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A decay data library was produced from the ENSDF ( Evaluated Nuclear
Structure Data File ) for calculations of radioactive inventory, decay power
or gamma-ray spectrum. In this report, the calculated results on the decay
power and the gamma ray spectra are shown and the applicability of the ENSDF
is discussed. At short cooling times ( < 10® sec ), the results were
underestimated for both decay power and gamma ray spectra. At long cooling
times ( > 10° sec ), however, the calculated results were sufficiently
acceptable. We also performed the calculation with the modified library
( JODL )} in which the data for nuclides with no experimental informations
vere added and the insufficient data were replaced. Agreement with the

experimental data was improved for decay power calculation at short cooling

times,
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1. Introduction

In safety evaluation of nuclear facilities, it is very important that
build-up and depletion of nuclides, decay power, gamma— and beta-ray spectra
are estimated accurately as sources in shielding or heat analysis. Nuclear
decay data such as half-lives, Q-values, gamma-ray energies, gamma-ray
intensities and so on are used in these calculations. These decay dapa are
compiled in Table of Isotopes” or Nuclear Data Sheets? . Since the
experimental data are increased year after year, nuclear structure and decay
data were expected to be compiled in a computerized data file. Thus, the
evaluation work for ENSDF ( Evaluated Nuclear Structure Data File ) has been
developed under 1international cooperationw . It 1is a computerized file
designed to draw up the tables or the drawings of Nuclear Data Sheets. The
file 1is planned to be revised on a four—year cycle. The first cycle
evaluation has not yet been completed, but we can now get the partly revised
ENSDF twice a year. It will become the most reliable nuclear structure file
in a few years, and it is now widely used in nuclear physics and other
applied fields such as reactor physics.

In the present work, we produced a decay data library from the ENSDF of
1-81 version to calculate decay power and gamma-ray spectra to examine the
ENSDEF. We also performed the calculation with the modified library { JDDL )
in which the nescessary data for nuclides with no experimental data and
insufficient data were replaced by theoretically estimated ones. The
calculated results were compared with the experimental results and the
applicability of the ENSDF is discussed.

In section 2 the method to produce a decay data library from the ENSDF
is given. The calculations of decay power and gamma-ray spectra are
presented 1in section 3. The calculated results are given in section 4, The

discussions about the calculated results are given in section 5.
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2. Production of Decay Data Library

In the ENSDF, there are not only nuclear decay data set, but also
nuclear reaction and adopted levels data sets. We can pick up most of the
following data from nuclear decay data set in the ENSDF !

{ 1 ). Decay constants or half-lives,

(2 ). Qvalues,

( 3 ). decay types ( 8% , a etc. ),

( 4 ). energy states ( ground state or isomeric state ),

( 5 ). branching ratios of decay types,

(6 ). gamma-ray energies ( including X rays ),

{ 7.). gamma—ray intensities,

( 8 ). level energies,

( 9 ). beta—ray energies ( maximum energies ),

( 10 ). beta-ray intensities,

( 11 ). beta decay types ( allowed, first forbidden etc. ),

( 12 ). alpha-ray energies,

( 13 ). alpha-ray intensities,

( 14 ). internal conversion electron energies and

( 15 ). internal conversion electron intensities.

Most of these data are directly obtained from the ENSDF, but X-ray data must
be calculated by the gamma-ray intensity and the internal conversion
coefficient together with other data such as X-ray fluorescence yield,
specific X-ray energy and so on. They were taken from the data included 1in
MEDLIST? , which is one of the utility codes of the ENSDF.

Only the X-rays following the emission of the internal conversion
electrons were considered here, and X-rays following the electron capture
were not, because such X-rays have small contributions to the decay power.
In electron capture decay, the annihilation gamma rays due to positron

emission were taken into account.
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Intensities of K X-ray components ( K, , K,, and so on ) are calculated
by the following equation,

Ige, =k - @ - Ngx, o
where fx, wx, and Nxx, are the number of the primary vacancies in the
K-shell, the fluorescence yield in the K-shell and the probability of i
component of K X-ray normalized to E:Jﬁm‘ = 1.0, respectively. Here, fy 1is
given by

fk =1y - o,
where I, 1is the absolute intensity of the gamma ray and ay the internal
conversion coefficient of K-shell.

In the case of the -, M-, -+ X-rays, only the total ingensities were
calculated. The contributions of the secondary X rays following the
production of the vacancies of the lower shells were also considered.

