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A set of group constants was produced from the preliminary
version of JNDC evaluated data for the 28 important nuclides,
and various tests were performed to confirm the reliability of
the set.

The resonance structure was neglected in this preliminary
version and the statictical model was applied down to 100 eV.

In spite of this rough treatment the error was found to be
reasonably small for the lumped cross sections. Various problems
concerning the lumped cross sections were examined. The lumped
capture cross section inpreases about 5% during the burn-ugp

from 30 days to 300 days. The release of gaseous FP nuclides
might decrease the cross section by 10%. The effect of con-
centration change due to neutron capture transformation was

found to be negligible.

The JNDC group constants were compared with the group con-
stants based on the Cook's evaluation. The one-group JNDC
capture cross section is about 25% larger than the Cook's cross
section. The difference of 25% in the FP group constants causes
the uncertainty of 10% in the reactivity life, of 0.6% in the
effective multiplication factor and of 10% in the sodium void
coefficient for the large fast reactor.

The JNDC group constants were checked by the use of integral
measurements performed at RCN. The reactivity worths of I'P
mixtures and some separated ikotobes were calculated with the
JNDC set and compared with the experimental values. The agree-

ments were fairly well,.

* Fuji Electric Co., Ltd.



but also on the coﬁcentration of each nuclide. The approxima-
tions adopted in calculating the concentrations are discussed
in section 5.

The uncertainty of the evaluated FP cross sections is
considerably large, since most of FP nuclides are radioactive
and the experimental data are scarce. The data evaluated by
JNDC are fairly different from those by Cook. The difference
of the lumped capture cross section is more than 25% between
those generated from JNDC data and Cook's data, when collapsed
to one group with neutron spectrum of a typical fast reactor.
The effects of this difference were examined on keff’ burn-up
life, reactivity worth and sodium void coefficient. The de-
tailed discusion was given in Ref. 5, and only the results are
described in section 6.

The choice of 28 important nuclides were based on the
fact that these nuclides take more than 80% of total capture
by fission products. The contribution of each nuclide to the
total capture i§ discussed in section 7, and the secondly
important nuclides are selected.

The JNDC group constants were checked with the integral
measurements performed at STEK facility in RCN, Petten, the

Netherlands.6’7’8’9)

The reactivity worths were calculated
with the JNDC group constants for three FP mixtures and for
some separated isotopes. The results are compared with the

experimental values in Section 8.
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2. Preliminary Version of JNDC FP Evaluated Datal)

At the first stage of evaluation, the following 28 nuclides

were selected as the most important nuclides;

Sr-90, Zr-93, Mo-95, Mo-97, Tc-99,

Ru-101, Ru-102, Rh-103, Ru-104, Pd-105,
Ru-106, Pd-107, Ag-109, I-129, Xe-131,
Cs-133, Cs-135, Cs-137, Nd-143, Ce-144,
Nd-144, Nd-145, Pm-147, Sm-147, Sm-149,
Sm-151, Eu-153, Eu-155.

These nuclides were selected, with a preliminary study, so as
to cover 80% of total capture by FP nuclides in the equilibrium
core of a typical fast reactor.

The reaction types evaluated are the total, elastic
scattering, inelastic scattering and radiative capture cross
sections and the angular distribution of elastic scattering.
The energy range is limited between 100 eV and 15 MeV. No
evaluation of the resolved resonance parameters was per-
formed for the preliminary version. The spherical optical
model and the statistical model were applied to the full
energy range. It may sound rather rough, but the error due
to the statistical fluctuation is reasonably small for the
lumped -capture cross section as discussed in section 4. More
sophisticated models are adopted and the resonance structure

is taken into account in the evaluation of the revised version.
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3. Production of Group Constants

The group constants of JAERI-Fast set type were produced

with the PROF-GROUCH-GL0)

code. The same assumptions are
adopted as in the production of the FP group constants from
the Cook's evaluated data.

The weighting flux is assumed to be 1/E spectrum below 1

MeV and to be fission spectrum above 1 MeV. The fission

spectrum is assumed as:

$(E) = A0 exp (-E/Al) sinh JAZE ,

7 6

where Ay, A; and A, are 4.84x10 ', 1x10 6

eV and 2x10° -1

eV
respectively, and energy is in eV unit. The angular distribu-
tion of elastic scattering was not processed, and the isotropic
scattering in the center of mass system was assumed. As for
the inelastic scattering matrix, the energy distribution was
determined with the evaporation model as*

E
F(E) dE =" 5~ exp (-E/T) dE.
T

* The energy distributions in the inelastic scattering
were evaluated by JNDC and are given in Ref. 2. 1In
the present work, however, these values were not used.
We used the evaporation model with which the Cook's

data were processed.
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The same nuclear temperature (T) was taken for all the nuclides
and was determined to be 0.638'MeV with averaging the values
recommended by Gilbert and Cameronll).

JNDC did not provide the data below 100 eV. Then the
Cook's data are adopted in this energy range.

The group constants of an individual FP nuclide are
generally lumped to those of a few pseudo FP nuclides by using
the concentration of each nuclide as the weighting factor.

The concentrations were calculated with the FP-S codelz) which
solves the beta-decay chain with Bateman's equation. ' The

transfer from one beta-decay chain to another chain by neutron
capture is neglected in this code. The fission yield data were

13). As the number

taken from the compilation by Meek and Rider
of nuclides evaluated by JNDC is not enough for production of
the lumped cross section, the Cook's group constants are
supplementarily used for the other 164 nuclides. In the follow-
ing discussion, ''the JNDC lumped group constants' means the
constants lumped with the JNDC group constants for 28 nuclides
and the Cook's constants for 164 nuclides.

Three types of the lumped group constants were produced.

235

They correspond to the fission products due to U fission

239

with thermal neutrons, to Pu fission with thermal neutrons

2:,’8U fission with fission spectrum neutrons. The

and to
lumped group constants varies in the course of burn-up because
of the change of the concentration of each nuclide. Therefore
we calculated them for burn-up of 1, 30, 60, 180, 360 and 720

days.
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The multi-group cross sections of the 28 nuclides are
tabulated in Appendix 1, the JNDC lumped group constants for
burn-up of 360 days in Appendix 2 and the inelastic scatter-

ing matrices in Appendix 3.
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4, Statistical Error of Lumped Group Cross Section

In evaluating the 28 important nuclides, the statistical
model was applied down to 100 eV, It may sound rather rough,
as the resonance structure cannot be neglected in the energy
range below a few keV. Then it is necessary to estimate the
uncertanity of the group cross sections caused by neglecting
the resonance structure.

The expectation and the variance are expressed as Eqs. (1)

and (2) for the cross section of reaction x averaged over energy

range AE,
_ 2
5, = 2—73— 27rgJ<NJ.,T>< r"} (£
2 2
— r ' T_\2
Var(ox) =<\2ﬂ 4. gJZ[ 19ﬁ;55L> <§PJL/ J

’1"1" 2 2~( (2)
- = o - 0]

where JII is the spin-parity, NJH the number of levels of JI
state in AE, and the other notations are of common usage. The
bracket < > denotes the mean value over the statistical dis-
tribution.

If NJH is large enough, NJH/AE is approximately put as
1/DJH’ where DJH is the average level spacing of JIl state.
The variance can be expressed analytically in this case. It
is difficult, however, to obtain the variance analytically, if
the fluctuation of NJH must be considered. In the present
case, NJH is not large enough for the lower energy group of
JAERI-Fast set. For example, the 17th group of 25 group

structure covers the energy range from 100 to 215 eV, and the
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mean level spacing is more than a few keV for some FP nuclides.
Hence the Monte Carlo method was used for the nuclides with
large level spacing.

