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Japanese Nuclear Data Committee, JAERI
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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 increases 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 unceftainty 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 constantsiwere checked by the use of integral
measurements performed at RCN, The reactivity worths of L'P

mixtures and some separated iksotopes were calculated with the

JNDC set and compared with the experimental vaTues. The agree-

ments were fairly well.

* tuji Electric Co., Ltd.




JAERI-M 6001 INDC(JAPI27G
NEANDC(J )4 0AL

JNDC-FPEEH (PHRE )

BAEFNHAERY 7y ~HAZASE

EwmEe - RAIH - HIREZ

EAFH K - KA gﬁﬁ* =
(1975&£ 285 % H)

YI<HREREL(INDCITHBMEINAEEFP 2 8BEOT -2 £ o> THES
RERL, TOEFEMCE L THEsORBR Y Tok, COFMBRATENZIOT, H#E
BETERLTI00e VU ERHMAEFATEHELTWA, LHEL I > 73N ARET
A, chicERETIBEZTAIIL BB NEDO LNk T HICT7 » 7L ICH S FEME
HHH ANk 30AAL300ORERI, FPORBYERL S KT 5, —F
BREECAEWFP A2 BNBE L OHRHINEE, WHKEZHLO0BET T 5, PHTHREC
Laf -7 =4 HOBFORMEEERL O 20

cOIJNDCOBBKERIAEER, LHATIEhA Cook OFMELIM25 KA
o FPFEHO25 $0EE, MESGC10%, ERHWERIC06%, Nax{ MR
HKl10boEERE2 Lo

—F, #5vFDPetten AEFT, FPREHRU FPEMKOY 72 RIG EXWE
ANko FLTINDCEBEHEAWIIATEN LALTS, 22 ) AF2—EHREDL

o

X EREMRAs




H & & L



1. Introduction

Japanese Nuclear Data Committee has been evaluating cCross
sections of fission product nuclides in the energy range im-
portant for fast reactors since 1970. At the first Stage 28
nuclides were selected as important nuclides considering their
large macroscopic cross sections in the equilibrium core of
fast reactors, and the main efforts have been so far devoted
to evaluation of these important nuclides. The preliminary
version of this work was already publishedl). This prelimanary
version is based on simple model calculations and has some
drawbacks. The revision work is now in progress and will be
completed early in 1975.

We produced a set of group constants of JAERI-Fast set
typez) with this preliminary version, and performed various
tests for their applicability. The results are reported here.
Some results are fed back on the above mentioned revision
work. On the other hand, we have the group constants of 192
FP nuclides based on the evaluation by Cooks)’4). These two
sets of group constants were compared with each other.

The resonance structure was ignored in this preliminary
version, and the statistical model was applied down to 100 eV.
THe error of the FP group constants caused by neglecting the
resonance structure is discussed im section 4.

The group constants of FP nuclides are generally lumped
to those of a pseudo nuclide by using the concentration of
each nuclide as a weight. Thus the lumped group constants

depend not only on the nuclear data of the individual nuclide



but also on the concentration 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 radiocactive
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 is 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

6,7,8,9) The reactivity worths were calculated

Netherlands.
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, 1-129, 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 cépture CTOSS
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-GLO)

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) = Ay exp (—E/Al) sinh JAZE ,

7

where AO’ Al and Az are 4.84x10 ', 1x106

eV and 2x10° 0 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
TZ

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

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

data were processed.



JAERI-M 6001

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-5 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).

taken from the compilation by Meek and Rider As the number

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.

235U fission

They correspond to the fission products due to
with thermal neutrons, to 23_9Pu fission with thermal neutrons
and to 238U fission with fission spectrum neutrons. The
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 1is necessary to estimate the
uncertanity of the group cross sections caused by neglecting
the resonance structure.

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

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

range AE,

2 .2 r T
e i SN ¢ /in "x N\
OX = AE T gJ \ NJ.,->\ T 'fi (2

2 .
v ) (_zﬂzkz) - 2 ICN Vinx\ /lnx!
ar (o) i & 8N\ T T

J \ !
T TN 2 2 24
n x \ % s { (2)
T () N JJ

where JII is the spin-parity, Ny, 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 Ny is large enough, NJq/AE is approximately put as
1/DJH’ where Dsp 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 Ny must be considered. In the present

case, N is not large enough for the lower energy group of

JIn
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
- b
OXW = 2;#; o, (3)
Var (o, %) = Y (4)* Var(ol), (4)
‘

where the suffix i represents the nuclide and J; the concentra-
tion. As #i 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
at 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 feasonably 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
data twice13’14), and these two versions are fairly different
from each other. Here we examine the effect of the uncertainties
of the yield, by comparing the results calculated with the
0ld 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

239Pu, 1%

2385y

section is predominant (2% for thermal fission of

2354 and 1% for fast fission of

for thermal fission of
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 c¢ross 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 3, 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 codelz) 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 reascnable,
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. (9)-9.(0) _ 5 9 x 107%° xJ ¢ dt, (5)
o.(0)
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where GC(¢) is calculated with taking account of capture trans-
formation under irradiation by flux ¢ and GC(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 reacters; 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
réactors. 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

Ll
o
o

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.



