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t = decay time, sec, 

... 

'?Ir = number o f  atoms of any f issiog-product nuc l ide at i r rad iat ion time, 7, 

N ,  = number of atoms of any f i s s i o n - p d u c t  nucl ide at decay time, t, 

N s  = number of atoms of any f iss ion-product nuc l ide eat saturation, 

~ 0 2 ~  = number of atoms of U235 ~nit.ia!!y present,  
Ns/N2, 0 21: number of atoms of any f ission-product nuc l i de  present a t  saturation, per i n i t i a l  

atom U235, 

N , / N ,  = fract ion of saturation of any f ission-product nuc l ide  a t  i r radiat ion time, 7; 

N ' / i y : 5  = number of  atoms of any f ission-product nucl ide present a t  i r radiat ion time, r, per 
i n i t i a l  atom U235; N, / 'V ,~  x N ~ / N : ,  = N J N ; ~ ,  

N t / N ,  = fract ion of  shutdown value of any f ission-product nuc l ide at decay time, t ,  

N , / N i 5  = number of  atoms of any f ission-product nuc l ide present a t  decay time, t ,  per i n i t i a l  
atom ~ ~ 2 3 5 ;  N / N ~  x N , , . / N ~  x N J N : ~  = N, 'N&, 

2, = macroscopic f iss ion cross section of  U235, 580 x 10-24 N O  25 
2 = summation 

on = thermal neutron absorption cross section, barns, 

h = decay constant, ( In 2)/hotf  life, sec", 

Y = independent f iss ion y ield,  per cent or ratio, 

E = tota l  energy o f  radiation, MeV, 

E g  = to ta l  gamma energy, Mev, 

E b  = tota l  beta energy, MeV, 

a,/? = brbnching ratios, 

Mw = megowatts, 

Mwd = megawatt-days. 
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2 .  CALCULATIONS 

The calculat ions are based on f i t t i n g  each f i ss ion  product chain t o  the genmal ized d e c ~ y  

scheme proposed by Stoughton and Halpcr in  ( 1 1 )  (Fig. 1). In th is  diagram the posi t ions o f  the 

possible members  of  chain of  mass number A are denoted by the numbers 6 through 1 1 .  The 

branching rat ios are denoted by a and  p;  Y i s  the independent y i e l d  or the fraction of f iss ions 

resul t ing in the d i rect  formation of the nuc l i de  in  question, and u i s  the thermal-neutron ab- 

sorption cross-section. Although not every decay chain f i t s  th is  scheme perfectly, the f ew 

exceptions Can be made t o  f i t  w i th  the proper improvisations. Product ion by neutron capture 

i s  taken in to  account by consideration of the previous, or A-I ,  chain. To calcu late the bui ldup 

of the A chain, there i s  a to ta l  of 1 1  possib le  nucl ides for which expressions are needed, as 

fo I I OWS : 
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I n  the above equations the numerical subscripts refer t o  the respective nucl ides as denoted 

i n  Fig.  1. The value N represents the number of  atoms present at  i r radiat ion time, r, and d N / d r  

i s  the dif ferential change i n  N wi th  respect to time. Furthermore, 2, represents the macroscopic 

f iss ion cross section, or the product of the number of atoms of U235 present and the microscopic 

f iss ion cross section; Y ,  the independent f i ss ion  y ield;  (i, the thermal neutron flux; A, t he  decay 

constant, ( In 2)/half l i fe; 0, the thermal-neutron capture cross section; and a and the branching 

ra ti os,  

Equations 1 through 11 were solved analyt ical ly,  considering C and 4 as constants, t o  

give A’, through N , ,  as functions of  7. constant i s  that, 

i n  so doing, the number of  atoms of  U235 i n i t i a l l y  present, N o  i s  assumed to  renmin constant 

by virtue of replenishriient of  the atoms at  a rate equal t o  that a t  which they  ore  being consumed. 

In these calculat ions, N o  was taken as unity, and the f i ss ion  cross section of 1J235 was 

assumed as 580 barns. 

i 
The signi f icance of maintaining c / 

25’ 

2 5  

To obtain solut ions of N as functions of decay time, t ,  those terms containing 4 in Eqs. 6 
through through 11 were dropped, and the resul t ing expressions were solved ana ly t i ca l l y  for N 

6 

Nil* 
The two groups of solut ions were coded for Oracle operations, and, by us ing  the nuclear 

data given in Tables 1, 2, and 3, numerical values of N for every isotope were computed for the 

fo l low ing  values of parameters: 

Thermal Neutron Flux, Irradiation Time, Cooling Time, 
4 (ncutrons/crn / S . ~ K )  7 (sec)  1 (sec)  2 

10’2 1 o5 lo3 

3 x lo5 1 o4 

3 x 1013 106 lo5 

1014 3 x 106 1 o6 

3 x lo7 lo7 

10’ 3 x lo7 lo8 

lo8 lo9 

From the values of N so calculated, the various functions of N ( including act iv i ty,  power, and 

poisoning) were computed, stored on magnetic tape, and eventual ly summed in the several groups 

des i red. 

3. NUCLEAR D A T A  

A compilat ion of tile nuclear properties of U235 f iss ion products irade pr imari ly for use i n  

these calculat ions has been published previously ( 1 2 ) .  The data were current i n  January 1954 
and represented an accumulation of what was bel ieved to be the best s ingle values avai lable 

a t  that time. The data of Tables 1, 2, and 2 a  (Tab le  3 i n  th is  report) are republished in  th is 

report w i th  those changes made prior to start ing the calculat ions. 

6 



. .... 

Since nuclear data are very we l l  organized and abstracted in the literature, the information 

was col lected from a relativelly few major sources. The decay chains were taken chief ly from 

Coryel l  and Sugarman (13); ha l f - l i fe  values and decay schemes were taken from Hollander, 

Perlman, and Seaborg (14) and from the nuclear data co l lect ion of W. H Sul l ivan of ORNL. 
Thermal-neutron capture cross sections were taken from the compilat ion of Hughes and Harvey 

(I>), and the major i ty of f iss ion y ie lds were values recommended by Glendenin and Steinberg 

(16). 

In Table 1, the f ission-product decay chains from mass number 72 through moss number 161 
are given. Besides cantaining a l l  nuc l ides  for which evidence of formation in f iss ion exists, 

t h i s  tab le includes certain products which could be formed indirect ly as a resul t  o f  n-y  reactions. 

Cumulative y ie lds are given direct ly below each radioact ive nuclide, and independent y ie lds  

of stable and shielded nucl ides are denoted by a superscript a. Y i e l d  values not in parentheses 

are those values recommended by Glendenin and Steinberg. These values were selected for 

their  internal  consistency as we l l  as absolute accuracy and are given only to as many s ign i f icant  

f igures as h e i r  accuracy and consistency warrant. The y i e l d  values enclosed in parentheses 

were calculated by the equal charge displacement method of Giendenin, Coryell, and Edwards 

(17). The calculated values were used i n  cases where the cumulative y ie lds  could be expected 

to be less than about 99% of the chain y ie ld.  Where no y ie lds  are given for radioact ive nucl ides, 

it should be understood that these are products of  neutron capture from the preceding chain. 

A summary of nuclear properties, arranged i n  increasing order of atomic number and mass 

of  the nucl ides, i s  presented i n  Table 2. I n  addi t ion to the cumulative and chain yields, inde- 

pendent y ie lds are given where known. The average beta energies were computed as one-third 

the maximum beta energies. Again, those y ie lds  calculated by the m e h o d  of equal charge 

displacement are enclosed in parentheses. While experimental values of the  decay energies 

were always used in  t h i s  tab le when available, there were many instances where none have 

been reported, and in such cases the energies were estimated either by use o f  the Q values or 

on the basis o f  mass difference. For shielding considerations, the gamma transi t ions were 

c lass i f i ed  i n  four groups, depending on the energy of the transitions: group I, 0 to 0.25 MeV; 

group 11, 0.26 to 1.00 MeV; group 111,  1.01 t o  1.70 MeV; group IV, 1.71 MeV and higher. 

Table 3 i s  a separate l i s t i n g  of nuc l ides  which may be expected t o  be present only as 

products of neutron capture from the preceding chain. This table i s  not complete, in that only 

those nuc l ides  are included which can be ca lcu lated from known values of  thermal-neutron 

absgrption cross sections. 

In the tables the symbol a denotes an independent f iss ion y ie ld ;  b shows that i t  i s  an energy 

value computed, by means of  the Table of Atomic Masses (18)~  from the mass change; c denotes 

Q nucl ide which decays i n  part by K electron capture or positron emission; and d denotes an 

energy computed from the total d is integrat ion energy or Q value. 
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4. R E S U L T S  

'\-he resul ts given in Part  I of t h i s  report are the M V ~ I ~ J ~ S  for the indiv idual  f ission-product 

nucl ides and the grand totals of those functions of N which were computed. The results, a l l  

i n  graphical form, arc presented i n  f i ve  groups (A, 5, C, D, and T, i n  Appendix E') und are 

preceded by Table 5 (in Appendix A), d i i c h  serves as an index to the figures. To  fac i l i ta te  

and condense the presentation, the N values for the radioactive nucl ides have been normalized 

as described below. 

In Table 5 ,  each isotope for which resul ts are presented is l i s ted  under i t s  chain, or mass 

number. Those isotopes which appear solely as the products of neutron capture are denoted 

both i n  the table and in  the figures by an asterisk. Comparison of Table 5 w i th  Tables 1, 2, 
and 3 indicates that a number of nucl ides known or expected to be present i n  f iss ion have no t  

been cansidered in  the present calculat ions. These omissions were made for reasons of 

necessity or convenience and in  a l l  cases were of minor or negl ig ib le importance. 

Group A: The curves of  Figs.  A- l  through A - 4  give tt,e saturation values of  each radio- 

ac t i ve  isotope as  u function of thermaI neutron f lux. These values ware obtained by set t ine 

the l e f t  side of Eqs. 6 through 10 equal to zero and solv ing for the respective N ' s  for d i f ferent 

values of qb. In the nomenclature of th is  report, the saturation values ore represented by N s  

and are plot ted as Ns/'Ni5, the  number of atoms at saturation per i n i t i a l  atom of U235.  Most 

of  the curves are straight- l ine functions w i th in  the l im i ts  of p lo t t ing  accuracy, the exceptions 

being those isotopes possessing signi f icant ly large rates of production or destruction by neutron 

cupture. These saturation values were used to normalize the N values during their  bui ldup 

( i r radiat ion time) in the reactor. Saturation values of stable isotopes were not computed, for 

there i s  no advantage to  be gained from normalizing the bui ldup of the stable species. 

Group €5: Values of N T ,  the number of atoms cf f ission-product nucl ides present a s  a 

function of  irradiat ion time, are presented for the radioact ive nucl ides in F igs .  6-1 through 

B-46a. By normalizing these numbers w i th  the saturation values from the curves o f  group A, 
the buildup of an isotope can frequently be represented by a s ing le  curve, independent of flux, 

expressing the fract ion of. saturation of the isotope, N ~ / N ~ ,  at various irradiat ion times. The 

product of th is number and the saturation value of the isotope at the  f lux  i n  question, Ns/N:5 ,  

y ie lds  the number of citoms present at  i r radiat ion time, 7, per i n i t i a l  atom U235,  N T / N i 5 .  

Group C: The curves in Figs.  C-3 through C-60a give N,, the number of atoms of the in- 

div idual  radioact ive nucl ides present as a function of decay time, or t ime fol lowing reactor 

shutdown. These numbers have been normalized w i th  values o f  N ,  at reactor shutdown and 

are presented as  fraction-of-shutdown values, N t / N T .  Normalization in th is  way made it possible 

i n  many cases to represent the values for a l l  f luxes and irradiat ion t imes by a s ingle curve. 

The number of atoms present at  decay time, t ,  per i n i t i a l  atom U235, N,/N:5, i s  found as the 

product of iVt /NTJ N , / N s ,  and N s / N i 5 .  

o f  Figs.  D-1 through B-Ill. 
Group D: The buildup of the stable isotopes during i r radiat ion i s  presented i n  the curves 

These numbers ore not normalized and are presented direct ly as 

8 
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N,./’N:5. Values of  the stable isotopes as a function of decay t ime are not presented pr imari ly 

because of space l imi tat ions.  In those cases where t h i s  information i s  desired, it can be 

obtained by difference, considering the leve ls  of a l l  previous chain members. 

Group T: The cwwes of  Figs.  1-1 through T-%a present the gross to ta ls  of the various 

properties of the f iss ion product spectrum as a funct ion of 4, r, and t .  

Figures T-1 through T-7a: Tota l  f iss ion-product act iv i ty ,  expressed in curies per i n i t i a l  

E N / N : , A  
atom of U235, 

3.7 x 10’0 

Figures T-8 through T-14a: Tota l  f ission-product gamma power, expressed i n  watts per 

i n i t i a l  atom of u235, 1.602 x EgAN/N:5. 

Figures  T-15 through T-21a: To ta l  f iss ion-product power, expressed in  watts per i n i t i a l  

atom of uZ35, 1.602 x E Ehh’/N;,. 

Figures T-22 through T-28a: Tota l  f ission-product poisoning, expressed in  barns per i n i t i a l  

Figures T-29 through T-3%: Tota l  f ission-product g a m m  dis integrat ions per second per 

i n i t i a l  atom o f  U235 of energy =< 0.25 MeV. 

Figures T-36 through T-42a: 
the energy range 0.26 to 1.00 MeV. 

Tota l  f ission-product gamma dis integrat ions per second in 

Figures T-43 through T-49a: Tota l  f ission-product gamma dis integrat ions per second in  the 

energy range 1.01 t o  1.70 MeV. 

Figures T-50 through T-56a: To ta l  f ission-product gamma dis integrat ions per second wi th  

energy greater than 1.70 MeV. 

