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Abstract. A critical examination of the role of uncertairdagsessment, target accuracies, role of integral
experiment for validation and, consequently, ohdadjustments methods is underway since severed gea
OECD-NEA, the objective being to provide criterialgractical approaches to use effectively the tesil
sensitivity analyses and cross section adjustnfenfeedback to evaluators and experimentalisterdter to
improve without ambiguities the knowledge of nentayoss sections, uncertainties, and correlatiorzet
used in a wide range of applications and to meet mguirements and constraints for innovative i@act
and fuel cycle system design. An approach will bscdibed that expands as much as possible the tise i
adjustment procedure of selected integral expetisngthat provide information on “elementary”
phenomena, on separated individual physics effetased to specific isotopes or on specific eneegges.
An application to a large experimental data baseb®en performed and the results are discussdtein t
perspective of new evaluation projects like the GDEhitiative.

1 Introduction For all these initiatives, there is a common
understanding of the need of improved and carefully
In the last decade there has been a growing résearcvalidated calculation methods and data.
activity in the field of nuclear data for appliaats, due a As far as nuclear data, a critical examinationhsf t
growing awareness of a series of new challenges andole of uncertainty assessment, target accuraaies of
possibly new paradigms in order to meet new integral experiment for validation and, consequerf
requirements and constraints when approaching newdata adjustments methods is underway since several
reactor system design. The major driving forcesehav years in the frame of successive OECD-NEA WPEC
been: subgroups. Subgroup 26 [1] was the starting paint t
= New reactor systems initiatives (like Generation promote data covariance development, to allow
IV), and, in parallel, proposals to meet waste meaningful uncertainty analysis and target accuracy
management issues using innovative reactor sysé&sms requirements; Subgroup 33 [2] has succeeded in
ADS or Fusion-Fission Hybrids. providing a deeper understanding of nuclear dath an
= In both cases, it became clear at very early stagesassociated covariance adjustment methods, theofole
of research that the associated fuel cycle chadiemgere  integral experiment uncertainties and of their
crucial and that in many cases their feasibility application. The ongoing WPEC subgroup 39 [3] is
assessment could point out to drastic show stoppers intended to provide criteria and practical appreacto
= Also, during this decade, even with hesitations, use effectively the results of sensitivity analysesl
mostly financing related, and even accounting fog t neutron cross section adjustments for feedback to
impact of the Fukushima accident, a number of evaluators and differential measurement experintistgta
innovative projects, besides a revival of new “ded” in order to improve without ambiguities the knowded
power plants implementation, in particular in Adiayve of neutron cross sections, uncertainties, and lativas
been started in different areas, with the commapgse to be used in a wide range of applications.
to facilitate a future more robust development a¢laar
energy: the TerraPower TWR, the French ASTRID fast .
reactor, a number of SMR designs, a revival ofrege 2 A New approach using an ad-hoc
for the Thorium cycle and molten salts reactors. enlarged integral data base

*
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An approach has been envisaged that expands a€OMMARA 2.0 covariance matrix [11],plus elastic

much as possible the use of selected integral erpats
in the adjustment procedure that provide informato
“elementary” phenomena, on separated
physics effects related to specific isotopes ospecific
energy ranges. In practice, in order to complenaet
support the new evaluation effort of the WPEC CIELO

anisotropy from JENDL-4 for the CIELO isotopes.

The

initial

set of more
individual experimental quantities has been analyzed by usiag

than 200

best calculation tools available, mostly Monte Gads
described in [7], in order to provide C/E and agsed

calculation

and

experimental

uncertainties

Subgroup [4], most of the elementary experimenét th correlations. The correlations were obtained udimg
approach described in [7].
Tablel. Experiments used in the adjustment.

have been selected and added to the extendedradpist
provide high sensitivities to neutron cross sedtiofithe

five priority CIELO isotopes®0, *Fe,#%U, %%, and ¢ Number
2395 Facilit Experi Type o
u. y xperiment ; of
_ _ experiment .
In order to enlarge the “classical’ set of integral SODIVA experim.
experiments (criticality, reaction rates, and redgt ' ,

- . . LANL Small JEZEBEL Ker, reaction
coefficients) in the fast energy range, the folloegvimore criticals BIGTEN, Np rate ratios 17
focused experiments are used: SPHERE
= Experiments providing selective information on Ko, void
inelastic, elastic, fission, and capture data (SEG reactivity,
experiments with ad-hoc tailored adjoint energypsha ZPR6/7 ; central control
[5]); FCA-IX experiments [6] with systematic varia ZPR3/53 and rod
of the spectrum hardness. Separated isotope sample 54 Fission and 19
irradiation experiments have been already widebdtis ZPR/ZPPR ZPR9-34 capture rate
past adjustments [7]; zZPPFE)IE-lgo ratnofs .rgajor

