3"d Meeting of WPEC Subgroup 33 on
Methods and issues for the combined use of integral experiments and covariance data

June 2, 2010
NEA Headquarter, Issy-les-Moulineaux, France

Proposal for How to Determine
Error Matrix of Integral Data

Makoto ISHIKAWA
Japan Atomic Energy Agency (JAEA)



Discussion Points

» What kind of errors needed in the adjustment?

» Error matrix of integral experiments?

» Error matrix of analytical modeling ?



Theory of Cross-section Adjustment

* J.B.Dragt, et al.: “Methods of Adjustment and Error Evaluation of Neutron Capture Cross
Sections; Application to Fission Product Nuclides,” NSE 62, pp.117-129, 1977.

B Based on the Bayes theorem, i.e., the conditional probability estimation method
— To maximize the posterior probability that a cross-section set, T, is true, under
the condition that the information of integral experiment, Re, is obtained.

J(T) = (T-To)'MY(T-To) + [Re-Rc(T)][Ve+Vm]1[Re-Rc(T)]
Minimize the function J(T). — dJ(T)/dT =0

B The adjusted cross-section set T’, and its uncertainty (covariance), M’

v'We need Ve as matrix form,

T =To+ MG[GMGH4Ve+Vm]1[Re-Rc(To)]
M’ = M - MG{GMG'"+Ve+Vm]-:GM h

vand, VM as matrix form.

B Prediction error induced by the cross-section errors

Before adjustment: GMG! After adjustment: GM’G!
Where, To: Cross-section set before adjustment Ve : Experimental errors of integral experiments
M : Covariance before adjustment Vm : Analytical modeling errors of integral experiments

Re : Measured values of integral experiments G : Sensitivity coefficients, (dR/R)/(do/o)
Rc : Analytical values of integral experiments



Proposal for How to Determine Error Matrix
of Integral Experimental Data

» (Step 1) Evaluate the components of the experimental errors for
“Data A” and “Data B” quantitatively, and distinguish them into
Random errors (i.e., independent errors ( [g/=0 )between Data A
and B), or Systematic errors (i.e., common errors (Jg=1) between
Data A and B). If an error component cannot be systematic or
random either, divide the error to more detailed subcomponent
until the component becomes either.

» (Step 2) Sum up of the experimental errors of Data A and B with
Random (ommem ) and Systematic (ogwmn: ) components.

» (Step 3) Calculate the total error value and correlation factor:

. — 2 2 2 2
Total error of Data A : OTotal, A = i\/o-':z"’m@'om’A T Osystematic, A 2 O1otal,B = i\/GRandom,B T O'systematic,B

. O . X O :
Correlation factor between Data Aand B : p,, = Systematic, A~ Systematic,B

O7otal, A X O7otal,B 4
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Example to Prepare Error Matrix of integral

xperiment Data (Case 1:

r 4 ‘Ivv

Summary of Uncertainties in the Zone Sodinm Void Measurement in ZPPR-9

Table 2.12.
Uncertainty
Source of Uncertainty cents [ ufmgu{ed
reactvity
Fod Ce‘l.lII.ti:lg +-(0.2) b
drop statistics vt
method Aiand Hif 8 +-1.0
Ri-e:
MM e =02
method
MeszuTement Fi s )
technique ﬁ,_. negligible
-E'r.i |
T +-05
Interface zap +/-0.03
Adjustment Temperaure +-0.27
FPu decay +/-0.0013
Interface zap (included in
Geometry adjustment of measurement -
technique)
Pu mass
T mass
PR— Sminless steel weight Depend on
deviation of Soddinm meass measg:ec woid
material mass 0 mass zones (see Table
Composition C mass Z1o01)
posi e -
Pu isotope ratio
17 isotope rato
Femoved sodium mass +-1.0
Difference of stainless steel weizht betwesn
the sodium-flled plates and the empry +-0.16
plates

uncertainty.

{a) Every valie in this column depends on the individual measurement case and is a relative

(b} Generalized uncertainty, refar the acheal uncertainties presented in Table 1.13 and Table 1.14)

Table 1.13.

