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Gamma-Ray Spectrum Data Library of Fission
Product Nuclides and Its Assessment

Jun-ichi Katakura* and Tadashi Yoshida®

Japanese Nuclear Data Committee
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

Received July 28, 1987

Abstract

A gamma-ray spectrum data library of fission product nuclides was prepared on the
same basis as the JNDC library which is used for the decay heat prediction. The gamma-ray
spectrum data were compiled with both measured and theoretically estimated spectra. For
nuclides with no or insufficient gagmma-ray transition data, the estimated spectra were applied
to compensate the defect of the measured data. By introducing the estimated spectra, it
becomes possible to calculate the gamma-ray spectra which are consistent with integral decay
heat predictions by the JNDC library. By using the spectrum data library, calculations of
gamma-ray spectra from aggregate fission product nuclides were carried out. The calculated
spectra were compared with the measured ones performed at Oak Ridge National Laboratory
and at the University of Tokyo. The spectrum calculations showed reasonable agreement
with the measured data for a wide range of cooling time.

Keywords: Fission Product, Gamma-Ray Spectrum, Estimated Spectrum, Decay Heat

This work was performed in the eveluation work of the Working Group on Evaluation of Decay Heat,
Japanese Nuclear Data Committee.

+ Department of Fuel Safety Research.

* NAIG Nuclear Research Laboratory, Nippon Atomic Industry Group Co., Ltd.
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1. Introduction

Nuclear data of fission product nuclides are essential to nuclear safety assessment and
are indispensable for calculations of fission product build-up and depletion and of nuclear
radiation source in nuclear reactors and/or fuel processing plants. In the nuclear safety assess-
ment, the decay heat of fission product nuclides is of great important.

Decay Heat Working Group of Japanese Nuclear Data Committee (JNDC) has been
continuing the evaluation work of nuclear data in order to provide a reliable nuclear data
library for decay heat prediction by summation method. In the nuclear data needed for the
decay heat prediction, the decay data (half life, average decay energies of beta and gamma
rays, branching ratio, etc.) are essential, because the calculation of the decay heat is performed
by summing up the decay energies of radioactive nuclides released in the decay process.

The working group compiled a decay data library of fission product nuclides (JNDC
FP Decay Data File)") as the first task. The decay data adopted in this library are based on a
detailed examination of experimental decay data. If the experimental decay data are not
available or are deficient, theoretically estimated decay data?>3) by using gross theory® of
beta decay are adopted in the library.

In addition to the decay data, cross sections and fission yields data are needed for the
decay heat prediction. The working group has released a nuclear data library including the
decay data of JNDC FP Decay Data File, cross sections and fission yields of 1172 fission
product nuclides as JNDC Nuclear Data Library of Fission Products (JNDC library)®). The
decay heat calculations by using this library have shown good agreement with the measured
data of important fissile nuclides from 25U to ?*'Pu.%)

However, it was found from the detailed comparison between the measured results and
the calculated ones that there remained some problems in the decay data.®) In order to resolve
the problems, the examination of the decay data, especially of the average decay energies,
was performed and the decay data of some nuclides were revised. The library containing the
revised decay data is nominary called as JNDC library 1.5. From these examination, the decay
heat prediction has been improved.®

These libraries, however, do not contain the spectrum data, because the primary interest
of the working group is to predict an integral decay heat of fission product nuclides and not
to provide spectrum data. The spectrum data, especially gamma-ray spectrum data, however,
are needed not only for application field such as radiation shielding, but also for verification
and improvement of the quality of the decay data. For example, the ENDF/B—IV data file”
contains the gamma-ray spectrum data together with the decay data, fission yields and cross
sections of fission product nuclides.

However, the nuclides with short half life do not have experimental spectrum data
because of the difficulty of the measurement. In the case of ENDF/B—IV, the contained
spectrum data are for only about 200 nuclides in the over 800 fission product nuclides which
have decay data. Therefore, the contributions from the nearly 600 nuclides, most of which
have short half life, can not be treated in the calculation gamma-ray spectra from aggregate
fission product nuclides.

The calculations of the gamma-ray spectra from aggregate fission product nuclides have
been reported by LANL group®»® and by ORNL group'®-!V) based on the data of the
ENDF/B—IV data file. The calculated results showed large disagreement with the measured
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ones at short cooling times after a fission event when the contributions from the nearly 600
nuclides without gamma-ray spectrum data are large.

In order to compensate the disagreement, we provided theoretically estimated gamma-ray
spectra for the nuclides without experimental spectrum and for the nuclides with insufficient
spectrum data.'? For the theoretical estimation, the gross theory of beta decay and El-
cascade model for gamma-transition were used in order to keep the consistency with the
average decay energies adopted in the JNDC library 1.5. By compiling the experimental
spectrum data and the estimated spectra, we prepared a gamma-ray spectrum data library.

By using the library, calculations of the gamma-ray spectra from the aggregate fission
product nuclides were performed and the calculated results were compared with the measured
data after the thermal neutron fission of 2*SU and ?*°Pu performed at Oak Ridge National
Laboratory!®» 1) and those after the fast neutron fission of 235U, ?3°Pu, #*U and **?Th and
after the thermal neutron fission of 235U at the University of Tokyo!3)14),

In this report, we summarize the gamma-ray spectrum data of fission product nuclides
and present the comparison between the calculated and the measured spectra from aggregate
fission product nuclides. In Section2, the gamma-ray spectrum data are described with the
spectrum estimation method. The calculation method of the gamma-ray spectra from aggregate
fission product nuclides is given in Section 3 and the comparisons between the calculated
results and the measured ones are shown in Section 4. The concluding remarks are described in
Section §.
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2. Gamma-ray spectrum data

In the compilation work of nuclear data for the decay heat prediction, we have collected
the experimental data concerning the decay properties of fission product nuclides. The data
were examined if they are suitable for deriving the average decay energies which play an
important role for the decay heat prediction by summation method. Based on the examina-
tion, the average decay energies were adopted in the library for the decay heat prediction. In
our work of compiling a gamma-ray spectrum data library, it seems to be reasonable that the
gamma-ray spectrum data are consistent with the average decay energies used for the decay
heat prediction. Namely, the energy integrated value fo the gamma-ray spectrum should be
equal to the average decay energy of the gamma ray.

In Table 1, the numbers of nuclides in the JNDC library used for the decay heat predic-
tion are listed by the property of the gamma rays. Of these nuclides, 157 nuclides are stable
and 37 nuclides emit no gamma rays. Other nuclides are unstable and may emit some gamma
rays. It is the present work to provide the gamma-ray spectrum data for these nuclides.
The average decay energies of 515 nuclides in these nuclides are calculated from the experi-
mentally measured spectrum data. The spectrum data of these nuclides can be used for those
of the gamma-ray spectrum data library. For the other 468 nuclides, the theoretically
estimated average decay energies are adopted, because the experimental spectrum data are
not available or are deficient for deriving the average decay energies. For these nuclides,
many gamma rays may be missed in the experiment. Therefore, the experimental gamma-ray
spectrum data of these nuclides are considered to be not suitable for the data of the spectrum
data library.?)"3) However, it is also considered that the gamma rays, if they are measured,
should be counted in the spectrum data library. The 87 nuclides correpond to this case. In
our compilation work, the spectrum data of the 87 nuclides were counted in the spectrum data
library.

The experimental gamma-ray spectrum data of total 602 (515 + 87) nuclides were adopted
in the gamma-ray spectrum data library. In order to compensate the difference between the
average decay energies adopted in the JNDC library and the calculated ones from the spectrum
data, theoretically estimated spectra were applied. The estimated spectra were also applied to
the nuclides without experimental spectra.

2.1 Experimental gamma-ray spectrum

The experimental gamma-ray spectrum data of the 602 nuclides were retrieved from the
data base which was used for compiling the JNDC library. The data base contains the experi-
mental data of energies and intensities of gamma-rays, beta-rays and internal conversion
electrons and other experimental decay data.

The nuclides with the experimental spectrum data of gamma rays are listed in Table 2.
In this table, the average decay energies of nuclides denotes by asterisk are estimated
theoretically. A few examples of the spectrum data are listed in Table 3. In this table, serial
number and identification number of nuclide are listed at first. The identification number is

expressed as follows:
Identification Number = Z X 10000+ A X 10 +1S,
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where Z is proton number and A mass number. The IS indicates metastable state, that is, if
IS is 0, the ground state is indicated and if IS is 1, the first metastable state is denoted. The
next is the number of emitted gamma rays accompanied with the decay of the nuclide.
After that the gamma-ray spectrum data are listed. As seen in this table, the spectrum data
are given by energy and its intensity. The intensity is represented by number of photons per
one disintegration of the nuclide.

The gamma-ray spectra from aggregate fission product nuclides were calculated by using
only the experimental gamma-ray spectrum data, and were compared with the spectra
measured at Oak Ridge National Laboratory!®»!!). The results at 2.7 seconds after fissions
are shown in Figs. 1 and 2 for the thermal neutron fissions of 25U'® and ?*°*Pu'V, respec-
tively., The detailed calculation method will be described in Section 3. As seen in these figures,
the calculated results do not reproduce the measured ones. This is due to the neglect of the
contrubution of the nuclides without experimental spectra. The contribution of such nuclides
must be large at short cooling times after a fission event, and then become smaller as the
cooling time becomes longer.

Figures 3 and 4 show the comparisons of the gamma-ray spectra between the calculations
and the measurements at 500 seconds after the thermal fissions of 2*SU!® and ?*?Pu'D),
respectively. In these figures, the calculated results show considerable agreement with the
measured ones.

The contribution of the nuclides without experimentally measured gamma-ray spectra
is shown in Fig. 5 for the gamma-ray component of the decay heat after the thermal neutron
fission of 2*SU. The vertical axis in this figure shows a difference of the decay heat between
the calculation including all fission product nuclides and that including only the nuclides
with experimental spectrum data. As seen in this figure, the nuclides without experimental
spectrum data play an important role at shorter cooling times than a few hundreds seconds
after a fission event. To compensate the difference, the gamma-ray spectra of the nuclides
were estimated theoretically.

2.2 Estimated gamma-ray spectrum

The gamma-ray spectra of the unstable nuclides without experimental spectrum data
were estimated by the calculation based on the beta strength function derived from the gross
theory of beta decay and on the cascade gamma-ray transition model.'?) In the scheme of
the gross theory, the beta strength function varies slowly with mass number A and is quite
sensitive to evenness and oddness of the proton number Z and the neutron number N through
the pairing correlation. Therefore, the gamma-ray spectrum estimations were performed for
typical 32 nuclides categolized by mass number (light, e.g., A=95 or 96 and heavy, e.g.,
A=139 or 140), by odd-even type of the proton and the neutron numbers (odd-odd, odd-
even, even-odd and even-even) and by Q, value (5, 7, 9 and 11 MeV). First, the beta strength
function was calculated by the gross theory in accordance with the categories. By using the
beta strength function Sgz(E), the beta feeding »#(£) per unit mega-electron-volt of final
levels of daughter nucleus is obtained through the relation,

b(E)=Ss(E)  f(Z, Qs—E) Tir, 1)
where

= excitation energy,
71,2 = beta decay half-life,
f(Z, Qs— E) = Fermi function.
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The beta feeding function »(E) is equivalent ot the initial level population density from
the viewpoint of the gamma-ray cascade process that follows the beta decay. The level popu-
lation g(E’) at the energy of E’ caused by the gamma deexcitation of the higher levels and by
the beta decay is written as,

g(E))= [ {b(E")+g(E") - (E"—E" )
XSH(E"—E" ) p(E)AE", (2)
where

S;(E”"—E’) = gamma-ray strength function,

o(E") = level density.

In this equation, the gamma transition is assumed to be El-type.
The intensity of the cascade gamma-ray /(E,) is written using g(£”) as follows:
I(E)= ™ dE" S 4E” § (E"~E'— E,)
x{b(E")+g(E")}- (E"-E")
XS(E"—E")-p(E). (3)
The integral on the right-hand side in eq.(2) can be evaluated in a numerical way from Emq:
(=Qp) toward the lower energy, successively.

In the calculation, the gamma-ray strength function proposed by Brink'®) and by Axel'®)
was adopted. The level density was calculated following the prescription by Gilbert and
Cameron'”). Since no discrete levels were taken into account and all levels were smeared
out in this gamma-ray spectrum estimation, the very low-energy component of the estimated
spectrum was emphasized unrealistically. In order to avoid this situation, the intensity was
assumed to be constant below a limit, which was set to be 500 keV in the estimation.

The estimated gamma-ray spectra for the typical 32 nuclides were prepared as energy
spectra with energy bins of 100 keV. The energy spectra are normalized to be 1.0 if the
integration is performed over the whole energy region. The normalized energy spectra are
shown in Figs. 6 through 11. As there is little difference in the spectra between odd-even
and even-odd nuclei, the results for the both cases are shown as “odd-mass nuclide”. The
numerical values of the normalized energy spectra are listed in Tables 4 through 11.

Figures 12 and 13 exemplify the calculated gamma-ray spectra from aggregate fission
product nuclides compensated by the estimated spectra comparing the measured spectra at
2.7 seconds after the thermal neutron fissions of 2**U and ?*°Pu. The calculations by using
only the experimental spectrum data are also shown by dotted lines. The low-energy parts
are shown in Figs. 14 and 15 for the purpose of a clarity. As seen in these figures, the effect
of the compensation by the estimated spectra are apparent. The detailed comparisons between
the calculations and the measurements will be given in Section 4.
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3. Calculation of gamma-ray spectrum from aggregate
fission product nuclides

The gamma-ray spectra from aggregate fission product nuclides are calculated by using
both measured and estimated gamma-ray spectrum data. The calculation flow is shown in
Fig. 16. The nuclide concentrations of the fission product nuclides are calculated by the
summation calculation with the aid of a computer code FPGS!'® and the JNDC library version
1.5%), which is the modified version of the JNDC library!) and contains the decay and the
yield data needed in the summation calculation. Once the concentration, A* (¢), of the i-th
nuclide at a time t after a fission event is obtained, the gamma-ray energy spectrum from the
aggregate fission product nuclides can be calculated by summing up over all the contributing
nuclides as

D(E,, t) X2, - NU(-EL-d'(E,), 4

1

where
d*(E;) = normalized gamma-ray energy spectrum of the i-th fission product nuclide,
A; = decay constant,
E! =average gamma-ray energy.

The nuclide, whose concentration is calculated, is examined whether it has experimental
spectrum data or not. If the nuclide has the experimental spectrum data, they are applided
to the nuclide.

However, there is a problem in this step. The nuclides have experimental spectrum data
but the average decay energies adopted in the JNDC library 1.5 are different from the values
derived from the spectrum data as mentioned in Section 2.1. In this case, it violates the con-
sistency with the intergral decay heat calculation using the experimental spectrum data for
these nuclides directly. Therefore, the calculated spectra by the method mentioned in the
previous section are applied to keep the consistency. If the nuclide does not have experimental
spectrum data, the calculated gamma-ray spectrum mentioned in Section 2.2 is also applied to
the nuclide.

For using the experimental spectrum data, the detector resolution and the energy group
structure in the gamma-ray spectrum measurement of aggregate fission product nuclides are
taken into account in this step in order to compare the calculated results with the measured
ones directly.

In applying the calculated spectra to the nuclide without experimental spectrum data,
the type of the nuclides is determined based on the category defined in Section 2. For the
nuclide that falls into each category, an appropriate spectrum from the calculated spectra
js applied with renormalization constant £, taken from the JNDC library 1.5, because the
calculated spectra are normalized to be 1.0 if the integration is performed over the whole
energy region. For the nuclide whose average decay energy has difference between the adopted
value in the JNDC library 1.5 and the derived one from the experimental spectrum data,
the calculated spectrum is used to compensate the difference. Namely, if the experimental
average gamma-ray energy is £ ¢ and the adopted one £?, the gamma-ray spectrum of the
nuclide is assumed to be

d'(Ey) ~de(E ) (ES - E$) - de(Ey), (5)
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where

d%:(E,) = experimental gamma-ray spectrum,
des(E;) = normalized estimated gamma-ray spectrum.

In this manner, we can get a gamma-ray spectrum whose energy integrated value is
consistent with that adopted in the JNDC library for each nuclide as follows.

SUEd(ENAE,= [ E do(E)AE, +(EL—EL) - [[E de(E)AE,  (6)
=E}+ (E}—ED)
~E!
In this way, we can calculate a gamma-ray spectrum consistent with the integral decay
heat calculation. If the gamma-ray spectrum calculated by using the present gamma-ray

spectrum data library is integrated over the whole energy range, the resulting gamma-ray
energy release rate agrees with the energy release rate calculated by using the JNDC library 1.5.
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4. Comparison between calculations and measurements

The calculated gamma-ray spectra from aggregate fission product nuclides were compared
with the measured ones performed at Oak Ridge National Laboratory for the thermal neutron
fissions of 225U and 2*?Pu!" and at the University of Tokyo'® for the fast neutron
fissions of 235U, 228U, 23°Pu and **?Th and the thermal neutron fission of **U. And also the
gamma-ray component of integral decay heat for those nuclides are compared between the
measurements and the calculations by using the JNDC library and the JNDC library 1.5. The
measured data are specified by an irradiation time t; .4, a waiting time t,,;, and a counting
time t.ount- The spectrum and the decay heat calculations, however, were performed at
a cooling time t after an instantaneous fission event. The cooling time t was taken to be
twait +%(ti,,ad +teount) for the comparison between the calculation and the measurement.
Therefore, the contributions by neutron capture of fission products during the irradiation
time were neglected in the calculation, because the irradiation time was considered to be
too short to cause a sizable effect by the neutron capture in these measurements.

In order to adjust the calculated line width of gamma-ray to the finite energy resolution
of detector in the measurement, the lines of the gamma-rays except for the calculated spectra
were broadened according to the experimental condition. The energy group structure was
also adjusted to that of the measurement.

In the following comparisons, the gamma-ray energy spectra are expressed by a unit of
MeV/fission/bin/sec, that is, the energy release rate in each energy bin. Thus, if the integration
of the spectrum over whole energy region is performed, the energy release rate at a cooling
time t can be obtained. The integral decay heat is described by a unit of MeV /fission, that is,
the energy release rate at a cooling time t multilied by the cooling time.

4.1 Comparison with the measurement at Oak Ridge National Labolatory

The gamma-ray spectrum data from aggregate fission product nuclides measured at Oak
Ridge National Laboratory have been reported in a tabular form for thermal neutron fissions
of 25U and 2*°Pu by Dickens et al.!9 1),

Samples of 1 to 10 ug were irradiated for 1, 10 and 100 seconds and the resulting gamma-
rays were counted for 2 to 14000 seconds after fissions. The spectra were measured by an Nal
detector whose full energy peak has a Gaussian width ¢ given by

6 0.01E;(1.35215.064/y £,)/2.35482,
where £ ,is in MeV.

By using the width 4, the line of a gamma-ray was broadened in the present calculation as
follows

(1,/<2r5) expl  (E E,)/ (269},

where [ is an intensity of a gamma ray.

The number of energy bins in the measurement was 175 between 0 and 7.5 MeV. The
calculated gamma-ray spectra were also grouped into the 175 energy bins to adjust the meas-
ured energy bins.

For the thermal neutron fission of #5U, the gamma-ray component of the decay heat
is shown in Fig. 17 as a function of the cooling time. The vertical line is expressed as decay
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power, that is, the energy release rate per fission multiplied by the cooling time. As seen in
this figure, the calculated results by the JNDC library and the version 1.5 agree within £10%
with the measured ones at cooling times shorter than a few hundreds seconds. However, at
cooling times longer than a few hundreds seconds, the calculations overpredict the decay
heat by over 20%.

The gamma-ray spectra calculated at each cooling time are shown in Figs. 18 through 54
with the measured data. The calculated spectra at cooling times shorter than a few hundreds
seconds show good agreement with the measurements except for gamma rays with energy
higher than 4 MeV, where the calculations do not reproduce some peaks observed in the meas-
urements. This disagreement above 4 MeV seems to suggest that the high energy gamma rays
emitted in direct transition to low-lying discrete levels are depressed in the cascade model
used in the spectrum estimation, because all levels are smeared out. The calculated spectra
at cooling times from a few tens seconds to a few hundreds seconds satisfactorily reproduce
the measured ones. The calculated spectra at cooling times longer than a few hundreds seconds
show an overestimation as indicated in the decay heat calculation. The overestimation is
seen for an energy region between 1 and 3 MeV. The calculations reproduce the spectrum
shapes, but the intensities of the calculated gamma-rays exceed the measured ones. About
this disagreement, we will discuss later in connection with the measurements performed at
the University of Tokyo.

