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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 gamma-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.
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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)1* 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 data2)>3) by using gross theory4* 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)s). The
decay heat calculations by using this library have shown good agreement with the measured
data of important fissile nuclides from 235U to 241Pu.5)

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.6* 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.6*

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 file7*
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 group8)>9) and by ORNL group 1 0 ) ' n ) 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.12) 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 23SU and 239Pu performed at Oak Ridge National
Laboratory10*-11* and those after the fast neutron fission of 23SU, 239Pu, 23»U and 232Th and
after the thermal neutron fission of 235U at the University of Tokyo13*114*.

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 5.
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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.2^'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 X10000 + A X10 + IS,
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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 Laboratory10*' n \ The results at 2.7 seconds after fissions
are shown in Figs. 1 and 2 for the thermal neutron fissions of H SU1 0 ) and 2 3 9 Pu u ) , 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 23SU1O) and 239PuM),
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 235U. 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.12* 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 Qp 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 Sp(E), the beta feeding b(E) per unit mega-electron-volt of final
levels of daughter nucleus is obtained through the relation,

b(E)=Sfi(E)-f(Z,Qfi-E)-Tln, (1)

where

E - excitation energy,

Tu2 = beta decay half-life,

f(Z, Qjj- E) = Fermi function.



JAERI1311 2. Gamma-ray spectrum data 5

The beta feeding function b(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')=fE
E>mai{b{E")+g(E")}-{E"-E'y

xST(E"-E')-p(E')dE", (2)
where

ST(E"- E') = gamma-ray strength function,

p(E') = level density.

In this equation, the gamma transition is assumed to be El-type.
The intensity of the cascade gamma-ray I(Er) is written using g(E") as follows:

UEr> fa
Em"dE'f*'""dE"8(E"-E'-ET)

x{b(E")+g(E"))-(E"-E'y

xST(E"-E')-p(E'). (3)
The integral on the right-hand side in eq.(2) can be evaluated in a numerical way from Emax

(= Q/j) toward the lower energy, successively.
In the calculation, the gamma-ray strength function proposed by Brinkls) and by AxelI6)

was adopted. The level density was calculated following the prescription by Gilbert and
Cameron17*. 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 23SU and 239Pu. 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 FPGS18* and the JNDC library version
\.56\ which is the modified version of the JNDC library1* and contains the decay and the
yield data needed in the summation calculation. Once the concentration, N'(t), 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(Er,t) £; . , • N'(t)- E'r • d'(ET), (4)

where

d' (Er) = normalized gamma-ray energy spectrum of the i-th fission product nuclide,

Ai = decay constant,

E'T = 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
is applied with renormalization constant Yr 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 ET and the adopted one Y'r , the gamma-ray spectrum of the
nuclide is assumed to be

d'(ET) d'eAET) I (E'r - £ ' ) • d-es(Er) , ( 5 )
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where

d'ex(Er) = experimental gamma-ray spectrum,

d'es(.Er) = 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.

f~Erd(Er)dEr=f~ETdex(ET)dEr+(Et
r-~Ee

r)-f;Erdes(Er)dEr (6)

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 235U10) and 2 3 9Pu n ) and at the University of Tokyo13* for the fast neutron
fissions of 235U, 238U, 239Pu and 232Th and the thermal neutron fission of 23SU. 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 i r rad, a waiting time twait and a counting
time tc o u n t . 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
rwait + ^(tirrad + tcount) f° r 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 235U and 239Pu by Dickens et al.I0) ' u ) .

Samples of 1 to 10 jug 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 a given by

a 0.01E-U.352 I 5.064 ,-'V £ r) /2.35482,

where ET is in MeV.
By using the width o , the line of a gamma-ray was broadened in the present calculation as
follows

( / r / v 2 n a ) - exp[ ( E E r Y / ( 2 a 2 ) } ,

where / r 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 235U, 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 239Pu, 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 235U 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 239Pu
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 235U 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 a l . n ) also cautioned this
peak and suggested that this peak might be due to a contaminant viz. 24Na. 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 239Pu (see later). The fission yield of the fast
neutron fission of 239Pu is not so different from that of the thermal neutron fission of 239Pu.
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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.13) measured gamma-ray spectra from aggregate fission product nuclides
following fast neutron fissions of 233U, 23SU, 239Pu, 23BU, natural uranium and 232Th. They
also measured the spectra following thermal neutron fissions of 23SU 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 233Uand natural uranium were
used for the comparison.

For the fast neutron fission of 235U, 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 23SU at ORNL, which are shown in the previous section.

For the fast neutron fission of 239Pu, 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 239Pu.

For the fast neutron fission of 238U, the gamma-ray component of the decay heat is
shown in Fig. 157. In the original YAYOI measurements, the decay heat from 239U and
239 Np decays is included because of production of 239U by neutron capture reaction of
238jji4) j ^ g cont ribution 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 239U and 239Np are included. The gamma-ray peaks seen at
energy of about 100 ke V 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 239U and 239Np 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 232Th, 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 232Th14). The reaction produces 233Th and its daughter nuclide 233Pa. The contribution of
the gamma rays from 233Th and 233Pa 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 233Th and 233Pa 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 233Th and 233Pa. 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 233Th and 233Pa. 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 23SU
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.14^ 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 YAYOI 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 (=twai t + ^(tirrad +tCOunt)) 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 235U 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 232Th to 239Pu. 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 JNDC library.

Total number of nuclides

Number of stable nuclides

Number of nuclides with no-7 rays

Number of nuclides with estimated 7-decay energy

Number of nuclides with experimental 7-decay energy

1172

152

37

468(87*)

515

* Number of nuclides whose experimental decay energies are replaced
by estimated ones.

Table 2 List of nuclides having experimental gamma-ray spectrum data

No.

1

2
3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Nuclide

66Cu
66Ga

" G e
67Ni
67Cu
67Ga
67Ge

6 8 m C u *

68Cu
68Ga
69Cu

6 9 m Zn
6 9Zn
69Ge
6 9As

7 0 mCu*
70Cu*
70Ga

7 1 m Zn
71 Zn
71 As
72Zn
72Ga
72 As
72Se
73 Zn
73Ga

7 3 mGe
7 3 mSe

73Se
74 Zn

7 4 mGa
74Ga*
74 As

Number
of

7-rays

4

62

90

16

6

10

58

19

24

10

17

2

2

37

7

13

2

3

60

24

83

9

71

61

1

4

16

1

33

22

8

2

97

15

No.

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

Nuclide

75Ga
7 5 m Ge

7SGe
7SSe
7SBr
76Ga*
76 As

7 7 mGe
77Ge
77As

7 7 mSe
7 7 m B r

77Br
77Kr
78Ge
78As
78Br
79Ge
79As

7 9 mSe
7 9 mBr
79m R r

79 Kr
7 9 Rb
8 0 As*

8omB r

80Br
8 1Ge*
81 As

8 1 mSe
81Se

»imK r

81 Kr
81mR b

Number
of

7-rays

36

7

20

22

57

107

51

5

153

13

1

1

52

27

2

55

26

5

11

1

1

1

45

64

27

2

10

4

29

5

9

1

1

2

No.

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

Nuclide

81 Rb
8 2 m As*

82 As*
8 2 mBr

82Br
8 3 As*

8 3 m Se
83Se
8 3 Br

83m K r

8 3 Rb
8 3 Sr
8 4 As*
84 Se

84mB r

8 4 Br
8 4 m Rb

84 Rb
85Se*
85Br

8 5 m Kr
85Kr

8sm S r

85Sr
85rriY

85y

86 Se*
86Br*

86mR b

86 Rb
87Se*
87Br*
87Kr

87mS r

Number
of

7-rays

28

13

12

13

37

22

24

59

11

2

13

105

18

1
6

51

3

4

47

43

5

1

4

2

7

144

22

50

37

1

11

108

33

1

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

No.

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

Nuclide

87mY

8 7 Y

8 7 m Zn
87Zn

" S e *

" B r *

" K r
8 8 Rb
86y

" Z r
89Kr
8 9 Rb

B9JI1Y

8 9 m Zn
89Zr

8 9 m Nb
8 9Nb
90Br*
9 0 Kr

9omRb

9 0 Rb*
90mY

90mZr

9 0 m Nb
9 0Nb
90Mo
9 1 Kr*
91 Rb*
9 1 Sr

91mY

9 1 Y

9 1 m Nb
9 1Nb

9 1 mMo
9 1 Mo

" K r *
9 2 Rb*
92Sr
92Y

9 2 m Nb
9 2Nb
9 3 Kr*
9 3 Rb*
93Sr

93niY

9 3 Y

Number
of

7-rays

2

2

2

15

13

66

86

27

8

1

299

62

1

3

5

5

73

12

103

96

105

3

4

1

37

25

221

125

49

1

1

2

1

11

22

96

52

9

19

4

2

217

243

160

2

23

No.

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

•

Nuclide

9 3 m Mo
93mTc

9 3Tc
94Sr
9 4 Y

9 4 m Nb
9 4 Nb
9 sSr*
9 5 Y

9 s Zr
9 s m N b

9 SNb
9smT c

9 sTc
9 s Ru
9 6 Sr*

96 my
9 6Nb
9 7Rb
97Sr*

97mY»

97y*
97Zr

9 7 m Nb
9 7Nb

9 7 m Tc
9 7Ru
9 8 Rb*

98IT1Y*

9BniY*

9Sy*
9 8 m Nb

9 8Nb
9 8Tc
99y*

" Z r
9 9 m N b

9 9Nb
99Mo

99mTc

9 9Tc
9 9 m R h

9 9Rh
99Pd

IOOIHY

lOOy

Experimental

Number
of

7-rays

13

5

15

5

54

4

2

29

44

2

4

3

31

23

89

6

21

34

12

17

16

19

36

1

13

1

18

25

11

11

26

259

10

2

16

13

52

2

30

4

1

26

33

126

2

9

decay energies

No.

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

Nuclide

iooZ r

l00mN b

1 0 0Nb
l00T c

i o i Z r .

101Mo
ioiT c

I 0 1 m R h
1 0 1Rh
ioipd

I 0 2 Mo
102mT(,

102Tc

1 0 2 m R h
I 0 2 R h
103Tc

1 0 3Ru
1 0 3 m Rh

103pd

1 0 3 m Ag
1 0 3 Ag
. 0 4 T c .

1 0 4 m R h
1 0 4 Rh
IOSMo*
105Tc

l o s R u
1 0 s m R h

1 0 5 Rh
10SmAg

105Ag
105Cd

1 0 6 m Rh
1 0 6 Rh

lO6m A g

1 0 6 Ag
I 0 7 Ru
1 0 7Rh

iO7mp(j

1 0 7 m Ag
lO7cd

1 0 7In
108Mo
i08T c*
1 0 8Ru

1 0 8 m R h

Number
of

7-rays

12

18

15

20

2

185

34

18

17

51

8

30

10

28

15

68

21

1

11

1

102

121

15

10

49

83

88

1

7

26

45

277

39

78

59

11

7

39

1

1

33

153

3

6

1

14

not adopted in the JNDC library.
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Table 2 (Continued)

No.

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

Nuclide

1 0 8 Rh
i o 8 m A g

1 0 8 Ag
1 0 9Ru
1 0 9 Rh

iO9mpd

109Pd
1 0 9 m Ag
1 0 9 nIn

1 0 9 m In
1 0 9 ln

nomRh*

1 1 0Rh*
u o m A g

l l 0Ag
inm p d

nlPd
l l l m A g

n l A g
i n m c d

i l i m l n

u l I n

' " S n
112Pd
U 2 Ag

1 1 2 mIn
112In

1 1 3 m Ag
I 1 3 Ag

H 3 m c d

1 1 3 m l n
113mSn

113Sn
n 3 S b
U 4Ag

l l4m ] n

1 I 4 I n
U 5 m A g

1 1 5Ag
1 1 5 mCd

115 c d

HSmIn

U S S b
1 1 5Te

1 1 6 m Ag*
1 1 6 Ag*

Number
of

7-rays

4

8

14

2

37

1

31

1

4

1

68

23

1

62

13

79

80

6

10

2

1

2

28

1

115

1

11

16

38

1

1

1

4

10

11

3

4

13

145

23

16

2

19

34

11

10

No.

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

Nuclide

1 1 6 nIn
116mIn

U 6 l n
1 1 7 m Ag

1 1 7Ag
1 1 7 mCd

117Cd
H7m In

1 1 7In
1 1 7 m Sn

117Sn
117Tem v
118Ag*

iien,n

1 1 8 m In
1 1 8In

1 I 8 m S b
1 1 8Sb
1 1 9Ag

1 1 9 mCd
U 9 C d

" " " I n
1 I 9 ln

1 1 9 mSn
119Sb

l l 9 m T e
1 1 9Te

I 2 O m A g
1 2 0 Ag

1 2 0 m In
1 2 0In

I2omsb

1 2 0Sb
1 2 1 Ag

1 2 l m Cd
121Cd

12lm ln*

1 2 1In
1 2 1 mSn
121m-.

1 2 1Te
121 ,

1 2 2Ag*
122 c d

122m,n*

* Experimental

Number
of

7-rays

1

43

5

61

83

70

113

6

4

2

14

23

42

12

1

18

8

9

14

137

60

69

12

7

2

1

37

13

5

4

37

11

5

4

53

35

62

11

9

2

13

5

62

6

1

4

decay energies

No.

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

not

Nuclide

1 2 2 ln*
1 2 2 m Sb

1 2 2Sb
1 2 3 m In

1 2 3 In
• 23m S n

1 2 3 Sn
123m.j,e

1 2 3 I r
124Cd

1 2 4 m In*
1 2 4In*

1 2 4 nSb
1 2 4 m Sb

1 2 4Sb
I 2 5 m l n *

1 2 5In*
12smSn

I 2 SSn
1 2 5Sb

125mTe

.25,

1 2 5 m Xe
I 2 5Xe
126Xe

1 2 6 m In*
126 In*
1 2 6 Sn

126msb

1 2 6 Sb
126,

I27m,n*

1 2 7In*
1 2 7 m Sn

127Sn
1 2 7Sb

1 2 7 m Te
127Te

1 2 7 mXe
127Xe
127Cs

I28m ln*

1 2 8In*
128Sn

I28m s b

1 2 8Sb

adopted in the

Number
of

7-rays

3

3

8

11

16

4

9

2

48

4

4

3

1

5

84

2

11

19

48

28

2

1

2

33

11

14

6

8

9

27

14

3

18

3

162

36

6

9

2

6

53

5

18

10

16

54

JNDC library.
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Table 2 (Continued)

No.

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

Nuclide

128,

129m,n*

I 2 9 In*
1 2 9 m Sn

1 2 9Sn
1 2 9Sb

129mT e

l 2 9 Te
129,

1 2 9 m Xe
129Cs
130,n*

l3OmSn

130Sn
130m s b

1 3 0Sb
130m.

130,

1 3 1In*
1 3 i m S n *

1 3 1Sn
1 3 1Sb

I3 lm_

1 3 1Te
131,

1 3 l m X e

1 3 1 mBa
I 3 1Ba
1 3 2In*
132Sn

1 3 2 m Sb
1 3 2Sb*
1 3 2 T e

132m,

132,

132Cs
133Sn*
1 3 3Sb

l 3 3 m T e

133 T e

133m,

133,

1 3 3 m Xe
1 3 3Xe

i33m f i a

1 3 3 Ba

Number
of

7-rays

8

4

14

1

1

92

39

50

1

2

32

4

20

15

59

40

35

52

4

5

1

66

185

80

19

1

1

35

5

10

16

37

4

8

121

14

1

6

63

29

3

42

1

6

3

9

No.

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

*

Nuclide

1 3 3La
I 3 4 m S b *

1 3 4Te
134m.

134,

1 3 4 m Xe
1 3 4 mCs

134Cs
1 3 5Te*
135,

1 3 5 m Xe
I 3 5 Xe

i 3 s m C s

l 3 s m B a

135La
1 3 s m Ce

135Ce
136 T e

136m,*

136,*

136Ce
l 36m B a

137,*

1 3 7Xe
1 3 7 mBa
l3 7m C e

1 3 7Ce
138,

I 3 8 Xe
l 38m C s *

13»Cs*
138La
1 3 9Xe*
I 3 9Cs
139Ba

1 3 9 mCe
139Ce
139Pr
1 4 0Xe
1 4 0Cs*
140Ba
1 4 0La
140pr

1 4 1Xe*
1 4 1Cs*
1 4 1 Ba

Experimental

Number
of

7-rays

129

4

27

3

66

3

2

12

3

90

5

13

2

1

23

4

133

22

28

117

22

3

24

94

1

11

21

9

100

11

86

2

220

179

28

1

1

24

142

196

10

35

19

211

141

55

decay energies

No.

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

Nuclide

1 4 1La
141Ce

1 4 i m N d

141Nd
I 4 1Pm
l 4 2 Xe*
1 4 2Cs*
142Ba
142La
142pr

1 4 3 Ba
143La
143Ce
143pr

143Pm
1 4 3 m Sm

143Sm
144La*
144Ce

1 4 4 m Pr
144Pr
144Pm
145Ce
1 4 5 p r

1 4 sPm
145Sm
1 4 6 La*
146Ce
146p r

1 4 6 Pm
147Ce
147pr

1 4 7Nd
147Pm
1 4 7Eu
1 4 7Gd
148La*
l 4 8 Ce
148pr

148m p m

148Pm
149Ce
149pr

1 4 9Nd
149Pm
1 4 9Eu

not adopted in the

Number
of

7-rays

29

1

4

12

54

174

144

55

155

3

69

14

28

1

1

5

26

13

7

3

10

12

13

61

2

3

4

20

43

6

11

84

16

1

27

127

4

6

41

16

7

21

40

152

28

14

JNDC library.
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Table 2 (Continued)

No.

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

Nuclide

149Gd
l s o Ce
i s o p r .
l s o Pm
l s l N d
l s l P m
151Sm
l s l G d
1 5 1Tb
l s 2 N d

I 5 2 m Pm
1S2Pm*

1 S 2 nEu
1 5 2 mEu

152Eu
1 5 3 Pm
153Sm
153Gd
153Tb

1 5 4 mPm
l s 4Pm

l s 4 m Eu
l s 4 Eu
15SSm
15SEu
issT b

1 5 5 Dy
1 5 6 Sm
1 5 6 Eu

Number
of

7-rays

38

12

9

140

190

127

1

19

92

7

66

74

2

31

94

15

61

9

217

41

38

13

172

53

13

140

129

12

95

No.

