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AUGMENTATION OF ENDF’B FISSION PRODUCT GAMMA-RAY
SPECTRA BY CALCULATED SPECTRA

by
J. Katakura and T. R. Encland

ABSTRACT

Gamma-ray spectral dat» of the ENDF/B-V fission product decay data
‘_!: }‘: e ‘:?:': :_m“"'“’lbﬁ'lbﬂé 318:6(1@(\,}'313';}{0 ’m_;&mﬂfﬂ@{f\p‘\.\nuunl MIC GULIVGUALLLT
formed with a model using beta strength fu. .ctions and cascade gamma-ray
transitions. The calculated spectra were applied to individual fission prod-
uct nuclides. Comparisons with several hundred measured aggregate
ganma spectra after fission were performed to confim the applicability of
the calculatel specira. The augmentation was ertended to a preliminary
ENDEF/B-VI file (Appendix A), and to beta spectra (Appendix B). Ap-
pendix C provides information on the total decay energies for individual
products and some comparisons of measured and aggregite values based on
the preliminary ENDF/B-VI files.

I INTRODUCTION

Aggregate gamma-ray spectrum of fission products (FP) after fission of a fissionable nu-
clide is a summation of the spectra of individual FP nuclides. In order to understand the behavior
of the aggregate gamma-ray spectra, it is necessary to hnow the spectrum of each individual FP
nuclide. However, there are many short-lived FP nuclides whose spectra data have not been mea-
sured at all or that have heers only patially done. 1t -ve apply such spectra to the calculation of the
aggregate ones, we wili obtain an underestimation of the spectral valucs.

This situation has been recognized in the work on decay heat after fission! that uses aver-
age decay energy values. The gamma-ray component of the clccay heat calculated by using the av-
erage cnergy values derived from measured yectra data usually underestimates the measured decay
heat values. To reduce the underestimation, theoretically calculated average energy values are
adopted for nu clides with no measured spectra data and those considered to have partially mea-
sured ones. The calculated energy values have reproduced the measured decay heat values well;2
however, the evaluation work has focussed attention primarily on the average energy values.

Recently an attempt to adept the theoretical calculation to gamma-ray spectra of FP nuclides
was tried.3 In this attempt the calculations were performed for 32 "typical” FP nuclides character-
ized by mass (light and heavy), cven-oddness of protons and neutrons and four Qp values (4,7, 9,
and 11 MeV). The "typical” spcctra were applied to nuclides with partially measured spectra data,
as well as those with none, for calculating the aggregate gamma-ray spertra. The resultant spectra
showed fairly good agreement with the measured ones.3



A 2 nenntam ar o lGENREMA-V file cpntaing the FP data for 877 total nuelides. Of these, 70, nuclides 248, mav cns

The cvaluaied . 'ear data file (ENDF/B-V) has not contained such theoretical spectra data;
these are particularly aprlicable to the prediction of the aggregate eumma-ray spectra at short
cooling times after fission® because of the absence of imeasured spectra data of short-lived
nuclides. We triad 0 apply the calculated spectra to augmeni the ENDF/B-V line spectral data. It
~as felt that the set of spectra calculated for individual nulcides would provide better applicability
ot the specira to the aggregate spectrum calculation than would the "typical” ones. We prepared the

cuiculated spectra of the individual nuchides, taking into account the character of each nuclide, e.g.,
mass, Qp values, etc.

unstable and decay to another 1+ clide. Al' of the nuclides have average decay energy values for
decay heat application but only 248 nuclides have gamma-ray spectral data. It is understood, how-
ever, that some o them may suiter from a problem of missing gamma rays. Therefore, we calcu-
lated the spectra of all B- decaying nuclides in the ENDF/B-V file. (Electron capturing and/or §+
decaying nuclides are ¢ »nsidered unimportant for the calculation of the aggregate spectra due to
their low fission yields.) The calculated spectra amounted to 633; they were used to augment the
line spectra contained in the ENDF/B-V file. In the augmentaticn, the average decay energy
values, which give a good prediction of the decay heat, were taken into account so that the
augmented spectra reproduce the average when the spectrum integration is performed.

Calculations of the aggregate spectra using the augmented data were completed and
compared with the data measured at the Oak Ridge National Laboratory,> the University of
Tokyo,5 and Los Alamos National Laboratory? to confirm their applicability.

In Sec. 1I the calculation of@he gamma-ray spectra is presented; Section III discusses the
augmentation by the calculated spectra, and Sec. IV describes the calculation of the aggregate
spectra after fission. The comparisons between measured aggregate gamma spectra and the calcu-
lated ones are described in Sec. V, followed by a summary of the entire project in Sec. VI.

In addition, we have augmented a preliminary (September 1989) ENDF/B-VI file, as sum-
marized in Appendix A. Finally, the beta spectrum also has been augmented in ENDF/B-V, as
seen in Appendix B, and the preliminary ENDF/B-VI are also augmented in the same way as
discussed there. Appendix C provides some comparisons of aggregate calculations and other
information on the preliminary ENDF/B-VI file.

This effort was initiated in order to provide essentially complete fission product spectia for
ENDF/B-V and -VI. The files will delineate cases in which theoretical data are partially or entirely
in use.



I1. CALCULATION OF GAMMA-RAY SPECTRA

We used the Gross Theory® of beta decay and a cascade gamma transition model3 for the
spectrum calculation. The Gross Theory was employed to calculate the initial level population of a
daughter nucleus fed by beta decay. In general, the calculation of the beta strength function of a
nuclide needs a detailed knowledge of nuclear structure. Nuclear structure information, however,
has not been satisfactory for predicting the strength function of all nuclides because nuclear
properties are often experimentally incomplete. The Gross Theory, on the other hand, deals with

nauon aeey SEriain average properties of bet#decay_and does not require the detailed knowledge of an
individual nuclear state. A brief summary of the theory (based on papers by Takahashi, Yamada,
and Kondoh38) follows.

In the Gross Theory, the summation over final nuclear states appearing in beta decay equa-
tions is replaced by an integration, and nuclear matrix elements specifying the transitions are ex-
pressed by sume simple functional forms whose parameters are evaluated by sum rules and the
average properties of beta decay. For example, the total decay constant of the Fermi transition is
expressed as follows:

0
- _I_J' g, 1 ¢ 1M, (Ep)I” ¢  (-Eg + 1) dE,, )
L

where the symbol €2 stands for type of beta decay such as Fermi and Gamow-Teller, f is the inte-
grated Fermi function, and gy, is the coupling constant. In this expression, the summation over the

final nuclear states is r2placed by the integration with respect to the level energy Eg. The |MQ(E8)|2
is a strength function and is the average of squared matrix elements multiplied by the final level
density. The model of theGross Theory expresses the function as

Emax
2 _ dn
IMn (Eg)l = I Dn (Es,e)cW (Es,r) & de , 2)
l"min

where € is a single nucleon energy of the decaying nucleon in a daughter nucleus, % is a nu:nber

density of nucleons, and W(E,g) is a weight function that reflects the degree of vacancy of the
final states. The function Dg(Eg,€) is a single nucleon contribution to IMQ(Eg)I2 in the absencc of
the Pauli principle.

The properties of Do(Eg,e) were studied by sum rules and trial forms were examined.
Based on the cxamination,® a modified Lorentzian shape is used on our calculation.



For the allowed transitions, Fermi and Gamow-Teller transitions are considered and the
strength function of total beta decay summed over them,

2 2
Sp® = Ziggle IM B . 3)

Once the strenzth function, SE(E), is determined, the level population density by beta feeding,
b(B), is given Ly

(P2 o 1N £~ svn I e 2N N [ 21N -

- 2 AN
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where f is the Fermi function and Ty, is a half-life of beta decay.

After determining the level population density, gamma transitions are treated as successive
de-excitation from higher levels and the level population density is changed to be a summation of
that by beta feeding and by the gamma de-excitation.

Emex :
P(E) = b(E) + I P(E) G(E' - E) p (E) dE’ (S)
E

where G(E'-E) is a probability of gamma emission and p(E') is the level density of the daughter
nucleus.
The intensity of the gamma rays, then, becomes

Eﬂl“ Eln.x
&) = [ a8 [ dB" &E"-E'-E) PE") GE"-E)p(E) . ©)
0 E
Q

The probabhility G(E) depends upon the type of the gamma transition, such as E1, M1, E2, etc. In
our calculations, we take the assumed El transitions. In this case, G(E) is expressed as

GE) = E’+ S, (B) , M

where Sy (E) is the gamma-ray strength fiunction. We used the strength function proposed by
Brink? and by Axel!0 and the level density based on Gilbert and Cameron.!!

In the frame of the Gross Theory, a parameter Qqg (introduced to take into account the
effect of the selection rules applied to decays to low-lying states) plays an important role in the



calculation of average decay energy values.!2-13 In the calculation of the gamma-ray spectrum
based on the present model, however, the introduction of a non-zero value to the parameter
produces a discontinuity in the energy of the Qpo parameter (see Figs. 1-4). To avoid this
discontinuity, we have used a value of zero for the calculation of the spectra.

Using the above procedure, the gamma spectra were calculated for all 3- decaying nuclides
in the ENDF/B-V file. The calculated spectra have an energy bin structure of 10 keV, and the
energy spectra were normalized to 1.0 (the ENDF/B-V spectra is truncated for some nuclides and
may not integrate to 1.0).

Examples of the calculated spectra are shown in Figs. 5-8 for nuclides with high Qp values.
in these figures the "typical” spectra (used in Ref. 3) are also shown. As seen in these figures, the
“typical" energy spectra are softer than those currently calculated. It is expected that the
enhancement at about 2 MeV (again, in Ref. 3) should be depressed.

The calculations of the aggregate spectra using the present calculated spectra for all B- de-
caying nuclides are shown in Figs. 9-12, together with the calculations for the ENDF/B-V spectra
data and the measured aggregate spectra of 235U and 239Pu thermal neutron fission.5 The calcula-
tional method of the aggregate spectra will be described in Sec. IV. The measured data were taken
from Dickens et al.> Figures 9 and 10 illustrate 235U fission and Figs. 11 and 12, the 239Py fis-
sion. Figures 9 and 11 cover the full energy range of the measured spectra, while Figs. 10 and 12
show the low-energy part up to 2 MeV. It can be seen from these figures that the calcuiations with
only the ENDF/B-V spectra underestimate the measured values for the full energy range.
Alternatively, the calculations using only the present calculated spectra {GT (Gross Theory) spectra
only] show overall agreement with the measurements except for the detailed fine structure and the
overestimation seen at energies between 2 and 3 MeV.

III. AUGMENTED SPECTRA WITH THE CALCULATED ONES

It is important to decide if the spectrum should be augmented or not i the cases in which a
nuclide has a measured spectrum. A definitive means for making this decision does not exist.
However, the a\ erage decay energy set, which gives a gond prediction for the many temporal val-
ues of decay heat after fission, can be used as an accurate measurement of the defective spectr.-.:.
It is lnown from decay heat studies that some of the avsrage energy values derived from the mea-
sured spectra data show an underestimation of gamma-energy values due to missing gamma rays.!
This means that the gamma-energy value based on the measured spectral data is smaller than that
which is used for the decay heat prediction. In this case, the calculated spectra should be added to
the measured ones in order to compensate for the difference between them. That is, if E, is the av-
erage energy value for the decay heat calculation and Eg is from measured spectral data, AE = E, -
E; is proportional to the defect of the spectrum. The nommalized -..ergy spectrum calculated in



Sec. II is multiplied by the AE value for the augmentation. Thus, the augmented energy spectrum
A(Ey) is expressed by a summation of the experiment one, E( Ey) and the calculated one, C(Ey), as
follows:

A(Ey) = E(E,) + AE «C(E,) . ®

By this expression, the energy value averaged with the above spectrum becomes equal to that for
the decay heat calculation.

¥ _ [ Aam\ an
==
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m

= Es+ (Ea - Ey)
= B,

In the present calculation, we used the JNDC V2 library!3 as an average energy set to
partially assist us in the determination of when an augmented spectra appeared to be needed.

Examples of the augmented spectra are seen in Figs. 13 and 14, as well as the measured
spectra. In these figures the lower part indicates the measured line spectrum and the upper part, the
augmented one. Figure 13 chows the 98Sr decay, the Qp value of which is 5.8 MeV. In the
ENDF/B-V file, there are 11 gamma rays emitted through 98Sr decay, and the highest energy of the
gamma ray is 600 keV. The average energy from the spectral data is 0.176 MeV; that in the INDC
V2 library, on the other hand, is 1.051 MeV. The difference between the two is augmented by the
calculated spectra. The calculated spectrum used for the augmentation is a continuous one and
smoothly extends to the Qg value limit. Another example, shown in Fig. 14, is the case of 9/mY

decay. The highest energy of the gamma ray in this case is much lower than the Qg value. The av-
erage energy from the spectral data is 1.82 MeV and that in the JNDC V2 library is 3.34 MeV.
The calculated spectra of the nuclide is used to augment the difference between them.

This concludes the brief discussion regarding the method of Gross Theory calculations and
the augmentation of selected measured spectra. The reason for the augmentation of each spectra
was considered in more detail than we have presented. Many nuclides are known to have an in-
complete spectra, and there are other parameters, such as Qg, which indicate inadequate spectra
when compared with average energies derived from spectra. We acknowledge that our reasons for
a few of the augmentations could be in error. The new files will contain sufficient information for
users to examine the augmentations, and no evaluated measurements will be missing from the files.



IV. CALCULATION OF AGGREGATE SPECTRUM
Aggregate spectrum is a summation of the spectra of FP nuclides produced after nuclear
fission.

AE N = ?vaNj (t) o3, (B , 9

where aj(Ey) is the spectra of the j-th FP nuclide, A, is the decay constant, and N;(t) is the nuclide

s a1 13 5me  COMeentration attime t The nuclide conceptratinns »f FP nuglideg at time t were caleplated withthe . ...,
CINDER-10 code,!4 which has been developzd at Los Alamos National Laboratory. The library
for CINDER-10 calculations contains all nuclear data needed for the calculation of the nuclide
concentration. However, we used preliminary fission yield data evaluated by England et al.15 ior
the ENDF/B-VI file. After obtaining the nuclide concentrations at various cooling times, the
aggregate spectra were calculated by summing up the spectrum of each nuclide at these cooling
times.

In the comparison with mcasurement, however, the measured data are broadened because
of the finite energy resolution of the detector. In order to take intw account the effect of broadened
spectra in the comparison we used the detector resolution reported with the measured data to
broaden each fission-product spectra used in calculations.

Figures 15-18 show the compariscns of the calculated aggregate spectra after the fission
event with the same measured data in Figs. 9-12. Three kinds of calculations are illustrated in
these figures: the ENDF/B-V line spectra augmented by the present calculated ones (ENDF/B-V +
GT spectra); the JNDC line spectra augre.ited by the present calculated ones [JNDCV2 (line) +
GT spectra}; and the JNDC line spectra augmented by the "typical” ones used in Ref. 3 (JNDCV2
only). The first and second ones show nearly the same behavior, the difference between them
being due to the line spectra contained in each file. Their agreement with measured data is better
than that of the third, which shows the digression at higher energies, especially above 6 MeV, and
the overestimation at low energies. This behavior reflects the "softness” of the "typical” spectra
used in the calculation. As is evident in these figures, the present spectra seem to be applicable to
the calculation of the aggregate spectra after fission of a fissionable nuclide. (Only the spectra
change in these comparisons, not, e.g., densities.)

V. COMPARISON WITH MEASURED AGGREGATE SPECTRA

In confirming the applicability of the calculated spectra of individual FP nuclides to the cal-
culation of the aggregate ganma-ray spectra afier a fission event, we performed comparisons with
aggregate spectra measured at Oak Ridge National Laboratory, the University of Tokyo, and Los



Alamos National Laboratory. In the comparisons, the line spectra of gamma rays were broadened
according to the detector resolution reported. The calculated GT spectra, due to their smoothness
and continuous nature, werc not considered in need of broadening. The energy group structure of
the calculated aggregate spectra was also rnatched to that of each measurement. Additionally, the
measurements are made over a counting period, but the calculations are catried out for a specific
time that correspuads to the average time during the counting period.

All of the measured aggregate gamma spectra are compared with the calculations using the
ENDEFE/B-V spectra data (i.e., calcdlations using the ENDF/B-V only) and the augmented one

feonlmm DATIME/MD Y7 o YT enntnn
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In the foliowing comparisons, the unit of the spectrum is expressed as MeV/sec/fission/bin;
i.e., the energy release rate per fissior divided by the bin width in energy units.

The aggregate gamma-ray spectra from 235U 239Pu and ”“Pu thermal neutron fission
were measured by Dickens et al. at Oak Ridge.5 The spectra data are reported up to 8 MeV. The
average cooling times after fission cover from 2.7 s to 12 000 s.

The compared results are shown in Figs. 19-61 for 235U, Figs. 62-104 for 239Py, and
Figs. 105-148 for “41Pu. As is evident in these figures, the augmentation by the GT spectra im-
proves the calculation of the aggregate spectra at cooling times shorter than a few hundred seconds.
In this cooling-time region, the augmented spectra reproduce the measured ones rather well for
these fissionable nuclides, irrespective of their diffevent fission yields. In particular the reproduc-
tion is good at energy regions lower than 3 MeV. Above 3 MeV, the calculated spectra cannot
make some peaks, but they seem to show the overall agreement.

After a few hundred seconds, the difference between the calculation with the ENDF/B-V
spectral data and the augmented ones is not seen. This indicates that the nuclides with measured,
augmented spectra data hardly contribute to the aggregate spectra at long cooling times. However,
the discrepancies between the calculation and measurement seen at long cooling time regions seem
to show that even the nuclides with long half-lives may have insufficient spectral data for applica-
tion to the calculation of the aggregate spectrum. Further examination of measured spectra data for
these nuclides may well be needed.

The aggregate gamma-ray spectra from 233U 235y, 233y, 339Pu and 232Th fast neutron
fission were measured by Akyama et al. at the University of Tokyo.5 Measurements up to 5 MeV
were taken, with average cooling times after fission covering from 19 s to 24 000 s.



The compared results are seen in Figs. 149-188 for 233U, in Figs. 189-238 for 235U, in
Figs. 239-286 for 238U, in Figs. 287-327 for 23%Pu, and in Figs. 328-375 for 232Th. In the cases
of 238U and 232Th, the measured data have the contributions from the products by neutron capture
reactions. The chains of the products are as follows:

232Th—233Th—233pa—233y .
The nuclides in the chains of 23%9Pu and 233U have a sufficiently long half-life (> 104 y) such that
\ aaneea oD SORITDUGONS 1. A0E MPADVAD SDASTA AR neeligible for the cooline time [gejon of the, Lo, ~a
measurements. In our comparisons, the contributions from 239U and 239Np for 238U fission and
those from 233Th and 233Pa for 232Th fission are taken into consideration.
In the case of 238U neutron capture, the nuclide concentrations of 239(NY(t)) and
239Np(N(t)) are expressed as follows:

N'(t) = Ree™t,
N = [ AR/, -2] o [ -], (10)

where R is the reaction rate ratio of neutron capture to fission, Ay and A, are decay constants of
239U and 239Np, respectively. The spectra from the 239U and 239Np decay are added to those of
fission products in the figures. The reaction rate ratio R is 5.38 for 238U and 23.0 for 232Th, re-
spectively.6 The spectral data of these nuclides were taken from the ENDF/B-V file.

The calculated aggregate spectra using the augmented nuclides improve the agreement with
measured data at cooling times shorter than a few hundred seconds. Even in tie fission of 238U
and 232Th, the agreement was achieved by adding contributions from the products by neutron
cagture.

(4] w i{

The aggregate spectra from 233U, 235U, and 239Pu thermal neutron fission were measured
by Jumey et al. at Los Alamos National Laboratory,” wit: ‘ne energy of range of measurements
extending to 7.5 MeV. The compared resuits are shown ir T'igs 376-387 for 233U, in Figs. 388-
399 for 235U, and in Figs. 400-411 for 23%9Pu. These comparisons demonstrate no difference
between the calculations using the ENDF/B-V spectra data vs the augmented ones. The irradiation
time of the measurements is 2¢ 000 s, and this is sufficiently long to prohibit the short-lived nu-
clides, having augmented spsctra, from contributing appreciably in such cases. However, the cal-
culated results do show the underestimation at short cooling times for the energy regions above 2



MeV (see Figs. 376, 388, and 400). With the exception of the short cooling times, the compar-
isons show a good agreement.

V. SUMMARY

The theoretically calculate:! gamma spectra of FP nuclides have been used to augment the
line spectra in the ENDF/B-V file based on measurements. Th= augmented spectra have been
applied to the calculation of the aggregate gamma spectra after fission. Calculated results show a
good agreement with the measured spectra for various fissionable nuclides. The effect of the
anamanratian ic nraminent at chart enaling times after fission when the nuclides with partiallv
measured or no measured spectra data contribute to the aggregate spectra. At longer cooling times,
the augmentation is not effective because it is considered that almost all nuclides contributing at
those cooling times have a well-measured spectra.

From our comparisons, it is concluded that the augmented spectra are applicable to the cal-
culation of aggregate ones at shorter cooling times when the nuclides with incomplete or no mea-
sured spectra data contribute. If we use the augmented spectra, we can obtain a spectra consistent
with the decay heat calculated by the average decay energy.
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(Tirrad. = 10.0 sec, Teoor, = 13.7 sec).

7

' ORNL Experiment ; ***U Camma
o 3 ~-- Calc. ; ENDE/B-V + GT Spectra

e g Calc. ; ENDF/B-V Only

-
-4

MeV/sec/Fis
o

GAMMA (
o o

T

: 4 5 8 7
Ene gy MeV)

Fig. 34. Gamma spectrum a ter 235U themmal fission
(de_ =10.0 sec, ‘ rcool. =20.7 seC).

-

—
2

-



3 ¢ ORNL Experiment ; ®**U Camma . $ lORNL Esperiment ; *3%U Camma
100 = — Calc. ; ENDF/B-V + GT Spectra

Calc. ; ENDF/B-V Only

a

— Calc. ; ENDF/B-V + ST Spectra
Caic. ; ENDF/B-V Or.ly

Pt
(=]
-

GAMMA (MeV/sec/Fission/Bin)
GAMMA (MeV/sec/Fission/Bin)

1 2 3 a 5 6 7 ' 1 2 3 4 5 8 7
Energy (MeV) Enegy (MeV;
Fig. 35. Gamma spectrum after 235U thermal fission Fig. 7. Gamma spectrum afi2r 235U therma! fission
(Tirrad. = 10.C sec, Teoo1. = 29.7 sec). (Tirad. = 10.0 sec, T o01, = 49.7 sec).