For the thermal neutron fission of 2*?Pu, the decay heat calculation is shown in Fig. 55
with the measured data and the calculated gamma-ray spectra are shown in Figs. 56 through
86 together with the measured spectra. The calculated decay heat agrees within +10% with
the measured data except for a little discrepancy seen at cooling times between 200 and 2000
seconds. For this cooling time region, the disagreement attains over 15%. The discrepancy
is also seen in the gamma-ray spectra at this cooling time region.

The calculated spectra are below the measured ones for energy region between 1 and 4
MeV. The underestimation of the decay heat is in an accordance with this fact. The energy
positions of the gamma-ray peaks, however, agree well each other both in the calculations and
the measurements. Only the intensities are different from each other. The gamma-ray spectrum
is the product of the nuclide concentration and the intensity of gamma ray from that nuclide.
The calculation for the thermal neutron fission of 25U at this cooling-time region does not
show any discrepancy as shown in previous section. This means that the gamma-ray intensities
contributing to the spectra at this cooling-time region are seemed to be reasonable. Therefore,
the nuclide concentration or the fission yield data of the thermal neutron fission of #*°Pu
may have some problems.

The calculated gamma-ray spectra at cooling times shorter than a few hundreds seconds
show rather good agreement. The agreement, however, is somewhat worse than the case of
the thermal neutron fission of **U at the same cooling time region. For example, measured
gamma-ray spectrum at 2.7 seconds after a fission event shows a gamma-ray peak at 1.6 MeV,
but the calculation can not reproduce this peak. For the gamma-ray spectra at cooling times
longer than 5000 seconds, an apparent discrepancy between the calculations and the measure-
ments is shown at energy of 2.8 MeV. The measurements show a gamma-ray peak at this
energy, but the calculations do not show this peak. Dickens et al.!") also cautioned this
peak and suggested that this peak might be due to a contaminant viz. **Na. But they also
commented that there was one problem with this explanation because of lacking a large peak
corresponding to the companion 1.4 MeV gamma ray. The 2.8 MeV gamma-ray peak is not
seen in the case of the fast neutron fission of #*°Pu (see later). The fission yield of the fast
neutron fission of 2*°Pu is not so different from that of the thermal neutron fission of *?Pu.
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Therefore, this 2.8 MeV peak may be due to a contamination.
4.2 Comparison with the measurement at the University of Tokyo

Akiyama et al.!®> measured gamma-ray spectra from aggregate fission product nuclides
following fast neutron fissions of #3U, 25U, 23°Pu, #*®*U, natural uranium and 2*2Th. They
also measured the spectra following thermal neutron fissions of 2**U to examine the dis-
crepancy of the integral decay heat between the calculations by the JNDC library and the
measurements at ORNL. These measurements were performed at YAYOI reactor of the
University of Tokyo. Small samples were irradiated for 10 and 100 seconds and the gamma-
rays from the sample were measured by using an Nal detector for cooling times between 11
and 22000 seconds after the irradiation. The spectrum data were grouped into 98 energy bins
from 0.1 to 5 MeV. The measured spectra except for those of 223U and natural uranium were
used for the comparison.

For the fast neutron fission of 2**U, the gamma-ray component of decay heat is shown
in Fig. 87 and the gamma-ray spectra at each cooling time are shown in Figs. 88 through
121. The decay heat calculations agree within +10% with the measurements for a whole range
of cooling time. The gamma-ray spectra also show a good agreement between the calculations
and the measurements. There is, however, one problem seen at cooling times between 4800
and 11000 seconds. The calculations in this cooling-time region do not reproduce gamma-ray
peak of energy about 150 keV. This peak is also not observed in the measured spectra of the
thermal neutron fission of 22U at ORNL, which are shown in the previous section.

For the fast neutron fission of 23°Pu, the gamma-ray component of the decay heat is
shown in Fig. 122 and the gamma-ray spectra at each cooling time are shown in Figs. 123
through 156. As seen in Fig. 122, the decay heat calculations show the disagreement with
the measured data at cooling times between 300 and 2000 seconds. The calculated gamma-ray
spectra at this cooling time region show also disagreement with the measured ones for energy
region between 1 and 2.5 MeV. The gamma-ray peaks measured for other energy region are
well reproduced by the calculations. At cooling times shorter than 100 seconds, there is a
little discrepancy between the calculations and the measurements at energy of about 150 keV.
At this energy, the calculations exceed the measurements. The gamma-ray peak of 2.8 MeV
observed for the thermal neutron fission of ORNL at cooling times longer than 5000 seconds
is not identified in this case and the agreement becomes better than that of the thermal
neutron fission of 2*°Pu.

For the fast neutron fission of 23U, the gamma-ray component of the decay heat is
shown in Fig. 157. In the original YAYOI measurements, the decay heat from 2*°U and
B9Np decays is included because of production of *°U by neutron capture reaction of
B8, The contribution of the neutron capture effect was eliminated from the original
measurement to derive the decay heat of the fission product nuclides. In Fig. 157, the original
measurements and the corrected decay heat are shown by open circles and triangles, respec-
tively. As seen in this figure, the effect is not so large. The calculated gamma-ray spectra are
shown in Figs. 158 through 191 with the measured data. In the measured spectra shown in
these figures, the contribution from the neutron capture reaction is not eliminated and the
gamma rays from the decays of 2**U and #*°Np are included. The gamma-ray peaks seen at
energy of about 100 keV for a wide range of cooling times and the peaks at energy region from
200 to 300 keV for cooling times longer than 5000 seconds might be due to the gamma rays
from 23U and ?3°Np decays. Apart from these discrepancies, the calculations of gamma-ray
spectra reproduce the measured ones fairly well.
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For the fast neutron fission of 2*2Th, the gamma-ray component of the decay heat is
shown in Fig. 192. In this case, there is remarkable contribution of neutron capture reaction
of 2Th!%), The reaction produces ?**Th and its daughter nuclide 2**Pa. The contribution of
the gamma rays from 2**Th and 2*3Pa decays is large in this case. The original measurements
including the contribution and the corrected decay heat are represented in the figure by open
circles and triangles, respectively. The calculated decay heat agrees well with the corrected
one. The gamma-ray spectra are shown in Figs. 193 through 226 together with the measured
data. In the measurements, the gamma rays from 23 Th and 2*3*Pa decays are included, but the
calculations do not take the contribution into account because of lacking of the spectrum
data of the actinides nuclides in the present gamma-ray spectrum library. Therefore, the
calculated spectra at the cooling times when the contribution of the neutron capture reaction
becomes large do not reproduce the measured ones. There are many gamma rays having energy
below 1 MeV in the decays of 2**Th and *®*Pa. The gamma-ray peaks observed below 1 MeV
in the measurements are due to this origin. For example, the measured gamma-ray spectrum
at 2450 seconds after fission event shows many gamma-ray peaks below 1 MeV. They are
from the decays of ?**Th and ?*3Pa. Apart from the contribution of the neutron capture
reaction, the agreement between the calculations and the measurements is seemed to be
good.

The gamma-ray component of the decay heat of the thermal neutron fission of #5U
showed large discrepancy between the calculation and the measurement of ORNL at a few
hundreds seconds cooling time. To settle down the discrepancy, Akiyama et al.'®) measured
the decay heat and gave the gamma-ray spectrum data at cooling times from 450 to 11000
seconds when the discrepancy is prominent. The decay heat is shown in Fig. 227 with the
measured data at ORNL and at YAYO! together with the calculated results. The calculated
results of the decay heat show better agreement with the measured ones at YAYOI than
those at ORNL. The overestimation of the gamma-ray spectra observed in comparison with
the ORNL measurements is also diminished in comparison with the YAYOI measurements
as seen in Figs. 228 through 244.

Figure 245 shows an inter-comparison betwen the measurements of ORNL and YAYOI
at the same cooling time, that is, the same t (=ty,;; + %(ti,,ad +t.ount)) after a fission event.
In this figure, the open circles indicate the ORNL measurements and the triangles the YAYOI
measurements. The calculations are also shown in the figure by solid, dashed and dotted lines.
The solid line is the calculation with very fine energy group structure (about 1300 energy
groups below 5 MeV) and with the same detector response as that of the ORNL measurement.
The dashed and the dotted lines indicate the calculations with the same energy group struc-
tures and the same detector responses as those of respective measurements at ORNL and at
YAYOI. As seen in this figure, calculation shows better agreement with the measurement of
YAYOI than those of ORNL. The ORNL measurement is lower than the YAYOI measurement
and the calculation.
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5. Concluding Remarks

A gamma-ray spectrum data library was prepared from both the measured spectrum data
of individual fission product nuclides and the calculated spectra to compensate the defect of
the measured spectrum data and to apply them to the nuclides without experimental spectrum
data. In the compensation, the calculated spectra were used to keep the consistency with
energy release rate per decay adopted in the JNDC library 1.5. In this manner, the gamma-ray
spectra from aggregate fission product nuclides can be calculated at any cooling time in a
consistent way with the integrated decay heat calculation by using the JNDC library 1.5.
In order to assess the gamma-ray spectrum data library, the calculated gamma-ray spectra
were compared with the measured ones performed at ORNL and at the University of Tokyo.
The calculations showed reasonable agreement with the measured data except for the spectra
of the thermal neutron fission of 25U performed at ORNL for cooling times of a few thou-
sands seconds. However, for this case, there are discrepancies between the measurements at
ORNL and those at the University of Tokyo. Our calculations showed agreement with the
measured ones at the University of Tokyo for not only the decay heat, but also the gamma-ray
spectra. This fact means that the measurements at the University of Tokyo seems to support
our calculations.

Apart from this discrepancy, it was shown from the comparison with the measured data
that the calculation of the gamma-ray spectrum from the aggregate fission product nuclides
by using the present library have validity for a wide range of cooling time after a fission event
of fissile nuclides from #2Th to #*?Pu. Therefore, it is concluded that it becomes possible
to evaluate both the gamma decay heat and the gamma-ray spectrum from aggregate fission
product nuclides by the consistent way.

In this report, we presented the calculated results of the gamma-ray spectra from
aggregate fission product nuclides. The computer code used in the calculations is under
development for easy use and the code manual will be published in near future.
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Table 1 Number of nuclides in INDC library.
Total number of nuclides 1172
Number of stable nuclides 152
Number of nuclides with no-y rays 37
Number of nuclides with estimated y-decay energy 468 (87%)
Number of nuclides with experimental y-decay energy 515
* Number of nuclides whose experimental decay energies are replaced
by estimated ones.
Table 2 List of nuclides having experimental gagmma-ray spectrum data
Number Number Number
No. Nuclide of No. Nuclide of No. Nuclide of
Y-rays y-rays Y-rays
1 %6Cu 4 35 ">Ga 36 69 81Rb 28
2 %$Ga 62 36 TSMGe 7 70 B2MAs* 13
3 %6Ge 90 37 5Ge 20 71 52 As* 12
4 %7Ni 16 38 Se 22 72 82Mpr 13
5 57Cu 6 39 "SBr 57 73 82pr 37
6 %7Ga 10 40 76Ga* 107 74 83As* 22
7 67Ge 58 41 76 As 51 75 83mge 24
8 e8mey* 19 42 TTMGe 5 76 83ge 59
9 58Cu 24 43 T7Ge 153 77 83pBy 11
10 58Ga 10 44 77 As 13 78 83mg, 2
11 89Cu 17 45 7TMGe 1 79 83Rb 13
12 69Mzn 2 46 My 1 80 83gy 105
13 5%Zn 2 47 TBr 52 81 83 As* 18
14 %9Ge 37 48 "TKr 27 82 84ge 1
15 59As 7 49 78Ge 2 83 gamp, 6
16 0M ey 13 50 78As 55 84 84pr 51
17 OCy* 2 51 78Br 26 85 84Mpb 3
18 °Ga 3 52 ®Ge 5 86 84Rb 4
19 MMz 60 53 P As 11 87 85ge* 47
20 7n 24 54 9Mge 1 88 85pr 43
21 " As 83 55 smpy 1 89 8Smyy 5
22 "2Zn 9 56 Mgy 1 90 85Kr 1
23 "2Ga 71 57 TKr 45 91 8smgy 4
24 "2As 61 58 "Rb 64 92 855r 2
25 72ge 1 59 80As* 27 93 8smy 7
26 3Zn 4 60 somp, 2 94 85y 144
27 BGa 16 61 8oy 10 95 86ge* 22
28 BMGe 1 62 81Ge* 4 96 86pr* 50
29 BMge 33 63 81As 29 97 86MRb 37
30 3se 22 64 8lmge 5 98 86Rb 1
31 Zn 8 65 81ge 9 99 B7ge* 11
32 74MGa 2 66 slmyy, 1 100 87pr* 108
33 4Ga* 97 67 81kr 1 101 87Kr 33
34 74 As 15 68 8lmpb 2 102 8IMgy 1

* Experimental decay energies not adopted in the JNDC library.
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Table 2 (Continued)
Number Number Number
No. Nuclide of No. Nuclide of No. Nuclide of
Y-rays y-rays Yy-1ays

103 87my 2 149 93Mpo 13 195 1007, 12
104 87y 2 150 93mre 5 196 1oomyp 18
105 87M7n 2 151 T 15 197 100N 15
106 87Zn 15 152 %4sr 5 198 100 20
107 88ge* 13 153 94y 54 199 1017,* 2
108 88p,* 66 154 94mMNb 4 200 101p0 185
109 88Ky 86 155 *Nb 2 201 101pe 34
110 88Rb 27 156 95gr* 29 202 101mph 18
111 88y 8 157 95y 44 203 10tRh 17
112 88z7r 1 158 957r 2 204 10tpqg 51
113 89Kr 299 159 9SMNb 4 205 102m0 8
114 89Rb 62 160 9SNb 3 206 R 30
115 ssmy 161 9SMre 31 207 1021 10
116 89M7n 162 95Tc 23 208 102Mph 28
117 897r 163 %SRu 89 209 102ph 15
118 89mMNb 164 S6gr* 6 210 1031 68
119 8Nb 73 165 s6my 21 211 103Ru 21
120 90p;* 12 166 96 Nb 34 212 103Mph 1
121 90Kr 103 167 °7Rb 12 213 103pgq 11
122 0mpb 96 168 97gr* 17 214 103mag 1
123 9ORb* 105 169 oMy * 16 215 103 7g 102
124 somy 3 170 97y 19 216 104* 121
125 somz, 4 171 97zr 36 217 104Mph 15
126 S0mN 1 172 °7MNb 1 218 104ph 10
127 %°Nb 37 173 %INb 13 219 105)\0* 49
128 %Mo 25 174 7M1 1 220 105 83
129 oigr* 221 175 °7TRu 18 221 105py 88
130 SIRb* 125 176 98Rb* 25 222 105mph

131 S1gr 49 177 sBmy* 11 223 105ph 7
132 stmy 1 178 sBmy* 11 224 105mAg 26
133 Ny 1 179 oBy* 26 225 1057 45
134 S1mMNp 2 180 98™MNb 259 226 105¢q 277
135 °INb 1 181 ?8Nb 10 227 106Mph 39
136 ™Mo 11 182 98Tc 2 228 106 Rh 78
137 Mo 22 183 9y 16 229 106m Ag 59
138 Ikt 96 184 99Zr 13 230 106 A g 11
139 92Rb* 52 185 99MNb 52 231 107Ru 7
140 93gr 9 186 Nb 2 232 107Rh 39
141 92y 19 187 Mo 30 233 107mpg 1
142 92MNb 4 188 99mMre 4 234 107M 5 g 1
143 22Nb 2 189 99T¢ 1 235 107¢4 33
144 3Kr* 217 190 99MRh 26 236 1071 153
145 3 Rb* 243 191 99Rh 33 237 108M0 3
146 93gr 160 192 99pd 126 238 108c* 6
147 s3my 2 193 loomy 2 239 108pu 1
148 Sy 23 194 100y 9 240 108Mph 14

* Experimental decay energies not adopted in the JNDC library.
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Table 2 (Continued)
Number Number Number
No. Nuclide of No. Nuclide of No. Nuclide of
y-rays y-1ays y-rays

241 103ph 4 287 1160, 1 333 122qn* 3
242 108Mpg 8 288 16Myy 43 334 122mgy, 3
243 108 g 14 289 1161 5 335 1226y 8
244 109pu 2 290 1Imag 61 336 123Mpy 11
245 109ph 37 291 17Ag 83 337 1231 16
246  109Mpy 1 292 17meq 70 338 123mgp 4
247 109pg 31 293 117¢q 113 339 123gp 9
248 109Mug 1 294 1mp, 6 340  123MTe

249 1090, 4 295 "7, 4 341 1231, 48
250  109myy 1 296 nmmgn 2 342 128y 4
251 1091, 68 297 1176, 14 343 124my,* 4
252 l1ompp* 23 298 177e 23 344 1281* 3
253 110ph* 1 299 118m 5 g* 42 345 124ngy, 1
254  110mp, 62 300 1184g* 12 346 124mgy, 5
255 11040 13 301 180, 1 347 124gp 84
256  llimpg 79 302 nesmp, 18 348 125my,* 2
257 1tipg 80 303 1181y 8 349 1251 * 11
258 MiMpg 6 304 l1gmgy, 9 350 125Mgn 19
259 Mg 10 305 118gh 14 351 125gn 48
260 ‘''™mcd 2 306 HSAg 137 352 125gh 28
261 ymp, 1 307 11smeg 60 353 125me 2
262 LR 1Y 2 308 19¢q 69 354 1251 1
263 11gn 28 309 Hemy, 12 355 12smye 2
264 H12pg 1 310 19, 7 356 125xe 33
265 1259 115 311 1smgy 2 357 126x¢ 11
266  112M 1 312 11961 1 358 126mp,* 14
267 12y 11 313 19Mre 37 359 126 * 6
268  13Mpg 16 314 197e 13 360 1265n 8
269 13Ag 38 315 120m 40 5 361 1z6mgy, 9
270  'B¥mcyg 1 316 120 o g 4 362 126gp 27
271 13mpy, 1 317 120my, 37 363 1261 14
272 113mMg, 1 318 1201 11 364 127mp,* 3
273 H3gp 4 319 120mgy, 5 365 127 n* 18
274 13gy 10 320 1205} 4 366 127mgn 3
275 1147 11 321 121 pg 53 367 1276n 162
276 1M 3 322 121mey 35 368 1275 36
277 N4y, 4 323 121¢q 62 369 127m1e

278 15Mpg 13 324 1zimp,* 11 370 127T¢

279 1S5pg 145 325 1211 9 371 127mye

280  S™Mcq 23 326 121Mgy 2 372 127xe 6
281 115¢q 16 327 121Mre 13 373 127¢s 53
282  1smpy 2 328 1211e 5 374 128mp,* 5
283 115gp 19 329 121y 62 375 128* 18
284 HSTe 34 330 122 5% 6 376 1285y 10
285 116mpgt 11 331 1224 1 377 128mgy, 16
286 116 g™ 10 332 12zmp,* 4 378 128gy 54

* Experimental decay energies not adopted in the JNDC library.
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Table 2 (Continued)