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

Nuclide

1 S6mryU

1 5 6 T b

157Sm
157Eu
1 5 7Tb
157Dy
1S8Eu

is8mTb

158Tb

1 5 9Eu
1 5 9Gd
1 5 9Dy

159mHo

1 5 9Ho
1 6 0Eu
. 6 0 T b

1 6 1Gd
161T b

!6imH o

1 6 1Ho
I 6 1 Er
1 6 2Gd
1 6 2Tb

1 6 2 m Ho
1 6 2Ho
i 6 3 T b

163mHo

163Er
i64T b

Number
of

7-rays

2

118

14

32

1

25

132

1

13

60

18

6

2

68

14

35

130

27

1

16

151

3

47

68

32

81

1

26

168

No.

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

Nuclide

1 6 4 m Ho
1 6 4Ho

1 6 5 m Dy
1 6 sDy
1 6 sTm
1 6 6Dy

i66mH o

1 6 6Ho
1 6 6Tm
i66Y b

1 6 7Dy
1 6 7Ho

I67mp

l 6 7Tm
i67Y b

1 6 8Ho
168Tm
1 6 9Ho
i 6 9 Er

169rriYb

169Yb

l70mH o

1 7 0Ho
170Tm
1 7 1 Er
1 7 1Tm
1 7 2 Er
1 7 2Tm

Number
of

7-rays

3

4

12

52

105

5

44

10

154

1

29

26

1

8

123

69

56

35

3

1

36

21

31

2

63

1

43

48

* Experimental decay energies not adopted in the JNDC library.
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Table 3 Examples of spectrum data list.

NO. 34 NUCLIDE ID. 330740

NUMBER OF GAHHA RAYS = 15

MO. EHERGY(MEV) INTENSITY(1/DECAY) *

1
2
3
4
5
6
7

a
9
10
11
12
13
14
15

5.95900E01
6.08390E01
6.34780E01
6.35000E-01
7.15300E01
7.34200E-01
8.67000E01
8.87000E-01
9.93460E01
1.10U0E + 00
1.20434E+00
1.26960E+00
1.60210E+00
2.19810E+00
5.11006E01

5.81000E01
5.34520E03
1.44088E01
3.48600E-04
8.13400E05
3.42790E05
5.11280E05
2.49830E04
2.03350E04
5.81000E-05
2.67260E03
1.80110E05
6.97200E05
1.68490E04
6.24320E01

HO. 35 NUCLIDE ID. = 310750

NUMBER OF GAHHA RAYS = 36

0.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

ENERGY(MEV) I

1.24300E01
1.77OOOEO1
2.039O0E01
2.52800E01
2.79300E01
3.10400E-01
3.16800E01
3.21600E-01
4.28300E01
4.42800E-01
4.44800E01
4.57100E01
5.68500E-01
5.74700E-01
5.84100E01
6.32200E-01
6.47500E-01
7.61300E-01
7.83200E-01
8.85400E-01
9.27200E01
9.87500E01
1.04330E+O0
1.17460E+00
1.18230E+00
1.22250E+00
1.23950E+00
1.24850E+00
1.35880E+00
1.42700E+00
1.5O110E+00
1.54300E+00
1.74560E+00
1.79640E+00
2.0897OE+OO
2.10370E+00

MTENSITYCWDEC

2.77600E03
3.71290E02
1.83910E-02
3.4700OE-01
1.O063OE02
2.2902OE02
1.14510E02
6.94000E03
3.81700E03
3.12300E03
5.55200E03
1.56150E02
8.32800E03
1.09652E01
5.2O500E-O3
1.90850E02
6.24600E03
4.16400E-03
7.28700E-03
3.8517OE02
2.29020E02
4.85800E03
9.02200E03
5.20500E-03
4.85800E-03
4.51100E03
1.04100E03
1.90850E-02
1.38800E03
3.12300E03
1.56150E02
3.8170OE03
3.47000E04
2.08200E03
6.93999E04
6.93999E04

NO. 36 NUCLIDE ID. 320751

NUMBER OF GAHHA RAYS = 7

NO. ENERGY(HEV) INTENSITYC1/DECAY)

1
2
3
4
5
6
7

6.19200E-02
7.78600E02
1.21150E-01
1.36O1OE-O1
1.39680E-01
2.79480E01
4.00200E-01

1.17000E04
3.12000E05
5.07000E05
2.02800E04
3.90000E-01
4.29000E-05
3.9OOOOEO5

NO. 37 NUCLIDE ID. 320750

NUMBER OF GAHHA RAYS 20

0.

1
2
3
*
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

ENERGY(HEV) I

4.52100E-02
6.60500E02
1.49000E01
1.98560E01
1.98600E-01
2.04260E-01
2.17400E-01
2.64610E-01
2.70310E-01
2.79480E01
3.38470E01
3.5326OEO1
4.00550E-01
4.19310E-01
4.60610E-01
4.68870E01
5.72680E01
5.95710E01
6.17870E01
8.60560E-01

NTENSITYd/DEC

2.22000E06
1.55400E03
7.77000E06
1.14330E02
1.55400E06
2.88600E-06
5.55000E07
1.11000E-01
3.66300E05
7.88100E-05
8.32499E05
2.99700E04
1.11000E05
2.66400E03
2.66400E06
2.55300E-03
4.99500E06
2.1O9OOEO5
9.32399E04
6.54900E 06

NO. 38 NUCLIDE ID. = 340750

NUMBER OF GAHHA RAYS = 22

NO. ENERGY(MEV) INTENSITY(1/OECAY)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

2.4450OE02
6.60400E02
8.08700E02
9.67100E02
1.21O90E01
1.35960E01
1.98560E-01
2.01990E01
2.04260E01
2.64610E01
2.79480E01
2.93180E01
3.03880E01
3.38470E01
3.5326OE-01
4.00550E01
4.19310E01
4.68870E-01
5.42370E-01
5.72660E-01
6.17870E01
8.21850E01

2.90000E-04
1.08460E02
1.16000E04
3.30600E02
1.72840E01
5.51000E01
1.47320E02
1.16000E-06
1.74000E05
5.80000E01
2.4476OE01
3.48000E06
1.29340E02
4.06000E-06
1.04400E05
1.16000E01
1.04400E04
3.07400E06
1.16000E07
3.46840E04
4.46600E05
1.27600E06

* Photons/decay
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Table 3 (Continued)

NO. 39 NUCLIDE ID. = 350750

NUMBER OF GAMMA RAYS = 57

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

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

1.12100E01
1.41190E01 <
1.95500E01
2.361OOE 01 1
2.86500E01
2.92850E-01
2.99400E01
3.09400E01 <
3.1561OE01 (
3.19700E01
3.25400E01
3.49200E01
3.77390E01 '
4.27790E01 '
4.31750E01 '
4.60900E01
4.67300E01
4.84400E01
4.88100E-01
4.90700E01 :

I.74990E02
).90750E02
>.21000E-04
J.28900E03
J.21000E-01
?.79063E-02
?.48670E03
I.21000E-04
).35490E03
L.01310E-03
2.48670E03
1.84200E-03
1.11687E-02
t.54974E02
I.05240E-02
1.19730E03
I.28940E-03
!.94720E03
I.84200E03
I.40770E03

5.11000E01 0.0
5.1400OE-01 <
5.34800E01
5.51650E01 I
5.66430E01 '
5.72930E01
5.79800E-01 <
5.86100E-01
5.98200E01 :
6.08900E01
6.46100E01
6.52200E01
6.59100E01 :
6.63800E-01
6.76600E01
7.01600E01
7.33940E01
7.70800E01 '
7.81000E01
7.88700E01 :
8.59300E01
8.90700E01
8.97600E01
9.12050E-01
9.46200E-01
9.52100E01
9.59000E01
9.61400E01 '
9.74900E01
1.07420E+00
1.14450E+00
1.24550E+00 i
1.38O5OE+OO
1.44890E+00
1.51580E+00
1.561O0E+O0
5.11OO6EO1

I.21000E-04
I.38150E03
I.13140E03
1.69710E03
!.08146E02
J.21000E-04
1.93410E-03
I.40770E-03
L.75911E02
L.56570E-03
1.47360E-03
I.68400E03
L.19730E03
L.1973OE-03
1.93410E03
L.61175E02
t.88130E03
L.1O52OE-03
I.49980E03
!.48670E03
?.57880E-03
S.24970E-03
L.05915E-02
1.4736OE03
1.74069E02
J.76300E03
t.60500E03
).210OOE04
1.1O52OE-03
1.93410E03
t.97340E03
I.19730E03
S.40770E-03
I.19730E03
I.28940E03
I.42763E+00
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Table 3 (Continued)

NO. 40 NUCLIDE ID. 310760

NUMBER OF GAMMA RAYS = 107

10.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

ENERGY(MEV)

3.35900E01
4.31000E01
5.45510E01
5.62930E01
6.61400E01
8.43800E01
8.47150E01
8.85830E01
9.11400E01
9.27O5OEO1
9.76500E-01
1.01420E+00
1.04360E+00
1.05170E+00
1.10841E+00
1.1757OE*00
1.18210E+00
1.20802E+00
1.24910E+00
1.25990E+00
1.27305E+0O
1.28290E+00
1.31O6OE+0O
1.34813E+00
1.35890E+00
1.44390E+00
1.46120E+00
1.48250E*00
1.46960E+00
1.50230E+00
1.54600E+00
1.58390E+00
1.61270E+00
1.63400E+00
1.63930E+00
1.64280E+00
1.66030E+00
1.7219OE+OO
1.73270E+00
1.81110E+00
1.87830E+00
1.89270E+00
1.9O22OE+OO
1.91270E+00
1.92460E+00
1.94030E+00
1.98040E+00
2.04070E+00
2.07375E+00
2.O9190E+O0
2.12946E+00
2.18520E+00
2.20386E+00
2.21436E»00
2.27880E+00
2.34740E+00
2.35688E+00
2.36980E+00

2.43560E+00
2.47660E+00
2.48110E+00
2.48960E+00
2.52400E+00
2.57855E+00
2.59100E+00
2.61920E+00
2.66880E+00
2.68090E+00
2.69150E+00
2.70050E+00

INTEHSITYU/DECAY)

5.26400E02
9.21200E02
2.59252E01
6.58000E01
7.36960E-03
1.13834E-02
3.52030E02
1.31600E-02
1.00016E-02
9.21199E03
4.60600E02
3.55320E03
2.96100E03
4.67180E03
1.57920E-01
4.67180E03
5.06660E03
1.52656E02
6.38260E03
2.96100E03
1.19756E-02
2.82940E03
2.76360E03
7.43540E03
1.84240E03
2.56620E-03
3.29000E03
4.93500E03
2.3O300E03
4.86920E03
4.27700E03
1.97400E03
4.47440E03
1.13834E02
5.52720E02
9.27780E03
7.69860E03
1.44760E03
7.23800E03
8.35660E03
3.61900E-03
4.01380E03
4.21120E03
5.85620E03
1.97400E03
6.84320E03
2.17140E03
3.29000E03
4.23094E02
1.77660E03
2.19772E02
4.93500E03
1.36864E02
2.23062E02
4.40860E03
4.34280E03
2.46092E02
2.76360E03
3.68480E03
2.17140E03
1.97400E03
1.97400E03
7.96180E03
2.23720E02
2.69780E03
2.24378EO2
1.57920E03
3.22420E03
1.51340E03
1.97400E03

NO.

71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

ENERGY(MEV) I

2.75995E+OO
2.77910E*OO
2.78270E*00
2.84350E+00
2.86810E»00
2.88290E+00
2.91460E»0O
2.91985E*00
2.9709OE+0O
2.98120E*00
3.O346OE+0O
3.06990E+00
3.1307OE+0O
3.14140E*00
3.1453OE+0O
3.1906OE+0O
3.2759OE+OO
3.2836OEtOO
3.3252OE+0O
3.32870EtOO
3.33460E+00
3.3665OE+OO
3.38875E*00
3.4024OE*OO
3.46550E*00
3.49670E+00
3.55950E+00
3.67560E*00
3.7369OE+OO
3.7521OE+OO
3.84230E+00
3.91330E*OO
3.92520E*OO
3.95170E+00
3.99430E+OO
4.1218OE*OO
4.25330E+00

NTENSIIYCl/OEC

1.09886E-02
7.96180E03
1.01332E02
1.59236E02
3.48740E-03
1.38180E03
7.36960E03
9.08040E02
3.94800EO3
2.03980E03
5.19820E03
9.21199E03
2.10560E03
4.22436E02
2.96100E03
2.1O56OEO3
5.79040E03
1.71O80EO3
1.11860E-03
1.97400E03
1.90820E03
1.44760E03
2.82282E02
1.31600E03
1.38180E-03
1.05280E03
5.85620E03
4.47440E-03
1.5792OE-O3
1.64500E03
9.21199E-04
1.25020E03
3.35580E03
4.23094E02
2.23720E03
2.50040E-03
2.23720E03
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Table 4 Estimated gamma-ray energy spectra of odd-even light mass nuclides.

ENERGY
(HEV)

0 .1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
4.0
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5.0
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
6.0

5 MEV

5.73080E 02
1 . 7 1 9 2 0 E O 1
2 . 8 6 5 4 0 E O 1
4 . 0 U 6 0 E - 0 1
5 .15770E-O1
6 . 3 0 3 9 0 E - 0 1
6 . 2 O 7 9 0 E O 1
6 . 0 4 2 0 0 E 0 1
5 . 8 1 5 1 0 E - 0 1
5.53840E 01
5 . 2 2 3 7 0 E 0 1
4 . 8 8 3 1 0 E 0 1
4 . 5 ? 7 7 0 E - 0 1
4 . 1 6 7 7 0 E - 0 1
3 . 8 1 2 0 0 E 0 1
3 . 4 6 7 9 0 E 0 1
3 . 1 4 1 4 0 E - 0 1
2 . 8 3 7 1 0 E 0 1
2 . 5 5 7 9 0 E - 0 1
2.3O6OOEO1
2.O8200E-O1
1 . 8 8 6 0 0 E 0 1
1 . 7 1 6 9 0 E 0 1
1 . 5 7 3 4 0 E 0 1
1.45330C 01
1 . 3 5 4 4 0 E 0 1
1.2742OE-O1
1.21O2OE-O1
1.15970E 01
1 . 1 2 0 5 0 E 0 1
9 . 0 9 4 4 0 E 0 2
7 .4034OE-02
6 . 0 6 4 4 0 E - 0 2
5 .O167OEO2
4 . 2 0 6 9 0 E 0 2
2 . 9 7 5 7 0 E 0 2
2 . 0 3 8 7 0 E O 2
1 . 3 3 9 O 0 E O 2
8 . 2 7 6 8 0 E O 3
4 . 6 3 O 7 0 E 0 3
2 . 9 3 7 3 0 E O 3
1 . 7 8 3 1 0 E 0 3
1 . 0 2 6 0 0 E 0 3
5 . 5 1 9 2 0 E - 0 4
2 . 7 2 0 6 0 E - 0 4
1 .19070E-04
4 . 3 8 4 3 0 E - 0 5
1 .22180E-05
1.96440C 06
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

8-VALUES
7 HEV

3 . 1 5 4 6 0 E O 2
9 . 4 6 3 8 0 E 0 2
1 . 5 7 7 3 0 E O 1
2 . 2 0 8 2 0 E O 1
2 . 8 3 9 1 0 E - 0 1
3 . 4 7 0 1 0 E - 0 1
3 . 5 3 4 0 0 E 0 1
3 . 5 8 0 0 0 E 0 1
3 .6O52OEO1
3 . 6 0 8 2 0 E 0 1
3 . 5 8 9 4 0 E 0 1
3 . 5 5 0 4 0 E 0 1
3 . 4 9 3 8 0 E 0 1
3 . 4 2 2 8 0 E - 0 1
3 . 3 4 1 1 0 E 0 1
3 . 2 5 2 4 0 E 0 1
3 . 1 6 0 2 0 E 0 1
3 . O 6 7 9 0 E 0 1
2 . 9 7 8 2 0 E 0 1
2 . 8 9 3 4 O E 0 1
2 . 8 1 5 5 0 E 0 1
2 . 7 4 5 4 O E 0 1
2 . 6 8 3 9 O E 0 1
2 . 6 3 0 9 0 E 0 1
2 . 5 8 6 3 0 E - 0 1
2 . 5 4 9 1 0 E 0 1
2 . 5 1 8 5 O E 0 1
2 . 4 9 3 1 0 E 0 1
2 . 4 7 1 8 O E 0 1
2.45320E 01
2 . 2 1 7 9 0 E 0 1
2.OO82OEO1
1 . 8 2 2 O 0 E 0 1
1 . 6 5 7 3 0 E 0 1
1 . 5 1 1 9 0 E - 0 1
1 . 2 5 2 7 0 E O 1
1 . 0 2 5 0 0 E - 0 1
8 . 2 6 4 4 0 E 0 2
6 . 5 4 5 5 0 E 0 2
5 . 0 6 9 0 0 E 0 2
4 . 2 1 8 9 0 E 0 2
3 . 4 8 7 7 0 E 0 2
2 . 8 6 3 0 0 E 0 2
2 .333OOEO2
1 . 8 8 6 6 0 E - 0 2
1 . 5 1 3 3 0 E - 0 2
1 . 2 0 3 5 0 E 0 2
9 . 4 8 4 7 0 E - 0 3
7 . 4 0 2 7 0 E - 0 3
5 . 7 1 7 8 0 E - 0 3
4 . 3 6 7 0 0 E 0 3
3 . 2 9 5 0 0 E 0 3
2 . 4 5 3 2 O E 0 3
1 .80000E-03
1 .29950E-03
9 .21470E 04
6.4032OE-04
4 . 3 4 8 5 0 F 0 4
2 .87650E 04
1 . 8 4 5 5 0 E 0 4