The statistical fluctuation of the average cross section
is independent for each nuclide. Hence the expectation and

the variance of the lumped cross section are given as
Lump gl
o = ;#L Oy (3)
Var(o %) = X, (Y)* var(o}), (4)
é

where the suffix i represents the nuclide and é%;the concentra-
tion. As #; is much smaller than unity, the variance decreases
by lumping.

The expectations and the variances were calculated for the
28 nuclides. They are given in Table 1 as the ratio of standard
deviation to expectation for some nuclides as well as those of
the lumped cross sections. The ratio reaches a factor of 10
2t the 17th group (100 eV-215 eV) for Sr-90. After lumping,
however, the ratio is about 10% for capture and 70% for elastic
scattering. It can be concluded that the uncertainty caused
by neglecting the resonance structure is reasonably small for
the lumped capture cross section considering the uncertainty

of the experimental data of the resonance parameters themselves.
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5. Problems Concerning Lumping

As mentioned in the previous section, the errors become
small with lumping. The lumped cross section has, however,
another source of errors, i.e., the errors caused by the
uncertainty of the concentration of each nuclide. This problem

is discussed in this section.

5.1 Errors due to Uncertainty of Fission Yield

The concentration of each FP nuclide depends directly -on
its fission yield data whose uncertainties are yet fairly large.
JNDC did not evaluate the yield data, but used the evaluation
by Meek and Rider. Meek and Rider evaluated the fission yield

13’14), and these two versions are fairly different

data twice
from each other. Here we examine the effect of the uncertainties
of the yield, by comparing the results calculated with the
old and new versions.

The difference of the cross sections are shown in Table
2 for various burn-up stages. The effect on the capture cross

239y, 1%

238

section is predominant (2% for thermal fission of
for thermal fission of 235U and 1% for fast fission of U).
The effects on the other cross sections . are small.

It should be noted, however, that both of these two yield
data were evaluated by the same evaluators. Hence the discre-
pancies among the other evaluations might be larger and therefore

the uncertainty of the lumped cross sections is expected to be

a little larger.
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5.2 Burn-up Dependence of Lumped Cross Section

The lumped cross section varies through burn-up accompanied
with the change of the concentration of each nuclide, as the
microscopic cross sections of isobars are different. This makes
the treatment of the FP group constants difficult. The burn-up
dependence is caused mainly by several beta-decay chains. The
change of the lumped capture cross section is about 5% for
burn up from 30 days to 300 days. Hence the problem of time

dependence may not be severe, considering the errors from other

origins.

5.3 FP Gas Release from Fuel

In the calculation of concentration it is assumed that
all the FP nuclides stay in the fuel. Some of gaseous fission
products are, however, released to the prenum in the power
reactor. This reduces the number densities of FP nuclides and
thus affects the lumped cross sections.

It is not easy to estimate the amount of released FP
nuclides, as this behavior is not a simple diffusion. We simply
assumed that 100% of the rare gas nuclei and 50% of halogen
and alkali metal nuclei were lost from the core. The detailed
discussion is given in Ref. 5. With this assumption, the

lumped capture cross sections are reduced by about 10%.
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5.4 Effect of Concentration Change due to Neutron Capture

As described in section §, the transfer from one beta-
decay chain to another is neglected in calculating the concen-
tration of each FP nuclide. It was tested by Tasaka whether
this assumption is valid or not under irradiation by high
neutron flux.

The FP-S codel?)

was modified so as to treat the capture
reaction during burn-up for 63 FP nuclides, which provide more
than 90% of total capture. The calculation was performed for

a typical 1000 MWe commercial fast reactor with using the -
Cook's group constants. The changes of the lumped one group
capture cross section are tabulated in Table 3 for various flux
and for various burn-up time.

The lumped capture cross section decreases, if the capture
transformation is taken into account. This is reasonable,
because odd-A nuclides with large capture cross section
mainly capture neutrons and then change to even-A nuclides
whose capture cross section is much smaller. The effect
is, however, small (less than 1% under most of reasonable
conditions). More than 60% of the change is caused by the
neutron capture by Ru-101. It was found that the change of
the lumped one-group capture cross section could be appro-

ximately expressed in this case as

0.(8)-0.(0) _ 2.0 x 1072 xJ o dt, (5)
o.(0)
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where oc(¢) is calculated with taking account of capture trans-
formation under irradiation by flux ¢ and oc(O) with neglect-
ing it.

As a conclusion, the effect of concentration change

due to neutron capture is negligible.
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6. Effects of Uncertainties of FP Group Constants on Fast

Reactor Calculations

The most portion of uncertainty of the lumped group
constants is attributed to that of cross section of the indi-
vidual nuclide, though we discussed various other origins in
the previous section. To understand the disagreements among
various evaluated data, the JNDC and the Cook's capture cross
sections are lumped with the same concentrations and they are
compared in Fig. 1. The JNDC capture cross section is 25%.
larger than the Cook's cross section when collapsed to one
group with the spectrum of a typical fast reactor.

The effects of the uncertainties of FP group constants
were examined by comparing various reactor characteristics
calculated with the two sets for two typical fast reactors; a
300 MW (e) prototype reactor and a 1500 MW (e) commercial
reactor. The detailed discussion is given in Ref. 5, and

only the results are briefly described here.

6.1 Burn-up Characteristics

The reactivity life calculated with the JNDC constants
is 10% shorter than that with the Cook's constants for both
reéactors. Neither breeding ratio nor peaking factor is

much affected.
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6.2 Criticality of Equilibrium Core
The effective multiplication factor calculated with the
JNDC constants is 0.6% less reactive. In order to compensate

this difference, the outer core volume must be increased by

(93]

.5% or the Pu enrichment of fuels by 1.4%.

6.3 Sodium void coefficient
The sodium void coefficient calculated with the JNDC con-
stants is 11% larger for the 1500 MW (e) reactor when all the

amount of sodium are removed from the core.
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7. Selection of the Secondly Important Nuclides

The contribution of the 28 nuclides to the total capture
was calculated in order to confirm that these 28 nuclides are
really important. The results are given in Tables 4.1 to 4.3
for burn up of 360 days. The contributions of the 28 important
nuclides, which bear a mark *, are calculated with the JNDC
constants and the contributions of the other nuclides with
the Cook's constants.

It is verified that the 28 nuclides provide more than- 80%
of total capture for any type of fission, though some of the
28 nuclides was found not very important for capture contribu-
tion. The secondly important nuclides are chosen from these

tables as follows:

Br-81, Kr-83, Rb-85, Rb-87
Zr-91, Zr-92, -Zr-94, Zr-95
Zr-96, Nb-95, Mo-98, Mo-100
Ru-103, Pd-106, Pd-108, I-127
Xe-132, Xe-134, Ba-140, La-139
Ce-140, Ce-141, Ce-142, Pr-141
Pr-143, Nd-146, Nd-147, Nd-143

Sm-150, Sm-152.
The evaluation for these nuclides are now under preparation.

Adding these 30 nuclides to the 28 nuclides, more than 95%

of total capture are covered.
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8. Test of FP Group Constants with Integral Data

There remains considerable ambiguity in the evaluated FP
cross sections, since most of FP nuclides are radioactive and
therefore the experimental data are scarce. Hence it is not
easy to say which set of evaluated data is most reliable, in
spite of the fact that the difference between the JNDC and
the Cook's constants is more than 25%.