17

Number Number Number
No. Nuclide of No Nuclide of No. Nuclide of

y-1ays Yy-1ays Yy-rays
379 128y 8 425 13315 129 471 141y 4 29
380  !9Mp* 4 426 134mgp* 4 472 141ce 1
381 12915 14 427 134T 27 473 141MNg 4
382 129Mgy 1 428 134my 3 474 14INgG 12
383 129gn 1 429 1341 66 475 141pm 54
384 129gp 92 430 134Mye 3 476 142xe* 174
385 129MTe 39 431 134m g 2 477 1420cq* 144
386 1291¢ 50 432 13405 12 478 142, 55
387 1291 1 433 135Tg* 3 479 14214 155
388  !29Mye 2 434 1351 90 480 142py 3
389 129¢s 32 435 135mye 5 481 1438, 69
390 130y,* 4 436 135xe 13 482 14314 14
391 13omgn 20 437 135m g 2 483 183¢e 28
392 130gn 15 438 135mpa 484 143pr 1
393 130mgy 59 439 13512 23 485 143pm 1
394 130gp 40 440 135Mee 4 486 143Mgm 5
395 13omy 35 441 135Ce 133 487 1435m 26
396 1301 52 442 136T¢ 22 488 1441 13
397 131p* 4 443 136my* 28 489 144ce 7
398 131mg,* 5 444 136p* 117 490 144mp,. 3
399 131gp 1 445 136Ce 22 491 144pg 10
400 31gp 66 446 136Mp, 3 492 144pm 12
401 3™ 185 447 137)# 24 493 145Ce 13
402 1311e 80 448 137xe 94 494 145pp 61
403 131; 19 449 137Mp, 1 495 145pm 2
404  '31Mye 1 450 137Mce 11 496 1459m 3
405  131Mp, 1 451 137Ce 21 497 146 5% 4
406 131py 35 452 138] 9 498 146Ce 20
407 1321p* 5 453 138xe 100 499 146py 43
408 132gn 10 454 138meg* 11 500 146pm 6
409  132mgy 16 455 1380g* 86 501 147Ce 11
410 132gp* 37 456 13812 2 502 147pg 84
411 1327e 4 457 139%e* 220 503 147Nd 16
412 13my 8 458 139¢g 179 504 147pm 1
413 132; 121 459 139p, 28 505 147gy 27
414 132y 14 460 139mee 1 506 147G4 127
415 133gp* 1 461 139Ce 1 507 148 5% 4
416 133sb 6 462 139pr 24 508 148Ce 6
417  13¥MT7e 63 463 140y e 142 509 148p, 41
418 1331¢ 29 464 1400g* 196 510 148Mpm, 16
419  133my 3 465 140p, 10 511 148pm 7
420 1331 42 466 1405 5 35 512 149¢e 21
421 133Mye 1 467 140p; 19 513 149py 40
422 1335 6 468 141xe* 211 514 149Nd 152
423  133mp, 3 469 141cq* 141 515 149pm 28
424 1333 9 470 141p, 55 516 149gy 14

* Experimental decay energies not adopted in the JNDC library.
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Table 2 (Continued)
Number Number Number
No. Nuclide of No. Nuclide of No Nuclide of
y-rays y-rays y-rays

517 149Gd 38 546 156 my, 2 575 164mpy, 3
518 150ce 12 547 156Tp 118 576 164Ho 4
519 150p.* 9 548 1576m 14 577 lesmpy 12
520 150pm 140 549 1S7Ey 32 578 165py 52
521 151Ng 190 550 157Th 1 579 165Tm 105
522 151pm 127 551 157py 25 580 166py 5
523 151gm 1 552 1S8gy 132 581 teempy, 44
524 151G4 19 553 1s8mry 1 582 166Ho 10
525 151y 92 554 158Th 13 583 166Tm 154
526 152Ng 7 555 159gy 60 584 166yp 1
527 1szmpy 66 556 159G4d 18 585 167py 29
528 152pm* 74 557 159py 6 586 167Ho 26
529 1520y, 2 558 159Myo 2 587 167mp, 1
530 152mpy 31 559 '59Ho 68 588 1$7Tm 8
531 152gy 94 560 160Ey, 14 589 167yp 123
532 153pm 15 561 1607 35 590 168Ho 69
533 1539m 61 562 161G4 130 591 1681 56
534 183G4 9 563 1617 27 592 169Ho 35
535 1531h 217 564 161MHo 1 593 169, 3
536 154Mpm 41 565 161Ho 16 594 165myy 1
537 15pm 38 566 161p, 151 595 169yp 36
538 1s4mp, 13 567 162G4 3 596 170MHyo 21
539 154Ey 172 568 1621 47 597 1704, 31
540 1559m 53 569 162MHyo 68 598 170Tm 2
541 155Ey 13 570 16240 32 599 17E, 63
542 1557y 140 571 1631y 81 600 1 Tm 1
543 155py 129 572 163myo 1 601 172gr 43
544 1569m 12 573 163, 26 602 1721m 48
545 186y 95 574 1641y 168

* Experimental decay energies not adopted in the JNDC library.



JAERI 1311 Gamma-Ray Spectrum Data Library of Fission Product Nuclides and Its Assessment 19

Table 3 Examples of spectrum data list.

O 00 =N B WA =

1.10110E+00
1.20434E+00
1.26960E+00
1.60210E+00
2.19810E+00
5.11006E-01

NUCLIDE ID. = 310750

NUMBER OF GAMMA RAYS

ENERGY (MEV)

1.24300E-01
1.77000E-01
2.03900E-01
2.52800E-01
2.79300E-01
3.10400E-01
3.16800E-01
3.21600€E-01
4.28300E-01
4.42800E-01
4.44800E-01
4.57100E-01
5.68500E-01
5.74700E-01
5.84100E-01
6.32200E-01
6.47500E-01
7.61300E-01
7.83200E-01
8.85400E-01
9.27200E-01
9.87500E-01
1.04330E+00
1.17460€+00
1.18230€E+00
1.22250E+00
1.23950E+00
1.24850E+00
1.35880E+00
1.42700€E+00
1.50110€+00
1.54300E+00
1.74560E+00
1.79640E+00
2.08970E+00
2.10370€E+00

5.81000E-05
2.67260E-03
1.80110E-05
6.97200E-05
1.68490€E-04
6.24320E-01

36

INTENSITYC(1/DECAY)

2.77600€-03
3.71290€E-02
1.83910€-02
3.47000E-01
1.00630E-02
2.29020E-02
1.14510E-02
6.94000€E-03
3.81700E-03
3.12300E-03
5.55200E-03
1.56150E-02
8.32800E-03
1.09652E-01
5.20500E-03
1.90850€-02
6.24600E-03
4.16400E-03
7.28700€E-03
3.85170€-02
2.29020E-02
4.85800E-03
9.02200E-03
5.20500E-03
4.85800E-03
4.51100E-03
1.04100€-03
1.90850€-02
1.38800E-03
3.12300€E-03
1.56150€-02
3.81700€-03
3.47000€E-04
2.08200€E-03
6.93999E-04
6.93999€E-04

* Photons/decay

NO.,

O NV & WA -

19
20

NUCLIDE ID. = 340750

NO.

OOR NV S NN =

NUMBER OF GAMMA RAYS

ENERGY (MEV)

4.52100E-02
6.60500E-02
1.49000E-01
1.98560E-01
1.98600€-01
2.04260E-01
2.17400E-01
2.64610E-01
2.70310E-01
2.79480E-01
3.38470E-01
3.53260E-01
4.00550E-01
4.19310E-01
4.60610E-01
4.68870E-01
5.72680E-01
5.95710E-01
6.17870€-01
8.60560E-01

MUMBER OF GAMMA RAYS

ENERGY (MEV)

2.44500E-02
6.60400E-02
8.08700E-02
9.67100E-02
1.21090E-01
1.35960E-01
1.98560E-01
2.01990E-01
2.04260E-01
2.64610E-01
2.79480E-01
2.93180E-01
3.03880E-01
3.38470E-01
3.53260E-01
4.00550E-01
4.19310E-01
4.68870E-01
5.42370E-01
5.72660E-01
6.17870E-01
8.21850€-01

NO. 34 NUCLIDE ID. = 330740 NO. 36 NUCLIDE ID. = 320751
NUMBER OF GAMMA RAYS = 15 NUMBER OF GAMMA RAYS = 7
NO.  ENERGYCNEV) INTENSITY(1/DECAY) * NO.  ENERGY(MEV) INTENSITY(1/DECAY)
1 5.95900£-01 5.81000E-01 1 6.19200E-02 1.17000E- 04
2 6.08390E-01 5.34520E-03 2 7.78600E-02 3.12000E-05
3 6.34780E-01 1.44088E-01 3 1.21150E-01 5.07000E- 05
4  6.35000E-01 3.48600E-04 4  1.36010E-01 2.02800E-04
5 7.15300E-01 8.13400E-05 5  1.39680E-01 3.90000E-01
6  7.34200E-01 3.42790E-05 6 2.79480E-01 4.29000€-05
7 8.67000E-01 5.11280E-05 7 4.00200E-01 3.90000E-0S
8  8.87000E-01 2.49830E-04
9.93460E-01 2.03350E-04 NUCLIDE 1D. = 320750

20

INTENSITY(1/DECAY)

2.22000E-06
1.55400E-03
7.77000E-06
1.14330E-02
1.55400E-06
2.88600E-06
5.55000E-07
1.11000€-01
3.66300E-05
7.88100E-05
8.32499E-05
2.99700E-04
1.11000E-05
2.66400E-03
2.66400E-06
2.55300€-03
4.99500E-06
2.10900E-05
9.32399E-04
6.54900E-06

22

INTERSETY(1/DECAY)

2.90000E-04
1.08460E-02
1.16000E-04
3.30600E-02
1.72840E-01
5.51000E-01
1.47320€-02
1.16000E-06
1.74000E-05
5.80000E-01
2.44760E-01
3.48000E-06
1.29340€-02
4.06000E-06
1.04400E-05
1.16000€-01
1.04400E-04
3.07400E-06
1.16000E-07
3.46840E-04
4.46600E-05
1.27600E-06
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Table 3 (Continued)

NO. 39 NUCLIDE ID. = 350750
NUMBER OF GAMMA RAYS = 57

NO. ENERGY (NEV) INTENSITY(1/DECAY)

DO NN S WA -

1.12100E-01
1.41190E-01
1.95500E-01
2.36100E-01
2.86500E-01
2.92850E-01
2.99400E-01
3.09400E-01
3.15610E-01
3.19700E-01
3.25400E-01
3.49200E-01
3.77390E-01
4.27790E-01
4.31750E-01
4.60900E-01
4,67300E-01
4.84400E-01
4.88100E-01
4.90700E-01
5.11000E-01
5.14000E-01
5.34800E-01
5.51650E-01
5.66430E-01
5.72930E-01
5.79800E-01
5.86100E-01
5.98200E-01
6.08900E-01
6.46100E-01
6.52200E-01
6.59100E-01
6.63800E-01
6.76600E-01
7.01600E-01
7.33940E-01
7.70800E-01
7.81000E-01
7.88700E-01
8.59300E-01
8.90700E-01
8.97600E-01
9.12050&-01
9.46200E-01
9.52100E-01
9.59000E-01
9.61400E-01
9.74900E-01
1.07420E+00
1.14450E+00
1.24550E+00
1.38050E+00
1.44890E+00
1.51580E+00
1.56100E+00
5.11006E-01

1.74990E-02
6.90750E-02
9.21000E-04
8.28900E-03
9.21000E-01
2.79063E-02
2.48670E-03
9.21000E-04
6.35490E-03
1.01310E-03
2.48670E-03
1.84200E-03
4.11687E-02
4.54974E-02
4.05240E-02
1.19730E-03
1.28940E-03
2.94720E-03
1.84200E-03
3.40770E-03
0.0

9.21000E-04
1.38150E-03
3.13140E-03
4.69710E-03
2.08146E-02
9.21000E-04
1.93410€E-03
3.40770E-03
1.75911€-02
1.56570E-03
1.47360E-03
3.68400E-03
1.19730£-03
1.19730E-03
1.93410E-03
1.61175€-02
4.88130E-03
1.10520€-03
3.49980E-03
2.48670E-03
2.57880E-03
5.24970E-03
1.05915€E-02
1.47360E-03
1.74069E-02
2.76300E-03
4.60500E-03
9.21000E-04
1.10520€-03
1.93410E-03
4.97340E-03
1.19730E-03
3.40770E-03
1.19730E-03
1.28940E-03
1.42763E+00
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Table 3 (Continued)

NO. 40 NUCLIDE ID. = 310760

NUMBER OF GAMMA RAYS = 107

NO. ENERGY(MEV) INTENSITY(1/DECAY) NO. ENERGY(MEV) INTENSITYC(1/DECAY)
1 3.35900E-01 5.26400E-02 71 2.75995E+00 1.09886E-02
2 4.31000€E-01 9.21200€-02 72 2.77910€E+00 7.96180E-03
3 5.45510E-01 2.59252E-01 73 2.78270E+00 1.01332E-02
4 5.62930E-01 6.58000E-01 74 2.84350E+00 1.59236€-02
5 6.61400E-01 7.36960E-03 75 2.86810E+00 3.48740E-03
6 8.43800E-01 1.13834E-02 76 2.88290E+00 1.38180E-03
7 8.47150E-01 3.52030E-02 77 2.91460E+00 7.36960€-03
8 8.85830E-01 1.31600E-02 78 2.91985E+00 9.08040E-02
9 9.11400E-01 1.00016E-02 79 2.97090E+00 3.94800E-03

10 9.27050E-01 9.21199€-03 80 2.98120E+00 2.03980E-03
11 9.76500E-01 4.60600E-02 81 3.03460E+00 5.19820E-03
12 1.01420E+00 3.55320€E-03 82 3.06990E+00 9.21199E-03
13 1.04360E+00 2.96100E-03 83 3.13070E+00 2.10560E-03
14 1.05170E+00 4.67180E-03 84 3.14140E+00 4.22436E-02
15 1.10841E+00 1.57920€-01 85 3.14530E+00 2.96100E-03
16 1.17570E+00 4.67180€E-03 86 3.19060E+00 2.10560E-03
17 1.18210E+00 5.06660E-03 87 3.27590E+00 5.79040E-03
18 1.20802E+00 1.52656E-02 88 3.28360E+00 1.71080E-03
19 1.24910E400 6.38260E-03 89 3.32520E+00 1.11860E-03
20 1.25990E+00 2.96100E-03 90 3.32870E+00 1.97400E-03
21 1.27305E+00 1.19756E-02 91 3.33460E+00 1.90820E-03
22 1.28290E+00 2.82940€-03 92 3.36650E+00 1.44760E-03
23 1.31060E+00 2.76360E-03 93 3.38875E+00 2.82282€-02
24 1.34813E+00 7.43540E-03 94 3.40240E+00 1.31600E-03
25 1.35890E+00 1.84240E-03 95 3.46550E+00 1.38180E-03
26 1.44390E+00 2.56620E-03 96 3.49670E+00 1.05280E-03
27 1.46120E+00 3.29000€-03 97 3.55950E+00 5.85620E-03
28 1.48250€E+00 4.93500E-03 98 3.67560E+00 4.AT440E-03
29 1.48960E+00 2.30300€E-03 99 3.73690E+00 1.57920E-03
30 1.50230€+00 4.86920E-03 100 3.75210E+00 1.64500E-03
31 1.54600E+00 4.27700€E-03 101 3.84230E+00 9.21199E-04
32 1.58390€E+00 1.97400€-03 102 3.91330E+00 1.25020E-03
33 1.61270E+00 4.47440E-03 103 3.92520E+00 3.35580E-03
34 1.63400E+00 1.13834E-02 104 3.95170E+00 4.23094E-02
35 1.63930E+00 5.52720E-02 105 3.99430E+00 2.23720E-03
36 1.64280E+00 9.27780E-03 106 4,.12180E+00 2.50040E-03
37 1.66030E+00 7.69860E-03 107 4,25330E+00 2.23720E-03
38 1.72190E+00 1.44760E-03
39 1.73270€+00 7.23800E-03
40 1.81110E+400 8.35660E-03
41 1.87830E+00 3.61900E-03
42 1.89270E+00 4.01380E-03
A3 1.90220E+00 4.21120€-03
44 1.91270E+00 5.85620E-03
45 1.92460E+00 1.97400E-03
46 1.94030E+00 6.84320E-03
A7 1.98040E+00 2.17140E-03
48 2.04070E+00 3.29000€-03
49 2.07375E+00 4.23094E-02
50 2.09190€+00 1.77660E-03
51 2.12946E+00 2.19772E-02
52 2.18520E+00 4.93500E-03
53 2.20386E+00 1.36864AE-02
54 2.21436E+00 2.23062E-02
55 2.27880E+00 4.40860E-03
56 2.34740E+00 4.34280E-03
57 2.35688E+00 2.46092€-02
58 2.36980E+00 2.76360E-03
59 2.43560E+00 3.68480E-03
60 2.47660E+00 2.17140E-03
61 2.48110€E+00 1.97400E-03
62 2.48960E+00 1.97400E-03
63 2.52400E+00 7.96180E-03
64 2.57855E+00 2.23720E-02
65 2.59100E+00 2.69780E-03
66 2.61920E+00 2.24378E-02
67 2.66880E+00 1.57920€-03
68 2.68090E+00 3.22420E-03
69 2.69150€+00 1.51340€-03

70 2.70050E+00 1.97400E-03
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Table 4 Estimated gamma-ray energy spectra of odd-even light mass nuclides.

ENERGY Q@-VALUES
(MEV) S MEV 7 MEV 9 MEV 11 MEV
0.1 S.73080E-02 3.15460E-02 2.08350E-02 1.59510E-02
0.2 1.71920E-01 9.46380E-02 6.25050E-02 4.78540E-02
0.3 2.86540E-01 1.57730E-01 1.04170E-01 7.97570E-02
0.4 4.01160E-01 2.20820E-01 1.45840E-01 1.11660E-01
0.5 5.15770E-01 2.83910E-01 1.87510E-01 1.43560E-01
0.6 6.30390E-01 3.47010E-01 2.29180E-01 1.75460E-01
0.7 6.20790E-01 3.53400E-01 2.36890E-01 1.82500E-01
0.8 6.04200E-01 3.58000E-01 2.44700E-01 1.90140E-01
0.9 5.81510E-01 3.60520E-01 2.52310E-01 1.98160E-01
1.0 5.53840E-01 3.60820E-01 2.59480E-01 2.06370E-01
1.1 5.22370E-01 3.58940E-01 2.66010E-01 2.14590E-01
1.2 4.88310E-01 3.55040E-01 2.71770E-01 2.22670E-01
1.3 4,52770E-01 3.49380E-01 2.76690E-01 2.30460E-01
1.4 4.16770E-01 3.42280E-01 2.80740E-01 2.37880E-01
1.5 3.81200E-01 3.34110E-01 2.83950E-01 2.44860E-01
1.6 3.46790E-01 3.25240E-01 2.86390E-01 2.51340E-01
1.7 3.14140E-01 3.16020E-01 2.88140E-01 2.57290E-01
1.8 2.83710E-01 3.06790E-01 2.89310E-01 2.62720E-01
1.9 2.55790E-01 2.97820E-01 2.89990E-01 2.67600E-01
2.0 2.30600E-01 2.89340£-01 2.90290E-01 2.71950E-01
2.1 2.08200E-01 2.81550E-01 2.90290E-01 2.75790E-01
2.2 1.88600E-01 2.74540E-01 2.90080E-01 2.79100E-01
2.3 1.71690E-01 2.68390E-01 2.89710E-01 2.81900E-01
2.4 1.57340E-01 2.63090E-01 2.89200E-01 2.84190E-01
2.5 1.453300-01 2.58630E-01 2.88590E-01 2.85970E-01
2.6 1.35440E-01 2.54910E-01 2.87860E-01 2.87220E-01
2.7 1.27420E-01 2.51850E-01 2.86990E-01 2.87930E-01
2.8 1.21020E-01 2.49310E-01 2.85950E-01 2.88100E-01
2.9 1.15970E-01 2.47180E-01 2.84710E-01 2.87710E-01
3.0 1.12050E-01 2.45320E-01 2.83230E-01 2.86750E-01
3.1 9.09440E-02 2.21790E-01 2.66060E-01 2.74650E 01
3.2 7.40340E-02 2.00820E-01 2.49890E-01 2.62730E-01
3.3 6.06440E-02 1.82200E-01 2.34700E-01 2.51010E-01
3.4 5.01670E-02 1.65730C-01 2.20480E-01 2.39540E-01
3.5 4.20690E-02 1.51190E-01 2.07180E-01 2.28350E-01
3.6 2.97570E-02 1.25270E-01 1.82920E-01 2.08730E-01
3.7 2.03870E-02 1.02500E-01 1.60380E-01 1.89930E-01
3.8 1.33900E-02 8.26440E-02 1.39550E-01 1.72010E-01
3.9 8.27680E-03 6.54550E-02 1.20420E-01 1.55030E-01
4.0 4.63070E-03 5.06900E-02 1.02960E-01 1.39020E-01
4.1 2.93730E-03 4.21890E-02 9.14920£-02 1.27690E-01
4.2 1.78310E-03 3.48770E-02 8.09590E-02 1.16920E-01
4.3 1.02600E-03 2.86300E-02 7.13350E-02 1.06730E-01
4.4 5.51920F-04 2.33300€E-02 6.25900E-02 9.71300t-02
4.5 2.72060E-04 1.88660E-02 5.46830E€-02 8.81240E-02
4.6 1.19070E-04 1.51330E-02 4.75720E-02 7.97130E-02
4.7 4.38430E-05 1.20350E-02 4,12100E-02 7.18870E-02
4.8 1.22180E-05 9.48470E-03 3.55450E-02 6.46350£-02
4.9 1.96440L-06 7.40270E-03 3.05260E-02 5.79400C-02
5.0 0.0 5.71780E-03 2.61020E-02 5.17820E-02
5.1 0.0 4.36700E-03 2.22220E-02 4.61390F-02
5.2 0.0 3.29500E-03 1.88340E-02 4.09850E-02
5.3 0.0 2.45320E-03 1.58910£-02 3.62960£-0?
5.4 0.0 1.80000E-03 1.33460E-02 3.20450E-02
5.5 0.0 1.29950E-03 1.11570E-02 2.82030E-02
5.6 0.0 9.21470E-04 9.28170E-03 2.47440E-02
5.7 0.0 6.40320E-04 7.68420E-03 2.16420£-02
5.8 0.0 4.34850F-04 6.32950L-03 1.88680E-02
5.9 0.0 2.87650E-04 5.18650E-03 1.63960L-02
6.0 0.0 1.84550E-04 4.22700E-03 1.42030E-02
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Table 4 (Continued)

