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URAMIUM-235 FISSION-PRODUCTION AS A FUNCTION OF THERMAL
NEUTRON FLUX, IRRADIATION TIME, AND DECAY TIME
I. ATOMIC CONCENTRATIONS AND GROSS TOTALS

J. O. Blomeke Mary F. Todd

ABSTRACT

Levels of fission products resulting from thermal fission of U235 5 reactor fuels were
computed over a wide range of resctor operating conditions and decay times. Values for approxi-
mately 300 fission products are presented in graphical form together with gross totals of their
activities, radiation powers, and thermal neutron poisoning. The gamma spectrum is further
broken into four groups of specified energy ranges, which are suitable for use in shielding design,
Tabulations of these properties are arranged as to chain or mass number, element, and as to the
rore-gas and rare-earth groups. The calculations assume constant replenishment of U235, constant

reactor power operation, and no fission-product separations during irradiation,

1. INTRODUCTION

The production of fission products during reactor operation is an important consideration in
almost every phase of atomic energy operations. While their presence must be considered in the
design and operation of the reactor itself because of their contribution to neutron poisoning,
they are of greatest importance in the chemical processing facilities. In these facilities the
fission-product levels determine the shielding, off-gas treatment, and waste-disposal methods
required for safe and successful operations, as well as the type of chemical process needed
for their separation from the unused fissionoble or fertile material in the fuel. It becomes
mandatory, therefore, to have available extensive information on the chemical compositions
and nuclear properties of the fission-product mixtures to be encountered,

The fission-product level in an irradiated reactor fuel is a function of three parameters: the
operating power level of the reactor, the time of irradiation, and the decay time, or time elapsed
since reactor shutdown. Estimates of fission-product levels normally are based either on calcu-
lations utilizing the fission yields, half lives, and genetic relations of the various species
involved or on physical measurements of fission-product mixtures, Since about 300 nuclides ~
both radioactive and stable — are known or expected to exist after fission, calculations of
fission-product mixtures can become quite laborious and in the most comprehensive cases are
limited in accuracy by the uncertainties in the nuclear data. Experimental measurements of
fission-preduct levels are normally limited in accuracy by the uncertainty in determining the
number of fissions that have occurred in the experimental sample.

Fortunately, there are in the literature a large number of calculations and experimental

determinations which frequently are of great aid in predicting those properties of fission-product

mixtures which are of most interest. The curves of Borst and Wheeler (1), based on g series of



cyclotron irradiations of uranyl nitrate salt, were among ihe first to be used for predictions
of the total heat evolved. The mathematical relations of Way ond Wigner (2), derived from a
statistical consideration of the fission process, and the curves of Untermeyer and Weills (3),
based on calorimetric measurements of irradiated uranium, are more recent studies of fission-
product heat evolution. Very extensive calculations of the individual fission products have
been performed by Faller, Chapman, and West (4); by Lock (5); and by Hunter and Ballou (6).
Fission-product gomma decay levels, divided into seven energy groups suitable for shielding
design, have been calculated by Moteff (7) and by Clark (8). The thermal neutron poisoning by
fission products has been computed by Sampson et al. (9) and by Walker (10).

The present work represents an extension of the above calculations, both in detail and in
the range of parameters considered. The calculations presented here, performed on the Oracle,
ah electronic digital computer of Ock Ridge National Laboratory (ORNL), were designed to give
the information needed in the design of power reactor auxiliory systems over the widest ranges
of paranieters consistent with the accuracy of the nuclear data. Use of the Oracle has permitted
calculations for virtually all known fission products, while at the same time taking into account
the effect of neutron capture within the fission-product spectrum and the independent yields
where known. In so far as possible, the most current and reliable nuclear data have been used
to compute the number of atoms of each nuclide present, its activity, gamma power, total power,
and thermal neutron poisoning. The gamma disintegrations have been classified into four groups
of specified energy ranges. These properties have been fotaled for each fission-product chain,
for the isotopes of each element appearing as a fission product, for the rare gases, and for the
rare earths. Finally, totals of these properties have been made over the entire fission-product
spectrum.

The calculations assumed continuous replenishment of U235 during fission, constant reactor
operating power, and no fission-product removal during irradiation. They were made for six
values of thermal neutron flux ranging from 1012 to 105 neutrons/cm?/sec, for seven values of
irradiation times from 10° to 108 sec, and for seven values of decay time from 102 to 10° sec.

The results are presented in two parts. Part I, this volume, contains cuives expressing the
atomic levels of the individual nuclides and the gross totals of the properties mentioned above.
Also included in Part | are the nuclear data used in the calculations, a discussion of the calcu-
lations, and an explanation of how to interpret and use the curves.

Part 1l contains the results of the summations made on o ‘‘per chain'' and o “‘per element”’
basis and for the rare-gas and rare-earth groups. These results appear in the form of tables

from which graphs can be constructed for purposes of interpolation,

1.1 Nomenclatyre

The following nomenclature is used in this repori.
N = number of atoms of any fission-product nuclide,

T = irradiation time, sec,



t = decay time, sec,
¢ = thermal neutron flux, neutrons/cm?/sec,
N_ = number of atoms of any fission-preduct nuclide at irradiation time, T,

N, = number of atoms of any fission-preduct nuclide ot decay rime, ¢,

N_ = number of atoms of any fission-product nuclide at saturation,
Ngs = number of atoms of U233 initially present,
NS/Ng5 = number of atoms of any fission-product nuclide present ot soturation, per initial
atom U233,
N,T/N. = fraction of saturation of any fission-preduct nuclide at irradiation time, 7,

S
N,,/Ng5 = number of ah;rgss of any fissiomgmduct muglide present at irradiation time, 7, per
initial atom U ;N,T/Ns X NS/N25 = N,r/st,
N,/N, = fraction of shutdown value of any fission-product nuclide at decay time, ¢,
Nt/Ngs = number of atoms of any fission-product nuclide present ot decay time, ¢, per initial

235. N o _ n0
atom U235, N /N x N,/N_ x NS/N25 = N, 'Njs,

E/ = mocroscopic fission cross section of U235, 580 x 10~24 Ngs,
3 = summation

o, = thermal neutron absorption cross section, barms,
A = decay constant, (In 2)/half life, sec™1,
Y = independent fission yield, per cent or ratio,
E = total energy of radiation, Mev,

E = total gamma energy, Mev,

E, = total beta energy, Mev,

a,3 = bronching ratios,

Mw = megawatts,

Mwd = megawatt-days.

1.2 Acknowledgments
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tributions of L. E. Glendenin and E. P. Steinberg, Argonne National Laberatory, for providing
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and perseverance in the preparation of the graphs; and H. E. Goeller for his many helpful sug-
gestions relating to the format of the report. Finally, the writers feel that without the en-
couragement and support of R. A, Charpie, R.W. Stoughton, and J. Halperin, completion of the

problem in its present form would have been impossible.



2, CALCTULATIONS

The calculations are based on fitting each fission product chain to the generalized decay
scheme proposed by Stoughton and Halperin (11) (Fig. 1). In this diagram the positions of the
possible members of chain of mass number A are denoted by the numbers 6 through T1. The
branching ratios are denoted by a and 3; Y is the independent yield or the fraction of fissions
resulting in the direct formation of the nuclide in question, and o is the thermal-neutron ab-
sorption cross-section. Although not every decay chain fits this scheme perfectly, the few
exceptions can be made to fit with the proper improvisations. Production by neutron capture
is taken into account by consideration of the previous, or A-1, chain. To calculate the buildup

of the A chain, there is a total of 11 possible nuclides for which expressions are needed, as

follows:

dN
1

() == = 3@Y, = NA = Noyd
dN2

(2) ‘—‘:i;—— = Ef¢Y2 + N]A] - Nzhz e N20'2¢ ;
st
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Fig. 1. Generalized Fission-Produet Decay Scheme.



In the above equations the numerical subscripts refer to the respective nuclides as denoted
in Fig. 1. The value N represents the number of atoms present at irradiation time, 7, and dN/dT
is the differential change in N with respect to time. Furthermore, E/ represents the macroscopic
fission cross section, or the product of the number of atoms of U235 present and the microscopic
fission cross section; Y, the independent fission yield; ¢, the thermal neuiron flux; A, the decay
constant, (In 2)/half life; o, the thermal-neutron capture cross section; and z and 3, the branching
ratios.

Equations 1 through 11 were solved analytically, considering Ef and ¢ as constants, to
give N, through N, as functions of 7. The significance of maintaining E/ constant is that,
in so doing, the number of atoms of U235 jnitially present, Ngs, is assumed to remain constant
by virtue of replenishment of the atoms at a rate equal to that ot which they are being consumed.

In these calculations, NO_ was taken as unity, and the fission cross section of U23% was

25
assumed as 580 barns.

To obtain solutions of N as functions of decay time, ¢, those terms containing ¢ in Eqs. 6
through 11 were dropped, and the resulting expressions were solved analytically for N6 through
N”.

The two groups of solutions were coded for Oracle operations, and, by using the nuclear
data given in Tables 1, 2, and 3, numerical values of N for every isotope were computed for the

following values of parameters:

Thermal NMeutron Flux, lrradiation Time, Cooling Time,
e (neu?rons/cmz/sec) T (sec) t (sec)
1012 10° 10°
1013 3 x 10° 10*
3 x 1013 108 10°
1014 3 x 108 108
3 x 10'4 107 107
10'5 3 x 107 108
108 10°

From the values of N so calculated, the various functions of N (including activity, power, and
poisoning) were computed, stored on magnetic tape, and eventually summed in the several groups

desired.

3. NUCLEAR DATA
A compilation of the nuclear properties of U235 fission products made primarily for use in
these calculations has been published previously {12). The data were current in January 1954
and represented an accumulation of what was believed to be the best single values available
at that time. The data of Tables 1, 2, and 2a (Table 3 in this report) are republished in this

report with those changes made prior to starting the calculations.



Since nuclear data are very well orgonized and abstracted in the literature, the information
was collected from a relatively few major sources, The decay chains were taken chiefly from
......... Corye!l and Sugarman (13); half-life values and decay schemes were taken from Hollander,
Perlman, and Seaborg (14) and from the nuclear data collection of W. H Sullivan of ORNL.
o Thermal-neutron capture cross sections were taken from the compilation of Hughes and Harvey
(15), and the majority of fission yields were values recommended by Glendenin and Steinbetg
(16).

In Table 1, the fission-product decoy chains from mass number 72 through mass number 161

are given. Besides containing all nuclides for which evidence of formation in fission exists,

this table includes certain products which could be formed indirectly as a result of n-y reactions.
Cumulative yields are given directly below each radicactive nuclide, and independent yields
of stable and shielded nuclides are denoted by a superscript 2. Yield values not in parentheses
are those values recommended by Glendenin and Steinberg. These values were selected for
their internal consistency as well as absolute accuracy and are given only fo as many significant
figures as their accuracy and consistency warrant. The yield values enclosed in parentheses
were calculated by the equal charge displacement method of Glendenin, Coryell, and Edwards
(17). The calculated values were used in cases where the cumulative yields could be expected
to be less than about 99% of the chain yield. Where no yields are given for radioactive nuclides,
it should be understood that these are products of neutron capture from the preceding chain.

A summary of nuclear properties, arranged in increasing order of atomic number and mass
of the nuclides, is presented in Table 2, In addition to the cumulative and chain yields, inde-
pendent yields are given where known. The average beta energies were computed as one-third
the maximum beta energies. Again, those yields calculated by the method of equal charge
displacement are enclosed in parentheses. While experimental values of the decay energies
were always used in this table when availoble, there were many instances where none have
been reported, and in such coses the energies were estimated either by use of the Q values or
on the basis of mass difference. For shielding considerations, the gamma transitions were
classified in four groups, depending on the energy of the transitions: group 1, 0 to 0.25 Mev;
group 11, 0.26 to 1.00 Mev; group I, 1.01 to 1.70 Mev; group 1V, 1.71 Mev and higher.

Table 3 is o separate listing of nuclides which may be expected to be present only as
products of neutron capture from the preceding chain. This table is not complete, in that only
those nuclides are included which can be calculated from known values of thermal-neutron
absorption cross sections.

In the tables the symbol a denotes an independent fission yield; 4 shows that it is on energy
value computed, by meons of the Table of Atomic Masses (18), from the mass change; ¢ denotes
o nuclide which decays in part by K electron capture or positron emission; and 4 denotes an

energy computed from the total disintegration energy or Q value.



4., RESULTS

The results given in Part | of this report are the N values for the individual fission-product
nuclides and the grand totals of those functions of N which were computed. The results, all
in graphical form, are presented in five groups (A, B, C, D, and T, in Appendix E) and are
preceded by Table 5 {in Appendix A), which serves as an index to the figures. To facilitate
and condense the presentation, the N values for the radiocactive nuclides have been normalized
as described below.

In Table 5, each isotope for which results are presented is listed under its chain, or mass
number. Those isotopes which appear solely as the products of neutron capture are dencted
both in the table and in the figures by an asterisk. Comparison of Table 5 with Tables 1, 2,
and 3 indicates that a number of nuclides known or expected to be present in fission have not
been considered in the present calculations. These omissions were made for reasons of
necessity or convenience and in all cases were of minor or negligible importance.