9 HEV

2 . 0 8 3 5 0 E 0 2
6 . 2 5 0 5 0 E 0 2 '
1 . 0 4 1 7 0 E 0 1
1 . 4 5 8 4 0 E 0 1
1 . 8 7 5 1 0 E 0 1
2 . 2 9 1 8 0 E 0 1
2 . 3 6 8 9 0 E 0 1
2 . 4 4 7 0 0 E 0 1
2 . 5 2 3 1 O E 0 1
2 . 5 9 4 8 0 E 0 1
2 . 6 6 0 1 0 E - 0 1
2 . 7 1 7 7 0 E - 0 1
2 .76690E 01
2 . 8 0 7 4 0 E 0 1
2 . 8 3 9 5 0 E 0 1
2 . 8 6 3 9 0 E 0 1
2 . 8 8 1 4 0 E 0 1
2.89310E 01
2 . 8 9 9 9 0 E - 0 1
2 .9O29OEO1 !
2 . 9 0 2 9 0 E 0 1
2 . 9 0 0 8 0 E 0 1
2 . 8 9 7 1 0 E - 0 1
2 . 8 9 2 0 0 E 0 1
2 . 8 8 5 9 0 E 0 1
2 . 8 7 8 6 0 E 0 1
2 . 8 6 9 9 0 E - 0 1
2 . 8 5 9 5 0 E - 0 1 \
2 . 8 4 7 1 0 E 0 1 I
2 . 8 3 2 3 0 E 0 1 'i
2 . 6 6 0 6 0 E 0 1
2 . 4 9 8 9 0 E 0 1
2 . 3 4 7 0 0 E 0 1
2 . 2 O 4 8 O E 0 1
2 . 0 7 1 8 0 E 0 1
1 . 8 2 9 2 0 E 0 1 i
1 . 6 0 3 8 0 E 0 1 1
1 . 3 9 5 5 O E O 1 1
1 . 2 O 4 2 0 E O 1 1
1 . 0 2 9 6 0 E 0 1 1
9.14920E 02 1
8 . 0 9 5 9 0 E 0 2 1
7 . 1 3 3 5 0 E O 2 1
6 . 2 5 9 0 0 E 0 2 S
5 . 4 6 8 3 0 E 0 2 I
4 . 7 5 7 2 0 E - 0 2 1
4 . 1 2 1 0 0 E - 0 2 ?
3 . 5 5 4 5 0 E 0 2 t
3 . 0 5 2 6 0 E - 0 2 5
2 .61020E 02 5
2.22220E 02 <
1 . 8 8 3 4 0 E 0 2 4
1 .58910E-02 3
1.33460E 02 3
1.11570E 02 't
9.28170E 03 ;
7 . 6 8 4 2 0 E 0 3 't
6 . 3 2 9 5 0 C - 0 3 1
5.1865OE-03 1
4.227OOE-O3 1

11 HEV

.59510E 02
i . 7 8 5 4 0 E 0 2
r . 9 7 5 7 O E O 2

.11660E 01

. 4 3 5 6 0 E 0 1

.75460E 01

. 8 2 5 0 0 E 0 1

. 9 0 1 4 0 E - 0 1

. 9 8 1 6 0 E O 1
? . 0 6 3 7 0 E 0 1
M 4 5 9 0 E - 0 1
? . 2 2 6 7 0 E 0 1
' . 3 0 4 6 0 E 0 1
> . 3 7 8 8 0 E 0 1
J . 4 4 8 6 0 E 0 1
' . 5 1 3 4 0 E 0 1
>.57290E-01
J . 6 2 7 2 0 E 0 1
' . 6 7 6 0 0 E 0 1
' . 7 1 9 5 0 E 0 1
' . 75790E 01
> . 7 9 1 0 0 E - 0 l
' . 8 1 9 0 0 E 0 1
' . 8 4 1 9 0 E 0 1
> . 8 5 9 7 0 E 0 1
' . 8 7 2 2 0 E 0 1
' . 8 7 9 3 0 E 0 1
' . 8 8 1 0 0 E - 0 1
. 8 7 7 1 0 E 0 1
. 8 6 7 5 0 E 0 1
.74650E 01

' .6273OE 01
' . 5 1 0 1 0 E - 0 1
' . 3 9 5 4 0 E 0 1
' . 2 8 3 5 O E O 1
>.O873OEO1
. 8 9 9 3 0 E 0 1
. 7 2 0 1 0 E - 0 1
. 5 5 0 3 0 E 0 1
.39020E 01
. 2 7 6 9 0 E 0 1
.16920E 01
.O673OEO1
.71300E 02
. 8 1 2 4 O E O 2
.97130E 02
. 1 8 8 7 0 E 0 2
. 4 6 3 5 O E O 2
. 7 9 4 0 0 E - 0 2
. 1 7 8 2 0 E 0 2
. 6 1 3 9 0 F - 0 2
. 0 9 8 5 0 E - 0 2
. 6 2 9 6 0 E - 0 2
. 2 0 4 5 0 E - 0 2
. 8 2 0 3 0 E - 0 2
.47440E 02
. 1 6 4 2 0 E - 0 2
. 8 8 6 8 0 E 0 2
. 6 3 9 6 0 L 0 2
.42030E 02
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Table 4 (Continued)

ENERCY
<HEV)

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
7.0
7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
8.0
8.1
8.?
8.3
8.4
8.5
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
10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9
11.0
11.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8
11.9
12.0

5 HEV

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
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
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

4-VALUES
7 MEV

1.14220E-04
6.77010E 05
3.80610E05
2.00190E-05
9.65510E-06
4.13720E-06
1.49230E06
4.07650E07
6.42900E08

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
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
0.0
0.0
0.0
0.0
0.0
0.0
0.0

9 MEV

3.42560E-03
2.75980E03
2.20960E03
1.75770E-03
1.38850E03
1.08890E03
8.4722OE04
6.53710E04
4.99860E04
3.7852OE-O4

2.83620E-04
2.1OO7OE-O4
1.53640E04
1.10810E-04
7.86850E05
5.49130E05
3.75790E05
2.51490E05
1.64040C-05
1.03850E-05
6.34580E06
3.7161OEO6
2.06540E06
1.07460E06
5.13040E07
2.17750E07
7.78470E-08
2.10900E-08
3.3O1O0E09
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
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

11 NEV

1.22630E02
1.O553OE02
9.05140E03
7.73760E03
6.59220E-03
5.59730E03
4.73630E-03
3.99400E-03
3.3562OEO3
2.81040E03
2.34490E 03
1-.94940E03
1.61460E-03
1.3322OE-03
1.O95O0E03

8.9643OEO4
7.30830EO4
5.9327OE-O4
4.79450E04
3.85670E04
3.08700E04
2.45820E04
1.94680E04
1.53280E04
1.1994OE04
9.32230E05
7.19420E-05
5.5O91OEO5
4.1836OE05
3.14810E-05
2.34540E-05
1.72840E05
1.25840E05
9.04050E06
6.39820E06
4.45260E06
3.04010E06
2.O3100E06
1.32J10E-06
8.36900E07
5.1123OE-07
2.9942OEO7
1.66510E07
8.67250E08
4.14620E08
1.76300E-08
6.31710E09
1.71600E09
2.69410E-10

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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Table 5 Estimated gamma-ray energy spectra of odd-odd light mass nuclides.

ENERGY
(HEV)

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
4.0
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5.0
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
6.0

5 MEV

1 .69900E 02
5.0971OEO2
8.49520E02
1.18930E01
1 .52910E01
1.86890E01
1.95460E 01
2.O397OEO1
2.12100E01
2.19750E 01
2.2702OEO1
2.34240E 01
2.41790E01
2.50170E-O1
2.59850E 01
2.71240EO1
2.84680E01
3.00380E-01
3.18420EO1
3.38710EO1
3.61060E-01
3.85120EO1
4.10450E 01
4.36550E01
4.62850E01
4.88800E01
5.13870E-01
5.37560E 01
4.76860E01
4.27920E01
3.43720E 01
2.76440E 01
2.23310E01
1.66430E-01
1.22510E01
8.12620E-02
5.03970E02
2.77520E02
1.65960E 02
8.74800L 03

5.46740E-03
3.27120E03
1.85550E03
9.84290E-04
4.78570E04
2.06650E04
7.5O8'iOE-O5
2.06b10C 05
3.27770E06
0.0
0.0
0.0
0.0
0.0
0.0

o.c
0.0
0.0
0.0
0.0

Q-VALUE'
7 HEV

1.58170E02
4.74520E 02 '
7.90870E02
1.10720E01
1.42360E01
1.73990E 01
1.823OOE-01
1.90930E01
1.99550E-01
2.07980E 01
2.16190E01
2.24280E-01
2.32480E-01
2.41050E-01
2.50290E-01
2.60490E01
2.71890E01
2.84660E-01
2.98900E01
3.146O0EO1
3.31660E 01 :
3.49890E01 :
3.69030E01 :
3.88750E01 :
4.08660E01 :
4.28390E01
4.47530E01 :
4.65730E01 '
4.38700E01 I
4.14480E 01 :
3.64520E01 :
3.20060E 01 :
2.80700E01
2.33510E 01
1.92260E01
1.48450E01
1.10710E-01
7.84540E02
5.99300EO2
4.42510E02 I
3.637I-0E-O2
2.97220E02 <
2.4131OEO2
1.94630E-02
1.55900E-02 '
1.2396OE-O2
9.78660E 03
7.66530E03
5.9557OE-O3
4.58930E-03
3.5O47OE-O3
2.657OOE-O3
1.99680E-03
1.48930E03
1.1O37OEO3
8.14340E04
6.OO040E0'.
4.4357OE-O<i
3.31020E 04
2.5129OE 04

9 HEV

.4459OE02
i.33770E02 :
r.22940E02 <
.01210E01 (
.3O13OE01
.59050E 01
.66790E 01
.75070E01
.83610E01
.92240E01
'.00860E 01
'.09500E 01
?.18250E0l
'.27240E01
?.36640E01
?.46630E 01
?.57340E01
'.68880E01
'.81310E01
'.94610E01
S.08710E-01
.23480E01
i.38730E01
i.54240E01
i.69730E01
S.84930E 01
i.99560E-01
t .13350E-01
i.98240E01
i.83820E01
i.50730E-01
i.19850E0l
'.91160E01
'.54480E 01
?.20850E 01
.830r0E01
.48940E 01
.18300E01
J.91860E02
5.21190EO2
r.24640E02
J.38150EO2
1.60950E02
i.92300EO2
\.31480E 02
i.77760E 02
i.30480E02
2.88970E02
2.52650EO2
J.20950E02
.93340EO2
.69360E 02
I.48560E02
.3O560EO2
1.15OO0EO2
I.O156OE-O2
5.9961OE-O3
r.99480E 03
r.13O20E 03
J.38280E03

11 HEV

I.24910E-02
i.74730EO2
).24550E-O2
5.7437OE-O2
I.12420EO1
I.374O0EO1
1 .44190F.01
I.51690E 01
I.59720E01
I.68140E01
I.76840E01
1 .85780E-01
I.94970E 01
2.0441OE 01
2.14160EO1
2.24250E01
2.3471OEO1
2.4556OEO1
2.5678OEO1
2.6831OEO1
2.8OO90E-O1
2.92O00E 01
S.03900E 01
5.1563OEO1
J.27O2OEO1
5.37880E01
I.480S0E-01
5.57350E01
5.4938OEO1
5.41180EO1
5.21O90EO1
J.01600E01
2.82780E 01
2.57950E01
2.34350E01
2.O711OEO1
1.81590E01
1.57800E-01
1.41600E 01
1.26470E01
1.16500E01
1.07090E01
9.82630E02
9.OOO2OE-02
3.23O3OE02
7.51560E02
J.85460E-02
5.24520F-02
5.6853OE 02
5.1725OEO2
4.7O42OEO2
».27770E-02
J.89030E-02
3.539OOE-O2
5.22110E-02
2.9338OEO2
2.6745OE-O2
2.44060E 02
2.22970E-02
2.O3950EO2
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Table 5 (Continued)

ENERGY
(HEV)

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
7.0
7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
8.0
8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9
9.0
9.1

1

J.2
».3
).4
>.5
>.6
).7
).8
1.9

10.0
10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9
11.0
11.1
11.?
11.3
11.4
11.5
11.6
11.7
11.8
11.9
12.0

5 MEV

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
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
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

8-VALUES
7 MEV

1.95660E-04
1.16370E-04
6.67040E05
3.69410E-05
2.0O500E05
1.11010E05
3.99570E06
1.08940E06
1.71510E07
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
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
0.0
0.0
0.0
0.0
0.0
0.0
0.0

9 HEV

5.73560E03
4.74440E03
3.9280OE-03
3.25780E-03
2.70910E03
2.26110E03
1.71580E03
1.28140E03
9.38360E-04
6.70010E04
4.62310E04
3.44980E04
2.5421OEO4
1.84730E-04
1.32190E-04
9.2962OEO5
6.41130E05
4.32430E05
2.84290E-05
1.81400E05
1.11730E05
6.59520E-06
3.69500E06
1.93810E06
9.32760E07
3.99110E-07
1.43850E07
3.92920E08
6.20070E09
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
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

11 MEV

1.86790E-02
1.63640E02
1.43440E02
1.2583OEO2
1.10490E-02
9.71380E-03
8.O75OOEO3
6.66800E03
5.46510E03
4.44UOE-03
3.5736OE-03
2.99550E03
2.50170E-03
2.O813OE-O3
1.72490E03
1.42370E-03
1.17030E03
9.57870E04
7.80480E04
6.32980E04
5.10830E04
4.10120E-04
3.27460E04
2.59940E-04
2.05060E04
1.60690E-04
1.25020E04
9.65220E05
7.38940E05
5.60570E05
4.21030E05
3.12780E05
2.29560E05
1.66240E05
1.18590E05
8.31860E06
5.72470E06
3.85450E06
2.53070E-06
1.6132OEO6
9.93070E07
5.86090E-07
3.28410E07
1.72350E07

8.30160E08
3.55630E08
1.28370E08
3.51290E09
5.55590E-10
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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Table 6 Esitmated gamma-ray energy spectra of even-even light mass nuclides.

ENERGY
<HEV)

0 .1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
4 .0
4.1
4 .2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5.0
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
6.0

5 MEV

5.83450E 02
1 . 7 5 O 3 0 E O 1
2 . 9 1 7 2 0 E 0 1
4 .O841OEO1
5 . 2 5 1 O 0 E O 1
6 . 4 1 7 9 0 E 0 1
6 . 4 3 1 7 0 E 0 1
6 . 3 7 2 9 0 E 0 1
6 . 2 4 1 1 0 E 0 1
6 . 0 4 1 0 0 E - 0 1
5 . 7 8 1 0 0 E 0 1
5 . 4 7 1 5 0 E - 0 1
5 . 1 2 3 7 0 E 0 1
4 . 7 4 9 1 0 E 0 1
4 . 3 5 8 7 0 E 0 1
3 . 9 6 2 2 0 E - 0 1
3 . 5 6 8 4 0 E 0 1
3 . 1 8 4 6 0 E 0 1
2 . 8 1 6 6 0 E 0 1
2 . 4 6 9 1 0 E 0 1
2 . 1 4 5 4 0 E - 0 1
1 .84760E-01
1 . 5 7 6 9 0 E 0 1
1 . 3 3 3 5 0 E - 0 1
1 . 1 1 7 3 0 E 0 1
9 . 2 7 0 4 0 E - 0 2
7 . 6 1 5 5 0 E O 2
6 . 1 9 O 9 0 E O 2
4 . 9 7 7 9 0 E 0 2
3 . 9 5 6 3 0 E O 2
3 . 1 O 5 7 0 E O 2
2 . 4 0 5 9 0 E O 2
1 . 8 3 7 4 0 E 0 2
1 . 3 8 1 5 0 E 0 2
1 . 0 2 1 2 0 E 0 2
7 . 4 0 8 1 0 E 0 3
5 . 2 6 2 2 0 E 0 3
3.65O3OEO3
2 . 4 6 4 7 0 E 0 3
1 . 6 1 3 0 0 E 0 3
1 . 0 1 7 6 0 E 0 3
6 . 1 4 4 4 0 E - 0 4
3 . 5 1 6 8 0 E - 0 4
1 .88210E-04
9 . 2 3 0 2 0 E 0 5
4 . 0 1 9 4 0 E - 0 5
1 . 4 7 2 5 0 E 0 5
4 . O 8 2 4 0 E 0 6
6 . 5 3 0 4 0 E 0 7
0.0
0.0
0 .0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

8-VALUES
7 MEV

3 . 8 6 5 1 0 E - 0 2
1 . 1 5 9 5 0 E 0 1
1 . 9 3 2 6 O E O 1
2 . 7 O 5 6 O E 0 1
3 . 4 7 8 6 O E 0 1
4 . 2 5 1 6 0 E - 0 1
4 . 3 5 9 9 0 E 0 1
4 . 4 5 1 3 O E 0 1
4 . 5 1 8 4 0 E 0 1
4 . 5 5 6 0 0 E 0 1
4 . 5 6 0 5 0 E 0 1
4 . 5 3 0 4 0 E 0 1
4 . 4 6 5 6 0 E - 0 1
4 .36750E 01
4 . 2 3 8 7 0 E - 0 1
4 . 0 8 2 6 0 E 0 1
3 .9O31OEO1
3 . 7 0 4 5 0 E 0 1
3 . 4 9 1 3 0 E 0 1
3 . 2 6 7 8 0 E - 0 1
3 . 0 3 8 4 0 E 0 1
2 . 8 0 6 8 0 E 0 1
2 . 5 7 6 6 O E O 1
2 . 3 5 0 9 0 E 0 1
2 . 1 3 2 1 0 E 0 1
1 . 9 2 2 4 0 E - 0 1
1 . 7 2 3 5 0 E - 0 1
1 . 5 3 6 5 0 E 0 1
1 . 3 6 2 2 O E O 1
1 . 2 0 1 1 0 E 0 1
1 . 0 5 3 4 0 E 0 1
9 . 1 8 7 8 0 E - 0 2
7 . 9 7 0 9 0 E - 0 2
6 . 8 7 7 7 0 E - 0 2
5 . 9 0 2 1 0 E 0 2
5 .O370OEO2
4 . 2 7 4 5 0 E - 0 2
3 . 6 0 6 7 0 E 0 2
3 . O 2 5 3 0 E 0 2
2 . 5 2 2 3 0 C - 0 2
2 . 0 8 9 7 0 E 0 2
1 . 7 2 0 0 0 E - 0 2
1 . 4 O 6 1 0 E O 2
1 . 1 4 1 3 0 E 0 2
9 . 1 9 4 6 0 E - 0 3
7 . 3 4 8 6 0 E - 0 3
5 . 8 2 3 9 0 E - 0 3
4 . 5 7 4 4 0 E 0 3
3 . 5 5 8 5 0 E - 0 3
2.73980E 03
2 . 0 8 6 0 0 E - 0 3
1.56910E-O3
1 . 1 6 4 7 0 E 0 3
8 . 5 2 0 6 0 E 0 ' i
6 . 1 3 3 6 0 E 0 4
4 . 3 3 6 7 0 E 0 4
3 . 0 0 4 9 0 E - 0 4
2.03490E 04
1 . 3 4 2 3 0 E 0 4
8 .5874CE-05