ENERGY Q-VALUES
(MEV) 5 MEV 7 MEV 9 MEV 11 MEV
. . 1.14220E-04 3.42560E-03 1.22630E-02
6.77010E-05 2.75980£-03 1.05530€-02
« 3.80610E-05 2.20960€£-03 9.05140E-03
. . 2.00190E-05 1.75770E-03 7.73760£-03
. . 9.65510E-06 1.38850E-03 6.59220E-03
. 4.13720E-06 1.08890E-03 5.59730E-03
. . 1.49230E-06 8.47220E-04 4.73630E-03
. 4.07650E-07 6.53710E-04 3.99400E-03
. 6.42900E-08 4.99860F-04 3.35620€E-03
. 3.78520E-04 2.81040E-03
. 2.83620E-04 2.34490E-03

. . 2.10070E-04 12.94940£-03
. . . 1.53640E-04 1.61460E-03
. . 1.10810E-04 1.33220€-03
. . 7.86850E-05 1.09500£-03
. . 5.49130E-05 8.96430F-04
. . 3.75790£-05 7.30830E-04

. 2.51490E-05 5.93270E-04

. . 1.64040C-05 4.79450E-04
1.03850E-05 3.85670E-04

. 6.34580E-06 3.08700E-04

. 3.71610E-06 2.45820£-04

. . . 2.06540E-06 1.94680E-04
. . . 1.07460E-06 1.53280E-04
. . 5.13040E-07 1.19940£-04

2.17750€-07
7.78470E-08

9.32230E-05
7.19420E-05

-
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0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0 2.10900£-08 5.50910E-05
. . 0.0 3.30100E-09 4,18360E-05
. 0.0 0.0 3.14810E-05
0.0 0.0 2.34540E-05
. . 0.0 0.0 1.72840E-05
. . 0.0 0.0 1.25840E-05
0.0 0.0 9.04050E-06
. 0.0 0.0 6.39820E-06
0.0 0.0 4.45260E-06
. . 0.0 0.0 3.04010E-06
. . 0.0 0.0 2.03100E-06
. . 0.0 0.0 1.32310E-06
0.0 0.0 8.36900E-07
. 0.0 0.0 5.11230E-07
10.2 . 0.0 0.0 2.99420E-07
10.3 . 0.0 0.0 1.66510E-07
10.4 . 0.0 0.0 8.67250E-08
10.5 0.0 0.0 4.14620E-08
10.6 0.0 0.0 1.76300E-08
10.7 . 0.0 0.0 6.31710E-09
10.8 . 0.0 0.0 1.71600E-09
10.9 0.0 0.0 2.69410E-10
11.0 . 0.0 0.0 0.0
11.1 . 0.0 0.0 0.0
11.2 . 0.0 0.0 0.0
11.3 0.0 0.0 0.0
11.4 0.0 0.0 0.0
11.5 0.0 0.0 0.0
11.6 0.0 0.0 0.0
11.7 0.0 0.0 0.0
11.8 . 0.0 0.0 0.0
11.9 . 0.0 0.0 0.0
12.0 0.0 0.0 0.0
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Table 5 Estimated gamma-ray energy spectra of odd-odd light mass nuclides.
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+98240E-01
.83820E-01
.50730E-01
.19850E-01
.91160E-01
.54480E-01
.20850E-01
.83070E-01
.48940E 01
.18300E-01
.91860E-02
.21190E-02

24640E-02

.38150E-02
.60950E-02
.92300E-02
.31480E-02
.77760E-02
.30480E-02
.88970E-02
.52650E-02
.20950E-02
.93340E-02
.69360E-02
.48560E-02
.30560E-02
.15000E-02
.01560€-02
.99610E-03
-99480E-03
.13020£-03
.38280L-03

1.24910E-02

74730E-02
24550E-02

.74370E-02
.12420L-01
.37400E-01
.44190F-01
.51690E-01
.59720E-01
.68140E-01

76840E-01

.85780E-01
.94970E-01
.04410E-01
.14160E-01
.24250E-01
.34710E-01
.45560E-01
.56780E-01
.68310E-01
.80090E-01
.92000C-01
.03900E-01
.15630E-01
.27020E-01
-37880E-01
.48050E-01
.57350E-01

49380E-01

3
6
8
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3.41180E-01
3.
3
2
2
2
2
1
1
1
1
1
1
9
9
8
7
6
6
5
5
4
4
3
3
3
2
2
2
2
2

21090E-01

.01600E-01
.82780E-01
.57950E-01
.34350E-01
.07110E-01
-81590E-01
.57800E-01
.41600E-01
.26470E-01
.16500E-01
.07090E-01
.82630E-02
.00020E-0?
.23030E-02
.51560E-02
.85460E-02
-24520F-02
.68530L-02
.17250E-02
.70420E-02
.27770E-02
.89030E-02
.53900E-02
.22110E-02

93380E-02

.67450E-02
.44060E-02
.22970L-02
.03950E-02
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Table 5 (Continued)

3.99110E-07
1.43850E-07
3.92920E-08
6.20070E-09

1.60690E-04
1.25020E-04
9.65220E-05
7.38940E-05

ENERGY Q-VALUES
(MEV) S MEV 7 MEV 9 MEV 11 MEV

6.1 1.95660E-04 5.73560E-03 1.86790E-02
6.2 1.16370E-04 4.74440E-03 1.63640E-02
6.3 . 6.67040E-05 3.92800E-03 1.43440E-02
6.4 . 3.69410E-05 3.25780E-03 1.25830E-02
6.5 2.00500E-05 2.70910€-03 1.10490€-02
6.6 1.11010E-05 2.26110E-03 9.71380E-03
6.7 3.99570E-06 1.71580E-03 8.07500E-03
6.8 1.08940E-06 1.28140E-03 6.66800E-03
6.9 . 1.71510€-07 9.38360E-04 5.46510E-03
7.0 . 6.70010E-04 4.44110E-03
7.1 4.62310E-04 3.57360E-03
7.2 3.44980E-04 2.99550E-03
7.3 2.54210E-04 2.50170E-03
7.4 1.84730E-04 2.08130E-03
7.5 1.32190E-04 1.72490E-03
7.6 9.29620E-05 1.42370E-03
.7 . 6.41130E-05 1.17030E-03
7.8 4.32430E-05 9.57870E-04
7.9 . 2.84290E-05 7.80480E-04
8.0 1.81400E-05 6.32980E-04
8.1 1.11730E-05 5.10830E-04
8.2 . 6.59520E-06 4.10120E-04
8.3 . 3.69500E-06 3.27460E-04
8.4 . 1.93810E-06 2.59940E-04
8.5 9.32760€-07 2.05060E-04
8.6

8.7

8.8

8.9

9.0

9.1

9.2

9.3

9.4

9.5

9.6

9.7

9.8

9.9

10.0

10
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P v s s = w P . . PR Pl « . P = v e s . e ¢« e v e @ P . .
OO 00000000000 O0O0ODODO0OODOROCOOO0ODODODOODO0OO0ODO0OO0DO0ODODO0DO0ODODDOODOODODO0DO0DO0OODODODDOODO0DO0OOOOOO

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
. 0.0 0.0 5.60570E-05
. 0.0 0.0 4.21030£-05
. . 0.0 0.0 3.12780E-05
. . 0.0 0.0 2.29560E-05
. . 0.0 0.0 1.66240E-05
. 0.0 0.0 1.18590E-05
. 0.0 0.0 8.31860E-06
. . 0.0 0.0 5.72470E-06
. 0.0 0.0 3.85450E-06
. 0.0 0.0 2.53070€-06
. 0.0 0.0 1.61320€-06
.1 0.0 0.0 9.93070€E-07
10.2 0.0 0.0 5.86090E-07
10.3 . 0.0 0.0 3.28410€-07
10.4 0.0 0.0 1.72350€-07
10.5 0.0 0.0 8.30160E-08
10.6 0.0 0.0 3.55630E-08
10.7 0.0 0.0 1.28370€-08
10.8 0.0 0.0 3.51290€-09
10.9 0.0 0.0 5.55590€-10
11.0 0.0 0.0 0.0
11.1 0.0 0.0 0.0
11.2 . 0.0 0.0 0.0
11.3 0.0 0.0 0.0
11.4 0.0 0.0 0.0
11.5 0.0 0.0 0.0
11.6 0.0 0.0 0.0
11.7 0.0 0.0 0.0
11.8 . 0.0 0.0 0.0
11.9 0.0 0.0 0.0
12.0 0.0 0.0 0.0
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Table 6 Esitmated gamma-ray energy spectra of even-even light mass nuclides.

(MEV)

VA AV NS BBl b D NNWWWWWWWWRONRNRNRNRNNRDRNDRDR = b e e et QOO OQCO0OO0OO0OOO

O WO NV EWRNROO® NV EWN=O OO0V D WA= OO NV BEWRN=0 000NV & WA= O W=D WA -

5.83450E-02
1.75030E-01
2.91720E-01
4.08410E-01
5.25100E-01
6.41790E-01
6.43170E-01
6.37290E-01
6.24110E-01
6.04100E-01
5.78100E-01
5.47150E-01
5.12370E-01
4.74910E-01
4.35870E-01
3.96220E-01
3.56840E-01
3.18460E-01
2.81660E-01
2.46910E-01
2.14540E-01
1.84760E-01
1.57690E-01
1.33350E-01
1.11730E-01
9.27040E-02
7.61550E-02
6.19090E-02
4.97790E-02
3.95630E-02
3.10570E-02
2.40590E-02
1.83740E-02
1.38150E-02
1.02120E-02
7.40810E-03
5.26220E-03
3.65030E-03
2.46470E-03
1.61300E-03
1.01760E-03
6.14440E-04
3.51680E-04
1.88210E-04
9.23020E-05
4.01940E-05
1.47250E-05
4.08240E-06
6.53040E-07

OO0 00O OoOO0CO0O0O
COO0CO0CO0COCO0OOOOO

Q-VALUES
7 MEV 9 MEV
3.86510E-02 2.78860E-02
1.15950E-01 8.36570E-02
1.93260E-01 1.39430E-01
2.70560E-01 1.95200E-01
3.47860E-01 2.50970E-01
4.25160E-01 3.06740E-01
4.35990E-01 3.16820E-01
4.45130E-01 3.26830E-01
4.51840E-01 3.36280E-01
4.55600E-01 3.44760E-01
4.56050E-01 3.51910E-01
4.53040E-01 3.57440E-01
4.46560E-01 3.61140E-01
4.36750E- 01 3.62850E-01
4,23870E-01 3.62500E-01
4.08260E-01 3.60090E-01
3.90310t-01 3.55650E-01
3.70450E-01 3.49290E-01
3.49130E-01 3.41120E-01
3.26780E-01 3.31320E-01
3.03840E-01 3.20070€-01
2.80680E-01 3.07580E-01
2.57660E-01 2.94060E-01
2.35090E-01 2.79710E-01
2.13210E-01 2.64750E-01
1.92240E-01 2.49370E-01
1.72350E-01 2.33780E-01
1.53650E-01 2.18130E-01
1.36220E-01 2.02610E-01
1.20110E-01 1.87330E-01
1.05340E-01 1.72440E-01
9.18780E-02 1.58030E-01
7.97090E-02 1.44200E-01
6.87770E-02 1.31020E-01
5.90210E-02 1.18530E-01
5.03700£-02 1.06780E-01
4.27450E-02 9.57990E-02
3.60670E-02 8.55880E-02
3.02530E-02 7.61510E-02
2.52230L-02 6.74790E-02
2.08970E-02 5.95520£-02
1.72000E-02 5.23450E-02
1.40610E-02 4,58250E-02
1.14130E-02 3.99580E-02
9.19460E-03 3.47030E-02
7.34860E-03 3.00190E-02
5.82390E-03 2.58640[-02
4.57440E-03 2.21960E-02
3.55850E-03 1.89710£-02
2.73980E-03 1.61490E-02
2.08600E-03 1.36910E-02
1.56910E-03 1.15590£-02
1.16470E-03 9.71740E-03
8.52060E-04 8.13420£-03
6.13360E-04 6.77880E-03
4.33670E-04 5.62350E-03
3.00490E-04 4.64330E-03
2.03490E-04 3.81520E-03
1.34230E-04 3.11900E-03
8.5874CE-05 2.53630L-03

2.17190E-02
6.51560E-02
1.08590E-01
1.52030E-01
1.95470E-01
2.38900€E-01
2.47770E-01
2.57090€E-01
2.66550E-01
2.75830E-01
2.84620E-01
2.92640E-01
2.99660E-01
3.05480E-01
3.09940L-01
3.12940E-01
3.14400€-01
3.14300E-01
3.12660E-01
3.09500E-01
3.04910E-01
2.98980E-01
2.91830E-01
2.83580E€-01
2.74370E-01
2.64340E-01
2.53640E-01
2.42400E-01
2.30760E-01
2.18850€E-01
2.06790E-01
1.94700E-01
1.82680E-01
1.70810E-01
1.59170€E-01
1.47840E-01
1.36880E-01
1.26320E-01
1.16220E-01
1.06590E-01
9.74530€-02
8.88320E-02
8.07290E-02
7.31450€-02
6.60730E-02
5.95070E-02
5.34320E-02
4.78330E-02
4.26910E-02
3.79870E-02
3.36980E-02
2.98020E-02
2.62740E-02
2.30930E-02
2.02330E-02
1.76710E-02
1.53850E-02
1.33520E-02
1.15510E-02
9.96050E-03
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Table 6 (Continued)

ENERGY Q-VALUES
(MLV) 5 MEV 7 MEV 9 MEV 11 MEV

6.1 0.0 5.29970E-05 2.05110E-03 8.56140E-03
6.2 0.0 3.13250E-05 1.64910E-03 7.33510E-03
6.3 0.0 1.75600E-05 1.31770E-03 6.26400E-03
6.4 0.0 9.20980E-06 1.04620E-03 5.33190£-03
6.5 0.0 4.42870E-06 8.24830L-04 4.52360E-03
6.6 0.0 1.89200E-06 6.45570E-04 3.82520E-03
6.7 0.0 6.80320E-07 5.01310E-04 3.22390E-03
6.8 0.0 1.85240E-07 3.86030E-04 2.70800E-03
6.9 0.0 2.91150£-08 2.94570E-04 2.26700E-03
7.0 0.0 0.0 2.22580E-04 1.89130E-03
7.1 0.0 0.0 1.66400E-04 1.57230E-03
7.2 0.0 0.0 1.22960E-04 1.30250E-03
7.3 0.0 0.0 8.97100£-05 1.07510E-03
7.4 0.0 0.0 6.45340E-05 8.84020E-04
7.5 0.0 0.0 4,57010E-05 7.24120E-04
7.6 0.0 ¢.¢ 3.18030E-05 5.90770E-04
.7 0.0 0.0 2.16980E-05 4.,79980E-04
7.8 0.0 0.0 1.44750E-05 3.88290E-04
7.9 0.0 0.0 9.40970E-06 3.12690E-04
8.0 0.0 0.0 5.93560E-06 2.50610E-04
8.1 0.0 0.0 3.61330E-06 1.99860E-04
8.2 0.0 0.0 2.10760E-06 1.58540E-04
8.3 0.0 0.0 1.16650E-06 1.25060E-04
8.4 0.0 0.0 6.04260E-07 9.80700E-05
8.5 0.0 0.0 2.87130£-07 7.64150E-05
8.6 0.0 0.0 1.21270E-07 5.91380E-05
8.7 0.0 0.0 4.31320E-08 4.,54340E-05
8.8 0.0 0.0 1.16220E-08 3.46320E-05
8.9 0.0 0.0 1.80860E-09 2.61740E-05
9.0 0.0 0.0 0.0 1.95990E-05
9.1 0.0 0.0 0.0 1.45290E-05
9.2 0.0 0.0 0.0 1.06510E-05
9.3 0.0 0.0 0.0 7.71370E-06
9.4 0.0 0.0 0.0 5.51130L-06
9.5 0.0 0.0 0.0 3.87880E-06
9.6 0.0 0.0 0.0 2.68390E-06
9.7 0.0 0.0 0.0 1.82190E-06
9.8 0.0 0.0 0.0 1.20990E-06
9.9 0.0 0.0 0.0 7.83440E-07
10.0 0.0 0.0 0.0 4.92520€-07
10.1 0.0 0.0 0.0 2.98980E-07
10.2 0.0 0.0 0.0 1.74000E-07
10.3 0.0 0.0 0.0 9.61380E-08
10.4 0.0 0.0 0.0 4,97440C-08
10.5 0.0 0.0 0.0 2.36230E-08
10.6 0.0 0.0 0.0 9.97620£-09
10.7 0.0 0.0 0.0 3.54980E-09
10.8 0.0 0.0 0.0 9.57410€-10
10.9 0.0 0.0 0.0 1.49220E-10
11.0 0.0 0.0 0.0 0.0

11.1 0.0 0.0 0.0 0.0

11.2 0.0 0.0 0.0 0.0

11.3 0.0 0.0 0.0 0.0

11.4 0.0 0.0 0.0 0.0

11.5 0.0 0.0 0.0 0.0

11.6 0.0 0.0 0.0 0.0

11.7 0.0 0.0 0.0 0.0

11.8 0.0 0.0 0.0 0.0

11.9 0.0 0.0 0.0 0.0

12.0 0.0 0.0 0.0 0.0
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Table 7 Estimated gamma-ray energy spectra of even-odd light mass nuclides.