Aﬁother problem arises for the treatment of the isomeric state when the
half-life of the parent nuclide is longer than or comparable with that of
the isomeric state of the daughter nuclide. In this case, however, the
gamma—-ray 1intensities in the parent nuclide decay are given in equiliblium
decay state. In calculating the decay power for short cooling time, the
isomeric state should be considered to be different nuclide from the ground
state. For this reason, it is needed to calculate the branching ratios to
the 1isomeric state and to the ground state. Furthermore, the intensities of
the gamma rays fed by the isomeric state must be subtracted from those in
equiliblium state.

In Fig.1, X; 1s the beta feeding ratio from the parent nuclide to the
i-th level of the daughter nuclide and T;.; the transition intensity ratio
depopulating Ithe i-th level to the j—-th level. They are renormalised to be
E:rxi = 1.0 and E:ijd = 1.0. The branching ratio to the uppermost level of
the daughter nuclide, level 6 in Fig.l, is expressed by the next equation,

})ﬁ :Xﬁr
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and the next lower level, level 5 in Fig.1, is expressed by,
P =X + P5~T545 »

and so on. Then the branching ratio to the isomeric state is
P =Xy + 2ooaP - Tim .

The branching ratio to the ground state is then
PP =) X — P

1.0 - P,

I

When the decay scheme shown in left-hand side in Fig. 2 is given, the
gamma rays from the isomeric state are contained in the parent nuclide
decay. Therefore, the gamma rays fed by the isomeric state should be
eliminated from the parent nuclide decay in the following way.

The energies and intensities of the gamma rays from the isomeric state
are denoted as 'E; ( 'Ey, 'E; etc. )and'I; ('Iy, 'I} etec. ) as in
right—hand side in Fig.2. These data are also included in the ENSDF as the
decay data set of the isomeric transition. The energies and intensities of
the gamma rays from the parent nuclide decay are denoted as PE; ( PE; ., PE,
etc. ) and PI; ( PIy, PI, etc. ). 'E; is equal to PE;, but 'I; is not
generally equal to PI; , since PI; contains all contributions from the parent
nuclide decay. We refered the typical gamma ray depopulating the isomeric
state having the energy 'Ey and the intensity fIy. Then, we compare a
gamma—ray energy and the level energies connected by the gamma ray in the
parent nuclide decay with those 1in the isomeric state decay. If the
corresponding gamma-ray energies and the level energies are equal, the
gamma-ray intensity PI;’ having no contibutions of the isomeric state is
derived by the next equation,

PIi" =PI; — (Plp /Lo )- 'I;.

By these procedure, we produced a decay data library. This library
includes the decay data of 1281 nuclides. The decay data in the ENSDF are

based on experimental work, thus the data for nuclides not measured by

— 4 -
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experiment are lacked in the ENSDF. We made up for these data as will be

mentioned in section 4.2. and produced JDDL library.
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3. Calculation of Decay Power and Gamma-Ray Spectrum

Decay power and gamma-ray specira were calculated for the instantaneous
burst of fissions by FPGS code® which analyzes build-up and decay of
fission products. In the case of the instantaneous burst of fission, the
cross section or the neutron flux data are not needed and only the nuclear
decay and fission yield data are required. The decay data were taken from
the ENSDF as mentioned in section 2. For the fission yield, the data of the
ENDF/B-IV © were used.

In nuclear fission, many fission products of which experimental data
{ half-life, decay energy etc. )} have not been known because of the short
half-lives are also produced in non-negligible yields. They decay to thé
nuclides with longer half-lives following the decay chain in a very short
time. In the calculation of decay power, such neutron-rich nuclides far from
the stability line should be taken into consideration and their beta and
gamma—ray energy releases are estimated by some theoretical model with
Q-values derived from mass formula. In the ENDF/B-IV, the vyield data are
evaluated including such nuclides. In the ENSDF, however, the nuclides
without the experimental data are not included. Therefore, the net
independent yield for the nuclides with no experimental data are transfered
into the cummulative yield of the first appearing nuclide in each decay
chain in the ENSDF.

The experimental data are usually expressed in a burst function f{t)
( MeV/sec ), which is defined as the rate of energy release at t sec after
fission burst. For the presentation purpose, it has become common practise
to illustrate the pulse function tf(t) ( MeV/fission ). The burst function
f(t) may be estimated from the data of finite irradiation time if the
cooling time is measured between the midpoint of the irradiation and the
counting interval,

Te =T, + (T, + Tet >/ 2,

__G_,
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where T,, T,, and T._;t are a waiting time from the end of the irradiation to
the begining of the counting, an irradiation time and a counting time,
respectively. The deviation from the exact value may be small if

Tw>>Tf+TCt'



JAERI-M 83-016

4. Calculated Result
4.1, Calculation with decay data of the ENSDF only

The results of the calculated decay power tf(t) for 25U  thermal
fission are shown by a dashed line in Figs.3 - 5. The experimental data
which wefe taken from the paper by Dickens et al.” are shown by open
circles with error bars.