On the other hand, the central reactivity worths of the
FP mixtures and of some FP isotopes were measured at four
different STEK cores in Petten, the Netherlands. The detailed
descriptions of the experiments are given in Ref. 6 and 7.
The preliminary results of the experiments were already

published.6’7’8’g)

Hence it seems very helpful to perform
the benchmark test using various FP group constants, in order

to select a better data set.

8.1 Mixture of Fission Products

The centrai reactivity worths were measured at 4 STEK
cores for two irradiated FP mixture samples; HFR-101 (with a
burn-up of 60% FIMA) and HFR-102 (with 30% FIMA), and a mock-
up sample (KFK-sample). The experimental values were reported

in Ref. 6 and 7 with the calculated ones with the RCN-setls).

* The fluxes and the adjoint fluxes of STEK cores are

still noted to be preliminary.
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The reactivity worths due to capture were calculated with the

JNDC constants set and the Cogk's set, using the number den-
Sities and the normalized product of flux and adjoint flux
given in Ref. 7.

The calculated results are compared in Table 5 with the
experimental values. The ratios of calculated value to experi-
mental one are illustrated in Fig. 2. The followings can be

pointed out from this comparison:

1) The JNDC set overestimates the reactivities by 10%
for the HFR-101 sample, while the RCN and the Cook's
sets underestimate them by 10%.

2) The results with the JNDC set agree very well with the
experimental values of the HFR-102 sample, while the
RCN and the Cook's sets give 20% of underestimation.

3) The results with the JNDC and the Cook's sets depend
on the core for the KFK-sample, while the results
with the RCN set d6 not.

4) The Cook's set always underestimates the reactivity.

It may be said from the above observations that the capture
cross sections of the Cook's set are too small. But it is not
clear why one set gives good results for a sample and it does
not for another sample, and why such a strong core dependence
appears when calculated with the JNDC and the Cook's sets for
the KFK sample. It is difficult to say which set is most
reliable from the integral measurements of fission product

mixtures.
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8.2 Pseudo FP Nuclides

Some integral quantities of pseudo-fission product mix-
tures were calculated by RCN for SNR-300 with different cross
section sets and are given in Ref. 7. Hence the same quantities
were calculated with the JNDC set and the Cook's set and are
compared with the values calculated by RCN in Table 6. The
concentrations for these pseudo-fission product mixtures are
given in Ref. 7 with the flux and the adjoint flux of SNR-300.
The Cook's set and the Australian set in Table 6 are based on
the same evaluated data and the difference between them might
be caused by the different weighting flux used in producing
the group cross sections.

It is evident from these comparisons that the JNDC set
has larger capture cross section than the other sets. It
should be noted, however, that the capture cross section of
the revised JNDC set will be a little lower, because the

Porter-Thomas fluctuation will be taken into account.

8.3 Reactivity Worths of FP isotopes

It is rather difficult to discuss the reliability of the
cross section set from the integral data of the mixture, as
the mixture is composed of so many isotopes. Hence the in-
tegral data for the separated isotopes seems more helpful.

The reactivity worths of 57 isotope samples were also
measured at STEK cores, and the preliminary results were al-
ready published in Refs. 8 and 9. The correction of self-
shielding effect is difficult in these experiments, and the

results in Refs. 8 and 9 are noted to be preliminary. It is,
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however, worthwhile to check our set with these integral data*.
The results reported in Refs.‘8 and 9 are the total reactivity
worths, The flux and the adjoint flux are independently re-
quired in order to calculate the reactivity worths due to
elastic and inelastic scattering. They were informed as a
private communicatioan) but must be considered as preliminary
ones.

The calculated reactivities with the JNDC set are compared
with the experimental data in Table 7. The result with the
Cook's set are given in Appendix 4. The followings ¢an be.
said from Table 7:

1) The calculated values with the JNDC set are a

little larger than the experimental ones for
Mo-95, Mo-97, Ru-101, Cs-133, Nd-143,
Nd-145, Pm-147, Sm-147, Eu-153 (category 1).
2) The calculated values are a little smaller for
Tc-99, Rh-103, Pd-105, Pd-107, Ag-109,

Sm-149 (category 2).

* The reactivity worths for other nuclides were also
measured. The calculation was also performed for B

235U using the JAERI-Fast set, in order to confirm

and
that there are no systematic errors in the measurements
at STEK. The calculated results agree very well with

the experimental ones for these cases.
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3) The calculated values are much larger than the ex-
perimental ones for
Ru-102, Ru-104, I-129, Nd-144 (category 3).
4) The calculated values are much smaller for
Sm-151 (category 4).
5) - The core dependence of the calculated values does not
agree at all with the experimental ones for

Zr-93, Cs-135 (category 5).

It can be said that the agreement is satisfactory for
the nuclides of categories 1 and 2. The tendency of these
slight disagreements is taken into account in the revision
work for these nuclides so as to improve the agreement.

The disagreement for the nuclides of category 3 may be
partly explained with our rough treatment of inelastic scatter-
ing. The adjoint flux of STEK decreases with increasing energy.
Hence the contribution of the inelastic scattering is fairly
large; the reacFivity (Ap/p) due to inelastic scattering is
from 0.02 to 0.08. Our inelastic scattering matrix is calcu-
lated, however, rather roughly using the simple evaporation
model as described in section 3. This might cause considerable
errors for the nuclides of category 3, whose capture component
is relatively small. But the results calculated with the
Cook's constants are also larger except for I-129,.

As for Sm-151, the JNDC evaluated curve is much lower
than the other evaluated data. The results with the Cook's

set is, however, much smaller than the experimental values.
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The disagreement of the core dependence for the nuclides of

category 5 is not understandahle. As a conclusion, the dis- "
agreement for the nuclides of categories 3, 4 and S seems too
large to be explained as due to the error of the nuclear data.
It should be noted that these comparisons were performed
with the preliminary eiperimental data and that the fluxes
and the adjoint fluxes used in calculation were also prelimi-
nary. The tendency will be changed, if the flux and the
adjoint fluxes are changed. Therefore it seems dangerous to
make any adjustment of the group constants with thesé com-.

parisons.
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9., Conclusion

A set of group constants was generated based on the pre-
liminary version of JNDC evaluated data for the 28 important
FP nuclides, and various tests were performed to confirm their
reliability. The followings can be pointed out as conclusions.

The errors caused by neglecting the resonance structure
are proved to be reasonably small for the lumped cross sections,
though they are very large for the cross sections of the indi-
vidual nuclides at the low energy groups.

The assumptions adopted in calculating the concentrations
of FP nuclides are examined. The change of the lumped cross
section is about 5% during the burn-up from 30 days to 300
days. The release of gaseus FP nuclides might decrease the
lumped capture cross section by 10%. The effect of concentra-
tion change due to neutron capture transformation is very
weak in the normal condition of fast reactors.

The one-group JNDC capture cross section is about 25%
larger than the Cook's cross section. The uncentainty of 25%
in the FP group constants causes the uncertainty of 10% in
the reactivity life, of 0.6% in the effective multiplication
factor and of 10% in the sodium void coefficient for the large
fast reactor.