4.1 i i h s t t a t i v e  Example 

As an i l lus t ra t ion o f  the use of these graphs, the amount wil l  be determined of each member 

o f  chain 95 present in 1 metric ton of natural uranium which has been irradiated for 1160 Mwd 

a t  a power leve l  of 33’4 Mw, then al lowed to  decay for 120 days. 

contains 7.2 kg of U235.  Therefore, 

Since natural uranium contains approximately 0.72% U235, 1 metr ic ton of natural  uranium 

(7.2 kg) (1000 g h g )  (6.02 x I O z 3  atoms/mole) 
N:5  = = 1.a x 1025 atoms , 

235 g/mole: 

(power level, Mw) (3.2 x 10l6 f issions/sec/Mw) 

(!Vi5) (U235 thermal f iss ion cross section, cm2) 
$ =  

I = 1014 neutrons/cm’/sec , (33.3) (3.2 x 

(1.84 x loz5)  (580 x 
- 
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(1160 Mwd) (8.64 x l o 4  sec/day) 
7 = - - 3 x l o 6  sfx, 

(33.3 Mw) 

t = 120 days - i o 7  . 
From Table 5, the nucl ides of chain 95 which have been calculated are: 10.5m Y, 63d Zr, 

90h Nbm,  35d Nb, and stable Mo. Opposite each of these entr ies i s  given the numbers of the 

appropriate figures to be used in f inding the nuniher of atoms of each o f  these nucl ides present 

under the prescribed condit ions. The resul ts  o f  the stepwise procedure required are given in  

Table 4. 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

1 3 .  

14.  

IS. 
16. 

17. 

18. 
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TABLE 1. U235 FlSStON PRODUCT DECAY CHAINS 

Atomic No. 
Mass No. 

30 31 32 33 34 35 36 

72 49.0h Zn A 14.3h Ga ,-p Stable Ge 
1.5 x 1.5 x 

73 <2m Zn 4 5.0h Ga Stable Ge 
(9.8 x 1 x 10-4 

74 

75 

76 

77 

78 

79 

Stable Ge 
3 x 

82m Ge + Stable As 
8 X 

Stable Ge 26.6h As + Stable Se 
2 x 

3.7 x 10-3 

86m Ge ----++ 91m As -> Stable Se 
0.018 0.02 

3.5171 Se 

9m As . 
. . 0.04 .-, 
a 6.5 X lo4, S e B S t a b l e  Br 

80 

0.04 

Stable Se 
o.oaa 
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TABLE 2. N U C L E A R  P R O P E R T I E S  OF U235 FISSION PRODUCTS 

Arranged According to Increasing Order of Atomic N u i n h w  nnd M o s s  
__ .......... __ ~ __._ ___.._____ ..... ___~ ......... ~ .......... ~ 

..~___--___ 
Energy of Radiat ion . . . . 

Tota l  
E 

_-__ Gommo Trans i t ions  
Absorpt ion 

Cross Yield.  I' Bet" P a m c l + s  

Section ( -0) 

Decay 

Conrtant,  
'1.'2 h ( s e c - ' )  4 A v .  C b  i (%) Shielding 

H o l f - l  ife, 
Mais 

Nuclide Number, 

Group (76 )  tg (h?W) I.' (%) (Mev) (Mev) (MeV) 
rr<, (barns) 

3oZn 72 

73 

1.5 0.3 95 - 0,122 -.- --- I I  49h 3.93x 10-6 - .  

<2m 5 . 7 5 ~  "-- (9.8 10-5)  4.9% 100 1.6' - - -  "-0 ... 
1.6 5 

"4100 0.91b 1.03 

. _. -'.-O 1.6' 

3 1 G o  72  

73 

14.3h 1.351 x IO-' --- 

5.0h 3.85 x -._ 

3 2 G ~  72 

73 

74 

75 

76 

77m 

77 

78 

Stoblc 0 0.94 

Stobls 0 13.7 

Stable 0 0.60 

82m 1.41  IO-^ -.. 

Stobla 0 0.015 + 0.30 

52s 1.340 x 10-2 --- 

12h 1.60 x  IO-^ .-. 

86 m 1.34 x  IO-^ 

1 . 5 ~  lo - '  0.6 40 0.390 2.51 

0.9 32 2.21 

1.87 1.5 11 

2.52 8 1.59 

3.15 9 1.20 

1.05 

0.84 

0.68 

0.63 

1 X 1.4 100 0.47 0.054 

( 2  x lo-6)= 0.0135 

26 I1 

33 Ill 

8 I V  

5 

%< 2 

5 

100 

< 2  

24 

100 I 

100 

-- 126 2.70 3.09 - 12 

-67 

200 0.068 0.538 

1.5  IO-^ 
I x 1 0 - ~  

3 x 

8 x  IO-^ 

2 

5.4  IO-^ 

3.7 

1.8 x 

0 0 0  

0 0 0  

0 0 0  

0.614 15 0.353 

1.137 85 

0 0 0  

2.7 100 0.90 

0.71 23 0.523 

1.379 35 

2.196 42 

0.9 100 0.3 

0 0 

0 0 

0 0 

0.572 -._ 
0.418 .-- 
0.265 ~ - -  
0 0 

0.715 100 

0.159 --- 
0.26 --- 
0.21 _-- 

0 0 

..- 
_.. 
_.. 

I1 

. ". 

I 

I 

i i  

.". 

-_. 0 0 

0 

._. 0 0 

15 0.Od 0.43 

_.. 

0 _.. 
200 0.384 1.27 

100 0.89d 1.41 - 100 

._. 0 0.3 

33Ar 75 Stab le  0 4.1 8 r  0 0 0  0 0 

77 36.8h 4.96 x in-6 --. 9.1 x 0.700 -100 -0.233 0 0 

78 91m 1.27  IO-^ _-_ 2 x  1.4 30 1.10 0.27 -I" 

z x  4.1 70 

79 9rn 1.28 1 0 - ~  .._ 4 x  2.1 100 0.7 0 0 

81 ClOm 1.16 x lo-? --_ (0.125) 5.1b 100 1.7' --- "0  

0 0 

0 0.233 

... --- 

... .-- 

I1 "300 O.Ed 1.90 

34Se 77r: 17.5s 3.96 x IO-' -.- < 2 ~ 1 0 - *  o 0 0  0.162 100 

77 Stable 0 40 9.1 x o o o 0 0  

78 Stable 0 0.4 2 x 10-2 0 0 0  0 0 

79 6.5 x 1 0 ~ ~  3 . 3 8 ~  1 0 - l ~  .-- 4~ 0.160 100 0.053 0 0 

80 Stable 0 0.03 T 0.5 8 x  10-20 0 0 0  0 0 

79m 3.9m 1.28  IO-^ .-. 4 x 10-2 0 0 0  0.096 100 

I 100 0.162 0.162 

0 0 

0 0 

"._ _ _ _  
... _ _ _  
I 100 0.096 0.096 

0 0.053 -_. .._ 

0 ... .._ 
81m 56.5m 2.04 1 0 - ~  --- E X   IO-^ o 0 0  0.103 100 I 100 0.103 0.103 

26 



TABLE 2. (continued) 

.:. . . . 

- 

Nuclide 
M O S S  

Number, 
A 

Half -life, 

'1/2 

De="), 
Conatan+, 

h (sec-') 

Absorption 
C1055 

Sect,on 

Ua (burns) 