Group A: The curves of Figs. A-1 through A-4d give the saturation values of each radio-
active isotope as a function of thermal neutron flux. These values were obtained by setting
the left side of Egs. 6 through 10 equal to zero and solving for the respective N's for different
values of &. In the nomenclature of this report, the saturation values are represented by N_
and are plotted as NS/NgS, the number of atoms at saturation per initial atom of U235, Most
of the curves are straight-line functions within the limits of plotting accuracy, the exceptions
being those isotopes pessessing significantly large rates of production or destruction by neutron
capture. These saturation values were used to normalize the N values during their buildup
(irradiation time)} in the reactor. Saturation values of stable isotopes were not computed, for
there is no advantage to be gained from normalizing the buildup of the stable species.

Group B: Volues of N_, the number of atoms cf fission-product nuclides present as a
function of irradiation time, are presented for the radioactive nuclides in Figs. B-1 through
B-46a. By normalizing these numbers with the saturation values from the curves of group A,
the buildup of an isotope can frequently be represented by a single curve, independent of flux,
expressing the fraction of saturation of the isotope, N, /N, at various irradiation times. The
product of this number and the saturation value of the isotope at the flux in question, Ns/Ngs,
yields the number of otoms present at irradiation time, 7, per initial atom U235, N_ /Ngs.

Group C: The curves in Figs. C.1 through C-60a give N, the number of atoms of the in-

y
dividual radiocactive nuclides present as a function of decay time, or time following reactor
shutdown. These numbers have been normalized with values of N_ at reactor shutdown and
ore presented as fraction-of-shutdown values, N,/N_. Normalization in this way made it possible
in many cases to represent the values for all fluxes and irradiation times by a single curve.
The number of atoms present at decay time, t, per initial atom U235, Nt/Ngs' is found as the
product of N,/N_, N_/N_, and NS/NgS.

Group D: The buildup of the stable isotopes during irradiation is presented in the curves

of Figs. D-1 through D-111. These numbers ore not normalized and are presented directly as



Nr/Ngy Values of the stable isotopes as a function of decay time are not presented primarily
because of space limitations. In those cases where this information is desired, it can be
obtained by difference, considering the levels of all previous chain members.
Group T: The curves of Figs. T-1 through T-56a present the gross totals of the various
properties of the fission product spectrum as a function of ¢, 7, and 1.
Figures T-1 through T-7a: Total fission-product activity, expressed in curies per inifial
Y /NI
atom of U235,
3.7 x 1010

Figures T-8 through T-14a: Total fission-product gamma power, expressed in watts per

initial atom of U235, 1.602 x ]0”‘32 Eg)tN/NgS.

Figures T-15 through T-21a: Total fission-product power, expressed in watts per initial
atom of U235, 1,602 x ]0”132 E’\N/Ng5-

Figures T-22 through T-28a: Total fission-product poisoning, expressed in barns per initial
235 Y
atom of U233, Z aaN/st.

Figures T-29 through T-35a: Total fission-product gamma disintegrations per second per
initial atom of U235 of energy < 0.25 Mev.

Figures T-36 through T-42z: Total fission-product gamma disintegrations per second in
the energy range 0.26 to 1.00 Mev.

Figures T-43 through T-49a: Total fission-product gamma disintegrations per second in the
energy range 1.01 to 1.70 Mev.

Figures T-50 through T-56a: Total fission-product gamma disintegrations per second with
energy greater than 1.70 Mev.

4,1 Hlustrative Example

As an illustration of the use of these graphs, the amount will be determined of each member
of chain 95 present in 1 metric ton of natural uranium which has been irradiated for 1160 Mwd

at a power level of 33‘6 Mw, then allowed to decay for 120 days.

U235

Since natural yranium contains approximately 0.72% , 1 metric ton of natural vranium

contains 7.2 kg of U235, Therefore,
(7.2 kg) (1000 g/kg) (6.02 x 1023 atoms/mole)

NO - = 1. 25 t ,
25 235 o/mole 1.84 x 10¢° otoms

(power level, Mw) (3.2 x 1016 fissions/sec/Mw)

¢ =

(Ngs) (U235 thermal fission cross section, cm?)

(33.3) (3.2 x 10'9)

_ = 104 neutrons/em?/sec ,

(1.84 x 1025) (580 x 10-24)
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(1160 Mwd) (8.64 x 104 sec/day) 6
T o= = 3 x 10° sec,

{33.3 Mw)

t 120 days = 107 sec .

From Table 5, the nuclides of chain 95 which have been calculated are: 10.5m Y, 63d Zr,

90h Nb™, 35d Nb, and stable Mo. Opposite each of these eatries is given the numbers of the

appropriate figures to be used in finding the number of atoms of each of these nuclides present

under the prescribed conditions. The results of the stepwise procedure required are given in

Table 4.

&

o o

10.
11.

12.
13.

14,
15.
le6.

17.

18.
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TABLE 1. U233 FISSION PRODUCT DECAY CHAINS

Atomic Ne.
Mass No.
30 31 32 33 34 35 36
72 49.0h Zn —~——> 14.3h Ga — > Stable Ge
1.5 % 10~3 1.5% 10~
73 <2m Zn —> 5.0h Ga — 3 Stable Ge
(9.8 X 10~%) 1x10~4
74 Stable Ge
3 x 10~4¢
75 82m Ge ————> Stable As
8 x 10~4
76 Stable Ge 26.6h As ————> Stable Se
2x10-3¢
52s Ge 17.5s Se
so 7
5.4 x 10-3 \ -7 <ax 1074
77 i 38.8h As _ A, )
' -3 Fo
v /9.1 x 10 \ v
12h Ge Stable Se
3.7 x10-3
78 86m Ge ———3 9ImAs —___» Stable Se
0.018 0.02
3.5m Se
/ 0.04
79 9m As
0.04 R ~.
TA 4.5 x 104y Se ——> Stable Br
0.04
80 Stable Se
0.08%
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TABLE 1. {continued)

Atomic No.
Mass Mo,
33 34 35 36 37 38
-
56.5m Se
0.008
a1 <10m As ———> 17m Se —— > Stable Br
{0.125) 0.133
82 Stable Se %5.87h Br ———> Stable Kr
0.25% 3.8 % 1074
67s Se 114m Kr
0. 30 205 / 0. 48
83 ‘ <‘0% 2.4h Br 7
V 0.48 o V
£
25m Se Siable Xr
0.21
84 ~2m Se —_— 30m Br 5 Stable Kr
N 1.1
4.36h Kr (909
1.5 °
85 3.00m Br . 20% Stable Rb
1.5 \L
TS 10,27y Kr
0.3
86 Stable Kr 19.5d Rb ———> Stable 5¢

2.1 2.8 x 10-39



Gl

TABLE 1. (continued)

Atomic No.
Mass No,
35 36 37 38 39 40 41
86 Stable Kr
n
y Instant Kr
87 55.65 Br 6.2 x 100 Rb——> Stable Sr
2.7 2.7
96’% /
78m Kr
2.7
88 15.5s Br ——— > 2.77hiKr ——> 17.8m Rb ———> Stable 5r
2.9) 3.7 3.7
n
Instant Kr
89 4.51s Br —---.5» 3.18m Kr ——> 154m Rb ———>54d ¢ ———» Stable Y
(4.6) 4.8 4.8
90 33s Ky ———> 2.74m Rb ——> 28y &r ———>»  64.5hY ——> Stable Zr
(5.2) 5.9 5.9 5.9
1.67m Rb S5imY
/ ! \ y 2.4
91 9.8s Kr / i 9.7h Sr Stable Zr
(3.7) i 5.9
\4 600>
14m Rb ’ 58d Y
{5.7) 5.9
92 3.05s Kr ——> 80s Rb —— > 2.7h 5S¢ > 3.60h Y ———————> Stable Z¢
2.7 5.5 6.1 6.1
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TASLE 1, (continued)

Atomic No.

Mass No. .
36 37 38 39 40 41 42
4 4.2 Nb
N
93 20s Xr ————> Short Rb ———> /mSr ———> 10.,0h Y ———> 1.1X ‘106y Zr \L
(1.3) (4.4} (6.4) 6.5 6.5 679 ™ Srabie Nb
94 jeds Kr ———> Short Rb — 5 2.0m S ———— 165mY — Steble Zr
(0.6) {2.9) (5.8) 6.5
90h Nb
/ 0.06
95 Short Kt ———— > Short Rb — > Short 5 —————> 10.5m Y —> 63d Zr lt Stable Mo
(0.2) (1.6) (@.7) 6.4 \ v /
35d Nb
6.4
96 Stable Zr 23.4h Nb ———> Stable Me
6.4% 5.7 x 10—4¢
60s Nb
6.2
97 ~1s Ky ——> Short Rb —— > Short Sr ——> Short Y —» 17.06h Z» Stable Mo
(™~ 0) (0.1 (1.7} {4.8) 6.2 v /’
72.1m Nb

6.2



TABLE 1. {continved)

Atomic No.
Mass No.
42 43 44 45 46
98 Stable Mo
5.9%
p 6.04h Te
0
N\Q ~ 0.6
99 57h Mo l Stable Ru
6.1 “ ’
90%
2,12 % 10% Te
6.1
100 Stable Mo 15.8s Te ————> Stable Ru
6.5%
101 14.6m Mo ——> 14.0m Tc ———> Stable Ru
5.0 5.0
102 12m Mo — > <255 Tec —> Stable Ru
4,2 4.2
54m Rh
o
y 29
103 41d Ru ’-
2.9 }\ - \L
Sor T~
5 ™ Stable Rh
4.4m Rh
104 Stable Ru Stable Pd
1.8%
42s Rh
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TABLE 1, {continued)

Atomic No,

Mass No, —_—

42 43 44 45 46 e

45s Rh
/ .9
105 ~5m Mo —————> Shors Te —> 4,54 Ru I Stable Pd
5.6 {C. 9, |
{0.6) 9) 9 v /
36.5h Rh
0.9
106 10yRu ___ 5 39sRh ~——————> Stable Pd
0.38 0.38
.7 44-35 Ag
107 Cl15mTe ——> 4mRy  ——— > 2gnpy 7.5x 108 Pd "
{0.16) 0.2 0.2 0.2
Stable Ag
108 Stahle Pd
0.08%
-, 39.2s Ag
/ £.028
109 <thRh — 5 y3.4h Pd ),
0.02 0.028 é
( 8} 2 v
Stable Ag
270d Ag
2 > 10-—7&
1310 Stable Pd ~39
0.027

24.2s Ag
f\;é x ?0—9

T

.9)}
C]

e

Stable Cd
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TABLE 1, (eontinued)

Atomic No.

Mass No,

46 47 48 49 50
_—

m 2mPd — 5 7.6d Ag
0.018 0.018

T > Stable C4

112 2thPd — 5 394 Ag

0.011 0.011

_-=7 5.1y Cd
e 3:3h Ag \ \ Stable In

———> Stable Cd

0.01

Stable Cd

114 2m Ag

0.01

43d Cd - _ _ - =-> 4,50h |n s
) &>
%.1 x10=4 9.8 x 10-3\
115 20m Ag l94% Stable Sp
{™~0.01)
M /

————> Stable Cd

53h Cd 6x 1014y
9.8 x 10~3 9.9 x 1p~3
54.2m In
116 Stable Cd \ Stable Sn
0.01¢
13s In



0¢

TABLE 1. {continued)

Aromic No.
Mass No. - - - N e
48 ) 49 ) 50 51 52
<10%
29hCd ------" » 1.90h In )6‘} 14.0d Sn
0.010 0.010 7 < x07d
117 >90% | oo 07 ‘l/
N -’
50m Cd 1.1h In 5 Stable Sn
0.010 0.002
118 ~30m Cd > 4.5mln > Stable 5n
6.01 0.01
7 275d Sn
o7 <00
119 17.5m In 7 l
.01 \ ‘l’
Stable Sn
120 Stable Sn
0.017
121 27.5h Sn —> Stable Sb
0.014
122 Stable Sn 2.75d Sb —— > Sioble Te
0.013%
131d Sn
0.0012

323 / Stable Sb
39.5m Sn

0.014



TABLE 1. (continued) '

1z

Atomic No.
Mass No.
50 51 52 53 54
124 Stable Sn
0.02%
9.4d Sn 58d Te
0.012 \ y 3x10-3
125 ~2.7y Sb
0.023 862
9.5m Sn Stable Te
0.011
126 S50mSn 5 9hSb 5 Stable Te
0.1 0.1
90d Te
~\E 0.056
1
127 1.5hSn 5 93h Sb Stable |
(0.24) 0.25 iy /
8470
9.3h Te
0.25
128 1.thSb ———5  Stable Te 24.98m 1 —— 3 Stable Xe
0.5
33d Te
oo
}/ 0.34
129 4.6h Sb 172X 107y 1— 35 Stable Xe
1.0 ~ 1.0 4x10~44
o
72m Te
1.0
130 2msh — 5 >10'5 Te 12.6h | — 5 Stable Xe

2.0
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TABLE 1. {continued)