The JNDC group constants and the Cook's constants were
checked by the integral measurements performed at RCN. It
is difficult to say which set is more reliable from the
integral check of the FP mixtures, as the number of composed

nuclides are so large. As for the integral check for the
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separated isotopes, the JNDC set gives fairly good agreement

for most of nuclides. For some nuclides, however, the calcu-
lated results do not agree at all with the measured ones.

This point should be further investigated.
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Table 1. Grpup Cross Sections and Standord Deviations of 9OSr, 95N\c>, ]37Cs and MoCe
and Those of the Lumped Group Constants .
! '
i Energy Range 70s, Mo ]37Cs ]ZZCe f Lump
- 1 * P - - - - - — -

| KeV) L R s0/E | E) e /E | Fe) | e/ Te) | ac/F | Tt [a/
10 - 4.65 },O'c 0.076 0.63 1.10 0.075 0.093 0.18 0.185 0.18 ; 1.43 0.004
gs | 9-20 0.78 7.66 0.066 13.45 0.42 19.00 0.46 | 9.60 0.050
4.65 < 2.15 0e | 0.127 1.10 1.54 0.133 0.148 0.30 0.249 0.28 i 2,04 0.009

. . I
. | 9.9 1.50 7.78 0.124 17.49 0.73 25,67 0.76 | 11.3 0.091
2.15-1.0 0| 0.206 1.70 2.33 0.231 0.243 0.60 0.396 0.51 3.33 0.020
T 11.55 2.78 8.26 0.262 24.48 1.30 37.05 1.25 14.0 0.176
1.0 - 0.465 0c| 0.299 2.94 3.89 0.421 0.455 1.08 0.803 0.97 5.96 0.034
s | 14.08 4.53 8.86 0.525 35.36 2,02 54.62 1.90 17.9 0.293
0.465 - 0.215|0% 0.411 4.28 5.97 0.761 0.784 1.83 1.46 1.62 9.52 0.058
0 17.18 8.79 9.32 0.902 48.17 2,99 75.28 3.03 22.0 0.518
021501 |Tc| 0690 | 706 | 9.9 | 1.25 | 0162 | 270 | 3.08 | 2.84 | 16.0 | 0.09
0, | 22.78 10.4 9.89 1.46 69.84 3.80 110.1 4.29 28.0 0.683

Standord deviations ore given as ratios to the group cross sections.
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Table 2. Effect of Yield Data on Lumped Cross Sections,
Collapsed with Flux of 1500 MW (e) Fast Reactor

239Pu { Thermal Neutron Fission )
Burn - Up Relative Error* (%)
( days) Total . Elastic inelastic | Capture
| -0.016 -0 L I 1.7
30 0.033 | -0.066 | 0.85 1.9
720 0.049 ! -0.028 ‘ 0.78 ‘ 2.6
23"jU { Thermal Neutron Fission )
Burn - Up Relative Error-r (%)
( doys ) Total Elastic Inelostic Capture
| 0.059 0.027 0.30 .1
30 0.070 0.037 0.32 0.92
720 0.065 | 0.0 0.32 0.97
238U ( Fission - Spectrum Neutron Fission )
Burn = Up Relative Error‘t (%)
( days ) Total Elastic Inelastic Capture
l 0.002 - =0.014 0.27 0.44
30 0.15 0.12 0.34 0.84
720 0.18 0.13 0.25 0.38

* (0w -0)/ 05

0;- : caleulated with the new version

0\6 : calculated with the old version
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Table 3. Change of Capture Cross Section Caused by Neutron Capture Transformation

| Gy | - T AOed) = () [ aEcey

dy |  born B ¢_ = |0'4__ l ¢ :lo,s ¢ : '0I6

T 0.3912 4844 x 100 | 1824 x 1075 | 1735 x107%
30 0.3954 5.132x 107 | 5.051 x 1074 | 5.584 x 1072
60 0.3987 1.021 x 1074 | 1.027x 1072 | 1.119x1072

180 0.3986 3.110x 1074 1 3.150 x 1073 3.245 x 1072

360 0.4002 6.276 x 1074 | 6.314x 1073 | 6.013x1072

720 0.4016 1.276x 1073 | 1,261 x 1072 | 1 .040x 10~

06, ( ¢ ) : with taking account of neutron capture
. transformation with flux ¢
Jc (o) : without taking account of neutron capture

transformation
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Table 4.1. Contribution of Each FP Nuclide to Total Capture by
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FP due to Pu-239 Fission, Collapsed with the Spectrum

of a Large Fast Reactor
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Table 4,2, Contribution of Each FP Nuclide to Total Capture by
FP due to U-235 Fission, Collapsed with the Spectrum
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Table 4.3. Contribution of Each FP Nuclide to Total Capture by
FP due to U~238 Fission, Collapsed with the Spectrum

of a Large Fast Reactor

WO~NOWVEWLNOE

NUCL IDE SIG=G CONCENTRATION  CONTRIBUTION CUMOLAtlvg)
) %o
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Toble 5, Comparison of Sample Reactivity Worth for Mixture
RCN Cook JNDC
Core Sample Exp- Value C/E Value C/E Value C/E
HFR-101 0.280 0.254 0.907 0.250 0.892 0.313 1.118
51750% 1—«#};:1-62 1 0320 0.260 | o0.813 | o0.25  0.807 " 0.327 1.019
K_F; - 0267 0.304 1.138 0.2785 1.043 0.3353 1.256
HFR-101 | 0.341 0.362— " ” _c;;—s;_aém 0.29—2_ 0.856 0.375 1.100
~52Tc$oli) ' .-i'fi.'??_____o_fw _0.311 _____ _ 0764_ __Of’?_‘f_ _ .10.747 © 0.393 0.966 - |
KFK 0.350 0.354 1.04 0.3253 0.929 . 0.3984 1.138
HFI;T(;l 0.401 o.3&o 0.898 0.343 0.855 0.436 1.087
STEK HFR-102 0.451 0.374 0.829 0.361 0.800 0.460 1.020
3000 | e e e
KFK 0.434 0.450 1.06 0.3940 0.903 0.4762 1.097
HFR-101 0.495 0.465 0.939 0.429 0.867 0.520 1.050
5}50'% .;;(__.].0.2.. | o.560 0492 0.378 “6.1’450___7._—;.—;;“- 0.555 0.991
KFK 0.631 0.679 1.03 0.5436 0.869 0.6296 0.993
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Table 6. Calculated Integral Quontities of Pseudo FP Mixtures in SNR-300

for Different cross Section Sets

—— —— e

capture rate per fission per sec ( x |09)

T ¥ ’

mixture RCN-I !’ABBN " UKNDL .Australian  Benzi et al. Cook JNDC
* X _*___,_,_ * I * j_,___ * X * x

T |
235U 1.96 ¥ 9% | 2.19  2.08 ! 1.95 1.94 1.98 2.40

, |
238U 1 2.43 F 10% l - - 2,66 2,38 2.42 2.42 2.90
] 239Pu ' 2,65 + 10% | 2.64 2.89 2.47 2,57 2,50 3.09
|2, 1284 & 0% | - ; 3.06  2.49 2.70 2.52 3.23

negative reactivity due to capture (arbitrary units)
mixture RCN-I ABBN  UKNDL Australian | Benzi et al. Cook JNDC
235U 0.905 + 9% 1,02 0.973 | 0.898 0.898 0.912 (N
28, 112 * 9% | - 124 | 1.09 ‘ .12 L1 1.35
239Pu .22 + 10% | 1.23 ~ 1.35 ‘ .13 : 1,19 .15 1.43
241, | 1.3 £ 10% - 1.43 l.14 | 1.25 .16 1.49
: |

* Taken from Ref. 7.