* Experiments with enhanced sensitivity to the ) actiniges
. . . . ZPPR-15 Flux radial
actinide cross sections in the energy randekeV : k,, distribution
reaction rates, void reactivity measurements peméor slopes
at the PROTEUS facility in the frame of a High Kor: reaction
Conversion LWR validation program, [8]; CIRANO rate ratios
= Experiments with enhanced capture data sensitivity MASURCA COSMO (major and 9
in the range from few hundred eV to 1 eV (MANTRA minor
irradiation experiments at ATR with appropriatetefib actinides)
to tune the spectrum at the irradiation positi®); [ _ Separated
* Experiments providing specific feedbacks on isotope irradiati
elastic and inelastic cross sections of structonaterials onrsn.i;r;a:jor,
(ASPIS-IRON88 neutron propagation experiment in Fe| PROFIL1 ; actinides
[10]). PHENIX PROFIL2 ; fssion 36
) TRAPU ission
In order to understand the potential role of these products.
experiments, sensitivity analysis has been perfdrfoe Variable
each new integral parameter. Examples are given in actinide content
figures 1 to 5. pins
As expected, the sensitivity profiles confirm the _ Separated
potential role of these experiments for specifiact@ons . | 'sotope maduag 3
and energy regions and can help to discriminate ATR MANTRA cr)r::ibT:éct)i;%ne
between, e.g., inelastic and capture cross sections isotopes
Table | summarizes the full set of experiment (124 K - void
that have been used (facility, configuration, typk PROTEUS HCLWR regé:tivity; g
experiments performed). The description and/or the phase Il * reaction rate
references of the experiments used in past adjugésme ratios
caln be found in [7]. New experiments are indicatath SEGS : SEG6 Sample
a * symbol. SEG . reactivity 2
worths
Foil detectors
ASPIS IRON88 * | at several radia 11
3 Statistical Adjustment positions
JOYO Ket 1
The statistical adjustment was performed using the ECA FCA-IX* Reaction rate 18
method described in [2] and widely used in previous ratios

studies. This method has been shown to be equividen

A larger initial set of data was reduced to 124

integral

similar adjustment method, as shown by the extensiv experimental values based on several consideratiens
comparison of [2]. duplications, sensitivities, inconsistency  after
The multigroup neutron cross section adjustment hasadjustment, experimental uncertainties, etc.

been carried out using ENDF/B-VII.O data files and



A total of 45 isotopes including major and minor
actinides, fission products (FP), structural, capland
light isotopes were adjusted.

A 33 energy group structure was adopted (shown in
Table 1) and sensitivity coefficients were caldelth

V-VII. This type of analysis allow understandingetiole
of individual experiments and, hopefully, to undesl
their complementary.
Tablell. 33 energy group structure(eV). Lower energy
boundary 1.1 16eV.