JAERI-M 6001

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 radiocactive 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 ekperiments were already

6,7,8,9) Hence it seems very helpful to perform

published.
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 Teactivity 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 sémple, 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 teo 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 1s 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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! . *
1 however, worthwhile to check our set with these integral data

& The results reported 1in Refs.\8 and 9 are the total feactivity
‘ : worths. The flux and the adjoint flux are independently re-

i quired in order to calculate the reactivity worths due to

l elastic and inelastic scattering. They were informed as a
private communicationlé) 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 follow;ngs ¢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

and 235

U using the JAERI-Fast set, in order to confirm
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, 1-129, Nd-144 (category 3).
4} The calculated values are much smallér 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 reactivity (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 simplé 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 1is not understanda?le. As a conclusion, the dis-
agreement for the nuclides of categories 3, 4 and 5 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 experimental data and thaf_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.

21—
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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 coenclusions.

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 neufron 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 fhe 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 i1s more reliable from the
integfal 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 2.

239

JAERI-M 60601

Effect of Yie|{d Data on Lumped Cross Sections,
Collapsed with Flux of 1500 MW (e) Fast Reactor

Pu ( Thermai Neutron Fission )

Burn - Up Relative Error’k {%)
( days) Total Elastic Inelastic | Capture
I -0.016 : -0.10 L 7
30 0.033 | -0.066 | 0.85 | 1.9
720 0.069 | -0.028 | 0.78 2.0
235U { Thermal Neutron Fission )
Burn - Up Relative Error (%)
{ days ) Total Elastic Inelastic Capture
i 0.059 0.027 | 0.30 1.1
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* (%)
{ days ) Total Elostic Inelastic Capture
l 0.002 - -0,016 0.27 0.44
30 0.15 0.12 0.34 0.86
720 0. 18 0.13 0.25 0.38 |

* (0w - 0)/ 05

Or :
O

colculated with the new version

calculated with the old version
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Toble 3. Change of Capture Cross Section Coused by Neutron Capture Transformation

T iy | = (e /ey
doy | bam | $ =10 e 10
b o0 4.844x 1078 11824 x 10 | 1.735x 107"
30 0.3954 5.132x 107 | 5.051 x 10°% | 5.584 x 1073
e 0.3987 1021 x107% 1 1.027x1073 | 1.119x1072
| 180 0.3986 3.110x 107% | 3,150 x 1072 3.245 x 1072
360 0.4002 6.276 x 1074 1 6.314x 1073 | 6.013x 1072
720 04016 1.276x 102 | 1.261 x 1072 | 1.040x 107!

O\é ( ¢ ) : 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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Table 6. Calculated Integral Quantities of Pseudo FP Mixtures in SNR-300

for Different cross Section Sefs

capture rate per fission per sec (x {0")

mixtre ~ RCN-| fABBN | UKNDL Australion  Benzietal. | Cook | JNDC

25, 1.9 9% 219 . 2,08 1.95 .94 .98 2,40

283, 243 £ 10% - 2.6 2.3 2.42 2.42 2.90

29, 265 1 10% | 2.64 2.8 2.47 2.57 2.50 3.09

24l 52.84 + 10% - : 3.06 2.49 2.70 2.52 3.23
' |

negative reactivity due to capture (arbitrary units)

mixture RCN-| , . ABBN  UKNDL Australian " Benzi et al. Cook JNDC

* ! * * * * & * ok

235, 0.905+ 9% - 1.02  0.973 | 0.98 | 0.898 | 0.912 | 1.1

238, 2 £ 9% | - .24 | Loy L L2 Al .35

289, 1,22 £ 10% | 123 135 113 . L9 .15 .43

24, [ 131 £ 10% - 143 L4 0 125 116 1,49
: &

*  Taken from Ref. 7.

* *  Presently calculated




JAERI-M 6001

Toble 7.  Comporison between the Mecsured and Caleulated Reactivity
Worths with the JNDC Set. { The * morks denote the nuclides
whare dhogreemant is Targer thon the quoted exparimental error,

+

MUCLIDE = IR 33

© CORE NO EXP ¥V REL ERNM CALCULATED C/E NOTE
1 STEKsCOO ~0. 740000 0.338889 =0.500051 0:92601Y9
2 STEX3000Q =0+305000 0+l24590 -0 352274% 11713930 = &
3 STEk2000Q ~0* 242000 G+lgo0ad =0 a3B343 2+ulBT7L * 6
4  STEK1000 =0+%00000 C+525000 =0 388440 0+971100

