40 50

\
N3G

Total uncertainties (due to transport data and fission yjetd%o) for

rr =32U(nyy) 2.05 2.04 2.07 2.14 2.31 2.54 2.79
rr 238U(n,y) 1.75 1.74 1.69 1.65 1.55 1.37 1.25
rr 23%Pu(ny) 1.22 1.12 1.09 1.13 1.36 1.68 2.05
rr 240Pu(ny) 0.64 0.98 0.64 0.72 0.96 1.27 1.61
rr 241Pu(ny) 1.35 1.20 1.16 1.17 1.38 1.69 2.09
rr 23%U(n,f) 0.52 0.56 0.69 0.87 1.21 1.61 2.07
rr 238U(n,f) 6.61 5.91 5.29 4.84 4.31 3.91 3.70
rr 23%Pu(n,f) 1.99 1.84 1.77 1.77 1.92 2.17 2.53
rr 24%Pu(n, ) 2.68 2.45 2.27 2.18 2.14 2.22 2.49
rr 241Pu(n,f) 1.34 1.21 1.15 1.17 1.36 1.67 2.06
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Results on macroscopic cross sections \

Burn-up (GWd/MTU)

0 10 20 30 40 50 60
2 abs1
2abs2
2 fiss1
2 fiss?2
V2 fiss1
Vfiss2
Difr1
Ditr2

Total uncertainties (due to transport data and fission gjefd%) for

2 absl 1.08 1.11 1.09 1.04 1.07 1.06 1.08
2 abs? 1.12 1.06 1.13 1.28 1.50 1.74 2.00
2 fiss1 1.71 1.75 1.74 1.73 1.76 1.83 2.00
2 fiss? 1.63 1.44 1.40 1.52 1.73 2.03 2.36
VZfiss1 1.98 2.01 2.02 2.07 2.15 2.28 2.46
VZfiss2 1.63 1.40 1.39 1.51 1.74 2.03 2.37
Diff1 1.88 1.49 1.32 1.19 1.10 1.06 1.01
Difro 1.22 1.63 1.62 1.62 1.56 1.56 1.56
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Results on number densities for actinides ﬁ G
Burn-up (GWd/MTU) Cooling time (years) \

0 20 30 40 50 60 0 300
234 -
235U _
236U _
238U _
237Np _
238py, _
239p, _
240py, _
241Pu _
241Am _

Total uncertainties (due to transport data and fission gjefd%) for

= - 0.12 0.41 0.55 0.69 0.93 0.97 1.90
22y | - 0.17 0.72 1.21 1.88 2.79 2.93 2.92
236y | - 1.98 1.96 1.95 1.93 1.91 1.90 1.88
238y | - 0.01 0.02 0.03 0.04 0.04 0.04 0.04
237N - 9.50 4.13 3.39 2.98 2.74 2.72 1.83
238py | - 12.1 4.98 3.83 3.16 2.74 2.71 2.53
2%pu | - 1.78 2.30 2.60 2.91 3.22 3.26 3.22
240py | - 1.93 1.95 2.05 2.22 2.41 2.43 2.34
241py | - 2.04 1.52 1.62 1.88 2.19 2.23 2.47
241Am | - 2.11 1.63 1.90 2.44 3.14 3.24 2.26
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Results on number densities for fission products \
Burn-up (GWd/MTU) Cooling time (yeagI \G

0 10 30 40 50 60 0 300
99TC _
133CS _
140Ce _
143Nd _
1475m _
1498m _
151Sm _
154Sm _
153, _
155Gd _

Total uncertainties (due to transport data and fission gjefd%) for

99Tc - 10.4 0.41 9.19 9.10 9.11 9.12 9.12
133cs | - 3.50 3.74 4.16 4.72 5.39 5.47 5.45
140ce | - 2.55 2.78 2.95 3.14 3.34 3.37 3.38
143Nd | - 4.35 4.93 5.42 5.98 6.59 6.67 6.65
147S5m | - 11.4 20.6 25.0 28.7 31.7 32.0 23.8
1495m | - 11.4 10.8 10.7 11.0 11.3 11.4 10.9
1Bilgm | - 26.6 22.5 21.5 20.9 20.5 20.5 20.1
154gm | - 26.2 20.6 19.4 18.6 18.1 18.1 18.1
583y | - 13.8 12.1 12.5 12.9 13.3 13.4 13.3
155Gd | - 27.0 22.4 22.4 22.5 22.8 23.0 11.0
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Example for K,
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Example for reaction rates \
4 ' T . T T T 235| T ] 4 T T . T T 235| T ] \
Engineering param. — T U(l”lﬁ) Pellet diam. — rr U(H,’Y)
Transport Nucl. Data ---- Fuel Enrichment -----
3 E Fission Yields --- i 3 L Fuel Density --- 4
\/ derator Density -
5 9 frrrrrrenrerrneeeerme T - X2 .
1 L ] 1 T ]
O e g 0 e
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Burn-up (GWd/MTU) Burn-up (GWd/MTU)
T T T T T T - 4 T T T T T T ]
! 239Py transport — rr U (n,y) 23517 Fiss. Yields — rr #°U(n,y)
2381J transport ---- BEYFY. -
3 L 2350 transport - ] 3 L BINp F.Y. - i
Fiss. Prod. transport - ZIPy F.Y. e
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Example for macroscopic cross sections

%

%o

Transport

Engineering param. — 3 Fis2
. Data ----
1ssion Yields ----

0 10 20 30 40 50 60

Burn-up (GWd/MTU)

239Py transport — 2 fis2
2387 transport ----
2357 transport -

Fiss. Prod. transport -

-
-
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Example for number densities \
9 T T |]E§ B E— T T 9 T T ™3 T Pell |t di T \
ngineering param. — : ellet diam. —
Nd (#°Pu)  Tramsport Nucl. Data - Nd (*Pu) i Fuel Enrichment ---
: Fission Yields - : Fuel Density -
i i i Moderator Density -
6 ; 6 ;
< <
i i
3/ T BT 3
O AT oo meme ||i||| ----------------- L 0 --------- I-”'____—__-I _____ | i___I____I_________I_____________I ______
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9 . 4 _
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_________________ 1k :
o (= e o . B
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Example for number densities

oL e : ...............................................
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Discussion/conclusion
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| The general level of QA for nuclear data used by simulation cdes is poor
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