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v Donald L. Smith : “Nuclear Data Uncertainties in 2004: A Perspective,” Int.
Conf. on Nuclear Data, Santa Fe, Sep. 2004. - - = Thus, the principal
motivations for understanding uncertainty and developing methods that apply
the tools of statistics stem mainly from practical considerations. These can be
summed up by the “big three” motivators: “safety,” “cost,” and “reliability.”

v M. Salvatores: “Advanced fuel cycles and R&D needs in the nuclear data
field ,” Workshop on Nuclear Physics and Related Computational Science
R&D for Advanced Fuel Cycles (GNEP), Maryland, Aug. 2006.
a
tight co-operation of nuclear physicists, reactor physicists reactor system
designers. A major challenge: the nuclear data covariance assessment. 4
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H = 2
HAEDESE

(B FLE) Donald L. Smith: “Probability, Statistics, and Data Uncertainties in Nuclear Science and

Technology”, OECD/NEA, 1991

v 48X (Variance) : i = var(x;) =< (X _mOi)2 > fori=1n

o H#E{RE (Standard deviation) : T#ERHEIIZXFTHBIEDESL

o, =std(x)=./var(x) (M =(x): mean value)
v 98 (Covariance) :

i = COV(X;, X;) =< (% —My; )(X; —My;) > fori, j=Lnwith i = |

o 1HEAfR¥ (Correlations) : HAEETFBIEILIzED: [ShapellxdtTH5BEDESLY
L cov(X;, Xj)

l O3 T stA(x)xstd(x,)

T, 98- FEHEITH (variance-covariance matrix) (FEf=IZ B, ;£ 84TFI1) EFESN,

— X FIEEF L D(symmetric), S IE Z1E (positive-semidefinite) D775Y/ @

where, —1< p;i <1
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¥%T—32 L5
(Pu-239%% 9 & It vs. Pu-2398 9 3 Uit )

Ao fo vs E for Pu 239 F|ssuon

<a|z \ﬁﬁé%u%pﬁiét(z 5~30keV)0>—%B)

25_(%%‘&;@;1’ Eigz) - (Eﬁnzl:ﬁﬁ_ﬁﬁﬁm i Ordinate scales are % relative

3.5

standard deviation and barns.

Abscissa scales are energy (eV).
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BRI DERR (1/3)
(EAR7—X: STE2HEE)

IRILF— %R, &FE@IE (barn)

6
iR TR Iﬁﬁﬂ * GAIEA
cl 62 (k) 5 J—
m HIEB
BIEA . -
A GAIEC
BIEB 2.2 3.2 4.2 = ‘
| ==
e 1.8 28 3.8 E x BIED
SAIED 2.4 3.4 4.4 ~ 5 x BIEE
HIEE 1.6 2.6 3.6 -o-EH{E
T4 2.00 3.00 4.00 1
BEERE 0.28 0.28 0.28 0 , , ,
ol o2 o3

ol HHES R B 61 vs. 63 DAER

T [

T HIEB +0.10
<k)YyOR ol +1.00 ¢ +1.00-= e +0.10
62 +1.00 1 +1.00 AIED R

BIEE +0.40

63 +1.00 +1.00 1 — amn +1.00
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FERR{ZREDE K (2/3)
(B —R1: 1DDT—H3DH SbarnlZEE)

IRILE—, BFE. &FE@IE (barn)

cl c2 ¢3 5 . _—
BIEA m BIEB
HI%EB 2.2 3.2 4.2 : A RIEC
AIEC 1.8 2.8 3.8 §3 x BIED
BED 2.4 3.4 4.4 =, x RIEE
ARE 16 26 36 % o FHfE
Tyl 2.60 3.00 4.00 1
BEREZ 1.23 0.28 0.28 0 : : :
ol 62 o3
I T |
, HIEB -0.05
<R)YOR T el +0.23 (+0.23 2= s
02 +0.23 1 +1.00 AIED -0.05
AIEE +0.23
03 +0.23 +1.00 1 \‘ &5t +0.23

N 12
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(LS —R2: 3DMDT—AR% SharnlZZEH)
IRILF—, %, }iﬁﬁﬁ? (barn)

- 6
HE iR BT fE BT fE o AlIFE 1
ol o2 o3 3 PN = A .
m AIE 2
AIEA 5.0 3.0 4.0

4 e
AEB 22 5.0 4.2 / M A AI%E 3
3 x BIE 4

HEC 18 2.8 5.0 g §
HAIED 2.4 3.4 4.4 ~, x HIZE 5
AIEE 16 26 36 s o FiiE
TiiE 2.60 3.36 4.24 1
BERE 1.23 0.86 0.46 0 : : .
ol o2 o3
g ol AR E o1 vs. 63 DAER
TREIRIL  p— s oa
. D BIEB +0.01
<Rk)YvOR al 1 006 (-0.20-=< o
HIFEC -0.21
62 -0.06 1 +0.04 AIED -0.01
HEIEE +0.22
63 -0.20 +0.04 1 \‘ &5t -0.20
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=“— )LD N )L (1/2)
(Peelle's Pertinent Puzzle: PPP)