Q-VALUES

(MEV)

5.05770E-02
1.51730E-01
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.52880E-01
.54040E-01
.55190E-01
.56350E-01
.50090E-01
.38040E-01
.20870E-01
.99490E-01
.74920E-01
-48240E-01
.20490E-01
.92630E-01
.65520E-01
.39840E-01
.16160E-01
.94880E-01
.76240E-01
.60360E€-01
.47220E-01
.36700€-01
.28630E-01
.22720E-01
.18700€-01

16250€-01

.15060E-01
.80840E-01
.52600E-01
.29550€-01
.10940E-01
.60640E-02
.12920€-02
.15250E-02
.59780E-02
.39430E-02
.47900E-02
.03220E-02
.00960E-03
.61320E-03
.92620E-03
.77630E-03
.02190E-03
.49640L-04
.70870E-04
.18510E-04
.36150E-05
.21470E-05
.95160£-06

7 MEV

.88610E-02
.65830E-02
.44310E-01
.02030E-01
.59750E-01
.17470E-01
.24160E-01
.29250E-01
.32480E-01
.33790E-01
.33310E-01
.31320C-01
.28170E-01
.24280E-01
.20080E-01
.15960€-01
.12270E-01
.09280E-01
.07200E-01
.06140E-01
.06140E-01
.07160E-01
.09100E-01
.11820E-01
.15130E-01
.18820C-01
.22700E-01
.96210E-01
.72280E-01
.50750E-01
.31440E-01
.14170E-01
.80260E-01
.49900E-01
.22910E-01
.90840E-02
.82180E-02
.63640L-02
.59630E-02
.68960E-02
-90450E-02
.22910E-02
.65200E-02
.16220E-02
.74950E-02
.40410E-02
.11740E-02
.81160E-03
.88150E-03
.31840C-03
.06440E-03
.06830E-03
.28570E-03
.67790E-03
.21200E-03
.59760E-04
.97660E-04
.06030E-04
.68660E-04
1.72410E-04
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00390E-02
01180E-02

.00200E-01
.40280E-01
.80350E-01
.20430E-01
.28210E-01
.36060E-01
.43690E-01
.50910E-01
.57600E-01
.63730E-01
.69320E-01
.74450E-01
+79210E-01
.83730E-01
.88110E-01
.92450E-01
.96820E-01
.01270E-01
.05800E-01
.10400E-01
.15000E-01
-19550E-01
.23950€-01

28090€-01

.31880E-01
.15490€-01
.99820E-01
.84880E-01
.70680E-01
.57220€E-01
.29460E-01
.03240E-01
. 78620E-01
.55680E-01
.34420E-01
.20770E-01
.08050E-01
.62600E-02
.53970E-02
.54430E-02
.63740E-02
.81520£-02
.07390E-02
.40870E-02
.81490E-02
.28740E-02
.82110E-02
.41070E-02
.05130£-02
.73810E-02
.46620E-02
.23140E-02
.02950£-02
.56700E-03
.09500£-03
.84690E-03
.79370E-03
.90930E-03

1.
4.
7.
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1.
1.
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57170€-02
71510E-02
85850E-02

.10020E-01
.41450E-01
.72890E-01
.79980E-01
.87610E-01
-95560E-01
.03690E-01
.11860E-01
.19990E-01
.28020E-01
.35920E-01
.43680E-01

51290E-01

.58740E-01
.66030E-01
.73140E-01
.80040E-01
.86700E-01

93040E-01
99010E-01
04540E-01

.09560E-01
.13980E-01
.17730E-01
.07750E-01
.97640E-01
.87440E-01
.77230E-01
.67030E-01
.46290E-01
.26080E-01
.06490E-01
.87650E-01
.69630L-01

57210E-01
45220C-01
33710€-01
22720€-01
12280E-01
02410E-01
31080E-02

.43940E-02
.62600E-02
.86980E-02
+16960E-02

52370E-02

.93030£-02
.38700E-02
.89150E-02
.44120E-02
.03350€-02
.66570E-02
.33520E-02
.03910E-02
.77500E-02
-54020E-02
.33210€-02
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Table 7 (Continued)

ENERGY Q-VALUES

(MEV) 5 MEV 7 MEV 9 MEV 11 MEV
6.1 0.0 1.06720E-04 3.17030£-03 1.14850E-02
6.2 0.0 6.32680E-05 2.55610E-03 9.87070€-03
6.3 0.0 3.55710E-05 2.04810E-03 8.45580E-03
6.4 0.0 1.87100E-05 1.63050E-03 7.22040E-03
6.5 0.0 9.02260E-06 1.28920E-03 6.14560E-03
6.6 0.0 3.86540E-06 1.01180E-03 5.21380€-03
6.7 0.0 1.39390E-06 7.87950£-04 4.408%90E-03
6.8 0.0 3.80590E-07 6.08490E-04 3.71600E-03
6.9 0.0 5.99910E-08 4.656B80E-04 3.12160€-03
7.0 0.0 0.0 3.52930E-04 2.61340E-03
7.1 0.0 0.0 2.64660E-04 2.18060E-03
7.2 0.0 0.0 1.96180E-04 1.81310£-03
7.3 0.0 0.0 1.43590E-04 1.50220E-03
7.4 0.0 0.0 1.03640E-04 1.24010E-03
7.5 0.0 0.0 7.36450E-05 1.01980E-03
7.6 0.0 0.0 5.14300E-05 8.35480E-04
7.7 0.0 0.0 3.52180E-05 6.81690E-04
7.8 0.0 0.0 2.35840E-05 5.53890E-04
7.9 0.0 0.0 1.53920€-05 4.48070E-04
8.0 0.0 0.0 9.74870E-06 3.60800E-04
8.1 0.0 0.0 5.95980E-06 2.89120E-04
8.2 0.0 0.0 3.49150E-06 2.30490E-04
8.3 0.0 0.0 1.94120E-06 1.82750E-04
8.4 0.0 0.0 1.01030E-06 1.44060E-04
8.5 0.0 0.0 4.82410E-07 1.12850E-04
8.6 0.0 0.0 2.04770E-07 8.78200E-05
8.7 0.0 0.0 7.32050£-08 6.78520E-05
8.8 0.0 0.0 1.98300£-08 5.20200€E-05
8.9 0.0 0.0 3.10300£-09 3.95480E-05
9.0 0.0 0.0 0.0 2.97930E-05
9.1 0.0 0.0 0.0 2.22210E-05
9.2 0.0 0.0 0.0 1.63920E-05
9.3 0.0 0.0 0.0 1.19470E-05
9.4 0.0 0.0 0.0 8.59100E-06
9.5 0.0 0.0 0.0 6.08570E-06
9.6 0.0 0.0 0.0 4.23890E-06
9.7 0.0 0.0 0.0 2.89660E-06
9.8 0.0 0.0 0.0 1.93660€E-06
9.9 0.0 0.0 0.0 1.26250E-06
10.0 0.0 0.0 0.0 7.99160£-07
10.1 0.0 0.0 0.0 4.88480E-07
10.2 0.0 0.0 0.0 2.86250E-07
10.3 0.0 0.0 0.0 1.59260E-07
10.4 0.0 0.0 0.0 8.29840E-08
10.5 0.0 0.0 0.0 3.96860E-08
10.6 0.0 0.0 0.0 1.68780E-08
10.7 0.0 0.0 0.0 6.04820E-09
10.8 0.0 0.0 0.0 1.64290E-09
10.9 0.0 0.0 0.0 2.57880E-10
11.0 0.0 0.0 0.0 0.0

11.1 0.0 0.0 0.0 0.0

11.2 0.0 0.0 0.0 0.0

11.3 0.0 0.0 0.0 0.0

11.4 0.0 0.0 0.0 0.0

11.5 0.0 0.0 0.0 0.0

11.6 0.0 0.0 0.0 0.0

11.7 0.0 0.0 0.0 0.0

11.8 0.0 0.0 0.0 0.0

11.9 0.0 0.0 0.0 0.0

12.0 0.0 0.0 0.0 0.0
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Table 8 Estimated gamma-ray energy spectra of odd-even heavy mass nuclides.

(MEV)

WV VIV WV VIV AT B Dl DDl W UWWWWAW W WA NNRONRNNRNRNR = = e e o = =2 00000 0000
C VWENOWVNE WM 2O VOO NOV &WNRN=OWVWENBEEWNSL,O VNV DEEWRNRO O NN WRND =0 000NV Db W =

4.37430E-0?
1.31230E-01
2.18710E-01
3.06200E-01
.93690€-01
.81170€-01
.83310E-01
.80810E-01
.73860E-01
.62930E-01
.48770E-01
.32240E-01
.14270E-01
.95740E-01
.77470E-01
.60140E-01
.44290E-01
.30280E-01
.18310E-01
.08460E-01
.00630E-01
.94670E- 01
.90300C-01
.87240E-01
.85160E-01
.45810C-01
.12720E-01
.85150E-01
.62370E-01
.43660E-01
.09940t-01
.23230E-02
.00020E-0?
.22210E-02
.82790C-02
.06400£-02
.474500-02
.02830€-02
.97770E-03
.58790E-03
.90¢30C-03
.76290L-03
.01310E-03
.44360C-04
.68010E-04
.17170E-04
.30930E-05
.19950E-05
.92590E-00
.0

OO O0OOCOO0O OO OCOO = =& =S PNV & NS = = ORS00 = = DR RN R R W W W W WS D> D e s s W

[~ o=l N-N- NN -]

=AWV N = = RO R WE N0 = DR WW SN O 00 e = RN R A W W W W W N W N N W N W W N N W W AR NN e e R

Q@-VALUES
7 MEV 9 MEV
.576208-02 1.93550E-02
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-80330E-01 1.35480E-01
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.54080£-01 3.49510E-01
.56570E-01 3.52980E-01
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.80330E-01 2.20250E-01
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.75010E-03 1.68560E-02
.82060E-03 1.42190E-02
.09320£-03 1.19440E-02
.53080E-03 9.98930E-03
.10140E-03 8.31730E-03
.78360E-04 6.89340E-03
-39020E-04 5.68640E-03
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Table 8 (Continued)
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Table 9 Estimated gamma-ray energy spectra of odd-odd heavy mass nuclides.

ENERGY

(MEV)
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.83430E-02
-44170€-02
.94760E-02
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Table 9 (Continued)

ENERGY Q-VALUES
(NEV) 5 MEV 7 MEV 9 MEV 11 MEV
6.1 0.0 1.94230E-04 4.60850E-03 1.26710€-02
6.2 0.0 1.01620£-04 3.54930£-03 1.06020E-02
6.3 0.0 5.73900£-05 ?2.85820E-03 9.11000£-03
6.4 0.0 3.03300E-05 2.28710E-03 7.80820E-03
6.5 0.0 1.47030E-05 1.81790E-03 6.67500E-03
6.6 0.0 6.33470E-06 1.43470E-03 5.69120E-03
6.7 0.0 2.29860E-06 1.12360E-03 4.83920E-03
6.8 0.0 6.31890E-07 8.72890E-04 4.10350E-03
6.9 0.0 1.00300E-07 6.72150E-04 3.46970E-03
7.0 0.0 0.0 5.12680E-04 2.92530E-03
r.1 0.0 0.0 3.87020E-04 2.45900E-03
7.2 0.0 0.0 2.88870E-04 2.06060E-03
7.3 0.0 0.0 2.12960E- 04 1.72120E-03
7.4 0.0 0.0 1.54850E-04 1.43290£-03
7.5 0.0 0.0 1.10890E-04 1.18870E-03
7.6 0.0 0.0 7.80640E-05 9.82630E-04
.7 0.0 0.0 5.39020E-05 8.09170E-04
7.8 0.0 0.0 3.64060E-05 6.63680E-04
.9 0.0 0.0 2.39720E-05 5.42070E-04
8.0 0.0 0.0 1.53230E-05 4.40790E-04
8.1 0.0 0.0 9.45730E-06 3.56750E-04
8.2 0.0 0.0 5.59530E-06 2.87300E-04
8.3 0.0 0.0 3.14280E-06 2.30150E-04
8.4 0.0 0.0 1.65310E-06 1.83330E-04
8.5 0.0 0.0 7.98110E-07 1.45150E-04
8.6 0.0 0.0 3.42690E-07 1.14180£-04
8.7 0.0 0.0 1.23990C-07 8.91850E-05
8.8 0.0 0.0 3.40090E-08 6.91390E-05
8.9 0.0 0.0 5.38880£-09 5.31590E-05
9.0 0.0 0.0 0.0 4.05080E-05
9.1 0.0 0.0 0.0 3.05660E-05
9.2 0.0 0.0 0.0 2.28170E-05
9.3 0.0 0.0 0.0 1.68300E-05
9.4 0.0 0.0 0.0 1.22510L-05
9.5 0.0 0.0 0.0 8.78680E-06
9.6 0.0 0.0 0.0 6.19790E-06
9.7 0.0 0.0 0.0 4.28990E-06
9.8 0.0 0.0 0.0 2.90570E-06
9.9 0.0 0.0 0.0 1.91950E-06
10.0 0.0 0.0 0.0 1.23140E-06
10.1 0.0 0.0 0.0 7.63020E-07
10.2 0.0 0.0 0.0 4.53390E-07
10.3 0.0 0.0 0.0 2.55850E-07
10.4 0.0 0.0 0.0 1.35250E-07
10.5 0.0 0.0 0.0 6.56390E-08
10.6 0.0 0.0 0.0 2.83390L-08
10.7 0.0 0.0 0.0 1.03130E-08
10.8 0.0 0.0 0.0 2.84570E-09
10.9 0.0 0.0 0.0 4.53730E-10
11.0 0.0 0.0 0.0 0.0
11.1 0.0 0.0 0.0 0.0
11.2 0.0 0.0 0.0 0.0
11.3 0.0 0.0 0.0 0.0
11.4 0.0 0.0 0.0 0.0
11.5 0.0 0.0 0.0 0.0
11.6 0.0 0.0 0.0 0.0
11.7 0.0 0.0 0.0 0.0
11.8 0.0 0.0 0.0 0.0
11.9 0.0 0.0 0.0 0.0
12.0 0.0 0.0 0.0 0.0
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Table 10 Estimated gamma-ray energy spectra of even-even heavy mass nuclides.

ENERGY Q-VALUES
(MEV) 5 MEV 7 MEV 9 MEV 11 MEV
0.1 5.50240E-02 3.79600E-02 2.86450E-02 2.28350E-02
0.2 1.65070E-01 1.13880E-01 8.59340E-02 6.85050E-02
0.3 2.75120E-01 1.89800E-01 1.43220E-01 1.14170E-01
0.4 3.85170E-01 2.65720E-01 2.00510E-01 1.59840E-01
0.5 4.95210€-01 3.41640E-01 2.57800E-01 2.05510E-01
0.6 6.05260E-01 4.17560E-01 3.15090E-01 2.51180E-01
0.7 6.11740E-01 4.29980€-01 3.27470E-01 2.62560E-01
0.8 6.11850E-01 4.40490E-01 3.39620E-01 2.74450E-01
0.9 6.05180E-01 4.48390E-01 3.50950E-01 2.86410E-01
1.0 5.91810E-01 4.53140E-01 3.60940E-01 2.97990€-01
1.1 5.72180E-01 4.54440E-01 3.69150E-01 3.08770€E-01
1.2 5.47050€-01 4.52140E-01 3.75230E-01 3.18380€E-01
1.3 5.17330€-01 4.46250E-01 3.78950E-01 3.26480E-01
1.4 4.84030E-01 4.36960E-01 3.80160E-01 3.32840E-01
1.5 4.48200E-01 4,24530E-01 3.78820E-01 3.37260€-01
1.6 4.10830€-01 4.09300E-01 3.74980E-01 3.39650€-01
1.7 3.72880E-01 3.91700E-01 3.68740E-01 3.39950E-01
1.8 3.35150€-01 3.72150€-01 3.60290E-01 3.38180E-01
1.9 2.98370E-01 3.51100E-01 3.49830E-01 3.34420E-01
2.0 2.63130E-01 3.28990E-01 3.37610E-01 3.28770E-01
2.1 2.29860€-01 3.06240E-01 3.23910€-01 3.21400E-01
2.2 1.98910€-01 2.83230E-01 3.08990E-01 3.12470E-01
2.3 1.70500€-01 2.60310E-01 2.93140E-01 3.02180€E-01
2.4 1.44740E-01 2.37790E-01 2.76630E-01 2.90740E-01
2.5 1.21670E-01 2.15910E-01 2.59700E-01 2.78350E-01
2.6 1.01250E-01 1.94900E-01 2.42590€-01 2.65220€-01
2.7 8.33890E-02 1.74910E-01 2.25510E-01 2.51550E-01
2.8 6.79390€E-02 1.56080€-01 2.08650E-01 2.37540E-01
2.9 5.47300E-02 1.38490E-01 1.92170E-01 2.23340E-01
3.0 4.35670E-02 1.22200E-01 1.76200E-01 2.09120E-01
3.1 3.42470E-02 1.07210€-01 1.60850E-01 1.95030E-01
3.2 2.65610€-02 9.35450E-02 1.46220E-01 1.81190E-01
3.3 2.03030E-02 8.11600E-02 1.32370E-01 1.67690E-01
3.4 1.52780€-02 7.00180E-02 1.19340E-01 1.54640E-01
3.5 1.13020E-02 6.00620E-02 1.07160L-01 1.42090E-01
3.6 8.20320E-03 5.12240E-02 9.58480E-02 1.30120€-01
3.7 5.83010E-03 4.34300E-02 8.53930E-02 1.18750E-01
3.8 4.04650€-03 3.66010€E-02 7.57850€E-02 1.08030€E-01
3.9 2.73360E-03 3.06570E-02 6.70010E-02 9.79550E-02
4.0 1.79000E-03 2.55160E-02 5.90100E-02 8.85440E-02
4.1 1.13000E-03 2.10990E-02 5.17750E-02 7.97910E-02
4.2 6.82890E-04 1.73290E-02 4.,52560F-02 7.16880E-02
4.3 3.91230E-04 1.41330E-02 3.94090E-02 6.42170E-02
4.4 2.09620E-04 1.14420E-02 3.41870€-02 5.73570€-02
4.5 1.02950E-04 9.19250E-03 2.95450E-02 5.10830C-02
4.6 4.49040E-05 7.32550£-03 2.54350E-02 4.53670E-02
4.7 1.64830E-05 5.78800E-03 2.18130E-02 4.01780E-02
4.8 4.58020E-06 4,53170€-03 1.86340E-02 3.54830E-02
4.9 7.34200E-07 3.51390€-03 1.58550E-02 3.12510E-02
5.0 0.0 2.69650E-03 1.34370E-02 2.74490E-02
5.1 0.0 2.04620E-03 1.13410E-02 2.40440E-02
5.2 0.0 1.53390E-03 9.53210E-03 2.10040E-02
5.3 0.0 1.13480E-03 7.97760E-03 1.83000E-02
5.4 0.0 8.27400E-04 6.64750E-03 1.59000E-02
5.5 0.0 5.93660E-04 5.51420E-03 1.37790E-02
5.6 0.0 4.18410C-04 4,55300C-03 1.19080E-02
5.7 0.0 2.89020E-04 3.74140E-03 1.02630E-02
5.8 0.0 1.95150EF - 04 3.05920E-03 8.82120E-03
5.9 0.0 1.28370E-04 2.48860E-03 7.56140E-03
6.0 0.0 8.19200E-05 2.01350E-03 6.46380E-03
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Table 10 (Continued)

O O W W WOWWOWWE WO OO MWMOMWMMB®PBEOBODE®NNNNANNAANANYJRRROAROOOOA O
QO WO NV EWRN=S OOV SEWRN 2O OO S WR = OO~ E WA -

-
o
-

10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9
11.0
1.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8
11.9
12.0

OCO0OO0O0O0O0O0QO0OO0O0DO0O0DO0O0CO0O0OO0OO0O0O000O0OO00O0ODO0OO0O0OOODODO0OO0ODO0O0OO0OO00DOLOOOOODODOOOODOOODOOOO
OO0 O0O0O00O00O0O0O0O0DO0O00DO000O0CO0O0OO0O0OOO00O0ODO0O0O0OOO0DOOOLOODOOO0DO0OOOODO0ODODOOOO00OOOOO

(=2~ I — I — = I~ = Y — Y -~ -~ B~ I~ N~ N = BN =N — I = I~ I = B — - 2N~ 2 - I - I B B~ O — - — i — i — B~ I~ = I = = = I = i = B~ B~ B — A~ ~ B~ I~ B = ]
N e e s e % ® e . . e . . « .
[ — I~ — I~ Y I — i — i — B — = B~ I =~ B~ B Y — i~ I~ B~ N — 2 ~ B~ B — I - I — B — B ~ B~ B = i — B~ I — B~ B I = I ~ B ~ B = 2~ I~ I i~ I~ B = B = B - 3~ e ]

1.25200E-04
9.21520E-05
6.69850E-05
4.80250E-05
3.39090£-05
2.35360E-05
1.60240E-05
1.06720E-05
6.93020L-06
4.36920E-06
2.65990L-06
1.55260E-06
8.60470E-07
4.46680L-07
?2.12860E-07
9.02300E-08
3.22340L-08
8.73030E-09
1.36600E-09
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ENERGY Q-VALUES
(MEV) 5 MEV 7 MEV 9 MEV 11 MEV
5.04400C-05 1.62010E-03 5.51040E£-03
2.97520E-05 1.29590E-03 4.68460E-03
1.66500E-05 1.03020E-03 3.97150E-03
8.72010E-06 8.13720E-04 3.35750E-03
. 4.18910E-06 6.38320E-04 2.83030E-03
. 1.78850E-06 4.97090E-04 2.37910E-03
6.43050E-07 3.84110E-04 1.99390E-03
1.75130€-07 2.964360E-04 1.66610€-03
2.75330E-08 2.23580E-04 1.38800E-03
. . 1.68190E-04 1.15270E-03

9.54220E-04
7.87350E-04
6.47480E-04
5.30610E-04
4.33270E-04
3.52470E-04
2.85620E-04
2.30510E-04
1.85250E-04
1.48210E-04
1.18010E-04
9.35060E-05
7.36970E-05
5.77590E-05
4.49960E-05
3.48290E-05
2.67730E-05
2.04270E-05
1.54590E-05
1.15970E-05
8.61590£-06
6.33350E-06
4.60150E-06
3.29980E-06
2.33210E-06
1.62140E-06
1.10640E-06
7.39080E-07
4.81650E-07
3.04930E-07
1.86520E-07
1.09450E-07
6.10160E-08
3.18760E-08
1.52950E-08
6.53080E-09
2.35130E-09
6.42060E-10
1.01340E-10
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Table 11 Estimated gamma-ray energy spectra of even-odd heavy mass nuclides.