9 MEV

2 . 7 8 8 6 0 E - 0 2
8 . 3 6 5 7 0 E 0 2
1 . 3 9 4 3 0 E 0 1
1 . 9 5 2 0 0 E - 0 1
2 . 5 0 9 7 0 E 0 1
3 . O 6 7 4 O E 0 1
3 . 1 6 8 2 0 E 0 1
3 . 2 6 8 3 0 E 0 1
3 . 3 6 2 8 0 E 0 1
3 . 4 4 7 6 0 E - 0 1
3 .5191OE-01
3 . 5 7 4 4 0 E 0 1
3 . 6 1 1 4 0 E 0 1
3 . 6 2 8 5 0 E 0 1
3 . 6 2 5 0 0 E 0 1
3 . 6 O O 9 0 E O 1
3 . 5 5 6 5 0 E 0 1
3 . 4 9 2 9 0 E 0 1
3 .41120E 01
3 . 3 1 3 2 0 E 0 1
3 .2OO70EO1
3 . O 7 5 8 0 E O 1
2 . 9 4 0 6 0 E 0 1
2 . 7 9 7 1 0 E 0 1
2 . 6 4 7 5 0 E 0 1
2 . 4 9 3 7 0 E 0 1
2 .3378OE-01
2 .1813OE-01
2 .O261OEO1
1 . 8 7 3 3 0 E 0 1
1.7244OE-01
1 . 5 8 0 3 0 E - 0 1
1 . 4 4 2 0 0 E - 0 1
1 . 3 1 0 2 0 E 0 1 1
1 . 1 8 5 3 0 E 0 1
1 . 0 6 7 8 0 E - 0 1 1
9 . 5 7 9 9 0 E - 0 2 1
8 . 5 5 8 8 0 E 0 2 1
7 . 6 1 5 1 0 E 0 2 1
6 . 7 4 7 9 0 E 0 2 1
5.95520E 02 «
5 . 2 3 4 5 0 E 0 2 (
4 . 5 8 2 5 0 E - 0 2 i
3 . 9 9 5 8 0 E 0 2
3 .47O30E-02 I
3 . 0 0 1 9 0 E - 0 2 •
2 . 5 8 6 4 0 C - 0 2 5
2 . 2 1 9 6 0 E 0 2 t
1.8971OE-O2 4
1 . 6 1 4 9 0 E 0 2 3
1 . 3 6 9 1 0 E 0 2 3
1 .15590E-O2 !
9 . 7 1 7 4 0 E 0 3 5
8 . 1 3 4 2 0 E 0 3 5
6 . 7 7 8 8 0 E 0 3 5
5.6235OE-O3 1
4 . 6 4 3 3 0 E - 0 3 1
3.8152OE-O3 1
3 . 1 1 9 0 0 E 0 3 1
2 . 5 3 6 3 0 L 0 3 S

11 MEV

2 . 1 7 1 9 0 E - 0 2
5 . 5 1 5 6 O E O 2
1 . 0 8 5 9 0 E 0 1
1 . 5 2 0 3 O E 0 1
1 . 9 5 4 7 0 E 0 1
? . 3 8 9 0 0 E 0 1
? . 4 7 7 7 0 E 0 1
J.57O9OE-01
2 . 6 6 5 5 0 E 0 1
2.7583OE-O1
2 . 8 4 6 2 O E O 1
2 . 9 2 6 4 0 E - 0 1
2 . 9 9 6 6 0 E 0 1
J . 0 5 4 8 0 E - 0 1
5 . O 9 9 4 0 E O 1
5.1294OE-O1
J . 1 4 4 0 0 E - 0 1
J . 1 4 3 0 0 E - 0 1
J . 1 2 6 6 0 E 0 1
J . 0 9 5 0 0 E - 0 1
J . 0 4 9 1 0 E 0 1
2 . 9 8 9 8 0 E - 0 1
2 . 9 1 8 3 0 E O 1
?.83580E-01
2.74370E-O1
? . 6 4 3 4 0 E 0 1
? . 5 3 6 4 0 E 0 1
J.424OOEO1
J .30760E-01
J .18850E-01
? . 0 6 7 9 0 E 0 1

.947OOE-01

. 8 2 6 8 0 E 0 1

. 7 0 8 1 0 E 0 1

. 5 9 1 7 0 E - 0 1

. 4 7 8 4 0 E - 0 1

. 3 6 8 8 0 E 0 1

. 2 6 3 2 0 E - 0 1

. 1 6 2 2 0 E - 0 1

. 0 6 5 9 0 E 0 1
I . 7 4 5 3 0 E 0 2
S.88320E-02
. 0 7 2 9 0 E - 0 2
. 3 1 4 5 0 E 0 2
. 6 O 7 3 0 E O 2
. 9 5 0 7 0 E - 0 2
. 3 4 3 2 0 E 0 2
. 7 8 3 3 0 E 0 2
. 2 6 9 1 0 E 0 2
. 7 9 8 7 0 E 0 2
. 3 6 9 8 0 E - 0 2
. 9 8 0 2 0 E - 0 2
. 6 2 7 4 0 E - 0 2
. 3 0 9 3 0 E O 2
.O233OEO2
.76710E 02
. 5 3 8 5 0 E 0 2
.3352OE 02
. 1 5 5 1 0 E 0 2
. 9 6 0 5 0 E 0 3
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Table 6 (Continued)

ENERGY
(HEV)

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
7.0
7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
8.0
8.1
8.2
8.3
8.4
8.5
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
10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9

11.0
11.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8
11.9
12.0

5 MEV

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
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
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

a
7 MEV

5.29970E
3.13250E
1.75600E
9.20980E
4.42870E
1.89200E
6.8032OE
1.85240E
2.91150E
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
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
0.0
0.0
0.0
0.0
0.0
0.0
0.0

-VALUES

05
05
-05
-06
-06
-06
07
07
08

9 MEV

2.05110E-O3
1.64910E03
1.31770E03
1.04620E03
8.24830E-04
6.4557OE 04
5.01310E04
3.86030E04
2.94570E04
2.22580E04
1.66400E04
1.22960E 04
8.97100E05
6.45340E 05
4.57010E05
3.18030E05
2.16980E05
1.44750E05
9.40970E06
5.93560E06
3.61330E06
2.10760E-06
1.16650E-06
6.04260E-07
2.87130EO7
1.21270EO7
4.31320E08
1.16220E08
1.80860E 09
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
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

11 MEV

8.56140E03
7.3351OE-03
6.26400E03
5.33190E03
4.52360E03
3.82520E-03
3.22390EO3
2.7O8O0EO3
2.267OOEO3
1.8913OE-03
1.5723OEO3
1.3O250E03
1.07510E-03
8.84020E-04
7.24120E04
5.90770E-04
4.79980E04
3.88290E04
3.12690E04
2.50610E04
1.99860E04
1.58540E04
1.25O6OEO4
9.80700E05
7.64150E05
5.91380E05
4.54340E05
3.46320E-05
2.61740E-05
1.95990E05
1.45290E05
1.06510E05
7.71370E06
5.51130E06
3.87880E06
2.68390E06
1.82190E06
1.20990E06
7.83440E07
4.92520E07
2.98980E07
1.740O0E-O7
9.61380E08
4.97440E08
2.36230E08
9.9762OE09
3.54980E09
9.57410E-10

1 .49220E-10
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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.

ENERGY
(MEV)

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.S
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
4.0
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5.0
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
6.0

5 MEV

5.O577OEO2
1 . 5 1 7 3 0 E 0 1
2 . 5 2 8 8 0 E 0 1
3 . 5 4 0 4 0 E 0 1
4 . 5 5 1 9 0 E 0 1
5 . 5 6 3 5 0 E - 0 1
5.50090E 01
5.38040E 01
5 . 2 0 3 7 0 E 0 1
4 . 9 9 4 9 0 E - 0 1
4.74920E 01
4 . 4 8 2 4 0 E 0 1
4 . 2 0 4 9 0 E - 0 1
3 . 9 2 6 3 0 E 0 1
3 . 6 5 5 2 0 E - 0 1
3 . 3 9 8 4 0 E - 0 1
3.16160E 01
2.94880E 01
2 . 7 6 2 4 0 E O 1
2 . 6 0 3 6 0 E O 1
2 . 4 7 2 2 0 E 0 1
2 . 3 6 7 O 0 E O 1
2 . 2 8 6 3 0 E 0 1
2 . 2 2 7 2 0 E O 1
2 . 1 8 7 0 0 E O 1
2 .162S0E-01
2 . 1 5 O 6 0 E O 1
1 .80840E-01
1 . 5 2 6 0 0 E 0 1
1 . 2 9 5 5 0 E 0 1
1 .10940E-01
9.6O640E-O2
7 . 1 2 9 2 0 E O 2
5 . 1 5 2 5 0 E - 0 2
3 . 5 9 7 8 0 E 0 2
2.39430E 02
1.47900E 02
1.03220E 02
7.OO960E-O3
4 . 6 1 3 2 0 E 0 3
2 . 9 2 6 2 0 E - 0 3
1 . 7 7 6 3 0 E 0 3
1.02190E 03
5 . 4 9 6 4 0 E 0 4
2 . 7 O 8 7 0 E 0 4
1 . 1 8 5 1 0 E 0 4
4.36150E 05
1 . 2 1 4 7 0 E 0 5
1.95160E-06
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Q-VALUES
7 MEV

2 . 8 8 6 1 0 E 0 2
8 . 6 5 8 3 0 E 0 2
1 . 4 4 3 1 0 E 0 1
2 . 0 2 0 3 0 E 0 1
2 . 5 9 7 5 0 E 0 1
3 . 1 7 4 7 0 E 0 1
3 . 2 4 1 6 0 E 0 1
3 . 2 9 2 5 0 E 0 1
3 . 3 2 4 8 0 E 0 1
3 . 3 3 7 9 0 E 0 1
3 . 3 3 3 1 O E O 1
3 . 3 1 3 2 0 E 0 1
3 . 2 8 1 7 0 E 0 1
3 . 2 4 2 8 0 E 0 1
3 . 2 0 0 8 0 E 0 1
3 . 1 5 9 6 0 E 0 1
3 . 1 2 2 7 0 E O 1
3.09280E 01
3 . 0 7 2 0 0 E - 0 1
3 . 0 6 1 4 0 E 0 1
3 . 0 6 1 4 0 E 0 1
3 . 0 7 1 6 0 E 0 1
3 . 0 9 1 0 0 E - 0 1
3 . 1 1 8 2 0 E 0 1
3 . 1 5 1 3 0 E O 1
3 . 1 8 8 2 0 E 0 1
3.22700E 01
2 . 9 6 2 1 0 E - 0 1
2 . 7 2 2 8 0 E 0 1
2 . 5 0 7 5 0 E 0 1
2 . 3 1 4 4 0 E 0 1
2 . 1 4 1 7 O E O 1
1 . 8 0 2 6 0 E 0 1
1 . 4 9 9 0 0 E 0 1
1 . 2 2 9 1 0 E 0 1
9 . 9 0 8 4 0 E 0 2
7 . 8 2 1 8 0 E 0 2
6 . 6 3 6 4 0 E 0 2
5 . 5 9 6 3 0 E 0 2
4 . 6 8 9 6 0 E - 0 2
3 . 9 0 4 5 0 E 0 2
3 . 2 2 9 1 0 E 0 2
2 . 6 5 2 0 0 E 0 2
2.1622OE-02
1 . 7 4 9 5 0 E 0 2
1.4O41OE-02
1 .11740E-02
8 . 8 1 1 6 0 E 0 3
6 . 8 8 1 5 0 E 0 3
5.31840E 03
4 . 0 6 4 4 0 E 0 3
3.O683OEO3
2 .28570E-03
1.6779OE 03
1 . 2 1 2 0 O E 0 3
8 .59760E-0 ' i
5.9766OE-0-S
4 . 0 6 0 3 0 E 0 1
2 . 6 8 6 6 0 E 0 4
1 . 7 2 4 1 0 E 0 4

9 HEV

2 . 0 0 3 9 0 E - 0 2
6.01180E 02 '
1 .00200E-01
1 . 4 0 2 8 0 E 0 1
1 . 8 0 3 5 O E 0 1
2 . 2 0 4 3 O E 0 1
2 . 2 8 2 1 0 E 0 1
2 . 3 6 0 6 0 E 0 1
2 . 4 3 6 9 0 E - 0 1
2 . 5 0 9 1 0 E 0 1
2 . 5 7 6 0 0 E 0 1
2.6373OE-01
2 . 6 9 3 2 0 E - 0 1
2 . 7 4 4 5 0 E 0 1
2 . 7 9 2 1 0 E 0 1
2 . 8 3 7 3 0 E 0 1
2 . 8 8 1 1 0 E 0 1
2 . 9 2 4 5 0 E 0 1
2 . 9 6 8 2 0 E 0 1
3 . 0 1 2 7 0 E - 0 1
3 . 0 5 8 0 0 E 0 1
3 . 1 0 4 0 0 E 0 1
3.15OOOEO1
3 . 1 9 5 5 0 E 0 1
3 . 2 3 9 5 0 E 0 1
3 . 2 8 0 9 0 E - 0 1
3 . 3 1 8 8 0 E - 0 1
3 . 1 5 4 9 0 E 0 1
2 . 9 9 8 2 0 E 0 1
2 . 8 4 8 8 0 E - 0 1
2 . 7 0 6 8 0 E 0 1
2 . 5 7 2 2 0 E 0 1
2 . 2 9 4 6 0 E 0 1
2 . 0 3 2 4 0 E - 0 1
1 .78620E-01
1 . 5 5 6 8 0 E 0 1
1.34420E 01
1 .2O770EO1
1 . 0 8 0 5 0 E 0 1
9.62600E 02
8 . 5 3 9 7 0 E O 2
7 . 5 4 4 3 0 E O 2
6 . 6 3 7 4 0 E 0 2
5 . 8 1 5 2 0 E 0 2
5 . 0 7 3 9 0 E 0 2
4 . 4 0 8 7 0 E 0 2
3.81490E 02
3 . 2 8 7 4 0 E 0 2
2 . 8 2 1 1 0 E - 0 2
2 . 4 1 0 7 0 E 0 2
2.O513OEO2
1 . 7 3 8 1 0 E 0 2
1.46620E 02
1 .23140E-02
1 .02950E-02
8 . 5 6 7 0 0 E 0 3
7 . 0 9 5 0 0 E 0 3
5 . 8 4 6 9 0 E 0 3
4 . 7 9 3 7 O E 0 3
3 .90930E-03

11 HEV

. 5 7 1 7 0 E 0 2
1.7151OE-O2
r . 8 5 8 5 0 E 0 2
L.10020E 01

. 4 1 4 5 0 E 0 1
L.72890E-01

. 7 9 9 8 0 E 0 1
I . 8 7 6 1 0 E 0 1
1 . 9 5 5 6 O E 0 1
?.03690E-01
J .11860E-01
M 9 9 9 0 E 0 1
? . 2 8 0 2 0 E 0 1
J . 3 5 9 2 O E 0 1
?.43680E 01
J . 5 1 2 9 0 E 0 1
?.58740E 01
?.66030E 01
? . 7 3 1 4 0 E 0 1
? . 8 0 0 4 0 E 0 1
J .86700E-01
?.93040E-01
? . 9 9 0 1 O E 0 1
i.0454OE 01
i . 0 9 5 6 0 E 0 1
i . l 3 9 8 0 E 0 1
S.17730E-01
S.O775OE-01
? . 9 7 6 4 0 E 0 1
J.87440E 01
?.7723OE 01
?.67030E 01
? . 4 6 2 9 0 E 0 1
? . 2 6 0 8 0 E 0 1
2.O649OE-O1
I . 8 7 6 5 0 E 0 1
I . 6 9 6 3 0 E 0 1
I . S 7 2 1 0 E - 0 1
I . 4 5 2 2 0 E 0 1
I . 3 3 7 1 0 E 0 1
I .22720E 01
I . 1 2 2 8 0 E 0 1
I.O241OE-O1
J . 3 1 0 8 0 E 0 2
5 .4394OEO2
r . 6 2 6 0 0 E 0 2
>.86980E-02
> . 1 6 9 6 0 F O 2
5.5237OE-O2
* . 9 3 0 3 0 E 0 2
t . 3 8 7 0 O E O 2
5 . 8 9 1 5 0 E 0 2
5 .4412OEO2
5.O335OEO2
2.6657OE-O2
2.3352OE-O2
2.O391OEO2
1.77500E-02
1 .54O20EO2
1 . 3 3 2 1 0 E 0 2
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Table 7 (Continued)

ENERGY
(HEV)

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
7.0
7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
8.0
8.1
8.2
8.3
8.4
8.5
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
10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9
11.0
11.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8
11.9
12.0

5 MEV

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
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
0.0
0.0
0.0
0.0
0.0
0.0
0.0

o.o
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

O-VALUES
7 HEV

1.06720E-04
6.32680E-05
3.55710E-05
1.87100E-05
9.02260E06
3.86540E06
1.39390E06
3.80590E07
5.99910E08

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
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
0.0
0.0
0.0
0.0
0.0
0.0
0.0

9 MEV

3.1703OEO3
2.55610E-03
2.04810E-03
1.63050E-03
1.28920E-03
1.01180E03
7.87950E-04
6.08490E04
4.65680E04
3.52930E04
2.64660E04
1.96180E-04
1.43590E04
1.O3640E04
7.36450E05
5.14300E-05
3.52180E05
2.35840E-05
1.53920E05
9.74870E 06
5.95980E06
3.4915OF-O6
1.94120E06
1.O103OE06
4.82410E-07
2.04770E-07
7.32050E-08
1.98300E-08
3.1O300E09

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
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

11 HEV

1.14850E-02
9.87070E-03
8.45580E-03
7.22040EO3
6.1456OEO3
5.21380E03
4.40890E03
3.71600E03
3.12160E03
2.61340E03
2.18O6OEO3
1.8131OE03
1.5022OE03
1.24010E-03
1.01980E-03
8.35480E-04
6.81690E-04
5.53890E-04

4.48070E-04
3.60800E-04
2.89120EO4

2.30490E0*
1.82750E-04
1.44060E-04

1.12850E-04
8.78200E-05
6.78520E-05
5.2O2OOE 05
3.95480E05
2.97930E05
2.22210E05
1.63920E-O5
1.19470E-05
8.59100E06
6.0857OEO6
4.23890E-06
2.89660E06
1.93660E-06
1.26250E06
7.9916OEO7
4.88480E-0T
2.86250EO7
1.5926OEO7
8.29840E08
3.96860E-08
1.68780E-08
6.O4820E-09
1.64290E-09
2.57880E-10
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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.