Yield,  Y 
(%) 

- ~~~~~ 

_I_-- Energy  -. of Radiation 

Gamma Trans it ions 
T o t a l  Beta Part ic les . ~ . ~  

.--_____ - ._I___. I__._ 

0.133 1.38 100 0.46 0 0 .-- ._- 0 0.46 34Se 81 17m 6.80 Y ".. 
0 0 82 Stable 0 2 0.25" 0 0 0  0 0 ._. _ _ _  

-1.13 -.. --_ ..- ... 1.03 x 0.30 3.4 100 1.13 0 83177 679 ,.- 
83 25m 4.62 X IO-' --. 0.21 1.5 100 0.5 0.950 --. I -200 ~ 3 . 1 ~  -3.6 

0.176 --- I1 -200 

0.061 

0.04 

84 -zm 5.78 x _-_ 1.1 2.94' 100 0.98' -_. -0 --_ --. -0 0.98' 
-_I__ 

--__ 
0 0 

0 0 

3 5 8 r  79 Stoble 0 2.6 + 7.6 3.7x 10-2 0 0 0 0 0 ... __. 
81 Stable 0 2.6 0.133 0 0 0  0 0 .-_ __- 

I1 -100 3.6' -3.8 82 35.87h 5.37 X 3 .8x  0.465 100 0.155 1.312 ... .-. 
1.031 .-. Ill -Y2OQ 

0.823 --- 
0.766 _-- 
0.692 .._ 
0.608 .-- 
0.547 .-- 

83 2.4h 8.02~ 10-5 .-- 0.48 0.940 100 0.313 0.051 100 I 100 0.051 0.364 

3.85 X 1.1 1.72 35 1.065 1.89 --- I1 -150 2.4b 3.5 84 30m _.. 
2.53 16 0.89 -._ f v  -50 

3.56 9 

4.68 40 

1.5 2.5 100 0.83 0 0 --- --- 0 0.83 85 3 . 0 ~  3 . 8 5 ~  1 0 - ~  ... 
87 55.6s 1.25 X _ _ _  2.7 2.6 70 1.41 5.4 56 Iv 70 -3.78d '5.19 

8.0 30 - 3  14 

4.47 x 10-2 --. (2.9) 8.70' 100 2.90' -.. -0 --_ ... -0 2.90' 

1.54X 7.10' 100 2.37' -.. -0 .-_ ... -0 2.37' 

88 15.5s 

g9 4.51s _-_ 7 

- .- .-I__ __--___I__ 

36Kr 82 

83m 

83 

a4 

85m 

85 

86 

87 

88 

Stable 

114n 

Stable 

Stable 

4.36h 

1 0 . 2 7 ~  

Stable 

78m 

2.77h 

0 45 3.5 x o o 
1.01 __- 0.48 

0 205 0.48 

0 1.0 + 0.06 1.1 

4.41 x 0.096 1 .5 

2.14x 1 0 - ~  < I S  0.3 

0 0.06 2.1= 

1.48 x <470 2.7 

6.95 x 1 0 - ~  .-. 3.7 

(0.8)a 

0 0  

0 0 

0 0  

0.835 80 

0.695 9 9 t  

0 0 

1.27 25 

3.53 75 

0.52 70 

0.9 10 

2.7 20 

0 0 0 

0 0.0322 100 

0.0093 100 

0 0 0 

0 0 0 

0.233, 0.305 20 

0.1495 80 

-0.232 ,. 0 -0 

0 0 0  

1.01 2.3 ( 2 5  

1.89 <25 

0.41 <25 

0.331 2.40 35 

* 2.19 18 

1.85 15 

1.55 14 

1.20 4 

0.85 23 

0.365 5 

0.191 35 

0.163 7 

0.028 7 

0 0 ... .._ 
I 200 0.0415 0.0415 

0 0 

0 

.__ .__ 

.._ --- 0 

I 80 0.181 0.414 

II 20 

--_ .-- -0 0.232 

0 0 .__ .._ 
I1 -20 0.56d 1.57 

I V  "25  

I 49 2.07 2.40 

II 28 

Ill 18 

IV 68 

27 



TABLE 2. ( c o n t i m u d )  

E n i r g y  of Rad ia t ion  ______ .... ~ ^ _ _ _  ...... ___ 
Gamma Tran 5 It ions. 

Abr orpt $3" 

......... Toto1 

(Mev) (Mer)  G r o u p  (%) ,:A, (MeV) 

Cross  Yie ld ,  Y Beta Por t ic l -s  __ ___.__ 

Sect > 0" w o  ) 
~ 

Decay 

Con stont, 

A E' A". E' E Shielding E l 1 / 2  x (*..-') 
Ha I f- I  ife, 

Mnss 

Nuclide N u m b e r ,  

R (%) ___- (% ) (Me") ua (hams) 

3.18m 

.-.. 33s 

9.8s 

3.0s 

2.0s 

1.4s 

Short - 1s 

3.63 x --- 

2.10 x lo-2 .-_ 
7.08 y IO-* ..- 
0.231 ... 
0.347 ."- 
0.495 ... 
... ... 
0.693 .__ 

4.0 

3.2 

3.6 

5.0b 

8.0' 

9.3' 

6.4' 

10.6' 

100 

100 

100 

100 

100 

100 

100 

100 

1.3 

1.07 

1.20 

1.67' 

2.66' 

2.14' 

3.1' 

3.5' 

0 

0 

0 

-0 

- 0  

'-0 

-1 0 

- 0  

0 

0 

0 

-0 

"d 0 

". 0 

- 0  

- 0  

1.3 

1.07 

1.20 

1.67' 

2.66' 

2.14' 

3.1' 

3.5' 

36Kr 89 

90 

91 

92 

93 

94 

95 

97 

.__ 

... 

... 

... 

... 

.-. 

_ ^ "  

... 

37Rb 85 Stoble 0 0.05 + 0.85 

86 19.5d 4.11 x  IO-^ --. 
1.5 

2.8 x 

0 0 

0,68 12 

1.76 88 

0.275 100 

2.5 9 

3.6 13 

5.3 78 

4.5 100 

0 0 

0.543 1.076 

0 ... 
12 1 1 1  

-_. 0 

12 0.130 0.673 

0 

87 6.2 X l O i 0 y  3.54X 0.14 

88 17.8m 6.49 X <200 

2.7 

3.7 

0.092 0 

1.61 2.8 

1.86 

0.9 

1.5 0 

..* 0 0.092 

5 0.47d 2.08 

22 

A9 15.4m 7.50 1 0 - ~  .-. 4.8 

(0.21= 

5.9 

(0.7)a 

? 

(5.7) 

(2.0)n 

(5.5) 

(2.8)Q 

(4.41 

(3.l)O 

(2.9) 

(2.31' 

(1.6) 

(1.41a 

(0.1) 
........ ___ 
2.8  IO-^ 
2.7 

3.7 

4.8 

5.9 

5.9 

(0.2P 

.." 0 1.5 

90 2.74m 4 . 2 ~ ~  ._ 5.7 100 1.9 0 -.. 0 1.9 

91m 1.67m 6.93 x  IO-^ ... 
91 14m 8.25 X --- 

4.6 100 

3.0 100 

1.5 ? 

1.0 ? 

7 ._. 
. ." ? 

92  ao5 8.66 Y --. 7.59b 100 2.5' -- 

6.04' 100 2.0' .-- ... - 0  2.0b 93 Shnit _.. .-. 

8.97' 100 3.0' ... _ _ _  "-0 3.0' 94 Short .._ 

7.43' 100 2.5' --- .-. - 0  2.5' 95 Short .-. ... 

8.75' 100 2.9' - - -  97 Short ... ._. _ _ _  - 0  2.9' 

.._ 0 0 

0 

0 0 

...... .- 

.." 

.__ 
_.- 0 0 4 8 7  

.__ 0 0.20 

62  0.845 1.38 

40 

38Sr a6 Stable 0 1.3 t 7 

87 Stable 0 -__ 
88 Stable 0 0.005 

89 54d 1.48X < I 3 0  

90 29y 7.85 x 10-10 - 1 

91 9.7h 1.99 x  IO-^ ..- 

0 0  

0 0  

0 0 

1.463 100 

0.61 100 

0.62 7 

1.09 33 

1.36 29 

2.03 4 

2.665 27 

0 0 

0 0 

0 0 

0.487 0 

0.20 0 

0.533 1.413 

1.025 

0.747 

0.66 

0.64 

28 



TABLE 2. (continued) 
. -.-...__-I__ 

__I 

Energy of Rodiation 

Gnmma Transitions 
Absorption 

Secti 0" 

Cross Yield, Y Beto P a r t i c l e s  ___.---- Total 
MOSS Decay 

-___ 
A (76) Shielding E 

Constrmt, 
Ha l f - l i fe ,  N UCI i de Nun? ber, 

E6 (s) Av 'Eb (;:") (70) ---- 
L l / z  

(sec-') ~~ (barns) 
(MeV) (hlev)  Group (%) ( it) 
_I - __. 

38Sr 92 2.7h 7.13 10-5 --- 6.1 1.14' 100 0.4' --- "0 ... .-. -0 0.4h 

(0.6Ia 

93 7m 1.65 X ..- (6.4) ~ 4 . 1 3 ~  100 1.4b ---  -0 -.- --- -0 l.qb 

(2,O)U 

94 2.Om 5.78 10-3 --- (5 .8)  2.63' 100 0.9' - - -  -0 -.- -0  0.9' 

(2.9In 

5.55' 100 1.86 --- 2.0 ... ... - 0  1.86 .-. (4.7) 95 Short _.. 
(3.lf 

97 Short .-. ._. (1.7) 6.90' 100 2.3' --- 2.0 ... ... - 0  2.3' 

(1.6)" 

.... 

.... 
39y 89 

90 

91m 

91 

92 

93 

94 

95 

97 

Stable 

64.5h 

51m 

58d 

3.60h 

10.0h 

16.5ni 

10.5ni 

Short 

0 

2.98 x 

2.26 x 1 0 - ~  

1.38 1 0 - ~  

5.35 x 1 0 - ~  

1.93 x 

7.00 x 1 0 - ~  

1.10 x 1 0 - ~  

1.4 

C6.5 

... 

... 
_.. 

... 

... 

..i 

... 

4.8 

5.9 

2.4 

5.9 

6.1 

6.5 

(0.V 

6.5 

(O.7lR 

(6.4) 

(1.7Ia 

(4.8) 

(3.1 I= 

0 

2.18d 

0 

1.537 

1.3 

2.7 

3.6 

3.1 

5.4 

3.66' 

5.06' 

0 

I00 

0 

2. 100 

.-. 

.-. 

... 

100 

100 

100 

100 

0 

0.73 

0 

0.512 

" 1.2' 

1.03 

1.8 

1.2 

1 .7b 

0 

1.4 

0.551 

1.22 

0.6 

0.7 

1.4 

0 

. .. 

0 

0.4 

100 

0.3 

... 

100 

100 

0 

- 0  

... 
111 

I1 

1 1 1  

II 

II 

ill 

.-. 

-.. 

... 
0.4 

100 

0.3 

... 

100 

100 

... 

... 

0 0 

- 0  -0.73 

0.551 0.551 

- 0  -0.512 

-0 -1 .26  

0.7 1.73 

1.4 3.2 

0 1.2 

-0 1.7' 

4 o Z r  90 Stab le  0 0.1 5.9 0 0 0  0 0 0 0 ... ... 
0 0 ... .,. 91 Stoble 0 1.5 5.9 0 0 0  

92 Stable 0 0.2 6.1 0 0 0  0 0 ... ... 
0 0 

0 0 

93 1.1 X 1 0 6 y  2.31 x IO-'' <4 6.5 0.063 100 0.021 0 0 --. --. 0 0.021 

94 Stoble 0 0.07 6.5 0 0 0  0 0 0 0 ... ... 
95 63d 1.27 x -_- 6.4 0.364 57 0.127 0.717 98 I I  99 0.733 0.860 

0.396 42 

0.883 1 

96 Stable 0 0.05 6 A a  0 0 0  0 0 0 0 ... .-- 

97 17.0h 1.13 x 1 0 - ~  --- 6.2 1.91 100 0.64 --. ... I1 100 0.75d 1.39d 

(1.4)= 

2.1 0 0 0  0.0292 100 1 100 0.0292 0.0292 41t,lb 9 3 7 ~  4 . 2 ~  5.24 x --- 
0 0 0 0 ... ... 93 Stable 0 1.1 6.5 0 0 0  

0 0 0  0.235 100 I 100 0.235 0.235 95m 90h 2.14 x .-- 0.06 

95 35d 2.29 x lo- '  --. 6.4 0.160 100 0.053 0.745 100 I1 100 0.745 0.798 

29 
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TABLE 2. ( curr inucd)  
~ .......... .................................... 

.____ 
En-igy of Rodtotcon 

____... ...... 
Absorpt ion Gamma Transit ions 

Total C . O S S  Y i e l d ,  Y Beta P a r t , c l * s  ___ 
S X t l O "  ( 06) 

...... 
MGhS Dccay 

A 
Shielding Total 

f e  (a) I-' ' A v .  Lqb 
Cnnsrant,  

Half-l ife, 
Nuc l ide  Number, 

f l / 2  L' 

( $ A e g )  (%) ( h k " )  (Me") Group (%) 
ma (ba rns )  ' g (Me.,) 

(Me") 

4 1 N b  96 23.41, 8.23 x ---  5.7 I O - ~ =  0.37 a 0.210 

0.750 92 

1.187 32 I 17 

1.078 52 I I  210 

0.840 16 I l l  84 

0.804 6 

0.770 100 

0.560 61 

0.451 27 

0.238 10 

0.216 7 

0.747 100 I1 100 

0.665 100 II 100 

2.40 2.64 

Y7rr. 605 1.16 x lo-' - - -  

97 7 2 . 1 ~  1.60 1 0 - ~  ..- 
6.2 0 0 0  

6.2 1.267 100 0.422 

0.747 0.747 

0.665 1.087 

4 2 M ~  95 

96 

97 

93 

99 

Stuble 0 13.4 

Stoblc 0 1 

S t o b l o  0 2 

Stoble 0 0.13 

67h 2.88 x .-- 

6.4 0 0 0  

5.7 x 10-4 0 0 0  

6.2 0 0 0  

5.9" 0 0 0  

6.1 0.45 -13 0.376 

1.23 -87 

0 0 

0 0 

0 0 

0 0 

0.780 - - -  

0.740 - - -  

0.181 -.- 
0.140 - - -  

0.041 - - -  

0 0 

0.960 70 

0.191 100 

... - 0  

- 0  ... 

...... 

...... 

...... 

...... 

I 90 

I1 10 

...... 

I 100 

II 70 

...... 

...... 

0 0 

0 0 

0 0 

0 0 

0.24d 0.616d 

100 

101 

102 

105 

Stoblc 0 0.2 

14.6m 7.91 - - -  

6.5" 0 0 0  

5.0 1.2 70 0.5 

2.2 30 

4.2 0.9Zb 100 0.31' 

(0.6) 4.94b 100 1.65' 

0 0 

0.864 1.36 

... 

-0  0.31b 

- 0  1.65' 

12m 9.63 1 0 - ~  ... 
-- 5 m  2.31 1 0 - ~  --- 

4 3 T ~  99m 

99 

101 

102 

105 

6.04h 3.19 x 1 0 - ~  - - -  
2.12 1 0 5 ~  1.04 1 0 - l ~  19 