NUCLIBE = MO 95

CORE NO EXP v REL ERR CALCULATED C/E NOTE
i STEK&0OD =0.692000 0.LTTRL0 =1.368169 14971425 13
2 STEK3I00O =0+556000 ‘0rU93525 =1,032108 1856310 +lo
3 STERZ000 =0r60T000 00153213 —0+TT9T4S 10284592 = 2
4 5TEK1000 =0+ 493000 0'UBeREY  —0-BULDODX: L22424% * 3

NUCLIDE = M0 97

CORE NO EXP v REL ERN CALCULATED /E NOIE

1 $TEX4000 =0« 2600U0 0114286  =0.748532 1:336700 = 3

7 STEx3000 =0+472000 0 ubT797 =D+ 763743 1+618206 #i0
-3 STEX2000 =0+ 650000 01235294  «0.711070 1-045691

4 STERK1000 04481000 Oru47sld  =0:57T00b 1:308404 = 7
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3 STEE2000 =1+3u000uU 0ri15385 ~1217456% or9ulsLY
4 STEK1000 . =1+4600UC Orizbhhs  =1-043007 ore294l0 o+ 2

NUCLIDE = FL10l

CURE NO CAP ¥ REL FRR CALCULATED C/E NUIE
1 sSTEK&000 -1.1900¢0 0.LT5863U =1.451715 i-219928 * 3
2 5TEK3000 =1+120000 0+wp2500  -1-437392 1-283386 * 5
3 sTEkzloo ~1+190660 0-UpT221  =1:392972 14170565 * 3
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NMUCLIPE = kuin2
CORE NO EXP ¥ REL ERK "CALCULATED CFE NUTE
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2 5TEK3000 =0:235000 0r¢u3BI0.  =Qedbbdcn 14891167 + &
3 STEKZQ00 =01 210000 04238095  ~0+443B74 29142259 + 5
4 STEK1I0Q00 =01 110050 0-1518lg  =0-394763 3+58a936 *13
MUCLIDE = RU1D4
. GoRE O EXP Y REL ERM  CALCULATED CfE NOIE
i STEX4C0O0 -0.15%000 0.3356p4  =0,272175 1.755968 % 3
?  STEK3000 =0+ 140000 Qez1428b =01 2BET24 2+v4B031 = 5
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GROUP  FaTAl FLASTIC INFLASTIC CARTURE GRCUM  TUTAI ELASTIC INELASTIC CAPTURE -
1 . TO1IBF QR ZL.482LUF 00 2.2198TE 0G4, M149RE=04 1 4.p51&4E 0G  2.3935TE 00  2.25567E 00 . 2.037C7E=-03
2 3.88305F 00 2.3THE0F 0D 2.744571 0On 2.6a?TE=03 2 5.30471E b 2.8651%F 00 24301930 00 2.60407€E-02
3 4.RRT65F 0N 7.55733F 0o 2,7ETO%E Q0 1.1a720E=-07 3 6+ ?R9B4E OO0 1.82394F Q0 ?.34TH0F U0 9,42397E-02
5 5L3IRG64F 0N .0AD4E (g 2,30%2JE GO 9, 175RF=0? & 7.1922%E 00 4.5134AF 0O 7.,4502TE 00 1,B8794%5E-01
5 5.30839F 0N 3. 50R60F 0O L.%3588F Qu T i18lRF=02 5 T.12378F 0§ §¢32414F 00U 7.56985E L0 2.297926-01
® A,%0497F 0N 4.G7851F 60 2 99800F 00 1.1R361£aDq 8 £,90569F nC  3.6810nE 00  7,37032F 00 2,%a473E-0L
7 7.MTA42F DN 4,45219F OG 2.40190E U0 1.6m4T1F=01] 1 6.01751F 00  3.376n%F 00  2.24235E 00 3,95657E-01
5 F,3R917F On 4,579%6F o 2,48508F 00 P.natdEEagy a &,959%3F 00 3.7ATekF 00 2.48061€ G0 B.317427E-01
9 3.%88laF €N L HRDEOE D 2,571053F 00 I ET. T T | g B.AUTTOE N3 5ZA4?RE 00 7.01360E a0 1,50%50F 0O