Atomic No.
Mass No. N,
51 52 53 54 55 56
o 30h Te 12d Xe
% 0.44 Vb 093
131 21.0m Sb 8. OSd i
2.7) \ \L / \ ‘l’
24 8m Te Stable Xe
132 1.9mSb —> 77h Te — > 2.4h 1 — 5 Stable Xe
(3.4 4.4 4.4
oo 63m Te o 2.3d Xe
4.6 i 0.16
133 4.1m Sb l 20.8h 1 - Stable Cs
(3.8) \ " 65 o~
29 ‘l’ .6 ~ v
2m Te ° 5.27d Xe
6.0 8.5
3.2h Cs
134 45s Sb — 4dm Te — > 52.5mi ——> Stable Xe l Stable Ba
(3.0} 6.7 7.6 :
\
2.0y Cs
o 15.6m Xe
207 1.8
135 <omTe — > 6.68h! ) 3.0 % 108y Cs ——>Stable Ba
(4.2} 5.9 \j/ 6.2
9.13h Xe
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TABLE 1, {continued)

Atomic No,
Mass No.
53 54 55 56 57 58 59 60
136 86s | ——> Stable Xe 13d Cs ———> Stable Ba
3.4 3.2¢ 0.0060%
n
Instant Xe 2.60m Ba
P,Gﬂ“ qq,l° A 5.4
137 22.0s 1 26.6y Cs l
4.9) 5.9
% / %
3.9m Xe Stable Ba
{5.9}
138 59s l—— > 17/m Xe ———> 32m Cs ——— > Stable Ba
(3.4) (5.5) 5.8
139 2.7s 1 ———>41s Xe — 5 9,5m Cs —————> 85m Ba ————> Stable Lea
(1.8) (4.7) (5.9) 8.0
140 16s Xe ——> 86s Cs ———>12.80d Ba——> 40.2h La————> Stable Ce
(3.7} (6.0) 6.3 6.3
141 1.7s Xe ———3> Short Cs———>18m Ba ——> 3.7h La ——>32d Ce ——> Stable Pr
{1.8) (4.7) 5.9 5.0 6.0
142 ~“TmCs ——» 6m Ba ——> 74m La ————> Stable Ce 19.3h Pr ——>> Stable Nd
(3.4) (5.6} 5.9
143 1s Xe ———> Short Cs ——>»<0.5m Ba ———»19m La ———> 32h Ce ———> 13.7d Pr——> Stable Nd
{0.2) (1.9) 4.9) 6.2 6.2 6.2
144 ~1s Xe .5 Short Cs——> Short Ba ——> Short La ———>290d Ce ————>17.5m Pr——>» 1.5 X 1015y Nd
{~0) (1.0} {3.5) {5.8) 6.1 6.1
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TABLE 1. {continued)

Atomic No.
Mass No.
58 59 60 61 62 63 64
145 3.0mCe — 5 60hPr — 5 Stable Nd
4.2 4,2
146 139mCe — > 24.,4m Pr —————> Stable Nd
(3.2) 3.3
147 M3dNd — 5 26yPm 5 1.4x10'Y Sm
2.6 2.5
148 Stable Nd 53d Pm _— s Stable Sm
1.8
149 2.0hiNd —— 5 54h Pm ————> Stable Sm
1.3 1.3
150 >2 % 1075y Nd Stable Sm
0.74¢
151 1I5m Nd — = 275 Pm ———>» 93y Sm — 5 Stable Eu
{0.48) 0.5 0.5
9.2h Eu \
152 Stable Sm Stable Gd
0.3% /
13y Eu
153 47h Sm —> Stable Eu
G.15
154 Stable Sm 16y Eu —> Stable Gd

0.094
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TABLE 1. {concluded)

Atomic No,
Mass No.
62 63 64 65 66
155 23.5m Sm > 1,7y Eu — > Stable Gd
0.031 0.031
156 ~10h Sm ——— 15.4d Eu ——>» Stable Gd
3.013 0.013
157 15.4h Eu —— 5 Stable Gd
7.4 x 10~3
158 60m Eu — >  Stable Gd
2% 10-3
159 18.0h Gd —— 5 Stable Th
1.1 x 10-3
160 Stable Gd 73.5d Tb ———> Stable Dy
3 x 10-44

161

3.6mGd ————> 7.0dTh — 5 Stable Dy
8.0 x 10~3 8.0 % 1075




Mass

TABLE 2. NUCLEAR PROPERTIES OF U235 F(SSION PRODUCTS

Arranged According to Increasing Order of Atomic Number and Mass

Decay

Absorption

Energy of Radiation

Gamma Transitions

Noctide Number, " Consion, oo e femfaer Total o0
A 12 A(sec™ o (barns) b L, @ B e g E v .
a (Mev) (Mev)  (Mev) Growp (%) s, MV
Zn T2 49h 3.93%x 1078 - 1.5x107° 0.3 ~95 0,122 - noo~100 0.91° 103
1.6 ~5
73 <2m 5.75% 1073 . (3.8x10°% 49° 100 1.6° - ~O e e~ 1.6°
51G6a 72 14.3h 1.351x 1075 - 1.5x107° 0.6 40 0390 2.51 26 o ~126 270 3.09
0.9 32 221 33 mo ~12
1.5 n .87 8 Vo ~e7
252 8 1.5 5
315 9 120 <2
.05 5
0.84 100
0.68 <2
0.63 24
73 5.0h 3.85x 1077 - 1x 1674 1.4 100 0.47  0.054 100 1 200 0.068  0.538
(2% 1062 0.0135 100
420 72 Stable 0 0.94 1.5x107° 0 0 0 0 ) S 0
73 Stable 0 13.7 1x10~4 0 0 0 0 0 - e 0 0
74 Stable 0 0.60 3x107% ¢ 0 0 0 0 - e 0 0
75 82m 141 x 1074 . gx 104 0.614 15 0.353  0.572 - o5 0.082  0.43
1137 85 0.418 -
0.265 -
76 Stable 0 0.015 + 0.30 2x10°% ¢ 0 0 ) 0 e -0 0
77m 52s 1.340 x 10~2 - 5.4x1073 27 100 0.90  0.215 100 | 200 0.38¢  1.27
0,159 -
77 12h 1.60x 1075 ... 3.7x107% 071 23 0.523  0.26 - I ~100 0897 1.4
1379 35 0.21 - o~ 100
2.196 42
78 86m L34 x 1074 .. 1.8x 1072 0.9 100 0.3 0 0 0 0.3
sahs 75 Stable 0 4 gx 1074 0 0 0 0 0 - e 0 0
77 38.8h 496 % 10~6 .. 9.1x 1073 0700 ~100 ~0.233 0 0 - -0 0.233
78 91m 1.27x 1074 . 2% 102 1.4 30 1.0 027 - o ~300 08¢ 190
2% 1073 40 70
79 9m 1.28x 1073 ... 4x 1072 2.1 100 0.7 0 0 e D 0.7
81 <10m 116 %102 (0.125) 50 10 1t ~Q e e D 7*
34 T 17.5s 3.96x 1072 - <2x104 o 0 0 0.162 100 | 00 0.162  0.162
77 Stable 0 40 9.ax10"% o 0 0 0 0 e 0 0
78 Stable 0 0.4 2x 1072 0 0 0 0 0 0 0
79m  3.9m 1281073 . 4x310~2 0 0 0 0.096 100 | 100 0.096  0.09
79 6.5% 104y 3.38x10~'% .. 4% 1072 0.160 100  0.053 0 0 - e 0 0.053
80 Stable 0 0.03 + 0.5 8x10-% o 0 0 0 0 - 0 0
8im 56.5m 2,04 1074 - 8 x10-3 0 0 0 0.103 100 ! 100 0.103  0.103

26



TABLE 2. {continued}

Energy of Radiation
Absorption
Nuclide Nrr:!::r, Half-life, CE::;::” Cn;s Yield, Y . Beta Particles Gomme Transitions Tom Total
A L1/2 A(sec™) Use“:::;) (%) w w % E o _ Shiclding £ E
a (Mev) (Mev)  (Mev) Sovp (8 f, MY
e Bl 17m 6.0 x 10=% .. 0.133 138 100 0.46 0 0 e e 0 0.46
82 Stable 0 2 0.25% [ 0 0 0 0 0 0
83m  67s 1.03% 1072 . 0.30 3.4 100 113 0 - ~1.13
83 25m 1821074 .. 0.21 1.5 00 0.5 0.950 - ( ~200 ~30% ~3s
0.176 - "o ~200
0.061
0.04
84 ~2m 578 %103 ... 1.1 2.94> 100  0.98° .- T 0.98°
B 79 Stable 0 2.6 +7.6 3.7x10°2 0 0 0 0 0 B 0
81 Stabls 0 2.6 0.133 0 0 0 0 0 0 a
82 35.87h 537 x10°% ... 3.8x107%% 0.465 100 0155  1.312 .. o o~100 364 ~ae
1.031 - W ~200
0.823 -
0.766 -
0.692 -
0.608 -
0.547 -
83 2.4k 8.02x 1075 .- 0.48 0.940 100  0.313  0.051 100 | 00 0.051  0.364
84 30m 3.85% 1074 .- 1.1 172 35 1.065  1.89 - o ~150 245 35
2.53 16 0.89 - v ~so
3.56 9
4.68 40
85 3.0m 3.85x 107%  .. 1.5 2.5 00 0.83 0 0 - e 0 0.83
87 55.65 125% 1072 .. 2.7 2.6 70 141 5.4 56 v 70 ~3.787 ~5.9
8.0 30 ~3 4
88 15.55 447x 102 (2.9) 8.70° 100  2.90° .. S 2.90°
89 4.51s 1.54x 1072 ... ? 7007 100 237 - T ) 2.37°
seke 82 Stable 0 45 3.5%x10°5 ¢ 0 0 0 0 e D 0
83m 114m 1.01x 1074 - 0.48 0 0 0 0.0322 100 | 200  0.0415 0.0415
0.0093 100
83 Stable 0 205 0.48 0 0 0 0 0 - D 0
84 Stable 0 1.0 + 0.06 1.1 0 0 0 0 0 [+ )
85m  4.36h 4.41x107% 0,096 1.5 0.835 80 0233, 0.305 20 I 80 0481 0.414
T 0495 8o 20
85 10.27y 214x10°% <15 0.3 0.695 99+ ~0.232 0 ~Q e e D 0.232
86 Stable 0 0.06 217 ) 0 o o 0 — 0 0
87 78m 1.48x 104 <470 2.7 .27 25 101 2.3 <25 W ~20 o0.56% 157
3.63 75 189 <25 IV ~35
0.41 <25
88 2.77h 6.95%x 1075 .. 37 0.52 70  0.331 2.0 35 U 49 207 240
(0.8)% 0.9 10 . 2.19 18 it 28
27 2 1.85 15 m 18
1.55 14 v 68
120 4
0.85 23
0365 5
0.191 35
0.163 7
0.028 7

27



TABLE 2. (continued)

Enzrgy of Radiation
Absorption L
MISS L letife, Decay Crass Yield, ¥ Beta Particles . Samma Transitions Total
Nuclide Number, Constant, i ., [ o Total :
A 12 Afsec™) o Si:;:s) " “o oy A Be gy _Sueldivs :
a (Mev) (Mev)  (Mev) Group (%) (Megv) (Mev)
36k 89 3.18m 3.63%107% - (4.6) 4.0 00 1.3 0 ¢ e e @ 1.3
90 ~33s 2.10x 1072 - (5.2) 3.2 100 1.07 0 0 0 1.07
91 9.8s 7.08 x10"2 .. (3.7) 3.6 100 1.20 0 0 - D 1.20
92 3.0s 0.231 - @7 s 100 1670 - ~NO e e D 1.67°
93 2.0s 0.247 (1.3) g.0" 100 2667 - N e e 0 2.66%
94 1.4s 0.495 (0.8) 64’ 00 2048 e ) 2.14°
95 Short (0.2) 9.3 w0 39% .. AQ e e D 3t
97 ~ls 0.693 ~0) 1065 100 352 .. ~Q e e ~D 3.5°
4Rb 85 Stable 0 0.05 + 0.85 1.5 0 0 0 ) 0 -0 0
86 19.5d 4N x1077 - 2.8x 10759 068 12 0.543  1.076 12 M 12 030 0.673
.76 88
87 6.2x10"% 3.51x 10777 0.4 2.7 0.275 100 0.092 0 0 S 0 0.092
88 17.8m 6.49 x 1074 <200 3.7 2.5 9 1.61 2.8 Hoos 0.477  2.08
3.6 13 1.86 - Vo2
5.3 78 0.9
89 15.4m 7.50x 1074 - 4.8 4.5 00 1.5 0 0 e 0 1.5
(0.2)%
90 2.74m 4.22x 1078 .. 5.9 5.7 00 19 0 0 - e 0 1.9
0.n*
91m 1.67m 6.93x 1073 ... ? 4.6 00 1.5 ? ? ? ~1.5
91 14m 8.25x 1074 .- (5.7 3.0 00 1.0 ? ? - a7 ~1.0
(2.0)%
92 0s 8.66 x 1073 .- (5.5) 7.59° 100 2.5° ~0 e e O 2.5°
(2.8)¢
93 Short - (4.4) 6.04¢ 100 2.0° - A e e D 2.0°
(3.1)7
94 Short (2.9) 8.97° 100 3.0 ~0 e e ~O 3.0
(2.3)%
95 Short (1.6) 7.43% 100 258 ~NO e e D 2.5¢
(1.4)%
97 Short (0.1) 875 100 29° - T S 2.9
36 86 Stable 0 1342 2.8x 107% 0 0 o 0 0 - e 0 0
87 Stable 0 s 2.7 o} 0 0 0 0 0 0
88 Stable 0 0.005 3.7 0 0 0 0 0 N 0
89 54d 1.48 107 <130 4.8 1.463 100  0.487 0 0 e e D 0.487
90 28y 7.85% 10710 ~q 5.9 0.61 100 020 0 0 . =0 0.20
91 9.7h 199 1073 ... 5.9 0.62 7 0.533 1413 7 1 62  0.845 1.38
(0.2)% 1.09 33 1.025 33 40
.36 29 0.747 7
203 4 066 22
2.665 27 064 33