ENERGY Q- VALUES
{MEV) 5 MEV 7 MEV 9 MEV 11 MEY
0.1 3.93640E-02 2.46460E-02 1.90960E-02 1.59220E-02
0.2 1.18090E-01 7.39390E-02 5.72890E-02 4,77650E-02
0.3 1.96820E-01 1.23230E-01 9.54820E-02 7.96080E-02
0.4 2.75550E-01 1.72520€E-01 1.33680E-01 1.11450E-01
0.5 3.54280E-01 2.21820E-01 1.71870E-01 1.43290E-01
0.6 4.33010E-01 2.71110E-01 2.10060E-01 1.75140E-01
0.7 4.36730E-01 2.80860E-01 2.19980E-01 1.84440E-01
0.8 4.36520E-01 2.89970E-01 2.30260€-01 1.94550€-01
0.9 4.32610E-01 2.98210E-01 2.40690L-01 2.05270E-01
1.0 4.25590E-01 3.05550E-01 2.51100E-01 2.16440E-01
1.1 4.16320E-01 3.12130E-01 2.61450E-01 2.27950E-01
1.2 4.05750E-01 3.18200E-01 2.71740E-01 2.39700E-01
1.3 3.94870E-01 3.24070E-01 2.82040E-01 2.51620E-01
1.4 3.84550E-01 3.30050E-01 2.92390E-01 2.63640E-01
1.5 3.75560E-01 3.36410E-01 3.02840E-01 2.75690E-01
1.6 3.68420E-01 3.43340E-01 3.13410E-01 2.87670E-01
1.7 3.63500E-01 3.50950E-01 3.24070C-01 2.99480E-01
1.8 3.60910E-01 3.59260E-01 3.34740E-01 3.10980E-01
1.9 3.60600E-01 3.68170E-01 3.45310E-01 3.22030E- 01
2.0 3.62350£-01 3.77510E-01 3.55620E-01 3.32460E-01
2.1 3.65840E-01 3.87060E-01 3.65480E-01 3.42110E-01
2.2 3.70640E-01 3.96550E-01 3.74700E-01 3.50820E-01
2.3 3.76330E-01 4.05680E-01 3.83080E-01 3.58440€-01
2.4 3.30910E-01 3.80830€-01 3.68990E-01 3.50400E-01
2.5 2.92130E-01 3.57670E-01 3.54900E-01 3.41640E-01
2.6 2.59340E-01 3.36170E-01 3.40860E-01 3.32230E-01
2.7 2.31810E-01 3.16270E-01 3.26960E-01 3.22280E-01
2.8 2.08870E-01 2.97880E-01 3.13230€-01 3.11860E-01
2.9 1.63620E-01 2.57590€-01 2.82730E-01 2.88840E-01
3.0 1.25630E-01 2.20560E-01 2.53490E-01 2.66070E-01
3.1 9.41310£-02 1.86810E-01 2.25690E-01 2.43790E-01
3.2 6.83440E-02 1.56300E-01 1.99470E-01 2.22170E-01
3.3 4.75270E-02 1.28950€-01 1.74940E-01 2.01350E-01
3.4 3.60000E-02 1.11910E-01 1.58540E£-01 1.86540E-01
3.5 2.67980£-02 9.65520E-02 1.43080E-01 1.72180E-01
3.6 1.95690E-02 8.28040E-02 1.28590E-01 1.58360E-01
3.7 1.39890E-02 7.05830E-02 1.15100€-01 1.45140E-01
3.8 9.76290E-03 5.97950E-02 1.02610E-01 1.32560E-01
3.9 6.63060E-03 5.03370E-02 9.11160£-02 1.20680E-01
4.0 4.36410E-03 4.21010€-02 8.05900E 02 1.09500E-01
4.1 2.76860E-03 3.49780E-02 7.10010E-02 9.90430E-02
4.2 1.68100E-03 2.88600E-02 6.23110E-02 8.93060E-02
4.3 9.67410E-04 2.36430E-02 5.44710E-02 8.02800E-02
4.4 5.20590E-04 1.92240E-02 4.74330E-02 7.19500E-02
4.5 2.56740E-04 1.55100E-02 4.11440E-02 6.42940E-02
4.6 1.12440E-04 1.24110E-02 3.55490L-02 5.72840E-02
4.7 4.14390E-05 9.84490E-03 3.05940E-02 5.08920E-02
4.8 1.15590£-05 7.73810E-03 2.62240E-02 4.50850E-02
4.9 1.86000E-06 6.02280E-03 2.23890E-02 3.98280E-02
5.0 0.0 4.63880E-03 1.90360E-02 3.50860E-02
5.1 0.0 3.53270E-03 1.61190E-02 3.08240E-02
5.2 0.0 2.65760E-03 1.35910E-02 2.70070E-02
5.3 0.0 1.97280E-03 1.14110C-02 2.35990E-02
5.4 0.0 1.44320C-03 9.53890C-03 2.05670E-02
5.5 0.0 1.03890E-03 7.93820E-03 1.78770E-02
5.6 0.0 7.34550E-04 6.57570E-03 1.54980E-02
5.7 0.0 5.09000E-04 5.42120E-03 1.34010E€-02
5.8 0.0 3.44740E-04 4.44760£-03 1.15580€-02
5.9 0.0 2.27460E-04 3.63030€-03 9.94230€£-03
6.0 0.0 1.45590E-04 2.94760£-03 8.53030E-03
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Table 11 (Continued)

ENERGY Q- VALUES
(MEV) 5 MEV ? MEV 9 MEV 11 MEV

6.1 0.0 8.99080E-05 2.38010E-03 7.29990E-03
6.2 0.0 5.31900E-05 1.91080E-03 6.23060E-03
6.3 0.0 2.98550E-05 1.52480E-03 5.30400C-03
6.4 0.0 1.56830E-05 1.20900E-03 4.50320E-03
6.5 6.0 7.55700E-06 9.52210E-04 3.81310E-03
6.6 0.0 3.23670E-06 7.44590E-04 3.22000E-03
6.7 0.0 1.16750E-06 5.77820E-04 2.71160E-03
6.8 0.0 3.19020E-07 4.44750E-04 2.27710E-03
6.9 0.0 5.03310E-08 3.39340E-04 1.90670E-03
7.0 0.0 0.0 2.56470E-04 1.59180E-03
7.1 0.0 6.0 1.91850£-04 1.32500E-03
7.2 0.0 0.0 1.41910E-04 1.09940E-03
7.3 0.0 0.0 1.03680€-04 9.09330E-04
7.4 0.0 0.0 7.47240€-05 7.49600E-04
7.5 0.0 0.0 5.30460€-05 6.15790C-04
7.6 0.0 0.0 3.70230€-03 5.04040E-04
r.7 0.0 0.0 2.53490E-05 4.11020E-04
7.8 0.0 0.0 1.69800E-05 3.33850E-04
7.9 0.0 0.0 1.10910E-05 2.70040E-04
8.0 0.0 0.0 7.03390E-06 2.17470E-04
8.1 0.0 0.0 4.30810E-06 1.74330E-04
8.2 0.0 0.0 2.53000E-06 1.39060E-04
8.3 0.0 0.0 1.41090€-06 1.10350E-04
8.4 0.0 0.0 7.36980E-07 8.70830E-05
8.5 0.0 0.0 3.53420E-07 6.83120E-05
8.6 0.0 0.0 1.50770E-07 5.32450E-05
8.7 0.0 0.0 5.42100E-08 4,12170E-05
8.8 0.0 0.0 1.47780E-08 3.16680E-05
8.9 0.0 0.0 2.32760E-09 2.41360E-05
9.0 0.0 0.0 0.0 1.82340E-05
9.1 0.0 0.0 0.0 1.36420E-05
9.2 0.0 0.0 0.0 1.00990E-05
9.3 0.0 0.0 0.0 ?7.38910E-06
9.4 0.0 0.0 0.0 5.33610E-06
9.5 0.0 0.0 0.0 3.79760E-06
9.6 0.0 0.0 0.0 2.65860E-06
9.7 0.0 0.0 0.0 1.82680E-06
9.8 0.0 0.0 0.0 1.22870E-06
9.9 0.0 0.0 0.0 8.06190E-07
10.0 0.0 0.0 0.0 5.13850E-07
10.1 0.0 0.0 0.0 3.16430E-07
10.2 0.0 0.0 0.0 1.86920E-07
10.3 0.0 0.0 0.0 1.04890E-07
10.4 0.0 0.0 0.0 5.51520E-08
10.5 0.0 0.0 0.0 2.66340€£-08
10.6 0.0 0.0 0.0 1.14450E-08
10.7 0.0 0.0 0.0 4.14680E-09
10.8 0.0 0.0 0.0 1.13950E-09
10.9 0.0 0.0 0.0 1.80980E-10
11.0 0.0 0.0 0.0 0.0

11.1 0.0 0.0 0.0 0.0

11.2 0.0 0.0 0.0 0.0

11.3 0.0 0.0 0.0 0.0

11.4 0.0 0.0 0.0 0.0

11.5 0.0 0.0 0.0 0.0

11.6 0.0 0.0 0.0 0.0

11.7 0.0 0.0 0.0 0.0

11.8 0.0 0.0 0.0 0.0

11.9 0.0 0.0 0.0 0.0

12.0 0.0 6.0 0.0 0.0
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Fig. 1 Gamma-ray energy spectrum at 2.7 seconds after instantaneous fissions of 35U by thermal
neutron. Solid line is the calculation where only experimental spectra of individual nuclides are
taken into consideration. Open circles are the measurements at Oak Ridge National Laboratory.
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Fig. 2 Gamma-ray energy spectrum at 2.7 seconds after instantaneous fissions of 23%9py by thermal
neutron. Solid line is the calculation where only experimental spectra of individual nuclides are
taken into consideration. Open circles are the measurements at Oak Ridge National Laboratory.
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Fig. 3 Gamma-ray energy spectrum at 500.0 seconds after instantaneous fissions of 235U by thermal
neutron. Solid line is the calculation where only experimental spectra of individual nuclides are
taken into consideration. Open circles are the measurements at Oak Ridge National Laboratory.
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Fig. 4 Gamma-ray energy spectrum at 500.0 seconds after instantaneous fissions of 239py by thermal
neutron. Solid line is the calculation where only experimental spectra of individual nuclides are
taken into consideration. Open circles are the measurements at Oak Ridge National Laboratory.
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Fig. 5 Contribution of nuclides without experimental spectral data. The contribution is represented
by percent difference between the decay heat from all fission product nuclides and the decay
heat taking only the nuclides with spectral data into account.

10 T T T T T T - T

T T TTT

Ll

ODD-MASS NUCL IDE
(LIGHT FP)

T

1072

T T T

NORMAL | ZED ENERGY SPECTRUM

T

T
L

1 L AL i "
o 1 2 3 4 s 6 7 8

GAMMA - RAY ENERGY (MeV)

Fig. 6 Estimated gamma-ray energy spectra of odd-mass nuclides near the light mass peak of the mass
yield curve.
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Fig. 7 Estimated gamma-ray energy spectra of odd-odd nuclides near the light mass peak of the mass
yield curve.
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Fig. 8 Estimated gamma-ray energy spectra of even-even nuclides near the light mass peak of the mass
yield curve.
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Fig. 9 Estimated gamma-ray energy spectra of odd-mass nuclides near the heavy mass peak of the mass

yield curve.
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Fig. 10 Estimated gamma-ray energy spectra of odd-odd nuclides near the heavy mass peak of the

mass yield curve.
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Fig. 11 Estimated gamma-ray energy spectra of even-even nuclides near the heavy mass peak of the
mass yield curve.
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Fig. 12 Gamma-ray energy spectrum at 2.7 seconds after instantaneous fission of 235y by thermal
neutron. Dotted line is the calculation where only experimental spectra of individual nuclides
are included. Solid line indicates the calculation compensated by the estimated spectra of
nuclides without experimental spectral data. Open circles are the measurements at Oak Ridge
National Laboratory.
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Fig. 13 Gamma-ray energy spectrum at 2.7 seconds after instantaneous fission of 22°Pu by thermal
neutron, Dotted line is the calculation where only experimental spectra of individual nuclides
are included. Solid line indicates the calculation compensated by the estimated spectra of
nuclides without experimental spectral data. Open circles are the measurements at Oak Ridge
National Laboratory.
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Fig. 14 Low-energy part of gamma-ray energy spectrum at 2.7 seconds after instantaneous fission
of 235U by thermal neutron. Dotted line is the calculation where only experimental spectra
of individual nuclides are included. Solid line indicates the calculation compensated by the
estimated spectra of nuclides without experimental spectral data. Open circles are the meas-
urements at Oak Ridge National Laboratory.
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Fig. 15 Low-energy part of gamma-ray energy spectrum at 2.7 seconds after instantaneous fission
of 23°Pu by thermal neutron. Dotted line is the calculation where only experimental spectra
of individual nuclides are included. Solid line indicates the calculation compensated by the
estimated spectra of nuclides without experimental spectral data. Open circles are the meas-
urements at Oak Ridge National Laboratory.
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Fig. 18 Comparison of calculated gamma-ray energy spectrum with measured results at 2.7 seconds
after thermal neutron fission of 225U, (tirrag = 1.0's, twait = 1.7 5, teount = 1.0's)
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Comparison of calculated gamma-ray energy spectrum with measured results at 6.2 seconds

after thermal neutron fission of 225U. (tjpraa = 1.0's, twait = 4.7 S, tecount = 2.0 8)
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Fig. 22 Comparison of calculated gamma-ray energy spectrum with measured results at 8.7 seconds

after thermal neutron fission of 225U. (tirrag = 1.0'S, twait = 6.7 S, tcount = 3.0's)
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Fig. 23 Comparison of calculated gamma-ray energy spectrum with measured results at 12.7 seconds
after thermal neutron fission of 2*5U. (tirrad = 1.0°S, tyait = 9.7 S, teount = 5.0 5)
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Fig. 24 Comparison of calculated gamma-ray energy spectrum with measured results at 17.2 seconds
after thermal neutron fission of 235U. (tjrraq = 1.0'S, twait = 14.7 5, teoune =4.0's)
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Fig. 26 Comparison of calculated gamma-ray energy spectrum with measured results at 18.2 seconds
after thermal neutron fission of 235U, (tirraqd = 10.0's, tyait = 10.7 s, teount = 5.0's)
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Fig. 26 Comparison of calculated gamma-ray energy spectrum with measured results at 22.7 seconds
after thermal neutron fission of 2*5U. (tipeaqd = 1.0'S, twait = 19.7 s, teount = 5.0'8)
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Fig. 27 Comparison of caluclated gamma-ray energy spectrum with measured results at 25.7 seconds
after thermal neutron fission of 235U. (tjrrag = 10.0's, twait = 16.7 s, toount = 8.0'5)
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Fig. 28 Comparison of calculated gamma-ray energy spectrum with measured results at 30.2 seconds
after thermal neutron fission of 225U. (tijrrag = 1.0'S, twait = 24.7 S, tcount = 10.0's)
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Fig. 29 Comparison of calculated gamma-ray energy spectrum with measured results at 34.7 seconds
after thermal neutron fission of 225U. (tiprgg = 10.0's, twait = 24.7 S, teount = 10.0's)
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Fig. 30 Comparison of calculated gagmma-ray energy spectrum with measured results at 40.2 seconds
after thermal neutron fission of 2>5U. (ticega = 1.0'S, twait = 34.7 5, togunt = 10.0 5)
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Comparison of calculated gamma-ray energy spectrum with measured results at 44.7 seconds
after thermal neutron fission of 25U. (tirraq = 10.0's, twait = 34.7 s, teount = 10.0'5)
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Comparison of calculated gamma-ray energy spectrum with measured results at 52.7 seconds
after thermal neutron fission of 235U, (tjrrag = 1.0'S, twait = 44.7 S, teount = 15.0'5)
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Comparison of calculated gamma-ray energy spectrum with measured results at 54.7 seconds

after thermal neutron fission of 225U. (tjrrag = 10.0's, twaje =44.7 s, teount = 10.0's)
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Comparison of calculated gamma-ray energy spectrum with measured results at 67.7 seconds

after thermal neutron fission of 225U. (tirraq = 1.0'S, twajt = 59.7 s, teount = 15.0'5)
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Fig. 35 Comparison of calculated gamma-ray energy spectrum with measured results at 69.7 seconds
after thermal neutron fission of 235U. (tizrag = 10.0's, twait = 54.7 s, teount = 20.0's)
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Fig. 36 Comparison of calculated gamma-ray energy spectrum with measured results at 83.0 seconds
after thermal neutron fission of 225U. (tjrrag = 1.0'S, twait = 75.0 5, teount = 15.0°5)
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Comparison of calculated gamma-ray energy spectrum with measured results at 90.0 seconds
after thermal neutron fission of 23%U. (tirrad = 10.0s, twait = 75.0s, tegunt = 20.0 5)
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Fig. 38 Comparison of calculated gamma-ray energy spectrum with measured results at 100.5 seconds
after thermal neutron fission of 235U, (tirrad = 1.0's, tyait = 90.0's, tegunt = 20.0 s)
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Fig. 39 Comparison of calculated gamma-ray energy spectrum with measured results at 110 seconds

10 s, twait = 95 s, teount = 208)

after thermal neutron fission of 225U, (t;;req

)

JNDC( EXP + EST
EXPERIMENT( ORNL )

;ll

Ty

(J3S/NIG/NOISSId/7A3W) BHKWYEI

ENERGY (MEV)

Fig. 40 Comparison of calculated gamma-ray energy spectrum with measured results at 140 seconds
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Fig. 41 Comparison of calculated gamma-ray energy spectrum with measured results at 190 seconds

after thermal neutron fission of 225U. (tizrag = 10'S, twait = 155 S, teount = 60 5)
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Fig. 42 Comparison of calculated gamma-ray energy spectrum with measured results at 260 seconds
after thermal neutron fission of >5U. (tirraq = 100 S, twair = 170's, teount = 80 '5)
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Fig. 43 Comparison of calculated gamma-ray energy spectrum with measured results at 350 seconds
after thermal neutron fission of 235U, (tirrag = 10's, twait = 295 'S, teount = 100s)
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Fig. 48 Comparison of calculated gamma-ray energy spectrum with measured results at 500 seconds
after thermal neutron fission of 235U. (tj;rad = 10'S, twait = 395 S, tecount = 200's)
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Comparison of calculated gamma-ray energy spectrum with measured results at 700 seconds
after thermal neutron fission of 235U, (tirrad = 10°S, tywaie = 595 s, teount = 200 s)
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Comparison of calculated gamma-ray energy spectrum with measured results at 1000 seconds
after thermal neutron fission of 235U, (tj;rag = 100's, twait = 750s, teount = 400 s)
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Fig. 47 Comparison of calculated gamma-ray energy spectrum with measured results at 1400 seconds
after thermal neutron fission of 225U. (tirraq = 100 s, twajt = 1150 s, teount = 400 s)
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Fig. 48 Comparison of calculated gamma-ray energy spectrum with measured results at 1800 seconds
after thermal neutron fission of 235U, (tirraq = 100 8, tymit = 1550 s, teount = 400 5)
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Fig. 49 Comparison of calculated gamma-ay energy spectrum with measured results at 2250 seconds
after thermal neutron fission of 235U, (tirraq = 100's, tya;¢ = 1950s, teount = 500 s)
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Comparison of calculated gamma-ray energy spectrum with measured results at 2750 seconds
after thermal neutron fission of 235U. (tirrag = 100 s, tyait = 2450 s, teount = 500 s)
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Fig. 53 Comparison of calculated gamma-ray energy spectrum with measured results at 8000 seconds
after thermal neutron fission of *35U. (tirrag = 100 s, tuait = 5950 s, teount = 4000 s)
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Comparison of calculated gamma-ray energy spectrum with measured results at 3.7 seconds

after thermal neutron fission of 23®Pu. (tirrag = 1.0's, twait = 2.7 S, teount = 1.0 8)