¢ ORNL Experiment ; ***U Camma 37 ¢ ORNL Experimeat ; ***U Gamma

100 —— Calc. ; ENDF/B-V + GT Spectra loo —— Cale. ;: ENDF/B-V + GT Spectra
- Calec. ; ENDF/B-V Only } - Calc. ; ENU%/B -V Only

10" 10

19 10

GAMMA (MeV/sec/Fission/Bin)
oI

GAMMA (MeV/sec/Fission/Bin)
cl

10_3 : | 10
10 | { 10°%
1 r 1 , T I | ' (it . . . , ‘
1 z 3 4 5 8 7 1 3 a 5 3 ?
Energy (MeV) Eneq.y MeV)
Fig. 36. Gamma spectrum after 235U thermal fission Fig. 38. Gamma spectrum aft xr 235U thermal fission

(Tirrad. = 10.0 sec, Teoo1. = 39.7 sec). (Tigrad. = 10.0 sec, T p01, = 64.7 scc).




4

+ ORNL Experiment ; ***U Gamma
Oa - — Calc. ; ENDF/R-V + GT Spectra
Calc. ; ENDF/B -V Only

GAMMA (MeV/sec/Fission,/Bin)
o

| |

1 2 3 4 5 6 7
Energy (MeV)
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Fig. 40. Gamma spectrum after 235U thermal fission
(Tirrad. = 10.0 sec, Tegol. = 104.7 sec).
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Fig. 41. Gamma spectrum afi er 235U thermal fission
(Tirrad. = 10.0 sec, T canl. = 134.7 sec).
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 {

& -
4 ORNL Experiment ; U Gamma
~~— Cale. ; ENDF/B-V + GT Spectra
Calc. ; ENDF/B-V Only

/Fission/Bin)
S © 8 © o 4
..uu.ul..x_u.mﬂ

GAMMA (MeV/=ec,
=)

Znergy (MeV)

Fig. 45. Gamma spectru:n after 235U thermal fission
(Tirrad. = 10.0 53¢, Tegol. = 494.7 sec).

1
—

¢ ORNL Experiment ; ***U Camma
- — Calc. ; ENDF/B-V + GT Spectra
Calc. ; ENDF/B-V Oniy

/Bin)
S 5 §

GAMMA (MeV/sec/Fission
S 9o 5 3

Rnergy (MeV)

Fig. 46. Gamma spectrun after 225U themmal fission
(Tlmd = 10.0 se c, Tcoo]_ = 694.7 sec).



f ORNL Experiment ; *3*U Gamma
10 — Calc. ; ENDF/B-V + GT Spectra
Calc. : ENDF/B--V Only

—

GAMMA (MeV/'s_‘ec/ Fission/Bin)

1
1
1
\ T A ¥ 1 T
1 2 3 4 5 8 7
Energy (MeV')

Fig. 47. Gamma spectrum after 235U thermal fission
(Tirrag. = 100.0 sec, Tegol = 90.0 sec).
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Fig. 48. Gamma spectrum after 235U thermal fission
(Tirmd = 10().0 sec, Tcool. = 140.0 SCC).
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Fig. 51. Gamma spectrum after 235U thermal fission
(Ticrad. = 100.0 sec, Teaot. = 450.0 sec).

A

ny

$ ORNL Experiment ; ™**U Gamma
— Calc. ; ENDF/B-V ¢+ GT Spectra
Calc. ; ENDF/B V Only

3

=
~

c

AT

®

! ;

&-10 ;

9

n 10

%

=10

(t -

;10

: #

T T - T ul

-y
N ~4

3 ) 8 7

4
Energy (MeV)

Fig. 52. Gamma spectrum after 235U thermal fission
(T"-md = IO0.0 SeC, Tcoo]_ = 650.0 SCC)-

 ORNL Froeriment o]

é ORNL Fxperiment ; *3®U Camma
——-Calc. ; ENDF/B-V + GT Spectra
Calc. ; ENDF/B-V Only

—
S
A .q

-
Lil

O|

—
c
1 S B AR

GAMMA (MeV/sec/Fission/Bin)
o

10
10 % \
10° %
TTTTICT T T T T T ey lﬁwhjm
1 2 3 4 S 8 7

En:rgy (MeV)

Fig. 53. Gamma spectrum ifter 235U thermal fission
(Tlnad = 100.0 S¢ 2, Tcoo]‘ = 950.0 .\‘CC).

§

§ ORNL Experiment ; **U Camma
-— Calc. ; ENDF/B-V + GT Spectira
Calc. ; ENDF/B-V Only

/Bin)
o © o g

»

P
ol

GAMMA (MeV/sec/Fission
o,

—
o

' 1 2 3
En( rgy (MeV)

B £t

\
Fig. 54. Gamma spectrum : fter 2*5U thermal fission
(Tirrad. = 100.0 sec, Teool. = 1350.0 sec).



e

* ORNL Experiment ; *3%U Gammna
— Calc. ; ENDF/B -V + GT Spectra
Calc. ;. ENDF/B-V Only

S ° g

MMA (MeV/sec/Fission/Bin)
=)

%ﬁmmﬂﬂﬁ%ﬂ% |

Energv (McV)

Fig. 55. Gamna spectrum after 2 **U thermal fission

(Tinad. = 100.0 Sec. ’]‘cnol. = 175()-0 SCC ).

¢ ORNL Experiment : **U Gamma
~ Calc. ; ENDF/B-V + GT Spectra
Calc. ; ENDF/B-V Only

S5 O o o q

—

TAMMA (MeV/sec/Fission/Bin)

‘ 5
Energy (MceV)

Fig. 56. Gamma spectrum after 235U thermai fission
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Fig. 60. Gamma spectrum after 235U thermal fission
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GAMMA (MeV'’sec/Fission, Bin,
2 o o o
, *&:

U S —
Oaf{ 4 ORNL Exj -iment ; *¥*Pu Gamma
0

Calc ; EN! 'B-V + GT Spectra
0 Calc. . 1'NDi/B V Only

g . - - . N o - caesn

3 4 L1}
Eneryy (McV)
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Fig. 70. Gamma spectrum after 239Py thermal fission
(Tirrad. = 1.0 sec. Teool, = 29.7 sec).
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Fig. 71. Gamma spectrum after 239Py thermal fission
(Tirrad. = 1.0 sec. Teool = 39.7 sec).
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Fig. 72. Gamma spectrum : fter 229Pu thermal fission
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Fig. 74. Gamma spectrum after 239Pu thermal fission
(Tirrad. = 1.0 sec, Teoo). = 82.2 sec).
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Fig. 75. Gamma spectrum after 239Pu thermal fission
(Tirrad. = 1.0 sec, Teool. = 99.7 sec).
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Fig. 76. Gamma spectrum a ter 239Pu thenmal fission
(Tirrad. = 1.0 sec, Tp:ooL = 119.7 sec).
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(Tirrad. = 5.0 sec, T pol. = 20.2 sec).
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Fig. 79. Gamma spectrum after 239Py thermal fission
(Timrad. = 5.0 sec, Teool. = 37.7 sec).
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Fig. 80. Gamma spectrum: : fter 235Py thermal fission
(Tirrad. = 5.0 sec, '1F'coo|, = 50.2 sec).
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(Tigrad. = 5.0 sec. T, pol. = 65.2 sec).
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Fig. 82. Gamma spectrum after 239Pu thermal fission
(Tirrad. = 5.0 sec, Teool. = 80.2 sec).
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Fig. 84. Gamma spectrum afte r 239Pu thermal fission
(rimd. = 5.0 seC, Tco N. = 117.7 SCC).
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Fig. 86. Gamma spectrum: after 239Pu thermal fission
(Tirrad. = 5.0 sec, Tegol, = 197.7 sec).
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Fig. 87. Gamma spectrum after 239Pu thermal fission
(Tirrad. = 5.0 sec, Teool. = 262.7 sec).
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Fig. 88. Gamma spectrum aft 2r 239Pu thermal fission
(Tirrad. = 5.0 sec, To1 = 347.7 sec).
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Fig. 91. Gamma spectrum a‘ter 239Py thermal fission
(Tirrad. = 5.0 sec, Teool, = 997.7 sec).
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Fig. 92. Gamma spectrum af er 239Pu thermal fission
(Tirrad. = 100.0 sec, crcool. = 309.0 sec).
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Fig. 93. Gamma spectrum aftr 239Pu thermal fission
(Tigrad. = 100.0 sec, " ‘cool. = 450.0 sec).
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Fig. 94. Gamma spectrum after 239Py thenmal fission
(Tirrag. = 190.0 sec, Teool. = 650.0 sec).
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Fig. 95. Gamma spectrum after 239Py thermal fission
(Tlfl’:ld = 100.0 SecC, Tc()nl. = 950.0 SCC).
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Fig. 96. Gamma spectrum after 239Pu thermal fission
(Tirrad. = 1000 sec, Tepor, = 1350.0 sec).
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Fig. 97. Gamma spectrum &fter 239Pu thermal fission
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Fig. 98. Gamma spectrum after 239Pu thermal fission
(Tirrad, = 100.0 sec, Teoor, = 2200.0 sec).
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Fig. 99. Gamma spectrum after 239Py thermal fission
(Tirrad. = 100.0 sec, Tcoo1. = 2700.0 sec).
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Fig. 160. Gamma spectrum : fter 239Py thermal fission
(TIITZId =100.0 SC;]:, Tcoo]. = 3450.0 SCC)-
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Fig. 101. Gamma spectrum a ter 239Py thermal fission
(Tirrad. = 100.0 secs Teool, = 4950.0 sec).
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Fig. 102. Gamma spectrum after 239Pu thermal fission
(Tigrad. = 100.0 sec, Tcool, = 6950.0 sec).
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Fig. 103. Gamma spectrum after 239Pu thermal fission
(Timrad. = 100.0 sec, Teool. = 8950.0 sec).
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Fig. 104. Gamma spectru n after 239Py thermal fission
(Tirrad. = 100.0 sec, T¢oo1, = 11950.0 sec).
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Fig. 105. Gamma spectrum after >41Pu thermal fission
(Tigrad. = 1.0 sec, Teapl, = 2.2 sec).
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Fig. 106. Gamma spectrum after 24P thermal fission
(T‘md. = lo Sec, TCOOL = ’;2 SCC).
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Fig. 107. Gamma spectrum a ter >41Pu thermal fission
(Tirrad. = 1.0 sec, 1 ¢ool1. = 4.2 sec).
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Fig. 108. Gamma spectrum a ter 24!Pu thermal fission
(Tirrad. = 1.0 sec., Tcool. = 5.7 sec).
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Fig. 109. Gamma spectrum after >#1Pu thermal fission
(Tirrad. = 1.0 sec. Teool = 8.2 sec).
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Fig. 110. Gamma spectnim after 24'Pu thenmal fission
(Tirmd. = LOsec, Teoal, = 12.2 sec).

)
- . R R S _
¢ O INL Experiment ; *'Pu Gamma
---- Cile | ENDF/B-V + CT Specira
Cilc. . ENDF/B V Only

b pmeb b
o © q

GAMMA (MeV/sec/Fission/Bin)
o

10
10
10°%
A

Ener;ry (MeV) ‘

Fig. 111. Gamma spectrum af er >#1Pu thermal fission
(Tirrad. = 1O sec, Tpor, = 17.2 sec).
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(Tigrad. = 1.0 sec, Teqol =29.7 sec).
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Fig. 114. Gamma spectrum after 41Pu thermal fission
(Tirrad. = 1.0 sec. Tegol. = 39.7 sec).
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Fig. 115. Gamma spectrum af er 24iPy thermal fission
(Tirray. = 1.0 sec, T,;ool. = 52.2 sec).
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Fig. 116. Gamma spectrum afi zr 241Py thermal fission
(Tirrad. = 1.0 sec, Tl = 67.2 sec).
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Fig. 117. Gamma spectrum after 241Pu thermal fission
(Tirad. = 1.0 sec, Teoor, = 82.2 sec).
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Fig. 118. Gamma spectrum after 2#1Pu thermal fission
(Tigrad. = 1.0 sec, Teool. = 99.7 sec).
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Fig. 119. Gamma spectrum afte r 241Pu thermal fission
(ri'm_ - 1.0 sec, Tco M. = i 19.7 Sec).
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Fig. 120. Gamma spectrum aft r 24!Pu thermal fission
(TM = 5.0 sec, Tc‘ ol. = 20.2 sec).
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Fig. 121. Gamma spectrum after 24!Pu thermal fission
(Tirr:“l. = 5() seC, Tco()l_ = 27.7 sec).

w9

* ORNL Experiment : **'Pu Gamma
-— Calc. ; “NDF/B-V + GT Spectra
Calc ; ENDF/B-V Only

=

o

o
W Lt

“w o

o

(McV/sec/Fission/Bin)

o

Energy (MeV)

Fig. 122. Gamma spectrum after 24!Pu thermal fission
(r|md = 5.0 sec. TCOOl. = 37.7 sec).
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Fig. 123. Gamma spectrum afte - 23!Pu thermal fission
(Tirmmad. = 5.0 sec. Tco . = 50.2 sec).
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Fig. 124. Gamma spectrum afte 24!Pu thermal fission
(Tirrad. = 5.0 sec. Teo 1. = 65.2 sec).
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Fig. 125. Gamma spectrum after 24Py thermal fission
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Fig. 126. Gamna spectrum after 241Py thennal fission
(Tirrad. = 5.0 sec. Tegol. = 97.7 sec).
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Fig. 127. Gamma spectrum .ifter 241Pu themal fission
(Tirrad. = 5.0 sec. ;]Fcool_ = 117.7 sec).
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Fig. 128. Gamma spectrum a ter 24!Pu themal fission
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Fig. 129. Gamma spectrum after 24!Pu thermal fission
(Tirrad. = 5.0 sec, Teool, = 197.7 sec).
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Fig. 130. Gamma spectrum after 241Pu thermal fission
(Timad. = 5.0 sec, Tcool. = 262.7 sec).
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Fig. 131. Gamma spectrum a ter 241Pu thermal fission
(Tirrad. = 5.0 sec. 1 cool. = 347.7 sec).
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Fig. 132. Gamma spectrum aiter 24!Py thermal fission
(Tirrad. = 5.0 sec, T .g01. = 497.7 sec).
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Fig. 133. Gamma spectrum after 24!Pu thermal fission
(Timd. = 5.0 sec, Teool. = 697.7 sec).
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Fig. 134. Gamma spectrum after 24!Py thermal fission
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Fig. 135. Gamma spsctrum a ter 24!Pu themal fission
(Tirrad. = 50.0 sec, Tcoo1. = 235.0 sec).
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Fig. 137. Gamma spectrum after 24!Pu thermal fission
(Timad. = 50.0 sec, Teaot, = 475.0 sec).
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Fig. 138. Gamma spectrum after 24!Py thermal fission
(Tirrad. = 50.0 sec. Tcaol. = 675.0 sec).
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Fig. 139. Gamma spectrum af er 24!Pu thermal fission
(Tirrad. = 50.0 sec, " “cool. = 975.0 sec).
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Fig. 140. Gamma spectrum afier 24!Pu thermal fission
(Tirrad. = 50.0 sec. T'conl. = 1375.0 sec).
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Fig. 141. Gamma spectrum after 2!Pu thermal fission
(Tirrad. = 30.0 sec. Teoop. = 1775.0 sec).
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Fig. 142. Gamma spectrum after 2*!Py thennal fission
(Timud. = 50.0 sec. Teqol, = 2225.0 sec).
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Fig. 143. Gamma spectrum -fter 24!Pu thermal fission
(Tirrad. = 50.0 sec. Tepal, = 2725.0 sec).

Lom-3
£ * ORNL Experiment ; *'Py Camma
QIO" — Zalc. ; ENDE/B-V + GT Spectra
= calc. ; ENDF/B-V Only
210"
7]
a
& 10
3
:10
<10 :
(TP
2109

yu

GAMMA
sl

N L

3] 4 5 6 ?
Eneipy (MeV)

: T
1 2

Fig. 144. Gamma spectrum aster 24Py thenmal fission
(Timad. = 50.0 sec. Teool. = 3475.0 sec).




Nng

* ORNL Experiment ; **'Pu Gamma
—— Calc. ; ENDF/B-V + GT Spectra
Calc. ; ENDF/B-V Only

5l

S

GAMMA (MeV/sec/Fission/Bin)
o, =)

Energy (MeV)

Fig. 145. Gamma spectrum: aiter 241Pu thermal fission
(rimd_ = 50.0 sec, Tcoo]. =4975.0 SCC).
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Fig. 146. Gamma spectrum after 21Pu useimal fission
(Tirmad. = 50.0 sec, Teool. = 6975.0 sec).
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Fig. 147. Gamma spcctrum af er 241Pu thermal fission
(Tirmad. = 50.0 sec, 'r'cool_ = 8975.0 sec).
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Fig. 148. Gamma spectrum a tex 24!Pu thermal fission
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Fig. 149. Gamma spectrum after 233U fast neutron fission
(Timad, = 10.0 sec, Teoo1, = 26.0 sec).
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Fig. 150. Gamma spectrum after 233U fast neutron fission
(Tirrad. = 10.0 sec, Teool. = 45.0 sec).
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Fig. 151. Gamma spectrum ; fter 233U fast neutron fission
(Timrad. = 10.0 sec, Tepol, = 70.0 sec).
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Fig. 152. Gamma spectrum : fter 233U fast neutron fission
(Tirrad. = 10.0 sec, Teool. = 110.0 sec).
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(Tirrad. = 10.0 sec, T'cool. = 230.0 sec).
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Fig. 157. Gamma spectrum after 233U fast neutron fission
(Timmad. = 10.0 sec, Teool. = 360.0 sec).
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Fig. 158. Gamma spectrum after 233U fast neutron fission
(Tirrad. = 10.0 sec, Tcoo), = 450.0 sec).
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Fig. 159. Gamma spectrum after 233U fast neutron fission
(Tirrad. = 10.0 sec, Teool. = 550.0 sec).
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Fig. 160. Gamma spectrum . fter 233U fast neutron fission
(Tirrad. = 10.0 sec, Tcool, = 700.0 sec).
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Fig. 161. Gamma spectrum after 233U fast neutron fission

(Timad. = 10.0 sec, Teoo), = 900.0 sec).
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Fig. 162. Gamma spectrum after 233U fast neutron fission
(Tigrad. = 10.0 sec, Teool. = 1200.0 sec).
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Fig. 163. Gamma spectrun’ after 233U fast neutron fission
(Tirrad. = 10.0 s¢ 3, Teool. = 1600.0 scc)
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Fig. 166. Gamma spectrum after 233U fast neutron fission
(Timrad. = 10.0 sec, Tcool, = 2950.0 sec).
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(Tirrad. = 10.0 s¢ 5, Tepey, = 3500.0 sec).

= e - .
B . * ‘'AYO! Experiment : 33U Camma
\100 E —- (alc. ; ENDF/B-V + GT Spectra
= _'7 Calc. ; ENDF/B-V Only
#1074
a3
2107
? :
10
=
210
5 T
Z107
??: .
5 10 -

En:rgy (MeV)

Fig. 168. Gamma spectrum 1fter 233U fast neutron fission
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Fig. 169. Gamma spectrum after 233U fast neutron fission
(Tirrad. = 100.0 sec, Teqol, = 230.0 sec).
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Fig. 170. Gamma spectrum after 233U fast neutron fission
(Tirrad. = 100.0 sec, Teoot. = 290.0 sec).
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Fig. 171. Gamma spectrum after 233U fast neutron fission
(Tirrad. = 100.0 sec. Teoor. = 900.0 sec).
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Fig. 172. Gamma spectrum aftyr 2*3U fast neutron fission
(Timad. = 100.0 sec, " “coot. = 1200.0 sec).
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Fig. 173. Gamma spectrum after 233U fast neutron fission

(Tirrad. = 100.0 sec. T¢ool. = 1600.0 sec).
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Fig. 174. Gamma spectrum after 233U fast neutron fission
(Tirad. = 100.0 sec, Tepol. = 2000.0 sec).
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Fig. 175. Gamma spectrum af er 2*3U fast neutron fission
(Tlmd = IO0.0 sec.&Tcool. = 2450.0 sec ).
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Fig. 176. Gamma spectrum af er 23U fast neutron fission
(Tlmd = 1000 SCC.‘TCOQI. = 29500 SCC).
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Fig. 177. Gamma spectrum after 233U fast neutron fission
(Tirrad. = 100.0 sec, Teool. = 3500.0 sec).
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Fig. 178. Gamma spectrum after 233U fast neutron fission
(Timrad. = 100.0 sec, Tegot. = 4100.0 sec).
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Fig. 179. Gamma spectrum a fter 233U fast neutron fission
(Tirrad. = 100.0 sec . Teool. = 4800.0 sec).
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Fig. 180. Gamma spectrum af ter 233U fast neutron fission
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Fig. 189. Gamma spectrum after 235U fast neutron fission
(Tirrad. = 10.0 sec, Tepo1. = 19.0 sec).
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Fig. 190. Gamma spectrum after 235U fast neutron fission
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Fig. 193. Gamma spectrum after 235U fast neutron fission
(Timad. = 10.0 sec, Teool. = 55.0 sec).
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Fig. 194. Gamma spectrum after 235U fast neutron fission
(Tirrad. = 10.0 sec, Teool. = 70.0 sec).
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Fig. 198. Gamma spectrum after 235U fast neutron fission
(Tirrad. = 10.0 sec, Tcool. = 180.0 sec).
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Fig. 202. Gamma spectrum after 235U fast neutron fission
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(Timad. = 10.0 sec, T¢ 1. = 550.0 sec).

. $ YAYO! Experiment ; ***U Gamma
—— Calc. . | NDF/B-V + GT Spectra
Calc. ; | 'NDF/B-V Only
o

/Bin)
Q

18s10n
—

A

—
o

—t
O,

GAMMA (LieV/sec/ I
o

Fig. 204. Gamma spectrum afte * 235U fast neutron fission
(Tirrad. = 10.0 sec, T¢ o1 = 700.0 sec).