Results of Zone S

~voiding Measurements in ZPPE-P.

o
(Ref "ZPPR-11 Monthly Report for February 1080, ZPR-TA-361, Armonne Marionsl Laboratory (Feb.
1980}

Step Tetal Zans Zone
MNo. Size,

Beactivity Change.™

Random error
0.2 % for Step3 and Step5

0.2 % for both step
0.0 % for both step
0.5 % for both step
Step3: 0.10 %, Step5: 0.09 %
0.09 % for both step
0.00 % for both step
0.0 % for both step

1.0 % for both step

(Sub total)

Step3: 1.16 %, Step5: 1.16 %
(Total error)

ZPPR-9 Na Void Reactivity)

Systematic error

1.0 % for Step3 and Step5

Step3: 0.72 %, Step5: 0.67 %

0.16 % for both step

(Sub total)

Step3: 1.24 %, Step5: 1.21 %

Step3: 1.70 %, Step5: 1.68 %o

p(between Step3 and Step5) =

O-Systematic (Step3) X O-Systematic (Steps) _

O-Total (Step3) X O-Total (Steps)

0.53



Example to Prepare Error Matrix of integral
Experiment Data (Case 2: ZPPR-9 Reaction Rate Ratio)

"lvv- ‘\ -

Table 2.22. Uncertzsinties Assigned to the Detector Calibration (Peference &)

In ZPPR-9, the reaction rates

Typical Uncertainty (%o of messured reaction rae)
Reaction Rate Reaction Rate R.x.rjl:u_QU were measured
24 _': 258 L “Uim, £ U (m, £ - o, ) 1
e | Ve | U@ | Ve | sppy | pumn | pe g and at the same foil place.

1.5 1.3 19 1.0 1.0 1.8 1.2

Tsble 2.26. Combined Uncertainties of Mapping Foil Data.

T e ot ] Assume the systematic error of two
com | el | corm | gefell corm | 2ROR | cor | FROAL reaction rate ratios (e.g. F49/F25 &
=y 13 11 17% Lo® F28/F25) come from the error of the
Compontos | i | = o [ o oo T or oo | on common reaction rate (F25).
Total 1.3 1.3 11 15 1.7 1.7 1.0 13

(a) see Table 219,

Table 2.27. Combined Uncertaintes of Feaction Fate Fato.
(in core region)
Typical Uncertainty

(%% of measured resction rate ratio)
FI3F49 FlEF49 ClEF40
p\Tro J7s Treo Jcoe Teo Total Error 2.7% 2.0% 1.9%
Afoas Mappins o 11 j 13 (17 |13 |10 |13
techmique Sub-total 7 2.1 1§
Dratector calibration 1. u 1.8™ 12" F28/F25 1 O
Geometry neslizible negligible nezlizible : .
Composition A L Clarisivat Symmetric.
Toml 2.0 2.8 20 orre atlon

(a) see Table 2272 — el factor F49/F25 023 1 0

C28/F25 0.23 0.32 1.0
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7/

Q DOYNNO N\ /M)
o FZUVg Jvy)

The 1550e i5 the uncertainty m the franslabon fiom the heterogenecus assembly model to the
bomweenows beudheuk mode]l. Becawse (eere 15 8 stong conelalion belween (e o caloulaliomns,
the difference in the two calculabons czn have a muck smaller unceranty than either mdividual

calculation Thatis, the calculations for the fransformation Ax value are based on the same code and
on the same cross sectm_u 11'11]:: J.tmlﬂ.t sensitvities -::uFl-.ﬂ-tc- T]l-E' cross sections, and are thns ]Jldlh

orcer of magnimde, of :I:EI 2% Ak Hdd_ug in qﬂdnn.re the vncertainties due to use -::uf EI‘{DF ’ELT

cross sections and the uncertaméy of (. 6% from statistics in the two VIM calculations yields a total
uncertamnty in the traneformation Ak of 0.21%% Ak
The keff error of

ZPR6/Assembly7 should be:

Table 33. Experimental and Benchmark-Model Eigenvalues ™

0
Measured k.= 1.00093 = (L0003 i 023 A)Ak
Experiment ks 1.00051 £ 0.00087) : _ _
Monte Carlo fransformation of model 10.0139 , |nc|ud|ng the extrapo|at|on
Benchmark-Model ke 0.986q= 0.0023) —7

uncertainty estimation for the

(a) Each uncertamty estrmate 15 one standard deviation large transformation (-1.39 %dk)
between detailed Monte Carlo
model and simple 2D RZ
homogeneous model.



Additional Exper nformation 2

MDAf- 1
(RET. 1

Composition of Fuel Plates Composition of Fuel Plates
in ZPR6/7 in ZPPR-9, 10A

Same ! NEANSCIDOE(2008):

o Liquid Metal Fast Reactor - LMFR
Liquid Metal Fast Reactor - LMFR ZEPR-LMER-EXP-001
CRIT-SPEC-REAC-RRATE