28



TABLE 2. (continued)

Energy of Radiation

Mass Decay Absorption Gnowma Transitions
Nuclide Number, Half-life, Constant, SCro?s Yie'lvd, Y Beta F'or-files — o Total
; ‘g it ection (%) Fo ) AE, By Shielding T E
g4 (barns) (Mev) (Mev)  (Mev) Group (%) (ud, (Mev)
aS 92 2.7h 7.03x 1075 6.1 1148 w0 04® N e e g 0.4°
(0.6)*
93 Im 1.65% 10-% .. (6.4) 4132 100 1eb ~0 e e~ 148
(2.0%
94 2.0m 578 x 10-3 . (5.8) 2.63% 100 0.9° - ~O e e~ 0.9°
2.9
55 Short o - (4.7) 5552 100 .82 ~0 - e~ 1.8
3.1)%
97 Short (.7 650 100 23° - ~O e e ~g 2.8
(1.6)%
297 89 Stable 0 1.4 4.8 0 0 0 0 0 w0 0
90 84.5h 298 x10°%  <6.5 5.9 2187 100 073 1.4 04 W 04 ~0 ~0.73
9m  SIm 226 x 1074 - 2.4 0 0 0 0.551 100 It 100 0.551  0.551
91 58d 1.8 %1077 . 5.9 1537 ~100 0.512 122 03 Il 03 ~0  ~0.512
92 3.60h 535% 10°5 . 6.1 3 e~ 0 o o— ~o ~12f
27 -
L
93 10.0h 1.93%x 1075 . 6.5 3.1 00 103 07 00 0 100 07 1.73
0.1)%
94 16.5m 7.00x 1074 6.5 5.4 100 1.8 1.4 100 #1100 1.4 3.2
(0.7)¢
95 10.5m n10x 1073 (6.4) 366% 100 1.2 0 0 e 0 1.2
a.n?
97 Short . (4.8) 5.06® 100 17° - ~0 - ~0 1.7
(3.1)%
skt %0 Stable 0 0.1 5.9 0 0 0 0 0 - - 0 0
91 Stable 0 1.5 5.9 0 0 0 0 0 0 0
92 Stable 0 0.2 6.1 0 0 0 0 o S ) 0
93 Lax0fy  2.31x 1071 <y 6.5 0.063 100 0.021 © 0 - 0 0.021
54 Stable 0 0.07 6.5 0 0 0 0 0 e e 0 0
95 63d 1.27x10°7 . 6.4 0.364 57 042 0717 98 W99 0733 0.860
0.396 42
0.883 1
96 Stable 0 0.05 6.4% 0 0 0 0 0 0 0
97 17.0h 1A% 1075 . 6.2 1.1 100 0.64 o100 0759 1.a9?
(1.4)¢
atb sIn a2y 5.24%x 1077 - 2.1 0 1) o 00292 100 1 100 0.0292 0.0292
93 Stable 0 1.1 6.5 0 0 0 0 0 -0 0
95m  90h 2.14% 1076 ... 0.06 0 ) 0 0235 100 | 100 0.235 0.235
95 35d 2.29 x 1077 6.4 0,160 100  0.053 0745 100 11 100 0.745  D0.798

29



TABLE 2. {centinued}

Energy of Radiotion

Mass Decay Absorptian , Gamma Transitions
Nuclide Nomber, Half-life, Constant, Cro.ss Yielfi, Y ‘M’fieva Particles B — Total
A t/2 A (secm 1) Section (%) . . AVE £ . Shielding ora E
7q (orms) B L T L
aNe 9% 23.4h 8.23%x 107 5.7x107% 037 @ 0.240 1187 32 L7 240 2.64
0.750 92 1.078 52 o210
0.840 16 o 84
0.804 6
0.770 100
0.560 61
0.451 27
0.238 10
0.216 7
9Im  60s 116 % 10=2 .. 6.2 0 ) 0 0.747 100 1l 100 0.747  0.747
97 72.1m 160 x 1074 ... 6.2 1.267 100 0.422  0.665 100 1 100  0.665  1.087
aMo 95 Stable 0 13.4 6.4 0 0 0 0 0 - - 0 0
96 Stable 0 1 57x107% ¢ 0 0 0 0 - 0 0
97 Stable 0 2 6.2 0 0 0 0 0 -0 0
93 Stable o 0.13 5,97 0 0 0 0 0 - - 0 0
99 67h 2.88 % 1076 .. 6.1 0.45  ~13 0,376 0780 .- o9 0247 0,616
123 ~g7 0.740 - TR
0181 -a-
0.140 -
0.041 -
100 Stable 0 0.2 6.59 0 0 0 0 0 - 0 0
10 14.6m 7.91x 1074 . 5.0 2 70 0.5 0.960 70 I 100 0.864  1.36
22 30 0191 100 0 70 -
102 12m 9.63x10-4 .. 4.2 0.92° 100 0.31° ~ND e e D 0.21
105 ~ 5m 231 %1073 .. (0.6) 4.94® 00 1652 . D e~ 1.65°
asTe  99m 6.04n 309% 1075 .. ~0.6 0 0 0 041 100 1 100 0.141  0.141
99 2.12x10%  1.04 x 10=13 19 6.1 0.290 100 0.097 0 0 e 0 0.097
101 14.0m 8.25 x 10=% .. 5.0 120 00 040 030 100 (I 100 0.30  0.70
102 <25s 277 x 1072 ... 4.2 an? 10 0P . ~Q e e a0 1.1°
105 Short 0.9 3.24% 100 108 - A e e A0 1t
(0.3)4
107 21.5m 7.7%x10°% {0.16) 45° 100 1.5° - ~NO e e 0 1.5°
aRe 99 Stable 0 6.1 0 0 0 0 0 -0 0
101 Stobls 0 2.46 5.0 ) 0 0 0 0 e D 0
102 Stable 0 1.2 4.2 0 0 0 0 ) — 0 0
103 41d 196 x 10°7 ... 2.9 0.217 95  0.080 0.498 95 N 95 0.473  0.567
0.698 5
104 Stable 0 0.7 1.8% 0 0 0 0 0 - 0 0
105 4.5 428 % 1075 0.9 1.150 100 0.383 0.726 100 N 100 0.726  1.109
106 1.0y 2.20x 1078 ... 0.38 0.0392 100  0.0131 0 0 - -0 0.0131
107 4m 2.89x 1073 .. 0.2 281 100 0.945 ~D - e D 0.94°
(0.04)"

30



TABLE 2. (continuved)

Energy of Radiation
Mass Decay Absorption Gamma Transitions
Nuclide Number, Half-life, Constant, Cro:ss Yield, Y _.,.Ef'a_@'f E— Total
A 2 Atsec™ Yy Se:tlon (%) £, . Av. B, E, . __Shielding otd E
9, (barns) (Mev) (Mev)  (Mav) Grove (B S, (Mev)
4sRh 103m sam 24 x 1074 2.9 0 0 0 0.040 100 | 100 0.04  0.04
103 Stable 0 12+ 138 2.9 0 0 0 0 0 0 0
105m 45 154 x 10-2 .. 0.9 0 0 0 0.130 100 ! 00 0130 0.130
105 36.5h 5.27 x 1076 . 0.9 025 10 0.183  0.322 10 10 0.032 0,215
0.570 90
106 30s 2.31x10-2 .. 0.38 ~1.0 6 1.05 241 025 I 38 0245 1.30
2.0 3 1.55 0.5 i 2.5
2.44 12 1.045 2 oo
34 n 0.87 1
3.53 68 0.624 12
0.513 25
107 2%m 444x10™4 0.2 1.2 100 0.4 0 0 o0 0.4
109 <lh 1L93x 1074 ... (0.028) 239 100 o8® . o S ~0 0.8"
P4 105 Stable 0 0.9 0 0 0 0 0 - e 0 0
106 Stoble 0 0.38 0 0 0 0 0 - -0 0
107 7.5x 10%  292x10~1% .. 0.2 0.04 100 0.0 0 0 0 0.01
108 Stable 0 0.67 + 1 0.08% Q 0 o 0 o 0 0
109 13.6h 1.42x 1075 . 0.028 0,961 100 032 0 0 -0 0.32
110 Stable 0 2+ 0.4 0.02¢ 0 0 0 0 0 0 0
m 22m 5.25x 1074 .. 0.018 213 100 o071 073 - no~o ~0f o
' 0.65 -
0.56 -
038 -
N2 21h 2.17x 1078 . 0.01 0.2 160 0.07  0.018 100 I 100 0.018  0.088
Ao 107w 44.3s 157 x 1072 - <0.2 0 0 0 0.094 100 | 100 0.094 0.094
107 Stable 0 30 0.2 0 0 0 0 0 -0 0
109m  39.2s W7 x 02 0.028 0 0 0 0.088 100 | 100 0.088  0.088
109 Stable o 2482 0.028 0 0 0 0 0 - 0 0
Viom 2704 298 x 108 .- 2%10~7% 0087 58 0.2 1.516 - 1 ~3 ~26% 277
0.530 35 1.389 - it ~29s
212 3 0.935 - im  ~s0
286 3 0.885 -
0.814 -
0.759  --
0.706 -
0.676 -
0.656 -
0116 -
110 24.2s 2.86 x 102 .. 6x 1077 2.6 60 0.811 066 100 Il 100 0.66  1.48
2.84 40
" 7.6d 106 x 10-¢ . 0.018 0.70 8 0.337 0.243 | ! 0.030  0.387
0.80 1 0.340 8 (TR
104 91
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TABLE 2. ({(continued)
Energy of Radiation
Mass Decay Absorption ) Gomma Tronsitions
Nuclide Numbor, Half-life, Constant, Cro.ss Yield, Y _ B_em P';""f_'fj M—_—“,‘p—._*ﬂ“:l’otcl Total
) 4 X ey Section %) B AE B Shielding 1 E
7, (barns) (Mev) (Mev)  {Mov) Grove  (B) gy Y
ghe V12 32k 6.02x107% - 0.01 1.0 15 1.04 140 - noo~o  ~ob 104
2.7 20 0.62 - W ~0
3.5 40
4 25
N3 5.3k 3.63x 1075 .. 0.01 2.0 100 0.67 0 o - e 0 0.67
114 2m 5.78x 1073 . 0.01 4?00 1372 .- N e e~ 1.37°
s 20m 5781074 {~0.01) 3.0 00 1.0 0 ) - e D 1.0
G 110 Soble 0 0.2+ 2 2% 1077 o ) 0 0 0 e 0 0
m Stable 0 0.018 0 0 0 0 ) e e 0 0
12 Stable 0 0.02+? 0.0 0 ) 0 0 0 - 0 0
Nim 5.0y 430x1077 - ? 0.59 100 0.20 0 0 - 0 0.20
n3 Stable 0 25,000 0.01 0 0 0 0 0 - 0 0
114 Stable 0 0.14 + 1.1 0.01 0 0 0 0 0 .0 )
s 43d 1.86 x 1077 - 0.00071 0.7 2 0.53 128 - no~c 0057 0.58¢
161 98 095 - . ~g
0.50 -
0.46 -
15 53k 2.53%x107¢ ... 0.0098 0.58 42 0.296  0.525 .- a2 0567 0.86¢
s 0.50 -
0.360 -
116 Stable 0 1.4 +7 0.014 0 0 0 0 0 0 0
N7m 2.9k 6.66 x 1075 .- 0.01 <0 - 200 - no>90  <0.79% <0.79°
155 - o ~o
127 - v ~g
0.84 e
043 -
0.33 -
0.28 -
0.27 -
"y 50m 231 %1074 .. 0.010 16 e <0790 - ~ e ~0 <0.8°
~3.0 -
N8 ~30m 3.85% 1074 . 0.01 109 100 036% - ~0 e O 0.36%
4o 113 Stable 0 60+ 2 ? 0 0 0 0 o e 0 0
115m  4.50k 4.28% 1075 ... 0.0098 0.83 6 0.017 0335 94 94 0317 0.334
15 6x10My 3,66 %1072 45452 0.0099 0.63 100 -0.21 0 ~0 e e A0 0.21
MWm  1.90h 101 %1074 0.010 162 23 0449 0.311 22 N 22 0.194  0.643
77 55 0.161 78 1 78
17 1.1h 175 %1074 .. 2% 1073 0.740 100  0.247  0.565 - 1 ~10  0.09° o0.34°
0.161 - noo~s
18 4.5m 2.57 %1073 . 0.01 1.5 00 0.5 ? - a2 ~0.5
119 17.5m 6.60 x 10=4 .. 0.01 2.7 100 0.9 0 0 - -0 0.9
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TABLE 2,