* * Presently calculated



Table 7.

NUCLIDE = 2R 93

CORE NO
STEx4000
STEX3000
STEK2000
STEK1000

W e

NUCLIDE = MO 95

CORE NO
STEK&000
STEXK3000
STEK2000
STEK1000

E AL

NUCLIDE = MO 97

CORE NO
STEx4000
STEXK3000
STEX2000
STEX1000

PN

NUCLIDE = TC 39

CORE NO
STEXaNG)
STEX3000
STFr.2000
STEX1000

PwN =

HUCLIDE = FU101

CURE NO
1 STEKa000
2 5TER3000
3 STEK2000
4 STEK1000

MUCLIDE = RUL02

CORE NO
STEKAQOD
STEK 3000
$TEX 2000
STEK1000

v

MUCLIDE = RU104

CORE NO

STEXa40G00
STEK3000
STEX 2000
STEK1000

PN~
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Comparison betwesn tha Measured and Colculared Reactivity
Worthe with the JINDC Set. ({ The * marks dencte the nuclides
where disagreement Is larger than the quoted experimental error. )

EXP v

=0.240000
=0+303000
=0+442000
=0+400000

ExP v

=0+,294000
=0+356000
=0*60700V
~0°49300V

ExP v

=0+2600u0
=Q+472000
=0+680000
=0+5419u0

ExP v

=1.470000
«=1:300000
=1+3v0000
=1+460000

eXP v

=1+190000
=1¢4200QU
=~1+190000
=1¢47000L0

EXP v

=0.49800y
=0°<35%000
=0°210000
=0°1100C0

LXP V

=-0.15%000
=0°140000
=0°140000
=0 uves000

NUCLIDE = PH10)

CORE NO
STEK4000
STEX3000
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STEK1000

N W

ExP v

=2.650000
-1+370000
=1+190000
=14v30000

NUCLIDE = PDIDS>
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»TEr 3000
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LR S
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~1°:100uv
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REL ERR
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REL ERN
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REL ERmk
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0-veT797
0+235274
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REL €8N
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0<UT6923
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REL ERR
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0°u62300
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0+¢53830
0+43080%5
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REL ERR

0.333484
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REL ERk
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[ ZOETTALY
0+u2521v
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REL ERK
0.u55657
0°v99526
0*u68343
0rua6ded

CALCULATED
=0.500051
«0:52274¢%
-0:488343
=0+388440
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Y YYYYL
~0e 449874
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CALCULATeD
-0.27217%
«0:286724
~Q:274T65
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CALCULATED
-2.427463
«1¢306860
=1s1560648
«lspaTl6e

CALCULATED
-1.415222
=1:42632¢
«1+403T71¢
a1:284700

—39-—

C/€E
0.926019
1+713930
2+vi3TN)
0971100

C/E
1.v11623
1+826310
1+264592
12224249

C/E
1.336700
1618206
14045691
1308404

C/E
0:%32612
0°9%1343
0-9uU3s1L
Nen29aly

C/E
1.219928
1+283%86
1170565
1-073246

C/E
2:V14792
1+891167
2414225y
3:58893¢

C/€
1.755960
2+9%8031
1°v62611
2+493673

C/E
0.916024
0+v53914
0-9/1973
0-997874

C/E
0.805%79
0*015985
0*c6/1817a
0924385

NOTE

6
* 6

NOTE
=13
=i0
.2
*3

NOIE
.3
*10

.7

NOTE

* 2

NOTE
* 5
LIS
.5
L2}

‘..'S
wavwm

NOIE
L)
. 2
.2



kL IoL = wvloft

CORE NN ExP v
1 STEX4000 =1.9800uv
¢ STEY 3000 =1+¥u000v
3 LTEX2000 =242300uu
4 STER1000 =1:640000
NUCLIDE = AwldY
CURE NO LxP v
1 SrEea000 =2.-1000V
< LTEX3000 =3:LU0NU0
2 STFr 2000 =1°:)00yy
4 5T%k1220 =1°+%U0UUY
AUCLIOE = | 12y
CORE NO exP v
1 STEka000 =~0.540000
<  STEX300D =0*030000
3 STRK2000 ~0° 7000V
“  STEr1000 =J+2100uV
NUCLIDE = <5133
CORF NO EXP v
1 STEX4000 ~1.560000
4 5TLx3000 =1+100000
3 S5TEX2000 ~0°* /50000
@ STEK1000 ~0* ! 34000
NUCLIDE = C5135
COHtE NO kxP ¥
1 STera000 U«920000
4 5Ttx3000 0+12000u
4 STLK2000 -0+ 24000V
4  STFK1000 =0 8BN0LY
MUCLIOE = HD1ad
CORE NO EXP Vv
1 S5TExa000 =0+2G0000
2 STEX3000 =0+085000
3 ST1Hr2000 =0+ 580000
% STEK1000 -0 351000
MUCLIOE = ND1lae
CORE NO ExP Vv
1 STEX4000 =0«v95000
2 STEX3000 =0+u31000
3 STFx2000 =0°439000
4 STEK1000 «0°v20000
MUCL IDE = ND14D>
CORE NN EXP V
1 STERa000 =14650000
¢ STEK3000 =0+050000
2 STEFR2000 -0+ 830000
“ S1€x1000 =0°*645000
MUCLIDE = Fhla?
CORE NO EXP Vv
L STErav0o -4 0000V
2 STEK3UO0O0 =~3+380000
3 STEK2000 -4 o UNOOU
4 STEX1000 =2+000000
HUCLIDL = SMIaT
CONE KO LXP v
1 STEx4000 =-3. /50000
& STEr3oon -2+630000
3 STEKJ000 =2+270000
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Appendix 4. Comparison between the Measured and Calculated Reactivity Worths

with the Cook’s Set. ( The * marks denote the nuclide where

disagreement is larger than the quoted experimental error )
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2 STEX300D ~0*303000 0:124390 =0-46al4a3 1:521779 « 3
3 STEK2000 =0+4<420U0 00190083  -0-31761s 14312433 « 2
4 STEKX1000 ~0+400000 0:525000  =0-1u443y 0ren1l12> » 2
NUCLIDE = IF 94
CoRE NG kP ¥ REL ERR  CALCULATED C/E NOTE
1 STEXAQOQ =0,043000 0.395349 0.008050 =0.187207 -
2 STERIO0O =0+001000 24420971 0001675y  =2:394085 =~
3_ 5T€K2000 -0:006000 3666667  0:019571 =3:261820 =
. 4 S7€Ex1000 =-0+v10000 %+000000 0:033332  =3°353171) -~
NUCLIDE = ZR 96
. CQRE NO_ EXP V REL ERR CALCULATED ClE NOTE
1~ STEKAO00 =0.UA8000 04166667 ~0.134%63 2.611725 =1}
2 STEK3000 =0+v27000 0°239239 =0:11890e 4:403915 ela
3 STEX2000 ~0°01000¢ 1:000000  =0.G¥6918 2691785 8
4 STEK1000 0024006 00983333  =0:033739  -1:405782 =~
NUCLIDE = MO 95
CORE MO EXP ¥ REL ERN CALCULATED C/E NOTE
1 STEK~000 =0.294000 0.UT7810  =1.072313 1.545122 = 8
2 STEK3000 «0+556000 0+U93523  =0+75222y 1°352930 » &
3 SYEK2000 «0+3207000 0:153213  =0.55332% 0°911573
4 STEK1000 =0+ 493000 O up6869  =Dr403824 0°9V0LsS * 2
NUCLIDE = MO 96
CORE MO EXP v REL ERR CALCULATED ClE NUTE
1 STEXA000 =0 .9$400L 0321029 =0.516792 5.152281 17
2 STEK3000 =0-037000 0:459439 =~0:397808 10: 180740 #22
3 STEK2000 ~0+v3300u 04454345  <0+241721 #°39492z sla
4 STEK1000 =0+v32000 0+468750  =0+137323 40291342 o 8
NUCLIDE = w0 97
CORE NO EXP v REL ERR CALCULATED C/e NOTE
1 STEKA00Q =04260000 0:114286  =0.3953772 0:706736 * 3
2 STEX3000 -0+472000 0rus77YY  =D<42703) 0°904731 » 2
3 STEK2000 =0-080000 .0°2332Y4  =0:431508 0°634371 2
4 STEK1000 =0+441000 0+vaT61Y  =0:375963 0-852527 * &