10 T,00NP5F 0N L, 19RTSF fip 2.5%6917F ©n 2.3332RE=01 10 1.220628 01 T.76643E 00 7.32047F 00 2,1192% 00
11 h.SCASTF 0N 4.BHATOF nn 2.s730lE 00 2.3FRale=0l 11 1.6397RE 01 1.06777E 01 3,129980 GQ  2.5637% 00
12 A, 9ARRDF 0N 3,65A88F ) 2.4R0TAF 00 2518900 12 2.43092E 01 1+.%90329F 01 1.%6179E 0O 3.273%98E 00
13 5.N3a4aF ON TL4AQBLE 07 7.?2T138E 00 Z.74222E=01 13 3.3019¢E 0l 2.871%3f pi n,Q 4.11704F CC
1% %,873%58F 0N 3,39485F a0 2,2P062E 00 3,2n9%8E=d] 14 4,7TB714E D1 %.20962FE 031 0.0 5,77312E 00
18 %.Q7774F 0N 3.38312F 03 2,223%6¢ 00 3. A0419F=11 1s T.nBANGE 0l 6+23131E o0} LTT] 8.5668TE 00
16 A A0S1E 0N 3.36RE%F a3 2,27€5%E-00  4.85n0NEmOS 18 g.A1840F 01 R.62314F 0L .0 A.19%27 01
17 &,%6n81F on 3.5411RF o 2,%177108 0D 6. 704N0E-01 17 1.80869E A2 1.27078E 02 n.0 1.78416€ 01
18 T ON545F 00 3. TET9AF 6 2,39013F U0 8,90333F-01 - 18 C.01162E 01 8,666A%F 00 0,0 T.1449R0E 01
ig T.A%k61F 00 3.,91228rF Gu 2.02154F 00 1.02%%E on 19 1.1a94pE n2 8467718E QO 0,0 1,062&2E 02
20 1,8aRk1F 0 4481 TR g 2,0846TE 00 1,2867DE 0D 20 1.6%60TE 02 8,6R3TnE 00 n,O 1,%6320F 02
21 8. 83R97F On 5.3558TF 00 1,499014E JO 1,5%942E 0O 21 4.62302E 02 3.27507E 0l 0.0 4, 29549E 02
22 n,YARROF On ALOL13NE 00 1,799%6E 03 1,73609E OO 22 1.M8T62E 02 9.384%9F 00 n,0 1.791T% 02
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26 9,27n48F n)  2,T93TTE O 2.3R5THE 00
27 1,07371F ni 3.14pEE DU Z.%47R4E 0O
28 1.18782¢ N1 3,41780F 00 7.6AN14F 00
¢ 29 1,49720c ol 2,70600F U0 2.9%E80€ 00
30 1.93%26F 01 1.3%32% U2 3,24692F 00
a1 ?.27970F Nl 3.09328F-01 3.556n%E OO /
37 7.53765%¢ 0 Q.0 2,7429%E DO
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A5 1.27489F 02 DD -lv74025E 01
A5 1436RIBF 02 0.0 1.97RR1F Ut
7 R.GETHOE 10 0.0 6.27418E 01
L1} AL GHRRZE 1) 0.n T 1TT4E 01
A9 R.6T1G4E G0 O.n B 11018F O
50 . 6T4E4E N0 G0 9,2%23% 01
a1 R.ETAIOF A 0,0 l.0ska8F Q2
55 A,6TRI0F N0 0.0 1,2n%%1F €2
53 A.6BN%6F N0 C,0 1.33947E 07
54 AL BRRADF N 0,0 1.%A531E 02
55 R.BARIZF NA D0 1.76942E 02
L1 A.BERDOE A0 0,0 1,0ATRIE 02
57 7.78010E Nl 4.0 1.02669€ 0
58 4 1.18%11F n1 0.0 SLREPIRE 01
59 3.123%0aF 07 1.11188F nl  4.n 3.0117TE 02
&g 2,4THLAF 01 7,9615%F un q.0 1.6r201E 01
6l 3,INT50F 07 9.68%92F D0 0,0 7421055E 07
62 1.3%127F 03 1.70%84F ul 2.0 1.33%70E 03
63 3.T47A3F 02 @, 900908 w00 LIPS T
64 5,9%65F 037 1,20%01F 01 0.n 2+90267E 03
65 4. a1364F 07 1.02792F 0k G.0 3.7708TE 02
66 1.h%09YF 02 R.27220F no gD 1.5721%E 0?
67 1.47172F 02  R.02626F 00 Q.0 1.74143E 02
ta 3.hAR%F 02 7.93331F rn 0,0 ?2.61910E 02
69 a.14%33F 07 7.89330F 00 a.0 4-DhnatE 02
To F.AASSIF 02 T+B6RATLE nn J.0 f.EABRAE N2