O—D2DHMEED ITHLT,. Z2DBIET—4H d,=15&d,=1.0(=RIkLd) BH 5.
@d, &d, [FER. 10%DMITAIMEL, 200D BLHBELZH->TLVDENDET S,
—> d, &d, ODFEHE,, (+RERE 0, ) ERDEL,

ave

<— L&/ ZFEICKHHE>

1.52 x (0.1% + 0.22 1.5 x 1.0 x 0.22
o kooxam wo [MEXOLI02) L5xL0x02 | [0 us 00e))

1.5x1.0x0.22  1.0% x (0.12 + 0.22) 0.06 0.05

A

$ERR RS R — [ 1.0 +0.8]]

+0.8 1.0
‘ FIE: doye = (6:M-16) " 6'M~1d = 0.88
BERE: o0, =/(GM16)1=0.218
@ |,

d, & d, DREELTH (design matrix): ¢ =[1.0 1.0]
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Peelle's Pertinent Puzzle

| — 972 =(d-A*d_ave) t* M~ (-1) * (d - A*d_ave)|

35F

30

251

20

15r

10}

5k

dl=1.5,

d2=1.0

rand_error=10%,

sys_error=20%

8.0

= — )LD INX L (2/2)
ERE Mo DEER)

Peelle's Pertinent Pazzle - probability distribution function

p(x|d) = Const.*exp{-0.5%(x-d) ~t*M~" (-1)*(x-d)

dl=1.5, d2=1.0 Xlzxza)aqlsj L

rand_error=10% sys_error=20% \
[-

2 o0
30N
o8 022 ﬁ

-> d_average = 0.882 +- 0.218

2.0
Y {EDEIE
: 0,,,=0.88D
,/ \
// L.57
.é</ N
O‘.5 d_la.[\)/e 15 2.0
d1-15, d2-10 1.0
H OO IEH FELS
#Enlcgde. 0.5
<€
0.0
0.0

(Ref.) 1. D.L.Smith®#F}& . pp.205~209, 1991.

2. FEBTE—ILD/NXIVIZDONTI #%T—F2=2—X No.41, N0.42, 1992.
3. K.M.Hanson, T.Kawano, et al.: "Probabilistic interpretation of PPP and its resolution”,

Proceedings of ND2004, pp.304~307. 2004. P g 1 o1 — ‘15
4. D.Neudecker, et al.:"PPP: A Fake Due to Improper Analysis", NSE 170, pp.54~60, 2012. (BEDBEFEIL. d,,=1.2140.30/22:85, )

T T T
0.5 1.0 1.5 2.0
x1

(%3%) _LEDFEIL, B.G.EEL LTG5
(additive) TH B DA FZI TH B. RIEILE
ZELEFERR (multiplicative ) /Z/F B FH TE74cL



#%T— 3 HSHOFmE (1/2)

<KEREHI> HPBUEX. SATSVEMTHERLI-AEEEBELI-LDOTH
(TNIEELEN, T —FDREEFFMEREICEL,HREFSIZEN
YUEFELUN, (B#i /L. 20D51T5UD., 5BLEBETIMIES-E-ERL THo7
ELTE, — B R E LR T — RS T — FE TN IR E DNV TEHBL TOBDIHL T,

ML D PS5 PBERT I T AV IRGEED S STITHRELIZIEIFET UL, EDHEA I LR E
ST 7L, )

<K TG H 5 EREFME >
1. —em/PN2FE

HL. HAIRIINF—EETORT—FATEENEEIZHIGEICIE, —RIER/DNZFEE
(GMA™I—FEE) IZKY ., ZORMEEER N HERFFICHFELIZENTES, =L, EETSE
HIERE/H=HICIE,. ERT—INRE M BRERLURMLRE)ZEENITHET S
WHERHDHN ., —fRIZ. CNIFFERICHETHLIEEHLN TS (e.g., Ref.4-6),

12, RBREICDWLTIX, PPPOVLC NS EIIZZFDHRAEAN—_XLETEEL-SA T,
REBEBRVEDPBREHET IFELZRETSIVLENH D, JENDL-4.0IZHENTIE, TERKIE
DEFHEIFILF—EE TOXRLHREEEDEMEIC. EHOZENEERNEEZRFIC—
b /N FETRTSA BB fittingd AT B B EHM % (SOK™a—FR) 1A AL F=HY,
CCTlE, LEEDRMREDIFEERN T TEND THALEMELT, STETEHEON-EZERFE
[ L T—EDT7952—2.0%F LT, JENDLA.OD HERELI=EDZETH S (Ref.3-7)

* GMA: Gauss-Markov-Aitken.