£ $ YAYO! Experiment ; *¥*U Gamma
Qi , -~ Calc . ENDF/B V ¢ GT Spectra
o Calc. ; ENDF/B -V Only
o ,
=10
w T
b
110
3]
@10
2
w .
310 : /Tmi??
= - f
=10 T TH?
S !
S 10
| L
4

2 3
Energy (MeV)
Fig. 205. Gamma spectrum after 235U fast neutron fission

(Tirrad. = 10.0 sec, Tcool 900.0 sec).
" e e
{ YAYO! Fxperiment ; *3*U Gamma
lO’g - - Calc.; ENDF/B V + GT Spectra

Calc. ; END/B -V Only

S

-

—
o
L‘~

S

’f I Tf

lida

CAMMA (MeV'sec, Fission/Bin)

t o t

3
Energy (MeV)

- 206. Gamma spectrum after 235U fast neutron fission
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Fig. 210. Gamma spectrum after 235U fast neutron fission
(Timad. = 10.0 sec, Teool. = 2950.0 sec).
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Fig. 213. Gamma spectrum after 235U fast neutron fission
(Tirrad. = 100.0 sec, Teoo). = 140.0 sec).
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Fig. 214. Gamma spectrum after 235U fast neutron fission
(r"'ad = 100.0 sec, Tcool. = 180.0 sec).
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Fig. 217. Gamma specirum after 235U fast neutron fission
(Tirrad. = 100.0 sec, Teool. = 360.0 sec).
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Fig. 218. Gamma spectrum after 235U fast neutron fission
(Timad. = 100.0 sec, Teool. = 450.0 sec).
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Fig. 219. Gamma spectrum 2 fter 235U fast neutron fission
(Timad. = 100.0 se(, Teool = 550.0 sec).
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Fig. 221. Gamma spectrum after 235U fast neutron fission
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Fig. 222. Gamma spectrum after 235U fast neutron fission
(Tirrad. = 100.0 sec, Teool, = 1200.0 sec).
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Fig. 225. Gamma spectrum after 235U fast neutron fission
(Timrad. = 100.0 sec, Teoor. = 2450.0 sec).
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Fig. 226. Gamma spectrum after 235U fast neutron fission
(Tirrad. = 100.0 sec, Teool. = 2950.0 sec).
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Fig. 227. Gamma spectrum zfter 235U fast neutron fission
(Tirrad. = 100.0 sec, Teoo1. = 3500.0 sec).
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Fig. 229. Gamma spectrum after 235U fast neutron fission
(Tirrag. = 100.0 sec, Teoo1. = 4800.0 sec).
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Fig. 230. Gamma spectrum afier 235U fast neutron fission
(Tirmad. = 100.0 sec, Teoot. = 5600.0 sec).
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Fig. 231. Gamma spectrum after 235U fast neutron fission
(Tirrad. = 100.0 sec, T 2001, = 6500.0 sec).
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Fig. 232. Gamma spectrum afte r 235U fast neutron fission
(Tinad. = 100.0 sec, 1 coo1. = 7500.0 sec).
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Fig. 233. Gamma spectrum after 235U fast neutron fission
(Tigrad. = 100.0 sec, Tepo1. = 9000.0 sec).
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(Tirrad. = 100.0 sec, Tcoor, = 11000.0 sec).

(
e Ht

§ YAYO! E xperiment ; *3%U Camma
~— Calc. . I NDF/B-V + C™ Spectra
Calc. ; | NDF/B-V Only

=

o|

GAMMA (MeV/iec/ Fission/Bin)
)

2 3
Energy (MeV)

Fig. 235. Gamma spectrum afte - 235U fast neutron fission
(Timad. = 100.0 sec, T.401. = 13500.0 sec).
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Fig. 237. Gamma spectrum after 235U fast neutron fission
(Tigrad. = 100.0 sec, Teoo). = 20000.0 sec). e
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Fig. 238. Gamma spectrum after 235U fast neutron fission
(Timrad. = 100.0 sec, Teoo), = 24000.0 sec).
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Fig. 239. Gamma spectrum after 238U fast neutron fissio
(Tima4. = 10.0 sec, Teoo1. = 19.0 sec).
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Fig. 240. Gamma spectrum after 238U fast neutron fission
(Tisrad. = 10.0 sec, Teool. = 26.0 sec).
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Fig. 241. Gamma spectrum aft( r 238U fast neutron fission
(Tirrad. = 10.0 sec. T .q01. = 35.0 sec).
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—

o,

Fission/Bin)

—t
°|

—
O.

P
=]

[
oI

ol

GAMMA (MeV/sec/

S

6L

S

—
or

ol

c/_F_:ission/Bin)

oI

b
O.
>~ n

o’

ol

GAMMA (MeV/se

— e —_ T e o
¢ YAYO! Experiment ;. *>*U Gamma £ ¢ VAYOl E_periment : ***U Gam:na
—— Calc. ; ENDF/B-V + GT Spectra Qloo p —- Calc. . E {DF/B-V + GT Speclra
Calc. ;. ENDF/B -V Only o Calc. ; E iDF/B-V Only
1 9 10 j
1]
a
i
. f }10
i V. , 18) §9 TR
. ! m*ﬁw I ,;_Lt } §’°’§ 1t
3 ¢ \\ O -4 b
1\ 510 N\N\
| ‘ Z10®
| 510
T T YT h L_'T ‘l'c :il T T -"“T T
1 2 3 4 1 2 3 4
Energy (MeV) Energy (MeV)
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Fig. 247. Gamma spectrum after 238U fast neutron fission
(Tirrad. = 10.0 sec, Tcoo), = 140.0 sec).
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Fig. 248. Gamma spectrum after 238U fast neutron fission
(Tigrad. = 10.0 sec, Tcoo1, = 180.0 sec).
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Fig. 249. Gamma spectrum a! ter 238U fast neutron fission
(Tirrad. = 10.0 sec, ')[‘cool, = 230.0 sec).
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Fig. 250. Gamma spectrum af er 238U fast neutron fission
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Fig. 251. Gamma spectrum after 238U fast neutron fission
(Tirrad. = 10.0 sec, Too1. = 360.0 sec).
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Fig. 252. Gamma spectrum after 238U fast neutron fission
(Tigrad. = 10.0 sec, Teoo1. = 450.0 sec).
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Fig. 253. Gamma spectrum after 238U fast neutron fission
(Tirrag. = 10.C seq, Teool. = 550.0 sec).
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Fig. 255. Gamma spectrum after 238 fast neutron fission
(Ticrad. = 10.0 sec, Teonl. = 900.0 sec).

¢ YAYO! Experiment ; ***U Gemma
—— Calc. ; ENSF/B-V + GT Spectra
- Cale : *NDf/B-V Only

— — —t
S 9 Q

ol oI

GAMMA (MeV/sec/Fission/Bin)
oI

?

__umﬂxuuﬂ.um_‘uwdﬂu
— : oR
7 ;..."

Fig. 256. Gamma spectrura after 28U fast neutron fission
(Timad = 10.0 sec, Tsool. = 1200.0 sec).
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Fig. 257. Gamma spectrum afte r 238U fast neutron fission
(Timad. = 10.0 sec, T 501 = 1600.0 sec).
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Fig. 259. Gamma spectrum after 238U fast neutron fission
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Fig. 260. Gamma spectrum after 238U fast neutron fission
(Tirrad. = 10.0 sec, Teool. = 2950.0 sec).
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Fig. 261. Gamma spectrum afier 238U fast neutron fission
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Fig. 262. Gamma spectn m ufier 238U fast neutron fission
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Fig. 263. Gamma spectrum after 238U fast neutron fission
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Fig. 204. Gamma spectrum after 228U fast neutron fission
(Timad. = 100.0 sec, Teaar = 290.0 sec).
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Fig. 265. Gamma spectrumn after 238U fast neutron fission
(Tireag. = 100.0 sec, Tegor = 360.0 sec).
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£ 266. Gamma spectrun after 238Y fast neutron fission
(Tigag = 100.0 sec. Tepal = 450.0 sec).
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Fig. 267. Gamma spectrum afier 238U fay neutron fission
(Tirrag. = 100.0 sec, Teool. = 550.0 sec).
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Fig. 268. Gamma spectrum after 238 fast neutron fission
(T,‘,md. = l()().() Sec, 'l."no]' = 70“.0 SCC).
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Fig. 269. Gamma spectrumbafier 238U fay neutron fission
(Tirrag. = 100.0 sc c, Teooi. = 900.0 sec).

——————

)

¢ vavor Experiment : ***U Camma
—= Calc. ; ENDF/B-V + GT Spectra
Calc. ; ENDF/B-V Only

/Fission/Bin
S S g

=)

(MeV/sec
)

GAMMA
S o

Ener gy (M=V)

Fig. 270. Gamma spectrum af ter 23801 faq neutron fission
(Tlnad = '00.(, Sec‘.Tco()l. = 12000 .\‘CC).



* YAYO! Experiment ; ***U Gamma
—— Calc. ; ENDF/B-V + GT Spectra
Calc. ; ENDF/B V Only

S,

<

m

~

=

Li0?

v

o

10

\:\lc .

<10

~ *

< b ¢ ¢

§1o f’

. ,

<10

T I - T/ - - — -=- 1 -
1 2 3 4

Energy (McV)

Fig. 271. Gamma specirun after 238U fast neutron fission
(Timrad, = 100.0 sec. Teout = 1600.0 sec).
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Fig. 272. Gamma spectrum after 238U fast neutron fission
(Tirrad. = 100.0 sec, Teoor = 2000.0 sec).
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Fig. 273. Gamma spectrun after ~ SU fast neutron fission
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£8

-

* YAYOl Experiment ; ***U Camma
— Calc. . ENDF/B-V ¢ GT Spectra
Cale. : ENDF/B-V Only

MA (MeV/sec/Fission/Bin)
'6, S o © g

)
o’

GAN
S

____JJ_.[ MH

Encrgy (\'hV)

Fig. 275. Gamma spectrum after 238U fast neutron fission
(Tirrad. = 106.0 sec, Tepop = 3500.0 sec).
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Fig. 276. Gamma spectrum after 238U fast neutron fission
(Timrad. = 100.0 sec. Teoof. = 4100.0 sec).
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Fig. 277. Gamma spectrun™ after 238U fast neutron fission

(T|"ad. = 190-0 sec, Tcool. = 480().0 SCC).
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Fig. 279. Gamma spectn::i ctter 238U fast neutron fission
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Fig. 281. Gamma spectrun after 238U fast neutron fission
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Fig. 282. Gamma spectrum after 238U fast neutron fission
(Tirrad. = 100.0 scc, Tepol, = 11000.0 sec).
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Fig. 316. Gamma spectrum afier 29Pu fast neutron fission
(Tirrad. = 100.0 sec, Tepol, = 3500.0 sec).
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Fig. 323. Gamma spectrum after 239Pu fast neutron fission
(Tirrad. = 100.0 sec, Tcool, = 11000.0 sec).
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Fig. 324. Gamma spectrum after 239Pu fast neutron fission
(Tirrad. = 100.0 sec, Teool. = 13500.0 sec).
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Fig. 325. Gamma spectrum : fter 239Pu fast neutron fission
(Tirrad. = 100.0 sec, Teool. = 16500.0 sec).
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Fig. 329. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 10.0 sec, Tegol. = 26.0 sec).
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Fig. 333. Gamma spectrum after 232Th fast neutron fission
(Tirae = 10.0 sec, Teool, = 70.0 sec).
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Fig. 337. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 10.0 sec, Teoo1. = 180.0 sec).
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Fig. 338. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 10.0 sec, Teool. = 230.0 sec).
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Fig. 339. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 10.0 sec, Teool. = 290.0 sec).
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Fig. 340. Gamma spectrum after 232Th fast neutron fission
(Tigrad. = 10.0 sec, Teool. = 360.0 sec).
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Fig. 341. Gamma spectrum after 232Th fast neutron fission
(Tisrad. = 10.0 sec, Teool. = 450.0 sec).
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Fig. 342. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 10.0 sec, Teoo1, = 550.0 sec).
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Fig. 343. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 10.0 sec, Teool. = 700.0 sec).
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Fig. 344. Gamma spectrum after 232Th fast neutron fission
(de. = 10.0 sec, Tcoo] = 900.0 SCC).
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Fig. 345. Gamma spectrum after 232Th fast neutron fission
(Tirad. = 10.0 sec, Teool. = 1200.0 sec).
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Fig. 346. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 10.0 sec, Tcoo1. = 1600.0 sec).
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Fig. 347. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 10.0 sec, Teool. = 2000.0 sec).
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Fig. 348. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 10.0 sec, Tepol1, = 2450.0 sec).
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Fig. 349. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 10.0 sec, Teool. = 2950.0 sec).
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Fig. 350. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 10.0 sec, T¢oo1, = 3500.0 sec).
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Fig. 351. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 10.0 sec, Teool, == 4100.0 sec).

p—
S,

GAMMA
o




1402

} YAYOi Experiment ; ***Th Gamma
— Cale. ; ENDF/B-V + GT Spectra
Calc. ; ENDF/B- V Only

—

GAMMA (MeV/sec/Fission/Bin}
o o © q
BT Ve WUWET B UUTY RS WPRERT |
8

_..
o

— —t
o ©
. o
DTN BURT SO Gty
.
-9

— A

A SR Datad T

1 2

a
Energy (MeV)

Fig. 352. Gamma spectrum after 232Th fast neutron fission
(T"Tad. = 100.0 seC, .rcool_ = 230.0 SCC).
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Fig. 353. Gamma spectrum after 232Th fast neutron fission
(Timad, = 100.0 sec, Teool. = 290.0 sec).
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Fig. 354. Gamma spectrum after 232Th fast neutron fission
(Tirad. = 100.0 se«, Teool. = 360.0 sec).
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Fig. 355. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 100.0 sec. Teqol. = 450.0 sec).
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Fig. 356. Gamma spectrum after 232Th fast neutron fission
(Tlmd. = 100.0 s$¢C, Tcool. = 550.0 SCC).
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Fig. 357. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 100.0 sec, Teoo1. = 700.0 sec).
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Fig. 358. Gamma spectrum after 232Th fast neutron fission
(Tirmad. = 160.0 sec, Teoor = 900.0 sec).
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- Fig. 359. Gamma spectrum after 232Th fast neutron fission
(T"Tad' = 100.0 S2C, Tco(\l. = 1200.0 SCC).
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Fig. 360. Gamma spectrum after 232Th fast neutron fission
(Ti"“d‘ = 100.0 sec, TCOO'. = 1600.0 sec).
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Fig. 361. Gamma spectrum after 232Th fast neutron fission
(Ti"ad. = 10().0 secC, 1‘(()0[ = 2()00.0 SCC).
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Fig. 362. Gamma spectrum after 232Th fast neutron fission
(Tirraa. = 100.0 sec, Teqol. = 2450.0 sec).
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Fig. 363. Gumma spectrum after 232Th fast neutron fission
(T"T“d = 1000 sec, TCOO‘. = 1QS()O sec )
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Fig. 364. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 100.0 sec, Tegop, = 3500.0 sec).
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Fig. 365. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 100.U sec, Teool. = 4100.0 sec).
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Fig. 366. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 100.0 sec, Teoor. = 4800.0 sec).
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Fig. 36¥. Gamma spectrum after 232Th fagt neutron fission
(Tirrad. = 100.0 sec, Tepol = 6500.0 sec).
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Fig. 369. Gamma spectrum after 232h fast neutron fission
(Tirrad. = 100.0 sec, Teool. = 7500.0 sec).
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Fig. 370. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 100.0 sec, Tegol. = Y000.0 sec).
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Fig. 371. Gamma spectrum after 232Th fast neutron fission
(Tirrad. = 100.0 sec, Teoot, = 11000.0 sec).
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Fig. 372. Gamma spectrum after 232Th fast neutron fission
(Ti"ad‘ = |00.0 sec, Tcool. = 135()00 SCC).
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Fig. 373. Gamma spectrum after 2*2Th fast neutron fission
(Tirrad. = 100.0 sec, Teoor. = 16500.0 sec).
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Fig. 374. Gamma spectrum after 232Th fast ncutron fission
(Tirrad. = 100.0 sec, Teoot, = 20000.0 sec).
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Fig. 375. Gamma spectrum after 232Th fast neutron fission
(Tll’l"ﬂd = 100.0 sec. Tc(\ol‘ = 24000.0 sec).
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Fig. 378. Gamma spectrum after 233U thermal neutron fission

(Tirmag. = 20000.0 se., Tcoop. = 284.0 sec).
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Fig. 388. Gamma spectrum after 235U thermal neutron fission
(Timad. = 20000.0 sec, Teoo1 = 29.0 sec).
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APPENDIX A
COMPARISONS USING ENDF/B-VI PRELIMINARY DATA

The calculations using the ENDF/B-VI preliminary data (as of October 1989) were per-
formed due to the fact that the data became available for testing during the time frame of this work
effort. The results are shown in Figs. A-1 through A-6 for 235U, 239Py, and 241Pu fission. Four
kinds of calculations are demonstrated in each, figuresi .. the calaulations ssing the ENDIF/R-V
line spectral data, the augmented ENDF/B-V data, the preliminary ENDF/B-VI line spectral data,
and the augmented preliminary ENDF/B-VI data.

As evidenced in these figures, the preliminary ENDF/B-VI spectral data are greatly
improved over the ENDF/B-V ones. However, the calculations using only the preliminary
ENDF/B-VI spectral data seem to have a problem of missing gamma rays and they underestimate
the measured aggregate spectral data. The augmented preiiminary ENDF/B-VI data seem to give
better agreement among them. These comparisons were done using the preliminary ENDF/B-V1
file; some data in the file could be changed when the file is completed, but most of the improve-

ment is expected by using the calculated spectra for the augmentation of the line spectral data.
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APFENDIX B
CALCULAT'ON OF BETA-XAY SFECIRUM

The calculation of gamma-ray spectia is discussed in the main text. The be« . spectra
calculation also involves a problem for so:ne nuciides in vhat the me.sured spectrum enhances the
high-energy part, because the beta transitions to hi;ther encrgy levels of faughter nucleus may not
be observed in measurements even if the trunsitions are to txe allowed. The calcu. ation of ggregate

beta spectrum using such spectral d-. .lso erhances the higi enengn pan u.d depre-ses the low-

anaros nnare Tha cithintinm ic ranve im0 om0 -0 L L

aray part The clmntlon 1D 222 I WNT IO TN o Ll e gain oa amrarspeaaatcideen md

calculations and the measurements by L.ickens . al. Afvery .ort cociing times after fission,
when the nuclides with no measured {ata « »ntribui * to the ~ectra, (e calcu!ltion falls below the
measured values. At longer (thou:gh still ;hort) cooling times in which the nuclides with
incomplete spectral data are still imponant, the calculation shoves an underestimation for the low-
energy part and an overestimation for the Ligh-cnergy part. In order to improve the situation, we
tried to calculate the beta spectra of each fission-product nuclide by the Gross Theory, which is
used to complement the measured gamma spectra.

In the case of the beta-ray spectra, some different treatments or modifications from that of
the gamma-ray spectra are needed. The average beta energy value that can force agrecment with
the measured decay hea value is smaller than the average energy from measured decay scheme
data. Therefore, it is not suitable to simply add some fractio.. of the calculated spectium to the
measured one. We used the ‘ollowing procedure.

The calculation of beta rays by the Gross Theory was performed by assuming that ihere
may have bezn some missing beta transitions to higher levels than the observed ones. Namely, the
beta spectrum was calculated with the maximum energy equal to the difference betwecn the Qg
value and the maximum level energy. This calculated spectrum is normalized to be 1.0 when
energy integration is carried out over the full energy range.

Let the average energy of the calculated spectrum be E; and the energy derived from the
measured decay scheme be Ep. The average energy that is suitable to calculate the decay heat
value is Ey; then E; is expressed as follows:

Bl"_'a. EIT\+B' EC.

whereas @ +B = 1.0, a~ and B-values can be calculated

o

B

(Er - E¢)/ (Em - E¢)

(Em - Er) /(Em - Ec) .



As E¢ < E; < Ey, for most of the nuclides having the problem., o and B values become

positive. In the case of E; > En, the calculated spectrum is simply added 10 augment the difference
between E; and Eny; a = 1, = (Ep - Ep) / E¢ inthis case. The spectrum then, becomes

S(Ep) = @+ Sy Ep)+PB- Sc(Ep).

By this method, .. ¢ beta-ray spectra were calculated for nuclides whose average betii en-
ergy value has inconsistency between that fom the decay scheme and that used for decay heat cul
culations.

An example of the spectrum is shown in Fig. B-1. This is a case of 97Sr decay. The aver-
age energy value derived from the measured decay scheme is 2.646 and its spectrum is illustrated
by the dotted line. The calculated spectrum, assuming that beta transitions occur only to higher
levels than observed onc:. is shown by 1 dashed line, and its average energy is 1.923 MeV. The
modified or augnicnted spectrum is scen as a solid line. This modified spectrum gives the average
energy of 2.282 McV, which is nearly equal to the value of the energy used for the decay heat
calculation in the INDCV?2 libriuy.

The modified spectra of each fission product nuclide were used to calculate the aggregate
beta-ray spectra after tission. One result is shown in Fig. B-2 together with the measured spec-
trum. The calculation using only the ENDF/B-V spectra data shows an underestimation for the
low-energy part. The calculation using the mcified spectra (ENDF/B-V + GT spectra in the fig-
ure) shows rather good agreement with the measurement.
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APPENDIX C
FISSION PRODUCTS:

PRELIMINARY DECAY ENERGIES, HALF-LIVES, AND BRANCHINGS FOR ENDF/B-VI

In Table C-1 we have listed total beta, gamma, and alpha energies from the most recent data

file used in this report. Branchings by decay are also listed, as are half-lives. All energies are in

eV, half-lives in seconds, and branchings are fractions per decay. Spectral data are too extensive

for inclusion in this report. The table identifies 127 products as stable; these are needed in calcula-
tions involving a neutron flux. Their cross sections will be found in ENDF/B-VI files. The
meaning of the columns in Table C-1 are:

Col. Heading
Symbol

Half-life

E-beta, E-gamma,
E-alpha

RTYP

RFS

Q
Branching

Quantity

chemical symbol preceded by the Z value and followed by the atomic num-
ber. Nuclides that are isomeric states have m, n, ... following the atomic
number meaning lst, 2nd, ... isomeric states (the files generally include
isomeric states having half-lives 2 0.1 s).

1s a numeric identifier consisting of the quantity Z x 10000 + Ax 10 + S,
where S is the isomeric state number (0 = ground, 1 = st isomeric state,
etc.).

the total decay half-life in seconds.

generally are average beta, gamma, and alpha decay energies, but have
more precise definitions. Thus, E-beta is the total electron-related radia-
tion, such as B-, B+, conversion electron, Auger, efc. E-gamma is the aver-
age energy of all "electromagnetic” radiation, such as gamma rays, x rays,
and annihilation radiation. E-alpha is the average energy of all heavy
charged particles and delayed neutrons. The alpha decay energy includes
the recoil energy. The sum of the three average energies is the recoverable
energy per decay (neutrino energies are excluded). All values are given in
units of eV. (Delaycd neutron energy is not tabulated but will be included
in the final ENDF/B-VI files and summed into E-alpha.)

identifies the initial or primary decay mode for the listed line of data (see
below).

identifies the daughter state following the decay (0. = ground, 1. = Ist
isomeric state, etc.).

is the total Q-value for the decay mode.

is the fraction of decays from type RTYP to state RFS.

is the number of decay modes.

is the number of spectral types included in the ENDF/B files.

is the material identification number assignment in the ENDF/B files.

