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PREFACE

The investigation reported here was undertaken at
the request of Professor Harold A. Ohlgren as part of
Engineering Research Institute Project 2240, conducted
for Consumers Power Company (Jackson County) for the
Dow Chemical - Detroit Edison and Associates Atomic-

Power Development Project.
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STUDY OF THE FEASIBILITY

OF
AQUEOUS RECOVERY OF SPENT FUELS

PART 3

CATLCULATED DISTRIBUTION OF FISSION PRODUCT NUCLIDES

INTRODUCTION

In the course of reactor operation, fissionable materials generally
divide into two fragment nuclides. The radiocactive species among these then
decay by the emission of beta particles and gammsa radiation to the stable state.

In any plant designed to process spent reactor fuel, consideration
must be given to the amount of this radioactivity present, by element, in the
fission products. The primary interest is in predicting radiation levels for
shielding calculations and the rate of formation of heat at each processing stage
It is also of interest to know the mass of each element present, including
stable nuclides, in designing separation processes.

The calculation reported here is an evaluation of the mass and the
activity of each fission product nuclide present in the spent fuel of a 500 Mw
reactor operating on a 42 day cycle, at the time of removal from the reactor
and as a function of time thereafter. These quantities have been expressed in
terms of grams and curies per 10 kilograms of fissioned material, respectively.
The calculations represent some modification and extension of the work of
Moteff 1 and Engelder 2. The major modifications are summarized in Table I.
The data are presented in final form, by element, in Table VI at 0, 1, 2, 4, 8,
and 16 days after removal from the reactor.

The effect of the calculated activities, in terms of roentgens per
hour at one meter from a point source, and B.T.U.'s per hour of heat generated
from beta particle absorption, has also been calculated. Because of its de-
pendence upon absorber material, absorber thickness and geometry, calculation
of heat generation from gamma absorption has been deferred to future calculations
when these quantities will be better known. The several calculations discussed
above appear in summary in Fig. 1.

The calculation of the number of grams and curies present is a sep-
arate problem for each nuclide. To each mass number corresponds & decay chain,

1




Table I

Modifications and Extensions of Engelder's Work

Incorporated in This Report

Modification Engelder Nehemlas
Minimum fission yield 1% 0.01%
Minimum half life 5 hr 1l hr
Reactor operation time 1000 hr ko a
Steady state power 550 Mw 500 Mw
Time after shutdown 14 0,1,2,k,
8,16 4
Calculation of decay chains none past all chains
2nd complete
generation
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although in some cases the decay chain consists merely of a single stable nu-
clide. It will be assumed that the first nuclide in each decay chain is formed
at the total yield rate for that mass number, that its daughter products are
formed only through the radioactive decay of the parent nuclide.

Many of these results can be obtained by various methods. In these
calculations, a particular format has been selected and maintained throughout
for ease of calculation.

ASSUMPTIONS

Reactor operation time, T = 42 days.
Steady state reactor power = 500 Mw.
Time after removal from reactor, t = 0, 1, 2, 4, 8, 16 days.

Radicactive decay schemes taken from "Nuclear Data'", NBS Circuler-
499, or reasonable values assumed when no data is available.

Fission yields greater than 0.01% are used.

Species with half lives less than one hour which have precursors
with half lives less than one hour are not considered.

Fission yields for fast fission of U-235 are not well known. The
curve of fast fission yields for U-235, estimated by Engelder, has been used
in these calculations, see Fig. 2. Modification of the results will be under-
taken when better, more detailed data become available. The calculations pre-
sented here are somewhat more sensitive to such modifications than Engelder's
because yields down to 0.01% are used. Thus, yield values are assumed through-
out the highly conjectural central trough region.

Neutron capture by fission products while residing in the reactor has
not been considered because of the extreme paucity of cross section date at the
neutron energies involved.

Secondary processes, such as the low energy spectrum of bremstrahlung
produced during the absorption of beta particles in matter, and the production
of internal conversion and secondary electrons during the absorption of gamma
radiation, have not been tsken into account. In future calculations of detailed
shielding requirements, these effects will be considered when necessary.