ENERGY
(HEV)

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
4.0
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5.0
5. 1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
6.0

5 HEV

4.37430E02
1.31230E- 01

2.18710E-01
3.06200E01
3.93690E-01
4.81170E 01
4.83310E 01
4.80810E 01
4.73860E 01
4.6293OE01
4.48770E01
4.32240E01
4.14270E01
3.95740E01
3.77470E01
3.60140E 01
3.4429OE-O1
3.30280E 01
3.1831OEO1
3.08460E01
3.00630E 01
2.94670E 01

2.9O3O0E 01
2.87240E-01
2.85160E01
2.45810E-01
2.12720E01
1.85150E-01
1.62370E 01
1.43660E-01
1.09940E 01
8.23230E02
6.OO020E-02
4.22210E-02
2.82790E-02
2.O6400E-02
1.47450E-02

1.O2830E-02
6.9777OE-03
4.58790E 03
2.90730E- 03
1.76290E 03
1.O131OE-O3
5.44360E 04
2.68O1OE-O4
1.17170E-04
4.3093OE-O5
1.19950E 05
1.92590E-06
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

8-VALUES
7 MEV

2.57620E-02
7.72860E-02
1.28810E01
1.8O330E01
2.31860E-01
2.83380E01
2.93060E01
3.O2060E01
3.10060E01
3.16860E-01
3.22420E01
3.26840E-01
3.30300E-01
3.33O2OE01
3.35250E01
3.37250E01
3.39200E 01
3.41260E01
3.43520E01
3.45990E-01
3.48650E01
3.51390E01
3.54080E01
3.56570E 01
3.58700E01
3.32780E01
3.08910E-O1
2.87OO0E 01
2.66950EO1
2.48620E01
2.12780E01
1.80330E 01
1.51170E 01
1.25180E-01
1.02180E 01
8.767O0CO2
7.47610E 02

6.33590E02
5.33560E-02
4.46400E 02
3.70990E 02
3.06190E02
2.50890E-02
2.O405OE-02
1.64650E-02
1.31760E 02
1.O453OE-02
8.21640E03
6.395O0E 03
4.925OOE 03
3.75O1OE-O3
2.82060E03
2.09320E03
1.53O8OE-O3
1.1O140EO3
7.78360E-04
5.39O20EO'i
3.64820E-O4
2.40510E-04

1.53800E-04

9 MEV

1.93550E 02
5.8O640E 02
9.67730EO2
1.35480E01
1.74190E01
2.12900E 01
2.22860E01
2.33280E01
2.43830E01
2.54250E01
2.64370E01
2.74060E01
2.83260E 01
2.91980E01
3.OO210E01
3.08000E01
3.15350E-01
3.22280E01
3.2879OEO1
3.34830E01
3.40350E01
3.45270E01
3.49510E01
3.52980E01
3.5557OE01
3.38960E01
3.22690E-01
3.0682OE01
2.914O0E01
2.76480E 01
2.47560E01
2.20250E-01
1.94630E 01
1.70780E 01
1.48720E 01
1.3372OEO1
1.19740E 01
1.06790E 01
9.48590E02
8.39330E02
7.39740E-02
6.49440E02
5.67940E02
4.94740E-02
4.29290E 02 (
3.71040E 02
3.1943OEO2
2.73910E02
2.3393OEO2
1.98980E-02
1.68560E-02
1.42190E02
1 .19440E-02
9.98930E03
8.31730E 03
6.89340E03
5.68640E-03
4.66790EO3
3.8125OE-O3
3.09750E03 1

11 MEV

I.59270E02
&.77820E-02
7.96370E02
I.11490E 01
I.43350E01
I.75200E 01
1.84530E-01
1.9476OEO1
2.O561OEO1
2.1687OFO1
2.2832OE01
2.39780E-01
2.5109OE01
2.6213OEO1
2.728OOE-O1
J.83O2OE-O1
2.9269OE-01
5.O176OE01
5.1013OE-01
5.1774OEO1
5.245OOE-01
J.30340E 01
i.35170E01
$. 389-10E 01
J.41590E01
5.3O6OOEO1
5.19180E 01
J.07430E 01
J.95430E01
2.83290E01
2.60440E 01
2.38230EO1
2.1681OE 01
I.96300E 01
I.76800E01
I.6267OEO1
I.49140E01
I.36270E-01
I.24100E01
I.12650E01
I.01930E01
).1938OE 02
3.26740E-02
r.412lOE-02
).62550E02
i.90510E-02
i.24790E-02
t.65070E02
t.11000E-02
5.6222OE 02
S.1837OEO2
?.79080E02
2.440O0E--O2
2.1277OEO2
1.85060E 02
I.60540E-02
I.38920C 02
I.19900E-02
1.03220EO2
J.86370E-O3
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Table 8 (Continued)

ENERGY
(MEV)

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
7.0
7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
8.0
8.1
8.2
8.3
1
1
J.4
J.5
1.6
i.7
S.8
1.9
).O
).l
1.2
>.3
».4
1.5
1.6
1.7
).8
).9

10.0
10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9
11.0
11.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8
11.9
i;>.O

5 MEV

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
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
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

Q-VALUES
7 HEV

9.48810E-05
5.60680E05
3.14300E05
1.64870E-05
7.93250E06
3.39180E 06
1.22130E06
3.3308OE07
5.24440E-08
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
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
0.0
0.0
0.0
0.0
0.0
0.0
0.0

9 HEV

2.50280E-03
2.01070E03
1.60560E03
1.27400E03
1.00410E03
7.85760E04
6.10220E04
4.70030E-04
3.58880E-04
2.71420E04
2.0317OEO4
1.5O37OEO4
1.O9930EO4
7.92690E05
5.62970E05
3.93060E05
2.6919OE05
1.80350E05
1.17800E-05
7.47060E-06
4.57450E06
2.68540E06
1.49670E06
7.81260E07
3.74310E07
1.59500E07
5.72740E08
1.55900E08
2.45140E09

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
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

11 NEV

7.59190E-03
6.48590E03
5.52670E-03
4.69710E03
3.98150E03
3.3659OE03
2.83770E03
2.38580E03
2.0O010E03
1.67190E03
1.39340EO3
1.1577OEO3
9.5877uE04
7.91410E04
6.51O2OEO4
5.3361OEO4
4.3573OEO4
3.54400E-O4
2.87060E04
2.315OOEO4
1.85830E-04
1.48440E-04
1.17950E-04
9.32010E05
7.32070E05
5.71330E05
4.42810E05
3.40640E05
2.59910E05
1.96570E-05
1.47220EO5
1.O9090EO5
7.98840E06
5.7734OEO6
4.11160E06
2.88010E-06
1.97980E06
1.33200E-06
8.74090E-07
5.57120E-O7
3.43010E07
2.02540E07
1.13580E-07
5.96750E-08
2.87870E-08
1.23550E08
4.46930E09
1.22590E-09
1.943O0E1O

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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Table 9 Estimated gamma-ray energy spectra of odd-odd heavy mass nuclides.

ENERGY
(MEV)

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
4.0
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5.0
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
6.0

5 HEV

2.03950E 02
6.11840E02
1.O197OEO1
1.42760E-01
1.83550EO1
2.24340EO1
2.35O90EO1
2.45270E01
2.54890E01
2.64390E 01
2.74490E01
2.86040E01
2.99890E01
3.16770E01
3.37170E01
3.61300E01
3.89110E01
4.20210E 01
4.53990E01
4.8963OEO1
5.26210E01
5.62730E01
5.98250E01
5.4566OE-O1
5.01550E-01
4.2336OEO1
3.57880E01
3.O3550EO1
2.39100E 0J

1.86370E-01
1.327OOEO1
8.97870E 02
5.59690E02
3.81360E02
2.44130E-02
1.74330E-O2
1.21830E-02
8.30900E-03
5.51260E-03
3.54280E-03
2.19360E 03
1.2993OEO3
7.2912OEO^
3.82430E04
1.83770E-04
7.83990E 05
2.81360E05
7.64220E-06
1.19740E-06
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

U-VALUES
7 MEV

1.83300E02
5.49890E02
9.1649OEO2
1.28310E-01
1.6497OE-01
2.01630E 01
2.12280E01
2.23040E01
2.3374OE01
2.44500E-01
2.5565OF 01
2.676OOE 01
2.80830E01
2.95750EO1
3.1267OEO1
3.31720E 01
3.52900E01
3.75990E 01
4.00640E-01
4.26340E01
4.5251OE-O1
4.78530E01
5.O376OE01
4.81340E01
4.6059OE01
4.16180E01
3.7557OE01
3.38630E01
2.9067OEO1
2.47610E 01
1.99710E01
1 .57420E01
1.20380E 01
9.83120E 02
7.90860E02
6.76430E-02
5.76380E 02
4.89380E 02
4.14160E02
3.49490E-02
2.94190E-02
2.47170E02
2.0739OE-02
1.73930E 02
1.45920E-0?
1.22580E02
1.03230E 02
8.72520E-03
7.4O990E 03
6.33010E03
5.44520E03
4.72O2OEO3
3.6O62OT 03
2.75740C 03
2.11630C 03
1.63630E03
1.27980E03
8.51150E04

5.47040E-04
3.36290E-04

9 HEV

1.55450E-02
».66340E-02
7.7723OtO2
1.08810E01
1.39900E01
1.7O99OE 01
1.80620E01

1.90870E-01
?.O158OE-O1
J.12740E01
2.2447OEO1
2.369OOEO1
2.5O23OEO1
2.646OOEO1
2.8O100EO1
2.96720E01
3.14370E01
3.32850E 01
5.51890E01
5.71130E 01
5.9O180E01
I.O862OE-01
4.2604OE01
S.1587OEO1
>.O54OOE 01
J.79600E01
J.54600E01
S.3O51OE 01
2.9814OE-O1
2.6763OEO1
2.32620E01
J.OO24OE 01
I.70500E01
I.51170E01
1.33380E01
I.21420E 01
I.1O32OEO1
1.00050E01
9.O589OE02
5.1921OE02
f.40070E-02
J.68100E02
D.O287OEO2
5.4393OEO2
I.90830E02
*.43090E-02
4.OO27OEO2
5.61890E-02
S.27540E02
2.96800T-02
2.6929OE-O2
2.44650E-02
2.1O270E-02
1.80890E 02
1.55810E 02

1.34440E-02
1.16230E-02
3.358OOE 03
(•.4685OE-O3
5.9O11OE-O3

11 MEV

1.30980E-02
3.9293OE02
6.54880E02
9.16840E02
1.17880E01
1.44070E-01
1.52590E-01
1.62020E01
1.7225OE01
1.83230E01
1.94960E01
2.O744OE-O1
2.20680E01
2.34680E01
2.49370E01
2.64640E-01
2.80350E01
2.96270E01
3.12150E01
3.27720E01
3.42680E01
3.56710E01
3.69570E-01
3.65820E01
3.61070E 01
3.46360E01
3.31240E01
3.15820E01
2.94520E-01
2.73600E 01
2.49120E01
2.25640E01
2.03280E 01
1.87470E01
1.72320E-01
1.6O97OE 01
1.50010E01
1.39490E01
1.29440E01
1.19890E 01
1.10870E-01
1.O238OEO1
9.4432OE02
8.70110E-02
8.01060E02
7.37010f 02
6.77750E02
6.23O2OEO2
5.72580E02
5.26140E02
4.83430E02
4.4417OEO2
3.94760E-02
3.5O84OEO2
3.11850E 02
2.77250E 02
2.46580E 02
2.1O12OE 02
1.78330E02
1.5068OE02
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Table 9 (Continued)

ENERGY
(MEV)

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
7.0
7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
8.0
8.1
8.2
8.3
8.4
8.5
1.6
».7
1.8
1.9
).O
).l
f.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9

10.0
10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9
11.0
11.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8
11.9
i;.0

5 MEV

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
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
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

Q
7 MEV

1.94230E
1.01620E
5.73900E
3.033O0E
1.47030E
6.33470E
2.29860E
6.31890E
1.00300E
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
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
0.0
0.0
0.0
0.0
0.0
0.0
0.0

-VALUES

-04
-04
-05
-05
-05
-06
06
07
07

9 MEV

4.60850E03
3.54930E-03
2.85820E03
2.28710E03
1.81790E03
1.43470E03
1.12360E03
8.72890E04
6.7215OE-O4
5.12680E-04
3.87020E04
2.88870E04
2.12960E 04
1.54850E-04
1.10890E04
7.80640E05
5.39020E05
3.64060E05
2.39720E 05
1.53230E05
9.45730E-06

5.59530E-06
3.14280E06
1.65310E 06
7.98110E07
3.42690E07
1.23990E 07
3.40090E 08
5.38880E09
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
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

11 MEV

1.26710E-02
1.O6O2OEO2
9.11OOOE-O3
7.80820E03
6.67500E03
5.69120E-03
4.83920E03
4.10350E-03
3.46970E03
2.92530E03
2.45900E-03
2.06060E03
1.72120E-03
1.43290E03
1.18870E03
9.82630E-04
8.09170E-04
6.63680E04
5.42070E04
4.40790E-04
3.56750E-04
2.87300E04
2.3O150E-O4
1.83330E04
1.45150E-04
1.14180E-04
8.91850E-05
6.91390E05
5.3159OEO5
4.05080E-05
3.05660E05
2.28170EO5
1.68300E05
1.22510EO5
8.78680E-06
6.19790E06
4.28990E 06
2.90570E06
1.91950E06
1.23140E06
7.63020E07
4.53390E07
2.5585OEO7
1.35250E07

6.56390E08
2.83390E08
1.O313OE-08
2.84570E09
4.53730E-10
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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
(HEV)

0.1
0.2
0.3
0.4
0.5
0.6
0 .7 (
0 .8 (
0 .9 (
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2 . 7 1
2 . 8 1
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3 .8 i
3.9
4.0
4.1
4 . 2 (
4 .3 :
4.4
4.5
4 .6 '
4.7
4 . 8 '
4 .9

5 HEV

5.5O24OEO2
I . 6 5 0 7 0 E 0 1
2.7512OE-O1
1.85170E-01
I . 9 5 2 1 0 E 0 1
S.05260E-01
S . 1 1 7 4 0 E 0 1
S . 1 1 8 5 0 E 0 1
S . 0 3 1 8 0 E 0 1
S . 9 1 B 1 0 E 0 1
5 . 7 2 1 8 0 E 0 1
S.47050E-01
5.1733OE-O1
».84O30E-O1
k . 4 8 2 0 0 E 0 1
1.10830E-01
I . 7 2 8 8 0 E - 0 1
I .35150E-O1
2.9837OEO1
2 . 6 3 1 3 0 E 0 1
2 . 2 9 8 6 0 E 0 1
I . 9 8 9 1 0 E - 0 1
I.7O5OOE-01
I . 4 4 7 4 0 E - 0 1
I . 2 1 6 7 0 E 0 1
I .O1250E-01
J . 3 3 8 9 0 E 0 2
) .79390E-02
5.473OOEO2
1 . 3 5 6 7 0 E 0 2
J . 4 2 4 7 0 E 0 2
2.6561OE-O2
2.O3O30E02
1.52780E-02

.13O20E-O2
1 . 2 0 3 2 0 E 0 3
>.83O1OE-O3
t.O4650E-O3
2.7336OEO3

. 7 9 0 0 0 E 0 3

.13OOOEO3
> . 8 2 8 9 0 E 0 4
S . 9 1 2 3 0 E 0 4
2.O962OEO4
I.O295OE-O4
t .49040E-05
1 . 6 4 8 3 0 E 0 5
I . 5 8 0 2 0 E 0 6
r . 3 4 2 0 0 E 0 7

5 .0 0 . 0
5 .1 0 . 0
5 .2 (
5.3 (

).O
).O

5.4 0 . 0
5.5 ().O
5.6 0 . 0
5.7 0 . 0
5.8 0 . 0
5.9 0 .0
6 .0 0 . 0

Q-VALUES
7 HEV

3.79600E 02
1 .1388OEO1
1 . 8 9 8 0 0 E 0 1
2.65720E 01
3 .41640E-01
4 . 1 7 5 6 0 E 0 1
4 . 2 9 9 8 0 E - 0 1
4.4O49OEO1
4 . 4 8 3 9 0 E 0 1
4 . 5 3 U 0 E - 0 1
4 .54440E-01
4 . 5 2 H 0 E O 1
4 . 4 6 7 5 O E O 1
4 . 3 6 9 6 0 E O 1
4.24530E-O1
4 . 0 9 3 0 0 E 0 1
3 . 9 1 7 0 0 E 0 1
3 . 7 2 1 5 0 E 0 1
3 .51100E-01
3.2899OE-01
3.O624OE 01
2.8323OE-O1
2 . 6 0 3 1 0 E 0 1
2 .37790E-01
2 .15910E-01
1 .94900E-01
1 .74910E-01
1 . 5 6 0 8 0 E 0 1
1 . 3 8 4 9 0 E 0 1
1 .22200E-01
1 . 0 7 2 1 0 E 0 1
9.35450E-O2
8 .11600E-02
7 . 0 0 1 8 0 E 0 2
6 . 0 0 6 2 0 E 0 2
5 . 1 2 2 4 0 E 0 2
4 . 3 4 3 0 0 E 0 2
3 . 6 6 0 1 0 E 0 2
3 . 0 6 5 7 0 E 0 2
2 . 5 5 1 6 0 E 0 2
2 .10990E-02
1 . 7 3 2 9 O E 0 2
1 . 4 1 3 3 0 E 0 2
1 . 1 4 4 2 0 E 0 2
9 . 1 9 2 5 0 E 0 3
7 .32350E-03
5 . 7 8 8 0 0 E 0 3
4.53170E 03
3 .51390E-03
2 . 6 9 6 5 0 E 0 3
2 .04620E-03
1 . 5 3 3 9 0 E 0 3
1 . 1 3 4 8 0 E 0 3
8 . 2 7 4 0 0 E 0 4
5 . 9 3 6 6 0 E 0 4
4 .18410E-04
2.89020E 04
1.95150E 04
1.28370E-04
8 .19200E-05