In Figs.6 - 13, the calculated gamma-ray spectra at various cooling
times after fission burst are shown. The dashed lines are the calculated
spectra and the triangles with error bars are the experimental spectra which
are taken from the tabulated data in ref. 8). The original data are given in
unit of photons/MeV/fission on a pointwise basis. We converted the data to
be in unit of photons-MeV/fission by multipling the photon energy and the
energy 1interval between the successive data points as used by LASL ( Los
Alamos Scientific Laboratory ) group'? . Because, by using this unit, the
integral of the spectrum thus obtained is proportional to the decay power
tf(t), and we can examine both gamma decay power and gamma-ray spectrum on a
same basis.

As shown 1in these figures, the calculated decay power and gamma-ray
lspectra are considerably underestimated at short cooling times after fission
burst. Especially for the gamma decay power, the discrepancies are large. At
long cooling times, however, the agreements are improved for the decay power
and the gamma-ray spectra except for high energy part.

The similar treatment was applied to the estimation of %Py thermal
fission. The results are shown in Figs.14 — 24. The experimental data were
2351,

taken from ref.9) and 10). The similar features mentioned above for

thermal fission are seen in these figures.
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4.2. Calculation with modified decay data library ( JDDL )

The calculated decay power and gamma-ray spectra using only the ENSDF
data were underestimated by comparing with the experimental data at short
cooling times ( < 10° sec ). To search the cause of these discrepancies we
compared our decay chains and the average energies per decay with the JNDC
library'” which was estimated by Working Group on Evaluation of Decay Heat
of Japanese Nuclear Data Committee and was successfully used for decay power
calculations.

Examples of the decay chains for mass number 66 — 74 are shown in Figs.
25 - 26. In Fig.?5 the decay chain diagrams from the ENSDF and in Fig.26
those of the JNDC library are shown. From these figures, it is found out
that the decay chains from the ENSDF are generally shorter than those of the
JNDC at neutron-rich side. The decay data in the ENSDF are based on the
experimental work. Thus the data for nuclides with short half-lives which
are very difficult to be measured by experiment are lacked in the ENSDF.
However, the fission products include many neutron-rich nuclides with short
half-lives of which data are important for the decay heat calculation
because of the non-negligible fission yields. These data are estimated by
theoretical model in the JNDC library and the decay chains are extended
longer at neutron-rich side. When we added those estimated data in the JNDC
libtary to our decay data library, the calculated values for 25 and #9py
thermal fission are rather improved as shown in Figs.27 — 32. Especially the
calculated beta decay power agreed fairly well with the experimantal data
within the error bars. The gamma decay power was, however, still
underestimated at short ccoling times.

In the JNDC library the average energies per decay of 87 nuclides with
large Q-values ( >5 MeV ) are also replaced by theoretically estimated
values, even though the experimental data are exist, since the data for such

short—lived nuclides are often not so reliable at the present stage”) . They

49._
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are shown in table 1 teken from ref.11). We also replaced such data and
produced JDDL library. In Figs.33 — 38 the calculated results vith the JDDL
library are shown. The agreements with the experimental data were further
improved. However, for the gamma decay power, the calculated results are
overestimated for 2®) thermal fission at 10° to 10* sec cooling times and

underestimated for Z%Py thermal fission at short cooling times.
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5, Discussion

In Figs.39 - 44, the comparison of estimated values of decay power
between the JDDL library, the JNDC library and the ENDF/B-IV for 23517 and
28py  thermal fission and their C/E values ( the calculated value devided by
the experimental one ) are shown. For the beta decay power of 2¥U and
2¥py , the present results are slightely larger than those with the JNDC
library. But the C/FE values are within + 10 % of 1.0 and these results are
expected to be acceptable. The results with the ENDF/B-IV are very different
from the experimental data for beta and total decay power. For the gamma
decay power, in the case of 2351 thermal fissipn, the present results are
smaller than those with the JNDC library. Howeveri at long cooling times (
> 10? sec ), the present results are more close to the experimental results.
The data in the JNDC at these cooling times are considered to be
overesﬁimated. In the case of ¥%Py thermal fission, the present results are
underestimated at short cooling times. This feature is also seen for 235y
thermal fission. The data of the nuclides with short half-lives in the JDDL
library may not be satisfied yet.