SAMPLE CALCULATION

For every mass number, including those which yield only stable nu-
clides, the rate of formation in grams per second and the total yield in grams

4
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have been calculated. To calculate the rate of formation for each mass number
one uses the relstionship:

grams/second = YWIA,
’ N

]

where, y = fission yield,

=
it

-reactor power,level in watts,
f = fission rate, in fissions per watt-second
(f = 3.25x1010, assuming 192 Mev/fission),
A = atomic number,
N = Avogadro's number, 6.023x1023,

For mass number 127,

0.0015(5x108) (3.25x1010)127,
6.023x1023

grams/second

= 0.0515x107%..

The total number of grams of mass number 127 produced in the reactor core after
42 days of steady state operation at 500 Mw is simply:

1

0.0515x10"4(L42)2k(3600)

18.5.

This quantity and those that follow in this sample calculationlmay be expressed
as quantity present per 10 kilograms of fissioned material by dividing by 2.31,
since total mass of fissioned material after 42 days

- (5x108)(3.25x1010)(235)k2(24)3600,
6.025x1023

25,100 grams.
The decay chain for mass number 127 is shown in Fig. 3.

At the end of 42 days of steady state reactor operation, the buildup
of this parent nuclide (Sb-127) approasches saturation; i.e., the rate of decay
has increased td approximately equal the rate of formation. The fraction of
saturation for a parent nuclide after T days of reactor operation is (Moteff):

Fi = (1-e™M7),

where A, is the decay constant in reciprocal time and T is the reactor operation
time in days.
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Fig. 3. Decay Chain for Mass Number 127.
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For Sb-127, F, = (1-e70-179(82)y

(1-0.0005L4),

i

0.99946,
= l-
The activity at saturation is calculated according to the relationship

curies = — IWE

3.7x1019,
where, y = fission yield
W = reactor power level
and f = fission rate, in fission/watt-second

(3.25%10*° assuming 192 Mev/fission)
For mass number 127,

0.0015(5x108)(3.25%1010) ,
3.7x1010

1t

curies

= 0.638x10% curies in the entire reactor core
in the entire reactor core after 42 days of operation.

The decay rate is directly proportional to the amount of material,
M, present; i.e.,

aM = -AM.
dt

As M is desired in grams, and dM/dt has been computed in grams per second
(at saturation),

grams /second

A

0.015x107¢ 3600 (93),
0.693

2.46.

M(grams)

i
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The fraction of saturation for a daughter nuclide after T days of
operation is (Moteff)

)\l >\2 l-e” ?\2T _ 1-e” AlT
Fo = — A e P

For 90-day Te-127,

g, - 0.179(0.007T) 1-6‘0'0077(“2)_ 1.e-0-179(42) ,

0.179-0.007T7 0.007T 0.179

0.263.

The number of curies of 90-day Te-127 present after 42 days of reactor operation
is thus,

= 0.638x10% (0.263)0.16 = 0.027x10° curies,
and, as before, the number of grams

0.0515x1074 (90)24(3600)0.263(0.16),
' 0.693

i

2.43 grams.

A total of (18.5-2.46)(0.16) = 2.56 grams of the 90-day iscmer of
Te-127 has been formed. Of this, only 0.13 grams has decayed to the 9.5 hour
isomer in the entire 42 day period. On this basis, one may consider that es-
sentially the only source of the 9.3 hour isomer is direct decay of Sb-127.
From this, calculating as before for a daughter nuclide,

Fo ¥ 1,

curies 0.638x108 (0.84) = 0.546x106 ,

]

and,

grams = 0:0515%107% (9.3)3600(0.8%) _ ¢ 206
0.693

The total number of grams formed at mass number 127 has been com-
puted (18.5 grams). The mass of each of the radioactive nuclides has also been
computed at the time of removal from the reactor. It follows that the mass of
stable I-127 is

18.5-(2.46+2.43+0.206) = 13.4 grams

The preceding calculations are presented in Teble II for each mass
number with a fission yield in excess of 0.01%. The fold-in chart (Fig. k4)
presents the results of these calculations of mass and activity level for each
nuclide, per 10 kilograms of fissioned material, at the time of removal from
the reactor.
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GAMMA RADIATION LEVELS

Marinelli, et al (3) have published a curve of roentgens per hour
per millicurie point source at one centimeter distance as a function of photon
energy as shown in Fig. 5. This assumes one photon, at the energy in question,
per disintegration. If the disintegration scheme is known, the radiation level
at a particular position may be calculated.

The disintegration scheme used for mass number 127 is shown in Fig.6.