_.6 ? —_




R It LA

JAERI-M 6001

==e NUCLIDE EV=133 cam

0 grouP STRUCTURE 25 GROUP STRUCTURE

aROUF  ToTal FLASTIC INFLASTIC CAPTURF GRLUK TOTAL ELASTIC INELASTIC CAPTURE

1 8, TARSEE 0D 7474025 00 2.7328%E G0 B.91954E-05 1 4.67596E 00 2-40TLTE 00 2.26B04E 00 6.22263E=04
7 a.hTISSE (N 2,395727 ¢y 2.776B4F DN T.T299F =04 2 5. 38114F nn 2,98403E OO0 ?,307%9E o0 1.22658E=02
kY i,9149TF 0O 2.6106%F [ 2,79830E D0 9.1F901E-C3 3 £.36T93E o0 3.9%15% 0C  7.35%6%F 00 6.4518%E-02
4 &, akPALF 0N 3, 13594F nn 2.30937 Cn 1.81703F =02 4 7.19183F b 4.31011E ©C ?.46206E 0C 2,17394E=01
5 kLakATiE oo 3, 70%12F nu 2,11917F 00 #.2920DE-0? 5 T.14192E 00 4.18TyaE 00 2.51797€ 00 4,36311E-01
& E.APIRTF G G.1717SF 0o 2.7%6a4lF OO B.%3R%9F =07 3 6:3%782E DO 3.5764RE 0N 2.26400E 00 5.11600E=01
7 7,0A353F 00 4.8BN99F 03 2,4P13%F 00 1.5%RB4RE-01 7 6.13348E 00  3.49209E QO ' 2.08638E DO 3,B80665E-01
B 7.M0T0F o0 4.537L2F on 2,50125E 0n 2. 7T1RTBE=0] E] T.7laa4E GO 4.83340E 00 1,43238E 00 9,45668E=01
9 7,5TH63F On 8,345T6F 3 7,%3960F 00 3,Ba265E-01 b 9. 38868E 00 T.484881E OO 1.89%43E-01 1.49202€ 00

i $.01893F 00 4.04146F On 2,49804F OC  a.80427E-01 ig 1.31004E pl  1.Ga7ief 0t 0.0 2.460523F 00
11 £.6%n27F DR 3.TATeSF an 2,3683%E 00 T 3,12708E-01 11 1.76826E ol  1.3238% Ol 0.0 4,80987E OO
12 £.711393F on 3L.54RLEF G0 2.793336 00 5¢12a86F-ul 12 2.65255E nt 1.72477E 01 . 0.0 9,31456E OO

13 &,719R11F 0D 9,424895F 0n 2,16361F 30 5.09%5BE=01 13 3.61796F 01  2.069%1E 0L 0.0 1,545336E 01

14 t.nPnR4F 0N 3.3a135¢ no 2,10553% 00 5.7369nE=01 lg 5.25806E X 2,4900%E 01 n.p 2.78%00€ 01
15 £.00146F 00 3,46010F 00 2063686 G0 5.T1731E-01 15 T.79857E 01 2.799Q7E 0L 0.0 5,01132€ 01

L& £.2an97F 60 3.6113%F nn 2,00517F 00 F.Sas4sF-01 lg 1.n8094E n2  2.74527% 0} 0,0 8.04920E 0O

17 A,TSRS1F 0N 4.21A3%F a5 1,73749F 0 E.09113E-01 17 1.%6624E 02 1.3221E 01 4,0 1,%6735€ 02
18 7.%K10F 00 %.03N08F 0n  1,33519F 00 9.83333F-01 - la 6.07061F ol 8.56735E 00 N0 5,21391F 01

19 7,594659F 00 5.52362F 03 1,0R158F 00 1.D9RW1E 00 19 ¢.T9n10E 01l B.392%AE 00 0.0 T,93087E 01

26 R.ANSLE QN 6.3RG02F N0 3,2%537r=01  1.230a3F 00 2¢ 1.53724E 02  1.Q980%E 0L 0.0 1.52741E Q2

21 a.xReT1F o0 7.58387¢ ny 0,0 . 1,43R24E 00 21 1.94B61F 02 1.26974E 01 0.0 1.821%6F Q2

22 1,.01857F N1 #,40091F 00 Neir 1.68167F Q0 22 8.7%23%5E N2 1.75007F 01 N.0 8,57724E 02

23 1.15033F 01 9.52293F G0 &0 ?.1%334E 00 23 1.070%%F 02 B.2154RE Q0 0.0 9.88278E 01

24 1.,31389F 01 1,0a4890fF 0l Q.0 2.639%8E GQ 24 a.377n9E ni  T.8624nFE 00 0.0 T.5909%E 0l

23 P.835TRE A1 1,12%%zF 01 0.0 3,00338F 00 2% 1,47101E 07  T.B389% 00 0,0 1,39266F 02
26 1,58311F 0 1,2n118F 01 0.0 3.5A8R1E 0O )

37 1LTTADRE M1 1.3p9%be 01 0,0 G,8ah35E 00

28 1,4a750F 01 1,32%75F nl a.n 5.23747E an

29 5.3A380F 01 1.%66B4F 01 0,0 7.0n%43F 00

30 J.6ATIRF 01 1.73702F ol 0.0 Q. 434THE 00

" 3.0AN16F 01 1.8%A/58f A1 0.0 1:18338F 01

3?7 3,23301F 01 1.95s08E 01 J.0 1.2aw95E 01

kL 3,8A118F M 2.03519¢ 01 0,0 1.43%99F 0}

34 ¢.13189F 01 2.19992F 01 0.0 1.91814F 01

35 8,273R6F M 2.35126F 01 0.0 7 2:%32%9E 01

34 5, 24b90F 0! 2.46T04E AL 0.0 2.7979nE o1

a7 A,RO360F D1 2.9%%31F 01 0.0 3.04779€ 01

38 &,%97870F 0f P.EE260F DL 0,0 3,51615F D

39 3l0aT8F 01 p,7TA00F DL 0,0 5,0917AL 01

40 a.88430F 0t PLASTA3F a4l 0.0 ba02hRKE 01
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Appendix 2.  Lumped Group Cross Sections at Burn-up of 360 Days