(contirued)

Energy of Rodiation
Mass Decay Absoretion Gamma Transitions
Noslide Nomber, Half-life, Constant, {Cro.ss Yield, Y “_—Eem Particles — - Total
A 1‘/2 A (sec"l) Section (%) Eb . Av. Eb Eg - Shielding ~ E
g (barns) Mev) T (Mev)  (Mev) Group (%) (uf, ™MV
505 M5 Stable 0 0.01 0 0 0 0 0 - 0 0
117m  14.0d 5.73% 1077 ... <2x107% 0o 0 0 0.162 100 1 200 0.321  0.321
0.159 100
M7 Stoble 0 0.010 0 0 0 0 0 - e D 0
118 Stable 0 0.01+ 7 0.01 0 0 0 0 0 - 0 0
119m 2754 291% 1078 .. <0.01 0 0 0 0.0653 100 | 200  0.0895 0.09
0.0242 100
19 Stable 0 0.01 0 0 0 0 0 - e 0 0
120 Stable 0 ~0.001 +0.03  0.017 0 0 0 0 0 - -0 0
121 27.5h 7.00x 107 1.2x 10~2 0.014 0.383 100 0.128 0 0 . D 0.128
122 Stable 0 0.00% 4 0.1 0.013¢ 0 0 0 0 0 - =0 0
123 1314 5.12% 1078 . 0.0012 .42 100 0.47 0 0 - e D 0.47
123 39.5m 2.92x 1074 .- 0.014 1.6 100 042 0153 100 1 100 0.153 Q.57
124 Stable 0 0.75 0.02° 0 0 0 0 0 - e 0 0
125 9.4d 8.53x 1077 .- 0.012 0.40 5 076 190 5 v s 0.095  0.86
2.37 95
128 9.5m L2x1073 . 0.011 0.51 -~  ~0.7 032 100 1 108 0326 ~1.03
147 -
2.04  ~100
126 50m 231x1671 .. 0.1 2552 w00 o0.ss® - ND e e D 0.85°
127 1.5h 1.28 x 1074 ... (0.24) 4844 100 e . ~B e e D 161
% Stable 0 5.7 0.014 0 0 0 0 0 .0 0
123 Stable ) 0.03+0.03+2.5 0.015 ) 0 0 0 0 - 0 0
125 2.7y 8.14x10"% ... 0.023 0125 29 0,102  0.637 - 128 0467  0.56?
0.300 45 0.601 - N7
0.414 12 0.465 -
0.612 14 0.425 -~
0175 -
0.110 -
0.035 -
12 9k 2.14% 105 .. 0.10 1.0 00 033 090 100 {200 1.3 1.63
0.4 100
127 9an 207 x 0% - 0.25 1.2 00 0.4 072 100 M 100 072  L12
(0.01)?
128 1.1h 175 1074 e 0.5 5682 100 1.9 .. ~O e e D 1.9°
129 4.6h 432%x107% .. 1.0 442b 00 188 AD e e D 1.5°
130 12m 9.63%x 104 ... 2.0 668 100 2.2% .. N0 e e ~O 2.2%
131 21.0m 5.50x 1074 - (2.7) s.44® 100 1.8 7 JUUE A 1.8
132 1.9m 6.08x 107 . (3.4) 7.64% 100 248 . N0 e e A0 2.6
133 4.0m 2.82x107% . (3.8) 641® 100 208 .. 0 S 2.1%
134 455 L54% 1072 ... (3.0) 8.57° 100 2.9° - T 2.9%
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TABLE 2, (continued)

Energy of Radiation

Mass Decay Absorption , Gomme Transitions
Noclide Number, Holf-life, Constant, Crc‘:‘ss YleL,d' Y Beto Particles — TO'-Q|
A Y12 A(sec™y Use(;‘:s) %) By oy Ay Eo Shielding % P
a (Mev) (Mev)  (Mev) Group (%) (Megv) (Mev)
soTe 125w s8d 1.38% 1077 - 3% 1073 0 0 0 0.110 100 | 10 0.170 0.110
125 Stable 0 .5 0.023 0 0 o 0 0 - D 0
126 Stable 0 0.07 + 0.7 0.10 0 0 0 0 0 — 0 0
1277 90d 8.82% 1078 ... 0.056 0 0 0 0.0885 100 ! 100 0.09  0.09
127 9.3h 2.07x 1075 .. 0.25 0.7 100 0.23  © 0 0 0.23
128 Stable 0 0.016 + 0.14 0.5 0 0 0 0 0 - 0 0
129 334 2.43% 1077 . 0.34 0 0 0 0.106 100 | 00 0.106  0.106
129 72m 1.60x 1074 . 1.0 1.8 00 0.6 0.8 0o 0 200 1.1 1.7
0.3 100
130 >0l ~0 <0.01 + 0.3 2.0 0 0 0 0 0 — 0 0
13te 30k 6421075 .. 0.44 0 0 ) 0177 100 1 100 0477 0.77
131 24.8m 4.66 1074 2.9 1.4 45 Q577 0.7 45 I 100 0.475  1.052
(0.2)% 2.0 55 0.16 100 i 45
132 77h 2,50 10=6 .. 4.4 0.22 100 0.073 0.231 100 | 00 0.231  0.961
1.2
133m 63m 1.83x 10°4 ... 4.6 0 0 0 0.4 00 1 100 0.4 0.4
133 2m 578x 10~% ... 6.0 1.3 70 0.54 1.0 70 o170 13 1.84
(2.2)7 2.4 30 0.6 100
134 44m 2.63x 10~4 ... 6.7 380 100 27b - B ) 1.27"
(3.7)%
135 <am 5.78% 1073 .. (4.2) s.98° 100 2.0 .. ~D e e D 2.0
53l 127 Stoble 0 6.1 0.25 0 0 0 0 0 . e 0 0
129 172x107y 128 x 107" 1 1.0 0.15 100 0.05  0.039 100 | 100 0.04  0.09
131 8.05d 9.96 x 10~7 500 2.9 0.250 2.8  0.191 0722 3 1 97.3 039  0.58
0.335 9.3 0637 9
0.608 87.2 0.364 80
0.815 0.7 0.284 5.3
132 2.4h 8.02 x 1075 . 4.4 0.7 15 0,434 2.2 2 W 226 1.992  2.43
0.9 20 196 5 19
196 23 140 N Vo7
153 24 1.6 8
212 18 0.96 20
0777 75
0.673 100
0.624 6
0.528 25
133 20.8h 9.25x 1076 ... 6.5 0.5 6 0.45 1.4 1 Il 99 0.5 1.0
0.5% 1.4 94 0.85 5 1T
0.53 94
134 52.5m 2.20% 1074 - 7.6 1.5 70 060 178 ~35 N 3 ~127 ~1.92
0.9% 2.5 30 .10 ~35 m 35
0.86 ~30 Iv 35
020 ~0
012 ~0
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TABRLE 2. (continved)

Energy of Radiation

Moss Decay Absorption ) Gamma Transitions
Muclide Number, Hali-tife, Constant, Cru?s Yield, ¥ Beto P.f._’.ti.clf___.. Toral Total
A Y12 A (sec=) aSe(Z::s) (%) E, - Av. B, Eg - Shielding e ME
a (Mev) (Mev)  (Mev) Grove (8 8, ™Y
53! 135 6.68h 289 x 1075 - 5.9 0.5 35 0308 1.8  ~50 I ~50 1.54  1.85
.ne 1.0 40 127 ~50 IV ~50
1.4 25
136 86s 8.06x 1073~ 33 36 - ~201 29 e M ~0  ~0  ~2.1
50 - 138 - v ~0
64  ~100 138 -
17 22.0s 25% 1072 .. (4.9) 0.5 100 0.19 0 0 - e D 9.19
138 5.9s 1rxem! .. (3.4) 7.69° 100 2568 - ~D e e D 2.56"
139 27 2.57x 10=) - (1.8) 6?00 2162 . Qe e AD 2.16°
saXe 129 Stable 0 45 1.0 0 0 0 0 0 - 0 0
4x 1074
131m, 12,04 6681077 e 0.03 * ) 0 0 0163 100 I 160 0.163 0.163
131 Stable 0 T 2.9 0 0 0 0 0 -0 0
132 Stable 0 740.2 4.4 0 0 0 0 0 - -0 0
133 2.3d 3.49% 1076 .. 0.16 0 0 0 0233 100 1 100 0.233  0.233
33 52700, 1.52x 1078 .. 6.5 0.3¢5 100- 0,115  0.081. 100 1 100 0081 0.1%
134 Stoble 0 2+ 0.2 7.6 0 0 0 0 0 . -0 0
135%  15.6m 7.40x 1074 e 1.8 0 0 0. 0.52 100l 100 0.52  0.52
135 9.3 2.11x1075 2.8 108 6.2 0.548 5 0302 D060 4 | 9 0268 0570 7
e st 0.3% 0910 95 .0 1 s
0.250 95
13 Stable 0 0.5 6.3 0 0 0 0 0 e 0 0
3.2°
137 3.9m 296% 103 . (5.9) 40 100 133 0 0 B 1.33
(1.3)%
138 17m 6.79% 1074 - (5.5) 2022 100 100 - AD e e a0 1.0
2 (2.1*
139 41s 169%x 1072 - (4.7) sasb 100 w7 ~NO e e A0 1.7°
(2.9%
146 165 4.33x 1072 .. 3.7} 2.97% w0 13" - ~O e e D 1.3b
141 1.7s 40810 (1.8) 6.07% w0 20° .. ~ND e e A0 2.0°
43 s 6.93x 10" .. 0.2 6958 100 23 - ANO e e 0 2.3
44 s 6.93x 1071 ... ~0) 578 100 ue® - N e e O 1.98
5sC: 133 Stable 0 0.16 + 26 6.5 0 0 0 0 0 - e 0 0
135 3.0x10% 7.33x1071% 15 6.2 0.2 100 0.07 0 0 - e 0 0.07
136 13d 6.17%x10°7 o 6§x1073 035 100 0.2 09 100 1 100 0.9 1.02
137 26.6y g.27x 10710 <2 5.9 0523 92 0192 0 0 e e 0 0.19
117 8
138 32m 3.62x 1074 87 5.8 2.0 33 108 144 100 Il 100 201  3.09
2.9 10 0.98 43 m 100
3.4 67 0.463 33
135 9.5m 1.22x10°% - (5.9) 382> w0 3b - ~Q e e D 1.3b
.2
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TABLE 2. (continued)

Energy of Radiaticn

Absorpgtion T
Noelide N:i::;’ Haif-life, CE::'Z”’ Cr:ss Yield, ¥ Beta Particlas Gammo Trensitions —— Tonl
a Ly so Afsec=y Saction (%) £, o Av. B, Eg o Shielding afo E
0, (barns) ev) T Mev)  Mev) T Growe () uf, MV
§5Cs 140 665 1.05x 1072 0.63 (6.0) 593 100 200 .- 7 T 2.0°
(2.3%
141 Short (4.7) 475t w00 160 A e e A0 1.6°
2.9)%
42 ~m 116 x10-2 176 (3.4) 6.83° 100 23° .. N0 e e A0 2.3°
143 Short (1.9) 566 100 19%F 029 ~0 1 A0 ~0 1.9°
(1.* 0.12 ~0 1 ~0
144 Short (1.0)% 772 w0 24f . ~G e e AD 2.6°
sgBa 135 Stable 0 5.6 6.2 0 0 0 0 0 - 0 0
136 Stable 0 0.4 6 %1073 0 0 0 0 0 0 0
197m 2.60m 4.44% 7073 5.4 0 0 0 0.661 100 11 100 0.661  0.661
137 Stable 0 4.9 5.9 o 0 ) 0 0 - 0 0
128 Stable 0 0.68 5.8 0 0 0 0 ) - 0 o
139 85m 1.36x 1074 4 6.0 0.82 19 0.220 143 19 I 66  0.380  0.600
{0.1)% 223 66 0.163 66 noo1e
238 15
140 12.80d 6271077 . 6.3 0.480 40  0.268  0.54 30 1110 0.237  0.505
(0.3)¢ 0.30 10 It 40
.022 60 0.16 10
0.03 100
141 18m 6:42x10-4 ... 5.9 2.8 00 093 0 0 .0 0.93
(1.2)?
42 bm 1.93x 1073 . (5.6) 2.26® 100 0752 .. 7 O 0.75%
(2.2)%
143 30s 231 %1072 . (4.9) 4342 100 188 . T 1.5°
(3.0)%
144 Shoet (3.5) 3082 w0 1P .. ~NO e e O IR
(2.5
sjba 139 Stable 0 8.9 6.0 0 0 0 0 0 - 0 0
40 40 479% 1078 3 6.3 132 70 0.495 3.0 1 18 21 2.6
.67 20 2.5 54 W 734
22 10 1.59 94 m 94
0.8151 29 IV 6.4
0.4867 39
0.3286 5.4
0.093 1.8
141 3.7k 520 x 10°5 . 6.0 09 5 0785 1.5 5 m s 0.075  0.86
0.1 243 95
142 74m 1.5 %x 1074 5.9 2.5 100 0.83  0.87 10 D100 0.66  1.49
(0.3)% 0.63 90
143 19m 6.08 < 1074 ... 6.2 305 100 107 O T 1.0
(1.3)%
144 Short (5.8) 5122 w0 17t ~Q e e A0 17?
(2.3)
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TABLE 2. (continued)