127



The decay mode identification, RTYP, has the following definitions.

RTYP Decay Mode

1. g- Beta decay

2. e.c., (B Electron capture and/or positron emission

3. IT Isomeric transition

- (73 ' Alpha decay ' '

5. n Neutron emission but not delayed neutror
decay (see below)

6. SF _ Spontaneous fission

7. p Proton emission

10. — Unknown

Multiple particle emission is also defined by combining the RTYP indicators as decimal
digits in the sequence in which particles are emitted. Thus, a beta decay followed by a delayed
reutron is RTYP = 1.5, and a positron followed by alpha decay is RTYP = 2.4, etc. Such
compound RTYP values therefore indicate intermediate states having lifetimes that are too short for
explicit inclusion in the files. The Q-value for such cases is the energy difference based on masses
of the initial and final states.

Spectral files contain a particle indicator, STYP, defined similarly to RTYP, but with the
added values of 0. = gamma rays, 8. = discrete electrons, and 9. = x rays. In this report we do not
include the average energies for each type of spectra. As can be seen from the NSP column, most
nuclides do have spectra in the files.

These data are preliminary because they have not been officially accepted by the Cross
Section Evalu:.con Working Group (CSEWG). We anticipate that the decay energies will be
accepted as mod 0. Figures C-1 through C-3 show a comparison of aggregate decay enesgies
(beta, gamma, and total) with Tokyo measurements following a 235U fast fission pulse. The
"Pandemonium"” problem is no longer evident. Additional comparisons will be included in
ENDF/B-VI documentation following a phase-1 review of the decay and yield files.
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671

TABLE C-1
PRELIMINARY LIST OF ENDF/B-VI FISSION-PRODUCT PARAMETERS

SYMBOL S ZZAAAS MALF-LIFE E-BFETA E-GAMMA E-ALPHA RTYP RFS o BRANCHING NDK NSP MAT

27-co- 72 0 270720 !.3-S55e-01 4.6080e+06 4.6940c406 0.0 1.00 0.0 1.356Rer407 B.R46R8ec-01 p] 3 2764
1.50 0.0 7.63900+400 1.1532e-01

28-ni- 72 0 280720 1.8)06c0400 1.8820e+06 9.1310,405 0.0 1.00 0.0 4.9211e406 1.0000e400 1 2 2867

29-cu- 72 0 290720 6.4891e¢400 2.0350e+06 2.9940¢406 0.0 1.00 0.0 3.0524¢406 1.0000e+00 2 3 2952
1.50 0.0 8.4000r-02 1.0000¢-06

30-zn- 72 0 300720 1.6740e405 1.0270e405 1.5250e405 0.0 1.00 0.0 4.5700e0405 1.0000es{? 1 4 3049

31-ga- 72 0 310720 5.0760e404 5.0000e¢05 2.7060e406 0.0 1.00 0.0 3.9924e406 1.0000e+00 1 4 3134

Jl-ga- 72 1 310721 3.7000e-02 0.0 1.1920e405 0.0 3.00 0.0 S5.00000404 1.0000e¢00 1 0 3135

32-qge- 72 0 320720 stable 0 0 3231

27-co- 73 0 270730 1.2898e-5! 4.7180e406 2.9800c406 0.0 1.00 0.0 1.1631e407 7.4878e-01 2 3 2767
1.50 0.0 9.0290e400 2.5122e-01

28-ni- 73 0O 280730 4.9059¢-C%  3.2010e406 1.6190e406 0.0 1.00 0.0 B8.3984c406 9.9995e-01 2 3 2870
1.50 0.0 4.3900e-0]1 4.7000e-0%

29-cu- 73 0 290730 5.11362400 ..9850e¢06 7.7230e405 0.0 1.00 0.0 S5.7024€406 9.9441¢-01 2 3 2955
1.50 0.0 1.2320e+00 5.58R0e¢-03

30-zn- 73 0 300730 2.3500e401 1.54160¢36 1.1709e406 0.0 1.00 0.0 4.2900e406 1.0000¢+00 1 2 3052

31-ga- 73 0 310730 1.7496c404 4_46GCIc405 3.4100e405 0.0 1.00 0.7 1.5890c0406 1.3000e-02 2 4 31137
1.00 1.0 1.5220¢406 9.8700¢-01

32-ge- 73 0 320730 stable 0 0 3234

32-ge- 73 1 320731 4.9900¢-01 5.45000404 1.1130e404 0.0 3.00 0.0 6.6716e+04 1.00u"e+00 1 3 3235

27-co- 74 0 270740 9.196)e-02 S.1670e406 S.4200¢406 0.0 1.00 0.0 1.4659¢407 8.2567¢-01 2 3 2770
1.50 0.0 $.6590,40u 1.7433e O}

28-ni- 74 0 280740 9.0015e-01 2.6830e406 1.1990¢106 0.0 1.00 0.0 6.4611c406 Y .9Y%44¢e-01 2 3 2873
1.50 0.0 1.3890¢¢0C 3.%:N0e 03

29-cu- 74 O 290740 6.481Re-01 2.5110,406 3.2060006 0.0 1.00 0.0 9.1797e%06 9.9705e-01 2 3 2958
1.50 0.0 1.S5R30¢400 2.9490¢-0)

30-zn- 74 O 300740 9.60000401 5.77700405 8.59700405 0.0 1.00 0.0 2.3500r406 2.5000e~-01 2 2 3055
1.00 1.0 2.29000406 7.5000¢-01

31-ga- 74 O 110740 4.R8720e402 1.0110,0406 3.01700406 0.0 1.00 0.0 5.3700e406 1.5000,¢00 1 4 3140

Jl-ga- 74 1 310741 9.5000c400 1.63000404 4.32300404 0.0 3.00 0.0 S.9R00c404 7.:000e-01 1 3 3141}

J2-ge- 74 0 320740 stable 4] 0 3237

34-se- 74 0 340740 stable 0 0 3425

27-co- 75 0 270750 B8.1657e-02 5.25900406 1.7450,406 0.0 1.00 0.0 1.37139¢407 6.86RAc- 01 2 3 2773
1 50 0.0 1.13%9,401 3.1312¢-01

28-ni- 75 0 280750 2.3118e-01 3.82700406 2.2160e¢06 0.0 1.00 0.0 9. 4HR9¢406 9.899R¢- 01 2 3 2876
1.50 0.0 2.5290,¢00 1.0022¢-02

2%-cu- 7° 0 290750 9.2736e-01 2.68R00406 1.0900,¢06 0.0 1.00 9.0 7.2424n406 9.6530¢-01 2 3 2961
1.50 0.0 J.1A90,400 3.4700¢- 02

30-=n- 75 0 300750 1.0200,401 1.R4R0c+06 1.9000e+06 0.0 1.00 0.0 6.0600c306 1.0000¢400 1 2 3058

31-q9a- 75 0 310750 1.2600,402 1.3010¢4¢06 31.5500,+¢0S 0.0 1.00 0.0 3.3920¢406 9.5200¢-01 2 2 3143
1.00 1.0 13.2530,0406 4 R000¢-02

32-g¢:- 75 0 320750 4.96680403 4.21100¢05 3.50000404 0.0 1.00 0.0 1.17760406 1.00000400 1 4 3240

32-ge- 75 1 320751 4.7700e401 7.9000¢404 5. 6% Ue U8 0.0 1.00 0.0 1.3173c406 3.0000¢ 04 2 4 1241
J.OO 0.0 1.2968:40% 9.9970¢-01

33-a3- 75 0 1330750 stable 0 0 3325

J4-se- 75 0 340750 1.034Re407 1.45000404 3.92000405 0.0 2.00 0.0 B.£3900405 1.0000e400 1 4 3428

28 -ni- 76 0 280760 3.0456e¢ 01 1.317900¢06 1.5%2700406 0. 1.00 0.0 B.1689%406 9. 64R% -0} a 3 2879
1.50 0.0 1.4790,400 3.5113% 02

29-cu- 76 0 290760 2.6025-01 3 11300406 3.5040c406 0.0 1 0000 1 02700407 9 71%Re 0] 2 3 2964
1 %0 00 P HI100000 2 R41He 02



el

TABLE C-1 (Cont.)

SYMBOL S§ ZLZIAAAS HALP-LIFE E-BETA E-GAMMA E-ALPHA RTYP RFS (o] BRANCHING NDK NSP MAT
JO-zn- 76 0 300760 S.6000e+00 1.3980e+406 7.5410e+05 0.0 1.00 0.0 4.1600e406 1.9000e+00 1 2 3061
J1-ga- 76 0 310760 ).2600c401 1.9040e+06 2.8000e+06 0.0 1.00 0.0 7.0100e+406 1.0000e400 1 4 3146
32-ge- 76 0 320760 stable 0 0 3243
J3-as- 76 0 330760 9.4752e304 1.0660e+06 4.1700e405 0.0 1.00 0.0 2.9635e+06 1.0000e+00 1 4 3329
34-se- 76 0 340760 stable 0 0 3431
28-ni- 77 0 280770 1.0331e-01 4.4810e+06 3.0880e+06 001.00 0.0 1.1872e407 9.5289e-01 2 3 2882
1.50 0.0 4.7090e:00 4.7115e-02

29-cu- 77 0 290770 3.0522e-01 3.2670e406 1.5060e+06 0.0 1.00 0.0 8.9502e+406 B8.7688e-01 2 3 2967
1.50 0.0 5.6630e+00 1.2312e-01

30-zn- 77 0 300770 2.0800e+00 2.4200e406 1.8000e406 0.0 1.00 0.0 7.2700e¢06 1.0000e400 1 2 3064

Jl-ga- 77 0 310770 1.3200e+01 2.0430e406 7.8930¢40S 0.0 1.00 1.0 5.5300e+406 1.C000e+00 1 2 3149

32-qe- 77 0 320770 4.06R80e¢04 6.6200,405 1.02200406 0.0 1.00 0.0 2.7031e+06 1.0000¢400 1 4 3246

J2-qe- 77 1 320771 5.2900e40]1 9.4820e405 6.5000e404 0.0 1.00 0.0 2.8628e+¢06 7.9000e-01 2 4 3247
3.00 0.0 1.5970e405 2.1000e-01

3)-as- 77 0 330770 1.3979e€405 2.2610e405 7.5000¢403 0.0 1.00 0.0 6.8310e405 9.9680¢-01 2 4 3331
1.00 1.0 5.2110e+40S 3.2000e-03

34-se- 77 0 340770 stable 0 3434

34-se- 77 1 340771 1.7450e401 7.1R0D¢404 B.7400e+04 0.0 3.00 0.0 1.6197e¢05 1.0000e+00 1 3 3435

28-ni- 78 0 280780 1.3179e-01 3.9290e+t6 1.8770e406 0.0 1.00 0.0 1.0074e+07 9.0702¢-01 2 3 2885
1.50 0.0 5.4390e400 9.2984e-02

29-cu- 78 0 290760 1.1787e-01 3.8300e+06 4.0530c+06 0.0 1.00 0.0 1.2653¢407 9.009le-01 2 3 2970
1.50 0.0 6.5540e+00 9.9093e-02

30-zn- 78 0 300780 1.4700e+400 2.2250e¢06 1.5290e406 0.0 1.00 0.0 6.4400e+406 9.9996e-01 2 3 3067
1.50 0.0 3.8100e-01 4.1000e-0S

3J1-ga- 78 0 310780 5.0900e+00 2.5410e¢06 2.5400e+06 0.0 1.00 0.0 8.2000e406 1.0000e+00 1 4 3152

J2-ge- 78 0 320780 5.2800e403 2.2700e+05 2.7800e405 0.0 1.00 0.0 9.5300e#¢05 1.0000e+00 1 4 3249

33-as- 78 0 330780 S5.4420e+03 1.2190e406 1.3400e+06 0.0 1.00 0.0 4.2120e+06 1.0000e+00 1 4 3334

34-se- 78 0 340780 stable 0 0 3437

36-kr- 78 0 360780 stable 0 0 3625

29-cu- 79 0 290790 1.3506e-01 3.7090e406 1.9700e406 0.0 1.00 0.0 1.0855¢407 7.5794e-01 2 3 2973
1.50 0.0 7.3710¢400 2.4206e-01

30-zn- 79 0 300790 1.0000e400 3.0160e406 2.9170e406 0.0 1.00 0.0 8.5500e+06 9.885%4e-01 2 3 3070
1.50 0.0 2.6110e+00 1.1459e-02

J1-ga- 79 0 310790 3.0000e400 2.1350e406 2.0810e+06 0.0 1.00 0.0 6.7700e406 9.4700e-01 3 S 3155
1.00 1.0 6.5840e406 5.2000e-02
1.50 0.0 1.0300e406 5.5000e-04

J2-ge- 79 0 320790 1.9100e401 1.6449e406 4.0743c405 0.0 1.00 0.0 4.1:00e+¢06 1.0000e+00 1 4 3252

32-ge- 79 1 320791 1.9000e+01 1.21)0e406 1.7590e+406 0.0 1.00 0.0 4.2960e+uvE 9.6000e-01 2 4 3253
J.00 0.0 1.8595e¢05 4.0000e-02

J3-as- 79 0 330790 5.4060e+¢72 8.4761e405 2.8200e404 0.0 1.00 0.C 2.2800e+06 1.0600e-02 2 2 3337
1.00 1.0 2.1840e+406 9.8940e-01

J4-se- 79 0 340790 1.0414e412 5.2900e404 0.0 0.0 1.00 0.9 1.5090e+05 1.0000e400 1 1 3440

J4-se- 79 1 340791 2.3460e402 8.0000e+04 1.3700e+04 0.0 3.00 0.0 9.57)0e+04 1.0000e400 1 3 3441

35-br- 79 0 350790 stable 0 0 3525

35-br- 79 1 350791 4.8600e+00 4.7300e+404 1.5850e405 0.0 3.00 0.0 2.0710e40S5 1.0000e400 1 3 3526

J6-kr- 79 0 360790 1.2614€+05 2.4090e404 2.5700e+0S 0.0 2.00 0.0 1.6280e+06 1.0000e+00 1 4 3628

36-kr- 79 1 36079 5.0000e+01 B8.6000e404 3.9900c404 0.0 3.00 0.0 1.2977e405 1.0000e+00 1 3 3629

29-cu- 80 0 290800 8.9877e-02 4.3270e+06 4.5870e+06 0.0 1.00 0.0 1.5269e+407 8.4957e-01 2 3 2976
1.50 0.0 9.4990e400 1.5043c-01

30-zn- 80 0 300800 S5.4700e-01 2.7580e+06 1.2420e¢07 0.0 1.00 0.0 7.3500e406 9.8902¢-91 2 ) 307)
1.50 0.0 2.2840e400 1.0983e-02



1€l

TABLE C-1 (Cont.)

SYMBOL S ZZAAAS HALP-LIPE - RETA F.  GAMMA E-ALPHA RTYP RFS o BRANCHING NDK NSP MAT

31-ga- 80 O 310800 1.6600e+00 3.12200406 3.5480c406 0.0 1.00 0.0 1.0000e407 9.91R0e-01 2 S 3158
1.50 0.0 2.0R000306 8.2000e-03

32-ge- 80 0 320800 2.9500e401 9.1000e405 6.0000¢405 0.0 1.00 0.0 2.7800¢4¢06 1.0000e400 1 2 325S

33-as- 80 O 330800 1.5200e401 2.1993¢406 8.2709¢405 0.0 1.00 0.0 5.5970r¢GC 1.0000e+400 1 4 3340

34-se- 80 0 340800 Stable (/] 0 3441

35-br- 80 O 350800 1.0608e¢03 7.2500¢405 7.6000r4+04 0.0 1.00 0.0 2.0010e¢06 9.1700e-01 2 S 3528
2.00 0.0 1.8711e406 8.3000e-02

35-br- 80 1 350801 1.5912e404 6.0600e+04 2.41000404 0.0 3.00 0.0 B.5845¢+04 1.0000e400 1 3 3529

36-kr- 80 0 360800 stable 0 0 3631

29-cu- 81 0 290810 7.4209¢-02 4.R260e406 1J.4570n+06 0.0 1.00 0.0 1.4294¢407 4.7050e-01 2 3 2979
1.50 0.0 1.3379e401 5.29%0e-01

30-zn- 81 O 300810 1.2275¢-01 4.03200406 2.7130e406 0.0 1.00 0.0 1.1917¢407 9.4263¢-01 2 J 3076
1.50 0.0 5.56600400 S.7372e-02

Jl-ga- 51 © 310810 1.2300c400 2.5150e4¢06 2.2500e406 0.0 1.00 0.0 B8.32000406 4.700Cc-01 3 3 3181
1.00 1.0 7.6410e+406 4.1000e-01
1.50 0.0 3.33000406 1.1900e-0:

32-ge- 81 0 320810 7.6000e+400 2.4426e406 H.4G670405 0.0 1.00 0.0 6.2300¢406 1.0000e400 1 2 3258

33-as- 81 0 330810 3.3300e401 1.5780e406 2.3000e40S 0.0 1.00 0.0 3.8560#406 9.7000e-01 2 4 3343
1.00 1.0 3.7530e+06 3.0000~-02

34-se- 81 0 340810 1.1070e+403 6.1200e405 6.0000040) 0.0 1.00 0.0 1.5860c0406 1.0000e+00 1 3446

J4-se- 81 1 340811 3.4350c¢C) 8.5000e404 1.49000404 0.0 1.00 0.0 1.6890e+06 4.7000e-04 2 4 3447
3.00 0.0 1.0297€¢05 9.9953e-01

3S-br- 81 0 350810 stable 0 0 3531

36-kr- 81 0 3608)0 6.7216c+412 4.9400e403 1.7000e+04 0.0 2.00 0.0 2.8080e+40S 1.0000e+00 1 4 3634

36-kr- 81 1 360811 1.3000e+401 5.6800¢404 1.2990¢405 0.0 2.00 0.0 4 7140e+05 ¢ 4000e-0S 2 4 36135
3J.00 0.0 1.9057€+0S5 9.9994e-01

30-zn- 82 O 300820 1.2676e-01 4.2340e406 2.1810e406 0.0 1.00 0.0 1.0941e+07 7.8774e-01 2 3 3079
1.50 0.0 7.9430e+400 2.1226e-01

31-ga- 82 0 310820 6.0000e-01 3.7960e406 4.1310e¢06 0.0 1.00 0.0 1.3079e407 7.9000¢-01 2 3 3164
1.50 0.0 4.1500e¢06 2.1000c-01

32-ge- 82 0 320820 4.6000e+C0 1.4490e406 7.6520e405 0.0 1.00 0.0 4.150le¢06 1.0000e+400 1 2 3261

33-as- 82 0 330820 1.9100e401 2.9171¢406 1.0849e406 0.0 1.00 0.0 7.5190e406 1.0000e400 1 4 3546

J3-as- 82 1 330821 1.3600e+01 1.8170e406 2.8000e+06 0.0 1.60 0.0 7.5190e+06 1.0000e400 1 4 3347

34-se- 82 0 340820 stable 0 0 3449

35-br- 82 0 350820 1.2708e¢0S 1.4400e¢05 2.6390e+06 0.0 1.00 0.0 3.0925e406 1.0000e+00 1 4 353

35-br- 82 1 350821 3.6780e402 7.0000c404 ©.1000e+03 0.0 1.00 0.0 3.1384e+06 2.4000e-02 2 4 3535
3.0C 0.0 4.5949e4¢04 9.7600e-01

J6-kr- 82 0 360820 stable 0 0 3637

30-zn- 83 0 300830 8.363%e-32 4.1020e+06 3.9530e+06 0.0 1.00 0.0 1.2955e407 7.7125e-01 2 3 3082
1.50 .0 9.5690e+00 2.2875e-01

Jl1-ga- 83 0 310830 3.1000e-01 3.8810e+06 3.7430c+06 0.0 1.00 0.0 1.2103e+07 4.4000e-01 2 3 3167
1.50 0.0 8.2000e406 5.6000e-01

J3-ge- 83 0 320830 1.9000e400 2.6890c406 2.4440e+06 0.0 1.00 0.0 8.5641¢406 9.9830e-01 2 3 3264
1.50 0.0 2.3000e+05 1.70C%«-03

3J3-as- 83 0 330830 1.3400e401 1.2556e406 2.7514e406 0.0 1.00 0.0 S5.4600e406 3.0000e-01 2 2 3349
1.00 1.0 5.2320¢406 7.0000e-01

J4-se- 83 0 340830 1.3380e403 4.5600e405 2.5940e406 0.0 1.00 0.0 3.C680e406 1.0000e+00 1 2 3452

J4-8e- B3 1 340831 7.0100e401 1.2730¢¢06 9.5400¢+05 0.0 1.00 0.0 3.8970e+406 1.0000e+00 1 2 3453

35-br- 83 0 350830 B8.6400e+403 3.2550,0405 7.0000e403 0.0 1.00 0.0 9.7300e405 2.4000e-04 2 4 3537
1.00 1.0 9.3100e405 9.9976e-01
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TABLE C-1 (Cont.)