95h Sb-127 164 8hg

0.72 Mev gamma 0.8 Mev beta
90d Te-127

0.0885 Mev gamma

9.3h Te-127 v

0.8 Mev beta

- gtable I-127

Fig. 6. Disintegration Scheme for Mass
Number 127.

In the decay of Sb-127, there are 0.16 photons per disintegration
of 0.72 Mev energy. As shown in Fig. 5, such a photon yields 0.42 roentgens
per hour per curie at one meter. Therefore, for Sb-127,

(o.16)o.628§ioego.ue) = 1.85x10%

roentgens per hour at one meter for 10 kilograms of fissioned material.

Similarly for 90-day Te-127,

0.027x10% (0.045)  _ 5, 06x102
5.51 |

1 .1

Table III lists the constants required for these calculations, by element. 'g
is the number of gemmas per disintegration, "r'" is the dosage rate in roentgens
per hour at one meter from a one curie point source of photons at the particular

energy.

10
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Table El

Summary of Calculations Involved in Determining Mass
and Activity of Each Nuclide at Time of

Removal

One page has been devoted to each mass number, indicating the steps
involved in each calculation. A typical calculation (mass number 127) has
been exemplified in detail in the preceding text.

11
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Mass number 77 (Yield 0.0001)

Grams/second

Total grams =

Curies at saturation

h.hxloh(.OQ) = 880 curies

As

Se

0.0001(5x10°) (3.25x10%9)77,

6.023x1023

= 0.00207x10"* gm/sec.

= 0.752 gn.
0.0001(5x108)(3.2521010) ,

0.00207x10~4(42)24(3600)

3.7x10%0

59 s l12 h

h.h-xloh curies.

0.00207x10~%(12)3600

-693

0.00207x10~*(40)3600

12

.693

UNIVERSITY OF MICHIGAN

h.hx1o* curies (F = 1)

h.hx1o% curies (F= 1)

=

0.013 gnm.

0.043 gn.

.752-.013-.043 = 0-696 gm.
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Mass number 78 (Yield 0.00017)

0.00017(5x108)(3.25x101°) 78,

Grams/second

6.023x10°3

= 0.00356x10"% gm/sec.

Total grams = 0.00356x10~*(42)2L4(3600),

= 1.295 gu.

0.00017(5x108)(3.25x1019) ,

Curies at saturation

3.7x1010

7.5x10% curies.

7.5x10% curies (F= 1)

2.1 h
Ge

Omnm
As

stable
Se

7.5}:10)+ curies (F= 1)

1.295 gm.

15
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Mass number 79 (Yield 0.00056)

Grams/second -

Total grams =

Curies at saturation =

it

0.00056(5x108)(3.25x1010) 79,

6.023x1023
0.0122x10~4 gm/sec.
0.0122x10-4(42)24(3600),
3.98 gnm.
0.00056(5x108)(3.25x1019)

3.7x1010

0. 2#7::1(5 curies.

Om
As
6.5x10% y | 3:98(6.023%1023) .693
Se 79(3.7x1010)6.5x10% (365 ) 24(3600)
= 60 curies
+ 3.98 gm.
stable
Br

1k
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Mass number 80 (Yield 0.001)

0.001(5x108)(3.25x101%)80,

Grams/second =
6.023x10°3
= 0.0215x1074 gm/sec.
Total grams = 0.0215x10~%(L42)24(3600),
= 7-81 @n.
stable
Se 7.81 gm.

15
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Mess number 81 (Yield 0.002)

0.002(5x10%)(3.25x1010)81,

Grams/second =
6.023x10°3
= 0.0435x107% gm/sec.
Total grams = 0.0435x10-%(42)24(3600),
= 15.7 gnm.
10 m
As
T
57Tm 1136m
Se 'r)
|
[
—
stable
Br 15.7 gm.

16
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Mass number 82 (Yield 0.003L4)

o.oosh(sxloB)(3.25x1010)82,

Grams/second _
6.023x10°3
= o.o75x10'“ gn/sec.
Total grams = 0.075x10~*(L2)24(3600),
= 27.3‘gm.
Curies at saturation = Q&QQ3AL§KLQ§1L3&25KLQE91’
3.7x1010

= l.h9xlo6 curies

56 h 1.40x10° curies (F = 1)
Br 0.075x10~4(36) (3600)
293 = l.b gm
t
stable
I&' 223-10)4' = 25'9 gn'

17



Se
2. 42x106 curies
Br
-4
0.1225x%10~"(2.4) 3600
693 = 0.153 gm.
2.h2xlo6 curies Xr

Curies at saturation

ENGINEERING RESEARCH INSTITUTE

Grams/second =

Total grams =

1]

UNIVERSITY OF MICHIGAN

Mass number 83 (Yield 0.0055)

0.0055(5x105)(3.25%1019)83,

6.023x10°3
O.l225xlo‘h gm/sec.
0.1225x10~(42) 24(3600),
hh.5 em.
0.0055(5%108) (3.25x10%0) ,

3.7x1010

2.u2xlo6 curies.

|
67s 125m

L
__—-t__.