Generalized Perturbation Theory (GPT) was used fgrGroup | Up Ener.| Groug UpEner. Groyp Up Ener.
static integral parameters and Time Dependent 1 1.96 16 12 6.7416 | 23 3.04 18
Perturbation Theory (TDPT) for isotope build up. 2 1.00 18 13 4.09 16 24 1.49 16
The result of the adjustment is a strong reductibn 3 6.07 16 14 2.48 16 25 9.17 16
the original (E-C)/C values, associated to crossise 4 368 16 15 15016 | 26 6.79 18
a;}dju_st_melnts (see Iate_r on) with a_generc'#lﬁed I_tmaj:ozf 5 22316 16 9.12 18 27 4.02 16
the initial cross section uncertainties. The Sty 6 13516 17 55318 | 28 > 26 18
(=0.982) tests indicate an overall reliability offiet
: o , 7 8.21 16 18 33518 | 29 1.37 16
adjustment. The most significant (E-C)/C reductians 5 5 b
show in Table Il and Table IV (devoted to fission 8 4.981 19 2031 30 8321
products related experiments). 9 30210 | 20 | 12318| 31 | 4.0010
The reductions of the (E-C)/C discrepancy are eelat | 10 18316 | 21 | 749186 | 32 | 54010
to specific nuclear data changes. A few examplethef 11 | 11110 ] 22 | 454186| 33 | 1.0010
major contributions in selected cases are giveTainles
Tablelll. Most significant (E-C)/C reduction for selected esiments.
Initial Final Initial Final
Experiment (E-C)/IC | (E-C)IC Experiment (E-C)/IC | (E-C)IC
% % % %
ZPR3-54 K¢ -1.188 0.017 BIGTEN F28/F25 5.6 0.6
ZPR3-53 K¢ -0.915 -0.028 BIGTEN F37/F25 3.4 -04
ZPR9-34 K¢ -0.874 -0.007 BIGTEN F49/F25 2.6 0.9
PROTEUS Void Coef. 480.0 2.3 COSMO F28/F25 1.626 6-0.7
PROTEUS-CS8 keff 3.950 1.881 FCA-IX-7 F53/F49 6.7 -2.2
PROTEUS-C8 C42/F49 -10.7 0.07 FCA-1X-1 F53/F49 8.7 0.0
PROTEUS-C8 F25/F49 -2.2 -04 FCA-1X-6 F53/F49 10.2 2.8
TRAPU Cm243 Build-up 107.0 0.07 FCA-IX-7 F51/F49 7.0 51
PROFIL1%%u in?*%u sample 32.8 8.3 FCA-IX-1 F51/F49 5.5 0.5
PROFIL22**Cm in?**Cm sample -8.7 1.9 FCA-IX-6 F51/F49 7.6 4.1
PROFIL12**Am in 2*®u sample 5.6 0.8 FCA-IX-7 F42/F49 4.5 2.9
PROFIL12*®Pu in?*%u sample 10.3 5.5 FCA-IX-6 F42/F49 -35 0.6
PROFIL2Z%u in®Np sample 6.7 3.3 ASPIS-FE-88 Al @hA7 -25.9 1.6
Np Sphere K 0.562 0.247 ASPIS-FE-88 S(n,p) A12 6.5 0.2
SEG6 Fe sample 55 3.0 ASPIS-FE-88 Rh(n, n")A14 0 -9. 1.1
Godiva F28/F25 4.7 0.5 ASPIS-FE-88 Rh(n, n")A7 -5.1 15

The data in Table V show the contributions of
nuclear data to the reduction afsE-C)/C depending
on the core major constituents and the type ofroaut
spectrum. In fact, ZPR9-34 is a U/Fe assembly B8ih
reflector while ZPR3-53 is a Pu/C/SS assembly with
blanket. However, in both cases the adjustmenthef t
fission spectra plays an important role.

Table VI shows the results for two experiments

experiment show the effects of tAEAm fission cross
section variations and some spectrum modification
effects associate to inelastic cross section vangst
while the FCA 1X-1 softer spectrum experiment shows
some effects related to low ener§{Pu fission cross
section variation. Also in the case of the FCA
experiments, adjustments of the fission spectra are
significant.

strongly dependent on Fe-56 data. Both have large

sensitivities to elastic and inelastic cross sestibut in
complementary way, the ASPIS-IRON88 S(n,p) neutron
propagation detection experiment being more semsiti
to higher energy data with respect to the SEG6 Fe
sample reactivity measurement

Finally, Table VIl indicates the improvement of the
reaction rate ratio F53/F49 obtained in the FCA IX
experiments: the harder spectrum in the FCA IX-6

4 Feedback on nuclear data

As far as cross section adjustments, the most
significant trends are indicated below and showFRigs

= %0: Significant elastic cross section decrease (~6%
and outside current standard deviation) and sorpadin
on B, scattering.



= Fe: Systematic increase of capture cross section As far as the new selected experiments, it has been
(higher at low energy) at 1.23 keV resonance a B%-  found significant effects: a) FCA experiments are
increase is observed. No major change in inelasiit sensitive to inelastic cross sections and fisspetsum,
some change in,P which allow a change in spectrum; b) The reductibn

= 2%: little changes in capture. Significant decrease the significant C/E discrepancy on the PROTEUS void
of x below 500 KeV. Pelastic decreases between 800 reactivity is due to many competing effects: intjgatar,
and 100 KeV. Systematic decrease of inelastic (with the low energy data 6f*Pu and®*'Pu play an important
respect to ENDF/B-VII.0). role; ¢) adjoint tailored experiments show cledhlg role

= 2% decrease of capture (~4% average from 25 of U inelastic (SEG6 steep adjoint) ai¥e elastic
KeV to 1 KeV) of inelastic ~5-10%. Change in shaje and inelastic (SEG5-6); d) the ASPIS-IRON88
X. Significant increase of the, Bomponent (200 KeV to  experiments impact, as expected, tfEe capture,
5 KeV). elastic, and inelastic cross sections.