=== LUMPEs uRCUP CONSTAANTS  w=a

FISLION eRCDUCTS OF Py=239 BURN-UF 360 DAYS
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Appendix 3.  Inelastic Matrices of Pseudo FP Nuclide

\
TABLE GF [NELASTLC MaTRlx FOR PSEune- FR NUCLIDE

25 GROLP STHUCTURE

GROUP SIGINCI4 14Ky AT & EquAL TO

1 1 2 3 4 5 L] 7 B

1 0.0 0,013 0,084 0,258 0,287 0226 0.091 Y02y c.009
2 D03 D063 U, 261 G291 229 U.092 0,029 01009 0.002
3 0,040 0.275 c, 306 0,2¢1 | 0,097 0,031 0.009 vigod Q.0
L3 celée Q363 g.283 0,113 kY 0,011 0+002 ceo0l 0:0

H 0. 302 0,882 0.178 0,057 0,017 v.004 0.001 vy 0.0

] peoT2 04360 0,117 Usde 0,008 ¢.002 0.0 GG 0,0

T 0,536, 04335 0,099 0.023 0,005 G.001 0.0 UG 0.0

& LIE-L1 0,332 Q.077 0.0L7 0,004 V.00l 0.0 00 0.0

9 Q.b028 0290 0,064 [ AILY 0,003 v.001 0.0 Ve 0.0
10 [T De28l 0.062 oeol3 0.003 0.001 0.0 0:0 . 0.0
1L 0.640 0,282 0.06l 0,013 0,003 0,901 0.0 LYY 0.4
12 0.45%3 0.0 0.007 c.061 ] U, 0:0 040 0.0

0,002
0.0
0.0
0.0
0,0
0.0
0.0
0.0
0.0
d.o
0.0
,
0.0
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TABLE OF INELASTIC MATRIX FOR PSEYDU FP NUCLIDE

H
i

T0 GMOUP STRUCTURE

GROUP SIGINCI Lexd AT & EGUAL TO

! v 1 2 3 4 5 3 7 B s . 1o 11
12 12 1la p-} 16 1 18 iy 20 21 22 23

1 0.0 G.0 0,003 0.011 0.032 0.052< 0,107 G.153 0,130 0.157 0,097 0,07

0.053 0,045 0,027 0,uld 0.0 0,008 0.00% Q.00% 0,003 Q.002 0. 001 0,001

2 0.0 0,003 0,0l 0,032  0.052  <.los g.1%% 0130 g.188 0,097 0.0T% 0033
0. 045 D.02? u,ui9 0,016 a,008 u.00% 0.00% w003 8. U002 0,001 0.001 e.¢

3 0.001 0,011 0.032 0,152 0,108 U154 0130 0136 0,097 0,074 D055 C.08%
0.027 0,019 o, 016 0,008 0.005 G004 0.003 V.00 0,001 0.001 0.0 0.0

4 0.00% 0.032 0.053 0.106 D.135 0.131 o.159 G098 0075 D.055 0e0ed C.027
0. G20 0,016 0,008 0.(05 0.004 9,002 0002 V001 0.001 0.0 0.0 0.0

5 £.015 0,054 0,108 0.158 C.l3e 9:1e% 0.100 Ge0T? 0,058 0046 0027 G020
0.017 0,008 0,003 0.004 G.003 0002 0.001 v.00L 0.0 0.0 C.:0 0,0

® 0.031 0.112 0,163 0.139 U.169 viloe 0080 0.05% 0.0%8 0.029 cep2l 0,018
0.009 0.00% 0,009 0,003 u.002 U001 0,00k 040 0.0 0.0 00 0.0

7 0+QTL 0.179 0,151 0,183 6.113 0.087 0062 01052 0.031 0.023 0019 0.Q09
0.00% 0,005 0,003 0.Q02 0,001 0,001 0:0 ig 0.0 G.0 040 0.9

[ Q.118 0e178 D.216 0,13y 5.102 0.0Ts p.062 0,036 o.027 0.022 0,011 0,006
0,006 0,004 0.902 o.o0l 0.001 0.001 0.0 v.0 0:0 0.0 0.0 0.0

9 0120 0,269 0.166 0.127 0.093 Q.077 0,043 0,033 t.028 2.014 0908 0,007
0.u0s 6.003 0,002 g.001 0.001 0.0 0.0 u.o 0.0 0. 0.0 D:0

1c 0.190 0.221 U, 169 0.124 0,162 0,060 0044 Vv.Q37 0.0l8 g.010 0.910 0,008
0,004 0.002 0,001 0,001 0,001 v.0 040 U.0 0.0 0.8 0.0 c.0

11 0.163 0.239 0.176 0. 14% 0,08p 0,083 0.053 0.026 0+0L3 0.014 0.009 0,008
0,003 0,002 0,001 0,001 0.0 v,0 0.0 Ve 0.0 0.0 0.0 0.0