1o

lOé:n:sh§ﬂ£
]

b ,5-.15 = hb,.35 gn.

L
|
|
l

18
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Mess number 84 (Yield 0.009)

0.009(5x108) (3.25x1010) 81,

Grams/second =
6.023x1023
- 0.20Lx107}4 gn/sec.
Total grams = o.2ohxlo"“(u2)2h(36oo),

Th en.
0.009(5x108)(3.25x10%0),

Curies at saturation =
3.7x1010

3.95x106 curies.

2mnm
Se
4
33 m
Br
n
stable
Kr
T4 gm.

19
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Mass number 85 (Yield 0.01k4)

Groms /second = .01L(5x10%)(3.25x1010)8s5,
6.023x10°3
= 0.322x10"% gm/sec.
Total grams = 0.322x10~%(42)24(3600),
= 117 gm.
0.014(5x108)(3.25x1010)

Curies at saturation =
3.7x1010

= 6.15xlo6 curies.

3m
Br
(assume)
5 5
| A
3.08x10 curies L*-361’1:9.14-3}'
0.322x10 (4.36)3600(.5) l 58.5 gm.
2 .693 |
= 0.182 ,
%tablel
Rb ' 117'58.86 = 58.1’-!- gm.

20
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Mass number 86 (Yield 0.02)

0.02(5x108)(3.25x1¢10)86,

Grams /second =
6.023x1023
= 0.164x104 gn/sec.
Total grams = 0.464x10-4%(42)24(3600),

168.5 gm.

0.02(5x108) (3.25x1010),

Curies at saturation

]

3. 7100
8.8x106 curies.

]

19.5 d 6.8x106 curies (F = .775)
b 0.464x10-4(19.5)24(3600). 775
.693

= 87.5 gn.

stable

St 168.5-87.5 = 81 g.

2l
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Mass number 87 (Yield 0.027)

0.027(5x10%)(3.25x10%0)87,

Grams/second =
6.023x1023

= 0.63hx107k gm/sec.
Total grams = 0.634x107%(42)2L(3600),
= 230 gn.

0.027(5x108)(3.25x1019) ,

Curies at saturation =
3.7x1010

= ll.9xlO6 curies.

55.6 s
Br
8 0.02 0.98
stable inlS‘G :78lm ll.7xl06 curies
230-226 = L gm. & ¢ :
I
|
6x1010 '%r
Kb 206 gm.
] ]
2.7Th :gtab]e
Sr l

22
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Mass number 88 (Yield 0.034)

0.031( 5x108)(3.25x1010)88,

Grams/second =
6.023x1023

0.806x10~2 gm/sec.

1}

Total grams = 0.806x10™*(42)24(3600),
= 292 gm.

0.034(5x108)(3.25x1019)

Curies at saturation =
3.7x1010

I

14.95x10° curies.

15.5 s
Br
2.77h 14.95x10 curies
Kr 0.806x10~*(2.77)3600
.693
8‘.'
17.0'm 14.95x106 curies
Rb
stagle
Sr 290.8 gm.

1.16 gn.

25
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Mass number 89 (Yield 0.0L40)

Grams /second =

Total grams

i}

Curies at saturation =

0.0L0(5x108) (3.25x1010)89,

6.023x10°3
0.96x10~% gm/sec.
0.96x10"4(42)21(3600),
348 gm.
0.040(5x108)(3.25x1010),

3.7x1010

17.6x106 curies.

4.51 s
Br
2.‘['6 m
Kr
lsfh m
Rb
¥ 6 .
53 4 T.4x10° curies (F = 0.42)
Sp 0.96x10~4(53)24(3600) ( .42)
.693
. = 267 gm.
st;ble
Y 358-267 = 81 gm.