14.0m 8.25 ... 

25s 2.77 x lo-' .-- 
Short ... ... 

... 
'1.5m 7.7 ... 

0.6 0 0 0  0.141 100 I 100 

6.1 0.290 100 0.097 0 0 ...... 

5.0 1.20 100 0.40 0.30 100 II 100 

4.2 3.31' 100 1.10' -.- - 0  ...... 

(0.9) 3.24' 100 1.08' - - -  - 0  ...... 

(0.16) ~ l . 5 ~  100 1.5' .-- - 0 ...... 
(0.3)= 

0.141 0.141 

0 0.097 

0.30 0.70 

- 0  l . l b  

- 0  1 .1 '  

107 -0 1.5' 

0 0 

0 0 

0 0 

0.473 0.567 

~. ....... ~ ......... ~ 

6.1 

5.0 

4.2 

2.9 

____ 
0 0 

0 0 

0 0 

0.217 95 

0.693 5 

0 0 

1.150 100 

0.0392 100 

2.81' 100 

___. ....... 
0 0 ...... 

0 ...... 0 

0 0 

0.498 95 I1 95 

...... 

____ 
4 4 R ~  99 Stable 

101 Stobl .  

102 S t a b l e  

103 41d 

__.._ 
0 

0 2.46 

0 1.2 

... 

1.76 lo-' ... 

...... 

0 

0 

0 

0.080 

1Od Stoble 

105 4.5h 

106 1 . 0 ~  

107 4m 

1 .au 
0.9 

0.38 

0.2 

f0.04)= 

0 0.7 

4.28 1 0 - ~  .-- 
2.20 x 10-8 --. 
2.89 ... 

0 

0.383 

0.0131 

0.94' 

0 ...... 0 

0.726 100 I 1  100 

0 ...... 0 
... - 0  ...... 

0 0 

0.726 1.109 

0 0.0131 

-0 0.94' 

30 
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TABLE 2. (cmtinued)  
. ---_I_ . _I_ ___ 

I____ ...... 

Energy of Rad.iotion 
Absarption 

cross  
Section 

Gomtro Transit ions 
-...-.-__--..I Beta  Par t ic les  ___ Toto1 Yield,  Y ...... 

M O S S  Decoy Hal f - l i fe ,  

A (X) Eb ( ~ )  Av. Eb E Shielding E 

(MeV) (Me") (Mev) Group Eg (Me") 
g ("/.) .....I__. 

Nuclide Number,  Constont, ' 112 ( = - I )  

(ME")  

45Rh 103m 5 4 m  2.14 .-. 2.9 

103 Stoble 0 12 + 138 2.9 

0.9 105m 45s 1.54 x 

105 36.Sh 5.27 x --. 0.9 

... 

106 30s 2.31 x --. 0.38 

107 26m 4.44 19-4 ..- 
109 < I h  1.93 x  IO-^ ... 

0.2 

(0.028) 

0 

0 0 0  0 

0 0 0  0.130 

0.25 IO 0.183 0.322 

0.570 90 

-1.0 6 1.05 2.41 

2.0 3 1.55 

2.44 12 1.045 

3.1 11 0.87 

3.53 68 0.424 

0.513 

0 0  0.040 

1.2 100 0.4 0 

2.39b 100 0.8' --- 

100 I 100 0.04 0.04 

0 0 

100 I 100 0.130 0.130 

10 II 10 0.032 0.215 

...... 0 

0.25 

0.5 

2 

1 

12 

25 

0 

-0 

II 36 0.245 1.30 

111 2.5 

IV 1 

...... 0 0.4 

...... -0 0 2  - __I___ 
- 

...... 0 0.9 0 0 0  0 0 0 0 

0.38 0 0 0  0 0 0 0 

0.2 0.04 100 0.01 0 0 --- -_. 0 0.01 

0.07 i 1 1  0.08' 0 0 0  0 0 0 0 

0.02a 0 0 0  0 0 0 0 

_.. g6Pd 105 Stable 

...... 106 Stoble 0 __. 
107 7.5 x 106y 2.92 x lo-'' --_ 
108 Stable 0 ...... 

... 0.028 0.961 100 0.32 0 0 - ~ -  .-- 0 0.32 109 13.6h 1.42 10-5 

...... 110 Stable 0 ? + 0.4 
1 1 1  22m ... 5.25  IO-^ 0.018 2.13 100 0.71 0.73 --- II -0 - O b  0.71 

0.65 --. 
0.56 --. 
0.38 --- 

9.17 x 0.011 0.2 loo 0.07 0.018 100 I 100 0.018 0.088 112 21h --- 
- 

47Ag 107m 44.35 1.57 x --- c0.2 0 

107 Stable 0 30 0.2 0 

109m 39.2s 1.77 x ---  0.028 0 

109 Stable 0 2 + 62 0.028 0 

110m 270d 2.98 x IO-* --- 2 X 0.087 

0.530 

2.12 

2.86 

110 24.2s 2.86 x 10-2 .~-  

I l l  7.6d 1.04 x 10-6 -.- 

6 x  IO-' 2.16 

2.84 

0.018 0.70 

0.80 

1.04 

0 

0 

0 

0 

58 

35 

3 

3 

60 

40 

8 

1 

91 

0.094 100 

0 0  

0 

0 

0 0.088 100 

0 0 0  

0.129 1.516 .-. 
1.389 -.- 
0.935 - - -  
0.885 - - -  
0.814 -.- 
0.759 -.. 
0.706 --- 
0.676 --- 

0.656 --- 

0.116 --. 
0.811 0.66 100 

0.337 0.243 1 

0.340 8 

I 100 0.094 0.094 

...... 0 0 

I 100 0.088 0.088 

...... 0 0 

I "'3 -2.6d 2.7d 

11 "'295 

Ill -50 

II 100 0.66 1.48 

I I 0.030 0.367 

I1 8 
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A ' 1 / 2  

47Ag 112 3.2h 

113 5.3h 

114 2m 

115 20m 

48Cd 110 Stable 

111 Stoble 

112 Stable 

113m 5.ly 

113 Stable 

114 Stable 

115 43d 

6.02  IO-^ .-- 0.01 1 

3.63 x  IO-^ -_- 0.01 

5.78 x  IO-^ --" (- 0.01 ) 

5.78 x .-- 0.01 

0 0.2 I 7 2 lo- '  
0 _.. 0.018 

0 0.02 + ? 0.011 

4.30 1 0 - ~  - - ~  7 

0 25,000 0.01 

0 0.14 + 1.1 0.01 

1.86 lo-' I_- 0.00071 

115 53h 3.63 x ..- 

116 Stable 0 1.4 + 7 

117m 2.9h 6.66 x lo- '  .-- 

0.0098 

0.01" 

0.01 

117 50m 

118 -30m 

2.31 - - ~  0.010 

3.85  IO-^ -.. 0.01 

1.0 15 1.04 1.40 --" I1 - 0  -0' 1.04 

2.7 20 

3.5 40 

4.1 25 

2.0 100 0.67 0 0 ... ... 0 0.67 

0.62 ---  1 1 1  - 0  

4.11' 100 1.37' -.- -0 .". .__ -0 1.37' 

3.0 100 1.0 0 0 ._. .-- 0 1 .o 
__..___ ___.___..___-__I 

0 

0 

0 

0.59 

0 

0 

0.7 

1.61 

0.58 

1.11 

0 

_-. 

"-1.6 

"-3.0 

1.09' 

0 0  

0 0  

0 0  

100 0.20 

0 0  

0 0  

2 0.53 

98 

42 0.296 

58 

0 0  

<IO -"- 

. ~ "  <0.79b 

. ._ 

100 0.31' 

0 0  

0 0 

0 0 

0 0 

0 0 

0 0  

1.28 .-- 
0.95 --. 
0.50 .-. 
0.46 -._ 
0.525 _-- 
0.50 ..- 
0.360 -.- 
0 0 

2.00 --_ 
1.55 -.- 
1.27 - - -  
0.84 -._ 
0.43 ..- 
0.33 ._. 
0.28 ---  
0.27 -.. 
... -0 

-0  . ." 

491n 113 Stable 0 60 i 2 

115m 4.50h 4.28 )i ... 

117rn 1.90h 1.01 1 0 - ~  --. 
115 6 x IOl4y 3.66 Y 145 i 52 

117 1.lh 1.75x 1 0 - ~  .- 

118 4 . 5 1  2.57 x 1 0 - ~  _.. 

1 0 0 0  0 0 

0.0098 0.83 6 0.017 0.335 94 

0.0099 0.63 100 .0.21 0 - 0  

0.010 1.62 23 0,449 0.311 22 

1.77 55 0.161 78 

2 x 0.740 100 0.247 0.565 --. 
0.161 --- 

0.01 1.5 100 0.5 _._ 

._. .._ 

... _.. 

..- ... 

... .__ 

._. .._ 

... ... 
II -C 

1 1 1  - 0  

II 42 

.._ _._ 

II >90 

Ill - 0  

I V  - 0  

... ... 

.._ ... 
.....__  ̂
-.. ... 
II 94 

_ _ _  .-. 
I1 22 

I 78 

I -10 

I1 -. 15 

.._ ... 

0 0 

0 0 

0 0 

0 0.20 

0 0 

0 0 

0.05d 

0 0 

<0.79' <0.79' 

- 0  <0.8' 

-0  0.36' 

0 0 

0.317 0.334 

-"o 0.21 

0.194 0.643 

. .- ... .- 

0.09' 0.34b 

? -0.5 

0.9 119 17.5m 6.60 x  IO-^ -_. 0.01 2.7 100 0.9 0 0 -.. ... 0 
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TABLE 2. (continued) 

Energy of Radiotion 
..__- Absorption 

Ga mmo Trons i t i  on s --- Total Cross Y ie ld ,  Y Beta Particles ___. M o s s  Decay 

A (%I Eb (x) A v . E b  E Shielding Total E 
Section 

CO"StG"t, 
Ha l f - l i fe ,  Nuclide Number, 

Eg ( M e V )  (Mev) (hn,,) (44:") (%) Group (a) ( M ~ ~ )  
(rec- l )  ua (born.) 

' 1 / 2  

115 

117m 

Stable 

14.0d 

0 

5.73 lo-' 

0.01 0 

< ~ X I O - ~  o 
0 

0 

0 

0 

0 0 

0.162 100 

0.159 100 

0 0  

0 0 

0.0653 100 

0.0242 100 

0 0  

0 0 

0 0  

0 0 

0 0 

0.153 100 

0 0 

1.90 5 

0 0 ___ _ _ _  
I 200 0.321 0.321 

117 

118 

1 19m 

Stoble 

Stable 

275d 

0 

0 

2.91 x 

0.010 0 

0.01 0 

<0.01 0 

0 0 

0 0 

-__ _ _ _  
_ _ _  _ _ _  
I 200 0.0895 0.09 

119 

120 

121 

122 

123 

123 

124 

125 

Stable 

Stable 

27.5h 

Stable 

131d 

39.5m 

Stable 

9.4d 

0 

0 

7.00 s 

0 

6.12 x lo-' 

2.92 x 1 0 - ~  

8.53 1 0 - ~  

0 

0.01 0 

0.01a 0 

0.014 0.383 

0.013' 0 

0.0012 1.42 

0.014 1.26 

0.02" 0 

0.012 0.40 

2.37 

0.011 0.51 

1.17 

2.04 

0.1 2.55' 

(0.241 4.84' 

0 

0 

100 

0 

100 

100 

0 

5 

95 

_ _ _  
. .. 
'- 100 

100 

100 

0 

0 

0.128 

0 

0.47 

0.42 

0 

0.76 

0 0 

0 0 

.._ .__ 
_ _ _  _ _ _  
_._ ._. 0 0.128 

0 0 ... .-. 
... .._ 0 0.47 

I 100 0.153 0.57 _ _ _  ._- 0 
I V  5 0.095 0.86 

0 

-.. 
-0.001 + 0.03 

1.2x 10-2 

0.001 +0.1 

._- 

.__ 

0.75 

._- 

125 1.22 IO-) 9.5m -0.7 0.326 100 II 100 0.326 -1.03 -.. 

2.31 1 r 4  

1.28 

0.85~ 

1.61' 

_ _ _  .._ -0 0.85' 

.._ ._. -0 1.61' 

126 

127 

50m 

1.5h 

0 0  51Sb 121 Stable 0 5.7 0.014 0 0 0  

123 Stable 0 0.03 t0 .03 + 2.5 0.015 0 0 0  0 0  

125 2 . 7 ~  8.14 10-9 -.. 0.023 0.125 29 0.102 0.637 .-_ 
0.300 45  0.601 ._. 
0.414 12 0.465 --. 
0.612 14 0.425 ..- 

0 0 

0 0 

-_. ... 
___ ... 

I 28 0.46d 0.56d 

II 72 

0.175 

0.1 IO 

0.035 

0.90 

0.4 

0.72 

-.. 
.". 
_.. 

100 II 200 1.3 1.63 

100 

100 II 100 0.72 1.12 

126 9h 2.14 x 1 0 - ~  ..- 0.10 1.0 100 0.33 

2.07 x -.. 127 93h 0.25 

(o.ol)a 

0.5 

1 ,o 
2.0 

(2.7) 

(3.4) 

(3.8) 

(3.0) 

1.2 100 0.4 

1.75 x  IO-^ .._ 
4.32 1 0 - ~  _._ 
9.63x  IO-^ -.. 
5.50x  IO-^ _"_ 

6.08 x 1 0 - ~  _.- 
2.82 10-3 ... 
1.54 x _-_ 

5.68' 

4.42' 

6.60' 

5.44' 

7.64' 

6.4Ib 

a.57b 

128 

129 

130 

131 

132 

133 

134 

1.lh 

4.6h 

12% 

21.0c 

1.9m 

4.lm 

45s 

100 I . 9 h  

100 2.2' 

100 1.86 

100 2.1' 

100 l.Sb 

100 2.6' 

loo 2.9' 
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TABLE 2. ( cont inued)  
- 

Enerav of Radiotinn 

Moss 
H o l l - l i  fe, 

4 '1/2 
Nuclide N i i i n b c t .  

Absorption 

Cross  
section 

ou (barns )  

Decoy  

Constant. 

i2Te 1 2 5 ~  

125 

126 

127m 

127 

128 

12%" 

129 

130 

1 3 1 rrr 

131 

132 

1 33rn 

133 

134 

135 

58d 

Stable 

Stable 

9 Od 

9.3h 

S t a b l e  

3 3d 

72m 

1o lSy  

301, 

24.8m 

77h 

63m 

2m 

44m 

i Zm 

1.38 II  1 0 - ~  ---  
0 1.5 

0 0.07 + 0.7 

8.82 Y .__ 
2.07  IO-^ .-_ 

2.43 1 0 - ~  ... 
1.60 x  IO-^ --- 

0 0.016 + 0.14 

- 0  cO.01 + 0.3 

6 . 4 2 x  --- 