9 HEV

2 . 8 6 4 5 0 E 0 2
8 . 5 9 3 4 0 E 0 2
1 . 4 3 2 2 0 E 0 1
2.00510E 01
2 . 5 7 8 0 0 E 0 1
3 . 1 5 0 9 0 E 0 1
3 . 2 7 4 7 O E 0 1
3 . 3 9 6 2 0 E 0 1
3 . 5 0 9 5 O E 0 1
3 . 6 0 9 4 0 E - 0 1
3 . 6 9 1 5 0 E 0 1
3 . 7 5 2 3 0 E - 0 1
3.78950E 01
3 . 8 0 1 6 O E 0 1
3 . 7 8 8 2 0 E 0 1
3 . 7 4 9 8 0 E - 0 1
3 . 6 8 7 4 0 E 0 1
3 . 6 0 2 9 0 E 0 1
3 . 4 9 8 3 0 E 0 1
3 .37610E-01
3.2391OE-O1
3 .08990E-01
2 . 9 3 1 4 0 E O 1
2 . 7 6 6 3 0 E 0 1
2 .597O0EO1
2 . 4 2 5 9 0 E 0 1
2 . 2 5 5 1 0 E 0 1
2 . 0 8 6 5 0 E - 0 1
1 . 9 2 1 7 0 E 0 1
1 . 7 6 2 0 0 E 0 1
1 .60850E-01
1 .46220E-01
1 . 3 2 3 7 O E 0 1
1 .19340E-01
1 . 0 7 1 6 0 E 0 1
9.58480E 02
8 . 5 3 9 3 O E 0 2
7 . 5 7 8 5 0 E 0 2
6 . 7 0 0 1 0 E 0 2
5 . 9 0 1 0 0 E 0 2
5 . 1 7 7 5 0 E 0 2
4.52560E 02
3 .94O90EO2
3.41870E 02
2 . 9 5 4 5 0 E 0 2
2.5435OE-O2
2.18130E 02
1 . 8 6 3 4 0 E 0 2
1 . 5 8 5 5 0 E 0 2
1 . 3 4 3 7 0 E 0 2
1 .13410E 02
9.53210E 03
7 .97760E-03
6 . 6 4 7 5 0 E 0 3
5 . 5 1 4 2 0 E 0 3
4.553OOEO3
3 . 7 4 1 4 0 E 0 3
3 .05920E-03
2 .48860E-03
2 . 0 1 3 5 0 E 0 3

11 HEV

2 .2835OEO2
6 . 8 5 O 5 O E 0 2
1 . 1 4 1 7 0 E 0 1
1 . 5 9 8 4 0 E 0 1
2 .05510E-01
2 . 5 1 1 8 0 E - 0 1
2 . 6 2 5 6 0 E 0 1
2 . 7 4 4 5 0 E 0 1
2 . 8 6 4 1 0 E 0 1
2 . 9 7 9 9 0 E 0 1
3 . 0 8 7 7 0 E 0 1
3 . 1 8 3 8 0 E 0 1
3 . 2 6 4 8 0 E 0 1
3 . 3 2 8 4 0 E 0 1
3 .37260E-01
3 . 3 9 6 5 O E O 1
3 . 3 9 9 5 0 E 0 1
3 . 3 8 1 8 0 E 0 1
3 . 3 4 4 2 0 E - 0 1
3 . 2 8 7 7 0 E - 0 1
3.214OOEO1
3 . 1 2 4 7 0 E 0 1
3 . 0 2 1 8 0 E - 0 1
2 . 9 0 7 4 0 E 0 1
2 . 7 8 3 5 0 E 0 1
2.6522OE-01
2 . 5 1 5 5 O E O 1
2 . 3 7 5 4 0 E - 0 1
2 . 2 3 3 4 0 E - 0 1
2 . 0 9 1 2 0 E 0 1
1 . 9 5 0 3 0 E 0 1
1 . 8 1 1 9 0 E 0 1
1 . 6 7 6 9 0 E 0 1
1 . 5 4 6 4 0 E 0 1
1 . 4 2 0 9 0 E 0 1
1 . 3 0 1 2 0 E 0 1
1 . 1 8 7 5 0 E 0 1
1 . 0 8 0 3 0 E 0 1
9 . 7 9 5 5 0 E O 2
8 . 8 5 4 4 0 E - 0 2
7 . 9 7 9 1 0 E 0 2
7 . 1 6 8 8 0 E 0 2
6 . 4 2 1 7 0 E 0 2
5 . 7 3 5 7 0 E 0 2
5 .10830E-02
4 . 5 3 6 7 O E 0 2
4 . 0 1 7 8 0 E 0 2
3 .54830E-02
3 . 1 2 5 1 O E O 2
2 .7449OEO2
2 . 4 0 4 4 0 E 0 2
2 . 1 0 0 4 O E 0 2
1.83OOOE02
1 . 5 9 0 0 0 E 0 2
1 . 3 7 7 9 O E 0 2
1.19080E 02
1.O263OE 02
8 . 8 2 1 2 0 E 0 3
7 . 5 6 1 4 0 E 0 3
6 . 4 6 3 8 0 E 0 3
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Table 10 (Continued)

ENERGY
(MEV)

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
7.0
7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
8.0
8.1
8.2
8.3
8.4
8.5
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
10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9
11.0
11.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8
11.9
12.0

5 MEV

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
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
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

Q
7 MEV

5.04400E
2.97520E
1.66500E
8.72010E
4.18910E
1.78850E
6.43050E
1.75130E
2.7533OE
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
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
0.0
0.0
0.0
0.0
0.0
0.0
0.0

-VALUES

-05
-05
-05
-06
-06
-06
-07
-07
-08

9 MEV

1.62010E03
1.29590E03
1.03020E-03
8.13720E04
6.38320E04
4.97090E04
3.84110E04
2.94360E04
2.23580E04
1.68190E04
1.25200E04

9.21520E 05
6.69850E05
4.80250E05
3.39O9OEO5
2.35360E05
1.6O24OEO5
1.O6720EO5
6.93O2OEO6
4.36920EO6
2.65990E06
1.55260E 06
8.60470E07
4.46680E07
2.1286OEO7
9.02300E08
3.22340E08
8.73030E09
1.36600E-09

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
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

11 HEV

5.51040E-03
4.68460E03
3.97150E03
3.35750E-03
2.83030E03
2.37910E03
1.9939OE03
1.66610E-03
1.38800E-03
1.1527OE-O3
9.54220E-04
7.87350E04
6.47480E04
5.3O610EO4
4.33270E04
3.52470E-04
2.85620E04
2.3O51OE-O4
1.85250E-04
1.48210E-04
1.18O10E-O4
9.35060E-05
7.36970E05
5.77590E05
4.4996OE05
3.48290E05
2.6773OE-05
2.04270E-05
1.5459OEO5
1.15970E05
8.61590E-06
6.33350E-06
4.6O150E-06
3.29980E-06
2.33210E-06
1.62140E06
1.1O640EO6
7.39O80EO7
4.81650E07
3.04930E-07
1.86520E-07
1.09450E07
6.10160E08
3.18760E-08
1.5295OE08
6.5308OE-O9
2.3513OEO9
6.42060E-10
1.01340E-10
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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Table 11 Estimated gamma-ray energy spectra of even-odd heavy mass nuclides.

ENERGY
<HEV)

0 .1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
l .S
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
4 .0
4 .1
4 .2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5.0
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
6.0

5 MEV

3 . 9 3 6 4 0 E 0 2
1 . 1 8 0 9 0 E 0 1
1 . 9 6 8 2 0 E 0 1
2 . 7 5 5 5 0 E 0 1
3 .54280E-01
4 . 3 3 0 1 0 E 0 1
4 . 3 6 7 3 0 E 0 1
4 . 3 6 5 2 0 E 0 1
4 .32610E-01
4 . 2 5 5 9 0 E 0 1
4 . 1 6 3 2 0 E 0 1
4 . 0 5 7 5 0 E 0 1
3.9487OE-O1
3.B455OEO1
3 . 7 5 5 6 0 E 0 1
3.68420E-01
3 .635O0EO1
3 . 6 0 9 1 0 0 0 1
3 . 6 0 6 0 0 E 0 1
3.6235OE-O1
3 . 6 5 8 4 0 E 0 1
3 . 7 0 6 4 0 E 0 1
3.76330E 01
3 . 3 0 9 1 0 E 0 1
2 . 9 2 1 3 0 E 0 1
2 . 5 9 3 4 0 E 0 1
2 . 3 1 8 1 0 E 0 1
2.08870E-01
1 . 6 3 6 2 0 0 0 1
1 . 2 5 6 3 0 E 0 1
9 . 4 1 3 1 0 E 0 2
6 . 8 3 4 4 0 0 0 2
4 . 7 5 2 7 0 E 0 2
3 . 6 0 0 0 0 E 0 2
2 . 6 7 9 8 0 E 0 2
1.95690E-02
1 . 3 9 8 9 0 E 0 2
9 . 7 6 2 9 0 E 0 3
6.63060E-03
4 .36410E-03
2 . 7 6 8 6 0 E 0 3
1.681O0EO3
9 . 6 7 4 1 0 E 0 4
5 . 2 0 5 9 0 E 0 4
2.56740E-04
1.12440E-04
4 . 1 4 3 9 0 E O 5
1.15590E 05
1 . 8 6 0 0 0 E 0 6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Q-VALUES
7 MEV

2.4646OEO2
7 . 3 9 3 9 0 E 0 2
1.23230E-O1
1.72520E 01
2 . 2 1 8 2 0 E 0 1
2 . 7 1 1 1 0 E 0 1
2 . 8 0 8 6 0 E 0 1
2 . 8 9 9 7 0 E 0 1
2 . 9 8 2 1 0 E 0 1
3.O5550E 01
3 . 1 2 1 3 O E 0 1
3 . 1 8 2 0 0 E 0 1
3 . 2 4 0 7 0 E 0 1
3.3O05OEO1
3.36410E 01
3 .4334OEO1
3.5095OEO1
3.59260E 01
3 . 6 8 1 7 0 E 0 1
3.77510E 01
3 . 8 7 0 6 0 E 0 1
3.96550E-01
4.05680E 01
3 . 8 0 8 3 0 E 0 1
3 . 5 7 6 7 0 E 0 1
3 . 3 6 1 7 0 E 0 1
3.16270E-01
2 . 9 7 8 8 0 E 0 1
2 . 5 7 5 9 0 E O 1
2.20560E-01
1 . 8 6 8 1 0 E 0 1
1 . 5 6 3 0 0 E 0 1
1 . 2 8 9 5 0 E 0 1
1 . 1 1 9 1 0 E 0 1
9.65520E-02
8 . 2 8 0 4 0 E 0 2
7.O5830E-O2
5.97950E-02
5.03370E-02
4 . 2 1 0 1 0 E 0 2
3 . 4 9 7 8 0 E 0 2
2 . 8 8 6 0 0 E 0 2
2.36430E-02
1.92240E-02
1 .551O0E02
1.24110E-02
9 . 8 4 4 9 0 E 0 3
7 . 7 3 8 1 0 E 0 3
6 . 0 2 2 8 0 E 0 3
4 . 6 3 8 8 0 E 0 3
3 . 5 3 2 7 0 E 0 3
2.65760E-03
1.97280E-03
1 .44320EO3
1.03890F 03
7.34550E 04
5.09000E-04
3 . 4 4 7 4 0 E 0 4
2.27460E-04
1.45590E-04

9 MEV

1 . 9 0 9 6 0 E 0 2
5 . 7 2 8 9 0 E 0 2
9 . 5 4 8 2 0 E 0 2
1 . 3 3 6 8 0 E 0 1
1 . 7 1 8 7 0 E 0 1
2.1OO60EO1
2 . 1 9 9 8 0 E 0 1
2 . 3 0 2 6 0 E 0 1
2.40690E 01
2.51100E 01
2.61450E-O1
2 . 7 1 7 4 0 E 0 1
2 . 8 2 0 4 0 E 0 1
2 . 9 2 3 9 0 E 0 1
3 . 0 2 8 4 0 E 0 1
3.13410E 01
3 . 2 4 0 7 0 E 0 1
3 .34740E-01
3 . 4 5 3 1 0 E 0 1
3 . 5 5 6 2 O E 0 1
3 . 6 5 4 8 0 E 0 1
3 .74700E-01
3 . 8 3 0 8 0 E 0 1
3 . 6 8 9 9 0 E 0 1
3 .54900E-01
3 . 4 0 8 6 0 E 0 1
3.26960E 01
3 . 1 3 2 3 0 E 0 1
2.82730E 01
2 . 5 3 4 9 0 E 0 1
2 . 2 5 6 9 0 E 0 1
1.99470E-01
1 . 7 4 9 4 0 E 0 1
1 . 5 8 5 4 0 E 0 1
1.43080E-01
1.28590E-01
1 . 1 5 1 0 0 E 0 1
1.O2610E-O1
9.11160E 02
8.05900E 02
7.1OO10EO2
6 . 2 3 1 1 0 E 0 2
5.44710E-02
4 . 7 4 3 3 0 E 0 2
4.11440E 02 (
3 .55490E-02
3 . 0 5 9 4 0 E 0 2
2 . 6 2 2 4 0 E 0 2
2 . 2 3 8 9 0 E 0 2
1.9O360E-02
1 . 6 1 1 9 0 E 0 2
1.35910E 02
1 . 1 4 1 1 0 0 0 2
9 . 5 3 8 9 0 0 0 3
7 . 9 3 8 2 0 E 0 3
6.57570E 03
5 . 4 2 1 2 0 E 0 3
4 . 4 4 7 6 0 0 0 3
3.63OJS0E-O3
2.94760E 03

11 HEV

1.59220E-02
t .77650E-02
r .96080E-02
I . 1 1 4 5 0 E 0 1
I . 4 3 2 9 0 E O 1
I.75140E 01
I . 8 4 4 4 0 E 0 1
I . 9 4 5 5 0 E O 1
2.O5270EO1
2.16440E-01
2.2795OE-O1
2.397OOEO1
2.5162OEO1
2.6364OEO1
2.7569OEO1
2 . 8 7 6 7 0 E 0 1
2.99480E-01
5.1O98OE-O1
5.2203OE 01
5.3246OEO1
S.42110E-01
S.50820E-01
S.58440E-01
5.5040OE-01
S . 4 1 6 4 0 E 0 1
I . 3 2 2 3 O E 0 1
5 .2228OE01
J.11860E-01
2.88840E-01
J . 6 6 0 7 0 E 0 1
2.43790E-01
2.2217OE-O1
2.O135OEO1
I .86540E-01
I . 7 2 1 8 0 E 0 1

. 5 8 3 6 0 E 0 1
I . 4 5 1 4 0 E O 1
I . 3 2 5 6 0 E 0 1
I . 2 0 6 8 0 E 0 1
I .09500E-01
J.9O43OE02
S.93060E-02
5.O28OOEO2
M 9 5 0 0 E - 0 2
1.42940E-02
S.72840E-02
S.08920E-02
t .5085OE-02
1 . 9 8 2 8 0 E 0 2
1 . 5 0 8 6 0 E 0 2
i . 0 8 2 4 0 E 0 2
? . 7 0 0 7 0 E 0 2
2.35990E-O2
2.O567OEO2
I . 7 8 7 7 0 E O 2
I.5498OE-O2
I .34010E 02
I . 1 5 5 8 0 E 0 2
3 .94230EO3
J . 5 3 0 3 0 E 0 3
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Table 11 (Continued)

ENERGY
(NEV)

6.1
6.?
6.3
6.4
6.5
6.6
6.7
6.8
6.9
7.0
7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
8.0
8.1
ft.2

1
1

1

J.3
J.4
J.5
J.6
1.7
J.8
1.9
1.0
1.1
J.2
).3
).4
».5
).6
1.7
1.8
).9

10.0
10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9
11.0
11.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8
11.9
12.0

5 MEV

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
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
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

a
7 HEV

8.99080E
5.31900E
2.98550E
1.56830E

-VALUES

-05
-05
-05
-05

7.557OOE-O6
3.23670E
1.16750E
3.19020E
5.O331OE
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
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
0.0
0.0
0.0
0.0
0.0
0.0
0.0

-06
06
-07
-08

9 MEV

2.38010E03
1.91080E03
1.52480E03
1.20900E03
9.52210E04
7.44590E04
5.77820E04
4.44750E-04
3.39340E04
2.56470E04
1.91850E-04
1.41910E-04
1.03680E04
7.47240E-05
5.30460EO5
3.70230C05
2.53490E05
1.69800E05
1.10910E05
7.03390E06
4.30810E06
2.53000E06
1.41090E06
7.36980E-07
3.53420E07
1.50770E07
5.42100E-08
1.47780E08
2.3276OEO9
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
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

11 MEV

7.29990E-03
6.23060E-03
5.30400C-03
4.50320E-03
3 . 8 U 1 0 E 0 3
3.22000E 03
2.71160E03
2.27710E03
1.90670E03
1.59180E03
1.32500E03
1.09940E03
9.09330E-04
7.49600E04
6.15790E04
5.04040E04
4.11020E04
3.33850E04
2.70040E-04
2.17470E04
1.74330E 04
1.39O6OEO4
1.103SOE-04
8.70830E05
6.83120E 05
5.32450E05
4.12170E05
3.16680E05
2.41360E05
1.82340E05
1.36420E05
1.0099OE05
7.38910E-06
5.33610E 06
3.79760E06
2.65860E06
1.82680E06
1.2287OEO6
8.06190E07
5.1385OEO7
3.16430E07
1.86920E-07
1.O489OE-O7
5.51520E08
2.66340E-08
1.14450E-08
4.14680E09
1.13950E09
1.80980E10
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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10

ENERGY ( M E V )

Fig. 1 Gamma-ray energy spectrum at 2.7 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. 2 Gamma-ray energy spectrum at 2.7 seconds after instantaneous fissions of 239Pu 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 23SU 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 239Pu 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.
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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 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 measurements at Oak Ridge
National Laboratory.
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Fig. 13 Gamma-ray energy spectrum at 2.7 seconds after instantaneous fission of 239Pu 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 239Pu 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. 16 Calculation flow of gamma-ray spectrum from aggregate fission product nuclides.
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Fig. 17 Comparison of calculated gamma-decay heat with measured results at ORNL for thermal
neutron fission of 23SU.
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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 235U. (tjrra(j = 1.0 s, twa;t = 1.7 s, tcount = 1.0 s)
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Fig. 19 Comparison of calculated gamma-ray energy spectrum with measured results at 3.7 seconds
after thermal neutron fission of 235U. (t irrad = 1.0 s, tw a j t = 2.7 s, tcount = 1.0 s)
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Fig. 20 Comparison of calculated gamma-ray energy spectrum with measured results at 4.7 seconds
after thermal neutron fission of 23SU. (tirrad = 1.0 s, twait = 3.7 s, t^u,,, = 1.0 s)