2L
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Mass number 90 (Yield 0.0L46)

Grams/second

Total grams

Curies at saturation

0.046(5x108) (3.25x1010) g0,

6.023x10°3

1.12x107% gm/sec.

1.12x10"%(42)2L(3600)

= LOT gm.
0.046(5x108)(3.25x1010)

3.7x1010

= 20.hxlo6 curies.

33 s
Kr
short
Rb
19.9 y LoT gm. |
Sr 407(6.023x10°3) .693 |
3.7x201990(19.9)365(24) (3600)
. = 8060 curies
61" h
Y 2700 curies (F = 13.25x1072)
stgble
Zr

25
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Mass number 91 (Yield 0.05)

0.05(5x10%) (3.25x1010)01,

Grams/second
6.023x10°3

1.23x10"% gm/sec.
Total grams  1.23x10~%(42)24(3600),
446 gm.

0.05(5x108)(3.25x1010),

Curies at saturation
3.7x1010

22x106 curies.

9.8 s
Kr
short
Rb
1.23x10 .T7)3600
9.7 h 3"1,69J*§9 )3 6.15 gn.
22x106 curies sr
4 6
51 m 57 d 5.28x106 curies (F  0.4)
8.8x106 curies Y 1.23x10 - 57)24(3600) . 6( . 4)
' 693
210 gm.
stable
1.23x10 -%(141)24(3600) .4 Zr 175(1.5)-210 53 gn.
175 enm.

26
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Mass number 92 (Yield 0.055)

Grams/second =

il

Total grams

Curies at saturation

0.055(5x108)(3.25x1010)92,

6.023x1023
1.36x10-% gm/sec.
1.36x10-4(42)24(3600),
495 gm.
0.055(5x108) (3.25x1010),

3.7x1010

24.4x106 curies.

3 s
Kr
$
short
Rb
2:% h 2l 4x106 curies
s 1.36x10~%(2.7)3600
* .69§ 7) = 1.91 gm.
5.6 h | 2h.4x106 curies
Y 1.36x107(3.5)3600
I .693 5) = 2.,47 an.
stable
Zr 495-4.38 = 1490.62 gm.
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Mass number 93 (Yield 0.06)

0.06(5x108)(3.25x1010) g3,

Grams/second =
6.023x10°3

= 1.51x107% gm/sec.
Total grams = 1.51x10-*(142)24(3600),

= 546 gm,
0.06(5x10°)(3.25x1010)

Curies at saturation =
3.7x1010

= 26.6x10° curies.

2 s
m‘,
short
Rb
T
Tm
Sr
10 h 26.6x105 curies
Y 1.51x10"%(10)3600
.693 ) = 7.85 gm.
153
5x10 y
- 546-7.85 = 538.15 gm.
st&ble
Nb

28
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Mass number 9% (Yield 0.063)

Grams/second =

Total grams

Curies at saturation

i

0.063(5x10%)(3.25x1010)o),

6.023x10°3

1.6x107% gm/sec.
1.6x10"4(42)24(3600),

579 em.

0.063(5x108)(3.25x1010) ,

3.7x1010
= 27.9x106

l.ﬁ s

Kr
T

short
Rb

2¢m
Sr

l6f5 m
Y

s%éble
- 579 em.

29
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Curies at saturation =

RESEARCH INSTITUTE

Mass number 95 (Yield 0.06L)

Grams/second =

Total grams

Rb

Sr

Mo

0.064(5x108)(3.25x1010)95,

UNIVERSITY OF MICHIGAN

= 5914- gnm.
0.06k4(5x108)(3.25x1010),

6.023x10=3
1.64x107% gm/sec.
1.64x10-4(42)24(3600),

= 28.4x10% curies.

3.7x1010

10.35x100 curies (F= .365)

1.65xlo-1+(62 )24(3600).365 = 496 gm
.693

3.7x106 curies (F = 0.13)

30

1.6bx107%(35)24(3600) . 365( .99) .13
.693
= 34.b gm.