In the JDDL library, the fission yield data of the ENDF/B-IV are used,
but in the JNDC library, the most of the independent fission yield data are
taken from the compilation by Rider and Meek'® and newly calculated data
are also included. The study on the influence of such different yield data
on the decay power may be needed to understand the discrepancy.

For the gamma-ray spectra. we could not compare with the other library.
Because there are no spectral data in the JNDC library and the ENDF/B-IV. At
short cooling times, there is a problem how to estimate the spectra for
nuclides with no experimental informations. In the present work, only the
nuclides with experimental data are taken into account. Thus, at short
cooling times, the calculated spectra are underestimated. Then for the

calculation of the gamma-ray spectra it may be needed to estimate the
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gamma-ray spectral data of nuclides with short half-lives by theoretical
model. If the spectral data may be obtained by theoretical model, further
understanding for the decay power will be acquired.

In conclusion, the decay data from the ENSDF at present status are not
directly applicable to the calculation of decay power and gamma-ray spectra
at short cooling times ( < 10® sec ), because the calculated results are
inevitably underestimated. One reason is lack of the necessary experimental
data in the ENSDF, which are important because of their non-negligible
yields, but are very difficult to measure due to their very short
half-lives. It leads to insufficient decay chains for the present purpose,
Another one is existance of a lot of nuclides with insufficient experimental
data, especially those with high Q-values. In this case, the average
energies per decay should be estimated by theoretical mcdel as mentioned in
ref. 11}, Compensating the ENSDF with the theoretical values, the
experimental data are reproduced by the calculation except for the spectra
at short cooling times. At long cooling times ( > 10° sec J» the decay data
of the ENSDF at present status are sufficiently applicable,

The partly revised ENSDF would be obtained twice a year. As progressing
the evaluating work, the data file will become much applicable. However, it
is very difficult to measure the decay data of nuclides with short
half-lives by experiment. Then the direct application of the ENSDF to the
calculation of decay power and gamma ray spectra may be limited. Thus some

kinds of estimation may be needed on the decay data of nuclides with short

half-lives,
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Table 1 Comparison with Experimental and EBstimated Values of Avarage Dacav
Enargies for Nuclides with Qe > 5§ MaV

EXPERIMENT ESTIMATE
NO.  NUCL. WALF LIFE Q-BETA EsTUTAL E~BETA €-GANKA E=TOTAL E-BETA f=GAMMA
{SEC) (HMEV) {MEV) (MEYY {MEV) {MEV) (MEV) (MEV}