Energy of Radiation

Mass Decay Absorption Gamma Transitions
Noclide Number, | oif-life, Constant, s'Cro‘ss Yield, Y Beta Particles — e~ Total
'''''''' A Yis2 A (sec™Y) ection ) Ey oy AE, B g Shieding U £
0, (barns) (Mev) (Mev)  (Mev) Group (%) (Meg;l) (Mev)
sgCe 140 Stable 0 0.6 6.3 0 0 0 0 0 - 0 0
) 143 324 2.51x 1077 . 6.0 0.442 &7 0.163  0.145 67 i 67 0.097  0.260
0.581 33
142 Stable 0 1.8 5.9 0 0 0 0 0 - 0 0
143 azh 6.01x 1076 ., 6.2 071 30 0.355 0.660 152 | 12.1 0.334  0.689
a9 40 0.356 121 U 87.9
.32 30 0.289 606
0.126 121
144 290d 2.76 x 1078 . 6.1 0.170 30 0.087 0.3 ~10 |  ~50 0.043° 0.130¢
0.3)% 0.300 70 0.100 ~10
0.0807 ~10
0.054 ~10
0.0337 ~10
145 3.0m 3.85x 1073 .. 4.2 2.67° 10 o0.s89® .. ~0 e e a0 0.9°
146 13.9m 8.31x 10™¢ - (3.2) 0.7 00 023 032 12 [ 72 0.327 0.5
0.27 24 N 64
0.22 36
0.142 7
= 0.110  ~57
50P* 141 Stable 0 n 6.0 0 0 0 0 0 - e D 0
143 13.74 5.85% 1077 .- 6.2 0.932 100 0311 0 0 | 0.31
144 17.5m 6.60x 1074 .~ 6.1 0.8 3 0.97 2.8 1 T 0.08  1.05
2.3 2 1480 2 m o2
298 95 0.695 4 v
145 6.0h 3.21x 1075 .. 4.2 ~LT 100 ~06 - ~0 - e ~Q ~0.6
146 24.4m 4.73x 1074 - 2.3 2.2 44 1.01 1.49 33 o122 112 213
~ (o.n? 3.7 56 0.75 22 a3
0.46 100
e 143 Stable 0 290 6.2 0 0 0 0 0 P [
144 1.5x 1%y g A8 6.1 0 0 0 0 0 0 0
145 Stable 0 52 4.2 0 0 0 0 0 e D 0
) 146 Stable 0 9.8 ‘ 3.3 0 0 0 0 0 0 i
- 147 11.34 7.10 x 1077 - 2.6 0.38 25  0.228 0.532 25 60 0.236  0.464
0.60 15 0.318 15 T
0.83 40 0.092 60
- 148 Stable 0 3.3 1.8¢ 0 0 0 0 0 - 0 0
149 2.0h 9.63x 1075 - 1.3 0.95 -  ~0.5  0.650 - I ~0 ~0 ~0.5
14 0.538 - H o o~
1.5 ~ 100 0.424 -
0.266 men
0.240  ---
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TABLE 2. (continued)

Energy of Radiation
Mass Decay Absorption Gamma Tronsitions
Nuclide Nuwber, DolFlifer o ans, Cross Vield, ¥ Beta Particles — o Toro!
a th/2 Asem ) Sec?lon— (%) H, " Av. B, Eg . Shielding & E
0, (barrs) (Mev) 7 (Mev)  (Mov) Growp (8 (5, (Hev)
oM (continu=d) 0.22% -
0211 -
0.198 -
0.188 -
0.124
0114 -
0.112 .-
0.097 -
0.030 -
150 >2x 1018y ~o 2.9 0.74% 0 0 0 0 0 0 0
151 15m 7.7x 104 (0.48) .93 100 0.64 114 e I ~150 0.91%  1.55%
073 - I~ 100
0.421 - 50
0117 -~
0.110 -
0.085 -~
gPm 147 2.6y 8.46 x 1077 60 -2 2.6 0.223 100 0.074 0 0 - w0 0.074
149 54h 3.56 x 1078 - 1.3 1.05 100 0.35 0.285 100 Il 100 0.285  0.635
151 27.5h 7.00x10°8 - 0.5 1.1 100 037 0.715 - I ~100 05"  o0.87”
(0.02)* 0.340 - " ~100
<0.25 -
0,177 -
625m 147 14xi0'ly ~o0 2.6 0 0 0 0 0 ) 0
149 Stable 0 50,000 1.2 0 0 0 0 0 0 0
151 93y 2.37 x 10719 12,000 0.5 0.076 100  0.025 0.019 100 1 100 0.019  0.044
152 Stable 0 150 0.3% 0 0 0 0 0 0 ]
153 47h 410 x 1076 .- 0.15 0.26 10 0.219 0.538 10 I ~102 0.149  0.368
0.64 29 0.1717 ~0 10
0.70 44 0.1026 73
0.81 17 0.0691 29
154 Stable 0 5.5 0.09% 0 0 0 0 0 -0 0
155 73.5m 491 x 074 - 0.031 18 100 0.6 0.246 100 | 200 0.35  0.95
0.105 100
156 ~10h 1.93x107% - 0.013 0.9 00 0.3 ? ? ? 0.3 ?
g3By 181 Stable 0 1400 + 7000 0.5 0 0 0 0 0 0 0
153 Stable 0 400 0.15 0 0 0 0 0 - e 0 0
155 1.7y 1.29 x10~8 14,000 0.031 0.152 84  0.056  0.1368 .- I ~s500 0.7%  a.76?
0.252 16 0.1309 -
0.1045 -~
0.0858 .-
0.0593 -~
0.0187 -

38



TABLE 2. (continued)

Energy of Radiation

Absorption T
Mass Decay Gamma Transitions
. Half-life, Cross Yield, Y Beta Particles Tota!
Nuclide Number, Constant, X Total
t i Seetion (%) Shielding ora E
A 1/2 A (sec™ ) Ey o M B -
@, (barns) Mev) P Mewy  (Mev) Grovp (%) g My
(Mev)
6aEv 156 15.44 521x 10~7 - 0.013 0.5 60 0.3 2.0 ~60 IV ~60 1.2 1.63
. 2.4 40
157 15.44 1.25x 1075 0.0074 1.0 75 0.392  0.60 100 1 100 0.8 119
1.7 25 0.2 00 0 100
158 50m 193x 1074 . 0.002 2.6 00 0.87 - e 207
604 155 Stable 0 76,000 0.031 0 0 0 0 0 0 0
156 Stable 0 0.013 0 0 0 0 0 . e 0 0
157 Stable 0 160,000 0.0074 0 0 0 0 0 - e 0 0
158 Stable 0 4 0.002 o 0 0 0 0 - 0 0
159 18.0k 1.07 x 1079 . 1ax107% 09 00 0.3 0.38 100 1 W00 046 0.75
0.055 100 N 100
160 Stable 0 1.5 3xw4? o 0 0 0 0 0 0
161 3.6m 321x 073 . 8.0x107% 1.4 100 0.5 0.3 -~ I wo  07f  1.2b
0.316 -~ o 200
0.102 -
o esT 159 Stable 0 44 1ix10"? o 0 o 0 0 e e 0 0
161 7.0d LiIsx 1078 . 8 x 1073 0.5 100 037 0.05 100 | 00 0.05 0.2
¢Dy 161 Stable 0 8 x 1073 0 0 o 0 0 e e 0 o

%Independent fission yield.
bEnergy value computed from the mass change.
®Nuclide which decays in part by K electron capture and positron emission.

dEnergy computed from total disintegration energy or Q value.

=



TABLE 3. PRODUCTS OF NEUTRON CAPTURE 8Y U235 FissiON PRODUCTS

Arranged according to increasing order of atomic number and mass

Energy of Radiation

Mass Decay Absorption Beta Particles Camma Transitions
Half life, - Cross Total
Nuclide Number, . Constant, . Av., . Total
t /2 A -1 Section, E £ Shielding E
A (sec™ ) o  (barns) (Mr—bv) (%) Eb (M&g ) & —— o Eg {(Mev)
a > (Mew) ey Group (%) (Mev)
33As 76 26460 Ta24 % 10"6 nen 0.35 3 0.842 2.06 2.3 H 49.1 0.460 1.302
1.20 6 T.41 0.7 i 11.1
175 <] 1.21 10.4 v 2.3
2.40 32 0.648 4.1
2,96 53 0.555 45
3453 76 Stable 0 7+75 Q 0 [4] 0 0 o - 0 0
4:‘}Tc 100 15.8s 4.39 X ]002 e 2.8 100 0.93 0.55 100 I 100 0.55 1.48
44RU 100 Stable 0 L 0 0 0 0 0 nxe ama 0 0
45Rh 104m 4¢4m 2:63 %1 0"'3 - [1] 0 [ 0.052 100 | 100 0.052 0.052
104 425s 1+65 % 10“2 L 2.6 100 0.87 0.95 100 i 100 1.06 1.93
i 0.18 50 H 100
0.04 50
46Pd 104 Stable 0 noe 0 0 0 0 0 L o 0 0
49In 116m 54,2m 213 % 10‘4 ne 0.60 21 0.293 2.090 25 | 3 2.52 2.8
0.87 28 1.487 21 I 25
1.00 51 1.274 75 1t 150
1.085 54 v 25
0.406 25
0.137 3
116 13s 433X 1072 - 3.29 100 1.10 0 0 e e 0 1.10
5°Sn 116 Stable 0 0.,006+7? O 0 0 0 0 nen e 0 0
Sle 122 2.75d 2.91 X ]0‘6 oan 0.45 8 0.51 0.566 8 | 36 0.389 0.90
1.40 56 0.553 56 i 64
2,00 36 0.095 36
52Te 122 Stable 0 1.0+ 1.7 0 0 0 0 0 oo e 0 0
531 128€ 24.98m 4,62 X ]0"’4 wom 1.59 6.7 0.63 0.428 6.7 I 6.7 0.03 0.66
2.02 88.3 I 292 2.5 2.42
130 12.6h  1.53x107° - 0.597 54 0.264 1.15 31 3
1.02 46 0.744 69
0:660 100
0.528 100
0.409 23
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TABLE 3. (continved)

Energy of Radiation

""""" Absorption
Mass Decay Beta Particles Gamma Transitions
. Half life, Cross
* Nuclide Number, Constant, Secti Av Total Total
A Y12 A (sec"l) ection, E, ‘ E Shielding B
= o, {borns) (Mev) (%) Eb (Megv) (%) ————————— Eg Me
(Mev) Group (%) (Mev) (Mev)
54Xe 128 Stable 0 5 0 0 0 0 0 - - 0 0
‘ 130 Stable 0 <5 0 0 0 0 0 —— - 0 0
55Cs 134m 3.2h 6:03%x 1075 .- 0 0 0 0.i28 100 | 106 0.128 0.128
: 134 2.0y 1.10x10~8 - 0.09 25 0.170 1.365 4 1] 206 1.53 1.70
0.648 75 1.037 6 1 10
0.794 96
""" 0.601 75
0.567 15
0.561 20
sBa 134 Stable 0 2 0 0 0 0 0 e - 0 0
— 59Pr 142 19.3h 9.97 x10~¢ 18 0.64 7 070  1.59 7 ! 7 .1 0.81
2.15 93 0.135 ~0
60Nd 142 Stable 0 18 0 0 0 0 0 - .- 0 0
Ale 148 5.3d 1.51 x 1076 - 2.5 100 0.83 0.8 100 1t 100 0.8 1.63
— 62Sm 148 Stable 0 ——— 0 0 0 0 0 - - 0 0
150 Stable 0 - 0 0 0 0 0 e wne 0 0
63Eu 152¢ 9.2h 2.09x10™° - 1.880 100 0.63 0.344 ~50 | ~50 ™~0.23 0.86
v 0.122 ~50 M 50
152° 13y 1.69x 107 5000 1.58 26 0.137 1.086 --- l .- e >0.14
0.964 I ee e
0.720 H - -
0.344
____ 0.244
0.123
0.122
- 154 16y 1.38x10°% 1000 0.3 50 0.21 1.116 ~50 N 100 1.0° 1.2°
i 0.7 40 0.778 ~50 Ml 50
1.9 10 0.336 ™50 '
6 4Gd 152 Stable 0 <120 0 0 0 0 0 - - 0 0
154 Stable 0 ve 0 0 0 0 0 - - 0 0
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TABLE 3.

(continued)

M De
"% Half life, ey
Nuclide Number,

Constant,
A Y2

A (sec"'])

Absorption
Cross
Section,

G, (barns)

fnergy of Radiation

Beta Particles

Gamma Transitions

Ey
(Mev)

(%)

Av.
E
(Mev)

E
g
(Mev)

(%)

Group

(%)

Total

Total
E

(Megv) (Mev)

Th 160 73.5d  1.09x 10~7

65

400

0,396
0.52%
0.860

16
41
43

0.216

0.962
0.876
0.410
0.391
0.375
0.298
0.282
0.215
0.196
0.176
0.093
0.087

150

1.5

b

1.72%

66Dy 160 Stable 0

-—am

%Independent fission yield.

bEnergy value computed from the mass change.