NEAMNSCIDOC{2008)1

ZPR-LMFR-EXP-001
CRIT-SPEC-REAC-RRATE

Table 1.14. Pu-U-MoDow Fuel Compositions

Table 1.4.24. Pu-U-Mo Dow Foel Compositions . . Nomina] Sizefl Pu™ Mo | *Am™ U
ID Number Fae D (inches)® || Mass(z) | Massi) | Mass(z) | Mass(z)
Plats ID Nominal Size Pa™ Ma 1 gm™ U 1 p“T'lr:If [:O“ 025xix4 || 123.8230 | 110777 | 08172 |301.9836
(inches) Mazs(z) | Mass(e) | Mass(e) | Mass(=) pu_'U_\;"béw
Pu-U-Mo DOW (1/4x2%4) 025uled 1238230 | 11.0777 08172 3010834 2 a _'1525__‘-) 025xix5 | 156.5097 [ 13.0032 | 0.0050 | 3814410
Pu-U-Mo DOW (14x2%5) | 025xdxs | 1565007 | 130031 | 0.9959 | 3814410 - U DOW — — —T
Pu-U-Mo DOW (1352%8) ] 1585543 | 160708 | 12835 | 3510838 3 i D25xf || 1888543 | 16579 | 12855 | 461.9838
Pu-U-Mo DOW (L322%7) 2212774 | 19,6754 | L4110 | S40.1881 X muMenow | | T o lesaree
Pu-U-Mo DOW (1/4x2x8) 025x2x8 2545300 | 22.9605 15064 | 621.3367 (14x2xT) _ i B B
(3)  Cnwter clad dimensions. 5 p“"ll_}ggf“ 025xx8 [ 2546300 | 220605 | 16064 |621.3367
() Masses of *'Puand *'Am in the mable comespond to Tapuary 1. 1977 P—— —
ELR) A 241 — . A ] T Ciad NSNS,
Pu and * Am masses are decay-comected to the date of the () Masses of **'Pu and *'Am in the tsble cormespond to Tannary 1, 1977

mexmement in all calculational models.

Table 1.1.5. Pu-U-Mo Dow Fuel Pu and U Isotopic Weight Percents ™'

Table 1.4.25. Pu-TI-Mo Dow Fuel Pu and T Tsotopic Weight Percenrs.”!
ID Mumber 1 2 3 4 :
Pu-U-Mo DOW | PuU-MoeDOW | Pu-U-MoDOW | Pu-U-MoDOW | Pu-U-Mo DOW Pu-U-Mo DOW | Pu-U-Mo DOW | Pu-U-Mo DOW | Pu-U-Mo DOW | Pu-U-Mo DOW
Isotape (Li4xdnd) (Lidulxs) (1/4x2x6) (L) (Lidxdxl) Lsotope (at) (1az2x) 1 a2e8) (LsosT) Lot
“*Pu 0.0:72 0.0s11 (0402 0.0316 0.0340 gy 0.0372 0.0311 0.0402 01,0326 1.0340
P 87.1050 872314 87.0382 872054 £7.1611 oy B7.1050 87.2316 870382 £7.2034 27.1611
Py 11.6131 116167 11.6133 116123 11,6239 *n 11.6131 11.6167 11.6133 11.6123 11.6229
R 1.0733 0.9808 1.1261 10020 1.0332 Hipy 1.0733 0.0808 11281 1.0029 1.0232
T 01714 0.1398 01822 0_1480 0.1588 Py 0.1714 0.1308 0.1822 0.1480 0.1588
=y 0.2199 0.2200 02301 0.2300 0.2200 .t 02189 2200 0.2201 02200 0.2200
amr 09 7801 00 7800 00 7709 0o TR00 00 7200 = 92,7801 22,78 99.7799 90,7800 20,7800

(a) Plutonium weight percents in the table comespend to Jamuary 1, 1977, *'Py and **' Am masses ame decay- ()  Phatonium weight percents in the table correspond to January 1, 1877,

commected to the date of the measurement m all calcalational models.



Additional Experimental Information 3

(Ref: P. J. Collins, “Integral Experiment Information for Fast Reactors,”
Advances in Nuclear Science and Technology, Chap.4, Plenum Press, 1982)