4.66 x I O - ~  _.- 

2.50Y --. 

1.83u  IO-^ ... 
5 . 7 ~ ~  IO-' _.. 

2.63 x  IO-^ .-. 

5.78  IO-^ ... 

3~ 1 0 - ~  

0.023 

0.10 

0.056 

0.25 

0.5 

0.34 

1 .o 

2.0 

0.44 

2.9 

(0.2)" 

(1.0)G 

4.4 

4.6 

6.0 

(2.2)U 

(3.7f 

6.7 

(4.2) 

Gommo Trans i t ions  
Beta  Particles ______ __ 

1 2  
( Me " 

0 

0 

0 

0 

0.7 

0 

0 

1 .a 

0 

0 

1.4 

2.0 

0.22 

0 

1.3 

2.4 

3.80' 

..... 

0 

0 

0 

0 

100 

0 

0 

100 

0 

0 

45 

55 

100 

0 

70 

30 

100 

5.98b 100 

Shielding 

Group (9) 

0 

0 

0 

0 

0.23 

0 

0 

0.6 

0 

0 

0.577 

0.073 

0 

0.54 

1 .27h 

2.0b 

0.110 100 

0 0 

0 0 

0.0885 IO0 

0 0 

0 0 

0.106 100 

0.8 100 

0.3 100 

0 0 

0.177 100 

0.7 45 

0.16 100 

0.231 100 

0.4 100 

1.0 70 

0.6 100 

... - 0  

- 0  .._ 

I 100 

_._ ... 
.._ ... 

I 100 

_.. ... 
... ... 

I 100 

II 200 

... .". 

I 100 

I 100 

I1 45 

I 100 

II 100 

II 170 

_.. ... 

._. .__ 

5 3 1  127 Stoble 0 6.1 0.25 0 

129 1.72x 1 0 ~ ~  1.28 1 0 - l ~  11 1 .o 0.15 

131 8.05d 9.96 x I O u 7  600 2.9 0.250 

0.335 

0.608 

0.8 15 

0.7 

0.9 

1.16 

1.53 

2.12 

132 2.4h 8.02  IO-^ --- 4.4 

133 20.8h 

134 52.5m 

9.25 x ".. 

2.20 x  IO-^ ._. 

6.5 

0.5' 

7.6 

0.9a 

0.5 

1.4 

1.5 

2.5 

0 

100 

2.8 

9.3 

87.2 

0.7 

I5 

20 

23 

24 

18 

6 

94 

70 

30 

0 

0.05 

0.191 

0.434 

0.45 

0.60 

0 0 

0.039 100 

0.722 3 

0.637 9 

0.364 80 

0.284 5.3 

2.2 2 

1.96 5 

1.40 11 

1.16 8 

0.96 20 

0.777 75 

0.673 100 

0.624 6 

0.528 25 

1.4 1 

0.85 5 

0.53 9 4  

1.78 "-35 

1.10 " 3 5  

0.86 -30  

0.20 - 0  

0.12 -0 

I 

II 

II 

Ill 

I V  

II 

Ill 

I1 

Ill 

I V  

.-. 
100 

97.3 

226 

19 

7 

99  

1 

3 

35 

35  

Tota l  
t0t01 

fMev1 
' fi ( M e V )  

0.110 0.110 

0 0 

0 0 

0.09 0.09 

0 0.23 

0 0 

0.106 0.106 

1.1 1.7 

0 0 

0.177 0.177 

0.475 1.052 

0.231 0.961 

0.4 0.4 

1.3 1.84 

-. 0 1.27h 

1.0 2.0b 

0 0 

0.04 0.09 

0.39 0.58 

1.992 2.43 

0.555 1.01 

- 1.27 1.92 
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TABLE 2. (continued) 
-~ 

Encrav of Radiation 

.... 

I___ - 
Gamma Trans i t ions  Absorption 

Cross  Y ie ld ,  Y B s t o  Par t ic les  -- Total 
Section 

__I .--__.-I 
Moss Decoy 

A 
Shielding E 

Eg (76) 
( W )  Av. E b  

Nuclide Number, Cons l o  "t, 

' 1 / 2  A (sec-I) 
(Mev) (Mcv) Group ( W )  Eg 0" (Lwn,) 

5 3 1  135 6.6% 7.89 x  IO-^ .-- 5.9 0.5 35 0.308 1.8 -50 Ill -50 1.54 1.85 

( I  .7)n 1.0 40 1.27 -50 I V  -50 

1.4 25 

136 86s 8.06 --- 3.1 3.6 --- -2.1 2.9 _-" 1 1 1  - 0  -0 -2.1 

5.0 --- 1.38 _.. I V  - 0  

6.4 -100 1.38 -.- 
137 22.0s 3.15X -_- (1.9) 0.56 100 0.19 0 0 --- 0 0.19 

138 5.95 1.17 X lo-' -.- (3.4) 7.69' 100 2.56' --- - 0  --- -.- -0 2.56' 

6.48' 100 2.16' -.. -0 -__ --- - 0  2.1bb 
~. 

139 2.7s 2.57 x IO-' -__ (1.8) -- 
sdXs 129 Stoble 

131m2 12.0d 

131 Stable 

132 Stable 

133m 2.3d 

..U? . 5.2704 

134 Stable 

135m 15.6m 

135 9.13hj 

136 Stob le  

137 3.9m 

138 17m 

139 41s 

146 16s 

141 1.7s 

143 1s 

144 Is 

0 45 

6.68 x lo-? ,;-e 

0 120 

0 ? + 0.2 
3.49 X 10-6 _.. 
1.52 x IOm6 _.- 
0 ? + 0.2 
7.40 1r4 
2.11 Y  IO-^ 2 . 8 ~  i o6  

*--.-*:IIU*r 

0 0.15 

2.96 :< 

6.79 1 0 - ~  --- 
J 

1.69 i IO-* - -_  

4 . 3 3 x  10-2 _ - _  
4.08 < IO-' --- 
6.93 Y lo-' .-- 
6.93 x lo-' _-_  

1 .o 
4 x 

0.03 

2.9 

4.4 

0.16 

6.5 

7.6 

1.8 

6.2 

0.3" , 

6.3 

3.2" 

(5.9) 

(1.3)' 

(5.5) 
(2.l)Q 

(4.7) 

(2.9)' 

(3.7) 

( 1.8) 

(0.2) 

(- 0) 

0 0 

0 0  

0 0  

0 0  

0 0  

0.345 , 100 

0 0  

0 0  

0.538 5 

0.910 75 

0 0  

4.0 100 

3.02' 100 

5.15h 100 

3.97h 100 

6.09 100 

6.95' 100 

5.78' 100 

0 0 0 

0.163 100 0 

0 0 0 

0 0 0  

0 0.233 100 

0.11: 0.081, 100 

0 '  0 0 

0 0.52 100 

0.302 0.60 4 . 
8 0.37 1 

0.250 96 

0 0 0 

1.33 0 0 

1.0b _-- -0 

1.7b .-- - 0  

1.3' *_- -0 

2.0b .-- -0 

1.9' -- -0 

2.3' .-- -0 

0 .__ ... 
0.21 100 0.07 0 0 ... .__ 

55Cs 133 Stable 0 0.16 + 26 6.5 0 0 0  0 

135 3 . 0 Y  106y 7.33X 15 6.2 

136 13d 6.17X IO-' ... 6 x 0.35 100 0.12 0.9 100 I1 100 

137 26.6~ 8.27 X IO-'' <2 5.9 0.523 92 0.192 0 0 _.. *-" 

1.17 8 

138 32m 3.62 x  IO-^ 8.7 5.8 2.0 33 1.08 1.44 100 I1 100 

0.98 43 111 100 2.9 10 

3.4 67 0.463 33 

139 9.5m 1.22 .-_ (5.9) 3.82' 100 l.Jb --- -0 _._ .-_ 

( l a a  

0 0 

0.163 0.163 

0 0 

0 0 

0.233 0.233 

0.081 0.196 

0 0 

0.52 0.52 

0.268 0.57.0 /' 

0 0 

0 1.33 

-0 1.0' 

- 0  1.7' 

-0 1.3' 

- 0  Z.Ob 

- 0  1.9b 

-0 2.3' 

0 0 

0 0.07 

0.9 1.02 

0 0.19 

2.01 3.09 

- 0  1.36 

35 



TABLE 2. (continued) 
...... II_ I_ 

Energy of Rod inti  ~n 

5 5 C s  140 66s 1.05 x IO-* 0.63 (6.0) 5.936 100 2.06 - 0  ... ... 2.0 2.Ob 

(2.3)' 

141 Short ._. ... (4.7) 4.755 I00 1.6b .... 2 0  ..~ _._ - 0  1.66 

(2.9)a 

142 - l m  1.16 x lo- '  1.76 (3.4) 6.83b 100 2.3b --. - 0  -.- ._. - 0  2.3' 

143 Short _ _ _  ..- (1.9) 5.66' 100 1.9' 0.29 "-0 I -0  - 0  1.9' 

( 1 .7)a 0.12 -0  I I  -0 

144 Short . .. ... (1,O)C 7.72 100 2.6' --. -0 .~~ .-. 1.0 2.h' 
~. .--....~.__._I____ __ ........ ___ ..__.._. 

56B. 135 

136 

137m 

137 

138 

139 

140 

I4 1 

142 

143 

144 

*,La 139 

140 

Stoblc 

Stable 

2.60m 

Stable 

Stable 

85m 

12.8od 

18m 

6rn 

30s 

Short 

0 5.6 

0 0.4 

4.44 x 10-3 ... 
0 4.9 

0 0.68 

1.36  IO-^ 4 

6.27 IO-' .." 

6.42 10-4 ._. 

1.93 IO-) -." 

2.31 x IO-' -I- 

... "-_ 

6.2 

6 x 

5.4 

5.9 

5.8 

6.0 

(0.1)a 

6.3 

(0.3)a 

5.9 

(1.2)O 
(5.6) 

(2.2)U 

(4.9) 

(3.0)= 

(3.5) 

(2.5)n 

0 0  

0 0 

0 0 

0 0  

0 0 

0.82 19 

2.23 66 

2.38 15 

0.480 40 

1.022 60 

2.8 100 

2.26' 100 

4.34b 100 

3.18' 100 

0 0 

0 0 

0 0.661 

0 0 

0 0 

0.220 1.43 

0.163 

0.268 0.54 

0.30 

0.16 

0.03 

0.93 0 

0.75' -"- 

1.5' -.. 

1.1' -"" 

Stoblc 0 8.9 6 .O 0 0 0  

4 0 . a  4 . 7 9 x  10-6 3 6.3 1.32 70 0.495 

1.67 20 

2.26 IO 

141 3.7h 5.20 1 0 - ~  --- 

142 741n 1.56  IO-^ ..- 

143 1% 6.08 x -_- 

144 Short -_. -__ 

6 .O 

0. la 

5.9 

(0.3)" 

6.2 

(1.3)' 

(5.8) 

(2.3)a 

0.9 5 0.785 

2.43 9 5  

2.5 100 0.83 

3.0Sb 100 1.0' 

5.12b 100 1.7' 

0 

3.0 

2.5 

1.596 

0 ._- ... 0 0 

0 ... .-. 0 0 

100 II 100 0.661 0.661 

0 .-_ ... 0 0 

0 0 .._ ._. 0 

19 I 66 0.330 0.600 

66 1 1 1  19 

30 I 110 0.237 0.505 

IO II 40 

10 

100 

0 .._ _._ 0 0.93 

0 0 0 -_. .__ 
1 

5.4 I1 73.4 

94 1 1 1 9 4  

I 1.8 2.11 2.61 

0.8151 29 I V  6.4 

0.4867 39 

0.3286 5.4 

0.093 1.8 

1.5 5 Ill 5 0.075 0.86 

0.87 IO I1 100 0.66 1.49 

0.63 90 

2.0 "-. .__ - 0  1.0' -~ .  
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TABLE 2. (eontinuod) 

Energy of Radiation - IL ____. :-- 

.... 

.... 

.. . .... 

.... .. . 

.... 

.... 

- .... 

........ 

_. . . 

__. 

Gommo Transi t ions 
_ Y I U I  P‘ lYl l  

-- Total Cross Yield, Y Beta Particles - hloss Decay 
Nuclide Number,  Constant, 

A S e c t i m  (W) Shielding Total E 
‘112 A (see-’) E b  (I) A\r. ‘b  

Group (%) Eg 
( M e V )  

(MeV) (MeV) 
(barns) 

5 R C ~  140 Stable 0 0.6 6.3 0 0  

0.442 67 

0.581 33 

141 32d 2.51 x lo-’ ..- 6.0 

142 Stable 0 1.8 5.9 0 0  

143 32h 6.01 x -_- . 6.2 0.71 30 

....P 40 

1.39 30 

144 290d 2.76 x lo-* -. 

145 3.0m 3.135 x 10-3 -.. 
146 13.9m 8.31 1 0 - ~  --- 

0.170 30 6.1 

10.3Ia 0.300 70 

4.2 2.67‘ 100 

(3.2) 0.7 100 

0 0 0  

0.163 0.145 67 

0 0 0 

0.355 0.660 15.2 

0.356 12.1 

0.289 60.6 

0.126 12.1 

0.087 0.134 -10  

0.100 -10  

0.0807 - i o  
0.054 “-10 

0.0337 -10 

0.89b _-- -0 

0.23 0.32 12 

0.27 2 4 -  

0.22 36 

0.142 7 

0.110 -57  

... 
I 

.- 

I 

II 

I 

._. 
I 

I I  

0 0 .__ 

67 0.097 0.260 

0 0 ._. 
12.1 0.334 0.689 

87.9 

-50 0.043d 0.130d 

_-_ -0 O.pb 

72 0.327 0.56 

64 

5 9 P ~  141 Stoble 0 11 6.0 0 0 0  0 0 .._ -I 0 0 
143 13.7d 5.85 10-7 ._- 6.2 0.932 100 0.311 0 0 -_. .__ 0 0.31 

144 17.5m 6 . 6 0 ~  10-4 -- 6.1 0.8 3 0.97 2.185 1 I 1  4 0.08 1.05 

1.480 2 111 2 2.3 2 

2.90 95 0.695 4 IV 1 
145 6.0h 3.21 10-5 _-- 4.2 -1.7 100 -0.6 --- “-0 -._ --_ 1.0 -0.6 

146 24.4rn 4 . 7 3 ~  --- 3.3 2.2 44 1-01 1.49 33  I1 122 1.12 2.13 

(0.11‘ 3.7 56 0.75 22 111 33 

0.46 100 

6oNd 143 

144 

145 

146 

147 

148 

149 

Stoble 0 290 6.1 0 

1.5 x 1 0 ~ 5 ~  “-0 4.8 6.1 0 

Stable 0 52 4.2 0 

Stohla 0 9.8 3.3 0 

11.3d 7.10 x lo-’ -._ 2.6 0.38 

0.60 

0.83 

Stoble 0 3.3 1.8‘ 0 

2.0h 9.63 10-5 --- 1.3 0.95 

1.1 

1.5 

0 0  

0 0  

0 0  

0 0  

25 0.228 

15 

60 

0 0  

.-” -0.5 

.._ - 100 

0 0  

0 0  

0 0  

0 0  

0.532 25 

0.318 15 

0.092 60 

0 0  

0.650 --. 
0.538 --. 
0.424 ..- 
0.266 -.- 
0.240 --- 

0 

0 

0 

0 

0.236 

0 

