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We perform intercomparison of delayed neutron activities calculated with JEF2.2, ENDF/B-
VI and JNDC-V2 with a simple new method.  Significant differences are found at t < 20 (s) for
magor fissioning systems.  The differences are found to stem from fission yields or decay data of
severd nuclides.  Thelist of these nuclides are dso given for the future experimenta determination
of these nuclear data.

1. INTRODUCTION

The precise evauation of delayed neutron properties is necessary for various reactor designs.
We am to improve delayed neutron summation caculations to have enough precision as has been
achieved for decay heat summation caculations. At present, it is possible to cdculate delayed
neutron activities in the summation method for more than 50 fissioning systems.  However, the
accuracy of the delayed neutron caculations are inferior to that of integra measurements because the
caculations essentidly require fission yields and decay data of short-lived nuclides whose properties
have not been measured so far.  Recently, development of RI beam facilities enables us to measure
the properties of these nuclides.  Based on this observation, we need to identify key nuclides
whose fission yields and decay data give rise to large uncertainties in the current delayed neutron
cdculations.  Inthis paper, we atempt intercomparison of delayed neutron activities calculated with
major nuclear datalibraries, JEF2.2, ENDF/B-VI and INDC-V 2.

2. DELAYED NEUTRON SUMMATION CALCULATIONS
In the summation method, the number of a nuclide a a cooling time is caculated by
simulating decay and build up of each nuclides. = The number of ith nuclide n,(?) is obtained from
coupled ordinary differentia equations,
dn(1) _

—dr An D) + 2 b, i}\jnj(l) (1)

with
n0)=y,. (2)

Here 5 and y, arethe decay constant and the independent fission yield of nuclidei, respectively. The
symbol b, represents the production rate of nuclide i from a decay of nuclide j.  Then, the

j=i



delayed neutron activity from theith nuclide is given by,
ng(t) = PyAn () (3
with P,, being the delayed neutron emission probability.

3. NEW METHOD
We start with a vector of delayed neutron activities from individua nuclides;

1) = () nal) -+ (0| @
We compare two vectors of the delayed neutron activities, n(?) and n’(7), which are calculated from

different input nuclear libraries.  First, we search for cooling times when the two vectors have
marked differences.  We use aquantity named 'overlap’,
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which isthe directiona cosine of thetwo vectors (see Fig. 1).  Thevaueof 1 —u(?) givesa
measure of the difference between the two vectors.  Then, the sources of the difference can be
identified using the following quantity
Hna-no)  Lnaw -na)
si(l) - I3 l { = N 2 N 2 . (6)
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Thevalueof ¢ () represents the difference of the ith component between the two vectors. It is noted
that

L= () ~2] &) (7)

In thisway, we can identify cooling times with distinct difference from the value of 1 —u(?), and the
sources of them from the ¢,(7) values.

4. RESULTS

We make intercomparison of delayed neutron activities for 2°U(t), 2*°U(f), 2*2U(t), *°Pu(t),
239py(f). Figure 2 shows 1 —u(r) for these fissioning systems after a fission burst. ~ From this
figure, we see that there are significant differences (1 —u(z) > 0.01) att < 20 (s) for dl the fissioning
systems. Thevaue of 1-u(7) arelarge a short cooling times.  This reflects large uncertainties
in decay data and/or independent fission yields of short-lived nuclides.  For example, ny(7) for
2%U(t) cdculated with ENDF/B-VI is remarkably different from the others due to too large



independent fission yield of 8*Ge in ENDF/B-V| as was reported by Miyazono et d™.

Itis interesting to see 1 —w(?) in Fig. 3 and ny(7) in Fig. 4 for JEF2.2 and ENDF/B-VI.
We can clearly see, from Fig. 3, significant differences in the two activity vectors between JEF2.2
and ENDF/B-VI at t < 10 (s) athough the summed n.(7) valuesin Fig. 4 arein good agreement.

Table 1 lists nuclides (precursors) whose delayed neutron activities are significantly different
(e(n>0.01) among thelibraries.  The nuclides listed in Table 1 cover morethan 70 per cent of the
2 &(1) vaues a the two cooling times.  We aso list the yields or decay data of these nudlides,
whose vaues are significantly different among the libraries.  From this table, we see that the
dependence on the input nuclear data library stems from only severd yield and decay data values.
Among them, as shown in Fig. 5, the discrepancy in the Pn vaues is remarkably large beyond the
assigned uncertainty valuesin these libraries.

5. CONCLUSION

We make intercomparison of delayed neutron activity vectors caculated with JEF2.2,
ENDF/B-VI and JNDC-V2.  For mgor fissioning systems, the vectors are significantly different
among the libraries at t < 20(s) even if the ny(r) vaues are in good agreement. ~ These differences
are large a short cooling times.  This means that delayed neutron activities from individua
precursors are different among the mgjor libraries because fission yieds and decays data of short-
lived nuclides are not known well.

We dso identify delayed neutron precursors, whose activities are significantly different
among the libraries.  The number of these precursors are limited.  However, there are distinct
differences in yields or decay datavaues of these nuclides.  We note remarkable differences of the
Pn values beyond the estimated uncertainty valuesin the libraries.

Our conclusion is summarized as follows;

(1) Delayed neutron activities from individua precursors are significantly different among
the three mgor libraries at short cooling times, even if the aggregate activities are in
good agreement.

(2) These differences stem from yields or decay data of several precursors.

(3) Vdues of Pn of severd key precursors are remarkably different among the libraries
beyond the estimated uncertainty val ues.

From this study, we expect that precise experimenta determination of severa key decay data
will greatly improve the aggregate delayed neutron calculations at short cooling times.  Together
with results from uncertainty analyses using ENDF/B-VI[1], we are preparing the priority list for
measurements.
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Fig. 2. Overlap between summation caculations with the three libraries for mgor fissioning
systems.
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Fig. 3.  Overlap of delayed neutron activities with three libraries for 234U (f).
Tablel.  Nuclideswith large £{?) values for 2°°U(f).
No.| ft[s] FP & A £(B) & (C) | maincause| JEF2.2 | ENDF/B- | JNDC-V2
@ ]| 01 | ®Rb | 0.030 | 0.020 | 0.090 | number | 5.48e-3 | 8.31e-3 | 3.98¢-3
'Sh| 0.010 | 0.028 | e P, 0.996 | 0.200 | 0.200
A 1.925 | 1.451 | 0.571
Y21 1 0.009 | 0.016 | P, 0.545 | 0.160 | 0.130
number 4.60e-4 | 2.96e-4 | 1.98e-4
97Rb 0.010 0.015 | - number 1.34e-3 | 5.95e-4 | 5.67e-4
il I 0.006 | 0.013 P, 0.220 | 0.390 | 0.217
number 3.16e-3 | 2.17e-3 | 1.53e-3
¥Cs | 0.004 | 0.010 | - number | 7.77e-3 | 4.95e-3 | 4.28e-3
2) 5 ®BAs 0.010 number 5.49e-4 | 7.33e-4 | 5.56e-4
---------- 0.019 P, 0.594 | 0.710 | 0.500
oy 0.003 | - 0.011 number 1.62e-3 | 2.41e-3 | 1.52e-3
2 [ 0.005 | 0.009 | —eemmr number | 6.19e-3 | 4.32e-3 | 4.90e-3
[ o) p— 0.009 | —eeeee- P, 0.0001 | 0.022 | 0.045
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Fig. 4. Aggregate delayed neutron activities for 224U (f).
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Fig. 5. Deayed neutron emission probabilities of *3’Sh, **2I, **!| and *°**Nb.