“Nuclide which decays in part by K electron capture and positron emission,

dEnergy computed from total disintegration energy or Q value.
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TABLE 4, DETERMINATION OF LEVELS OF COMPONENTS OF CHAIN 95 IN 1 TON OF NATURAL URANIUM

Uranium irradiated at ¢ = 'IOM neutr ons/cmz/sec for 3 X 106 sec, then allowed to decay for 107 sec

Fraction of Atoms Present at ¢ = 1014,

s Fraction of Atams Present
aturation Value, Shutdown, N /N _, at - 6 Ty
o Saturation, N_/N _, for at Shutdown, . 14 LT 2 T=3x107, and t =10
|sotope NS/N25, for 14 $ 9 0 @ =10"" neutrons/em“/sec,
14 @ =10"" neutrons/cm”/sec N_/Nys = s N /NS = N =
$=10 d 7=3x10° (N /NS /N ) T=3x10" sec, and Ny Nes = M=
and T=3 X sec NIY(N, /N . 0 . 0 0
s s £ =107 sec (N, /Ngg) (NN Z) - (Ngg) (N /NG )
10.5m Y 3.37 x 10~° 1.00 3.37 x 1078 0 0 0
(Fig. A-30) (Table 4) (Fig. C-8)
63d Zr 2.92 x 102 0.317 9.26 x 1073 0.281 2.60 x 162 4.78 x 1022
(Fig. A-2¢) (Fig. B-16) (Fig. C-50) '
90h Nb™ 1.73 x 107° 0.274 4.75 x 106 1.06 5.04 x 10~° 9.27 x 1019
(Fig. A-2¢) (Fig. B-16) (Fig. C-47)
35d Nb 1.62 x 10~2 9.23 x 10~2 1.50 x 1073 1.45 2.18 x 1073 4.01 x 1022
{(Fig. A-2a) (Fig. B-16) (Fig. C-48)
*
Stable Mo 3.73 x 104 6.36 x 10™3 1.17 x 1023
(Fig. D-27)
Total 1.114 x 102 1.114 x 102 2.05 x 1023

*Nt/Ngs for stable Mo’ was computed by taking into account that the total number of fission product atoms does not change during decay times.

Thus, N /N3g = 1.114 x 1072 = (2,60 x 1073 + 5.04 x 107% + 2.18 x 107%) = 6.4 x 107,



TABLE 3.

INDEX OF FiSSiON PRODUCTS AND GRAPHS

Saturation Values,

Element Production of Stable
Mass N /No Fraction of Fraction of B B
N and s’ 725 Saturati N_/N Shotd N /N Species During
0 . aturation vidown, L, 0
Half life at ¢ = 102 ot 6> 1012 LR LA t’ T Irradiation, N,'_/N25
72 49.0h Zn 221 %107 Fig. A3/ Figs B-1 Fig. C-28
14.3h Ga 644 x 1072 Figs A-4 Fige Bel Fige C-31
Stable Ge Figs D-1
73 2m Zn 9.83x 1074 Fig. A-4 Unity Fig. C-4
5.0h Ga 1.51 x 107" Fig. A-3 Unity Fig. C-19
Stable Ge Figs D-2
74  Stable Ge Fige D-3
75  82m Ge 3.29x 10" Fig. A-3 Unity Fig. C-12
Stable As Fige D-4
76 Stable Ge Fige D=5
26.6h As*  6.41x 10710 Fig, A-3f Fige B-7 Fig. C-28
Stable Se’®” Fige D-6
77  12h Ge 1.34x107%  Fig. A3 Fig. B-3 Fig. C-19
38.8h As 1.06 x 1078 Fige A-3f Fig. B2 Fig. C-23
17.5s Se” 2,67 x107'%  Fig. A4 Fig. B=2 Fig. C-23
Stable Se Fig. D-7
78  86m Ge 7.79x 10710 Fig. A3 Unity Fig. C-10
91m As 9.13x 10710 Fig. A-3f Unity Fig. C-14
Stable Se Fig. D-8
79 9m As 1.81 x 1070 Fig. A-3f Unity Figs C-4
3.9m Se™ 7.03x 101" Fig. A-3f Unity Figs C-7
6.5 % 10%y Se 0,686 Fige Al Fig. B-8
80 Stable Se Fig. D-9
81 10m As 6:25x 10710 Fig. A-3g Unity Figs C6
56.5m Se™ 2,27 x 10719 Fig. A3 Unity Fig. C-10
17m Se 1.75x 10710 Fig, A-3a Unity Fige C-11
Stable Br Fig. D-10
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TABLE 5. (continued)

Element

Saturation Values,

Production of Stable

Mass N /NY Fraction of Fraction of ) .
N and s’ 25 Saturati N /N Shutd N /N Species During
o, A aturation, utdown L 0
Half life at ¢ = 162 ot > 1012 TS et lrradiation, N'r/NZS

82  Stable Se Fig. D-11

35.87h Br 1,44 x 1077 Fig. A-2e Fig. B-9 Fig. C-28

Stable Kr Fig. D-12
83  25m Se 2.26x10™%  Fig. A-3 Unity Fig. C-6

2.4h Br 3.47x 1078 Fig. A-3f Unity Fig. C-1

114m Ke™ 2.76 x 108 Fig, A3 Unity Figs C-11

Stable Kr Fig. D-13
84 2mSe 110x 1077 Fig. A-3g Unity Fige C-4

30m Br 1.66 x 16~8 Fig. A-3 Unity Figs C-6

Stable Kr Fig. D-14
85  3.0m Br 2.26x10~7  Fig. A-3 Unity Fig. C-5

4,360 Kr™  1.97 x 10™7  Fig. A-2 Unity Fig. C-19

10.27y Kr 8.07x10™4  Fig. A-2f Fig. B-10 Figs C-56, 56a

Stable Rb Fige D=15
86  Stable Kr Figs D-16

19.5d Rb 2.1 x107°  Fig. A-2d Figs B-11 Figs C-45

Stable Sr Fige D-17
87  55.6s Br 1.25x10™7  Fig. A-3f Unity Figs C-3

78m Kr 1.06 x 107 Fig, A2 Unity Fig. C-10

Stable Rb Figs D-18

Stable Sr* Fig. D-19
88  15.5s Br 3.76x 10710 Fig. A-3e Unity Fig. C-2

2.77h Kr 3.09x 1077  Fig. A-2a Unity Fig. C-10

17.8m Rb 3.31 x10~%  Fig. A-3g Unity Fig. C-10

Stable Sr Fig. D-20
89  3.18m Kr 7.35x10~7  Fig. A-3g Unity Fige C-4

15.4m Rb 3.71 x 10~8 Fig. A-3b Unity Fige C-7

54d Sr 1.88x 10™%  Fig. A-2f Fig. B-12 Fig. C-45

Stable Y Figs D-21
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TABLE 5. (continued)

"
Saturation Values, Proeduction of Stable

Element

Mass ond 1\(5/1\3(2)5 Fraction of Fraction of Species During
No. Half life 12 i Saturation, NT/NS Shutdown, NI/NT leradiation. N_/NO
at =10 ot > 10 ' Np /o5

90  33s Kr 1.44 x10"%  Fig. A-3b Unity Fig. C-3

2.74m Rb 8.11x107%  Fig. A-3 Unity Fig. C-4

28y Sr 436 %1072 Fig. A-la Fig. B-13 Fige C-59

64.5h ¥ 2.08 X 107 Fige A-24 Fig. B-14 Fig. C-58, 58¢

Stable Zr Fige D-22
91  14m Rb 4,01 x 1078  Fig. A3 Unity Fig. C-9

9.7h Sr 1.72% 1078 Fig. A2 Fige B-6 Fig. C-19

51m Y™ 6:06 x 10~8 Fige A-3 Fige B=6 Fige C-21

58d Y 2,48 x 1074 Fig. A-2¢ Figs B-15 Fig. C-46, 46a

Stable Zr Fig. D-23
92 3.0s Kr 6:78x 10711 Fig. A-3a Unity Fige C-1

80s Rb 3.68x 1077  Fig. A3 Unity Fig. C-3

2.7h Sr 496 x 107 Fig. A-2 Unity Fig. C-12

3.60h Y 661 x10°7  Figs A-2¢ Unity Fig. C-16

Stable Zr Fig. D-24
93 7m Sr 2.25% 108 Fig. A-3a Unity Fig. C-4

10.0h Y 1.95% 1078  Fig. A-2b Fig. B-6 Fig. C-20

Stable Zr Figs D-25
94  2m Sr 5.82x10"7  Fig. A-3f Unity Fig. C-4

16.5m Y 5,39 x 1078 Figs A-3f Unity Figs C-9a

Stable Zr Figs D-26
95  10.5m Y 3.37x 1078  Fig. A-3f Unity Fige C-8

63d Zr 2.92x 10 Fig. A-2e Fig. B-16 Fig. C-50

90h Nb™ 1.73%x10™7  Fig. A-2c Figs B-16 Fige C-47

354 Nb 1.62x107%  Fig. A-2a Fig. B-16 Fig. C-48

Stable Mo Fig. D-27
96  Stable Zr Figs D-28

23.4h Nb 4.02 %1070 Fig, A-3 Fige B-3 Fig. C-28

Stable Mo Figs D-29



TABLE 5. (continued)

Element

Saturation Values,

Production of Stable

0 N . { .
Mass ond NS/N25 . fFrc:'chonNo N . !:achor;vojN Species During
aturarion
No. Holf life wtdbe o2 e s P! ation, N_/N_ utdown, N /N Ireadiation, NT/Ngs
97 17h Zr 3.18x107%  Fig. A-2 Fige B-6 Fig. C-28
60s Nb™ 3.1 x 1077 Fige A-3f Fig. B-6 Fig. C-28
72.1m Nb 2:25% 10™7  Figs A-2b Fig. B-3 Fig. C-27
Stable Mo Fig. D-30
98  Stable Mo Fig. D-31
99  67h Mo 1.23x 102 Figs A2 Fig. B-2 Fig. C-36
6.04h Tc™  101x10°7  Fig. A-2b Fig. B=2 Fig. C-30
Stable Tc Fig. D32
100 Stable Mo Fige D-33
Stable Ru* Fig. D-34
101 14.6m Mo 3.67x 1078 Fig. A-3b Unity Fig. C-6
14.0m Tc 3.52x 1078 Fig. A~3f Unity Fig. C-9a
Stable Ru Fig. D-35
102 12m Mo 2.53%x 108  Figs A-3b Unity Fig. C-6
25s Te 8.79x10~'%  Fig. A3a Unity Fig» C-6
Stable Ru Fig. D-36
103 41d Ry 8.58 X 1075 Figs A-2e Fig. B-17 Fig. C-45
57m Rh™ 7.47x10"8  Fig. A-3a Fig. B-17 Figs C-45
Stable Rh Fig. D-37
104  Stable Ru Fig. D-38
Stable Pd* Fig. D-39
105  4.5h Ru 1.22% 1077 Fig. A-2¢ Unity Fig. C-20
45s Rh” 3,39 % 10~'0  Fig. A-3a Unity Figs C-20
36.5h Rh 9.91x10™7  Fig. A2 Fige B-3 Fig. C-24
Stable Pd Fig. D-40
106 1.0y Ru 1.00x 10~%  Fig. A-2 Figs B-15 Fig. C-53
30s Rh 9.54% 10" "1 Figs A3 Fige B-15 Fige C-53
Stable Pd Fige D-41
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TABLE 5. (continued)

Saturation Values,

Element . . Production of Stable
Mass N /NO Fraction of Fraction of
and s”''25 . Species During
No. Vol Saturation, N_T/NS Shutdown, Nt/N'r oo 0
Half |feb at ¢ = 102 of ¢ 2 1012 lrradiation, N,T/N25

107 1.5m Te 121 x 107 1'% Fig. A-3f Unity Fige C-3

4m Ru 4.0t x 1071 Fig. A3 Unity Fig. C-5

26m Rh 2.61x 1077 Fig. A-3a Unity Fige C-7

Stable Pd Fig. D-42
108 Stable Pd Fig. D-43
109  1h Rh 8.41x 10710 Fig. A28 Unity Figs C-12

13.6h Pd 4.41x10™%  Fig, A-3a Fig. B-18 Fig. C-20

39.2s Ag”  3.54x 107" Fig. A-2g Fig. B-18 Figs C-20

Stable Ag Fig. D-44
110  Stable Pd Fige D-45

270d Ag™"  5.45% 107%  Fige A2 Fige B-19 Fig. C-53

Stable Cd* Fig. D-46
N1 22m Pd 1.99x 10710 Fig. A-3g Unity Fig. C-6

7.6d Ag 9.85%x 108 Fig. A-3 Unity Fig. C-36

Stable Cd Fig. D-47
112 214 Pd 696 X 1077 Fig. A-3b Fig. B-4 Fig. C-28

3.2h Ag 1.06 x 1077 Fig. A-4a Fig. B-4 Fig. C-22

Stable Cd Figs D-48
113 5.3h Ag 1.60 107 Fig. A-3a Unity Fige C-20

Stable Cd Fig. D-49
114 2m Ag 1.01 x 10~ Fig. A-35 Unity Fig. C-4

Stable Cd Fige D-50
115 20m Ag 1.06 x 1010 Fig. A-35 Unity Figs C-8

53h Cd 1.68x 1078 Fig. A-3¢ Fig. B-5 Figs C-29

4.5h In"™ 1.42x 1077 Fig. A3 Fige B-5 Fig. C-25

Stable In Figs D-51

Stable Sn Fige D-52
116  Stable Cd Fig. D-53

Stable Sn Figs D=54
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TABLE 5. {(continued)