SYMBOL. S ZEZAAAS HALP-LIPR P BPTA P GAMMA F-ALPHA RTYP RPS 0 BRANCHING NDK NSP  MAT
37-rh- 87 0 170870 1.5147«418 0.1700e404 0.0 001.000.0 2.68210e¢05% 1.0000et00 1 1 173}
IA sr- A7 0 13I80070 stable 0 0 A4
JIA-ar- 847 1 1A087] 1.0116e404 6.4900e¢04 35.21000+05 0.0 2.00 0.0 6.6070e405% ?2.0000e-03 2 4 1815
3.00 0.0 ) HR40et05 9.9700¢ 01

J2-ge- A8 0 320A00 1 .2900¢ 01 4.0060e¢06  3.0030e4006 0.0 1.00 0.0 1.0461e¢07 7.R145%e 01} 2 3 12719
1.50 0.0 8.11900400 2.16%%e- 021

J1-an- A8 O 1310AB0 1.34R1e 01 1.7920e04106 4.2210e+¢06 0.0 1.00 0.0 1.23R1e¢07 B 009ie-0] 2 i ,363
1.90 0.0 1H.199004¢00 1.9907¢-33%

J4-80- AR 0 340800 1 50006100 2.2150e406 2.0320e¢06 0.0 1.00 ¢.0 6.72323406 I .9500e-0!) 2 3 3467
1.90 0.0 1.4190e406 5.0000e-0)

15-hr- 88 0 150880 1.6500e40) 2.5650¢406 3 10000406 0.0 1.00 0.0 B8.9700e406 9.3632-0) 2 S 1§52
1.0 0.0 1.92000106 6.3700:-02

J6-kr- BA O I160RA0 1.02240¢04 I.6R000105 1 .95400406 0.0 1.00 00 2.9110¢06 1.0000e400 1 4 1699

37-rh- B8 0 370800 1.0668040) 2.0720e¢06 6. 3700005 0.0 1.00 0.0 5.1160et06 1 0000e400 1 4 1114

I8-sr- AR O 3HOARO stable 0 0 IR

31-as- A9 0 310090 1.212% 01 3.9770@¢06 ).9410,4106 0.0 1.00 0.0 1.196%e407 6.672He 0} 3 3 1167
1 50 0.0 9.1490,400 13.131272e-01}

J4-3e- 89 0 140090 4.10000-01 1.1260e406 1. A%40c¢106 0.0 1.00 0.0 8 “4210¢06 9.5000e 0] 2 ) 1470
1.0 0.0 2.74%00e406 %.0000e 03

15-br- A9 0 150090 4.3700e400 2.1900e¢06 1.22000406 0.0 1.00 0.0 A 14000406 R.62000 0} 2 1 1595
1.90 0.0 1.03000406 1.3R00e- 01

16-kr- 89 0 ,60R890 1.9020e402 1.36600¢06 1 62000406 0.0 1.00 0.0 4.9900¢406 1 0000e400 1 2 165A

37-vh- 89 0 1310890 9.12000¢02 1.0180e¢06 2.07000406 0.0 1.00 0.0 4.4700e106 1.0000e4¢00 1 4 3737

3I0-81- 89 0 JAIBI0 4.167%406 S.B310et04 0.0 0.0 1.00 0.0 1.49200406 9.99%1e-01 p] 1 IR4O
1.00 {.0 %.0100e+¢05% 9.13000e-0%

J9- y- A9 0 1390RA90 stable 0 0 1925

39- y- A9 ] 139089) 1.60600¢01 7.4000e403 9. 01590405 0.0 .00 0.0 9.0920e¢05 1.0000e400 1 1 31926

12 aa- 90 0 1330900 9.1116e-02 4.59700¢06 4. 310000406 0.0 1.00 0.0 1.4640e+0/ 7.565le-01 2 3 170
1.90 0.0 9 1890400 2.4149 0}

34-ae- 90 0 340900 4.2721e-01 2.9040ct06 2 613006 0.0 1.00 0.0 #H.1310)e406 A.90006-01 2 I N
1.90 0.0 1.44000406 ) .1000e- 01}

15-br- 90 0 350900 1.92000400 2.5000e406 3.22000¢06 0.0 1.00 0.0 1 0300e467 /. 6800 0} 2 3 1998
1.90 0.0 1 99000406 2.3200e 0}

36-kr- 90 0 360900 3.2120e4¢0) 1.3410ei06 1.2310e406 0.0 1.00 0.0 4 19000406 K. .A0C00e: 0O} 2 4 166)
1.00 1.0 4 2810406 1.2000e O}

37 rh- 90 0 370900 1.5100¢02 1.99160¢06 2 16410406 0.01.00 0.0 6.90900406 1 00000000 1 4 1740

37-rh- 90 1 170901 2.5A000e¢02 1.4240e0406 3. 32700606 0.0 1.00 0.0 6. 69600406 9.7100e 0} 2 4 31741}
1.00 0.0 1.0692¢40% 2.1000e 02

If-ar- 90 0 3IA0900 A BRIIe40R 1 95900405 0.0 0.0 1.00 0.0 5.4620040% 1.0000¢300 1 1 1042

19- y- 90 0 390900 2.3076¢ 9% 9.14000405 1. 2000400 0.0 1.00 0.0 2 201%406 1 00000400 1 4 1928

39- y- 90 1 19090) 1.14040¢04 4.%9000004 6. 142060 0% 0.0 1.00 0.0 2.9 1%+06 2 1000 0% 2 4 1929
3.00 0.0 6 B204e40% 9 9990 0}

40-zr- 90 0 400900 stable 0 0 4028

40-zr- 90 1 400901 B.0920e 01 | 6202c¢¢04 2. 102%4C6 0.0 3.00 0.0 2 1191et06 1 0000e400 i 14026

J4-8¢- 91 0 340910 2.7000e-01 1.784%0e¢06 1.1260e406 0.0 1.00 0.0 1 OHOledO? 7 90000 01 2 1 426
1.90 0.0 4 81000406 2 1000e O}

JS-br- 91 0 1350910 6.0000e 01 3.417Net06 2.1190e406 0.01.00 0.0 9.114%1e426 H 9100e-01 2 3 1461
1.90 0.0 S.0400e406 1.0900e 01

316-kr- 91 0 360910 8.57000¢00 2 06600406 1. 74600406 0.0 1 00 GO 6.42000¢06 1.0000s¢00 1 4 1664

17 rh 91 0 170910 5.04000101 1 .45%6100406 2 140004 0¢ 0.0 1.00 0.0 S.R670e406 1.0000¢4¢00 2 8 140
1.50 0.0 6.3000c 02 1.0000e 06



vel

SYNBOL

18-8r-

19 y-
19- y-
40-2r-

9]

N
91
91

S

=0 ©

LEARAS
jao9io
390910

190911}
4009%0

HALF- LIFPPR
. 4272104
L0554 06

.IH26040)
stable

F RETA

. 42000405

.014001405
. 7200004 04

TABLE C-1 (Cont.)

£ ALPHA RTYP

F GAMMA

. 0500405

.6000040)
211000804

-t = o oms

Q
6060c ¢ 06

.13100e406
. 5456000606
L9561e104

14-se-
315-br-
36- kv~
17-rb-
n-ar-
19- y-

40-2r-
42-mo-

92
92
92
92

140720
1590920
360920
370920
no220
3190120

4009720
420920

6A19e« 01
.6500e 01
.A5%00e¢00

.5000e400

9.75600401

.2744¢0404
atable
ntable

11100406
. 00600406
.1070e0406

. 92400006

16000404

. 4160064006

37-rb-

JR-ar-
,9 y.
40 -zr-
41 nh-
41-nb-

. 591004006

35 br-

24

94
k1]
L L]
94
94

95

140910
350910
3609130
370930
3A991390
39091310
19091
400910
410930
410911
420930
420931
350940
360940
370940
100940
390940
400940
410940
410941
420940

350950

6161 02
.762Re -0}
. 29000400
. 7000400
.4510e402
.6360er+04
.3000e 01}
.8202e0 113

stable
.0901e40A
.104%041)
.9000e0404
.1000¢c 01
.1000e-0]
. 7020400
.5200e401
1220e40)

ntable

.4061e0 1]
. 75600002

.06RAc -0}

11700406
. 995400406
.90%0¢ 106
. 70606406
16006405

.1120e4¢06

7.8100e004

P

. 90000404

.7100e¢04
. 0000040

.1502e4¢05

.66100406

0190c406

.9470e4¢06
. 1600e40%

.40000405
.B15%0e406

. 4500e¢05
. 50000404

.2370e406
.1990c406
. 45200406
. 20006405

. 14004 06
51000404

(=]

.006He¢07
. 49900400
.20000¢07
.HO00e ¢ 06
. 1600e406
. 0400, ¢ 06
. 12000406
.9300e 404
. ANN0e 106
.61200406

-

ARANCHING

2000e-01
. 8000 0}
. 00000400
. 00000400

.6767¢-01
.3213¢-01
.0000¢-01
.6000e-01
.967e-01
. 3000 04
S9909% 01
.05%00¢ 04
.0000e400
. 0000400

. 14200406
.67200406
.20700106
. 1600e 406
.2740e406

. 80000104
L0074 405

0.0

.HA00e40)
. 10000404

. J098n¢06

. 4800406
. 12006006

.4270c,106
.7200e405

.573200306
. 17006404

. 71302306

(-] (- -N-] (-]

o

a8 (o Gud Gud (it 0 Gub ame

~O00~000CO0O0O0OOO
N-N-N-N-N-N-N-N-N-N-N-N-]

O=00
[~ - IF-N-}

- =W D e

- W

. 22R6Ge 407

16900400

.1053es07
-1400e406
-53000406
.6200e406
.4410e14¢06
. 20600406
.1140e406
. 35900406
.AR40, 400
COR7 10405
.0100e¢04

.0770e0804
0600404
. 7500e 4 0%
. 424060406

.3271ev07
- 1690400
. 72600406
. 42000406
.0307e407
.95210e406
.5120e406
.9200e406

. 0453406
.0R62e406
.094%1e404

-2175e4¢07
.7190e400

o D ND NN

O N

. 7196 Re- 01
.2032e-01
90000 01
.1000r-01
.H0%0e-01
.9500e¢-02
H660e 0]
. J400¢ 02
.5400¢-01
.4600e-01
. 0000400
. 0000400
.0000e¢00

.0000¢¢00
.8000e-0)
.2000e-01
.00000¢00

.0197«-01
.9R04¢ 01
.4300c0-01}
.7000e 02
.9950¢-01
.01500- 01
.0000e+00
.0000e¢00

.0000e04¢00
.0000e-0)
.9500¢ 01

.2920¢-01
.70H0e- 03

NDK NSP
2 4
1 4
1 )}
0 0
2 3
2 ]
Y] k)
2 S
1 4
1 4
0 0
0 0
2 b)
2 ]
2 S
2 S
2 4
1 4
1 ]
1 1
0 0
1 )
3 3
1 0
2 ]
2 3
2 5
1 4
1 4
0 0
1 4
a 4
0 0
2 i}



stl

TABLE C-1 (Cont.)

SYMBOL 8§  LLAAAS  HALF LIFPPR F. RETA E GAMMA F ALPHA RTYP RPS (o] BRANCHING NDK NSP MAT

36-kr- 95 0 1360990 7.H000~ GI 3.05%%90e0¢06 1 39906006 0.0 1.00 0.0 9 94400406 9 0500c-01 2 3 66
1.50 0.0 3.6%000¢06 9 %0000 02

37-rb- 95 0 3709%0 ).A400ec 01 2.05400¢06 1 37000406 0.0 1.00 0.0 9.2800,406 9 1400e-0] 2 S 37168
1.90 0.0 4 9%:00006 B “2006-02

J@-ar- 95 0 3IR0950 2.5100,¢01 1.R232¢006 2 GO1HeIO06 0.0 1.00 0.0 6.12000406 1.0000c0400 1 2 3A45%A

19 y- 95 0 190990 6.300%0402 1 .14700406 1. 29000406 0.0 1.00 0.0 4.44%00406 1.0000e0¢00 1 4 1943

40-2r- 95 0 4009%0 5.5315--i06 1.184000004% 7. 32000405 0.0 1.00 0.0 1.12430¢06 9. 0890 0] 4 4040
1.00 1.0 A.0060e40% 1.1100e-02

41-nb- 9% 0 4109%0 1.02140¢06 4 4560004 7 64130405 0.0 1.00 0.0 9.2960,:0% 1.0000e¢400 1 4 4111

41-nb- 9% 1 410951 1.1190c405 1 .7000e40 6. HOGO0eI04 0.0 1.00 0.0 1.1613406 4.6000¢-02 2 4 4112
J.OO 0.0 2.1%:Ae+40% 9. 4400¢ 01}

42-mo0- 95 0 420950 atable 0 0 4214

35-hr- 96 0 390960 B.AA1Sr 02 4 46700006 4.82200406 0.0 1.00 0.0 1.592)9«¢07 7 80R81e 0} 2 3 1576
1.950 0.0 9.46900¢00 2.)920¢ 01

J6-kr- 96 0 360960 2.9310+~ 0} 3.0730e406 1.5660c406 0.0 1.00 0.0 H _H4RO,I06H 9.229%0e 01 2 3 3679
1.90 0.0 4.%0700400 7.74710¢ 02

J7-rh- 96 0 370960 1.9900¢-01 2.91000¢06 4.0000e¢06 0.0 1.00 0.0 1.17%0,307 B8.6600s-01 2 S 3798
1.50 0.0 5.8900e04¢06 1. 34000 0}

Jf-ar- 96 0 )80960 !.0600,400 1.7937€406 ).3543e406 0.0 1.00 .0 5.4160¢406 9.9999¢-01 2 S 1R61
1.0 0.0 2.3700e-01 1.1000e-05

J9- y- 96 0 390%60 5.90000000 3.2290e406 1.2056€406 0.0 1.00 0.0 7.140010¢06 1.00000400 1 4 1946

J9- y- 96 1 39096) 9.60000400 1.4060¢¢06 3.97500406 0.0 1.00 0.0 7.2400¢406 1.00000¢00 ] 4 1947

40-zr- 96 0 400960 stable 0 0 404)

41-nb- 96 0 410960 A 40600404 2.5180,405 2.46200406 0.0 1.00 0.0 13.1870e¢06 1.0000e04¢00 1 4 4114

42-mo- 96 0 420960 atable 0 0 4237

44 ru- 96 0 440960 stable 0 0 4425

J6-kr- 97 0 1360970 1.00000-01 31.R140e406 2.9930c406 0.0 1.00 0.0 1.1912e407 9.160Re~-01 2 3 36R2
1.0 0.0 5.2450¢400 8.392%e-02

37-tvb- 97 0 370970 1.71R0¢-0i 3.5050c¢06 4.8000e406 0.0 1.00 0.0 1.05%20,307 7.3600e-01 2 S 3761
1.50 0.0 6.54000406 2.6400e~-01

38-ar- 97 0 1380970 4.2000e-01 2.45000406 2.2100e0406 0.0 1.00 0.0 7.4700e:06 8.4995%¢-01 ) S 3864
1.00 1.0 6.80200¢06 1.499%-0)
1.50 0.0 1.4300,¢00 S.4000e-05

39- y- 97 0 190970 3.5000e0400 2.1520¢406 1.8000c406 0.0 1.00 0.0 6.6800e406 9.9942¢-01 2 3 3949
1.50 0.0 1.1000c406 5.8000ec-04

39 y- 97 1 390971 1.2300¢300 2.07600406 2.67950406 0.0 1.00 0.0 7.34R0e¢06 9.9891¢-01 2 9 13950
1.0 0.0 0.0 1.0900e-0)

40-2r- 97 0O 400970 6.084004¢04 6.94000405 1.92000405 0.0 1.00 0.0 2.65R1e406 5.2000¢-02 2 4 4046
1.00 1.0 1.91%00¢06 9.4800¢-01

41-nb- 97 0 410970 4.326004¢0) 4 68200405 6.55700¢05 0.0 1.00 0.0 1.931#e¢06 1.00000¢00 1 4 4107

41-nb- 97 1 410971 6.00000¢0]1 1. 49000404 7.22900405 0.0 3.00 0.0 7.4327040% 1.0000e¢400 1 3.41)38

42-m0- 97 0 420970 stable 0 0 4240

43 tc- 97 0 430970 8.2048~¢13 ¢ .9R7Ae¢0) 1.178100¢04 0.0 2.00 0.0 3.2000~405 1.0000e¢00 1 3 41325

43-tc- 97 1 430971 7.81920¢06 0 )1000,:i04 9. 30000403 0.0 3.00 0.0 9.6590¢4¢04 1.0000e0¢00 1 1 41326

44-ru- 97 0 440970 2.50560¢05 1.23000¢04 2.4040040S 0.0 2.00 0.0 1.11000¢06 9.9962e-01 3 4 4428
2.00 1.0 1.01100¢06 3_R000e-04

36-kr- 98 0 360980 1.6023e-01 1.49200¢06 1.A510e406 0.0 1.00 0.0 9.R946¢c406 9.1701e-01 a 3 3688
1.50 0.0 S5.50000400 6.290%«-02

J7-rb- 98 0 370980 1.1400ec 0) 1).7110r¢06 2.9270,4¢06 0.0 1.00 0.0 1.2410c0¢07 B8.4000¢-01 2 S 3764
1.50 0.0 6.67000¢06 1.6000e-01



kAN

.6640e¢406

37-rb-139
JB-sr-100
39- y-100

40-zr-100
41-nh-100
41-nb-100
42-mo-100
43-tc-100
44-ru-100

SEAARS
380980
390280
390981
400980
410980
410981
420980
4409R0
370990
380990
390990
400990
410990
410991
420990

430990
410991

440990
3721000
Je1000
391000
401000
411000
411001
421000

431000
441000

NALP-LIPE
6.5000¢-01
6.40000-01
2.0000e400
3.0700e401
2.8600e400
3J.0780e40)

atable

atable
5.9000,-02
2.7100e¢-01
1.4700e400
2.10000400
1.5000e,4¢01
1.5600¢r402
2.373R0405

6.6617¢412
2.16160404

9.84)7>-02
2.0200~-01
7.3500¢-01

7.10000400
1.500004¢00
2.98000400
stable
1.5800¢401
stable

[ S S I X )

~ e D

E-BETA

. 11900406
.5400e¢406
.5670, 406
. 16710405

. 4661006
.95200040%

.7130e0406
.4990¢4 06
. 4090406
.3000e4 06
. 04000406
.0319R+405

.4600,404
.1200e404

.53i00406
. 3000, 06
.1141e¢06
. 4HYUe, VD

. 9440406

. 311500406

TABLE C-1 (Cont.)

E-ALPHA RTYP

F-GAMMA
1.0510e406
2.6100ec406
1.0380e406
1.6467¢405

1 1902¢406
2.7100e0406

2.6560c406
2.7000¢406
1.3400r¢06
1.1841e406
7.20000405
1.5900c406
2.7199¢405
6

1

.2000¢-01
.2660¢405

4.6740c406
1.2750e406
. 5000, 406

. ORBOe 53

2
6.9823¢405
i
1.9%20c406

8.3000¢404

37-rb-101
38-ar-101
39- y-101

40-2r-101
41-nb-101
42-mo-101
43-tec-1.:
44-ru-101

islo10
191010

401010
411010
21010
431010
44i010

9.3851e~-02
1.9415#-01
5.0000er-01

2.0000e400
7.1000e400
8.7600c402
8.520004¢02

stable

.0380e+06
.4660e406
.69100406
.16000406
.6860c4+06

. 18000405
. 77000405

3.1230e406
2.6620e406
1.5230c406
1.09100406
7.1960040%
1
)

.5140c¢406
. 1600005

- s s Pt bt e St bt b

.go
.50
.00
.50
.00
.50
.00
.00
.00

RFS

. 27600406

o

CE-E-N-N-N-N-N-N-]
[-N-N-N-N-N-E-N-N-]

L 3 ¥ DWNE =

o

.AA00e+ 06
.7100e406
.9210004¢06
.5C00, ¢ 3%
.9100er+06

0.0

.24000406
.5860e4¢06
6700406

[l I SRV WY, )

BRANCHING

.9700e~-01
.0000e-03
.9760e-01
.4000e0-0)
.6590e-01
.4100¢-02
.0000r400
. 0000400
. 0000400

.5000r- 0}
.5000e 0}
.990)3¢-01
.7000¢-04
.8470¢-01
.%300e-02
. 4000~ 01
.60L00n-0]
. 0000400
.0000,400
.2000¢e- 01
.R000r-01
.0000, 400
.7000e~ 05
.9996¢- 01

.1310e+¢07
. 95600406
. 16000406
.94000406
.61000406
.0900e 06
.9900e406
. 22500406
. 5400, 406
.0050¢406
.1570e406
.21430406
.236004 04
.3J630,405
.4268c0405

- 45040407
.68000¢00
.0900¢r406
- 43000406
. 3000406
. 350004046
. 1400e406
.2€20n40¢8

. 7450206

.2025e406

.5050e-01
.9500¢-02
.9250¢-01
.5000¢ 0)
.9150¢-01
.9000,-0)
.0000e4¢00

.0000,400

.0000e,400

.3509e407
.1320e400
. 05660407
.42100400
.7200¢ 406
.1600e0¢06
. 42400005
.6100e406
.A1200406
.62500406

.7530e-01
.4700e-02
.7930e-01
.0700¢-02
.0000e400
. 00000400
. 00000400
.0000e4CO

NDK NSP MAT
] S5 3867
2 S 13952
2 5 3951
1 2 4049
1 4 4140
1 4 4141
0 0 4243
[} 0 443)
2 ) 3767
2 5 3870
2 5 13955
2 4 4052
1 4 414D
1 4 4144
2 4 4246
1 4 433)
2 4 43132
0 0 44134
2 3 3770
2 5 3873
2 S 3958
1 2 4055
1 4 4146
1 4 4147
0 0 4249
1 4 4134
¢ o 4427
2 3 3773
2 3876
2 3 1961
1 2 4058
1 2 4149
1 4 4252
1 4 4137
0 0 4440



LE1

SYMBOL

IR -ar-
19- y-

40 -z2r-
41 -nb-
41 nh-
42 mo-
43 te-
41 tc-
44-ru-
46 pd-

.69400106

JB-ar

19- y-
40-2r-
4]1-nb-
42 -mo-
4) te-
44-ru-
45-rh-
45-th-
46 pd-

38 ar- .43000006
319- y-
40-2r-
41-nb-
41-nb-
42-mo-

4) te-
44 ru-

49 1h

45-th-

46 pd-

102
102
102
102
102
102
102
102

102
102

103
101}
103
101}
10}
103
103
103
103
10)
104
104
104
104
104
104
104
104
104
104

104

OO O™

ZLAAAS
Jato020
3191020
401020
411020
411021
421020
431020
431021

441020
461040

381010
391030
401010
411030
421030
431030
4410130
4510130
4510131
461010
181040
3191040
401040
411040
411041
421040
411040
441040
451040
451041

461040

HALP -LIFE
.8711e 01
.0000e~ O1
.9000¢:00

1000, 400
. 3000, 400

18000402
.2800~400
.61000+02

atable
stable

. 1960~ 01}
.6041~ O1
. 30000400
.%000,+00
.715000401
. 4200401
. 1921406

atable
.3672040)
.46H0c 06
.6292¢~ 01
.aR25~-01
. 57280400
.A0G0c+00
. 0000, 400
.000060401
L0%M0e80)

stable
.23000401
.6040r402

atable

F-BETA

.01700406
. 09600496

. 25000406
.8320c0406
.83200006
. H04%4%0 005
. 4201006
.8200000%

. 0140, 006
.4970,006
11100006
.14400406

03990 ¢ 0%
.6600c 404

6300r304

.004%004¢03

. 49400406
.7420e406
.5100e406
.12%00406
. 22900405
. 4500406
.R700e 405

.1300e404

TABLE C-1 (Cont.)

E-ALPHA RTYP

£-GAMMA

.97A00406

.N2100406

37100405

. 46100806
. 46100406

713046004
19330006

.925%0e 006

WVICe 0K

.9H10e0406

. 46700406

A2000 405

.1140¢406

926450405
94%00¢405

6RN0r40)
45190004

.A%20, 806
.75000 406
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TABLE C-1 (Cont.)