-0 

0 

0 

0 

0 

0.464 

0 

-0.5 

37 



TABLE 2. ( cont inued)  

Energy of Radiotion 
-. ......... ........ ._ ...... 

Gamma Tions i t ions  Absorption 

Cross Y m l d ,  Y Beto Portbcles Toto1 
Section (7;) 

.- 

Mor* Decay 

Conston*,  Holf- l i fe,  
......... 

A Shielding 
E 

" 6  (x) R (%) Eg (Me") 
E 

N u c l i d e  Number, 
'112 A ( s P c - ~ )  

(MeV) ( M a " )  ( M o v )  Group (%I (&hey) 
U~ (borps) 

150 > 2 x  i o l s Y  - 0  2.9 

151 15m 7 . 7 ~  1 0 - ~  --- 

.......... ..... ........... 
6 1 P m  147 2 . 6 ~  8.46 x 60 - ? 

149 54h 3.56 x -~ 

151 27.5h 7.00 x IO-' -.. 

............ -~ ....... ....... - 
b2Sm 147 

149 

151 

152 

153 

154 

155 

156 

6 3 E "  151 

153 

155 

1.4 x I O ' l y  -0 ... 

Stable 0 50,000 

93Y 2.37 X IO-" 12,000 

Stoblc 0 150 

47h 4.10 x in-* --- 

Stoble 0 5.5 

:. 3.5m 4.91 X .-. 

-~ ..... . -_ 
0.226 -.- 
0.21 I --- 
0.198 -.- 
0.189 --- 
0.124 --. 
0.114 --. 
0.112 --- 
0.097 --- 
0.030 --. 

...... 0.74a 0 0 0  0 0 0 0 

(0.48) 1.93 100 0.64 1.14 .-. I -150 0.91' l.55b 

0.73 .._ II - 100 

0.421 -.- 1 1 1  -50 

0.117 --- 
0.110 - - -  
0.085 --- 

2.6 

1.3 

0.5 

(0.02)a 

2.6 

1.7 

0.5 

0.3" 

0.15 

0.09a 

0.031 

0.013 

0.223 100 0.074 0 0 ---  -.. 0 0.074 

1.05 100 0.35 0.285 100 I1 100 0.285 0.635 

1.1 100 0.37 0.715 .-- I "-100 0.5' 0.87h 

0.340 .-- I I  1 1 0 0  

10.25 --- 

0.177 .-- 
~ .......... ......... - ..... .- 

0 

0 

0.076 

0 

0.26 

0.64 

0.70 

0.81 

0 

1.8 

0.9 

0 

0 

100 

0 

IO 

29 

44 

17 

0 

100 

100 

0 

0 

0.025 

0 

0.219 

0 

0.6 

0.3 

0 

0 

0.019 

0 

0.538 

0.1717 

0.1026 

0.0691 

0 

0.246 

0.105 

? 

0 

0 

100 

0 

IO 

- 0  

73 

29 

0 

100 

100 

7 

Stable 0 1400 + 7000 

Stable 0 400 

1 . 7 ~  1.29 x IO-' 14,000 

0.5 0 0 0  0 

0.15 0 0 0  0 

0.031 0.152 8 4  0.056 0.1368 

0.2.52 16 0.1309 

0. IO45 

0.0858 

0.0593 

0.0187 

0 

0 

... 

... 

... 

... 

. _. 

.._ 

...... 0 

...... 
I 100 0.019 

0 .._ .._ 
I -102 0.149 

II IO 

...... 0 

I 200 0.35 

? .._ .._ 

0 

0 

0.044 

0 

0.368 

0 

0.95 

0.3 ? 

...... 0 

0 ...... 

I -500 0.7' 

0 

0 

0.76b 
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... 
TABLE 2. (continued) 

....... 

- 

.... .... 

.... .... 

.... .... 

- 

.... 

63Eu 156 15.46 5.21 x ?O-" --- 0.013 0.5 60 0.43 2.0 -60 IV -60 1.2 1.63 

2.4 40 

157 15.4h 1.25 10-5 --- 0.0074 1.0 75 0.392 0.60 100 I 100 0.8 1.19 

1.7 25 0.2 100 II 100 

1.58 6Om 1.93 x 1 0 - ~  --- 0.002 2.6 100 0.87 -.- .._ ... __. I . l b  2.0h 

64Gd 155 Stable 0 70,OGG 0.031 0 0 0  0 0 0 0 ... ... 

156 Stoble 0 _ _ _  0.013 0 0 0  0 0 0 0 ".. __. 

0 0 157 Stable 0 160,000 0.0074 0 0 0  0 0 ."_ .__ 
0 0 158 Stable 0 4 0.002 0 0 0  0 0 "-- .." 

159 1B.Oh 1.07 10-5 ._- 1.1 x 0.9 100 0,3 0.38 100 I 100 0.46 0.75 

0.055 100 I1 100 

160 Stob le  0 1.5 3 x  o o o 0 0 0 0 -__ ... 

161 3.6m 3.21 1 0 - ~  .-. 8.0 x 1.6 100 0.5 0.36 _". I 100 0.7& 1.2' 

0.316 _._ II 200 

0.102 --- - 
0 0 65Tb 159 Stoblr 0 44 1.1  IO-^ o 0 0  0 0 .-- __. 

161 7.0d 1.15 x --- 8 x  0.5 100 0.17 0.05 100 I 100 0.05 0.22 

66Dy 161 Stoble 0 .._ a x  o 0 0  0 0 -.. .._ 0 0 

nlndependent  f i s s i o n  y i e l d .  
bErnerggr value c o m p u t e d  from the mass c h a n g e .  
= N u c l i d e  w h i c h  decays in part by K e l e c t r o n  c a p t u r e  a n d  p o s i t r o n  e m i s s i o n ,  
dEnergy c o m p u t e d  from total d i s i n t e g r a t i o n  e n e r g y  or 0 v a l u e .  

.'..... 

'.-. 

.... 

.... 
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TABLE 3. PRODUCTS OF NEUTRON CAPTURE BY U235 F35StebN PRODUCTS 

Arranged accwdiny to  increasing order of atomic n u r n b r  and mass 

Energy of Radiat ion - ................... 
A bs or pt iori 

Beta Par t ic les Go mma Trans it i ons 
.............. . Cross - Total - _________ Mass Decay 

Hut+ l ife, 

Shielding E Nucl ide Number, . Constant, AV 
E Section, 

Eg (MeV) 
A l1/2 x ( s e c 4 9  

~~ 

(MeV) (barns) ( M e v )  Group (X) 
~ .. ~~~~ 

33As 76 26.4h 7.24X lom6 0.35 3 0.842 2.06 2.3 I I  49.1 0.460 1.302 
1.20 4 1.41 0.7 I l l  11.1 
1.75 6 1.21 10.4 IV 2.3 
2.40 32 00448 4.1 
2.96 53 0.555 45 

76 Stable 0 7 + 35 0 0 0  0 0 0 0 _"^ --.. 
................ II ._ ___ ~ 

34Se .. 

43Tc 100 15.8s 4.39 X --- 2.8 100 0.93 0.55 100 1 1  100 0.55 1.48 

4 4 R ~  100 Stable 0 -..a 0 0 0  0 0 0 0 -** "-- 

4SRh 104m 4.4m 2.63 X lom3 --- 0 0 0  0.052 100 I 100 0.052 0.052 

104 42Ss 1.65 X IOe2 --- 2.6 100 0.89 o m  100 I 100 i.a6 1.93 
0.18 50 I I  100 
0.04 50 

.. ...................................... _. 

46Pd 104 Stable 0 0 0 0  0 0 0 0 --.% .- 
~~ 

491n 116m 54.2m 2.13 X --- 0.60 21 0.293 2.090 25 I 3 2.52 2.81 
0.87 28 1.487 21 1 1  25 

1.085 54 IV  25 
1.00 51 1.274 75 I I I  150 

0.405 25 
0.137 3 

116 13s 4.33 x 10-2 -"- 3.29 100 1.10 0 0 0 1.10 -..- .,*- 

0 e..,. -..* 0 116 Stable 0 0.006 + ? 0 0 0  0 0 

51Sb 122 2.754 2.91 x --- 0.45 8 0.51 0.564 8 I 36 0.389 0.90 
1.40 56 0.553 56 I I  64 
2.00 36 0.095 36 

................. -. .- ................... 

5 2 T ~  122 Stable 0 1.oc 1.7 0 0 0  0 0 0 0 *-" ..." 

128' 24.98~~1 4.62 X lo.-'' --- 1.59 6.7 0.63 0.428 6.7 I I  6.7 Oa03 0.66 
2.02 88.3 I I  292 2.15 2.42 

531 

130 12dh 1.53 X loa5 --- 0.597 54 0.264 1.15 31 I l l  31 
1.02 46 0.744 69 

0.660 100 
0.528 100 
0.409 23 
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TABLE 3. (continued) 

.... Energy of Radiation 
A bsorpti on 

Mass Decay Beta Particles Gamma Transitions Half life, Cross 
. Nuclide Number, Constant, Total Section, Av. 

(Mew) 
Shielding E 

E g  (MeV)  ( M e V )  Group (%Io) (kv) 
Eb (%) E b  E g  (%) 

A +/2 x (see-’) 
(MeV) 

un (barns) 

-_I___ 

SdXe 128 Stable 0 5 0 0 0  0 0 0 0 .-- -*.. 
0 130 Stable 0 < 5  0 0 0  0 0 -I 0 

~ -~ 

5sCs 134m 3.2h 6.03 x --- 0 0 0  0.128 100 I 100 0.128 0.128 

0.09 25 0.170 1.365 4 I I  206 1.53 1.70 
0.648 75 1.037 6 Ill l o  

134 2.0~ 1.10 x --- 
0.794 96 
0.601 75 
0.567 15 
0.561 20 

.... 

- 

~ 

56€3a 134 Stable 0 2 0 0 0  0 0 0 0 ---..I ..*I 

0.64 7 0.70 1.59 7 Ill 7 0.11 0.81 
2.15 93 0.135 ‘“0 

sf’’ 142 19.3h 9.97 X 18 

6oNd 142 Stable 0 18 0 0 0  0 0 0 0 --- ...- 
_..__-__ 

dlPm 148 5.3d 1.51 X 1-1 2.5 100 0.83 0.8 100 II 100 0.8 1.63 

0 0 0  0 0 0 0 

0 

--- --- 62Sm 148 Stable O I- 

--- I”* 0 150 Stable 0 c-- 0 0 0  0 0 
l_l 

63Eu 152= 9.2R 2.09 x 10‘’ --- 1.880 100 0.63 0.344 ‘“50 I “50 ‘“0.23 0.86 
0.122 ‘“515 II ““so 

152‘- 13y 1.69 X l o e 9  5000 1.58 26 0.137 1.086 -*- I --a --- ’>0*14 
0.964 1 1  --. --* 

0.720 111 --- u- 

0.344 
0.244 
0.123 
0.122 

154‘ 16y 1.38X 1000 n0.3 50 0.21 1.116 ‘“50 I1 100 l.Ob 1.2’ 
0.7 40 0.778 ‘“50 Ill 50 
1-9 10 0.336 -50 

~ ~-~ 

64Gd 152 Stable 0 <120 0 0 0  0 0 0 0 I.. ..-* 

0 0 0  0 0 0 0 .-* --. 154 Stable 0 -11 

-._____ 

.... 
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TABLE 3. (continued) 

Nucl ide 

Energy of Radiat ion _______ 
Absorption 

Mass Dccay Beta Part ic les Half l ife, Cross - - - I__ - 
Number, Constant, 

E b  
t Sect i on, 

A 112 x (set-1) 
aa (barns) (Neb.) 

160 73.5d 1.09X 400 0.396 

0.521 
0.800 

0 0 

alndependent f i ss ion  yield. 

bEnergy value computed from the mass change. 

Gcmma Trans it ions 

To ta l  
Sh ie Id ing E (X) _ 

E&? 
Grarrp (%) ( M ~ ~ )  

16 0.216 0.962 
41 0.876 
43 0.41 0 

0.391 

0.375 

0.298 
0.282 
0.21 5 
0.1 96 
0.1 76 
0.093 

0.087 
~ 

0 0 0 0 0 0 ._^ 

'Nuclide which decays in  part by K electron capture and positron emission. 

dEnergy computed from total disintegration energy or Q vclue. 
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TABLE 4. DETERMlNATlON OF L€VELS OF CQMPONENTS OF CHAIN 95 IN 1 TON OF NATURAL URANIUM 

2 6 
Uranium irradiated a t  4 = 10" neutrondcrn /sec for 3 x 10 set,  then allowed to decay for  lo7  sec 

Atoms Present a t  q5 = 10 14 , Fraction of 
Froction of Atoms Present 

7 Saturation Value, 
0 

Shutdown, N t / " J r ,  ut 
7 =  3 x IO6, and f = 10 

2 Saturation, N , / N S ,  for a t  Shutdown, 

N , / N 2 5  = 
= l o 1 *  neutrons/cm /sec, 0 

.v = Nt/N; ,  = t 

I sotope N s / N 2 , ,  for 14 2 c6 = 10 neutrons/cm /sec 

and 7 = 3  x 10 sec 
7 = 3  x lo6 sec, and 

t = l o 7  s e c  

14 

W S / N i 5 )  ( N , , - / N S )  (.vJN&) (N,/N,) (.";:,) ( N ~ / N : ~ I  
6 + = l o  

10.5m Y 3.37 x 10-6 

(Fig. A-3,O 

63d Zr 2.92 x 

(Fig. A-2e) 

90h Nbm 1.73 

(Fig. A-2c) 

35d Nb 1.62 x 

(Fig. A-2a) 

Stable Mo 

Total 

1 .oo 
(Table 4) 

0.317 

(Fig.  6-16) 

0.274 

(Fig. 6-16) 

9.23 x lo-'  
(Fig. S-16) 

3.37 x 0 0 0 

(Fig. C-8) 

4.78 x 9.26 0.281 2.60 