1 cu &8M  2,25000n+02 5,3si0 1.167% 0,188% G,07%1 1.1530 00,1970 0,9%8u
2 CU 70M  &.60000De«01 o,.3100 4,.5071 1.57%8 2,912 3.8170 1.6%¢0 2.14790
3 cu o &.500090+00 6,1700 3, 1447 2,9088 00,5759 2.992¢ 2.0970 0.2950
& G Te 4.95000N+02 5,4000 ®,0724  1,0265 3,079 1. 4890 11,2880 2.49010
5 GA 78 2.710000+01 4.7700 %,597% 1.,8081 2.7929% 4.2420 1.7460 2.898Q
6 AS ARG 1.659000.01 5.7000 2.9287 2.3200 o.%086 2.7389 2.479Q n.2590
7 GE 81 1.0610000+01 5.,8000 2.4061 2.%9%98 .113F 3.0070 2.1260 0.881g
B A5 AQm  1.300000e01 7.4000 $.0172 1.89%68 3.1646 &,7170 1.9%4g 2,763
9 AS B2 2:100000«01 7.4000 3.7299 3.25%4 p.a7es o, %40 [.9900 2.9549
10 AS A3 1.410000«01 3.4800 64,0071 1.2556 2,754 2,9930 22,0000 0.993¢
11 AS A& 5,800000+00 9,5580 5.5%649 3,v8¢3 |, 575¢ 4.2390 2,8340 3,405¢
12 SE 85 3.28900N«01 6.1u00 3.ve827 1.7038 2.2390 4.018y 1.53p0 2.388¢
13 SE 88 1:870000«01 S.1000 3,4952 1.1468 2 3485 3.3140 1.3500 1.%640
14 BR 88 5.570000+01 7.3900 $,.8771 1./377 5,839% 4.8830 1.9%70 2Z.9368¢
15 S& A7 S.sg0000«00 T.2700 4.4320 Z.4920 1.9600 &,7230 2.0790 2.648)
16 WR A7 5.560000s01 6.5000 55,3982 1.2629 3,8553 &,225¢9 1.813¢ 2.%10¢
17 SF 88 1.53g000«00 7.0000 &4.1005 2.38099 1.7:19% 6.1200 2.4060 1.7189
18 BR 88 1.430000.01 B8.6000 5.0748  2,86177 3,9572 S.,6840 2.4560 3.2109
19 RR R8 1.06800003 5.30%p 2.7275 2.0911 0.68364 3.6870 1.1930 2.4940
20 BR 9 1.920000+00 L0.3300 5.5218 &.3885% 11,1333 6.7510 3.0890 }.6420
21 RRA 9gmM  2.58000D+02 O6.%07p 4,0392 11,2888 33,5503 4.2100 1.5e4p 2.00849
22 RB 9p  1.530000e02 5.3600 4.0516 1.887% 2,164} 4.3300 1.5710 2.7%%0
23 xR 91 4.5700Q0e00 6,2000 3,7231 1.¥%03 1.7331 3.6729 2.0%50 1.6179
26 RM 91 5,82000De01 5.7000 3.7347  1.5157 2.2191 3,7720 1.4780 2.2980
25 KR 92 1.85000D+00 6.0800 5.12%% 2.4086 (.7188 3,3400 2.2620 1.G78¢
26 RR 97  &.500000+00 7.7700 3,7556 13,4895 (,28%99 | &.6220 2.8560 1.56689
27 KR 93 1.289000«00 8.70600 5.1672 2.8899 2,2772 5,480 2.7270 2.7%70
28 RB 93 S,820000+00 7.e500 “.11061 2.7167 1.393a 4,B220 2.1470 2.6750
29 SR 95  2.644000Ne01 6.090C0 3,296 2.2653 1.0317 4,0350 1.,5830 2.4420
50 SR & 1.015%0G009 5.3800 Z2.8827 §.97548 0.9119 2.9210 1.962¢ 8.9590
31 SR 47 «.srgoon-al  7.2000 .027)1 2.562¢ [.4850 4,.1040 2.A0%0 1.5010
52 ¥ 97T% 1.130000+00 7.3480 #,2122 2.%4020 1.8102 “,19%¢ 2.6830 1.472y
33 ¥ 97 3.70c000+00 6.6700 3.96%2 2.151% 1.8137 5.703%0 2.e720  1.23i0
36 RB 98 1.080000-91 i0.A5¢e 5.0080 3.5139 1.25#2 4.0365 3.7110 2.9230
3% 5R 98 &.600000-01 5.R100 2.7066 2.5348 (,l69R 3.1900 2.1390 1.0510
$6 Y F8M 2.00006De00 9.0800 5,/887 2.6783 3.1054 5.58%¢ 2.98%0 2.5960
37 ¥ 98 6.50c000~01 A.%800 4,7%9%  3.%453 p.Bta0 5.2570 3.7140 2.0410
8 v 99 f.40000Den0  6.3900 2.97860 2.4823 (.4938 3,5220 2.3750 1.1470
49 zZR1D1 2.40000D200 5.9000 2.8498 2. 4984 0.3530 3,2510 2.31600 1.091u
40 TC1o% L-09260140Y  5.6200 3,5180 1.67%A 1.8422 3.9220 1.2640 2.6780
4] MR10S  3.8700CN.01  5.4000 2.4108 2.2554 g.154¢ 3.6550 1.2900 2.365¢
«? TC108 5.00000N+00 B.0000 4.0942 3.2938 0.800% S.2620 2.764%0 2.9930
3 RKI1OM  2.85000Nne01 5.4000 3.30%8 [.353&  2,212% 3,006 2.2370 0.777¢
a4 RR]1190 3,000090-00 5.4000 2.%306 . 2.3839 p.0541 2.6880 22,7020 0.%860