= 2%y: Significant increase (~10%) of capture from
10 KeV to 1 KeV; some also at thermal energies.
Significant decrease of fission (average ~4%) beldw

TablelV. Most significant (E-C)/C reduction for fission
product related experiments.

KeV (also at thermal energies). Change in shape ¢f E ) Initial (E-C)/C | Final (E-C)/C
inelastic (significant). No significant changeynLarge xperiment % %
change of n, 2n (~+30% from 10 to 6 MeV). PROFIL1™Pd in'®Pd 17.9 48

An important feature of the adjustment is the sample ' i
generalized reduction of uncertainties (see e.gs.Fi4 PROFIL1™Ru in""Ru 9.4 3.4
and 15) for standard deviations. Regarding the sample
significant reduction in uncertainty due to alsce th PROFIL2 Srln in=Sm -10.0 1.7
introduction of negative cross correlations, Talldl PROFIlealQ]ge. e

" . sin~*Cs
show the uncertainties for some selected expersnent sample 13.7 4.3
before and after a(_jju_stments. _ PROFIL25Eu in ®°Eu

In general, fission spectrum adjustments (no sample 9.7 16
attempted before) have a very large impact in theé PROFIL2TPd inTPd 6.7 17
adjustment. sample ] )

For small critical experiments (JEZEBEL, | PROFIL1"Mo in*Mo 39 12
FLATTOP, BIGTEN) there are many compensationg sample ' '
among X, fission, and inelastic data for the major
actinides. Similar compensations are also founthrige Finally, clear indications for the improvement of

critical experiments (JOYO, ZPR-6/7, ZPR-9/34, ZPR- SOme FP capture cross sectiodSPd, *“Ru, ™'Sm,
3/53 and /54) with some contribution coming frone th - -Cs, *Eu,'*Pd, and®Mo) have been pointed out.
238U capture too.

Table V. Contribution to parameter change by adjusted @}ao ZPR9-34 and ZPR3-53 experiments.

ZPR9-34 ks ZPR3-53 k¢
Isotope Reaction Ig]ri[]gg Cont(r’;l):lutlon Isotope Reaction Iér;g[]gg Cont(r)l/(t)) ution
3 0.37 3 -0.264
4 0.95 4 -0.144
5 0.25 X 5 0.140
6 -0.22 6 0.191
=y % 7 -0.34 By 7 0.115
8 -0.38 fission 20 -0.087
9 -0.27 21 -0.083
10 -015 capture 16 -0.091
11 -0.08 17 -0.113
capture 7 -0.07 2 -0.247
20 -0.12 3 -0.329
56 7 0.10 23 4 -0.088
Fe elastic 8 0.11 U X 5 0.131
9 0.10 6 0.139
10 0.10 7 0.098
Total -0.867% Total -0.887%




Table VI. Contribution to parameter change by adjusted @jao SEG6 and ASPIS-88 experiments.

SEG6 Fe sample ASPIS-88 S(n,p) Al4
Isotope Reaction Energy Contribution | Isotope Reaction Energy | Contribution
Group % Group %
5 -0.13 2 0.14
6 -0.06 clastic 3 1.65
7 0.17 4 8.00
8 0.11 5 7.28
elastic 9 0.10 S6Ea P1 elastic 3 0.08
10 0.09 1 -0.08
11 0.13 2 -0.52
12 0.12 inelastic 3 -2.33
**Fe 13 0.12 4 -2.48
capture 7 0.10 5 -6.71
8 0.06 1 -0.61
3 0.24 2 -0.30
inelastic 4 0.12 By x 3 1.08
5 0.68 4 1.90
6 0.40 5 0.10
Total change 2.4% Total change 7.4%

Table VII. Contribution to parameter change by adjusted @ajao FCA IX-6 and FCA-6 experiments.

FCA IX-6 F53/F49 FCA IX-1 F53/F49
Isotope Reaction Energy Contribution | Isotope Reaction Energy | Contribution

Group % Group %

2 0.16 2 0.13

3 0.65 3 0.57

23Am fission 4 1.62 2430m fission 4 1.47

5 1.97 5 2.17

6 0.78 6 0.75

3 0.16 3 0.33

4 0.47 4 0.68

235 8 0.36 x 8 0.39

9 0.23 9 0.26

4 0.16 10 0.14

inelastic 5 0.21 19 0.15

6 0.21 o 20 0.17

7z inelastic 6 0.22 “Pu fission 21 0.17

>*Fe inelastic 5 -0.15 23 0.22
Total change 7.3% Total change 8.7%

5 Conclusions

discrepancies are observed with the current prapose
CIELO evaluations for some reactions of all the 5
isotopes. It is suggested to perform a further émation

An extended adjustment has been carried out addingyf the associated evaluations.