(Fig. C-50) 

4.75 x 1.06 5.04 x 9.27 

(Fig. C-47) 

1.50 1.45 2.18 4.01 x 

(Fig. C-48) 

3.73 6.36 x 1.17 

1.114 x 1.114 x "io-' 2.05 

(F ig .  D-27j 

* X r / N : 5  for stable M 0 9 5  was computed by taking into account that the total number of fission product atoms does n o t  change during decay t imes. 

Thus, Nt/N:5 = 1.114 x - (2.60 x + 5.04 x l o a 6  i- 2.18 x = 6.4 X IO"3. 
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TABLE 5. INDEX OF F15S18N PRODUCTS AND GRAPHS 

L t .= , ,re , l& 

Mass N s ' N L  ___ ... . . .. . . . . ... ........ . . ..... and 
N- 

Production of Stable 
Species During 

h a d  iat  ion, N T / N i 5  

?=I..---. Saturation Values, 
Froctian of Fraction of 

, hfT/NS Shutdown, N t / N ,  

72 49.0h Zn 2.21 x Fig. A-3/ Fig. R - l  Fig. C-28 

Fig. 5-1 Fig. C-31 14.3h Ga 6-44 x Fig. A-4 

Stable 2e 

73 2m %n 9.83 x 1 0 - l ~  Fig. ~-i Unity Fig. C-4 

5.0h Ga 1.51 X Fig. A-3 Unity Fig. C-I9 

Stable Ge 

74 Stable Ge 

75 82m Ge 3.29 X Fig. A-3 Unity 

Stable As 

76 Stable Ge 

26.6h As' 6.41 X l O S l o  Fig. A-3/ Fig. 8-7 

Stable SeT6* 

77 12h Ge 1-34 X Fig. A-3 Fig. 5-3 

38.8h AS 1.06 X l o m 8  Fig. A-3/ Fig. 8-2 

17.5s Sem 2.67 x Fig. A-4 Fig. 6-2 

Stable Se 

78 86m Ge 7.79 x 10-l' Fig. A-3 Unity 

91m As 9.13 x 10-l' Fig. A-3/ Unity 

Stable Se 

79 9m As 1.81 x lo - "  Fig. A-3/ Unity 

3 . 9 ~  Sem 7.03 X l o - ' '  Fig. A-3/ Unity 

6.5 X 104y Se 0.686 Fig. A-1 Fig. 5-8 

80 Stable Se 

81 lorn As 6.25 X lo- ' '  Fig. A-3g Unity 

56.5m Sem 2.27 X lo-' ' Fig. A-3 Unity 

17rn Se 1.75 x lo - "  Fig. A-3a Unity 

Stable Br 

Fig. C-12 

Fig. D-1 

Fig, D-2 

Fig. D-3 

Fig. 0-4 

Fig. ~ - 5  

Fig. C-28 

Fig. D-6 

Fig. C-19 

Fig. C-23 

Fig. C-23 

Fig. D-7 

fig. C-10 

Fig. C-14 

Fig. D-8 

Fig. C-4 

Fig. C-7 

Fig. D-9 

Fig. C-6 

Fig. C-10 

Fig. C-11 

Fig .  a-10 
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TABLE 5. (continued) 

Production of Stable 
Species During 

12 Irradiation, N , / N : s  

Saturation Va I wes, Element 
Fraction of Fraction of 

Saturation, N 7 / N s  Shutdown, Nt/N7 
Mass and -__ N s 4 5  
NO. 

Half life a t  = IQ” a t  6 I>= 10 

82 Stable Se 

35.87h Br 

Stable Kr 

Fig. D-11 

Fig. D-12 

1 e44 X 1 0-7 

2.26 x 

3.47 x 10-8 

2.76 X 

1 . 1 0 ~  1 0 ‘ ~  

1-66 X 1 0-’ 

2.26 X 1 0’9 

1.97 x 

8.07 X lon4 

2.11 x 

1.25 X 

1.06 x 

3.76 X lo-”” 

3.09 x 

3.31 X 

7.35 x 1 0 “ ~  

1 .a8 x 

3.71 X 10“ 

Fig, A-2e Fig. 5-9 Fig. C-28 

83 25m Se 

2.4h Br 

l l d m  Krm 

Stable Kr 

Fig. A-3 Unity 

Fig. A-3f Unity 

Fig. A-3 Unity 

Fig. C-6 

Fig. C-11 

Fig. C-11 

Fig. D-13 

Fig. A-3g Unity 

Fig. A-3 Unity 

Fig. C-4 

Fig. C-6 

84 2m Se 

30m 5r 

Stable Kr Fig. 0-14 

Fig. A-3 Unity 

Fig. A-2 Unity 

Fig. A-2f Fig. B-10 

Fig. C-5 

Fig. C-19 

Fig. C-56, 56n 

85 3.0m Br 

4.36h Krm 

10.27~ Kr 

Stable Rb Fig. 0-15 

Fig. D-16 86 Stable Kr 

19.5d Rb 

Stable Sr 

Fig. A-2d Fig. 6-11 Fig. C-45 

Fig. D-17 
:ii._ 

.... 

-... 

.... 

7 . 7  

- 

.... 

87 55.6s Br 

78m Kr 

Stable Rb 

Stable Sr* 

Fig. A-3/ Unity 

Fig. A-2 Unity 

Fig. C-3 

Fig. C-10 

Fig. D-18 

Fig. D-19 

80 15.5s Br 

2.77h Kr 

17.8111 Rb 

Stable Sr 

Fig. A-3e Unity 

Fig. A-2a Unity 

Fig. A-3g Unity 

Fig. C-2 

Fig. C-10 

Fig. C-10 

Fig. 0-20 

89 3.18m Kr 

15.4m Rb 

54d St 

Stable Y 

Fig. A-3g Unity 

Fig. A-36 Unity 

Fig. A-2f Fig. 6-12 

Fig. C-4 

Fig. C-7 

Fig. C-45 

Fig. D-21 
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E lemcnt 

and 
Half l i fe 

Mass 

No. 

90 33s Kr 

2.74m Rb 

28y Sr 

64~5h Y 

Stable Zr 

91 14m Rb 

9.7h Sr 

51m Y n l  

58d Y 

Stable Zr 

92 3.0s K r  

80s Rb 

2.7h Sr 

3.60h Y 

Stable Zr 

93 7m Sr 

10.011 Y 

Stable Zr 

94 2m Sr 

16.5111 Y 

Stable Zr 

95 10.5rn Y 

63d Zr 

90h Nb" 

35d Nb 

Stable Mo 

96 Stable Zr 

23~4b Nb 

Stable Mo 

Saturation Values, Praduction of Stable 
Species During 

lrradiat ion, N T / N i 5  

Fraction of Fraction of 
Saturation, N,/Ns Shutdown, N,/N, 

_-  I _  Ns/Nz05  

a t  4 = at  0 12 1 0 ' ~  
__ __ 

1.44 x 

8.11 x 

4.36 X 

2.08 x 10"' 

4.01 X 

1.72 X 1 0-6 

6.06 X 1 0"8 

2.48 x 

6.78 X 

3.68 x 

4.96 x 

6.61 x 

2.25 X 

1.95 X 1 0-6 

5.82 x 

5.39 x 10-8 

3.37 x 10-8 

1.73 X 101' 

2.92 x 

1.62 X 1 O W 4  

4.02 X lo-'' 

Fig. A-3b 

Fig. A-3 

Fig. A- la 

Fig. A-2d 

Fig. A-3 

Fig. A-2 

Fig. A-3 

Fig. .4-2c 

Fig. A-3a 

Fig. A-3 

Fig. A-2 

Fig. A-2c 

Fig. A-3a 

Fig. A-2b 

Fig. A-3f 

Fig. A-3f 

Fig. A-3f 

Fig. A-2e 

Fig. A-2c 

Fig. A-2n 

Fig. A-3 

Unity 

Unify 

Fig. 0-13 

Fig. B-14 

Unity 

Fig. 6-6 

Fig. 8-6 

Fig. 6-15 

Unity 

Unity 

Unity 

Unity 

Unity 

Fig. B-6 

Unity 

Unity 

Unity 

Fig. 8-16 

Fig. 8-16 

Fig. 8-16 

Fig. 8-3 

Fig. C-3 

Fig. C-4 

Fig. C-59 

Fig. C-58, 58g 

Fig. D-22 

Fig. C-9 

Fig. C-19 

Fig. C-21 

Fig. C-46, 46a 

Fig. D-23 

Fig. C-1 

Fig. C-3 

Fig. C-12 

Fig. C-16 

Fig. C-4 

Fig. C-20 

Fig. C-4 

Fig. C-9a 

Fig. D-24 

Fig. 0-25 

Fig. D-26 

Fig. C-8 

Fig. &-50 

Fig. C-47 

Fig. C-48 

Fig. 0-27 

Fig. D-28 

Fig. C-28 

Fig. 0-29 



TABLE 5. (continued) 

. .  

... 

...... 

... 

~ ... 

~ .... 

... . . 

....A. 

?...... 

..... . .  

~~ .... 

.... .... 

97 17h Zr 

60s Nbm 

72.11~1 Nb 

Stable Mo 

98 Stable Mo 

99 67h Mo 

6.04h T c m  

Stable Tc 

100 Stable Mo 

Stable Ru* 

101 14.6m Mo 

14.0m Tc 

Stable Ru 

102 12m Mo 

25s Tc 

Stable Ru 

103 41d Ru 

57m Rhm 

Stable Rh 

104 Stable Ru 

Stable Pd* 

105 4Sh RU 

45s Rhm 

36.5h Rh 

Stable Pd 

106 1.0~ Ru 

30s Rh 

Stable Pd 

3.18 X 

3.1 x 

2.25 x 

1.23 x 

1.11 x 

3.67 X lo-' 
3.52 X 

2.53 X 

8.79 X 10-l' 

8.58 x 

7.47 x 

1.22 x 

3.39 x 10-'0 

9.91 X 

1.00 x IO-* 

9.54 x 10- l1  

Fig. A-2 

Fig. A-3/ 

Fig. A-2b 

Fig. A-2 

Fig- A-2b 

Fig. A-3b 

Fig. A-3/ 

Fig. A-3b 

Fig. A-3a 

Fig. A-2e 

Fig. A-3a 

Fig. A-2c 

Fig. A-3a 

Fig. A-2 

Fig. A-2b 

Fig. A-3 

Fig. 0-6 Fig. C-28 

Fig. 8-6 Fig. C-28 

Fig. 6-3 Fig. C-27 

Fig. D-30 

Fig. 0-31 

Fig. 5-2 Fig* (2-36 

Fig. 5-2 Fig. C-30 

Fig. 0-32 

Fig. 0-33 

Fig. D-34 

Unity 

Unity 

Unity 

Unity 

Fig. B-17 

Fig. 5-17 

Unity 

Unity 

Fig. 0-3 

Fig. 6-15 

Fig. 8-15 

Fig. C-6 

Fig. C-9n 

Fig. C-6 

Fig. C-6 

Fig. C-45 

Fig. C-45 

Fig. C-20 

Fig. C-20 

Fig. C-24 

Fig. C-53 

Fig. C-53 

Fig. 0-35 

Fig. 0-36 

Fig. 0-37 

Fig. D-38 

Fig. 0-39 

Fig. D-40 

Fig. 0-41 
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TABLE 5. (continued) 

107 1.5m TC 

4m Ru 

26m R h  

Stable Pd 

108 Stable Pd 

109 l h  Rh 

13aSh Pd 

39.2s Agm 

Stabls Ag 

110 Stable Pd 

270d Ag“* 

Stable Cd* 

111 22m Pd 

7.6d Ag 

Stable Cd 

112 21h Pd 

3.2h Ag 

Stable Cd 

113 5.3h Ag 

Stable Cd 

114 2m Ag 

Stable Cd 

115 20m A3 

53h Cd 

4.5h Inm 

Stable In 

Stable Sn 

1.21 x 

4.01 X lo-” 

2.61 x 

8.41 X lo- ’ ’  
4.41 x 10-8 

3.54 x 10-11 

5-55 x loM4 

1.99 X lo-’’ 
9.85 X low8 

6.96 X lo-? 

1.06 x 

1.60 X 1 O-? 

1.01 x l o - ”  

1.06 X IO-’’ 

1.68 X lo‘* 

1.42 X 1 r 9  

Fig. A-3/ 

Fig. A-3 

Fig. A-3a 

Fig. A-3b 

Fig. A-3a 

Fig. A-3g 

Fig. 4-2 

Fig. A-3g 

Fig. A-3 

Fig. A-3b 

Fig. A-4n 

Fig. A-3a 

Fig. A-3b 

Fig. A-36 

Fig. A-3g 

Fig. A-3c 

Production of Stable 
Species During 

Irradiation, NT/N$5  

Fraction of Fraction of 
Saturation, PJTT/NS Shutdown, N t / N T  

.. . 

Unity 

Unity 

Unity 

Unity 

Fig. 8-18 

Fiy. B-I8  

Fig. 6-19 

Unity 

Unity 

Fig. 5-4 

Fig.  5-4 

Unity 

Unity 

Unity 

Fig. 0-5 

Fig. 8-5 

Fig. c-3 

Fig. C-5 

Fig. C-7 

Fig. C-12 

Fig. C-20 

Fig. C-20 

Fig. C-53 

Fig. C-6 

Fig. C-36 

Fig. C-28 

Fig. C-22 

Fig. C-20 

Fig. C-4 

Fig. C-8 

Fig. C-29 

Fig. C-25 

Fly. D-42 

Fig. D-43 

Fig. D-44 

Fig. D-A5 

Fig. D-46 

Fig. D-47 

Fig. D-48 

Fig. D-49 

Fig. D-50 

Fig. D-51 

Fig. D-52 

116 Stable Cd 

Slable Sn 

Fig. 0-53 

Fig. D-54 

48 



. .,... 

..-..,-_ 

..... 

~- .... 

... .... 

.... .... 

.... 

- ... 

- ... 

... 

TABLE 5. (continued) 
- 

Saturclion Values, Production of Stable 
Species During 

a t +  9 1Ol2 Irradiation, N,/N,O, 

E!ement 

n nd 
Half l i fe 

M a S S  Ns/N;s Fraction of Fraction of 
No. Saturation, NJN, Shutdown, Nt/N, 

Ot 4 ~ ,0 12 

117 2.9h Cdm 

50m Cd 

1.90h inm 

1.lh In 

Stable Sn 

118 30mCd 

4 & n  In 

Stable Sn 

119 17.51~1 In 

275d Snm* 

Stable Sn 

120 Stable Sn 

1211 27& Sn 

Stable Sb 

122 Stable Sn 

2.756 Sb* 

Stable Te* 

123 131d Sn 

3 9 4 m  Sn 

Stable Sb 

124 Stable Sn 

125 9.4d Snm 

2.7~ Sb 

58d Tern 

Stable Te 

126 50m Sn 

9h Sb 