% AGll4M 1.04000D+01 ~.3120 3,0176 1.¥355 1,0821 3,356y 2.3130 1.0e3y
“t  AGLl16 1.408500M+02 A,.1000 3.9901 2.7232 0.8668 «.2220 t.3%70 2.B250
47  AGL1dm  2.000060+00 7.128¢C 1.95%1 0./924 1.1627 1.5l 0-789)0 0.5%2¢
48 AG118 3.76000n+00  7.0000 3,86%7 2,538 1.3289 5,%490 2,5150 1.4340
49 AG122 %.800000=01 9,1700 “.,B156 3,0970 1.118% 5.5590 3.04A0 2.5110
50 [N122M 1.00000D+01 6,.5900 3.8522 1.9173 11,7349 3.4220 2.4230 1.499¢
51 IN122 1-500000+00 &,5100 3.9955  2.737¢ 1.,23582 L. A0S0 P.3630 1.2429
52 IN124M  2.40000n+00 7,33%00 4,.5064 2.2336 2,2728 4,2190 2,5580 t.e81¢
53  IN1D4 3.721000N«00 7.1400 4.1991 2.3328 1.8882 4.0800 2.5100 11,5700
S&  IN12%M  1.22000De01 5,4000 2.2852 2,8514 0.1334 35,4980 1.5600 1.8360
5% INI2S .2.32000D00 5.4800 3.1008 1.8074 11,2934 35,0170 1,9370 11,0800
5a INJ26m  2.10000Ne00 B,2100 4,.1259 V.4682 0.6597 &.8710 2.7740  2.0970
57 IN128 1.53000D¢00 &,0000 4. V960 2.4682 2.225%7 4,760 2.7350 2.026¢
SR INE27M  3.78000NeCE 6.A500 1,221« 2.7947  0.4247 3.918¢ 2.191¢ 1.7270
59 IN127 1.30000D+00 &,4900 5.9980 2.178%5 1.%177 3,09%0 2.2520 1.%4430
60 IN12BM  5.40000De00 9.3900 6, 4%546 2.49]s 33,9631 6.1910 2.06340 3,5570
41 IN12H  8.400000-01 9.3100 6.9181 3.3628 33,1553 5.8820 3.0690 2.63%
82 INI29M  2.500000«00 7.R000 3,64898 3.2930 (.1968 5.5020 ?2.15%C 2.9470
e} [x129 9.990000-01 7.6000 4,2878  2.84574 1.8104 6, 4400 2,5880 1.8s19
64 INIVQD  S.76000ND-01 9.4000 5.5688 3,1277 2.2404 5,7560 3,0630 2.8930
85 INLS1 2.700000-01 86,0000 4.2296 2.2892 1,%404 «.7260 2.7070 2.,0170
66 SN13LM  6.100000e01 5.0300 Z.9016 1.1688 1.8328 3,4890 1.09R0 2.3910
47 IMLB2 1.3g000n=-01 9.8000 7.0172 2.2392 &.7779 6. 0540 3,15%R0 72,8980
68 SB132 1.6A0000+02 5.4000 3.1719  1.1976 2.97a3 31.925% 1.1970 2.7280
69 5N133 1.470600«00 7.2400 3.48645 31,0993 ¢, 3852 .2710 2.%100 1.8810
10 SBL3sM  1,040000«01 B.4000 5.1622 3.1339 2.02&2 5.9560 2.2840 3.2/29
71 5B134 8.580000~01 A.4000 3.8441 3.8441 0.0Q00 5.0379 ?.7810 2.258¢
12 TEL3S 1.92000N«C1 6.2000 3.1299 2.%439 g.085¢ 4.1%20 1.%32¢ 2.6209
73 1 136M  &.48000Ne«01 T7.0000 4,3073% 2.30%2 2Z.0021 4,7920 1.7800 2.9429
T4 1 138  8.,51000001 7.0000 @.5202 2.0562 2.%5640 &.7020 1.7800 2.9420
% 1 157 Z.45000N~01 5.5000 2.7211 1.9721 Q./7490 3,.7320 1.2720 2.4800
76 C51%8M  [.72000De02 5.4208 0.928% D0.4014 10,5277 1.0140 ©6.28n0 0.7340
I7T 5134 1.932000+03  5.3400 3.5789  1.2476 2,.3314 3.78%0 1.049¢ 2,8H00
7R XELRQ 3.950000«01 5.0200 2,8201 1.73%0 0.B351 3,2410 1.7070 P.2390
f9 CS140  &6.37000001 6.i700 5.9879  1,/518 2.24181 “,2200 1.%29¢ 2,791y
80 XELal 1.730000«00 6.1500 3. a0pe 2.3649 1.035% 3,.5370 2.04RQ 1.4890
#1 (5141 2.499000«01 5,:1v00 2.75%7 2.48A7 g, 0409 J.4110 1.278¢ 2.1350
82 XEla2 1.24000000 5.0400 3.03868 1.8488 1.1920 2.73%0 1.7580 0.9770
83 (5142 1.71000n«00 7.2800 6,4356 2.6237 3 .B119 &, 2380 2.04690 1.7B70
d44  LALbe #.,21000D+0]1 5.5000 3,101% 1./87% 1.s138 3,290 1.3380 2.091¢
8% LAL4s  B.500000e00 5.3000 3,1771 2.4593 0.717R 3.85270 2.1820 1.3e%0
46 LA1eB 1.290000+00 6,35000 3.0185 Z./429 0.875% 3,5360 2.1750 1.3e10
87 PAISG  4.20000N+00 5.7000 2.5743  2.3121 0.2622 T.0930 2.0170 1.,0780