12 0.471 0,244 0,201 0,119 0,U8T 0.073 0,036 J.p2u 6.01% 0,012 o007 G,008
0,003 0,002 0,001 0,001 0.9 0.0 0,8 V.0 0.0 0.9 0.0 0.0

; 13 0:1Té C.282 0,187 0.l22 9,103 0,083 c.02% u.Qz7 0.017 2.010 0.006 0.004
! 0.002 0.001 0.001 0.00L1 g.0 0.0 0.6 .0 Q.0 9.8 0.0 0,0

: 14 0.210 0,248 0.iT8 0.150 0,074 u,042 0040 V024 0.015 0. 6o% 01006 0,003
[ 0,002 0.0061 0,001 0.0 2,0 0,0 0.0 v 0.0 ¢.0 0.0 0.0

15 C.18% G266 Q.224 0.110 0.062 Ua0sY 01036 0022 0,014 C.008 01005 0.003
0.002 0.001 0,601 0.0 5.0 0.0 0.0 U0 0.0 0.0 0.0 0.0

16 0197 U.328 0.162 ¢,u9l 6,086 0,033 0,032 0,020 0,012 c.007 0.00% 0,003
0.002 0.001 0,001 0.0 0.9 0.0 0.0 049 0.0 .0 0.0 0.0

17 Q258 0,252 U.143 Geldh 0,083 0U.05%¢ 003l G.0l1y 0.012 9.807 0004 0,003
0.002 c.00L 0,001 0.0 0.0 0.0 0.0 v.0 0.0 0.0 0.0 c.0

18 0+20% G.231 0,219 0,138 D.0B1 U.081 o3l 0019 0.011 2.007 0.004 G:002
0,001 0,004 0,001 0.0 0,0 0.0 0.0 040 0.0 ¢.0 0.0 0.0

19 0,176 0.322 0,198 0. 120 0,075 0,088 C.027 0.017 0.010 0.006 0004 c.002
0.001 G, 00l 0.0 Ged 0,0 V.0 0.¢ Q.0 0.0 0.9 0.0 0,0

20 0.261 0.298 0,179 0.112 U, 068 V.04l 0.025 0,01 0.009 0.0COY 0.003 v.002
0.001 G.001 0.0 0.0 0,0 0.0 0+0 U.Q 0.0 2.0 0+Q 0.0

21 D242 0293 0,183 0,112 U.0eT P TY 0,024 0013 0.009 0.b05 0+003 G.002
2,801 €,00 0.0 0.0 0,9 0,0 040 V.0 0.0 0.0 0.0 0.0

22 0.239 6,300 0,184 0.110 0.067 0.039 0.02% C,015 0.009 0,003 0.003 9,902
£.001 0,001 0,0 0.0 0.0 U.u 00 0.0 0.0 0.0 G0 G0

23 0,245 0.301 0,181 0,110 5,085 u.039 o.024 U.01% o.008 0,005 0,003 0.002
0,001 0,001 0.0 Q.0 u.G 9.0 0.0 u.:0 0w 0.0 0.0 0.0

24 0,248 G.299 0,181 0,107 0,065 0.040 G.024% Uy0lY 0,009 0.005 Q.003 9,002
0.00L 0.00l U0 0.0 0.0 0.0 0.0 V.0 0.0 0.0 0.0 0,0

23 Q.248 0302 0.118 C.109 0.068 U.0s0 0,023 0.014 0.009 0,905 0,003 9,002
0.001 ¢.00l .0 0.0 n,0 v,0 0.0 v,0 0.0 0.9 0.0 0.0

26 G.250 0.295 U.181 0.110 0.086 0,039 0.02% 0,014 0.00% 0,005 U003 0,002
0.001 ¢.001 0,0 0.0 0.0 u,.0 0.0 U9 0.0 0.0 - 0.0 0,0

- 27 0. 244 0.300 0,183 0.109 0,065 0,040 0.02% U.Q018 0.009 0.9005 0.002 0,002

001 0.001 0,0 0.0 0.0 0.0 0:0 0.0 0.0 0.0 0.0 0.0 -

28 04247 0,302 0,181 0.107 Cc,06% uv.039 Ds02% 0s01% 0.00a 0,005 0,003 ¢,002
0.001 0,001 0.0 u.0 0.0 U0 0.0 W0 6.0 0.9 0.0 0.0

29 0,210 0.113 0,086 0,041 c.02s v.01% 0. 009 veQ> 0.003 0,002 0003 0,001
0«0 6.0 0.0 040 0,0 0.8 0,0 Ul 0.0 0.0 0.0 0.¢

-‘7 4 —_—
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Appendix 4, Comparison befween the Measured and Calculated Reactivity Worths
with the Cook's Set. ( The * marks denote the nuclide where

discgreement is larger than the quoted experimental error )