Stable Te 

8.71 X 10”” 

2.51 x 10-lO 

5.74 x 10-lO 

7.29 X 10-I 

1.51 X 10”” 

2.26 X lo- ’ ’  

8.79 X 10”” 

1.99 X 1 Oe6 

1.16 X 

2.79 X 

1.14 x lo-’ 
2.78 X lo-’ ’ 

1.56 x 1 o - ~  
1.64 X 1 0 ’ ~  

1.35 X 

2.51 x 

2.71 X 

Fig. A-3c 

Fig. A-3b 

Fig* A-3b 

Fig. A-3d 

Fig. A-3d 

Fig. A.3a 

Fig. A-3g 

Fig. A-2c 

Fig. A-3n 

Fig. A-3 

Fig. A-2d 

Fig. A-3c 

Fi.g. A-2d 

Fig. A-26 

Fig. A-2a 

Fig. A-3g 

Fig. A-3c 

Unity Fig. C-12 

Unity Fig. C-12 

Unity Fig. C-17 

Unity Fig. C-17 

Fig. D-55 

Unity Fig. C-9 

Unity Fig. C-9 

Fig. D-56 

Unity Fig. C-9 

Fig. B-20 Fig. C-51 

Fig. D-57 

Fig. D-58 

Fig. 8-3 

Fig. 6-21 

Fig. B-22 

Unity 

Fig. B-1 

Fig. B-15 

Fig. 6-22 

Unity 

Fig. 6-4 

Fig. C-29 

Fig. C-36 

Fig. C-50 

Fig. C-10 

Fig. C-36 

Fig. C-54, 54a 

Fig. C-52, 52a 

Fig. C-10 

Fig. C-21 

Fig. D-59 

Fig. D-60 

Fig. D-61 

Fig. D-62 

Fig. D-63 

Fig. 0-64 

Fig. D-65 
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Saturation  value^, Element 
o nd 

Fraction of Fraction of 
Saturation, N 7 / N s  Shutdown,  NJN, 

M O S S  N J N L  
____.._____I__ .... __--.--__ 

12 NO. 
Half l i fe  a t  4 = 10'2 at 4 2 10 

127 1.5h Sn 

93h Sb 

90d Te" 

9.3h Te 

Stable I 

128 1 - lh  Sb 

Stable Te 

Stable Xe* 

129 4.6h Sb 

33d Te" 

72m To 

Stable I 

Stable Xe 

130 12111 Sb 

Stable Te 

12.6 I *  

Stoble Xe* 

131 21mSb 

30h Te" 

2438m Te 

8.050' I 

12d Xem 

Stable Xe 

132 1*9m Sb 

77h Te 

2.4h 1 

Stable Xc 

133 63m Tern 

2b8h I 

2.3d Xem 

1.09 x l o - '  
7.00 x 

7.00 x l o - *  
3.68 x l o m 6  

1.66 X l o w 8  

1.34 x 

8.12 x 

3.62 X lo-* 

1.20 x 

3.79 x 

2.85 X lo-' 

3.98 x 

3.61 X lo- '  
1-69 X 

2.52 x 

3.24 x 

1.02 x 

3.18X lo - '  

1.90X 

4.08 X l o m 6  

2.59 x 

Fig. A-3f 

Fig. A-26 

Fig. A-26 

Fig. A-36 

Fig. A-3 

Fig. A-2a 

Fig. A-2b 

Fig, A-3h 

Fig. A-3d 

Fig. A-2b 

F i g .  A-3d 

Fig. A-3 

Fig. A-3b 

Fig. A-2a 

Fig. A-2c 

F i g .  A-3c 

Fig. A-2c 

Fig. A-2e 

Fig.  A-2 

Fig. A-2e 

Fig. A - 2 ~  

Production of Stable 
Species During 

Irradiation, N T / N : s  

__......___I_..- 

Unity 

Fig. 5-5 

F i g .  R-23 

Fig. e-23 

Unity 

Unity 

Fig.  8-24 

Fig. 8-24 

Unity 

Fig. 8-25 

Unity 

Un i ty 

Unity 

Fig. R-26 

Fig. 8-27 

Unity 

Fig. 8-28 

Fig. 8-28 

Unity 

Fig. 8-6 

Fig. 8-29 

Fig. C-12 

Fig. C-32 

Fig. C-40 

Fig. C-41, 41% 41b 

F i g .  D-66 

Fig. C-12 

Fig. D-51 

Fig.  D-63 

Fig. C-20 

Fig. C-42, 42a 

Fig. C-43, 43a 

Fig. D-69 

Fig. D-70 

Fig. C-8 

Fig. c-20 

Fig. D-71 

Fig. D-72 

Fig. C-9 

Fig. C-13 

Fig .  C-15 

F ig. C-36 

Fig, C-37 

Fig. D-73 

Fig.  C-5 

Fig. C-36 

Fig. C-33, 33a, 336 

F i g .  D-74 

Fig.  C-10 

Fig. C-27 

Fig ,  C-34 
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TABLE 5. (continued) 

Saturation Values, Element Production of Stable 

‘ife a t $ = l 0 ’ 2  a t + # ?  10 12 Irradiation, N,/No 25 

Fraction of Fraction of 
Saturation, N r / N s  Shutdown, N / N ,  

Species During N s 4 5  
Mass 

NO. 
and 

133 5.27d Xe 

Stable Cs 

134 44m Te 

52.5111 I 

Stable Xe 

2.0y cs* 
Stable Bo* 

135 2m Te 

6-68h I 

15.6m Xem 

9.2h Xe 

Stable cs 

136 86s I 

Stable Xe 

13d Cs* 

Stable Ba* 

137 3.9~1 Xe 

2 6 . 6 ~  CS 

2.60m Barn 

Stable Bo 

138 5.9s I 

17m Xe 

32m Cs 

Stable Bo 

139 2.7s I 

41s X e  

9.5m Cs 

85m Ba 

Stable La 

2*48 X 1 O-’ 

1 e48 X 1 0‘7 

2-00 x 

3.43 x 1 0 ” ~  

4.21 x 

1.18X loe6 

1.39 X 

1.50 x 10-6 

2.23 x 

5.1 5 x 1 o - ~  

1.16 X l o e 8  
4.13 X 

7.07 X 

1-69 X 

4.70 X lo - *  
9.32 x l o - *  

4.06 X lo-’’ 

1.61 x 

2.56 x 

2.80 X 1 0’8 

Fig. A-2b 

Fig. A-2e 

Fig. A-2d 

Fig. A-1 

Fig. A-3n 

Fig. A-2e 

Fig. A-3c 

Fig. A-2f 

Fig. A-3 

Fig. A-2f 

Fig. A-3a 

Fig. A- la  

Fig. A-3e 

Fig. A-3c 

Fig. A-3d 

Fig. A-4b 

Fig. A-3b 

Fig. A-3~4 

Fig. A-3 

Fig. A-2c 

Fig. 5-29 

Unity 

Unity 

Fig. B-30 

Unity 

Fig. 8-31 

Fig. 8-31 

Fig. 8-31 

Unity 

Fig. 8-32 

Unity 

Fig. B-33 

Fig. 8-33 

Unity 

Unity 

Fig. 5-34 

Unity 

Unity 

Unity 

Unity 

Fig. C-35 

Fig. D-75 

Fig. c-12 

Fig. C-13 

Fig. C-55 

Fig. D-76 

Fig. D-77 

Fig. C-4 

Fig. C-19 

Fig. C-21 

Fig. C-18, 18a, 18b 

Fig. D-78 

Fig. C-3 

Fig. C-45 

Fig. D-79 

Fig. D-80 

Fig. C-4 

Fig. C-59 

Fig. C-59 

Fig. D-81 

Fig. C-2 

Fig. C-8 

Fig. C-13 

Fig. D-82 

Fig. C-1 

Fig. C-3 

Fig. C-9 

Fig. C-11 

Fig. D-83 
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T A B L E  5. (continued) 

140 16s Xe 

66s Cs 

12.8d 3a 

40.2h 1-n 

Stiibls Cc 

..... 

141 18rn Ba 

3.7h L a  

32d Ce 

Stable Pr 

142 6m Bn 

74m L a  

Stable Ce 

Stable Nd* 

143 0.5m Bo 

19m 1-0 

33h Ce 

13.7d Pr 

Stable Nd 

144 290d Ce 

17.5rn Pr 

Stable Nd 

145 3.0, Ce 

6.0h Pr 

Stable Nd 

146 13.9, C e  

24.4rn Pr 

Stable Nd 

147 11.3d Nd 

2 . 6 ~  f'rn 

Stable Srn 

12 
at  $ =  10 

4.96 X 1 C-' 

3.31 x 10-9 

5.83 x 

7.63 X 

5.33 x 10-8 

6.69 X l o q 7  
1.39 x 

1.68 x l o - *  
2.1 9 1 o - ~  

1.23 x 

5.91 x lo-* 

6.17 X 

6.15 x 

1.28 X 

5.36 x 10-8 

6.33 X l o m 9  

7.59 x 

2.23 X lo'-* 

4.05 x l o m 8  

2.12 x 

1.77 x 

Fig. A-3c 

Fig. A-36 

Fig. A-2b 

Fig. A-2r 

Fig. A-3g 

Fig. A-2c 

Fig. A-2c 

Fig. A-3,- 

Fig. A-26 

Fig. A-3d 

Fig. A-3c 

Fig. A-2d 

Fig. A-2d 

Fig. A-1 

Fig. A-3g 

Fig. A-3c 

Fig. A-2d 

Fig. A-3f 

Fig. A-3 

Fig. A-2 

Fig. A-la 

Unity 

Unity 

Fig. 3-35 

Fig. 6-35 

Cnity 

Unity 

Fig. 8-36 

Unity 

Unity 

Unity 

Uni?y 

Fig. B-4 

Fig. 8-37 

Fig. 8-37 

Fig. 8-37 

Unity 

Unity 

Unity 

Unity 

Fig. 8-28 

Fig. 6-38 

Fig. C-2 

Fig. C-3 

Fig. C-36 

Fig. C-38 

Fig. C-6 

F i g .  C-21 

Fig. C-44, 44a 

Fig. @-4 

Fig. C-14 

Fig. C-3 

Fig. C-6 

Fig. C-29 

Fig. c-39 

Fig. C-53 

Fig. C-53 

Fig. C-5 

Fig. C-19 

Fig. C-8 

Fig. C-7 

Fig. C-36 

Fig. c-55, 5% 

Fig. D-84 

Fig. D-85 

Fig. D-86 

Fig. D-87 

Fig. D-88 

Fig. D-89 

Fig. D-90 

Fig. D-91 

Fig. 0-92 
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Slatusation Values, 
Production of Stable 

Species During 
Half life a+ 4 = 10 12 a t  $ ’2 1Q‘2 Irradiation, N T / N i 5  

E lernent 
and “s/N;S Froction af Fraction of Mass 

No* Saturation, N7 / N  Shutdown, N / N ,  --------i___._..l~_._II. 

148 Stable Nd 

5.3d Pm* 

Stcble Sm* 

149 2e0h Nd 

54h Pm 

Stable Srn 

150 Stuble kld 

Stable Sm* 

151 1% Nd 

27.5h Pm 

93y Sm 

Stable Eu 

152 Stable Sm 

13y Eu* 

Stable Gd* 

153 47h Sm 

Stable Eu 

154 Stable Sm 

16y Eu* 

Stable Gd* 

155 234m Sm 

1.78 EU 

Stable Gd 

156 10h Sm 

1 5 4 d  EU 

Stable Gd 

157 15.4h Eu 

Stable Gd 

Fig. D-93 

7eQ3 x l om8  Fig. A-4a Fig. R-39 Fig. C-36 

Fig. D-94 

7-83 x Fig. A-3f Unity Fig. C-10 

2.12 X Fig. A-2r Fig. 8-29 Fig. C-26 

Fig. D-95 

Fig. 0-96 

Fig. D-97 

3.62 X l o m 9  Fig. A-3 Unity Fig. C-8 

4.14 X Fig. A-2d Fig. 8-6 Fig. C-29 

2.37 X l o m 4  Fig. A-4d Fig. B-40 Fig. C-60, 6 0 ~  

Fig. D-98 

Fig. D-99 

8.40 X Fig. A-4c Fig. B-41 Fig, C-57 

Fig. D-100 

6.37 X l o m 7  Fig. A-2c Fig. B-42 Fig. C-29 

Fig. D-101 

Fig. 0-102 

3.66 X Fig. A-4d Fig. 6-43 Fig. C-57 

Fig. D-103 

3.66 x lo-’’ Fig. A-3e Unity Fig. C-8 

6.68 x Fig. A-4d Fig. 8-44 Fig. C-53 

Fig. D-104 

3.91 X Fig. A-3g Fig. B-45 Fig. C-20 

3.24 X Fig. A-4b Fig. B-46, 4 6 ~  Fig. C-40, 40a, 40b 

Fig. D-105 

3.43 X Fig. A-3d Fig. 8-31 Fig. C-20 

Fig. D-106 
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TABLE 5. (concluded) 

Element Saturation Va lues, Production of Stable 

No. Irradiation, N T / N : 5  

Fiaction of Fraction of 

Saturation, N T / N s  Shutdown, NI/N,  
Species During MC25S and N s 4 5  

Half l i fe  at  4 = 10’2 a t  4 2 10’2 
__ .......... .......... .~.. ~~ 

- 
...... .................... 

158 60m Eu 6.01 x l o - ’ ’  Fig. A-3c l ln i ty  Fig. @-I2 

Stuble Gd Fig .  D-107 

159 18.0h Gd 5.96 X lo-’’ Fig. A-3d Fig. 5-95 Fig.  c-29 

Stable Tb Fig.  D-108 

160 Stable Gd 

73.53 T b *  5.83 x l o m 8  Fig. A-3e F ig .  8-47 Fig. C-50 

Stable Dy+ 

Fig.  D-109 

Fig.  0-110 

161 3.6m Gd 1.45 *: Fig. A 4  Unity Fig.  C-4 

7.W Tb 4.03 X lo-’’  Fig. A-3 Fig .  B-17 Fig. c-38 

Stable Dy Fig. D - I l l  
....... 
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Fig. A-2e. Saturation Value of Radioactive Fission Product% os B Funcfion of Thermal Neutron Flux. 
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UNCLASSIFIED 
ORNL-LR-DWG. 19472 

IRRADIATION TIME T (sec) 

Fig. 8-3. Fraction of Saturation Value of Various Rodioactive Fission Products 
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