—— JNOC( EXP + EST )
§ EXPERIMENTI ORNL )

LS B G B oo S I g 8 B S B A S S B U o B o T T
' ' ’

' ' ‘ ' '
SR N I C U EEETE T N E TGl TS RS E U N BN N

PP AP Py

ENERGY [HEV)

Fig. 58 Comparison of calculated gamma-ray energy spectrum with measured results at 4.7 seconds
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Fig. 61 Comparison of calculated gamma-ray energy spectrum with measured results at 12.7 seconds
after thermal neutron fission of 2*®Pu. (tizrga = 1.0's, twait =9.7'S, tcount = 5.0 5)
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Fig. 62 Comparison of calculated gamma-ray energy spectrum with measured results at 17.7 seconds
after thermal neutron fission of 23%Pu. (tizraq = 1.0's, twait = 14.7 5, tegunt = 5.0'8)
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Fig. 63 Comparison of calculated gamma-ray energy spectrum with measured results at 22.7 seconds
after thermal neutron fission of 23°Pu. (tirrad = 1.0'S, tyait =19.7 s, teount = 5.0 5)
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Fig. 64 Comparison of calculated gamma-ray energy spectrum with measured results at 30.2 seconds
after thermal neutron fission of 22°Pu. (tiread = 1.0'S, twait = 24.7 s, tount = 10.0'5)
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Fig. 656 Comparison of calculated gamma-ray energy spectrum with measured results at 40.2 seconds

after thermal neutron fission of 2*Pu. (tirrad = 1.0's, tywait =34.7 s, teount = 10.0 s)
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Fig. 66 Comparison of calculated gamma-ray energy spectrum with measured results at 52.7 seconds

after thermal neutron fission of 23?Pu. (tirrad = 1.0's, twait =44.7 s, teount = 15.0'8)
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Fig. 67 Comparison of calculated gamma-ray energy spectrum with measured results at 67.7 seconds
after thermal neutron fission of 22%Pu. (tirrag = 1.0'S, twait = 59.7 s, teount = 15.0's)
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Fig. 68 Comparison of calculated gamma-ray energy spectrum with measured results at 82.7 seconds
after thermal neutron fission of 23%Pu. (tirrad = 1.08, twait = 74.7 s, teount = 15.0°5)
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Fig. 69 Comparison of calculated gamma-ray energy spectrum with measured results at 100.2 seconds
after thermal neutron fission of 23%Pu. (tirraq = 1.0's, twait = 89.7 5, teount = 20.0's)
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Fig. 70 Comparison of calculated gamma-ray energy spectrum with measured results at 120.5 seconds
after thermal neutron fission of 22%Pu. (tiprad = 1 5, twait = 110's, teount = 20's)
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Comparison of calculated gamma-ray energy spectrum with measured results at 150.5 seconds
after thermal neutron fission of 2>°Pu. (tirrag = 5 S, twait = 128 S, tcount =40 s)
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Comparison of calculated gamma-ray energy spectrum with measured results at 200.5 seconds
after thermal neutron fission of 23%Pu. (tirrad = 5 S, twait = 168 s, tcount =60 5)
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Fig. 73 Comparison of calculated gamma-ray energy spectrum with measured results at 265.5 seconds
after thermal neutron fission of 2*°Pu. (tirrad = 5 S, twait = 228 'S, teount = 70'S)
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Fig. 74 Comparison of calculated gamma-ray energy spectrum with measured results at 350 seconds
after thermal neutron fission of Z3%Pu. (tirraq = 100 s, twai¢ = 250'S, tegunt = 100's)
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Fig. 75 Comparison of calculated gamma-ray energy spectrum with measured results at 500 seconds
after thermal neutron fission of 23%Pu. (tjrrag = 100's, twait = 350 s, tegunt = 200 s)
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Fig. 76 Comparison of calculated gamma-ray energy spectrum with measured results at 700 seconds
after thermal neutron fission of >%Pu. (tirrad = 100 s, tyait = 550 s, teount = 200 s)
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Fig. 77 Comparison of calculated gamma-ray energy spectrum with measured results at 1000 seconds
after thermal neutron fission of 22°Pu. (ti;raq = 100'S, twait = 750 8, teount = 400 s)
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Fig. 78 Comparison of calculated gamma-ray energy spectrum with measured results at 1400 seconds
after thermal neutron fission of 2>%Pu. (tirraq = 100 'S, twait = 1150 s, tcount = 400 s)
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Fig. 79 Comparison of calculated gamma-ray energy spectrum with measured results at 1800 seconds
after thermal neutron fission of 23°Pu. (tizrag = 100 S, tyair = 1550 s, teount = 400 s)
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Fig. 80 Comparison of calculated gamma-ray energy spectrum with measured results at 2250 seconds
after thermal neutron fission of 23°Pu. (tirraq = 100 s, twait = 1950 s, teount = 500 5)
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Fig. 81 Comparison of calculated gamma-ray energy spectrum with measured results at 2750 seconds
after thermal neutron fission of 2*°Pu. (tjzraq = 100 s, tyait = 2450's, teount = 500 s)
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Fig. 82 Comparison of calculated gamma-ray energy spectrum with measured results at 3500 seconds
after thermal neutron fission of **°Pu. (tirrad = 100 s, tyait = 2950 s, teount = 1000 s)
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Comparison of calculated gamma-ray energy spectrum with measured results at 7000 seconds
after thermal neutron fission of 2>%Pu. (tizrag = 100's, tyait = 5950's, tegunt = 2000 s)
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Fig. 85 Comparison of calculated gamma-ray energy spectrum with measured results at 9000 seconds
after thermal neutron fission of 23%Pu. (trag = 100 s, twait = 7950's, teount = 2000 s)
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Fig. 86 Comparison of calculated gamma-ray energy spectrum with measured results at 12000 seconds
after thermal neutron fission of 23%Pu. (ti;rad = 100's, twait = 9950 s, teount = 4000 s)
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Fig. 88 Comparison of calculated gamma-ray energy spectrum with measured results at 19 seconds
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Comparison of calculated gamma-ray energy spectrum with measured results at 26 seconds
after fast neutron fission of **5U. (tirrad = 108, twait =17 s, teount = 8 5)
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Comparison of calculated gamma-ray energy spectrum with measured results at 35 seconds
after fast neutron fission of 223U, (tjzrag = 10's, twait = 255, teount = 10'8)
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Comparison of calculated gamma-ray energy spectrum with measured results at 70 seconds
after fast neutron fission of *35U. (ti;raq = 10's, twait = 55 S, tcount = 20 s)
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Fig. 94 Comparison of calculated gamma-ray energy spectrum with measured results at 90 seconds

after fast neutron fission of 2*5U. (tirrad = 10's, twait = 75 s, teount = 20 8)
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Fig. 95 Comparison of calculated gamma-ray energy spectrum with measured results at 110 seconds
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Fig. 97 Comparison of calculated gamma-ray energy spectrum with measured results at 180 seconds
after fast neutron fission of 235U, (tirrad = 108, twait = 1505, teount =40s)
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Fig. 98 Comparison of calculated gamma-ray energy spectrum with measured results at 230 seconds
after fast neutron fission of 235U. (tigsaq = 10'S, twait = 195 'S, tegunt = 60's)
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Fig. 99 Comparison of calculated gamma-ray energy spectrum with measured results at 290 seconds
after fast neutron fission of 235U. (tirrad = 10's, twait =225 s, teount =60 8)
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Fig. 100 Comparison of calculated gamma-ray energy spectrum with measured results at 360 seconds
after fast neutron fission of 235U, (tirrad = 108, tywait =315 s, teount = 80 5)
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Fig. 101 Comparison of calculated gamma-ray energy spectrum with measured results at 450 seconds
after fast neutron fission of 235U, (tirrad = 10's, tuait = 395 s, teount = 100 s)
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Fig. 102 Comparison of calculated gamma-ray energy spectrum with measured results at 550 seconds
after fast neutron fission of 235U. (tj;rag = 10's, twait = 495 s, teount = 100 s)
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Fig. 103 Comparison of calculated gamma-ray energy spectrum with measured results at 700 seconds
after fast neutron fission of 235U. (tirrad = 10 S, twait = 595 S, teount = 200 s)
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Fig. 104 Comparison of calculated gamma-ray energy spectrum with measured results at 900 seconds
after fast neutron fission of 233U, (tirrad = 10°S, twait = 795 s, tegunt = 200 s)
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Fig. 105 Comparison of calculated gamma-ray energy spectrum with measured results at 1200 seconds
after fast neutron fission of 22U, (tirrag = 10'S, twait = 995 S, teount = 400 s)
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Fig. 106 Comparison of calculated gamma-ray energy spectrum with measured results at 1600 seconds
after fast neutron fission of 235U, (tipgaq = 10's, twait = 1395 8, teount = 400 s)
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Fig. 107 Comparison of calculated gamma-ray energy spectrum with measured results at 2000 seconds
after fast neutron fission of 235U. (tizraq = 108, twait = 1795 s, teount = 400 s)
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Fig. 108 Comparison of calculated gamma-ray energy spectrum with measured results at 2450 seconds
after fast neutron fission of 235U. (tjpraq = 10's, twajt = 2195'S, teount = 500 5)
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Fig. 109 Comparison of calculated gamma-ray energy spectrum with measured results at 2950 seconds
after fast neutron fission of 225U. (tirrag = 10'S, twait = 2695 S, teount = 500 5)
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Fig. 110 Comparison of calculated gamma-ray energy spectrum with measured results at 3500 seconds

after fast neutron fission of 225U, (tjrrad = 10'S, tyait = 3195 S, teount

=600 s)
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Fig. 111 Comparison of calculated gamma-ray energy spectrum with measured results at 4100 seconds
after fast neutron fission of 235U, (tjrad = 10'S, tyair = 3795 S, teount = 600 5)
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Fig. 112 Comparison of calculated gamma-ray energy spectrum with measured results at 4800 seconds
after fast neutron fission of 225U, (tiprad = 100 s, tyais = 4350 s, teount = 800 s)
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Fig. 113 Comparison of calculated gamma-ray energy spectrum with measured results at 5600 seconds
after fast neutron fission of 235U. (tirrad = 100s, tyair = 5150's, teount = 800 s)
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Fig. 114 Comparison of calculated ggmma-ray energy spectrum with measured results at 6500 seconds
after fast neutron fission of 235U. (tirrad = 100, tywajt = 59508, tepunt = 1000 s)
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Fig. 115 Comparison of calculated gamma-ray energy spectrum with measured results at 7500 seconds
after fast neutron fission of 235U. (tirrad = 100 s, tyajt = 6950, teount = 1000 s)
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Fig. 116 Comparison of calculated gamma-ray energy spectrum with measured results at 9000 seconds
after fast neutron fission of 235U. (tizraq = 100, twait = 7950 s, teount = 2000 )
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Fig. 117 Comparison of calculated gamma-ray energy spectrum with measured results at 11000
seconds after fast neutron fission of 235U. (tirrag = 100 s, twait = 9950 s, teount = 2000 s)
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Fig. 118 Comparison of calculated gamma-ray energy spectrum with measured results at 13500
seconds after fast neutron fission of 235U. (tirrad = 100 s, tymit = 11950 s, teount = 300 8)
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Fig. 119 Comparison of calculated gamma-ray energy spectrum with measured results at 16500
seconds after fast neutron fission of 225U. (tizraq = 100 s, twait = 14950 s, teount = 3000 )
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Fig. 120 Comparison of calculated gamma-ray energy spectrum with measured results at 20000
seconds after fast neutron fission of 225U. (tirad = 100 s, twait = 17950s, teount = 4000 8)
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Fig. 121 Comparison of calculated gamma-ray energy spectrum with measured results at 24000
seconds after fast neutron fission of 235U. (tjrrag = 100 s, twair = 21950's, tequnt = 4000 s)
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Fig. 122 Comparison of calculated gamma-decay heat with measured results at YAYOI for fast
neutron fission of 23%pu,



JAERI 1311 Gamma-Ray Spectrum Data Library of Fission Product Nuclides and Its Assessment

—— JNDC( EXP + EST )
2 EXPERIMENT( YRYOI )

............ ™ L e e S H i S o S S S S S S S S S S S e i S
T T

'

'

GAMMA (MEV/FISSION/BIN/SEC}

ENERGY (MEV)

Fig. 123 Comparison of calculated gamma-ray energy spectrum with measured results at 19 seconds
after fast neutron fission of 23%Pu. (ti;raq = 10'S, twait = 115, teount = 6 )
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Fig. 124 Comparison of calculated gamma-ray energy spectrum with measured results at 26 seconds
after fast neutron fission of 23?Pu. (tizrad = 10'S, twait =178, teount = 8 8)
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Fig. 126 Comparison of calculated gamma-ray energy spectrum with measured results at 35 seconds
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Fig. 126 Comparison of calculated gamma-ray energy spectrum with measured results at 45
after fast neutron fission of >*®Pu. (tirrag = 10'S, twait =35 S, teount = 10'8)
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Fig. 127 Comparison of calculated gamma-ray energy spectrum with measured results at 55 seconds
after fast neutron fission of 23°Pu,. (tirrad = 10 s, tyait =45 s, tecount = 10 8)
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Fig. 128 Comparison of calculated gamma-ray energy spectrum with measured results at 70 seconds
after fast neutron fission of 2>%Pu. (tjrraq = 10'S, twait = 55 5, teount = 20 8)
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Fig. 130 Comparison of calculated gamma-ray energy spectrum with measured results at 110 seconds

after fast neutron fission of 2*°Pu. (tizrag = 10's, twait = 95 S, tcount = 20'5)
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Fig. 131 Comparison of calculated gamma-ray energy spectrum with measured results at 140 seconds
after fast neutron fission of 23%Pu. (tirraq = 10'S, twait = 115'S, teount = 40 s)
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Fig. 132 Comparison of calculated gamma-ray energy spectrum with measured results at 180 seconds
after fast neutron fission of 23%Pu. (tirrag = 105, tysgit = 155 s, teount = 40's)
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Fig. 133 Comparison of calculated gamma-ray energy spectrum with measured results at 230 seconds
after fast neutron fission of 2>°Pu. (tirraq = 10's, twait = 195 S, tegunt =60's)
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Fig. 134 Comparison of calculated gamma-ray energy spectrum with measured results at 290 seconds
after fast neutron fission of 237Pu. (tirrad = 10'S, tyait = 255 S, teount = 60 S)
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Fig. 135 Comparison of calculated gamma-ray energy spectrum with measured results at 360 seconds

after fast neutron fission of 23°Pu. (tizrag = 10's, twait = 315S, tcount = 80's)
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Fig. 136 Comparison of calculated gamma-ray energy spectrum with measured results at 450 seconds

after fast neutron fission of 23°Pu. (tirraq = 10'S, twait = 395 S, tcount = 100 5)
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Fig. 137 Comparison of calculated gamma-ray energy spectrum with measured results at 550 seconds
after fast neutron fission of 23°Pu. (tj;raq = 10's, twait =495 s, tegunt = 100 s)
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Fig. 138 Comparison of calculated gamma-ray energy spectrum with measured results at 700 seconds
after fast neutron fission of 23%Pu. (tirrag = 10'S, twait = 595 5, teount = 200 s)
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Fig. 139 Comparison of calculated gamma-ray energy spectrum with measured results at 900 seconds
after fast neutron fission of 2*°Pu. (tyzraq = 10's, twait = 795 S, teount = 200 s)
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Fig. 140 Comparison of calculated gamma-ray energy spectrum with measured results at 1200 seconds
after fast neutron fission of 23°Pu, (tirrad = 10 'S, twait = 995 s, teount = 400 5)



108 Gamma-Ray Spectrum Data Library of Fission Product Nuclides and Its Assessment JAERI 1311

—— UNDC( EXP + EST )
. I EXPERIMENTC YAYO! 1
Y R —— —————— et ———————r S ———

' ' 1
+ . ' B

(S
w
e ]
~ B B -
> 107 ]
— -
f1a] F
~ o 4
z o
o
— 3 4
(2]
[%p] E
w
~ F -4
>
w
=
~ -%

10 '} -
a ]
b4 : 1
b4 N h
(e ' 1
4] ' H g

]
e

ENERGY (MEV)

Fig. 141 Comparison of calculated gamma-ray energy spectrum with measured results at 1600 seconds
after fast neutron fission of 2>°Pu. (tizrag = 10's, twait = 1395 s, teount = 400 s)
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Fig. 142 Comparison of calculated gamma-ray energy spectrum with measured results at 2000 seconds
after fast neutron fission of *3%Pu. (tirraq = 10'S, twajt = 1795 s, teount = 400 s)
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Fig. 143 Comparison of calculated gamma-ray energy spectrum with measured results at 24 50 seconds
after fast neutron fission of 23°Pu. (tirrad = 10's, tyait =2195 s, teount = 500 s)
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Fig. 144 Comparison of calculated gamma-ray energy spectrum with measured results at 2950 seconds
after fast neutron fission of 23°Pu. (ti;raq = 10's, tyait = 2695 s, teount = 500 5)



110

Gamma-Ray Spectrum Data Library of Fission Product Nuclides and Its Assessment JAERI 1311

— JNDC( EXP + EST )
& EXPERIMENT( YAYQ! )

10"~ ———————— ——— —

GAMMA (MEV/FISSION/BIN/SEC)

ENERGY (MEV)