THUELToE = IR 90

“ToRE MO TEXF Y REL ERR CALCULATen ~ TT7E WOTE
,,l__iIEls%QB .0»%12000 0,230000  0,009T03  _D,80838T _
2 T3TEXA000 0+033000 Qr200000 01016443 17096223
_3__3%%;;900 _0+v1ia0Qu 01lok6e7 D+019937 1+10873e
4 Ts¥EK1030 0°931000 0:1l33%48 0+0271597 cr4%0235

MUCLIDE = ZR 91

_CORE_NO EXP v REL ERA CALCULATED C/E

. ‘L' "STEKa000 =0.401000 0.us§10Y  =0,234687 T3 ITIELT  #15
2 . ..=00210000 01052381  ~0:238625 3135309 * 3
STEKZ000 -0-103000 G'UBST14  =0.209703 1+997188 #12
4 STEK1000 -0 W$5000 0176471  -0-l4a3Qw 1'697699 * &
ROCLTDE = IR 32
CGRE WO EXP V7 REL ERE  CALCULATED ~ CZE  NOTE ’
1 $TERsQQ0 0:L13000 0.530462 0.007504 pe5TTRRE
2 STEK3000 0+-27000 Q148148 0+01626% 0+6p2362 ¥ 3
3 §TEKZQON pruslope 04170732 0019329 0-4T1439 4
4 STEKLDOO 0*v57500 0+133913 0,037317 0r57932% w4
NUCLIDE = 2P 93
CQRE NO | EXP Vv REL ERR CALCULATED C/E NOTE
1 STER4000 =0 240000 0.388889  =D.563363 1.046972
2 STER300D =0 305000 0¢124590  =0-abalad 1°521719 = 3
i STEK2000 -0 L420U0 0:190083  =0:317614 1+312453 % 2
4 STEX1000 =0-40000¢ 0roe500v  =0vlaaddi 0renlldy # 2
NUEUIDE = 2K 94
CORE NG LXP ¥ REL ERR CALCULATED c/e” woT
1. STER&0QQ =04 UA3000 0,395349  0.008050  -0.l37207 =
2 STER3I00O =g QUT000 2+020371 0016759 =24394085 ~
3. STEK2000 =0+ 006000 3666667 0-0195T1  -%-261820 =
. 4 5TEr1000 =0sv10000 5+ 000000 D+p3N532  =3°353173 -

HUCLIDE = ZR 9%

. CORE NG EXP ¥ REL ERR CALCULATED C/E  NCTE
1 STEK#O0D -0 UAB00D  Q.i6666T  =0,138963 2.61172% " sl1
2 STEX3000 =0 rU27000 0259259  =0+11890¢ A+a03915 +ls
3 STER2000 =0+01000U 1000090  =0-UB691b Re591785 ¥ &
4 STEX1000 0+ V24000 0-353333  =0:033T3F  -1-405742 =~

NUCLIDE = MO 95

CORE WO EXP ¥ REL ERH CALCULATED CrE NOTE
1 STEraCCQ 0. 094000 C.uw77810  =1,072315 1.545122 * 8
2 SBTEKI00D =0-55600U 0+U93525  -0-732249 1-352930 * &
3 STEK2604 =0+ 207000 0r1n3213 -0-593325 0r9i1573
4 STEX10DO =0+ 495000 O'UB6BLY  ~0-445B24 orouoes> w2
N NUCLIDE = MG 96
CORE HO EXP ¥ REL ERR CALLULATED CIE NGTE
1 STEKa0ODO =Q.VESUOU 0,32182%  -0,5167492 6.152281 *17
2 STEK300D =3 L3TCUU Qr459459 -0« 39T*08 10+ T80Tas =22
3 STEK200C =0+ v5500u Craha545 ~0e2alvel 4+394922 *1h
4 STEXLDOQ =U+u32000 DrugyTo0  -U+137323 44291342 % B
NUCLIDE = MO 37
CORE NO EXP ¥ REL ERR CALCULATED C/E NOTE
1 'STEK4000 =D+ 260000 D.114286  =0.395772 0106736 = 3
2 STEX30DQ -G e=72000 0 ueT797  =0+427032 QewUaTil w2
3 STER2000 =p-u80000)  .0r2352y%  =0-431308 rb3a571 = 2
&  STER1900 =0 441000 0 u4T6lY  =Q+3T396d 0832527 * &

.
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NUCLIDE = MU 9

CORE KO EXP v REL EHm CALCULATED C/E NUTE
1 STEk400D0 =0.+34000 Daulan74 =0.25986Y% a,730905 *31
2 STEK390N -0ruUsEHQY 0 veldse -D:298248 6rlagsul sk
3 STEK20Q0 =0¢v3Tuud Geiuglioe ~0r3uB3iu $r332Tuy  #cB
4 STEKLI0D =D Y308 1+333333 —0+J928u3  BAtLeTTpu #eld

NG TDE = »uLd0

CORE NO EXP vV REL E8w CALCULATED C/E NOTE
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