“elementary type” of experiments often intended for
specific reactions and energy ranges of the 5 Estof
interest of the CIELO initiative, nameljO, *°Fe, >,
2%, and **®Pu. Adjustments were also provided for a
number of important FP isotopes.

The down selection of experiments (eliminating
experiments probably affected by systematic eraors
with conflicting C/E values or also with unrealcstily
low uncertainties) together with the introductioh a
significant new integral data base, has allowed to
produce adjustments with an excellent level ofistiasl
reliability.

An important result of the present study is thajama
uncertainty reductions are observed for most isgop

As for possible future steps, especially in view of
new method developments that are underway (e.g. PIA
[12], continuous energy adjustment,), and most
importantly for avoiding, as far as possible,
compensations, it is very important that reliabled a
improved covariance data are provided by the etialua
community.

In particular there are still missing importantalat
covariance matrix data: some fission spectra, the P
moment of elastic scattering for most isotopes,

Feedback has been provided for the 5 isotopesgecondary energy distribution for inelastic crosstisns

selected as priority in the CIELO initiative: some



(multigroup  transfer  matrix),

Cross

correlations the WPEC expert subgroups 33 and 39 for their Setec

(reactions and isotopes), and delayed data (nubdr a are systematically applied.

fission spectra).

In the future, finer energy grids and eigenvalue

decomposition of the covariance matrix will

welcome.

Finally, it is confirmed the essential role playey
integral experiments, if the new criteria developétthin
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Table VIII. Uncertainty reduction for selected experiments.

Initial Final Initial Final
Experiment Uncertainty | Uncertainty Experiment Uncertainty | Uncertainty
% % % %
ZPR3-54 K¢ 1.092 0.149 BIGTEN F28/F25 13.62 0.81
ZPR3-53 K¢ 0.760 0.095 BIGTEN F37/F25 7.71 0.95
ZPR9-34 Ky 2.433 0.108 BIGTEN F49/F25 1.024 0.39
PROTEUS Void Coef. 115.9 6.411 COSMO F28/F25 6.0 0.86
PROTEUS-C8 keff 2.110 0.227 FCA-IX-7 F53/F49 11.62 1.5
PROTEUS-C8 C42/F49 19.11 2.312 FCA-I1X-1 F53/F49 9.19 51
PROTEUS-C8 F25/F49 1.051 0.424 FCA-1X-6 F53/F49 9.08 51
TRAPU Cm243 Build-up 49.19 3.64 FCA-IX-7 F51/F49 7.40 1.15
PROFIL1%%u in®*%Pu sample 16.43 7.59 FCA-IX-1 F51/F49 3.40 1.17
PROFIL2%*°Cm in?*Cm sample 33.42 2.16 FCA-IX-6 F51/F49 2.63 1.06
PROFIL12*Am in %*Pu sample 17.75 2.20 FCA-IX-7 F42/F49 4.93 1.23
PROFIL1%*%u in®*%Pu sample 4.66 1.33 FCA-IX-6 F42/F49 4.42 1.14
PROFIL2%*%u in®Np sample 4.20 2.27 ASPIS-FE-88 Al{)A7 62.66 5.11
Np Sphere K 1.028 0.287 ASPIS-FE-88 S(n,p) Al2 20.42 4.98
SEG6 Fe sample 4.37 1.51 ASPIS-FE-88 Rh(n, n")A14 2.72 4.01
Godiva F28/F25 4.43 1.06 ASPIS-FE-88 Rh(n, n")A7 .617 3.92
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Fig.7. Examples of adjusted cross sectiofie capture.
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Fig.8. Examples of adjusted cross sectidfidJ inelastic.
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Fig.9. Examples of adjusted cross sectidiidJ fission spectrum.
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Fig.10. Examples of adjusted cross sectidfi&J inelastic.
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Fig.11. Examples of adjusted cross sectidiJ capture.
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Fig.12. Examples of adjusted cross sectidi®u fission.
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Fig.13. Examples of adjusted cross sectidi®u capture.
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Fig.15. Standard deviations before and after adjustnfétut:capture.
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Fig.16. Standard deviations before and after adjustnf&fut:inelastic.
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