Fig. 145 Comparison of calculated gamma-ray energy spectrum with measured results at 3500 seconds
after fast neutron fission of 2%Pu. (tirrad = 108, twait = 3195 s, teount = 600 s)
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Fig. 146 Comparison of calculated gamma-ray energy spectrum with measured results at 4100 seconds
after fast neutron fission of 23°Pu. (tirrag = 10'S, twait = 3795 s, teount = 600 s)
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Fig. 147 Comparison of calculated gamma-ray energy spectrum with measured results at 4800 seconds
after fast neutron fission of 23%Pu, (tirrag = 100 s, tyait = 4350 s, tegunt = 800 s)
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Fig. 148 Comparison of calculated gamma-ray energy spectrum with measured results at 5600 seconds
after fast neutron fission of 239Pu. (tirrag = 100 s, tyait = 5150 s, teount = 800 s)
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Fig. 149 Comparison of calculated gamma-ray energy spectrum with measured results at 6500 seconds
after fast neutron fission of 23°Pu. (tirraq = 100 s, tyait = 5950 s, teount = 1000 s)
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Fig. 150 Comparison of calculated gamma-ray energy spectrum with measured results at 7500 seconds
after fast neutron fission of 2Pu. (tirrag = 100's, twait = 6950 s, tegunt = 1000 s)
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Fig. 151 Comparison of calculated gamma-ray energy spectrum with measured results at 9000 seconds
after fast neutron fission of 23°Pu. (tirrag = 100 s, tyyiy = 7950 s, tegunt = 2000 )
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Fig. 152 Comparison of calculated gamma-ray energy spectrum with measured results at 11000
seconds after fast neutron fission of 23°Pu. (tj;rsq = 100 s, twait = 9950 s, teount = 2000 s)
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Fig. 153 Comparison of calculated gamma-ray energy spectrum with measured results at 13500
seconds after fast neutron fission of 22°Pu. (tijrrag = 100's, tyait = 11950 s, teount = 3000 s)
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Fig. 154 Comparison of calculated gamma-ray energy spectrum with measured results at 16500
seconds after fast neutron fission of 23°Pu. (tirraq = 100 'S, tywast = 14950 s, teount = 3000 s)
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Fig. 155 Comparison of calculated gamma-ray energy spectrum with measured results at 20000
seconds after fast neutron fission of 23®Pu. (tigraq = 100 s, tyaiy = 17950 s, tegunt = 4000 s)
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Fig. 156 Comparison of calculated gamma-ray energy spectrum with measured results at 24000
seconds after fast neutron fission of 23?Pu. (tjrrag = 100 S, twait = 219508, teount = 4000 s)
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Fig. 159 Comparison of calculated gamma-ray energy spectrum with measured results at 26 seconds
after fast neutron fission of >*8U. (tj;raq = 10'S, twait = 175, teount = 8 §)
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Fig. 160 Comparison of calculated gamma-ray energy spectrum with measured results at 35 seconds
after fast neutron fission of 28U. (tirrad = 10'S, twait = 25 S, teount = 10'8)
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Fig. 161 Comparison of calculated gamma-ray energy spectrum with measured results at 45 seconds

after fast neutron fission of 238U, (tirrad = 10's, tyait =358, teount = 10's)
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Fig. 162 Comparison of calculated gamma-ray energy spectrum with measured results at 55 seconds

after fast neutron fission of >28U. (tjprag = 10's, twait =45 S, teount = 10'5)
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Fig. 164 Comparison of calculated gamma-ray energy spectrum with measured results at 90 seconds

after fast neutron fission of 23®U. (tigraq = 10's, twait = 75 S, tcount = 20 8)
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Fig. 166 Comparison of calculated gamma-ray energy spectrum with measured results at 110 seconds
after fast neutron fission of 23%U. (tirraq = 10's, twait = 95 S, tcount = 20 §)
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Fig. 166 Comparison of calculated gamma-ray energy spectrum with measured results at 140 seconds
after fast neutron fission of 238U, (tisraq = 10 s, twait = 115 S, teount = 40 5)
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Fig. 167 Comparison of calculated gamma-ray energy spectrum with measured results at 180 seconds
after fast neutron fission of 228U. (tirrag = 10 s, tygit = 150's, teount =40 s)
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Fig. 168 Comparison of calculated gamma-ray energy spectrum with measured results at 230 seconds
after fast neutron fission of 23%U. (tirrad = 10'S, twait = 195 s, teount = 60 8)
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Fig. 169 Comparison of calculated gamma-ray energy spectrum with measured results at 290 seconds
after fast neutron fission of 23%U. (tjrrad = 10's, twait = 255 S, teount = 60 8)
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Fig. 170 Comparison of calculated gamma-ray energy spectrum with measured results at 360 seconds
after fast neutron fission of 23%U. (tirraa = 10's, twait = 315's, tcount = 80's)
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Fig. 1771 Comparison of calculated gamma-ray energy spectrum with measured results at 450 seconds

after fast neutron fission of 28U, (tjraq = 10's, twair = 395 s, teount = 100's)
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Fig. 172 Comparison of calculated gamma-ray energy spectrum with measured results at 550 seconds

after fast neutron fission of 23%U. (tirrad = 10's, tyait =495 s, teount = 100's)
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Fig. 173 Comparison of calculated gamma-ray energy spectrum with measured results at 700 seconds
after fast neutron fission of 238U. (tirrad = 10°S, twait = 595 s, teount = 200 s)

—— JNDC( EXP + EST )
4 EXPERIMENTC( YRYO] )

107! ——r—rr— ———————r————————rr ——————r—r —

GAMMA (MEV/FISSION/BIN/SEC)

ENERGY (MEV)

Fig. 174 Comparison of calculated gamma-ray energy spectrum with measured results at 900 seconds
after fast neutron fission of 28U. (tirrad = 10's, tymir = 795 s. teount = 200 s)
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Fig. 175 Comparison of calculated gamma-ray energy spectrum with measured results at 1200 seconds
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Fig. 177 Comparison of calculated gamma-ray energy spectrum with measured results at 2000 seconds
after fast neutron fission of 2*®U. (tirrag = 10's, tais = 1795 s, teount = 400 s)

GAMMR (MEV/FISSION/BIN/SEC)

—— JNDC( EXP + EST )
& EXPERIMENTt YAYOI )

uuuuuu

™r—TTT YT T
' 1

vvvvvvv

........

e e |
s | SR A O A P S
; | s
A S D | ] LUl
0 1 2 3 4 S

ENERGY (MEV)

Fig. 178 Comparison of calculated gamma-ray energy spectrum with measured results at 24 50 seconds
after fast neutron fission of 233U, (tirraq = 10°S, twajt = 2195 S, teount = 500 s)
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Fig. 1779 Comparison of calculated gamma-ray energy spectrum with measured results at 2950 seconds
after fast neutron fission of 23%U. (tirrad = 108, tyajt = 2695 s, tegunt = 500 s)
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Fig. 180 Comparison of calculated gamma-ray energy spectrum with measured results at 3500 seconds
after fast neutron fission of 23®U. (tj;raq = 105, twait = 3195 s, teount = 600 s)
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Comparison of calculated gamma-ray energy spectrum with measured results at 4100 seconds
after fast neutron fission of 2*®U. (ti;raq = 10's, twait = 3795 s, teount = 600 s)
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Fig. 182 Comparison of calculated gamma-ray energy spectrum with measured results at 4800 seconds
after fast neutron fission of 2*8U. (tirraq = 100 s, tyait = 4350 s, tegunt = 800 s)
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Fig. 183 Comparison of calculated gamma-ray energy spectrum with measured results at 5600 seconds
after fast neutron fission of 238U, (tjpaa = 100 s, twait = 5150'S, teount = 800 s)
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Fig. 184 Comparison of calculated gamma-ray energy spectrum with measured results at 6500 seconds
after fast neutron fission of 238U, (tirraq = 100 S, twair = 5950's, teoune = 1000 8)
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Fig. 185 Comparison of calculated gamma-ray energy spectrum with measured results at 7500 seconds
after fast neutron fission of >38U. (tirraq = 100's, twajt = 6950's, teount = 1000 s)

GARMMR (MEV/FISSION/BIN/SEC)

—— JNDC( EXP « EST )

EXPERIHMENT( YRYO! )

3

T

.......

ENERGY (MEV)

Il

after fast neutron fission of 238U, (tigrag = 100's, twait = 7950's, tcount = 2000 s)

Fig. 186 Comparison of calculated gamma-ray energy spectrum with measured results at 9000 seconds
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Fig. 187 Comparison of calculated gamma-ray energy spectrum with measured results at 11000
seconds after fast neutron fission of 22U, (tirrag = 100 s, tygit = 9950 s, teount = 2000 s)
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Fig. 188 Comparison of calculated gamma-ray energy spectrum with measured results at 13500
seconds after fast neutron fission of 238U, (tirrag = 100 s, tyaje = 11950 s, tegunt = 3000 s)
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Fig. 189 Comparison of calculated gamma-ray energy spectrum with measured results at 16500
seconds after fast neutron fission of 238U, (tirrad = 100 s, tywait = 14950 s, tegunt = 3000 s)
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Fig. 190 Comparison of calculated gamma-ray energy spectrum with measured results at 20000
seconds after fast neutron fission of 233U. (tirraq = 100 s, twait = 17950 s, teount = 4000 s)
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Fig. 191 Comparison of calculated gamma-ray energy spectrum with measured results at 24000
seconds after fast neutron fission of 23%U. (tirrad = 100 s, tyair = 21950 s, teount = 4000 s)
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Fig. 193 Comparison of calculated gamma-ray energy spectrum with measured results at 19 seconds
after fast neutron fission of 2*2Th. (tirrad = 10's, tywait = 11's, teount = 6 8)
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Fig. 194 Comparison of calculated gamma-ray energy spectrum with measured results at 26 seconds
after fast neutron fission of 23%Th. (tizrad = 10'S, twait = 175, tcount = 8 8)
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Fig. 195 Comparison of calculated gamma-ray energy spectrum with measured results at 35 seconds
after fast neutron fission of >2Th. (ti;rag = 10's, twait = 25 S, teount = 10 5)
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Fig. 196 Comparison of calculated gamma-ray energy spectrum with measured results at 45 seconds
after fast neutron fission of 2>?Th. (tipraq = 10's, twait =35 'S, teount = 10's)
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Fig. 197 Comparison of calculated gamma-ray energy spectrum with measured results at 55 seconds
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Fig. 198 Comparison of calculated gamma-ray energy spectrum with measured results at 70 seconds
after fast neutron fission of 222Th. (tirraq = 10'S, twait = 55 5, teount = 20'S)
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Fig. 199 Comparison of calculated gamma-ray energy spectrum with measured results at 90 seconds
after fast neutron fission of 222 Th. (tirraq = 10'S, twait = 75 S, teount = 20 S)
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Fig. 200 Comparison of calculated gamma-ray energy spectrum with measured results at 110 seconds
after fast neutron fission of 232 Th. (ti;raq = 10, twait = 95 S, teount = 20 's)
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Fig. 201 Comparison of calculated gamma-ray energy spectrum with measured results at 140 seconds
after fast neutron fission of 232Th. (tirraq = 10'S, twait = 115 s, teount = 40 's)
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Fig. 202 Comparison of calculated gamma-ray energy spectrum with measured results at 180 seconds
after fast neutron fission of 232Th. (tjrraq = 10'S, twait = 155 s, teount = 40's)
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Fig. 203 Comparison of calculated gamma-ray energy spectrum with measured results at 230 seconds
after fast neutron fission of 2>2Th. (tirrad = 10 s, twajt =195 s, teount = 60°8)
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Fig. 206 Comparison of calculated gamma-ray energy spectrum with measured results at 360 seconds
after fast neutron fission of 2*2Th. (tirrad = 10°s, twait =3155s. teount = 80 s)
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Comparison of calculated gamma-ray energy spectrum with measured results at 450 seconds
after fast neutron fission of 2*2Th. (tirrag = 10'S, twait =395 s, teount = 100's)
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Fig. 207 Comparison of calculated gamma-ray energy spectrum with measured results at 550 seconds
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Fig. 208 Comparison of calculated gamma-ray energy spectrum with measured results at 700 seconds

after fast neutron fission of 232Th. (tirraqg = 10'S, twait = 595 S, tcount = 200 5)
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Fig. 209 Comparison of calculated gamma-ray energy spectrum with measured results at 900 seconds
after fast neutron fission of 32Th. (tirrag = 10's, tyait = 795 S, teount = 200 s)
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Fig. 210 Comparison of calculated gamma-ray energy spectrum with measured results at 1200 seconds
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Fig. 211 Comparison of calculated gamma-ray energy spectrum with measured results at 1600 seconds
after fast neutron fission of 2>2Th. (tizraq = 10's, twait = 1395 S, tcount = 400 5)
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Fig. 212 Comparison of calculated gamma-ray energy spectrum with measured results at 2000 seconds
after fast neutron fission of 222 Th. (tirraq = 108, twait = 1795 s, tcount = 400 5)
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Fig. 213 Comparison of calculated gamma-ray energy spectrum with measured results at 24 50 seconds
after fast neutron fission of 2>2Th. (tjrrad = 10'S, twait = 2195 S, teount = 500's)
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Fig. 214 Comparison of calculated gamma-ray energy spectrum with measured results at 2950 seconds
after fast neutron fission of 232Th., (tirrad = 108, twait = 2695 s, teount = 500 s)



JAERI 1311 Gamma-Ray Spectrum Data Library of Fission Product Nuclides and Its Assessment 145

—— JNDC[ EXP + EST )
3 EXPERIMENTI YAYOI )

107 et ——r—r—r—r — N T R
E : :
: :
: :
' :
: :
' :
- :
o : :
w i 1 ]
v :
S 907 - b L Ceeen] ey O U
< . . ‘|
o H . y
> | | |
o Bl
= i VITTN .
w N :
w> pt : '
w : ‘
~ 1 v 4
> | :
w ]
x ' :
- 10". a- :L L _u.:L. { r e - N --F-
g : = ' 1 ]
] i : TN :
© [ : E E N % B
I : ' : N |
- s e | y l I ~
: { :
T . N S Ao Lo

0 1 2 3 4 5

ENERGY (HEV)

Fig. 215 Comparison of calculated gamma-ray energy spectrum with measured results at 3500 seconds
after fast neutron fission of >?Th. (t;graq = 10's, twait =3195 s, teount = 600 s)
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Fig. 216 Comparison of calculated gamma-ray energy spectrum with measured results at 4100 seconds
after fast neutron fission of 222Th. (tirraq = 10's, tyair =3795 s, teount = 600 5)
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Fig- 217 Comparison of calculated gamma-ray energy spectrum with measured results at 4800 seconds
after fast neutron fission of 2*2Th. (tjzrag = 100's, tyait = 4350 s, teount = 800 5)
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Fig. 218 Comparison of calculated gamma-ray energy spectrum with measured results at 5600 seconds
after fast neutron fission of 232 Th. (ti;rag = 100 s, twait = 51508, teount = 800 5)
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Fig. 219 Comparison of calculated gamma-ray energy spectrum with measured results at 6500 seconds
after fast neutron fission of 232Th. (tirrad = 100 s, tyait = 5950 s, teount = 1000 s)
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Fig. 220 Comparison of calculated gamma-ray energy spectrum with measured results at 7500 seconds
after fast neutron fission of 22Th. (tirraq = 100's, twait = 6950's, teount = 1000 s)
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Fig. 221 Comparison of calculated ggmma-ray energy spectrum with measured results at 9000 seconds
after fast neutron fission of 232Th. (tjpraq = 100 S, twait = 7950 s, tegunt = 2000 5)
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Fig. 222 Comparison of calculated gamma-ray energy spectrum with measured results at 11000
seconds after fast neutron fission of 23%Th. (tjrraq = 100 s, twait = 9950 s, teount = 2000 s)
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Fig. 223 Comparison of calculated gamma-ray energy spectrum with measured results at 13500
seconds after fast neutron fission of 232Th. (tirraq = 100's, twait = 11950 s, teount = 3000 s)
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Fig. 2248 Comparison of calculated gamma-ray energy spectrum with measured results at 16500
seconds after fast neutron fission of 232Th. (tirraq = 100 s, tyait = 14950 s, teount = 3000 s)
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Fig. 225 Comparison of calculated gamma-ray energy spectrum with measured results at 20000
seconds after fast neutron fission of 232Th. (tipraa = 100 s, tyait = 17950 s, teount = 4000 s)
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Fig. 226 Comparison of calculated gamma-ray energy spectrum with measured results at 24000
seconds after fast neutron fission of 232Th. (tirrag = 100 s, twais = 21950 s, teount = 4000 )
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Fig. 228 Comparison of calculated gamma-ray energy spectrum with measured results at 450 seconds
after thermal neutron fission of 235U (YAYOI). (tirrsd = 100 S, twait = 355 S, teount = 90 s)

Gamma-Ray Spectrum Data Library of Fission Product Nuclides and Its Assessment

0!80 T T IIIIII; T Ijlllll: T T T Illll:

: : ; ; @  ORNL EXPERIMENT

F ‘ : ‘ & YAYOl EXPERIMENT

F : : : JNDC FILE { 1.5V )
0.70 [rvmmmoemm- . o = S I:.--* --=-- JNOC FILE

E | B ': f

. & : ]

0.60 E -----------  REEE ! B SRRTELELE R SRRERCEL R ]
0.50 f----- %‘ ------- PR TCTES SRR & : SR SR

B i :
0.40 f---------oom-- e S 176\ SECEEC R 3
0.30 : Al L IIIJJ_IL L 1 Illlll: i L Ll i1l L 1 Lol bl llylh I 'y Illlll:

10° 10! 10° 10° 10 10°

TIME AFTER FISSION BURST (S)

Comparison of calculated gamma-decay heat with measured results at ORNL and at YAYO!

for thermal neutron fission of 235U,

— JNDC( EXP + EST )
4 EXPERIHENTU YAYOI )

T T T T
'

-4

........

o} i SO - £ S SO

[

ENERGY (MEV)

W

151



152 Gamma-Ray Spectrum Data Library of Fission Product Nuclides and Its Assessment JAERI 1311

—— JNOC{ EXP + EST )
& EXPERIMENTL YAYQ! )

10 ———t—r— T ———rr T ————r T

GAMMA (MEV/FISSION/BIN/SEC)

ENERCY (MEV)

Fig. 229 Comparison of calculated gamma-ray energy spectrum with measured results at 550 seconds
after thermal neutron fission of 2*5U (YAYOI). (tirraq = 100 s, twait = 450 s, tegunt = 100 s)
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Fig. 230 Comparison of calculated gamma-ray energy spectrum with measured results at 700 seconds
after thermal neutron fission of 225U (YAYOI). (tizrag = 100 s, tuwait = 550 s, tequnt = 200 s)
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Comparison of calculated gamma-ray energy spectrum with measured results at 900 seconds
after thermal neutron fission of 225U (YAYOL). (tirrag = 100 5, twait = 750 8, teount = 200 8)
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Comparison of calculated gamma-ray energy spectrum with measured results at 1200 seconds
after thermal neutron fission of 235 (YAYOL). (tirrag = 100 S, twait = 950 s, teount = 400 s)
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Comparison of calculated gamma-ray energy spectrum with measured results at 1600 seconds
after thermal neutron fission of 235U (YAYOI). (tirrad = 100 s, twait = 1350 s, teount = 400 s)
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Fig. 234 Comparison of calculated gamma-ray energy spectrum with measured results at 2000 seconds
after thermal neutron fission of 225U (YAYOI). (tirrag =100 s, twait = 1750 s, teount = 400 s)
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Fig. 235 Comparison of calculated gamma-ray energy spectrum with measured results at 2450 seconds
after thermal neutron fission of 225U (YAYOI). (tirraq = 100 S, tuait = 2150's, teount = 500 s)
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Fig. 236 Comparison of calculated gamma-ray energy spectrum with measured results at 2950 seconds
after thermal neutron fission of 235U (YAYOI). (tirrag = 100 s, tugit = 2650 s, teount = 500 s)
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Fig. 237 Comparison of calculated gamma-ray energy spectrum with measured results at 3500 seconds
after thermal neutron fission of 235U (YAYOI). (tirrad = 100 s, tyajt = 3150 s, teoune =600 )
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Fig. 238 Comparison of calculated gamma-ray energy spectrum with measured results at 4100 seconds
after thermal neutron fission of 235U (YAYOI). (tirraq = 100 s, twait = 3750 s, teount = 600 5)
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Fig. 239 Comparison of calculated gamma-ray energy spectrum with measured results at 4800 seconds
after thermal neutron fission of 235y (YAYOI). (tjrrag = 100 s, tymit = 4350 s, teount = 800 's)
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Fig. 240 Comparison of calculated gamma-ray energy spectrum with measured results at 5600 seconds
after thermal neutron fission of 2>5U (YAYOI). (tirrag = 100 S, twait = 5150's, tegunt = 800 s)
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Fig. 241 Comparison of calculated gamma-ray energy spectrum with measured results at 6500 seconds
after thermal neutron fission of *>5U (YAYOI). (tirraa = 100 s, twait = 5950's, teount = 1000 s)
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Fig. 242 Comparison of calculated gamma-ray energy spectrum with measured results at 7500 seconds
after thermal neutron fission of 225U (YAYOI). (tirrag = 100 s, tygit =6950's, teount = 1000s)
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Fig. 243 Comparison of calculated gamma-ray energy spectrum with measured results at 9000 seconds
after thermal neutron fission of 225U (YAYOI). (tirrad = 100 s, tyait =7950s, teount = 2000 s)
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Fig. 244 Comparison of calculated gamma-ray energy spectrum with measured results at 11000
seconds after thermal neutron fission of 235y (YAYOI).
(tirrad = 100 s, tyait = 9950 s, teount = 2000s)
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Fig. 245 Comparison between measurements at same cooling time 3500 (= ty,it + %(timd + teount))-

Open circles indicate the ORNL measurements and triangles are the YAYOI measurements.
Solid line is the calculation with very fine energy group structure (about 1300 energy groups
below 5 MeV) and with the same detector response as that of the ORNL measurement.
Dashed line indicates the calculation with the same energy group structure and the same
detector response as those of the ORNL measurement. Dotted line shows the calculation
with the same energy group structure and the same detector response as those of the YAYOI
measurement.
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