SYMBROL S§ ZZAAAS HALP-LIFE E- BETA E GAMMA F. ALPHA RTY, RPS (o] RRANCHING NDK NSP  MAT

49-in-114 1 491141 4.2777¢¢06 1.42000405 9 40000404 0.0 2.00 0.0 1.6340,~406 4.3000e-02 2 4 4929
3.00 0.0 1.9034,4¢05 9.5700e-01

50 -sn-114 0 S01140 stable (4] 0 5011

42-mo-115 0 421150 1.2991¢ O} 1.5980,306 2.)9000806 0.0 1.00 0.0 1.04R,2307 1.0000e400 1 2 4294

4)-tc-115 0 4131150 2.7044¢ O] 2.99500406 2 16200400 0.0 1.00 0.0 8.8RS9¢106 B8.5661)e 01 2 ) 4379
1.0 0.0 5.9290¢400 1 433)7e-01

44-ru-115 0 441150 8 7844¢ 01 2 SIAR0C406 1 . HCENe406 0.0 1 00 0.0 7.261Re¢06 9 .9772¢-01 2 3 4482
1.50 0.0 1.4190e0400 2.2760¢~ 03

45-th-115 0 451150 8.)154¢200 2.0210¢306 1.0%40¢206 0.0 1.00 0.0 S.6687¢306 9.9225r-0] 2 3 4561
1.50 0.0 1.51200400 7.7460¢0-0)

46-pd-115 0 461150 3. 80000401 1. 34530406 1.25120006 0.0 1.¢0 0.0 4 4591¢406 7.3000e-01 2 2 4664
1.00 1.0 4 4581 ¢06 2.7000¢-01

47 aq 115 0 471150 1.2000r¢03 1.1000e406 4 .RI00e40S 0.0 1.00 0.0 3.14000306 9.4300¢-01 2 4 4749
1.00 1.0 2.99900306 5.7000e-02

47-ag-115 1 471151 1.8000nr¢01 9.32990405 R.R8150,405 0.0 1.00 0.0 3.1810+406 1.00000+¢00 1 2 4750

4R cd-115 0 481150 1.924604¢05 3. 12100405 1.91000405 0.0 1.00 0.0 1. 4418406 7.0000e-07 2 4 4852
1.00 1.0 1.10%¢ct06 1.0000e400

48 cd-115 1 481151 3.8534c406 6.0300c0%0% 3.13000,~404 0.0 1.00 0.0 1.622R¢406 9.9%A9%-01 2 4 485)
1.00 1.0 1.2R66c406 1.1000e~ C°

49-§n-115 0 491150 1.3917¢¢22 1.5300r:05 0.0 0.0 1.00 0.0 4.9700¢405 1.0000c400 1 1 4911

49-in-1151 491151 1.61500404 1.6900c¢405 1.6240e405 0.0 1.0c 0.0 81313000405 5.0000e-02 2 4 49132
1.00 0.0 3.)624¢40S 9.5000e-01

S0-sn-115 0 501150 stable V] 0 5034

43-tc-116 0 431160 1.1549¢-01 3.6930,%06 13.49%00406 0.0 1.00 0.0 1.1872e407 B.7777e-01 2 3 4382
1.0 0.0 6.6590,¢00 1.2223¢-01

44-ru-116 0 441160 1.70040¢00 1 .84100306 9 RE00e405 0.0 1.00 0.0 5.5269%¢+06 9.8919~-01 2 3 4485
1.0 0.0 2.1590¢¢00 1.0R]1le-02

45-rh-116 0 451160 9.4919-01 2.9670¢%06 2. 2200c0006 0.0 1.00 0.9 B8B.73IHert06 9.94620-01 2 3 4564
1.0 0.0 1.83400400 S.3790¢-03

46-pd-116 0 461160 1.2720e0401 6.62300¢35 6.0400,405 0.0 1.00 0.0 2.62000406 1.0000¢400 1 4 4667

47-aq-116 0 471160 1.6080c0¢02 1.6790¢406 2.1100c406 0.0 1.00 0.0 6.0000,406 1. 0000r400 1 4 41752

47-ag-116 1 471161 1.0400e401 1.345Re306 2.714R8c0406 0.0 1.00 0.0 6 .0R10N0,r406 9 ROO0e O1 2 4 479
3.00 0.0 8 _1000,r204 2. 0000c-02

48-cd-116 0 481160 stable 0 0 4855

49-in-116 0 491160 1.410004¢0]1 1.36490406 1.9600¢404 0.0 1.00 0.0 3.2760,406 1.00000400 1 4 4934

49-fn-116 1 491161 3. .2490¢¢03 1.11000¢05 2.4730e406 0.0 1.00 0.0 13.4010¢406 1.0000¢400 t & 4915

49-1in-116 2 491162 2.18000¢00 9.08000¢04 6.7800e404 0.0 3.00 1.0 2. R9nes05 1.00000400 1 3 4916

S0-sn-116 0 S01160 stable 0 0 S50V}

43-tc-117 0 43117C 1.5176¢ 01 3.17300306 2. 9000406 0.0 1.00 0.0 9.9071¢006 7 .8750e-01 2 3 485
1.0 0.0 7.47900¢00 2.1250¢ 01

44-ru-117 0 441170 3.4277¢-01 2.63700406 2.02060,miN6 0.0 1.00 00 B8.5111et06 9.7949¢-01 2 I 4408
1.50 0.0 3.1990ea00 2.0509¢-02

45-rth-117 0 451170 1.2174e400 2.2090,406 1.35900406 0.0 1.00 0.0 6.99R9%306 S S1HIe-01 2 3 4567
1.0 0.0 J3.13%0,¢00 4 . A201e-02

46-pd-117 0 461170 5.00000¢00 1.9150c¢06 1 0R70c406 0.0 1.00 0.0 S.5%248e¢406 5.0000e-01 2 2 46170
1.00 1.0 5.%21Re306 5.09000~-01

47 -ag-117 0 471170 ?7.2800e301 1.22100:086 1.30000206 0.0 1.00 0.0 4.1700c406 8. 6000¢-01} 2 4 4755
1.00 1.0 4.03400:06 1.4000¢ O}

47-aq 117 1 471171 S.3400c¢00 1.4660c06 R. 1200005 0.0 1.00 0.0 4.1700c406 875000 01 2 4 4756
1.00 1.0 4.0340c%06 1.4%00¢-01
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TABLE C-1 (Cont.)

SYMBOL 5 ZZAAAS HALF-LIFE E-BETA E-GAMMA E-ALPHA RTYP RPS 0 BRANCHING NDK NSP MAT

48-cd-117 0 481170 8.96400403 £.30000¢05 1.0R00e+06 0.0 1.00 0.0 2.5250e406 9.0000e-02 2 4 4858
1.00 1.0 2.2100e406 9.1000e-01

48-cd-117 1 481171 1.2096c¢04 2.0100e405 2.0340c406 0.0 1.00 0.0 2.6610e+06 9.8500~-C1 2 2 4859
1.00 1.0 2.3460e406 1.5000e-02

49-in-117 0 491170 2.62H00403 2.6620e405 ¢.8R00c0S 0.0 1.00 0.0 1.4540,0406 9.9680c-01 2 4 49137
1.00 1.0 1.139Ces06 3.2000¢-03

49-in-117 1 491171 6.9900c¢0) 4.3100¢405 9.1000e+404 0.0 1.00 0.0 1.7690¢406 S.2900~-01 2 4 4938
J 00 0.0 3.1530¢405 4.7100,-01

50-sn-117 0 501170 stable 0 0 S040

50-sn-117 1 S01171 1.1750e¢406 1.5600e405 1.57500405 0.0 3.00 0.0 3.1458e+405 1.0000r400 1 J 5041

43-tc-118 0 431180 8.1554e-02 3.87700¢06 3.8350e:06 0.0 1.00 0.0 1.2666e+07 1.0000e400 1 2 4388

44-ru-118 0 441180 6.621350-01 2.09400406 1.11800406 0.0 1.00 0.0 6.54R1¢406 9. 5891¢-01 2 3 4491
1.50 0.0 3.6R90,+00 4.1092¢-02

45-rh-118 0 451180 3.1565¢-71 3.0940e406 2.4940c406 0.0 1.00 0.0 9.9851e¢06 9.70R3e-01 2 3 4570
1.50 0.0 3.4190€:00 2.9167¢-02

46-pd-118 0 461180 3.1000e400 1.04400406 7.15400¢05 0.C 1.00 0.0 3.78390406 5.0000¢-01 2 2 4673
1.00 1.0 3.6622¢306 S5.0000e-01

47-ag-118 0 471180 3.7600e+00 2.4880¢406 1.60006e406 0.0 1.00 0.0 7.1300e+06 1.0000¢400 1 4758

47-ag-118 1 471181 2.0000e400 1.2510e406 1.5000e+06 0.0 1.00 0.0 7.2580e¢06 5.9000e-01 2 4 4759
3.00 0.0 1.2714€405 4.1000e-01

48-cd-118 0 481100 3.0180e+403 2.3452e405 2.99192404 0.0 1.00 0.0 7.4000e+05 1.0000e400 1 2 4861

49-in-118 0 491180 S.0000c+00 1.7700e406 ?7.8000c+04 0.0 1.00 0.0 4.2000e+406 1.0000e+00 1 4 4940

49-in-118 1 491181 2.6700¢402 5.6200e+405 2.7200e406 0.0 1.00 0.0 4.2600e+406 1.0000e+00 1 4 4941

49-in-118 2 491182 8.5000e400 1.C400e405 7.5000e+04 0.0 1.00 0.0 4.4000e406 1.4000e-02 2 4 4942
3.00 1.0 1.3820e+05 9.8600e-01

50-sn-118 0 501180 stable 0 0 5043

44-ru-119 0 441190 1.9495e-01 2.9200e+06 2.3110e406 0.0 1.00 0.0 9.3071e406 9.5642e-01 2 J 4494
1.50 0.0 4.4590e+00 4.3580e-02

45-rh-119 0 451190 4.6542e-01 2.4760¢406 1.59600406 0.0 1.00 0.0 8.0201e¢06 9.1703¢-01 2 3 4573
1.50 0.0 4.3790c0¢400 8.2971e-02

46-pd-119 0 461190 1.7587e400 2.1110e406 1.3370e+06 0.0 1.00 0.0 6.7761¢406 1.0000c400 2 3 4676
1.50 0.0 1.0000e~-01 1.0000e-06

47-ag-119 0 471190 2.1000e400 1.5613e406 1.7351e+06 0.0 1.00 0.0 S.3500e+06 7.8000e-01 3 S 4761
1.00 1.0 5.2030e406 2.2000e-01
1.50 0.0 7.0000e-02 1.0000e-06

48-cd-119 0 481190 1.6140¢402 7.8300e405 1.6890¢406 0.0 1.00 0.0 3.7900e406 1.0000e-01 2 4 4864
1.00 1.0 3.4790c¢06 9.0000e-01

48-cd-119 1 481191 1.3200,402 6.60000¢05 2.39400+406 0.0 1.00 0.0 3.9360e+06 1.0000c¢+400 1 2 4865

49-i{n-119 0 491190 1.4400e402 6 0100e¢0S 7.6R90e+05 0.0 1.00 0.0 2.3360c406 9.9070e-01 2 4 4943
1.00 1.0 2.2460e0+406 9.3000e-03

49-in-119 1 491191 1.0800,¢03 9.7774e405 1.2970¢405 0.0 1.00 0.0 2.6470c*06 9.7500e-01 2 4 4944
3.00 0.0 3.1139¢40S 2.5000e-02

50-sn-119 0 501190 stable [ 0 5046

50-sn-119 1 501191 2.5315e407 7.5900e404 1.1430e404 0.0 3.00 0.0 8.9530e+04 1.0000e+00 1 3 5047

44-ru-120 0 441200 3.S5028e-01 2.1610e406 1.2660c406 0.0 1.00 0.0 7.3351e406 9.2435e-01 2 3 4497
1.50 0.0 5.0490e+400 7.5652e¢-02

45-rh-120 0 451200 1.7246e-01 3.2610c406 2.8370e406 0.0 1.00 0.0 1.0779e407 9.4072¢-01 2 3 4576
1.50 0.0 4.8490e400 S.90R2¢-02

46-pd-120 0 461200 ).9065¢¢00 1.34300406 8.1370e40S 0.0 1.00 0.0 4.8111e+06 9.9993e-01 2 3 4579
1.50 0.0 4.1R800e-01 6.8000e-05
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TABLE C-1 (Cont.)

SYMBOL S 2ZAAAS HALF-LIFE E-BETA E-GAMMA E-ALPHA RTYP RPS Q BRARTHING NDK NSP MAT

48-0d-123 0 481230 8.9050e400 1.8660e+¢06 1.0990e406 0.0 1.00 0.0 5.4992e406 7.7000e-01 2 2 4876
1.00 1.0 5.1902e406 2.3000e-01

49-1:"-123 0 491230 S.9800e400 1.3630e406 1.1020e306 0.0 1.00 0.0 4.4000e406 3.2000e-02 2 4 4955
1.00 1.0 4.3750e406 9.6800e-01

49-in-123 1 491231 4.7800e+401 2.0100e406 6.6000c404 0.0 1.00 1.0 4.6950e406 1.0000e+00 1 4 4956

50-sn-123 0 501230 1.1163e407 5.2030c405 6.90000403 0.0 1.00 0.0 1.4027€406 1.0000e400 1 4 5058

50-3n-123 1 501231 2.40480403 4.7850e¢05 1.4100e405 0.0 1.00 0.0 1.4273¢406 1.0000e+00 1 4 5059

51-sb-123 0 511230 stable 0 0 5131

52-te-123 0 521230 3.9131e420 3.9629e40) 1.2920e404 0.0 2.00 0.0 5.1300e+04 1.0000e+00 1 3 5234

52-te-123 1 S21231 1.0342e+407 9.8000¢¢04 1.4800e+05 0.0 3.00 0.0 2.4746e+405 1.0000e+00 1 3 52135

46-pd-124 0 461240 5.1398e-01 1.98100406 1.0720e406 0.0 1.00 0.0 6.8601e+406 9.7301e-01 2 3 4691
1.50 0.0 3.1390e+00 2.6986¢-02

47-ag-124 O 471240 2.4948e-01 3.0900e¢06 2.6220e+06 0.0 1.00 0.0 1.0270e+407 9.7712e-01 2 3 4776
1.50 0.0 3.3690e+00 2.28R1e-02

48-cd-124 0 481240 9.0000e-01 1.1413e406 5.6755€405 0.0 1.00 0.0 3.5272¢406 1.0000e400 1 2 4879

49-in-124 0 491240 3.1700e+400 1.9690e406 2.6950e306 0.0 1.00 0.0 7.1800e406 1.0000e+00 1 4 4958

49-in-124 1 491241 2.4000e400 1.7090~406 1J.8000e+06 0.0 1.00 0.0 7.3700e406 1.0000e+00 1 4 4959

S0-sn-124 0 5012490 stable 0 0 5061

51-sb-124 0 S11240 5.201)e406 3.9000e405 1.8460e406 0.0 1.00 0.0 2.9062e+06 °'.0000e400 1 4 5134

S1-sb-124 1 511241 9.3000e401 1.14000405 4.43000405 0.0 1.00 0.0 2.9171e406 2.5000e-01 2 4 5135
3.00 0.0 1.0863¢404 7.5000e-01

S1-3b-124 2 511242 1.2120e403 2.40000¢04 2.4400¢402 0.0 3.00 1.0 3.6846e+04 1.00000400 1 3 5136

52-te-124 0 521240 stable ] 0 52137

S4-xe-124 0 541240 stable 0 0 5425

46-pd-125 0 461250 1.6604e-01 2.6710e406 2.0920e+406 0.0 1.00 0.0 9.5601e406 9.7734e-0] 2 3 4694
1.50 0.0 3.6390e¢00 2.2664e-02

47-ag-125 0 471250 3.2351e-01 2.5910e+06 1.8150e406 0.0 1.00 0.0 8.57640+06 9.3683e-01} 2 3 4779
1.50 0.0 4.1090e+400 6.3167e-02

48-cd-125 0 481250 1.3480e400 2.0610e406 1.3480e306 0.0 1.00 0.0 6.4832¢c+06 7.0000c¢-01 2 2 4882
1.00 1.0 6.4822¢406 3.0000c-01

49-in-135 0 491250 2.3300e+400 1.7970e+06 1.2930e+06 0.0 1.00 0.0 S5.48#00c406 1.1200,-01 2 4 4361
1.00 1.0 5.4520¢406 8.8800e-0}

49-1n-125 1 491251 1.2200e401 2.0970e406 6.7203¢c+0S 0.0 1.00 1.0 S5.6320e+06 1.0000c400 1 4 4962

50-an-125 0 S01250 8.3290e405 8.1100e+05 3.1200e405 0.0 1.00 0.0 2.3600e+406 1.9000c+00 1 4 5064

50-sn-125 1 501251 S.7120e402 8.0660e405 3.55000405 0.0 1.00 0.0 2.3880e+406 1.0000e400 1 4 5065

51-sb-125 0 511250 8.6150e+07 9.9300e404 4.3400¢405 0.0 1.00 0.0 7.6670¢c405 7.7000e-01 2 4 5137
1.00 1.0 6.2190e+405 2.3000e-01

52-te-125 0 521250 stable 0 0 5240

53-te-1251 521251 5.0112e%06 1.0640e405 3.5600e+04 0.0 3.00 0.0 1.4477e+05 1.0000e¢00 1 3 5241

53- 1-125 0 531250 5.1961n406 1.6700e404 4.2100e+04 0.0 2.00 0.0 1.7810e+05 1.0000c400 1 4 5319

54-xe-125 0 541250 6.0840e¢304 3.2400e0¢04 2.68000405 0.0 2.00 0.0 1.6550e406 1.0000e400 1 4 5428

S4-xe-125 1 541251 5.7000e401 1.3100e+405 1.1590e+405 0.0 3.00 0.0 2.5260e405 1.0000e400 1 3 5429

46-pd-126 0 461260 2.5202e-01 2.3590e+06 1.2760¢406 0.0 1.00 0.0 7.9501e+406 9.496%¢-01 2 3 4697
1.50 0.0 4.3590€400 5.0310¢-02

47-ag-126 0 471260 1.39B4e-01 2.9960c+06 3.4380e+06 0.0 1.00 0.0 1.1276c407 9.5362¢-01 2 3 47R2
1.50 0.0 4.4990¢0¢00 4.6380e-02

48-cd-136 0 481260 S5.0600e-01 1.4905e+406 7.2089e405 0.0 1.00 1.0 4.4400e406 1.0000e400 1 2 4885

49-in-126 0 491260 1.4500¢400 1.8930e406 4.3100e+06 0.0 1.00 0.0 8.1200¢406 1.0000c+00 1 & 4964

49-in-126 1 491261 1.5000e+00 2.4340e+06 2.8120e+06 0.0 1.00 0.0 8.2700e406 1.0000e+00 1 4 4965

50-sn-126 0 501260 3.1557¢¢12 1.3247€405 1.3055e405 0.0 1.00 1.0 3.6000e405 3.3000e-01 k] 4 5067
1.00 2.0 3.3R000405 6.7000e-t1
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.3900e-01
.64500406
.0900e406
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.2060c406
.5810c+06
.4930e406
.9700,405
.85000405
.R260, 404

6.6000c405
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.205Re407
. 15900400
.8792,406
.8000e0 405
. 31000406
.4300e+406
.3900e406
.2980e4 06
.29000406
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.3900e4 06
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.0137e-01
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.9995¢ - 01
.0100e- 04
.5298e-01
.4042¢-01
.6000e-03
.9350e-01
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.0000e400
. 0000, 400
.2500e-01
. 1500e-01
.0000e0¢00
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.0000e400
.0000e400

.J114e-01
.RB61e- 02
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.1000e-03
.99%7e-01
.3000e-04
.2000e-01
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.0000e+00
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. 0000400
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.6000e-02

.3100e-01
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.22R0c 406

.1700e0406

. 94700406

.2712€406
. J2R0e4 0N
.60000406
.56500406
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. 8000406
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.060Ge-01
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50-3n-129
50-sn-129

S1-3b-129

52-te-129
52-te-129

53- i-129
S4-xe-129
54-xe-129

LZZAAAS

501290
501291

511290

521290
521291

531290
541290
541291

HALF-LIFE

.2960e0402
.0200¢402

.5840c 404

.1760e0403
.9030e406

. 95440414
stable
.6810e0405

48-cd-130

49-in-130

49-{n-130

49-in-130

50-sn-130
50-sn-130
51-sb-130
S1-sb-1130
52-te-130
53- 1-130
53- 1-130

54 -xe-130

.5180e406

48-cd-131

49-in-131

49-1in-131
50-sn-131
50-sn-131
S1-sb-131

52-te-131
52-te-131

53- §-1M1

S4-xe-131
54-xc-131

48-cd-132

481300

4911300

451301
491302
501300
501301
511300
511301
521300
531300
531301
541300
481310

491310

4911311
501310
501311
511310

521310
521311

531310

541310
541311

481320

.2000e-01

.5000e-01
.5000e-01
.2320e4¢02
.0200e+02
. 37000403
.7800c402

stable
.4496¢4¢04
.4000e402

stable
.0617e-01

. 7000e-01

.5000e-01
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- 3R00ec403

.5000e403
.0800¢205

.9466c405
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. 0282406

. 3572e-01
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.9100e405

.3800e405S
.7000¢40%

.4300e+04
.7600e405

.2580¢406

.8900e406
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.6900e405
.2086e406
.9700e495
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.9000e4+05
. 7800405

.7070e406

5.0126e406
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.8000e+0%
.2459e406
.8200e405

.2070e405

9100e405

.9150e+05

. 4200205

. 40500406
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TABLE C-1 (Cont.)

E -ALPHA

E- GAMMA

.4457e406
.090Re+06

. 35600406

.2000e+04
.7000e+¢04

.4600e¢04
.0700ec404

.2250e406

. 2000406

.2600e0406
.3000e406
.5500e405
.0521¢406
.3720e406
.7080e+406

.1380e+06
.1000e405

.0170e+36

.2012¢406
. 3600e4+06
.8924¢406
.71500e406

4.2100e405
42100406

.8200e0405

.0100e+04

RTYP

P ) e Bl bt bt ) et e

Pt bt Bt bt Bl bt b0 Bt Bt ah Pt bt Pud pmd

W e

Co0oOoO~=00OD0 =
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o
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o ~A-N-N-N-N-N-N-N-N-N-N-¥.-¥_-¥-N.]