footnote ; This table is refered from ref. 11},

— 16—



JAERI-M 83-016

Parent nuclide
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level §
X
P |Teoh  [Tos
Pt = X;
Ps == X5+P6T6~}5 : ) 4 13\761 5
4 é 5 X
PP=X,+ P Ty, s+ P°Ts 44 T4 | To—es
:X4+ZPiTi__>4 Xa + L
f>d
Xz Ti—s
Pi=X,+3P' T,
YOS e ‘L ¥ level 3
Ty 2 |Tsoz
X, 4 k4 level 2
\ Tz

= ground

daughter state
nuclide {Level 1)

Fig.1 Schematic explanation for the calculation of the branching ratio. The
daughter nuclide has the isomeric state. The branching ratio to the

isomeric state is calculated from the decay scheme.

Parent nuclide

\I
5
X ' Eip _ E,t
t
\X4 Iip == I
Y Y isomeric isomeric
Xs state t ot Lot state
\ E’, 1} Eq, 15 E;. I, Eg. 1o
hd v N
\XZ EP, 13 BL 1
Jr v v +
tot
Y(l Ej, 15 Es, I
~— ground Y — pround
5~ — Decay state I someric state

Transition

Fig.2 Schematic explanation for the gamma-ray intensity. If the daughter
nuclide has the isomeric state, the gamma-ray intensity of the
daughter nuclide is derived by eliminating the intensity of the gamma

ray through the isomeric state.
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Fig.6 Camma-ray spectrum at 2.7 sec following 2P thermal fissiocn. The
dashed line is a calculated spectrum with decay data library from only
the ENSDF data. The triangles with error bars are the experimental

results by ORNL.
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Fig.7 Gamma-ray spectrum at 17.7 sec following Z°U thermal fission. The
notations are the same as in Fig.B.
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251 thermal fission.

notations are the same as in Fig.6.
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notations are the same as in Fig. 6.
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Fig.12 Gamma—ray spectrum at 2750.0 sec following U thermal fission.
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Fig.!7 Gamma-ray spectrum at 2.7 sec following ®Py thermal fission. The

notations are the same as in Fig.B.
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Fig.18 Gamma-ray spectrum at 17.7 sec following &%y

notations are the same as in Fig.S.
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Fig.19 Gamma-ray spectrum at 30.2 sec following ZPu thermal fission. The

notations are the same as in Fig.6.
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Fig.20 Camma-ray spectrum at 100.2 sec following 28py,  thermal fission.

notations are the same as in Fig.5.
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Fig.21 Gamua;r-':.ay spectrum at 500.5 sec following Z°Pu thermal fission. The

N

notations are the same as in Fig.6.
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Fig.22 Gamma-ray spectrum at 1000.0 sec following 2°Pu thermal fission. The

notations are the same as in Fig.6.
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Fig.23 Gamma—ray spectrum at Z700.0 sec following 2¥py; thermal fission. The

notations are the same as in Fig.8.
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Fig.24 Camma—ray spectrum at 9000.0 sec following 2®Pu thermal fission. The

notations are the same as in Fig.86.
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Appendix A. Data Description of the ENSDF®

The Evaluated Nuclear Structure Data File ( ENSDF )is made up from a
collection of "data sets®, each of which describes the results of a single
experiment or the combined evaluated results of a number of experiments of
the same type.

A data set is composed of records ; each record is made up of one or
more card images. A data set must begin with an IDENTIFICATION record and
must end with an END record ( a blank card ). Between these two records,
there are as many additional records as are needed to describe fully the
experiment or the evaluated data set as shown in Table A.1.

Immediately following the IDENTIFICATION record is a group of records
vhich contain information about the entire data set. The NORMALIZATION{ N ),
Q-VALUE{ Q ), PARENT( P ) and general COMMENT( C ) records are of this type.
The body of a data set is composed of numeric data records which describe
the measured or deduced properties of levels, gamma rays, alpha particles,
etc.. These records are associated with the level which decays { for GAMMA
records ) or the level which is populated ( for B-, EC or AIPHA records ).
Thus, each LEVEL record is followed by a group of records describing
charged-particle decay into the level and gamma ray decay out of the level.

If a GAMMA record ( or ALPHA or B+ or B— ) properly belongs in a data
set, but it cannot be associated with any paticular level, then the record

should be placed in the data set hefore any level records.