NOCLIOE = MU 9N

COHE 1D EXP v
1 STEx433D =0.v540UQ
2 STEK3V0N =0ruaddey
3 >TEK2000 =U*w3Tuuy
% STEK1U00 -0'u93900

LUCLIDE = w01D0

CORE NO ExP v
1 5TEK4000 =0.-480LL
2 STEr320n =D*ueluw
3 STEx2009Q =3*v37000
4  STCH1000 =C*+01i20090

HueLIne = TC 9y

CORE MO EXP ¥
1 STEK40QD “1.~70002
2 STEX 300 =1°+3000Q0
3 5TER2000 =1+2000wu
4  STEK1000 =14760000

NpLIDL = AULul

CORE NO LXP v
1 STExa4000 =1.+29000v
2 STEX3UNN ~1°420000
3 9TEx2000 =1+190000
4 5TEK1J00 =1+172000

NULCLIDE = RUL0Z

CURE NO [ LY
1 STERS00D =0.: 98200
2 5TEr3000 =0+ 35000
3 5TEK200D =010y
« 5TEX1009 ~0+110000

NUCLIDE = RULCA

CORE NO bar v
1 STEx4000 =0.4350y0
«  STEKRIVOO =0« +4000¢
3 STFr2000 =0*1a00u0
4 5TEK1LO00 -0 83000

HUCLIDE = R1103

CORE NO LXP v
1 QIEK400N =2.650000
¢ STEX300C =1++700v0
3 STEX2000 =1°190000
~  $TEX1000 =1+u3000y

NUCLINE = PYLO4

CORE NO ExP v
1 STEraQ0O =0.165000
72 STEr3000 =0°*«250L0
3 NT€x2004 =0*«65CuL
4 5TEX1000 =0*<>00uv0

NUCLIDE = PU105

CORE NO txP v
1 STEX4D00 =1l+63%J90
2 STEK3000 =2:1100V0
3 S1EX2000 =1°v100C0
4 STEx1000 ~1+37%0C0

MUCLIDE = ririne

CUKE 1O [ L
1 STExa000 =0.1230V0
2 3TERJUON ~u*1l67n0v
3 STEx2u0C =0* U600V
4 STEX100n ~0°* 488000

JAERI-M 6001

REC EXn CALCULATED
DeuiaDTe =0.45%4by
0:vnl85  =0+298248
0-1u8luc  =0:3v8dic
1233333 =Qed52803
REL ERR CALCULATLD
0.iusleT  =0,19474,
0°4i219>1 =0+ ¢0268.
0+15%13% =0*18867>
0543332 =0+ L346pe
REL ERH CALCULATED
0.u68027 ~1.1a722¢
Q:uT6%43 ~0:91291¢
0°115345 ~0°4083b2

_Lrlzg904 ~0:66989>
REL ERR CALCULATED
0.uT563U  ~1,48237¢
0rv625U0 ~1:63101+
0°ueT227  =1°:T74948
Ocuyadl? -1+839799
RCL ERA CALCULATEN
0.2¢222¢ =0.306152
0°¢6383u =0+83070;
0*<380%> ~0+458317
O+lpllle =0-39v8lun
REL ERN CALCULATED
0.33%484 =0.191695
0+214280 -0-222980
0°cla286  =0-232241
0:317647 ~0+177753
REL ERK CALCULATEO
0.ulTT306 -2,21281:
0v36496  =1:029Tev
0*u2d2lv =0°838001
Qeuv2e37l =0+749822
REL ERR CALCULATED
0.4ub06l =0.652745%
0:333332 ~0+597344
0+339623 “0+6T0337
Q450000 -0+3/3%67
REL ERR CALCULATED
0.05%657 ~0.637963
0ruy9Yze =0*73573s
0°ve83s3 =0-065321
WMVET ST} ) ~0+5%6310
REL ERR CALCULATED
0.14111) “0.2644T9n
0:1uTTo4  «0:2592/4
Ocup2d2e =0 ca2600
V18950 “0+180918

-1 6—

C/E
4, 13090
6149443
B:332Tuy
64 26T70u

(@43
4.057121
4943487
5+°0v9853

114224037

C/E

0. 780826
0+ fo2286
0°621833
0°54753

C/E
1.245694
148456262
14471553
10572478

C/E

1.849252
1°833110
2173091
3-61916C

(13
10236742
1+592712
17638867
27071206

C/E
0+83%02%
0-731620
0+ TUa20)
0°71all6

C/e
3.936032
3°099307
2°529648
2294269

C/e
0312%1%
Qriugeyy
0°913367
0'433680

C/E
1.3999%s
1+352%37
1178097
0°962331

NUTE
*351
0a
[ 17}
“63

NOTE
*30
*3)
*31
*ly

~UTE

'.‘.é LI ]
> rw

WG ~wem

*» & C
woor



JAERI-M

LUCLIDE = PLLOT

CORE NO LXP v
1 S5TExapOn =1.%50000
2 STEK3000 =leyCaoun
3 STEK2000 =2+330000
4 S5TEK1000 =1:440000

HUCLIDE = FULOL

CURE NO ExP vy
1 STEK4000 =0+ 230000
2 STEr3000 =0+400000
3 STEK2000 =0+370000
4 STEK1000 ~0*18%0uy
NUCLIDE = PU11U
CORE NO xP v
1 STEK4000 =0.u8400U
2 STEx3000 =0*v630L0
3 STEX2009 04004000
4 STEX1000 =0*138000
HUCLIDE = AGLOY
COPE NO EXP v
1 STExa020 =2.2100v0
2 STFK3000 =3+v00000
3 STEr2000 =1+800000
& STEK100n ~1+400000
NUCLIDE = CD111
CORE NO EXP v
1 STEKaQd0 ~0.¢8000¢
2 $TEK3000 ~0°760000
3 STEx2000 =1+120000
4 STEX1000 ~1°260000
NUCLJDE = TE128
CORE NO exP v
1 STEK4000 =0.v11000
2 STEX3000 - =0'0C4000
3 STEx2000 «0°v08000
4 STEK1000 0°wDB00U
NUKLIDE = TE1Y0
CORE NO EXP v
1 STEK4000 2405000
2 STEK0Q0 0110000
3 5TEK2000 0*026000
4 STEK1000 0+v20000
NUCLIDE = | 127
CORE NO EXP v
1 STEK40Q0 =1.630000
2 STEx3000 =1:380000
3 STEX2Q00 =1+200000
4 STEK1000 «0+Y30000
NUCLIDE = | 129
CORE NO ExP v
1 STEx4000 -=0+540000
2 STEX3000 =0+63000Q
3 STEx2000 =0°700000
4 STEXK100Q ~01210000 .
NUCLIDE = C5133
CORE NO ExP v
1 STEK40Q0 =1:96Q000
2 STEK3000 =1++00000
3 STEK2000 =0°v300Q0
L) =0- 34000