594-530.5 = 635 gm
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Mass number 96 (Yield 0.063)

0.063(5x108)(3.25x1010) 96,

Grams/second. =
6.023x10°3
= 1.63x107% gm/sec.
Total grams = 1.63x10~#(42)2L4(3600),
= 590 gm.
stable
Zr 590 gm.
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Mass number 97 (Yield 0.06)

0.06(5x108)(3.25x1010)97,

Grams/second =
6.023x1023
= 1.565x10-% gm/sec.
Total grams = 1-565X10_4(h2)24(3600):
= 566 gm.
0.06(5x108]3.25x1010)
Curies at saturation =
3.7x1010

26.6x100 curies

—

K ls
T
short
Rb
shlort
Sr
short
Y
l7¢h 26.6x106 curies
Zr 1.565x10"%(17)3600
i I i .693 ] 13 .8 g,
60 s | Th m | 26.6x106 curies
|
b N 1.565x10~%(74) 60
L .693 = 1.0 gm.
stable
Mo 566-14.8 = 551.2 gm.
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Mass number 98 (Yield 0.058)

0.058(5x108) (3.25x1010)98,

Grams/second =
6.023x10°3
= 1.527x10°% gm/sec.
Total grams = 1.527x10™*(42)24(3600),
= 552 gm.
stable
Mo 552 gm.

)
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Mass number 99 (Yield 0.06)

0.06(5x10%) (3.25x1019) 99,
6.023x1023

Grams/second =

- 1.6x107% gm/sec.
Total grams - 1.6x10~*(42)2L(3600),

579 gn.
0.06(5x10°) (3.25x1010)

Curies at saturation

3.7x1010

26.6x10° curies.

67 26.6xlO6 curies
M 1.6x10~%(67)3600
° ,69§ 360 55.7 gm.
87 .13
¥ I ¥
26.6x100 curies 5.9 h 21X
1.6x10‘“(5.9)3600(87) Te : 579-60.65  518.35 gm.
.693 r
l
= Ll--95 gnm. ! 1
stable

3k
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Mass number 100 (Yield 0.078)

0.078(5x108)(3.25x1010)100,

Grams/second =
6.023x1023
= 2.1x10-4 gn/sec.
Total grems = 2.1x10-4(42)24(3600),
= T59 gn.
stable
Mo 759 enm.
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Mass number 101 (Yield 0.06)

0.06(5x108)(3.25x1010)101,

Grams /second =
6.023x10°3

= 1.635x10-4 gm/sec.
Total grams = 1.635x10-%(42)24(3600),

= 591 gn.
14.6m
Mo
WI;
16.5 m
Te
+
stable
Ru 5901 gn.
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Mass number 102 (Yield 0.0k)

0.04(5x108)(3.25x1010)102,

Grams/second =
6.023%1023

= 1.1x10"% gm/sec.

Total grams = 1.1x10-%(42)2L(3600),

= 399 gnm.
o
1llm
Mo
l
25 s
Tc
T
stable
Ru 399 gnm.
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Mass number 103 (Yield 0.022)

0.022(5x108)(3.25x1010)103,

Grams /second =
6.023x1023
= 0.612x10-t gm/sec.
Total grams = 0.612x10-4#(Lk2)2k(3600),

221.6 gm.
0.022(5x108)(3.25x1010),

Curies at saturation

3.7x1010
= 9.75%106 curies.
42 4 4.88x106 curies (F = 0.5)
Ru 0.612x10-4(42)24(3600)0.5
.693
P9 | 160 g
4.65x106 curies 57 m lsteble
-_612::10-“(?2%g0(-95)(-5) Rh i 221.6-160 = 61.5 gm.
|

= 0. 137 gn.
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Mass number 104 (Yield 0.011)

0.011( 5x108) (3.25x1010)10k,

Grams /second =

6.023%1023
= 0.309x10-4+ gm/sec.
Total grams = 0.309x10-(42)24(3600),
- 111.8 gn.

stable

39
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Mass number 105 (Yield 0.005)

0.005( 5x108 )(3.25x1010 )105,

Grams /second =
6.023x1023

= 0.1h2x10% gm/sec.
Total grams = 0.1421x10-% (42)2k(3600),
= 51.3 gm.
0.005(5x108 )(3.25x1010),

Curies at saturation =

3. 7x10L0
= 2.22x1F curies,
5m
Mo
1
short
Te
h?h 2.22x100 curies
Ru . 142x10-4 (4. 5)3600
.693 = 0.332 gm.
56{5 h 2.227{1& curies
Rh . 142x10-1 (36.5)3600
.693 =
T
stable
Pd 51.3-3.02 = 48.28 gm.
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Mass number 106 (Yield 0.0023)

0.0023(5x108)(3.25x1010)106,

Grams /second =
6.023x1023
= 0.066x10°F gm/sec.
Total grams = 0.066x10-%(L42)24(3600),

23.8 gn.
0.0023(5x108)(3.25x1010),

Curies at saturation -
3.7x1010

1.04x106 curies.

