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i i iDiscussion Points

What kind of errors needed in the adjustment?

Error matrix of integral experiments?

Error matrix of analytical modeling ?y g
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Theory of Cross-section Adjustmenty j
* 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.

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-T0)tM-1(T-T0) + [Re-Rc(T)]t[Ve+Vm]-1[Re-Rc(T)]
Minimize the function J(T). → dJ(T)/dT = 0

The adjusted cross-section set T’, and its uncertainty (covariance), M’
T’ = T0 + MGt[GMGt+Ve+Vm]-1[Re-Rc(T0)]
M’ = M - MGt[GMGt+Ve+Vm]-1GM

We need Ve as matrix form,
M M MG [GMG +Ve+Vm] GM

Prediction error induced by the cross-section errors
Before adjustment： GMGt After adjustment： GM’Gt

and, Vm as matrix form.

Before adjustment： GMG After adjustment： GM G

Where,  T0 : 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)/(dσ/σ)
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e e su ed v ues o eg e pe e s G Se s v y coe c e s, (d / )/(dσ/σ)
Rc : Analytical values of integral experiments



Proposal for How to Determine Error Matrix 
f I t l E i t l D tof 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 (        )between Data A 
and B) or Systematic errors (i e common errors ( ) between

0=ρ

1and B), or Systematic errors (i.e., common errors (       ) between 
Data A and B).  If an error component cannot be systematic or 
random either, divide the error to more detailed subcomponent

1=ρ

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 (S ep ) Su up o e e pe e e o s o d w
Random (    ) and Systematic (   ) components. SystematicσRandomσ

(Step 3) Calculate the total error value and correlation factor:(Step 3) Calculate the total error value and correlation factor:
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Example to Prepare Error Matrix of integral 
Experiment Data (Case 1: ZPPR-9 Na Void Reactivity)Experiment Data (Case 1: ZPPR 9 Na Void Reactivity)

Random error Systematic error
0.2 % for Step3 and Step5

1.0 % 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

Step3: 0.72 %, Step5: 0.67 %

1.0 % for both step

0.16 % for both step

(Sub total)
Step3: 1.16 %, Step5: 1.16 %

(Sub total)
Step3: 1.24 %, Step5: 1.21 %Step3: 1.16 %, Step5: 1.16 % Step3: 1.24 %, Step5: 1.21 %

(Total error)
Step3: 1.70 %, Step5: 1.68 %

)5()3( × StepStep SS σσ
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Example to Prepare Error Matrix of integral 
Experiment Data (Case 2: ZPPR-9 Reaction Rate Ratio)Experiment Data (Case 2: ZPPR 9 Reaction Rate Ratio)

In ZPPR-9, the reaction rates 
d i thwere measured in the same run 

and at the same foil place.

Assume the systematic error of two 
reaction rate ratios (e.g. F49/F25 & 
F28/F25) come from the error of the 

common reaction rate (F25).

Reaction Ratio F28/F25 F49/F25 C28/F25

Total Error 2 7% 2 0% 1 9%Total Error 2.7% 2.0% 1.9%

Correlation

F28/F25 1.0

F49/F25 0 23 1 0
Symmetric.
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factor F49/F25 0.23 1.0

C28/F25 0.23 0.32 1.0



Additional Experimental Information 1
(Ref: ICSBEP2009 DVD)(Ref: ICSBEP2009 DVD)

The keff error of 
ZPR6/Assembly7 should be：

kΔ± %23.0
, including the extrapolation 
uncertainty estimation for the 
large transformation (-1.39 %dk)large transformation ( 1.39 %dk) 
between detailed Monte Carlo 
model and simple 2D RZ 
homogeneous model.
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Additional Experimental Information 2
(Ref: IRPhEP2009 DVD)(Ref: IRPhEP2009 DVD)

Composition of Fuel Plates 
in ZPR6/7

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

Same !
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Additional Experimental Information 3
(Ref: P. J. Collins, “Integral Experiment Information for Fast Reactors,” g p

Advances in Nuclear Science and Technology, Chap.4, Plenum Press, 1982)
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Proposal for Matrix Ve (Experimental Error)
No. Core 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1

Jezebel -
Pu239

keff 0.2

2 F28/F25 0 1.1

3 F49/F25 0 +0 2 0 9 (OHP-6,9)Pu2393 F49/F25 0 +0.2 0.9

4 F37/F25 0 +0.2 +0.3 1.4

5 Jezebel -
Pu240 keff 0 0 0 0 0.2

6 keff 0 0 0 0 0 0 3
Symmetric

( , )

6

Flattop

keff 0 0 0 0 0 0.3

7 F28/F25 0 0 0 0 0 0 1.1

8 F37/F25 0 0 0 0 0 0 +0.2 1.4

9 keff 0 0 0 0 0 0 0 0 0.23

y

(OHP-7)

ZPR6-7
10 F28/F25 0 0 0 0 0 0 0 0 0 3.0

11 F49/F25 0 0 0 0 0 0 0 0 0 +0.2 2.1

12 C28/F25 0 0 0 0 0 0 0 0 0 +0.2 +0.3 2.4
ZPR6 713 ZPR6-7
Pu240 keff 0 0 0 0 0 0 0 0 +0.9 0 0 0 0.22

14 keff 0 0 0 0 0 0 0 0 +0.6 0 0 0 +0.6 0.15

15 F28/F25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2.7

16 F49/F25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +0 2 2 0
(OHP-5)

ZPPR-9
16 F49/F25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +0.2 2.0

17 C28/F25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +0.2 +0.3 1.9

18 Central Na void 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.7

19 Large Na void 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +0.5 1.7

10

20 Joyo keff 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.18

*   Diagonal term: Error value (1 sigma, %)
** Non-diagonal term : Correlation factor (between -1 and +1)

(OHP-8)



Proposal for How to Determine Error Matrix 
f A l ti l M d li M th dof 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 
d l) O l i i l i h l i H hmodel) 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. g p

(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, pp ( ) y
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 asthe 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 
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, y g
considered, even if the correction factors by the detailed modeling 
were applied to the final calculation result.  See Sugino’s example.



Concluding Remarks 
JAEA would like to establish the standard of methodology
for error matrix evaluation needed in this SG33 activity.

Covariance of nuclear data (or group constants), <- out of scope (later),
Standard deviations and their correlations of integral experiments,
Standard deviations and their correlations of analytical modeling.

Error matrix of integral experiments.
Components of errors (measurement geometry and composition)Components of errors (measurement, geometry, and composition),
Characteristics of each error component (statistical, or systematic),
Determination of absolute error values,
D t i ti f l ti f t i t iDetermination of correlation factors in error matrix.

Error matrix of analytical modeling.y g
Definition of analytical modeling errors (included in Calculation values
besides contribution from nuclear data covariance),
Monte Carlo calculation (including only statistical error),
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( g y ),
Deterministic calculation (affected by various approximations of neutron
transport equation).