S$TEK1000

REL ERR

0.isl818
0°2 18947
0:¢57%11
0+1%75uy

REL ERH

Oelu867y
0°125000
0162162
Q+378378

REL ERn
0,321429
0630769
20+ 750000
0+354430

REL ERK
0.ve7729
0°13333)3
0°+477778
0°142857

REL ERR
O.iv3lel
0166667
0°232143
0¢169811

REL ERK
0454345
1450000
04625000
0+025000

REL ERM

1.000000
0+ 8uQ00Q
0+307692
0+ 350Q00

REL ERR
0.vob667
0:u94203

0-uRgeT .

0-118280

REL ERR
0+240741
0e285T14
00271429

0°33333) .

REL ERR
0.060241
0ruSa34d
0+v63159
0v29973

6001

CALCULATEDR
-0.777654
=-0:700117
“0+650949
~0+504642

CALCULATED
~-1,50823%
~0:756903
=0+300286
=0+161145

CALCULATED
=0.vid253
=-0+023398
=0+02870%
=0+00833Y

CALCULATED
“3.661691
-1:661098
=1+032%67
“0+822830

CALCULATED
=0.356604
=~0+46019¢
=0+367587
«0:280%62

CALCULATED
~0. 004832
~0+033767
~0+062938
=0+ 044843

CALCULATED
0.,011320
0-020033
0°023103
00338637 _ .

CALCULATED
=1.33080) _
-0-985018

=0:12%418
~0+388724

CALCULATED
=0,363183
«0+335183
=0+324413"

. =0e2¢7030 . .

CALCULATED

_.=1.27Q)9).

«0+819048
=0+6Q87
“0-46%

-_-7 7.__

. %.0T3591

. Dee3pede

(/€ NO
0.3927%54 «
0rl6saty »
0°279377
0°4Us001

NOTE
=10
.8
.2

CIE
2.845731
1-8922%8
0+911%6)
0871052

C/E
0.300637 & 3
0°3%0740

~7°177372 =
003417y

C/E
1.438841
0°353699
0°573648
0°587736

.-'.E
Ny am

foTe
.2

CrE
04632509
0479363
0°329203

s
S
0°264681 * 5

NOTE
.7

CrE

13+aa1702
7es07272 %11
=3:60%684 =

t
3.

wlg

C/E NOTE

2:26%260
L.2°0U3268 ¢ 2

0+089512
17693455 * 2

C/E NOT|
.De806547_ =
0:714361 # &
060784y ® 5
04633037 = &

C/E NOTE
0.672360 « 2
[0+560608 = 2
0°46344T7 & 2
3°272048

C/E NOTE

QeT685173_ ® & _

0:743316 # 5
8_*
0+634713 ‘aly



JAERI-M 6001

Hucl 1o = CH13%

COPE NO tXP v REL ERA CALCULATLD C/E NOIE
1 sTeExau0q G 130000 0.655914 =0.49809n -N.969697 =
2 STEX)(0Q 7+340000 5+333333  -0-T1807> =5°903945 =
3 STEX2000 =0 <ay0pv 2+al6607 <0+459993 1916660
4 >TEK100D =7+ 880000 Q-c1818 =0:26%11¢ 0°¢£78991

HUCLINE = LALYY

CORE NO ExP v REL ERR CALCULATED C/E NOTE
1 STExa000 =0. 37300 0.u29ayl ~0.130240 3.891689 63
2 STEX3J00 ~0+u23700 Orua2nue =0+086033 3:)47574 &35
3 STEK2000 =0+ t1a900 0<ub?llé  =0:049780 34340939 s23
4 5)FK2000 =0°001000 2+uL0000 =0°+010902 10°902008 * 5

NUCLIoE = Celat

CORE NO EXP v REL ERR CALCULATED C/E NUTE

1 STFra000 L. vu50u0 0.4000uv =-0.00188u 0.3759%944 =
2 STFK3000 0=v09000 0.222222 =0-000264 =0:02934% =~
3 STEx2000 veJl15T00 0:12738Y =0.0003¢ =Q+U3al6l -
4 STEK1000 Vev20100 0+13432a 0+p08349 0°216393 *» &

NUCLIDE = Ct1a2

CORE NO €xP v REL ERK CALCULATED C/e NOTE
1 STEK4QOO Qe 0.v ~0.021569 0.0 .0
2 STEK3000 91009500 0°4210%3  =0+yl9Tge  =2:082510 =~
J  STEK2000 0°v13300 0°353383  -0-019819_ ~1°49Q)3%_ ~ _ ._
% STEX1000 044800 V147321 =0:002874 -0+V641%2 =~
NUCLIDE = PH1al
CUNE NO ExP v REL ERK CALCULATED (73 NOTE
1 STEXa000 =0.+481000 0.1%3646 =0.261173 1.462954 * &
2 STEX3000 =0°:56000 0:115385  -0-:248%08¢0 14593439 * ¢
3 STEK2000 =0133000 04135338  =0+207707 14561703 + 5
4 STEX1000 -0+083000 0°1luge34  ~012969) 1°562572 =~ &
NUCLIDE = ND142
CORE MO ExP v REL ERR CALCULATED C/E NOTE
1 STEX400G =0.+11000 0.036364 =0.067278 6.179817 ¢ 9
2 STEX300Q -0°*0U20u0 3+000000 =0°0T73518 6739794 12
3 STEX2000 =0-911000 0+727213 =0.077847 7076978 * 9
4 STEK1000 U*v280U0 0°857143  =0-063T1u  =2+3467082 ~
NUCL IDE = NU143
CURE NO EXP v REL ERK CALCULATED Cc/e NOTE
1 STEx4000 ~0.90000V 0.13790V ~0,95821% 1.197769 » 2
2 9TEX3000 «0*085000 00131387 ~0+<879650 1°284170 = 3
3 STEX2000 -0*580000 0°206897 =0+7177%¢ 1°237%11 #'2
4 STEK1000 ~0°351000 0°U99T1S  =0:326429 1499798 *» ¢
NUCLIDE = ND1as
CORE NO™ = ExP v REL ERK CALCULATED Cc/€ NOTE
1 STEK4000 =0.v95000 0.315789  =0.139108  1.464290 ¢ 2
2 stEk3000 =0¢C31000 0°774510 -0:146920 2-300%90 * 7
3 STEK2000 =0°Y39000  0°358974  =0:14002 3:39030% e 8
4 sTexiddo ~5+C26000 0+400000 =0+105859 9:292%40 11
NUCLIDE = Ni2143
CORE NO ExP v REL ERW CALCULATED  _  C/E NOTE
1 STExaDO0O =1.630000 0.200000  =1.35068% 0.518800
2 QIEKA000 . =Q:830000 . 0+}A7847 =D:9292ma 100180 ___
3" STEX2000 -0+830000 0+12040¢ -0-534918 0:T64962 # 72

4 SYEKL00Q =0°245000 00133330 =Q-4d432a QiAI3GAS * 3

NUCLIDE = nD14é

CORE NO EXP V REL ERR CALCULATED C/E NOTE
1 i]l{&ﬁng =0.032000  Q.32692) = =0,04314s  0.82
2 STERIO00 «0+U82000 0s306832 =0.04903} 0° 790826
3 STEx200Q0 =0*036000 0:416667  =0:053250 1°33472% » 2
4 STEK1000 =0+VU600V 1e606687 -0s03992y $°624060 » &

—-78 —



JAERI-M

NUCLINE = rillae

CORF NO EXP v
1 sTex4000 *0.16600Y
2 STEXRI000 =0*4i380uy
3 STFE2000 =0*:uanun
4 STEX1000 ~1)* 60000

NUCLINDE = nltlow

COrE MO txP v
1 STEx4000 =0.¢25000
2 STER3000 =0°+68000
3 STEK2L00 =0+21700U
4 STEX1000 =u+v55000

NUCLIDE = FM1a?