1y 8.33x10% curies (F - 0.08)

Ru .066x10-hg365)2hg36oo) .08
.0693

I = 23-8 gn.
30 g 8.33x10% curies
Rh
3+
stable
Pd

L1
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Mass mumber 107 (Yield 0.001k4)

0.001k(5x108)(3.25x1010)107,

Grams /second =
6.023x1023
= 0.0406x10-% gn/sec.
Total grams = 0.0406x10-4(L42)24(3600),
= lll-.65 gu.
l.5m
Te
T
b m
Ru
% m
Rh
5xf06y 14.65 gm.
Pd
M&f} 8 :S'éble
|
Ag |
|
|

L2
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Mass number 108 (Yield 0.00092)

0.00092(5x108) (3.25%1019)108,

Grams /second

6.023x1023
0.0269x107% gn/sec.

Total grems = 0.0269x10~*(42)24(3600),

9.72 gn.
0.00092(5x108)(3.25x1010),

Curies at saturation

3.7x1010

0.416x106 curies.

9h 0.416x106 curies
Rh 0.0269x10-%(9)3600
F
stable 9.72-.126 = 9.594 gm.

Pa
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Mass number 109 (Yield 0.000Th)

0.00074(5x108)(3.25x1010)109,

Grams /second -
6.023x1023
= 0.0219x10-% gm/sec.
Total grams = 0.0219x10-%(42)24(3600),

7.9 enm.
0.00074(5x108)(3.25x1010),

Curies at saturation

3.Tx1010

0.335x106 curies.

1h 0.0335x106 curies
"
0.0219x10~*(36
Rb ?293 (3600) = 0.0l gm.
1
13 h 0.335x100 curies
Pd 0.0219x10-%(13)3600
9x'693( )3 = O.l,"'e gn.
T
9.2 s steble 7.9-0.16 = T.74 gnm.
[
Ag r’
|
|

L
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Mass number 110 (Yield 0.00067)
0.00067( 5x108)(3.25x1010)110
Grams /second = 75 13.2500° 20110,
6.023x1023
= 0.020x10-4+ gm/sec.
Total grams = 0.020x10-%(42)24(3600),
= T.26 gn.
stable
Pd ‘ 7.26 gm.

45



ENGINEERING RESEARCH INSTITUTE * UNIVERSITY OF MICHIGAN —

Mass number 111 (Yield 0.00063)

0.00063(5x108)(3.25x1010)111,,

Grams/second =
6.023x10°3
= 0.019x107%4 gn/sec.
Total grams = 0.019x10~*(42)2h(3600),

6.9 gn.

0.00063(5x108)(3.25x1010),

Curies at saturation

3.7x1010

0. 285::106 curies

26 m
Pd
7‘% a 0.278x106 curies (F = 0.975)
Ag 0.019x10-(7.6)24(3600) . 975
.693
N = 1.76 gm.
48,6 m: stable| 6.9-1.76 = 5.14 gm.
cd I
P
[
|

L6
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Mass number 112 (Yield 0.00060)

10.00060(5x108) (3.25%1019) 112,

Grams/second

6.023x10°3

0.0183x10™% gm/sec.

Total grams = 0.0183x107*(42)24(3600),

6.65 gnm.
0.00060(5x108)(3.25x1010) ,

Curies at saturation =
3.7x1010

O.272x106 curies.

]

21 h O.272xlo6 curies

Pd 0.0183x10~4(21)3600
.693

0.20 gm.

3.2 h ‘ O.272xlO6 curies

0.0183x10™%(3.2)3600
Ag -69§ ) = 0-0305 gme.

stable 6.65*0-23 = 6.&2 gm.
cda

L7
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Mass number 113 (Yield 0.00058)

o.ooo58(5x108)(3.25x1010)113,

Grams/second =
6.023x10°3
= 0.0177x107% gn/sec.
Total grems = 0.0177x10~*(42)24(3600),

6.36 gm.

0.00058(5x10°) (3.25x1010)

Curies at saturation

i

3.7x1010

0 .263):.1.06 curies.

[t}

531n | 0.263x10°

curies

Ag 0.0177x10~
.69

T3
203 bl ,sta.ble
cd '

L8

;‘( 5.3)3600

6.36-0.049

0.0488 gm.