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

1 0 L 'l . I

ENERC:Y ( M E V I

Fig. 21 Comparison of calculated gamma-ray energy spectrum with measured results at 6.2 seconds
after thermal neutron fission of 23SU. (tirra<j = 1.0 s, tw a j t = 4.7 s, tcount = 2.0 s)
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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 235U. (tjrrad = 1.0 s, tw a j t = 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 23SU. (tu.rad = 1.0 s, t ^ j , = 9.7 s, tcount = 5.0 s)
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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 23SU. (t irrad = 1.0 s, twait = 14.7 s, tcount =4.0s)
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Fig. 25 Comparison of calculated gamma-ray energy spectrum with measured results at 18.2 seconds
after thermal neutron fission of 23SU. (t irrad = 10.0 s, twait = 10.7 s, tcount = 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 235U. (tjrra<i = 1.0 s, twa;t = 19.7 s, t ^ n t = 5.0 s)
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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. (t irrad = 10.0 s, twai t = 16.7 s, t ^ n t = 8.0 s)
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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 2 3 SU. (t i r r a d = 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 23SU. (tjrra(j = 10.0 s, twait = 24.7 s, tcoUnt = 10.0 s)
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Fifl. 30 Comparison of calculated gamma-ray energy spectrum with measured results at 40.2 seconds
after thermal neutron fission of 2 3 SU. (t,rra<1 = 1.0 s, t ^ t = 34.7 s, tcount = 100 s)
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Fig. 31 Comparison of calculated gamma-ray energy spectrum with measured results at 44.7 seconds
after thermal neutron fission of 23SU. (t irrad = 10.0 s, t ^ t = 34.7 s, tCOUnt = 1 0 ° s>
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Fig. 32 Comparison of calculated gamma-ray energy spectrum with measured results at 52.7 seconds
after thermal neutron fission of 23SU. (t^ad = 1.0 s, twait = 44.7 s, tcount = 15.0 s)
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Fig. 33 Comparison of calculated gamma-ray energy spectrum with measured results at 54.7 seconds
after thermal neutron fission of 23SU. (tjrrac| = 10.0 s, twaj( = 44.7 s, tcount = 10.0 s)
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Fig. 34 Comparison of calculated gamma-ray energy spectrum with measured results at 67.7 seconds
after thermal neutron fission of 2 3 5U. (tirra(j = 1.0 s, t w a j t = 59.7 s, t c o u n t = 15.0 s)
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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 2 3 SU. (tinad = 10.0 s, tw a i t = 54.7 s, t ^ n t = 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 23SU. (t irrad = 1.0 s, t ^ t = 75.0 s, tcount = 15.0 s)
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Fig. 37 Comparison of calculated gamma-ray energy spectrum with measured results at 90.0 seconds
after thermal neutron fission of 235U. (tirratl = 10.0 s, tw a j t = 75.0 s, tcount = 20.0 s)
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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 23SU. (tirrad = 1.0 s, twait = 90.0 s, tcount = 20.0 s)
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Fig. 39 Comparison of calculated gamma-ray energy spectrum with measured results at 110 seconds
after thermal neutron fission of 235U. (tjrra(j = 10 s, tw a j t = 95 s, tcount = 20 s)
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Fig. 40 Comparison of calculated gamma-ray energy spectrum with measured results at 140 seconds
after thermal neutron fission of 23SU. (tii.ra(j = 10 s, tw a j t = 115 s, tcount = 40 s)
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Fig. 41 Comparison of calculated gamma-ray energy spectrum with measured results at 190 seconds
after thermal neutron fission of 23SU. (tjrra(j = 10 s, tw a j t = 155 s, tcount = 60 s)
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Fig. 42 Comparison of calculated gamma-ray energy spectrum with measured results at 260 seconds
after thermal neutron fission of 23SU. (tirrad = 100 s, twait = 170 s, tcount = 80 s)
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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. (tirrad = 10 s, t ^ t = 295 s, tcount = 100 s)
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Fifl. 44 Comparison of calculated gamma-ray energy spectrum with measured results at 500 seconds
after thermal neutron fission of 235U. (tirl.ad = 10 s, t ^ t = 395 s, tcount = 200 s)
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Fig. 45 Comparison of calculated gamma-ray energy spectrum with measured results at 700 seconds
after thermal neutron fission of 235U. (tirrad = 10 s, t ^ t = 595 s, tcount = 200 s)
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Fig. 46 Comparison of calculated gamma-ray energy spectrum with measured results at 1000 seconds
after thermal neutron fission of 23SU. ( t ^ j = 100 s, twait = 750 s, t c ^ = 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 23SU. (t irrad = 100 s, twait = 1150 s, tcount = 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 23SU. (tirrad = 100 s, twajt = 1550 s, tCOUnt = 4 0 0 s)
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Fig. 49 Comparison of calculated gamma-ray energy spectrum with measured results at 2250 seconds
after thermal neutron fission of 23SU. (t irrad = 100 s, twait = 1950 s, t ^ n t = 500 s)
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50 Comparison of calculated gamma-ray energy spectrum with measured results at 2750 seconds
after thermal neutron fission of 235U. (tirrad = 100 s, twait = 2450 s, tcoUnt = 500 s)
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Fig. 51 Comparison of calculated gamma-ray energy spectrum with measured results at 3500 seconds
after thermal neutron fission of 2 3 SU. (timd = 100 s, twait = 2950 s, tc o u n t = 1000 s)
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F19. 52 Comparison of calculated gamma-ray energy spectrum with measured results at 5000 seconds
after thermal neutron fission of 2 3 SU. (t^md = 100 s, t^ut = 3950 s, tcount = 2 0 0 0 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 23SU. (t irrad = 100 s, twait = 5950 s, tCOUnt = 4 0 0 0 s)
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Fig. 54 Comparison of calculated gamma-ray energy spectrum with measured results at 1 2000 seconds
after thermal neutron fission of 23SU. (t irrad = 100 s, twait = 9950 s, tcount = 4000 s)
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Fig. 55 Comparison of calculated gamma-decay heat with measured results at ORNL for thermal
neutron fission of 239Pu.
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Fig. 56 Comparison of calculated gamma-ray energy spectrum with measured results at 2.7 seconds
after thermal neutron fission of 239Pu. (tirrad = 1.0 s, twajt = 1.7 s, tcount = 1.0 s)
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Fig. 57 Comparison of calculated gamma-ray energy spectrum with measured results at 3.7 seconds
after thermal neutron fission of 239Pu. (t irrad = 1.0 s, tw a j t = 2.7 s, tCOUnt = 1.0 s)
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Fig. 58 Comparison of calculated gamma-ray energy spectrum with measured results at 4.7 seconds
after thermal neutron fission of 239Pu. (tjrra(j = 1.0 s, twa;t = 3.7 s, tcount = 1.0 s)
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Fig. 59 Comparison of calculated gamma-ray energy spectrum with measured results at 6.2 seconds
after thermal neutron fission of 239Pu. (t irrad = 1.0 s, t ^ j = 4.7 s, tcount = 2.0 s)
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Fig. 60 Comparison of calculated gamma-ray energy spectrum with measured results at 8.7 seconds
after thermal neutron fission of 239Pu. (t irrad = 1.0 s, tw a j t = 6.7 s, tcount = 3.0 s)
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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 239Pu. ( t i^a = 1.0 s, tw a j t = 9.7 s, tcount = 5.0 s)
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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 239Pu. (tjrraci = 1.0 s, tw a j t = 14.7 s, tcount = 5.0 s)
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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 239Pu. (t irrad = 1.0 s, twai t = 19.7 s, tcouirt = 5.0 s)
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Fifl. 64 Comparison of calculated gamma-ray energy spectrum with measured results at 30.2 seconds
after thermal neutron fission of " 9 Pu. (t i rrad = 1.0 s, tw a j t = 24.7 s, tcount = 10.0 s)
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Fig. 65 Comparison of calculated gamma-ray energy spectrum with measured results at 40.2 seconds
after thermal neutron fission of 239Pu. (tjrrac| = 1.0 s, twaj t = 34.7 s, tcount = 10.0 s)

10"

CD

O

io >

10

10"

At

JNDCI EXP • EST
i EXPERIMENT! ORNL

UII
m, II.

fit
• \ I
: " ^

M

\. t/

• i

\

E N E R P Y ( M E V )

Fig. 66 Comparison of calculated gamma-ray energy spectrum with measured results at 52.7 seconds
after thermal neutron fission of 239Pu. (tirra(j = 1.0 s, tw a j t = 44.7 s, tcount = 15.0 s)
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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 239Pu. (tirra(j = 1.0 s, t ^ t = 59.7 s, tcount = 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 239Pu. (tu.rad = 1.0 s, tw a j t = 74.7 s, tc o u n t = 15.0 s)
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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 " 9 Pu. (t irrad = 1.0 s, twait = 89.7 s, tcount = 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 239Pu. (tjrrad = 1 s, twajt = 110 s, tcount = 20 s)
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Fig. 71 Comparison of calculated gamma-ray energy spectrum with measured results at 150.5 seconds
after thermal neutron fission of 239Pu. (tjrrad

 = 5 s, tWait = 128 s, tcount = 40 s)
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Fig. 72 Comparison of calculated gamma-ray energy spectrum with measured results at 200.5 seconds
after thermal neutron fission of 239Pu. (tirrad = 5 s, twait = 168 s, tcount = 60 s)
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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 239Pu. (tjrra(i = 5 s, tw a j t = 228 s, tcount = 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 239Pu. (t irrad = 100 s, twait = 250 s, tcount = 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 239Pu. ( t ^ d = 100 s, twait =350 s, tcount = 200 s)

10

10'

LJJ

CD
\
Z
o

CO

10

10

ft I

JNDCI EXP • EST )
£ EXPERIMENT! ORNL )

A*

\

ft
V

M. 1,,.
ENERGr I M E U )

Fig. 76 Comparison of calculated gamma-ray energy spectrum with measured results at 700 seconds
after thermal neutron fission of 239Pu. (tirrati = 100 s, twait = 550 s, tcount = 200 s)
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Fig. 77 Comparison of calculated gamma-ray energy spectrum with measured results at 1000 seconds
• 239after thermal neutron fission of Pu. (t^tad = 100 s, t ^ t = 750 s, tcount = 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 239Pu. (t irrad = 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 239Pu. (t^md = 100 s, tw a j t = 1550 s, tcount = 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 239Pu. (tirrad = 100 s, twait = 1950 s, tcount = 500 s)
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Fig. 81 Comparison of calculated gamma-ray energy spectrum with measured results at 2750 seconds
after thermal neutron fission of 239Pu. (ti,.rad = 100 s, twait = 2450 s, tcount = 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 239Pu. (ti^d = 100 s, twait = 2950 s, tcount = 1000 s)
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Fig. 83 Comparison of calculated gamma-ray energy spectrum with measured results at 5000 seconds
after thermal neutron fission of 239Pu. ( t ^ d = 100 s, twait = 3950 s, tcount = 2000 s)

ENERGY (MEV)

Fifl. 84 Comparison of calculated gamma-ray energy spectrum with measured results at 7000 seconds
after thermal neutron fission of 239Pu. ( t ^ d = 100 s, twait = 5950 s, t ^ n t = 2000 s)
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85 Comparison of calculated gamma-ray energy spectrum with measured results at 9000 seconds
after thermal neutron fission of 239Pu. (t irrad = 100 s, twait = 7950 s, tcount = 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 239Pu. (t irrad = 100 s, twait = 9950 s, tcount = 4000 s)
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Fig. 87 Comparison of calculated gamma-decay heat with measured results at YAYO1 for fast neutron
fission of 2 3 SU.
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Fig. 88 Comparison of calculated gamma-ray energy spectrum with measured results at 19 seconds
after fast neutron fission of 2 3 5U. (tirra<j = 10 s, twajt = 11 s, t c o u n t = 6 s)
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Fig. 89 Comparison of calculated gamma-ray energy spectrum with measured results at 26 seconds
after fast neutron fission of 23SU. (tirra(i = 10 s, tw a j t = 17 s, tcount = 8 s)
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Fig. 90 Comparison of calculated gamma-ray energy spectrum with measured results at 35 seconds
after fast neutron fission of 235U. (t irrad = 10 s, twait = 25 s, tcount = 10 s)
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Fig. 91 Comparison of calculated gamma-ray energy spectrum with measured results at 45 seconds
after fast neutron fission of 235U. (tjrrac| = 10 s, tw a j t = 35 s, tcount = 10 s)
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Fig. 92 Comparison of calculated gamma-ray energy spectrum with measured results at 55 seconds
after fast neutron fission of 23SU. (t irrad = 10 s, twait = 45 s, tcount = 10 s)
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Fig. 93 Comparison of calculated gamma-ray energy spectrum with measured results at 70 seconds
after fast neutron fission of 23SU. (Mmd - 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 235U. (t i rrad = 10 s, twai t = 75 s, tcount = 20 s)
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Fig. 95 Comparison of calculated gamma-ray energy spectrum with measured results at 110 seconds
after fast neutron fission of 23SU. (ti,.rad = 10 s, twait = 95 s, tcount = 20 s)
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Fig. 96 Comparison of calculated gamma-ray energy spectrum with measured results at 140 seconds
after fast neutron fission of 23SU. (tirrad = 10 s, twait = 115 s, tcount = 40 s)
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Fig. 97 Comparison of calculated gamma-ray energy spectrum with measured results at 1 80 seconds
after fast neutron fission of 235U. (t;rrad = 10 s, twa;t = 1 50 s, tcount = 40 s)

10 r

10-

10

JNDCI EXP • EST )
4 EXPERIMENT! YRY0I )

ft\
sy r \\//

/ \
\
\

-

f

V

2 3

ENERGY ( M E V )

Fig. 98 Comparison of calculated gamma-ray energy spectrum with measured results at 230 seconds
after fast neutron fission of 235U. (tjrra<j = 10 s, twai t = 195 s, tcount = 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 23SU. (tj,.ra(| = 10 s, tw a j t = 225 s, tcount = 60 s)
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Fig. 100 Comparison of calculated gamma-ray energy spectrum with measured results at 360 seconds
after fast neutron fission of 23SU. (tjrrad = 10 s, tw a j t = 315 s, tcount = 80 s)
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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. (t irrad = 10 s, t ^ , = 395 s, tcount = 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 23SU. (t irrad = 10 s, twait = 495 s, tcount = 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 23SU. (t i rrad = 10 s, t ^ t = 595 s, tcount = 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 235U. ( t ^ d = 10 s, twait = 795 s, tcount = 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 235U. (tirrad = 10 s, twajj = 995 s, tcount = 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 23SU. (tirrad = 10 s, twait = 1395 s, tcount = 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 23SU. (t irrad = 10 s, t ^ t = 1795 s, tcount = 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 23SU. (tjrrat) = 10 s, t^jf = 2195 s, tcount = 500 s)
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Fig. 109 Comparison of calculated gamma-ray energy spectrum with measured results at 2950 seconds
after fast neutron fission of 23SU. (tirrad = 10 s, twait = 2695 s, tcount = 500 s)
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Fig. 110 Comparison of calculated gamma-ray energy spectrum with measured results at 3500 seconds
after fast neutron fission of 235U. Uirrad = 10s,tw a i t = 3195 s, tcount =600s)
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Fig. 111 Comparison of calculated gamma-ray energy spectrum with measured results at 4100 seconds
after fast neutron fission of " S U . (t irrad = 10 s, t ^ t = 3795 s, t ^ n t = 600 s)
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Fig. 112 Comparison of calculated gamma-ray energy spectrum with measured results at 4800 seconds
after fast neutron fission of 23SU. (tirrad = 100 s, twait = 4350 s, t^u,,, = 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. (t irrad = 100 s, twait = 5150 s, tcount = 800 s)
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Fig. 114 Comparison of calculated gamma-ray energy spectrum with measured results at 6500 seconds
after fast neutron fission of " S U . (tirrad = 100 s, twait = 5950 s, tcount = 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 23SU. (t irrad = 100 s, twait = 6950 s, tcount = 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 23SU. (tirrad = 100 s, twait = 7950 s, tcount = 2000 s)
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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. (t irrad = 100 s, twau = " 5 0 s> tCOunt = 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 " S U . ( t ^ d = 100 s, t ^ t = 11950 s, tcount = 300 s)
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Fig. 119 Comparison of calculated gamma-ray energy spectrum with measured results at 16500
seconds after fast neutron fission of 23SU. (t irrad = 100 s, twajt = 14950 s, tcount = 3000 s)
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Fig. 120 Comparison of calculated gamma-ray energy spectrum with measured results at 20000
seconds after fast neutron fission of 235U. (t irrad = 100 s, twait = 17950 s, tCOUnt = 4000 s)
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Fig. 121 Comparison of calculated gamma-ray energy spectrum with measured results at 24000
seconds after fast neutron fission of 23SU. (t irrad = 100 s, t ^ , = 21950 s, tcount = 4000 s)
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Fig. 122 Comparison of calculated gamma-decay heat with measured results at YAYOI for fast
neutron fission of 239Pu.
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Fig. 123 Comparison of calculated gamma-ray energy spectrum with measured results at 19 seconds
after fast neutron fission of 239Pu. (tjrra(j = 10 s, tw a j t = 11 s, tcount = 6 s)

Fifl. 124 Comparison of calculated gamma-ray energy spectrum with measured results at 26 seconds
after fast neutron fission of 239Pu. (tirra<| = 10 s, t ^ t = 17 s, tCOUnt = 8 s)
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Fig. 125 Comparison of calculated gamma-ray energy spectrum with measured results at 35 seconds
after fast neutron fission of 239Pu. (t;,.ra(j = 10 s, t ^ t = 25 s, tcount = 10 s)
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Fig. 126 Comparison of calculated gamma-ray energy spectrum with measured results at 45 seconds
after fast neutron fission of 239Pu. (t irrad = 10 s, t ^ t =35 s, tcount = 10 s)
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Fig. 127 Comparison of calculated gamma-ray energy spectrum with measured results at 55 seconds
after fast neutron fission of 239Pu. (t i rrad = 10 s, twait = 45 s, tcount = 10 s)
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Fig. 128 Comparison of calculated gamma-ray energy spectrum with measured results at 70 seconds
after fast neutron fission of 239Pu. (tjrrad