CURE MO EXP V
1 5TEk8000 ~4: 500004
2 STEK3000 =3+38000u
3 STEK2000 =4+-000wVV
4 STER1UOO =2+ wu0000

KUCLIDE = SM14?

CORE NO ExP v
1 STEK4000 =3. 150000
2 STEX3N00 =2+450000
3 5TEx2000 ~2+270000
4 STFX1000 =1°00000u

NUCLIDE = SH1lé4b

CORE NO EXP v
1 STEK4000 «0.77000u
2 STEX3000 =0 44700Y
3 STExe000 =0+386000
4 STEK1000 =C*«053u4

NUCL IDE = $M1aY

CORE NO LxP v
1 5TEK&N00 =7.110000
2 STEK3000 =5+2900u0
3 STExkz000 =5+v1000v
4 STEX1000 =3 72000v

HUCLIDE = SHL1%0

CORE KO ExXP v
1 STEK4LOO =0.9700u0
4 STEK3Q0C =0+ /500uU
3 STEX2000 =0°6500uu
& STEX1000 =0°*484000

NUCL IDE = SM1%1

CORE MO EXF v
1 STEx4000 =16.200000
2 STEK300N =10°3000vu
3 STEx2000 =4°%00000
4 STEr1000 -6200000

MUCLIDE = Sh15Z

CORE MO EXP V
1 S5TEk4000 =2.11000V
2 STEY 3V =1+1T000u
3 5TEK2I00 =0*740000
4 STEXLN00 ~0°-u0000

NUCLIDE = 5:.1%%

CORF NO tXP v
1 STExa000 =0.%Q0000
2 STEX3000 =0+75¢00u
3 LTEXZ2UD0 =0°+97C0u
4 S5TFK1O0G =U*4i92000

6001
REL ER¥ CALCULATED
0.100723 -0.29902>
O Llak92b ~0r321811
0+¢59615 =Ne29R71o
04150000 =0+ius087
REL Enrn CALCULATED
O.coBiby =0,u893ve
0*49T61 “0+L368T
04290363 =0+00slll
D+1818l0 =U«usT033
REL ERKW CALCULATED
0.145833 =~5.143Tay
0+15088d  =2-818%¢¢
0+20000v  ~1+887%
0+1uy00uL ~1.43921%
REL ERr CALCULATED
0.1ubbbT  =3,392468
Grludéou ~2:34851y
0°*'v74890 =1+9355%¢2
0ru1222¢ =1+503846
REL ERK CALCULATED
D.¢LTT92  =0.290157
0°c17J0¢ =0+282091
0:251295  =0+249173
0°3¢41951 =0s201442
REL EQN CALCULATED
Oeup2982 «5.91375%C
Oeuss%68 ~2:949797
0°u9sbun -2+113236
O*vp0be> =1:7U3453
REL ERR CALCULATED
Osludldsu =2.280091
0-1600V0 =1.671230
0169231 =1:141745
0111480 ~0+783%822
REL ERK CALCULATED
0.347561  =5,63%077
0°413462  «3+764083
0°5227£7 =3:216734
0°443871 =24829210
REC ERF CALCULATED
Qecv398v «3.998152
Beeudl2e =2+ulT3¢6
O«lylany =1+166744
0216667 ~0+T87921
REL ERR CALCULATED
022500V -0.,45768>
0°ludsya =0:403%00¢
Qeipleed =0+33061a
Ve canTys ~0+z50Tu3

__7 9 -—

C/E
1.801378
2°331965
2872271
3+a00TTy

C/E
0.219137
v*336leu
N*29%4a3
0855145

C/E
1.011613
0-83388y

c0t401892

0719604

/e
0+Y0465e
n*96170>
0°8526%3
Q835470

ClE
0:376820
0°+63107¢
0°04333,

.0°9Y2651

cre
0.831751
0:527692
0°421804
0°%57918

C/E
24350609
2+22030¢
17%653v
11619460

</t
0343602
0301931
0+131076
0456325

C/E
1:98913L
1+724210
1.<41211
1+31321¢

C/€
1.144212
1:574244
1'u18244
1*3u5T7as

NOTE
L]
®ig
* 8
*1?

*ssC

[PRVEVEL

NOUTE

L)
wwn

NUTE

2
3

* 9 eC

N wr

* s ¢ 8 C

N~ wm

NUTE
.2
.2

* s »C

NP m

NUTE

cs e
Ner



MICLIDE = kLIS

CORE NO EXP v
1 STEX400N -6+ 44000u
2 STEYILOD ~5+uH0000
3 S3TER2500 ELIRTDT )
4  STEnLOON =3++100L0

NUCLIDE = wi'l%¢e

CORE O ExP v
1 STEead00 =2.290000¢
2 LTExJICH =0+ -20000
3 STEKZ000 =) L7000
4 STEK1D00 =0 120000

MOCLIDE = wbia?

CORF %0 ExXP v
1 STErannn «2.730000
2 ST€r3000 =2+ -6000v
3 STEr2009 “2°150000
4 STCK1MO0D =1+Te00uQ

auCLIng = Thl%y

CukE tio EXP ¥
1 STEXAUI0 =2.:w000V
2 LTEK3NOC =2°4300uL0
3 LTER20ND) =2+290000
4 LTECIO00 =1* 6000V

®» Lhu OF FONTRAMN =

JAERI-M

REL ERK

0.u66TT>
Jeuys0y:
Qiuvasb s
Geur03nl

HEL ERk

Vel 3959
D-i129v
04440351
00cg222¢

REL FRK
Osv30%ue
[PRIVERS V1)
Orvilloy
Ocuyesyl

HEL ERr

O.vlT8%7
0 L1696
Orugn2ul
035714

6001

CALCULATED
~3.45971v
~2:73279y
~2+35%211
~2e.ul24by

CALCULATED
~1.15252a
~01+927700
=0r66085¢
Q- ap9be?

CALCULATED
=5.31330¢
=1+838481
=1:y49825
=0-74820s

CALLULATED
“2.207610
=1:91367%
=1:T3sl6¢
=1:53569y

._.t; () —_

CIE
0.0¢7960
0541134
0930854
0'0uTTe8

C/E
1.953431
1449629y
1174478
005226V

C/E
1.801T9/
0+779018
0-400291
UAELN] LT

C/E
0.708832
0+ 769347
2° 758189
Qe 83515

[ ] g

cwwem

O‘.‘E
SvNUa T

NOTE
a7

a1
* e

HOTL
l2
15
LFYV)
o7