200AU
ZQUPT P
200AU N
2CUAU. CN
2UG0AUZCN
200A0 C8
200aAay2C8
200a4 C
200A0 Co6
200AU2CG
2G0aU
2c0Aauz
200au
200AUL2
200AU
20GAaue
20CAU
200AU2
200AU
200Ay
20Gau2
200AU
200Au
200ausz
200aA0
200aUe2
c00ay
20uaAy
eGGayz
20G AU
200au2
2C0ay
200AU
200aUz
200au
c00AU2
200AU
200AULE
2C0AU
200Aay2
200AU
. 200AU
200Au2
200auU
¢00AU2
200AU
2004U
eUbAau2
20CAY
20GAUL
200auU
20CAauz2
ZU0AU
20GaUZ
20CAU
200AU
20Cade
c0Cau
cU0aue
20GAU
2C0AuZ

mcnmmu*wrc.':c*rnc'.mmmmr*mmwmr-c‘lmmmmmanmr‘mmmwrmmmu‘r—mmr'mrnmmmmmo
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Table A Example of the ENSDF Data Set

200PT 3~ DECAY ToH1CE T9012¢
G G+ 12.5 H SY
0.01324 12 l.0

NR FROM RI(Z227G)=2.07% BASED CN 2CGPT-2CCAU EQUILIBRIUM SOURCE

MEAZUREMENTS OF TEHIZW AND THE ASSUMPTION GF 79% B- FEEGING T0 2C0HG 6S

IB THE INTENSITIES wERE CALCULATED ON THE ASSUMPTION THAT abL

THE GAMMAS ARE M1;
198PTI1T,P) PRODUCED 200PT,

M B-

THEY SHOULD B2 CONSIDEKED TENTATIVE
GG COIN GE(LI} (756MICH).
IS eXPECTED TO FEED C~= AND 1~ LEVELS IN Z20Cau;
THEXEFUGREs MOGST MULTIPCLARITIES SHOULD BE PREGOMINANTLY M1

18.0

25.21 & 10.2 10 IF Ml
LC= 59.7 ¥MC= 12,78 *
212.61 c9 1.3 5 IF Ml Q.889
KC= (0.73C ¥LC= C.1215 ¥MC= C0.0281 En+=0,0C883
2l8.17 21 2.5 & [IF Ml G.827
KL= (.680 #LC= C.113C IMC= (l.izsl EnNe=ULLC0H2L
251446 2 4.8 8 IF M1 G558
Ke=  (C.459 BLC= CL.0T61 #MC=U. 01760 EN+=0C.0L521
c 1=~
i% & £.ET1Y
EAV=  218.47 +
59,94 (Crlvai'
1 LT £4C16T
Eav=  197.09 ¥
L. 00 4 172 10 [F Ml . Ea01
. LC= 46U $MC=  1.069 EiN+= (L2328
76 .21 (Geleed~ .
46 5 - Beil &
EAV= lyla.37 *
Toecl 5 1CQ0 IFr Ml 2e9¢C
S LC= 2.28% M= 0,53C #N+= C,.lb6T74
ICz.55
to2 16 T.0C &
EAV= lz1l.75 *
27.48 ¢ de9 9 IF m} 6C. 4
Ll= 4b.2 ML= LC.566 ¥
43.b7 4 53.9 4 IF M} 15.21
LC= 1l1.69 IMC= ZeT2 +
163.60 9 T6.7 41 IF Ml Gefl
KL= 5.59 L= C.937 M= QL2179 #N+= C.L694
i66. 00

cAV=  1aC.26
i6e.00 24
KL=  l.4%8
£29.5%4

EAV= 135,51
135,94 15
C= 2e57
179.40 19
KC= 1l.,16Yv
239.586 16
«C= (.525
43,58

EAv= 134,17
la 0.0y £1
XC=  2.253
16t.27 1
Ko=  l.428

C.ét 20 E.0T19

H

28 4 IF M1 L7777
$:LC= C.243% ¥MC= C.L564 EN+=0,01786
(0y1)~
12.9 15 Gebs &

*
242 14 IF M1 3.14
#LC= U.431 IMC= (.0996 EN+= Q,0217

3.5 &6 IF M1 led2a
LGS UL.l958 EMC= (.(L4S2 AINe=(L,01431

5.y 8 IF Ml Get3E
ELC= L.0871 IMC=L.02013 ENe=C . LLAKAL

Ced LT HLLHGT

Iy

54 €3 IF #1 2.8E
$LC= {e3%S iMi= (L9155 IN®= (.le%l

28 4 1F Ml 1.725

$L0= {L.z2382 sMC= L.Ce8]

EN+=C 01745