TABLE VI

Covariance Matrices for CSEWG Benchmarks

In the benchmark data, reaction rate ratios usually ayre

) Std derived for a common denominator reaction rate. This leads
Experiment Dev.,% to a strong correlation for reaction rates i _same assem-
bly. For example, consider zsf/ f ana ° f/hgf. Assuming
ZPR-3/48 1 2 3 4 | for the moment that the measurements have no common uncer-
tainty components and let O, be the standard deviation of =
1 28 k25 0.10 1L oo 0 qgf’ etc., we have 2
2 c/7€ 4.4 0.53 0 - - _
28_ 25 ﬁ”f/“gf, 28/%%) = 0,2 (0,2 + 0, M0 2 4 o 27 7
3 £/ f 4.6 1 0 — S . — T
ZPR-6/6A :
4 k 0.10 1 Then, for example, if the standard deviations are all equal,
28 25 . .
6 8¢/ 2.8 1 O 0D 285 023 -0 0 0.37 -0.26
ZPR-6/7
7 k 0.10 1 0 0 0 0 0 0 0
g 28.,%%¢ 2.3 1 0.24 0.40 | 0 0.21 0.12 0.13
49
9 28¢,4%¢ 2.9 1 0.3¢ |0 o0.04 0.57 0.24
10 “2e/%% 2.1 1 0 0.05 0.24  0.53
ZPR-9/31
11 k 0.10 1 0 0 0
28 49
12 2%/%% a3 1 0.17  0.19
8
13 28¢,%%¢ 2.6 1 0.46
14 e/ 2.4 1

Note that measurements of criticality in the various configurations are assumed to be
uncorrelated with each other and with reaction rates measured in the same or different assemblies,
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13

14
15
16
17
18
19
20

Proposal for Matrix Ve (Experimental Error)
No. Core 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20

/""(.."x"\s
Jezebel - F28/F25 0 J’ 1.1 ) -------------------------------------------------
Pu239 F49/F25 o +02 09 ) J(ORES C2)
r~ \Y U4 ’,—"’ ’,
F37/F25 0%, 0.2 +0.3 ,.1.4,1’ o
Jezebel - Keff S=A T =T s
e 0 0 0 02 i / -
Symmetric
keff 0O 0 0O 0 0 03 i ,,
- YTy J
Flattop F28/F25 0o 0 0 0 0 0411 3
1 /
F37/F25 0 0 0 0 0 01r+02 14} (OHP-7)
XY e
keff o 0 o o o0 o 0% @ y
Prandal o aaiy 4
F28/F25 0O 0 0O O 0 0 0 0 0+730 ™\
ZPR6-7 4 A
F49/F25 o 0 0 0 0 0 0 0 @d +02 21 -
r~ 4
C28/F25 00 0 0 0 0 0 0 O +02+03 L2.4)'
s’
ZPR6-7 N s R
S keff 0o 0 0 0O O 0O 0 0 +09 0 <9 o0
keff 0o 0 0O O O O O O0(+06..0 0 0¢+06 015
F28/F25 o 0 o0 O O O O O0O O 0 0 0 0 (OHP-5)
F49/F25 0o 0 0 O o0 O 0 0 o0 \o 0 O0/O
ZPPR-9
C28/F25 o 0 0O O O O O O O 0 0 0 O
Central Na void 0 0 0 0 0 0 0 0 0 0 0 0 0
Large Na void 0 0 0 0 0 0 0 0 0 0 0 0 0
Joyo keff 0o 0 0 O 0O O O 0O O 0 Y9 /o o 0 0.18
*  Diagonal term: Error value (1 sigma, %) (OHP-8) 10

** Non-diagonal term : Correlation factor (between -1 and +1)



Proposal for How to Determine Error Matrix
of Analytical Modeling Method

» (Definition) Analytical modeling errors which are included in the
calculation values, besides contribution from nuclear data covariance.

» (For Continuous Energy Monte Carlo method with as-built
model) Only statistical errors with no correlations. However the

most of MC codes estimate errors with considering no correlations.
* Correlation between integral parameters estimated in the same MC run.

(ex. reaction rate ratio)
* Correlation between generations (cycles) for eigenvalue calculations.
For the latter case, the apparent (classical) variances are always smaller than the real ones,

though the degree of underestimation depends on problems.

» (For Deterministic method with as-built model) Estimation from
the sensitivity to approximation details of the models such as
transport effect, mesh-size effect, ultra-fine energy group effect, Sn-Pn
order effect, etc. Note that these analytical modeling errors must be
considered, even if the correction factors by the detailed modeling
were applied to the final calculation result. See Sugino’s example. 11



Concluding Remarks

» JAEA would like to establish the standard of methodology
for error matrix evaluation needed in this SG33 activity.
B Covariance of nuclear data (or group constants), <- out of scope (later),
B Standard deviations and their correlations of integral experiments,
B Standard deviations and their correlations of analytical modeling.

» Error matrix of integral experiments.
O Components of errors (measurement, geometry, and composition),
O Characteristics of each error component (statistical, or systematic),
O Determination of absolute error values,
O Determination of correiation factors in error matrix.

» Error matrix of analytical modeling.

v' Definition of analytical modeling errors (included in Calculation values
besides contribution from nuclear data covariance),

v" Monte Carlo calculation (including only statistical error),

v Deterministic calculation (affected by various approximations of neutron
transport equation). 1