** SOK: Simultaneous evaluation On KALMAN. @
— 16




T —2ESRROFEE (2/2)

<K FHIGZH 7 EREEME (B E) >
2. SIS AR

JENDL-4.0Tl%., U-235, 238, Pu-239% EDEET7HF R D o B I8 MBI, JAIE T —4
% R-matrix Cfittingg"ASAMMYO—RZ AUV TORNLAG M L =0 B H IR /NS A—REZ D
HABMAIEBINTINS, (F21EL. DEELLIE/ NS A—S2D H B (File32) I KEETH D
=86, INZEmiEL 581 (File33) [CZE#L TIENDL-4.0[2H& SN T=, ) HH.SAMMY
O—RDEFEHETHAE ST OEYE/NEE THSEHEINT=T=6. /1\v I TS
FERZE . RIBILRELGEDHBEZENTICANDZEIZKY ., YR LEGEIZHAEINT-
(Ref.4-4) EDZETH B,

3. KalmanZ4JL%%

HRITEDORIERNSA—2% BTEIEAEEZ AL TBayesH EIC kY HEIL T 5%
THY . LN KFEIAEANBIHKLI-KALMANI—F (Ref.2-1) & REDRERTF—2BH/ETE
J—F~ (CCONE. GNASH, EMPIRE, TALYSZ &) A B HE THEAEGEEMICALIY NS,
CDHEDNDHERDHRIL. HREBHETIILEBLT, ERT—2OLENIR)LF—FEEIHL
TH. £ BELMEINET HENTEDCETH D, — A RIBERNNSA—ADREZREE
ERTAENSTHADBEHEZRIRET AL RERTET ILEKRDO R % £ 5 8T
[CRERTELRNCELRED R AN H S (Ref4-7) , T-EET—2DOHEBEIZEIHARIEIL. fit
DAHEERETH S,

4. FVTHILAMC) %

TEDHEHEENDR LIZEHE-STEREINDDOH D, MCEDF| FITIZIER /S5 A—42
DREEFRBZFERALEWN O, BEEDRENVDETIHENETHIN, BIER/NTA—4
DsamplingD =12, TDERIFRREES MK -HEZERTILELHD. T=. &
HRETILBAERDORMEOCER T —2ICET HERE I thDBayesH B A LR R TH S, 17
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DAFEISIZERRET S,
* MMOIZEHNEERH. RHEF)ICHER, =0
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KARERE (1/2)

— iR L R ENE R

B EEOEIER: FOUOAROELEICHTIEDBEERODELL (BE)ZEHRD

'l:|||||

B —fRALEHER: COREZTMIOINRE, RIGEL - RIGEF THGRLT:

<HAERFLE> - Usachev (1964) —#HT. RIGELEIIHT HERIE
- Gandini (1967) —RISEFEFTRADLDIZHLR
- Stacey (1972) —NeumanniR#EREAZRAWLT, MEMICHECHERZEE
- ZH/-EH (972) —HEKAMNAUR—EFADEENLER
- [R-/TH (1984) —RREZREMAEITI—RSAGEPE/ERL- AL . EF1E

* HEEOEY — BERFEZERZISELIFTES
+ (BEF) PHEFRNECL TREMICREFEIZHES
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Step 3 & Step 5)

T ~ s Reactivity Reactivity
(PRI, IRPhEP /\2 799 O IPPR-9 *E%%b\ L a)#iﬂ") change (cents) change (cents)
Table 2.12. S rof U R . I Toid Meacnr, : X Step3 Step5
able 2.12.  Summary of Uncertainties in the Zone Sodium Void Measurement in ZPPR-9.
(97Drawers, 29.39| (97Drawers, 31.68
T =+ 8inches) =+ 20inches)
Source of Uncertainty . % of measured conmnan Independent comnen Independent
reactivity ® error (%) error (%) error (%) error (%)
Rod C ou'nn_ug +/0.2) ()
drop statistics 0.2 0.2
method | Aiandfi/f +-1.0
Ri-& ‘ 1.0 1.0
MSM 2o +-0.2 0.2 0.2
method
Measurement Per 1 o
technique B2 negligible 0.5 0.5
o2 0.1 0.1
Sef 2 ) 0.9 0.9
S -0.5 0.01 0.00
Interface gap +/-0.03
Adjustment Temperature +-0.27
Pu decay +/-0.0015
Interface gap (included in
Geometry adjustment of measurement - 0.042 0.038
technique)
Pu mass 0.024 0.062
U mass 0.19 0.15
[ — Stainles§ steel weight Depend on 0.68 0.64
deviation of Sodium wass measured void 0.043 0.044
material mass O mass zones (see Table 0.0038 0.0042
Composition - C mass 2.10(1)) 0.019 0.023
~"Pu isotope ratio 0.14 0.11
U isotope ratio 1.0 1.0
Removed sodium mass +/-1.0
Difference of stainless steel weight between
the sodium-filled plates and the empty +/-0.16 0.16 0.16
plates
(a) Ev er): \'alue in this column depends on the individual measurement case and 1s a relativi Sub total o4 T 195 T4
uncertainty.
: Total 1.93 1.88

(b) Generalized uncertainty, refer the actual uncertainties presented in Table 1.13 and Table

AR . p=

1.0* +0.038° +0.024% +0.15% +---

=0.405

1.93x1.88
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“There seems no "golden rule of thumb" to improve
the real covariance data, therefore, the persistent
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