Lol N S SRV

ELLENND=NNDIND=NC
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.0000e406
.0350e406
.5200¢404
.3770c¢406
.27200406
-4980e406
.6040e406
.0550e4 05
.9200e40%

.3614e40%

.8262¢406
.2660e+00
.0200c407
.2530c406
.5700e406
. 3030,406
. 62000406
.0600e307
.6530e406
.9700e+06
.1700e¢06
.1170e406
.9900e406
.9900c¢406

.9840n,: 06
.0240¢,406
.9952¢404

.1111e+07
.4330e4¢00
.9300,r+06
.6880e406
.5700c400
.2300e406
.6000e406
.6500e4+06
.8920¢400
.1900c+06
.0080e+06
.2490¢406
.4310e406
.8225e405

7080e405
.0690c405

.6393e¢05

.6112¢406
.9270e400

—_ e DN = e

bt bt b0 (D D DL DON YD O

O vt e

BRANCHING

.0000e+00
.0600e400
.0000e-06
.2000e-01
.8000e-01
.0000¢4¢00
.6000e-01
.4000e-01
.0000#400

.0000e4+00

.9032¢-01
.6760e-03
.0000e-01
.9000e-01
.1000e-02
.914Ce- 0}
.6000e-03
.2000e-01
.6000e-01
.6000¢-03
.0009e400
.0000e+00
.0000e+¢00
.0000e400

.0000e400
.6000e-01
-4000e-01

.5127¢-C1
.8728¢- 02
.325%2¢-01
.9080e-02
.8400e-02
.8290¢-01
.7100e-02
.0000e400
.0000e+4 00
.3200¢-01
.8000e-02
.0000c400
.7800¢-01
.2200e-01
.8914c-01
.0860c-02

.0000e+00

.9440e-01
.0560e-01

NDK NSP
1 2
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1 4
o 0
1 3
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1 4
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1 4
1 4
0 0
1 4
2 4
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1 2
i 2
2 2
1 4
2 4
2 4
0 o
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SYMRBOWL S LZAAAS WHALF L IPF F HBETA 1L GAMMA E ALPUA RTYP RFS 0 ARANCHING NDK NSP MAT

49 - in-132 0 491320 } . H60Ue O 1.0200e006 5. 0000406 0.01 00006 1.3600407 9. 4%000e 0} 2 5 4912
1 90 0.0 6. 2900406 5. 0600 02

80 sn 112 0 501120 4 0000400  7.2900e005 1. 2929¢406 N.0 1.00 3.0 3 1300006 1 00000400 1 4 w085

81 #b 132 0 511320 2.%2006402 1.29400006 2 S)90e0006 0.0 .00 00 5 4900606 1 00NN 00 ] 4 H149%H

91-5hH 132 1 SEY32Y 1 . AHO0:02 1. 2%H00106 2 60200406 0.0 1. .00 00 S 49004006 1 GOOGe OO0 ) 4 H1599

S2-te- 112 0 521320 2 H1%2e00%  J.0040:00% 2 1150409 0.0 1.00 . 0 497000405 | ONOOeOD ] 4 L4261

S53- 4 112 0 S31120 B 2224000 5. 0000e40% 2 21100006 0.0 1.00 00 3 SHOOes06 1 0000400 1 4 9140

S1- 1132 1 911321 9.0160001 1 000005 1. 1200405 0.9 1.00 00 3 72000406 1 1200 0] 4 4 “4)
3.00 0 0 1 20600000% H._GHOOe O]

94 re-132 0 541120 stahle 0 0 5449

49 in 133 0 491130 | . 1161e O) t 166060406 1. 41400006 0.0 1.00 00 |} . 1292e10) 6 Hid4ge 0] 2 1 4969
1.90 0.0 9 8210400 1 16496 0O}

S0 4n-133 0 9011010 ) 44006600 2. 49900006 2 06100406 0.0 1 00 0.0 I Hi00Oet OF 9 /4 0O} 2 ] HONH
1 950 00 ) 6100800 1 490 03

S1 s 133 0 5113130 1 5000402 6 6000009 2. 04000806 0.0 1 00 0.0 3.9%00006 . 1000 0} 2 2 5161
1.00 1.0 3 6160006 | 100G 0O)

92-te-111 0 S21110 7.5000e¢02 6 1500e¢05% 1.2C00e¢Q6 0.0 1.00 0.0 2.9200e¢06 1 0000Ce¢00 1 4 9264

92 te- 133 1 521331 1. 14400000 ) 6)00esDS ) 6010006 0.0 .00 0.0 ) 25400406 7 23006 0] ) 4 5269
1 001 0 3} 62005000 1 0200 0O}
100 0.0 1.3426000% ). 19000 U]

$31- 1§ 133 0 S31310 7.48A00004 4 09000405 6 12000005 0.0 1.00 0 0 ) 162 e06 9.7)1206 0] 2 4 5143
1.00 1 0 1 %270ei06 2 HHOOQe 02

93- 4-133 1 931311 9.00000000 9.43000404 | . S571140806 0.0 1.00 0 1.6142e006 1.0000e400 1 1 S i44

S4-%x2-133 0 541330 4.%300e¢05 ). V640, 00% 4 1100004 0.0 1.00 .0 4.2700:00% 1.0000000 1 4 942

S4-xe 131 1 5411331 1.8922¢404% ) A%00e809 4 0100004 0.0 .00 0.0 2 31322405 1.0000e4¢00 1 1 Y448

55 e8-133 0 551130 stahle (4] 0 9924

49-{n-1714 0 491340 A.0%%7e 02 3} 99200406 4 69901006 0.0 1.00 0.0 1.2720e+4C7 6.6244¢ 0] 2 1 4944
1.0 0 0 1 089901 3 ¥)S%e 01}

S0-an-134 0 501340 ]1.0400e0¢00 2.2950e¢06 1 24800406 0.0 1.00 0.0 5.7120,¢06 8.1000e 0} 2 1 5091}
1.90 0.0 2.1600e406 ].7000e 0}

S51-8h 134 @ S11340 8.5000¢ 01 2.7810e406 2 24960e406 0.0 1.0000 R.4100e¢06 9 Y4%6e-01 2 1 5164
1.90 00 9 1000e-01 1 0400¢ 0}

S1-8b-134 1 511341 1.0430e¢01 2.7620e406 2 IHO0L406 0.0 1.00 0.0 1 41000406 N 9802¢ 01 2 4 368
1.90 6.0 9.1000e405% 1.1800¢ 013

52-te 134 0 521340 2.50H0e¢0) 2.3700e4¢05% 0.598000405 0.0 1.00 0.0 1 %600e406 1.0000e¢00 1 4 9267

93- 11314 0 531340 3.15600¢03 6 .17006405 2.6100e¢06 0.0 1.00 0.0 4 1500e¢@6 1 0000e400 1 4 5146

93- §-134 1 511341 2.21400¢02 0.4000e0404 2.4100000% 0.0 1.001.0 2.%010e¢06 2 1000e 02 2 9147
3.00 0.0 3 161000  9.2700. 0}

954-xe-134 0 9411340 stahle 0 0 5455

S4-xe-134 1 541341 2.9000¢ 01 6.70000¢04 1 B900e¢006 0.0 1.00 0.0 1.95%¢06 1.0000e:00 1 J 5446

59%-08-114 0 551340 6.50/00¢07 1 .6500e40% 1. .594%Ge406 0.0 1.00 0.0 2.0%8%4¢06 1.0000et00 2 9 94210
2.00 0.0 1.2120e¢06 1 0000e 0K

59-c8-134 1 551741 1.04760004 1.0470e¢09% 2 67000404 0.0 .00 0.0 1} .3H)%¢04% 1.0000e0C 1 1 9929

5 bha-134 0 5611340 atahle 0 n 5647

$0-8n 115 9 501350 4.1771e O} 2.5950e406 2.402Ce¢06 0.0 1.00 0.0 7.2000e406 9.1400e 01 P ] 1 5094
1.90 0.0 13 08000406 §.6000e-02

S1-ab-139 0 S5111%0 1.71000400 2.2900e406 1.6000e¢06 0.0 1.00 0.0 7.5%400c400 7 9000« 01 2 1 9167
1.0 0.0 4.0100e¢06 2.0200e O1

53-te-135 0 521350 1.9000e¢01 2.0842¢006 1.4779¢406 0.0 1.00 0.0 4%.9%00e¢06 | 00006400 1 2 %270

53- 4 139 0 531350 2.36%2¢404  3.4%900040% 1.5920¢¢06 0.0 1.00 0.0 2.6960¢06 A.4100e 01 2 4 2149
1.00 1.0 2 1690406 1.%700e 01
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54 xe 114
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S 3 114
9% ca 115
56 ha 115
9 ha 114
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54113150
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9911351
56113150
96113%)
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10006409

2904e,004 1 1000 0%
17400002 9 %0004 04
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6900001 2 21100406
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stable
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.45%00e40  2.0100c406
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stable
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40000460  ]1.9460e0006

. 49000400 2.1279¢006

44000402 6 47000005
V93200200 ] 24100406
140600002 2 01200004
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L2600 s 04
0% 01 O0Y
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.41 10006

02000 06
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D100 0 06
Y9700 ¢06
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1800405

00000004

01050406

10106006
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4000e4 0%
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RGEOOe e 06
12700006
1791006

.1 740409
.61660-005

91100406
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. 0000406
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.H200e0 06
. 00000 06
.71700e 006
. 317700806
. 45710006
. 99000004
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F GGAMMA E ALPHA RTYP RPS
40100 0% 0.0) 00 0.0
20006000 0.01) o0 0.0
1 00 00

00 0.6 1.00 00

HON e 06 0.0 V.00 00
9H00e 104 0.0 .00 0 0O
42710006 0.0 1 00 0.0
1.9000

600 4 06 008 0000
1.90 0 0

T IR A 0.0 ) nb 0.0
1.90 0.0

19900406 0.0 1.00 0.0
H900r 106 0.1 00 0.0
21700006 00131 00 0.0
1.00 1.0

“000040) 0.0 1.00 0O
.N210e0406 0.0 30000
1H)0e 406 0.01.0000
1.0 0.0

60900406 0.01 00 0.0
1.0 00

. 23000006 0.0 1.00 0.0
1.0 0.0

21006405 0.01.00 0.0
0.0 0.0 1.00 0.0
1.001.0

. 99000405 0.0 .0n0.0
.S180e406 001.000.0
1.0 0.0

0610406 0.01 00 00
1.0 0 0

97920406 0.0 1.00 0.0
1.0 0.0
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16100406 001.000.0
066020 0% 0.0 1.00 0.0
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21104006 .01 00O O
2.00 0.0

6N40r 06 0.0 1.00 0.0
1.0 0.0

19100006 6.0 1.00 0.0
1.0 0.0
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1.90 0.0

. 74500006

. 43100006
.9190e400
.2000: ¢ 06

4000e406

.H200e 406
. 1000406
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. 0000400

4 0000 049

9996¢ 01
00006400
0000400

.0000e400
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6192 01
1000 0}
L1000 01
D130 (1
0000 01
0000400
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0000« 600

0000000
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1980 01
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VOO0 02
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0 0
2 b
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2 ]
2 )



SYMBROL,

54 -xe-
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56 ha-
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921400
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. 96806001
9620402
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atable

L9304 0}
6000« 0}

. 16000401
170040001
.101Rev 006
. 4499405
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.71720e 406
64500406
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I1510e006

11000004
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57-1a-
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5% e3-
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141
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93114130
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.1262¢ 01
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. 4940040}
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.22000¢00
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.0000e 01
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59-pr-141
60-nd-143

. 247400006

S4-xe-144
'3-cn-144
56 ba-144
57 la-144
SR ce 144

59 pr-144
59 pr-144

60-nd 144
62-am-144

.46R0C, 408

S4-xe 14>
55-cs-145

56-ba-145
57-1a-145
SB-ce-145
59-pr-14%
60-nd-145
61 pm 145

62 sm-145

S4-xe- 146
59-ca- 146
56-ba-146
57-1a 146
57-1a-146
58-ce-146
59-pr-146

60-nd- 146
63 am-146

.27900406

54-xe-147
55 ca-147

56 ba-147

n

o009 © o (-] (-3 -]

-

oo

o © © o

OO0 O™

o O ©

LZ2AAAS

591430
601410

531440
541440
551943
561440
571440
9R1440

591440
591441

601440
621440

931450
541450
551450
561450
571450
SAL450
591450
601450
611450
621450
541460
551460
561466
571460
571461
5A1460
591460
601460
621460
541470
551470

561470

HALF LIFPE

.17240406
stable

L4597« 01
.1000,¢00
.0200¢¢00
.1400e4¢01
. 09000 0]
. 4615307

.016Ree0)
. 12000002

.6000, 022
stable

.9142¢ 01
. 0000~ O}
.9400¢- 0}
. 3100, 00
. 4800e¢0}
.R060e¢02
.15420004

stable
.5R%6,00A
.937604¢07
.6260~ O}
.4300¢ 01
.2000e000
.270004¢00

. 0000, 01

8.1120,:02

.4490¢4 01

stable
. 25040315
.9909¢- 01
.45%48¢-01

.0000r-01

& - D

F-RETA

.15300405

. 7190406
.6060e406

.3900,4 06

46100495
42110006

14000104

.20R9¢ 106
44000004

.3910e406
. 1750406
.20000¢06
. 7700+ 05
. 76000405
.7700e040%
.1700,r 004
. 76000404
...'..:6}ibé;6é ............
.94 130,406
. 37600406
.912004 06
.2020,r 406

. 54000405
. J090n ¢ 06

. 219%0406

.BHR0r 406

TABLE C-1 (Cont.)

E-ALPHA RTYP

F GAMMA

.0000e-0?

. 21204405

66000006

N4H0Ne 405

. 24000006

00004

RI00e 204

L2000 137

0.0

. 1420006
.B2100406
. 1700406
. 34000405

. 49700406
.6000¢4¢05

R600e 404

2100e,404

.5000¢404

OR60e2 06

.1600e4 06

.RO00,+ 05

2A00c 406

. 41410106

1900405

.0190406
06 2. 11100006
_5R10r 406

. 3010406

o

[-X-X-]

oo
-3

1.910)et06

o ©

-N-N-N- o
[~ N-N-N-]

6 9020¢-0)

.00

[-N-N-N-N-N-N-N-N-N.}

CO0OOO0O0OO0O0O00

WNNIDIDSOD

-Nw NN

4]

. 14500405

A5G 00406
. 1090e400
.2000¢406
.B0O00r+0%

47006496

.6000,406
.97000406
.60000406

18600405

. 5960, 405
L9969 4 06
L0999 06
.9030r 404
.910)e 006

L9990, 406

9990, 400

. 177110006
. 1050e+ 00
.7900¢4 06
. 9600, 06
.9500¢406
. 1200, 06

%300,406

.8050, ¢ 06

14004 0S
12200006
. 200004 3Y

. 47600406

19000400

. 4100406
. 2000, + 06

2700006
0000~ O}

. IAGOes 06
.9000n 02

66600006

.0200¢¢ 06
. 15000406

.54300406
0.0 1.00 0.0 A.6A10ce06
. 14100400

02100406

. 42000406
. 15000406
. 0000404

- s o e e BN D N W

ARANCHING

0000, 00

47610 01
.92 19¢ 01
9270¢ 0]
. Y0D0e 03
L6870 01
.131000 02
. 0000100
. 00006400
.B600¢ 0}
. 4000 D2
0000400
0000~ 04
99600 01
. 0000, 0N

.9%14¢# 01
40Ate- 0}
IN9le 01

.1090e 02

.5400e-01

. 46006 -0)

.0000¢400
0000400

. 0000400

.0000e400

.0000e4 00
. 8000 -09
. 0000, 00

. 3495e 01
5048c-02
.6800~-01
.3200e-01
9999 01
. 0000~ 04
. 91970 01
5000, -0S
. 00000400
.0000,~400
.0000e400

5000e400

NDK NSP
14
o o
2 3
2
2
1«
1
2 4
14
2
1 o
o o
2
2
2 s

N O e
P -F Y XX

1 4
A..é.. ;
2 S
2 3
2 S

2 ]
2 k)
2 3



161

SYMROL,
S7-1a-147

SR -ce-147
99 -pr 147
60 nd 147
6l-pm 147
62-um 147

S6-ba 14R
57 1a 148

S8-ce-14A
59 pr-148
59 pr- 148
60 nd 148
61 pm- 148
61 -pm-148

[~ R-N-N-] o

U]

o

OO0 =-0O0 o

o

Z2AAAS
571470

5R1470
591470
601470
611470
621470

551480
S61480
9714R0

SRI4R0
591400
5971481
601480
611480
61140]

6214R0

HALF L'FF
.4000e 100

.6400¢4 0]
. 1600402
R LLY IO N
L21R¢ 807
. 144%0r¢ IR

05600 01
.0700~ O1
.0500¢ ¢ 00
.60000 401
. 16200002
L2000, ¢02

stable
6197408
L H6 715006

. 50000423

59-¢3-149
56 -ba-149
57 1a-149
SA-ce-149
59-pr-149
60-nd- 149

61-pm-149
62 sm-149

56-ba-159
57-1a-150

S8-ce-150
59-pr-150
60-nd-150
61-pm-150
62-5m-150

.1830e¢406

56 -ba-151
57-1a-151

58 ce- 151
59 pr-151

oo O ©

551490
561490
571490
581490
591490
601490
611490
621490
551500
561500
%71500
581500
591500
601500
611500
621500
561510
571510

581510
591510

.441% -0
.9518e -01
. 4079400
.20000400
. 356004902
.2100e040)
.9109¢1005
.1536¢c042)
.2376e0-01
.62190-01
.0R08e-01
. 00000400
. 19000400
atable
.64R0¢00)
stable
.3274¢ 01
.1939¢-01

. 0200400
.A900r:01

F RETA

.63120e4 06

591000 0%

R 4ees 0
CGR IO 0N
19100404

0o

45400006
14100406
074001 0F
12000409
557 1es06

29070406

29000104

712060004

0.0

.0160e0406
. 18300306
. 17920406
.526Ce4 05

. 00000405
.64700405

0.0

. 98520406
.03170e¢06

. A1 Res 05
.0170e406

.7900e405

. 20200406

. 44000406
.23400r406

]

» o= D e

.40400006

TABLE C-1 (Cont.)

E ALPHA RTYP

k. GAMMA

. 16300405

0OH10e s 06
1272004 0%
40006404
1H00¢ 200

0.0

090024006

5 10e s 05
2410406

16000805

.21%9¢4 06

7970006

7400405
W40, 406

.5200e0406
.0R70, 06
. 04500406
. 16100405

. 1100405
.1900e¢4 04

0.0

. 33100406
.0960e406
.54700406

.39690405
.07600,406

. 47000406

.29100406
.6010c406

.7740c405
.01100405

[

2.110%

P R R

k-]
-
‘N

o950 000
QO20O0CD

o]

.94500406
.6500¢40%
11000006

AHONE 06

.95 1008 04

24606404

. 1106e04 00

[= I -

*+O000 © o O

1.9076e

-

o
o

OO0O2D20200920
COoQ000%200C

[-N-N-N-]
[~~~ N~

-

22H0e: 4 06
0110800

.4000,4 06
. 900040

02000606
AROGNe - 01
04500006

L6004 406
.0500,406

.4730406

6100, 000

31000805
L9862 408
. 31400006
.22%00400
. 74200406
.6000¢¢05
.6370e406
.2100,406
. 11000406
.0000c-01
. 0000406
.6RRDC* 06
.0730,406
.RY4904 06

. 75100406 . 02040407
. 45900400
.B2R0e 406

. 1000404

04400406

.2000¢¢06
. 6595600006
.6900e406

. 45400406

. 71800406
.54900400
. 9100406
.9810e0400

29000,406

. 8000406

- e DN DN W

- e e e D

BRANCHING

.9954¢ 01}
6000~ 04
. 0000, 400
.0000e 4 (00
00006 60N
L LTI N4 TY]
.0000N¢- 400
. 49000 01
53100~ 0}
9141¢ 01
.900N~ 04
1R67e 01
3100 01
.0000, 400
.0000e4 Q0
.0000r 400

.0000,400
. 54000~ 01
.6Q00e 02
. 0000400

.9190~ 0}
.1000¢-03
.0000e,400

2.0
. 0000400
0000, 400
0000,+00
0000400

.S088c- 01
.9760¢,-01
40000-03
.9060¢- 0}
.4000c0-0)
.0000¢4 00
. 0000400

.0000,¢00

.62432-01
.7%69¢-02
.3451¢- 01
.5495¢-02
.0000c400
. 0000400

NDX

L

NSP

—_ s dsN

MAT

5752

5898
“41
6N40
6149
n214

ENYAL



61

SYMBOL

60-nd-151
61-pm-151
62-sm-151
63-eu-151

56-ba-152
57-1a-152

58-ce-152
S9-pr-152
60-nd-152
61-pm-152
61-pm-152
61-pm-152
62-3m-152
63-eu-152

63-cu-152

6)-eu %2
64-gd-152

57-1a-153
58-ce-153

59-pr-153
60-nd-153
61-pm-153
62-3m-15)
63-eu-153
64-gd-15)

o000 =0

DON=OOO0OO0 © O

ON -

ZZAAAS

601510
611510
621510
631510

561520
571520

581520
591520
601520
611520
611521
611522
621520
631520

631521

631522
641520

571530
581530

591530
601530
611530
621530
631530
641530

HALF-LIPE

. 45400402
. 02240405
.84010409

stable

.2049¢- 01
.8495e-01

.6627e0400
. 77610400
.8400e402
.4600c402
.5120e402
.080C~+03

stable
.2065e408

.3552c404

.7600e40)
.4060,42]1

.2584¢-01
.4688¢400

. 4907400
.71500e401
.2400¢402
.6657¢405

stable
.0874c407

E-RETA

. 1400405
.8700,40S
.9830c404

.5240e¢406
.3550¢1406
.1660G. 206
.5490¢c 406
. 33000495
. 3950e¢406
.08100e4¢0S
.6079e405
.2610e405
.0230e405

.1200e,404

0.0

.5950¢4¢06
.6800e406
. 70001406
.1110e406
.0720e405
.6970¢405

.0700e¢0n4

TABLE C-1 (Cont.)