 = 10 s . twait = 55 s, tcount = 20 s)
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Fig. 129 Comparison of calculated gamma-ray energy spectrum with measured results at 90 seconds
after fast neutron fission of 239Pu. (tii.rad = 10 s, t ^ t = 75 s, tcount = 20 s)
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Fig. 130 Comparison of calculated gamma-ray energy spectrum with measured results at 110 seconds
after fast neutron fission of 239Pu. ( t ^ j = 10 s, twajt = 95 s, tcount = 20 s)
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Fig. 131 Comparison of calculated gamma-ray energy spectrum with measured results at 140 seconds
after fast neutron fission of 239Pu. (tji.rad = 10 s, t ^ t = 115 s, tcount = 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 239Pu. ( t ^ d = 10 s, tw a j t = 155 s, tcount = 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 239Pu. (t irrad = 10 s, twait = 195 s, tcoUnt = 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 239Pu. (t irrad = 10 s, twait = 255 s, tcount = 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 239Pu. (t i rrad = 10 s, t ^ t = 315 s, 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 239Pu. (t i r rad = 10 s, t ^ t = 395 s, t ^ n t = 100 s)
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Fig. 137 Comparison of calculated gamma-ray energy spectrum with measured results at 550 seconds
after fast neutron fission of 239Pu. (t irrad = 10 s, twait = 495 s, t ^ m = 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 239Pu. (t irrad = 10 s, twail = 595 s, t^unt = 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 239Pu. ( t ^ d = 10 s, t ^ t = 795 s, t ^ n t = 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 239Pu. (t irrad = 10 s, t ^ t = 995 s, tCOUnt = 400 s)
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Fig. 141 Comparison of calculated gamma-ray energy spectrum with measured results at 1600 seconds
after fast neutron fission of " 9 Pu. (\.ana = 10 s, twait = 1395 s, tcount = 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 239Pu. (t i rrad = 10 s, tw^t = 1795 s, tcount = 4 0 0 s)
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Fig. 143 Comparison of calculated gamma-ray energy spectrum with measured results at 2450 seconds
after fast neutron fission of 239Pu. (t irrad = 10 s, twait =2195 s, tcount = 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 239Pu. (tuna = 10 s, t ^ t = 2695 s, t^unt = 500 s)
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Fig. 145 Comparison of calculated gamma-ray energy spectrum with measured results at 3500 seconds
after fast neutron fission of 239Pu. (t irrad = 10 s, t ^ ; , = 3195 s, tCOUI1t = 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 239Pu. ( t ^ d = 10 s, twait = 3795 s, tcount = 600 s)



JAERI 1311 Gamma-Ray Spectrum Data Library of Fission Product Nuclides and Its Assessment 111

in
CO

<X

o

JNDCI EXP • EST )
EXPERIMENT! YflYOI )

ENERGY ( M E V )

Fig. 147 Comparison of calculated gamma-ray energy spectrum with measured results at 4800 seconds
after fast neutron fission of 239Pu. (t i rrad = 100 s, twait = 4350 s, tcount = 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. (t irrad = 100 s, twait = 5150 s, tcount = 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 239Pu. (t irrad = 100 s, twait = 5950 s, t^,,,,, = 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 " 9 Pu. (tirl.ad = 100 s, tw^t = 6950 s, tcount = 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 239Pu. (t irrad = 100 s, t ^ = 7950 s, tcount = 2000 s)
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Fig. 152 Comparison of calculated gamma-ray energy spectrum with measured results at 11000
seconds after fast neutron fission of " 9 Pu. (t irrad = 100 s, t ^ , = 9950 s, tcount = 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 239Pu. (tjrra(j = 100 s, tw a j t = 11950 s, tcount = 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 239Pu. ( t ^ d = 100 s, t ^ t = 14950 s, tcount = 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 239Pu. (t irrad = 100 s, twait = 17950 s, tcount = 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 239Pu. (t irrad = 100 s, twait = 21950 s, tcount = 4000 s)
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Fig. 157 Comparison of calculated gamma-decay heat with measured results at YAYOI for fast
neutron fission of "*U.
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Fig. 158 Comparison of calculated gamma-ray energy spectrum with measured results at 19 seconds
after fast neutron fission of 238U. (tjrratj = 10 s, t ^ t = 11 s, tcount = 6 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 238U. (t irrad = 10 s, t^n = 17 s, tcount = 8 s)

JNDCt EXP • EST )
i EXPERIMENTI Y0Y01 )

ENERGY ( M E V )

Fig. 160 Comparison of calculated gamma-ray energy spectrum with measured results at 35 seconds
after fast neutron fission of 238U. (tirrad = 10 s, t ^ t = 25 s, tcount = 10 s)
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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, t ^ t = 35 s, tcount = 10 s)
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Fifl. 162 Comparison of calculated gamma-ray energy spectrum with measured results at 55 seconds
after fast neutron fission of " 8 U . (tjrrad = 10 s, t ^ t = 45 s, tcount = 10 s)
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F19. 163 Comparison of calculated gamma-ray energy spectrum with measured results at 70 seconds
after fast neutron fission of 238U. (t irrad = 10 s, twajt = 55 s, tcount = 20 s)
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Fig. 164 Comparison of calculated gamma-ray energy spectrum with measured results at 90 seconds
after fast neutron fission of 238U. (tjrra(j = 10 s, t ^ t = 75 s, tcount = 20 s)
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Fig. 165 Comparison of calculated gamma-ray energy spectrum with measured results at 110 seconds
after fast neutron fission of 238U. (t irrad = 10 s, t ^ t = 95 s, tCOUnt = 20 s)
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Fifl. 166 Comparison of calculated gamma-ray energy spectrum with measured results at 140 seconds
after fast neutron fission of 238U. (tjIrac| = 10 s, twait = 115 s, tcoUnt

 = 40 s)
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Fig. 167 Comparison of calculated gamma-ray energy spectrum with measured results at 180 seconds
after fast neutron fission of 238U. (tirrad = 10 s, t ^ t = 150 s, tCOUnt = 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 23BU. (tirrad = 10 s, t ^ t = 195 s, tcount = 60 s)
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Fig. 169 Comparison of calculated gamma-ray energy spectrum with measured results at 290 seconds
after fast neutron fission of 238U. (tirrad = 10 s, twait = 255 s, tcount = 60 s)
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Fig. 170 Comparison of calculated gamma-ray eneTgy spectrum with measured results at 360 seconds
after fast neutron fission of 238U. (tirrad = 10 s, t^ut = 315 s, tCOUnt = 80 s)
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Fig. 171 Comparison of calculated gamma-ray energy spectrum with measured results at 450 seconds
after fast neutron fission of 238U. (t irrad = 10 s, t ^ t = 395 s, tcount = 100 s)

10

10"

S 10"

10"

j

JNDC! EXP • EST )
EXPERIMENT! YflYOI )

fti ^
I

s

\

\

\
\

\

\

EHERGY ( M E V )

Fig. 172 Comparison of calculated gamma-ray energy spectrum with measured results at 550 seconds
after fast neutron fission of 238U. (t irrad = 10 s, twai, = 495 s, tcount = 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 " 8 U . (t i r rad = 10 s, t ^ t = 595 s, tCOUnt = 200 s)
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Fig. 174 Comparison of calculated gamma-ray energy spectrum with measured results at 900 seconds
after fast neutron fission of 238U. (t i rrad = 10 s, \wan = 795 s. tcoun t = 200 s)



JAERI 1311 Gamma-Ray Spectrum Data Library of Fission Product Nuclides and Its Assessment 225

10

10

to
CO 10

10

10

v """'

JNDCI EXP • EST 1
f EXPERIMENT! YHYOI )

v\
n I

\ i
\ | \

\-\\\il,

:

EWERGY ( M E V I

Fig. 175 Comparison of calculated gamma-ray energy spectrum with measured results at 1200 seconds
after fast neutron fission of 238U. (tirrad = 10 s, twait = 995 s, tcount = 440 s)
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Fig. 176 Comparison of calculated gamma-ray energy spectrum with measured results at 1600 seconds
after fast neutron fission of 238U. (.tiTrai = 10 s, t ^ t = 1395 s, t ^ , , , = 400 s)
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Fig. 177 Comparison of calculated gamma-ray energy spectrum with measured results at 2000 seconds
after fast neutron fission of 238U. (tirrad = 10 s, twait = 1795 s, tcount = 400 s)
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Fig. 178 Comparison of calculated gamma-ray energy spectrum with measured results at 2450 seconds
after fast neutron fission of 238U. (t irrad = 10 s, t ^ t = 2195 s, tcount = 500 s)
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Fig. 179 Comparison of calculated gamma-ray energy spectrum with measured results at 2950 seconds
after fast neutron fission of 238U. (t irrad = 10 s, t ^ t = 2695 s, tcoun, = 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 " 8 U . (t irrad = 10 s, t ^ t = 3195 s, tcount = 600 s)
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Fig. 181 Comparison of calculated gamma-ray energy spectrum with measured results at 4100 seconds
after fast neutron fission of 238U. (t irrad = 10 s, t ^ j , = 3795 s, tcoun, = 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 238U. (t irrad = 100 s, twait = 4350 s, tcount = 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. (t irrad = 100 s, twait = 5150 s, tcount = 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. (t irrad = 100 s, twait - 5950 s, tcount = 1000 s)
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Fig. 185 Comparison of calculated gamma-ray energy spectrum with measured results at 7500 seconds
after fast neutron fission of 2 3 8U. (t i r r a d = 100 s, tw a i t = 6950 s, tCOUnt = 1000 s)
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Fig. 186 Comparison of calculated gamma-ray energy spectrum with measured results at 9000 seconds
after fast neutron fission of 2 3 8U. (t i r r a d = 100 s, tw a j t = 7950 s, tCOUnt = 2000 s)
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Fig. 187 Comparison of calculated gamma-ray energy spectrum with measured results at 11000
seconds after fast neutron fission of 23BU. (t irrad = 100 s, t ^ t = 9950 s, tcount = 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 23BU. (t irrad = 100 s, t ^ j , = 11950 s, tCOUnt = 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. (t irrad = 100 s, twait = 14950 s, tcount = 3000 s)
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Fifl. 190 Comparison of calculated gamma-ray energy spectrum with measured results at 20000
seconds after fast neutron fission of 238U. (t irrad = 100 s, t ^ t = 17950 s, tcount = 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 238U. (t irrad = 100 s, twait = 21950 s, tcount =4000s)
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Fig. 192 Comparison of calculated gamma-decay heat with measured results at YAYOI for fast
neutron fission of 2 3 2Th.
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Fig. 193 Comparison of calculated gamma-ray energy spectrum with measured results at 19 seconds
after fast neutron fission of 232Th. (tjrrad = 10 s, tw a j t = 1 1 s, tcount = 6 s)
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Fig. 194 Comparison of calculated gamma-ray energy spectrum with measured results at 26 seconds
after fast neutron fission of " 2 Th. (tirrad = 10 s, twait = 17 s, tcount = 8 s)
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Fig. 195 Comparison of calculated gamma-ray energy spectrum with measured results at 35 seconds
after fast neutron fission of 232Th. (t irrad = 10 s, twait = 25 s, tcount = 10 s)
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Fig. 196 Comparison of calculated gamma-ray energy spectrum with measured results at 45 seconds
after fast neutron fission of 232Th. (t i rrad = 10 s, twai, = 35 s, tcoun, = 10 s)



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

10

JNDC! EXP • EST )
&• EXPERIMENT! YflYOI

Fig. 197 Comparison of calculated gamma-ray energy spectrum with measured results at 55 seconds
after fast neutron fission of 232Th. (tjrra(i = 10 s, tw a j t = 45 s, tcount = 10 s)

JNDCI EXP • EST )
EXPERIMENT! YBYOI )

10

Fig. 198 Comparison of calculated gamma-ray energy spectrum with measured results at 70 seconds
after fast neutron fission of 232Th. (tjrract = 10 s, tw a j t = 55 s, tcount = 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 J32Th. (t irrad = 10 s, tw a j t = 75 s, tcount = 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 232Th. (t irrad = 10 s, tw a j t = 95 s, tcount = 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. (tjrra(j = 10 s, tw a j t = 115 s, tcount = 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. (t irrad = 10 s, tw aj , = 1 55 s, tcount = 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 232Th. (t irrad = 10 s, tw a j t = 1 95 s, tcount = 60 s)
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Fig. 204 Comparison of calculated gamma-ray energy spectrum with measured results at 290 seconds
after fast neutron fission of 232Th. (tirrad = 10 s, twai t = 255 s, tcount = 60 s)
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Fig. 205 Comparison of calculated gamma-ray energy spectrum with measured results at 360 seconds
after fast neutron fission of 232Th. (t irrad = 10 s, twait = 315 s. tcounl = 80 s)
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Fig. 206 Comparison of calculated gamma-ray energy spectrum with measured results at 450 seconds
after fast neutron fission of 232Th. (t irrad = 10 s, twait = 395 s, tcount = 100 s)
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Fig. 207 Comparison of calculated gamma-ray energy spectrum with measured results at 550 seconds
after fast neutron fission of 232Th. (tirrad = 10 s, t ^ t = 495 s, t ^ n t = 100 s)
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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. (tlrrad = 10 s, t ^ t = 595 s, tcount = 200 s)
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Fig. 209 Comparison of calculated gamma-ray energy spectrum with measured results at 900 seconds
after fast neutron fission of 232Th. (t l r rad = 10 s, twai t = 795 s, tcoun t = 200 s)
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Fig. 210 Comparison of calculated gamma-ray energy spectrum with measured results at 1200 seconds
after fast neutron fission of 232Th. (t i r rad = 10 s, twai t = 995 s, tcoun t = 400 s)
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Fig. 211 Comparison of calculated gamma-ray energy spectrum with measured results at 1600 seconds
after fast neutron fission of 232Th. (t i rrad = 10 s, twait = 1395 s, tCOUnt = 400 s)
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Fig. 212 Comparison of calculated gamma-ray energy spectrum with measured results at 2000 seconds
after fast neutron fission of 232Th. ( t ^ d = 10 s, twait = 1795 s, tcount = 400 s)



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

10

10

IO
CO

CT
i:
n
cr
o

10

10

)

A

e

w II
\
ft11

i 1 •

JNDCI EXP • EST )
EXPERIMENT! YfiYOI )

\

\

\

\
l . .

\ /
\

\
-

/

\

- -

2 3

E N E R G Y ( M E V )

Fig. 213 Comparison of calculated gamma-ray energy spectrum with measured results at 2450 seconds
after fast neutron fission of 232Th. (t irrad = 10 s, twait = 2195 s, tcourit = 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. (t irrad = 10 s, t^at = 2695 s, tcount = 500 s)
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Fig. 215 Comparison of calculated gamma-ray energy spectrum with measured results at 3500 seconds
after fast neutron fission of 232Th. (t i rrad = 10 s, twait = 3195 s, tcount = 600 s)
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Fifl. 216 Comparison of calculated gamma-ray energy spectrum with measured results at 4100 seconds
after fast neutron fission of 232Th. (t^^ = 10 s, twait =3795 s, tcount = 600 s)
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Fig. 217 Comparison of calculated gamma-ray energy spectrum with measured results at 4800 seconds
after fast neutron fission of 232Th. (t irrad = 100 s, t ^ t = 4350 s, tcount = 800 s)
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Fig. 218 Comparison of calculated gamma-ray energy spectrum with measured results at 5600 seconds
aftei fast neutron fission of 232Th. 0 , , ^ = 100 s, W.t = 5150 s, tcount = 800 s)
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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. (t^nt = 100 s, twait = 5950 s, tcount = 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 2 3 2Th. ( t i r r a d = 100 s, t ^ t = 6950 s, t c o u n t = 1000 s)
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Fig. 221 Comparison of calculated gamma-ray energy spectrum with measured results at 9000 seconds
after fast neutron fission of 232Th. (t irrad = 100 s, t ^ t = 7950 s, tcoun, = 2000 s)
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Fig. 222 Comparison of calculated gamma-ray energy spectrum with measured results at 11000
seconds after fast neutron fission of 232Th. (t irrad = 100 s, twait = 9950 s, tcount = 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. (X.avii = 100 s, twaj, = 11950 s, tcount = 3000 s)
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Fig. 224 Comparison of calculated gamma-ray energy spectrum with measured results at 16500
seconds after fast neutron fission of 232Th. (t^n,,, = 100 s, twajt = 14950 s, tcount = 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 " 2 Th. (t irrad = 100 s, twalt = 17950 s, tcount = 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 " 2 Th. (t irrad = 100 s, twait = 21950 s, tcount = 4000 s)
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Fig. 227 Comparison of calculated gamma-decay heat with measured results at ORNL and at YAY01
for thermal neutron fission of 23SU.
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Fifl. 228 Comparison of calculated gamma-ray energy spectrum with measured results at 450 seconds
after thermal neutron fission of 23SU (YAYOI). (tim& - 100 s, twait = 355 s, tcount = 90 s)
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Fig. 229 Comparison of calculated gamma-ray energy spectrum with measured results at 550 seconds
after thermal neutron fission of 23SU (YAYO1). (t irrad = 100 s, twait = 450 s, t^um = 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 235U (YAYOI). (t irrad = 100 s, twail = 550 s, tcount = 200 s)
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Fig. 231 Comparison of calculated gamma-ray energy spectrum with measured results at 900 seconds
after thermal neutron fission of 23SU (YAYOI). ( t ^ d = 100 s, twai, = 750 s, tcount = 200 s)
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Fia 232 Comparison of calculated gamma-ray energy spectrum with measured results at 1200 seconds
after thermal neutron fission of 235U (YAYOI). (t irrad = 100 s, twait = 950 s, tcount = 400 s)
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Fig. 233 Comparison of calculated gamma-ray energy spectrum with measured results at 1600 seconds
after thermal neutron fission of 23SU (YAY01). (tirrad = 100 s, t ^ t = 1350 s, t ^ n t = 400 s)
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234 Comparison of calculated gamma-ray eneTgy spectrum with measured results at 2000 seconds
after thermal neutron fission of 23SU (YAYOI). ( t i m d = 100 s, t ^ t = 1750 s, t ^ n t = 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 23SU(YAYOI). (t irrad = 100 s, t^n = 2150 s, tcoun, = 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 23SU (YAYOl).(tirrad = 100 s, t ^ t = 2650 s, tcounl = 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 23SU (YAY01). (t i rrad = 100 s, twait = 3150 s, t^um = 600 s)
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Fig. 238 Comparison of calculated gamma-ray energy spectrum with measured results at 4100 seconds
after thermal neutron fission of 23SU (YAYO1). (t irrad = 100 s, t ^ t = 3750 s, tcount = 600 s)
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Fig. 239 Comparison of calculated gamma-ray energy spectrum with measured results at 4800 seconds
after thermal neutron fission of " S U (YAYOI). ( t ^ d = 100 s, twait = 4350 s, tcount = 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 23SU (YAYOI). (t irrad = 100 s, t ^ t = 5150 s, tmunt = 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 " 5 U (YAYOI). (t irrad = 100 s.twajj = 5950s,tcount = 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 23SU (YAYOl). (tirrad = 100 s,tWBit = 6950 s, tcoun, = 1000 s)
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Fig. 243 Comparison of calculated gamma-ray energy spectrum with measured results at 9000 seconds
after thermal neutron fission of 23SU (YAYOI). (tirrad = 100 s.twaj, = 7950 s, t^,,,,,, = 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 23SU (YAYOI).
(tirrad = 100 s, twait = 9950 s, tcount = 2000 s)
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Fifl. 245 Comparison between measurements at same cooling time 3500 (= tw a j t + y^irrad

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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