Saturction Values,

Elemsnt P ion of
Mass em:n N /Ng_ Fraction of Fraction of rc:ucf‘lon; S.fable
an s 5 . pecies During
No, . Saturation, N_/N Shutdown, N, /N e 0
Half life ot = 102 at ¢ 2 1012 4 s v lrradiation, N,r/N25
117 2.5k Cd™ 871x1071%  Fig. A-3c Unity Fig. C-12
- 50m Cd 2.51x 10710 Fig. A-35 Unity Fig. C-12
1.90h In™  5.74x107'%  Fig. A-3b Unity Fig. C-17
1.1h In 7.29%10°""  Fig. A-3d Unity Figs C-17
Stable Sn Fig. D-55
118 30m Cd 1.51x 10710 Fig. A-3d Unity Fig. C-9
4.5m In 226 x 107" Fig. A-3a Unity Figs C-9
Stable Sn Fig. D-56
M9 17.5m In 8.79x 10~11  Fig. A-3g Unity Fig. C-9
275d $n™"  1.99x 1078 Fig. A-2¢ Fige B-20 Fig. C-51
- Stable Sn Fige D-57
120  Stable Sn Figs D-58
- 121 27.5h Sn 1.16x 1078 Fig. A-3a Figs B-3 Fige C-29
Stable Sb Fig. D-59
122  Stable Sn Fig. D-60
2.75d Sb* 279 x 10™8  Fig. A-3 Figs B-21 Fig. C-36
Stable Te* Fige D-61
123 131d Sn 1.14x 1077 Fig. A-2d Fig. B-22 Fige C-50
39.5m Sn 2.78% 1010 Fig. A-3¢ Unity Fig. C-10
Stable Sb Fig. D-62
124  Stable Sn Fig. D-63
125  9.4d Sn™ 1.56 x10~7  Fig, A-2d Fige B-1 Fig. C-36
2.7y Sb 1.64%x 10~%  Fig. A-2b Fige B-15 Figs C-54, 54a
58d Te™ 1.35x 1077 Fig. A-2a Fig. B-22 Figs C-52, 52a
Stable Te Fig. D-64
126  50m Sn 2.51x 1077 Fig. A-3g Unity Fige C-10
9h Sb 271X 1078 Fig. A-3c Fige B-4 Fige C-21
Stable Te Fig. D-65
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TABLE 5. (continued)

Saturation Values,

Element Production of Stable

Mass N /NO Fraction of Fraction of 3 i
No. and s.B Saturation, N_/N_ Shutdown, N /N. Species During
Half life ot ¢ = 102 at é > 1012 TS v Irradiation, N,,_/N25

127 1.5h Sn 1.09x1078  Fig. A3/ Unity Fige C-12

93h Sb 7.00 x 1077 Fig. A=2b Fige B-5 Fige C-32

90d Te™ 3.68x107%  Fig. A-2b Figs B8-23 Fig. C-49

9.3h Te 7.00x 1078 Fig. A-3b Fig. B-23 Eig. C-41, 41a, 416

Stable | Fige D66
128  1.1h Sb 1.66 1078 Fig. A3 Unity Fig. C-12

Stable Te Eige D-67

Stable Xe* Fig. D=63
129 4.6h Sb 1.34x 1077 Figs A2z Unity Fig. C-20

33d Te™ 8.12x 107  Fig. A-25 Fig. B-24 Fig. C-42, 42a

72m Te 3.62 x 1078 Fig. A-3b Fig. B-24 Fig. C-43, 43a

Stable | Figs D=69

Stable Xe Fig. D-70
130 12m Sb 1.20x 1078 Figs A-3d Unity Fig. C-8

Stable Te Figs D-71

12,6 1* 3.79x 1077 Fig. A-2b Fige B-25 Fig. C-20

Stable Xe* Fige D-72
131 21m Sb 2.85x 1078 Fig. A-34 Unity Fige C-9

30h Te™ 3.98x107%  Fig. A3 Unity Fig. C-13

24.8m Te 3.61x 1078 Fig. A-3b Unity Fige C-15

8.05d 1 1.69x 107> Figs A-2a Fige B-26 Fig. C-36

12d Xe™ 2.52x 1077 Figs A<2c Fig. B-27 Figs C-37

Stable Xe Fig. D-73
132 1.9mSb 3.24x 1077 Fig. A-3c Unity Fig. C-5

77h Te 1.02x 1075 Fig. A-2c Eig. B=28 Fig. C-36

2.4h | 3.18x 1077 Fig. A-2e Fig. B-28 Fig. C-33, 33, 33b

Stable Xe Fig. D-74
133 63m Te™ 1.90x 1077 Fig. A-2 Unity Fig. C-10

20.8h | 4.08%107%  Fig. A-2e Figs B-6 Figs C-27

2.3d Xe™ 2.59 x 10™7 Fig. A-2c Fig. B-29 Fig. C-34
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TABLE 5. {(continued)

Element

Saturation Values,

Production of Stable

Mass N /N0 Fraction of Fraction of . .
Now and s 25 Saturation, N_/N_ Shutdown, N /N Species During |
Holf e oy _ 1012 oy > 1012 /s 7 trradiation, N, /N3,

133 5.27d Xe 2.48x1075%  Fig. A-2b Fige B-29 Fig. C-35

Stable Cs Fige D-75
134 . 44m Te 148 %107 Fig. A-2e Unity Fige C-12

52.5m | 2.00x 10~7  Fig. A-2d Unity Figs C-13

Stable Xe Fige D-76

2.0y Cs* 3.43 x 1073 Fige A-1 Fig. B-30 Figs C-55

Stable Ba* Fige D-77
135 2m Te 421x10°7  Fig. A-3a Unity Fige C-d

6:68h | 1.18x107%  Fig. A-2e Fige B-3] Fig. C-19

15.6m Xe”  1.39x10"%  Fig. A-3c¢ Fig. B-31 Fige C-21

9.2h Xe 1.50x 10°%  Figs A-2f Fige B-31 Fig. C-18, 184, 18b

Stable Cs Fig. D-78
136 86s | 2.23x 107 Fig. A-3 Unity Fige C-3

Stable Xe Fig. D79

13d Cs* 515x 1075 Figs A-2f Fige B-32 Figs C-45

Stable Ba* Fig. D-80
137 3.9m Xe 1061078 Fig. A-3¢ Unity Fig. C-4

266y Cs 413x 1072  Fig. A-la Fig. B-33 Fig. C-59

2.60m Ba™  7.07x10™%  Fig. A-3e Fig. B-33 Fige C-59

Stable Ba Fig. D-81
138 5.9s | 1.69x 10719 Fig. A-3c Unity Fig. C-2

17m Xe 470x10~%  Fig. A-34 Unity Fig. C-8

32m Cs 932x10~8  Fig. A-4 Fig. B-34 Figs C-13

Stable Ba Fig. D-82
139 2.7s | 4.06 x 10711 Fig. A-35 Unity Fige C-1

41s Xe 1.61x107  Fig. A-3a Unity Fige C-3

9.5m Cs 2.80x10"%  Fig. A3 Unity Fig. C-9

85m Ba 256 x10~7  Fig. A-2¢ Unity Fig. C-11

Stable La Fig. D-83
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TABLE 5. (continued)

Element

Saturation Values,

Production of Stakle

Mass N 0 R - . ¢
r:s and NS/N25 . Fruc‘:tlonNof/N . f-;‘ochonNo/N Species During
O, Half life o ¢ _ ]0]2 o é z 10]2 vaturation, N /N utdown, N /N _ lrradiation, }\]T/;\]g5

140 16s Xe 4.96 1019 Fig. A-2c Unity Fig. C-2

66s Cs 331 % 167%  Figs A-3b Unity Fig. C-3

12.8d Ba 583X 107°  Fig. A-2b Fige B-35 Fig. C-36

40.2h La 7.63x 1078  Fig. A2e Figs B-35 Fig. C-38

Stable Ce Fig. D-84
141 18m Ba 5.33 x 1078 Fige A-3g Unity Fig. C-6

3.7h La 6:69x 1077 Fige A-2c Unity Fig. C-21

32d Ce 1.39x10™%  Fig. A-2¢ Figs B-36 Figs C-44, 44a

Stable Pr Figs D-85
142 6m Ba 1.68x 1078 Fig. A-3g Unity Fige C-4

74m La 2.19x 1077 Fig. A-2b Unity Fig. C-14

Stable Ce Fig. D-86

Stable Nd* Fig. D-87
143 0.5m Ba 1.23x 1077 Fig. A-3d Unity Fig. C-3

19m La 591 x 1078 Fig. A-3c Unity Fige C-6

33h Ce 617107  Fig. A-2d Fig. B4 Fig. C-29

13.7d Pr 615x107°  Fig. A-2d Fig. B-37 Fig. C-39

Stable Nd Fig. D-88
144  290d Ce 1.28 x 1073 Fig. A-l Fig. B-37 Fig. C-53

17.5m Pr 5.36 % 10~ 8 Fige A-3g Fig. B-37 Fig, C-53

Stable Nd Fig. D-89
145 3.0m Ce 633 x 1077 Fig. A-3c Unity Figs C-5

6.0h Pr 7.59 % 10™7 Fige A-2d Unity Fig. C-19

Stable Nd Fige D-90
146 13.9m Ce 2.23 x 10”8 Fige A3/ Unity Fig. C-8

24.4m Pr 4.05x 1078  Fig. A-3 Unity Fige C-7

Stable Nd Fig. D-91
147  11.3d Nd 202x107°  Figs A2 Fige B-28 Fig. C-36

2.6y Pm 1.77 x 1073 Fig. A-la Fig. B-38 Fig. C-55, 55a

Stable Sm Fig. D-92
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TABLE 5. (continued)

Saturation Values,

Element 0 Production of Stable
Mass N /N Fraction of Fraction of . A
N and s 28 Soturation, N_ /N Shutdown, N./N Species During
Oe . oturation, utdown ..
Half life at b= 102 ot b 1612 T s Y lrradiation, NT/NgS

148 Stable Nd Fige D-93

5.3d Pm* 7.03 x 1078 Fige A-da Figs B-39 Figs C-36

Stable Sm* Figs D=-94
149 2.0h Nd 7.83 x 108 Fig. A-3f Unity Fig. C-10

54h Pm 2,12%x10™%  Fig. A-2e Fig. B-29 Fige C-26

Stable 5m Fig. D-95
150 Stable Nd Fig. D-96

Stable Sm* Fig. D-97
151 15m Nd 3.62x10~%  Fig. A3 Unity Fig. C-8

27.5h Pm 414% 1077 Fig. A-2d Fige B-6 Fige C-29

93y Sm 2.37x 10”4 Fig. A-4d Figs B-40 Fig. C-60, 60a

Stable Eu Fig. D-98
152 Stable Sm Figs D-99

13y Eu* 8.40x 1078  Fig. A-4c Fige B-41 Fige C-57

Stable Gd* Fig. D-100
153 47h Sm 6.37 x10~7  Fig. A-2e Fig. B-42 Fig. C-29

Stable Eu Figs D-101
154  Stable Sm Fig. D-102

16y Eu* 3.66 X 10”4 Fig. A-dd Fig. B-43 Fig. C-57

Stable Gd* Fig. D-103
155  23.5m Sm 3.66 x 10710 Fig. A-3e Unity Fig. C-8

1.78 Eu 6:68x 108  Fig. A-ad Fig. B-44 Fig. C-53

Stable Gd Fige D-104
156 10h Sm 3.91%x107%  Fig. A-3¢ Fig. B-45 Fig. C-20

15.4d Eu’ 3.24x 1077 Fig. A-4b Fig. B-d6, 462  Fig. C-40, 40, 40b

Stable Gd Fige D-105
157  15.4h Eu 3.43%x 107  Fig. A-3d Fig. B-31 Fig. C-20

Stable Gd Figs. D-106
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TABLE 5. (concluded)

Saturation Values,

Element R Production of Stable
Mass N /N9 Fraction of Fraction of . .
N and s''25 S N /N Shutd NN Species During
Os R aturation, utdown, . .. 1]
Half life ot ¢ = 1012 at g > 1012 7S T Irradiation, NT/N25
158 60m Eu 6.01 x 10~ Fig. A-3c Unity Fige C-12
Stable Gd Figs D107
159  18.0h Gd 596 % 10710 Fig, A-3d Fige B-45 Fige C-29
Stable Th Fig. D-108
160 Stable Gd Fig. D-109
73.5d Th* 5.83 % 1078 Fig. A-3e Fige B-47 Fig. C-50
Stable Dy* Fig. D-110
161 3.6m Gd 1.45% 10713 Fig, A-4 Unity Fige C-4
7.0d Tb 4.03x 10710 Fig. A-3 Fige B-17 Fige C-36
Stable Dy Figs. D-111
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