RPTYP

F- GAMMA

.47000405
. 29000405
.4200e401

. 1900,406
.ARS0, 406
. 78406405
.1190¢406

.61000405
.5000¢405

5000c4 06

.73320406
.16190406
.0300e40S

.5100e+04

0.0

.0880e306
.12500406
.0270e406
.71230e445
. 72260405
.5100c404

.0760e405

E-ALPH

0 O O0oO0OO0O0O o =]

Qo

2.2062e40

[~N-N-]

A

1

.00
.00

1.00

[N~ N-NAN-N-N-K-N-N-)
[-N-N-N-N-N-N-N-N-N-1

o000 O0OC
[-R-N-N-N-N-]

o

.4430e4¢06
.IN700406
. 53001404

BRANCHING

.0000e4090
.0000e4¢00
.0000~400

.8990,406
.9990,400
.R200r306
.9R90,¢ 00
. 94900406
.4R70,806
. 12000406
.5000,406
.6200e406
. 47100406

.R221e406
.87610406
.8677¢406
.9217e406
. 47810405
.2062¢406

. 0010406
.7390e400
.8390e406
.6360e0400
.5730c0406
.3510e406
.9000c406

GJ320¢40%

.8390e405

S7-1a-154
SR-ce-154
59-pr-154

60-nd-154
61-pm-154
61-pm 154
62-5m- 154
63 cu-154

63-eu-154
64-9d-154

.R170e406

57-1a-155
58-ce-155

S9-pr-15S

571540
581540
591540
601540
611540
611541
621540
631540

631541
641540

571550
581550

591550

. 49260, -01
.0161,400
.0614¢r400
.0000e+01
.0320c0402
.6080c¢02

stable
.71140408

. 7600403
stable

.5399¢ 01
.27R2e-01

. 1224400

.6150c¢406
.6940e406
.R730e406
.0718c405
.9100e¢405
.9920,405
. 7800, 405

.20000404

.0150e406

.0710¢406

.1990e406
.5A700405

.41400406

6.07590405

.9000e406
. 9989406

. 25400306

. 3000, ¢ 04

.69A00406
.5710e406

.4R00e+06

coo < o o

o

- B =

P ot bt pmt Bt Gt Bt pmp ot

[-N-N-N-N-N-N-N-N.]
[N -N-N-N-N-N-N-F-]

000

o920

L N SRU- NNV BV, N

-

.0063¢407
.29900400
.0200e406
.6590e200
.46300406
.0700,-01
.4370e406
. 0000406
.0000c406

9689406

7.17000305
1.57000405

. 50400406
. 0890400
.0R20, 406
.5190e0400
.6440,306
.0440¢400

- N

- O D e D

.4279%e-
.720%¢ -
.1961e-

01
02
01

.0391)e-02
.0000c400
.0000,400
.0000e+ 00
.0000e400
.0000e400
.0000e400

.7920e-
.2080¢ -
.2000¢ -
.8000e-

01
01
01
13}

.0000,¢00
.0000e400

.93} 2e-
.0689¢-
.937Re-
.2190¢-

0l
o1
01
03

.0000e4 L0
0000e+00
.0000e+00
.00C0n+00

.0000e400

.1100e

.9980¢ -
0000e-

.0270¢-
.9363r-
. 3730 -
9RA%e -

01
ol
03
o1
01

. 0000400
.0000e400
. 0000400

01
04

.0000e,400

. J241e-
.6759¢-
. 8400~ -
.6004¢-
.8457e-

.54270

01
01
01
02
01
02

SONOLALENN
o
—
o
-»

w
[
-
N
L]



60 nd’
61 pm

62 nm
61 ey
64 qd
i th
66 dy

157

157

157
197
157
157

15€

-158

159
159
159

- 199

160
160

160
160
160
160
160

o

000D o

o

[

0O ©OO0O00CO0

LZAAAS

6014950
611550
621540
6311550
641550

SH1sNe0

991960

601560
611560
621560
611560
64!560

“]1570
9918570

601570
611570

21570
611570
641570

S91%5R0

601580

6115R0
621%A0
6131%¢n
0415480

HALF LIFE

.R221¢401
.R000«4¢01
. JIR0es 01
476%: 408

stable

.71926e0-01

. 96220001
.J100ee 01
. JR40e 204
11246006
stable

14420 01

.R001e O1

. 48311000
BRLRITYY)E
. 84200402
. 464R 004

stable

. 69490400

.7997¢000
. 10A0e 002
.71540¢40)

stable

2000 I~

o

k=

20292920

591590
6014590
611590
621590
611590

641570
651590

.4159%¢ 01}
.0005¢400

.6200r402
ORGENrI0]}
691 ne 004

stable

601600

611600

621600
611600
641600
641600
661600

2R e -01

.2519¢0001
40000401
astable
. 24670006
stable

F. BETA
1.3660,406
1.02000006
S

.6 V60000Y
6 6400104

2.1180c0 06
2 14900406
1 1220,406
1 3140e406
2. 1600¢00%
4 500404
2 41100406
2. M0 e0t

6ARNe e 06

45100006

1
1
BR.62600405
1 94000404

2.5%200006
1 SA90e 06
.56700 406

1
4 ORq 1 e0S
Q2. 66000404

2.77\00006
2.06300406
1.78200406
1 0002406

A. 7290004
1.1000es05

2.1000e040
1 9%690es08

R. 46700405
1 4640¢406

2 S700c005

TABLE C-1 (Cont.)

F ALPHA RTYP

£ GAMMA

33900405
1300405
0310004 0%

. 4700004

o000
oO00©0oO

e v

17100406

CAAROC 06

65700405

.RY40e 006

11000405
23100406

0N90e4 06

HA100406

. 14000406

40H0n¢0Y
0160005
6600005

. 2390¢4 09

16400406

L 54020005

0NONe406
TIHNe s 06
66600406
16000406
64970404

04140 s 05
2000404

20600406

SG000r 06

HARNE 405
6000400

221060 06

[~N-N-N-]

COO0OO0O00O0D:

[-N-N-]

o
(=]

[~
o o
-t bt o e o b

000000000

o

0000000

(=N~ No No el
[~ = Jho T R R BN

o

O00CO000Q0OC0C

(o)

- 32700406
. 10006406
62750006
52100405

. 01900400
. 706010406
.RON0es00
50000006
.AR00e- 4 0OF
. 14000005
. 45100306

67R0,4 06
R79004¢00
.14700406
.6090e0400
.5700,r406
.1610c406
.6000,+C6
36300406

0302¢407
.1690¢+¢00
.0110c406
- 31900« 01
. 22100406
. 05000406
. 45000406

.5010,r496
. 0090, 400
. 16600406
. 24900400
. 66400406
.1900~ ©}
R4ROMI06
51400006
. T0HOe 0N

. 1650e,<06
. R4700200
L8100 06
. 14900400
. 2RA0r 06
S000e ¢ 06

LEARFTLTR ]

-t o e

BRANCHING

.0000~400
C000rs 00
0000, 20
NRONe 0 OO0

. 0000400
0000400
. 0000, ¢ 00
. 00000400

.3R74¢-02
. 0000, 00
.0000, 400
.0000, e 00
.0N00e+00

3000~ 04
. 000CPe 0O
. 0000400
. 0000400

76170 01

.236 % 01
764 01
38100 03
LHMH2e -0}
8500~ 04
.0000e+ 00
. 00000400
o000, 00

L0000, 00
.0000¢400

. 00000400

NDK

O +e vt s e

NS

O aN

-

OedONVNN

618R

673
6352
6449
692K
6617



SYMBOL
60-nd-161
61-pm-161

62-3m-161
63-cu-161
64 qd 161
65-tb- 161
66-dy-161

61-pm-162

62-am-162
63 -cu-162
64-qd 162
65 th-162
66-dy-162

63-cu-16)
64 -qgd-163
65-b-1613
66-dy-163

62-ru-164

64-qd-164
65-tb-164
66-dy-164

62-sm-165
63-eu-165

64-qd-165
65-tb-165

66-dy-165
66-dy-165

67-ho-165

66-dy-166
67-ho 166
67-ho-166
6R-er-166

"

[~ NN N-N-1 o (-]

ZZAAAS
601610
611610

621610
631610
641610
691610
661610

611620

621620
631620
641620
651620
661620

621610
631610
6416130
651610
66163C

621640
61640
641640
651640
661640
621650
631650

641650
651650

661650
661651

671650

661660
671660
671661
681660

681670
681671

3

HALF LIFFE
.1131e 01
L8993¢ - 01

. 1R01e, 0 00
.20N0e401
19600402
. 9616630

stable

. 26000400
62430002
. 04006402
. 65600402

stable

.267%¢400
.60450 000
27700401
1700000

ntable

. IRS50, 400
.5327¢400
.3014¢,003
.8000,~¢02

stable
.9396¢-01
. 35460400

.2295¢401
.26600002

. 402401401
.54800401

.937€¢e 405
.64R80r 404
.786RC 10

stable

F RETA

16000406
. 10800406
.9507004 06

.00%% 406
.HI00e 00

9:00e 20y

07900406

IR0, 06
. 4030406

W61 He st 05

L1000 04

. 6690406
. 54100006
.91 2000 0%
.2100040%

.00+ 06

.56300¢06

18100005

17000005

.96 10e+ 06
. 83000+ 06

.3100¢4 06
. 74000404

. 48000305
.A000r s 04

.62600405

6. 96000405

. 46200405

N - o = e

- SN D

TABLE C-1 (Cont.)

RTYP

E GAMMA

.N790e106
6160406

. 11800406
.00620406
.HHOOr+ 0%
L6000 004

F. ALPHA

0.0

[-N-N-N-) o

RFS

QOO000O0OQ
[N -N-N-N-N-N-N-]

N e WD

Q

.1100~406
.5590e¢400
.01R0r406
.9690c400
.4440,406
.134%00406
.95900406
.92100405

. 7171800405
.01HO0s ¢ 06

17046405
10700006

1.13400406
1.0720¢406

61200 00%

7 .R900e405

14700006

46900405

. ¥1100406

.4R°0~4 00
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TABLE C-1 (Cont.)
Data Count

891
127
159

755
405
400
400
404
379

total nuclides

stable nuclides

nuclides in isomeric states

nuclides in second isostates

nuclides having spectra

nuclides having discrete electron spectra
nuclides having conversion electron and discrete spectra
nuclides having conversion electrons
nuclides having x-ray spectra

nuclides Laving discrete beta spectra
nuclides having discrete gamma spectra
nuclides having discrete neutron spectra
nuclides having alpha spectra

nuclides having positron or electron spectra

nuclides having continuous gamma spectra (theoretical)
nuclides having continuous beta spectra (theoretical)

nuclides having continuous neutron spectra (delayed neutron)

nuclides having gamma spectra
nuclides having beta spectra
nuclides having neutron spectra

FNDF/B-VI Decay File: Summary of Modifications, Supplements, and General Sources.

The fission-product decay data will be combined with the activation and actinide decay files
to produce a single deca~ file of ~ 970 nuciides. Fifty nuclides are common in these files. The
fission product and actinide files take prece Jence over the earlier evaluated activation files. All files
are now at Brookhaven National Laboratoiy [the activation and actinide files having been sent ear-
lier by Fred Mann, HEDL (Hanford Engineering Development Laboratory)).

Differing from previous versions of ENDF/B, in the preliminary Version VI, the fission

products were formed as a sequence of libraries, testing each with an extensive range of integral
measurements. Unlike the activation and actinide portions of the ENDF/B-VI decay file, many
fission products have no spectral measurements and some lack even half-life measurements. Other

products have incomplete measurements of spectra.



Recognizing that measured data were extensive but inadequate for calculations of decay
heat and spectra, it was decided to:

1. Use measured data where they existed in ~ 1989,

2. Otherwise, use theory.

3. Supplement measurements believed to be incomplete with theoretical values.

4. Complete a library having spectra that would closely match the average beta and

gamma energies.

5. Add in the delayed neutron spectra.

In the process of supplementation we did not want to lose any evaluated measurements,
and for spectra, that is the case. Average energies for ~ 73 nuclides were known to be in error and
they were replaced by theoretical values. Approximately 45 others were believed to be in error and
were replaced by theory. Many others (~ 244) had no measurements, average energies, or spectra,
and were necessarily replaced by theory. None had delayed neutron spectra.

In toto, 420 of 764 nuclides now have theoretical data and/or delayed neutron data. We
believe the supplements are essentially correct; however, the user should be aware that some are
certainly questionable and the reed for some specific supplements were necessarily subjective. A
few (~ 116) have since been measured, but they will have to be used in a subsequent "mod." The
process of forcing agreement of average energies derived from spectra with file averages compli-
cates the simple additions of new spectral measurements. Perhaps more importantly, this first file
has already been compared with essentially all measured aggregate decay heat, beta, and gamma
spectra. As was the original motivation for the product data, it is an excellent file that will serve as
an essential complete fiducial data set. All but 9 of 764 unstable nuclides now have a decay spectra
(compared with 264 in ENDF/B-V). All theoretical values are inserted as continuous spectra.
Evaluations of measured data have not been changed except in a few cases where the beta normal-
ization was adjusted by changing FD (the discrete spectrum normalization factor for beta decay ap-
pearing in the File 8 representation of decay spectra in ENDF/B-VI), to avoid negative spectra.

Most of the evaluated measurements were supplied by Charles Reich of INEL (Idaho Na-
tional Engineering Lab.), with a close adherence to ENSDF (Evaluated Nuclear Structure Data
File) and converted to ENDF/B format at HEDL by F. Mann. Al of the supplements to these data
and those for unmeasured parameters were made at Los Alamos by the authors. The additions ex-
panded the file from ~ 60 0000 to > 300 000 lines, or approimately 25 000 000 bytes.

Table C-2 provides a list of information that may be of great interest to present and future
evaluators. This information, as well as more detailed additional material, can now be recovered
from File 1. The meaning of the various numbers is given at the end of the table. The table relates
only to beta, gamma, and delayed neutron energies; there are other spectra in the files.



YAYOI Expeoriment (y)
_ | . s CALC.: NOV. 89 E, PRE V8 Y, V5 CHAINS
£ 0.7- H %
o 1] {111
g | 11ty
E 0.6 - %
e RIFTTE
<= 0.5 Hi 1 H%
- %&
? 0.4 - %
- 235U 3
$
0a{ v Decay 5
&
0.2 , i
. T T IIITYI[ 1 11 YII[TI] 1 . T T TTTT T 1 1R EA
Time (s) 10° 10° 10°
Fig. C-1. Gamma decay energy after 235U fast fission (pulse).
08 % YAYO! Experiment (5)
— B S s CALC.: NOV. 88 E, PRE V6 Y, V5 CHAINS
£ 07- %
oo
2z 3
L 0.6 }
> %&
€ 0s- %
' % ;
= 32333
T 04+ pas $4d §§.§
35y 3
0a{ [ Decay %%
U1 Trg T
0.2 T TTTT T T T | M N 1 T T
2 3 4
Time (s) 10 10 10

Fig. C-2. Beta decay energy after 235U fast fission (pulse).

157



(MeV/FISSION)

tf(t)

1.6

1.5 -
14 -
1.3 1
1.2 -
1.1
1
0.9
0.8
0.7
0.6
0.5
04

YAYO! Experiment (8 +7)
.. CALC.: NOV. 89 &, PRE V6 Y, V5 CHAINS

| ..'§."§.__ A O KT

1B RARE V T T 1T Ti0T] 1 0 T T T 1 b

Time (s) 10° 10° 10°

Fig. C-3. Total decay energy after 235U fast fission (pulse).

i58



TABLE C-2

FISSION-PRODUCT DECAY FILE: SUPPLEMENTS, ADDITIONS, AND SOURCES3

AY R P IYPR Ses CONT B COVPONENT
NPV It ¥al | G N HETA GAMMA LEL NEUT New FD
ANy v 2 2 N M 1 4 ¢0BLeUL 4 6940000 9 2009604 < -
PPN AP TN A S R 11 1 47180000 2.9%00006C 2.1064240% .-
[P RSNYE D IP VA B R 1 1 I 5. 1869006 5 4200006 1 4240605 .-
4 2.0759 207y 2 2 Pl 1 05 2991406 3 1449006 2 544900 ce-
S 2N 2WE G 2 2 1 1 -1 1 882096 9 131305 .- - -
b 20730 2K 2 2 1 1 1 3 2H09¢06 1 61HIe06 7 2241000 --
JoemClay 2mipd 2 ) 1l 1 2 6HI1:06 1 199006 1 1€09e0) -
H o 2ralan 2ule 2 2 1 . 13 H269006 2 2199006 4 .4904¢G) ---
P 2MI G 2ri ) ) 1 H 1 3 47900006 1 . 5270006 } . BiHLeG4 e
ISUNPAN VIR L] TP A S 1 1 1 4 4H]I0e06 3 OMH1e0OL 2.8536404 ---
11 2Moiu0 2HHS 2 2 1 1 1 3 42H9406 1 Hi69+06 6.0141404 -
12 2100720 2992 2 2 1 1 1 2 0330+00 2.9940¢06 4 7074-02 -
15 290730 249> 2 2 1 1 1 1.94849406 7 7230605 1 71050} -
14 (50740 294 2 2 1 1 1 2.3109¢06 ). 2ub0e06 1.013%9¢0 .-
Iz 290750 29¢l 2 2 1 1 1 2.6880+06 ' . 0v00¢06 1 7502404 ---
1o 290760 2964 2 2 11 1 3.1131«0¢ 3.5040+06 1.5€2>5+04 .-
17 220070 296/ 2 2 1 i 1 ) 267106 1 SUKLOCGE B 17Rs004 .-
T 290i80 247 2 2 1 1 1 J.H3J02¢06 4 053106 7 03159en4 ---
1 2900 2974 2 2 1 1 1 3.70H9406 1 9J00eusb 1 Bl11e0> ---
21 290¥CL 2916 2 2 1 i 1 4.3269¢06 4 3H71+06 1 209705 -
2V m10 g9l 2 2 1 1 1 4. 4200006 ) 45,70e0€ 5.2712005 c -
22 300720 In4e 4 ¢ -1 -1 -1 - - --- .-
21 500130 02 ¢ 2 S 2 -1 3 HHES5405 1 0519eGh ---  6.2643-03
24 J0ui40 I0Hy 2 2 2 2 -1 1.80>3005% 5.H71205 - 4.9522-03
29 J00I50 J05H 0 ¢ -1 -1 -1 i - --- ---
26 3006760 1061 2 2 2 2 -1 1.7295405 2.0810+05 --- 7.7388-03
27 00770 3064 O O 2 -1 -1 2.850N«n5 --- --- ---
24 300780 3067 O O -1 -1 1 - --- 5.634]1¢00 -—-
29 300790 so0)n 2 2 1 1 1 3.0165+06 2.9170406 5.089240) ---
30 366800 3073 2 2 1 1 1 2.7581406 1.24204°06 4.523€+0) -
31 300K10 J0/Ee 2 2 1 1 1 4.0320006 2.7131406 3.6837¢04 ---
32 300K20 30/3 2 2 1 1 1 4.2339.06 2.1810¢06 1.€182005 ---
31 300830 J0R2 2 2 1 1 1 4.1021406 3.9531406 1.9025+05 ---
j4 3110720 134 O O -1 -1 -1 —-- --- --- —--
39 210721 M- -5 5 -1 -1 -1 el --- - - .-
36 312730 3137 0 o -1 -1 - --- --- ---
37 310740 314C 0 @ -1 1 -1 .- --- - ---
W 10741 3141 0 O -l - .- .- --- ---
9 31cIy0 3.4) 0O O -1 -1 -- --- --- -=-
40 10767 3146 0 9 -~} ol - s-- .- ---
41 210770 1149 2 2 1 1 -1 2 0420006 7 8910405 ce- ---
42 1107H0 3132 0 G 1 -1 -1 --- --- s - ---
43 510790 3155 0 O -1 -1 1 .- --- 1.6615402 ---
44 J1OHI0 sl 2 2 2 2 1 4.4322405 7.76C0¢05 2.7H4HD® .-
45 31CBIO 316l ¢ O 2 -1 1 ).0899¢05 c- 4 4581004 ---
4€¢ I1UH20 3164 2 2 1 1 1 3.7961+06 4.1311¢06 1.3732+05 ---
47 H108I0 Y16 2 2 1 1 1 ).4H810¢06 3.7429¢06 4 4794405 --
4K J1CRBA0 5170 2 2 1 1 1 4.2280406 4.6330406 2.3871+05 -
49 10850 w1y 2 2 1 1 1 4.5090¢06 4.3050406 4.0263+05 -
20 32G1s) ey, 0w -1 -1 -1 -- --- e ==
31 320750 324 0 O -1 -1 -1 -- .- --- ---
52 327751 32491 0 0 -1 1 -1 - - -- .-
83 120770 Jec4e 0O G -1 -1 =) --- .- b
24 120171 1241 G 0 -1 -1 -1 - - --- -
55 3207H0 3244 0 O -1 -1 -1 --- .- --- -
56 320190 3252 2 2 -1 2 -1 === 3 9269404 --- ---
57 320791 123) 0 O -1 -1 -1 .-- s --- ==
56 J20400 3255 0 O 2 -1 -1 6.4631+04 --- --~ 8.0511-013
959 320mn}G 3256 2 2 1 1 -1 2.4426+06 B 4067405 === ---
60 J)20u29 3261 2 2 1 1 -1 1.4490406 7.6519+05 --- ---
61 320630 3264 2 2 1 1 1 2.6891+06 2.4440406 ). 6673402 ---
62 320840 1267 2 2 1 1 1 2.5461+06 2.4600406 5.6600404 ---
63 3208°0 1270 2 2 1 1 1 3.0291406 3.1829+06 1.3881+05 -
64 J20HCO 3273 2 2 1 1 1 3.3620406 2.6)60406 1.4859¢05 b
€5 320870 127¢ 2 2 1 1 1 3.533040%5 3.5850+¢06 1.1061¢05 ---
€6 320880 279 2 2 1 1 1 4.0061+406 3.0030406 1.6309+05 ---
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'NUM" corresponds to the order in the fission-product decay file before combining all decay data
into a single ENDF/B-VI file.

"ID" = Z*10000+A*10+S is a numerical identification for the nuclide.

"MAT" = ENDF MAT number

Under "AV. E," the B (beta) and G (gamma) numbers mean:

0
1
2
5
-5

no change in INEL spectroscopic data (Fall 1989)

direct measurement by G. Rudstam from INEL data
theory, LANL (using slightly modified Gross Theory code of T. Toshida)
same as ENDF/B-V
no average energy as in ENDF/B-V
6-7 JINOC 1989; probably based on evaluated measurement for gamma and/or beta

Note: these two columns are primarily used to indicate with "2" where Gross Theory has

been used as the source of average energy. Many such values will probably agree with
JENDL2.

Under "SP TYP" ior B, G, and N, the numbers mean:

-1
1

2

no change in spectroscopic spectra made
corresponding spectra entirely free from Gross Theory, except delayed neutrons are
based on LANL evaluation of measured and theory (referenced in File 1).

Gross Theory spectra supplements spe:«roscopic

Under "CONT.E COMPONENT" are the beta, gamma, and delayed neutron energies derived from

the continuous energy files.

Under "NEW FD," the discrete normalization factor for beta is listed if it has changed from the
spectroscopic value (usually 1.0e-02).