6.311 gm.
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Mass number 114k (Yield 0.00056)

0.00056(5x108)(3.25x10%0)114

Grams/second

6.023x10°3

0.0173x107% gm/sec.

Total grams = 0.0173x10~*(42)24(3600),

6.21 gn.

3
stable

cd 6.21 gm.

49
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Mass number 115 (Yield 0.00055)

0.00055(5x108) (3.25x101%) 115,

Grams/second

6.023x10°3
= 0.017lx10°% gm/sec.
Total grams = 0.0l7lx10"h(h2)2h(3600),
= 6.15 gn.
0.00055(5x108) (3.25x10%0),

Curies at saturation

H

3.7x1010

0.21+9x106 curies.

20 m
Ag
(assume)
5 | l5
0.125x106 curies 2354 145 a | 0-0625%106 curies (F = 0.5)
o.0171x10'”(2.33)2u(3600),5 ca ' o.0171x10'"(h3)2h(36oo)l5§,5)
I
= 0.27 gn. T : = 2,3 gn.
T 1 -
0.125x106 curies 4.55 hlstetile | (3.075)-2.3+(3.075-0.27).91
In .91 .:_, = 3.35 gm.
.09 :
“stable | (3.075-0.27).09 = 0.253 gm.
Sn

50
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Mass number 116 (Yield 0.0005k4)

0.00054(5x108) (3.25x1010)116,

Grams/second =
6.023x1023

= 0.0169x10-l4 gm/sec.

Total grams = 0.0169x10-4(42)24(3600),

6.09 gm.

stable
Cs 6.09 gm.
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Mass number 117 (Yield Q.00054)

0.00054(5x10%) (3.25x1019) 117,

Grams/second

6.023x1023

1]

0.01710x10"* gm/sec.

Total grams = 0.01710x10-%(L42)24(3600),
= 6.15 gm.

0.00054(5x108) (3.25%x1019)

Curies at saturation =
3.7x1010

=0 .2)+5x106 curies.

6 .
0.2
2.85 h 45x10° curies

-4
ca 0.0171x10~*(2.83)3600
‘69§ ) = 00025 gno

1 .91'5 h 0. 2h5x106 curies

=L
T 0.0171x10~*(1.95)3600
" .69_% B)0X 017 .
(assume)
¢5 c5
T T3
0.105x10 curies (F = 0.863) 14.54 |stable 6.15-1.3342 = 4.816 gm.
0.0171x10 (1k.5)24(3600).5(.863) l
.693
Sn

= 1-33 gm.
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Mass number 118 (Yield 0.00054)
0.00054(5x108) (3.25x1019)118,
Grams/second =
6.023x10°3
= 0.0172x10"% gm/sec.
Total grams = 0.0172x10~%(42)24(3600),
= 6.19 gme.
L.5m
In
$
stable
Sm 6.19 gn.

55
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Mass number 119 (Yield 0.00056)

0.00056(5x105) (3.25%x1010)119,

Grams /second

i

6.023x1023
= 0.018x107% gm/sec.
Total grams = 0.018x10~*(42)2L(3600),
- 6.47 en.
0.00056(5x10%)(3.25x1010),

Curies at saturation

L}

3.7x1010

= 0.25hx106 curies.

17.5m
In
(assume)
¢ D . .5
0.0317x10° curies (F = .25) 100 4 'steble
) |
0.018x10~%(100)24(3600) .5( .25) L 6.47-0.28 = 6.19 gn.
.693 Sm |
= 0.28 gme. }
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Mass number 120 (Yield 0.00057)

0.00057(5x108) (3.25x1010)120,

Grams/second =
6.023x1023
- 0.0185x107% gm/sec.
Total grams = 0.0185x10~*(42)24(3600),
= 6 . 62 .
stable
Sm 6.62 gnm.

——
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Mass number 121 (Yield 0.00059)

0.00059(5x108) (3.25x1010)121

Grams/second =
6.023x10°3
= 0.0193x10" % gm/sec.
Total grams = 0.0193x10~X(42)24(3600),

= 6.9’-'- gme
0.00059(5x108) (3.25x1010) ,

Curies at saturation

il

3.7x1010

O.268x106 curies.

26.4 h O.268X106 curies
Sm 0.0193x10~4(26.14)3600
.693 = 0-275 gm.
stable 6.94-0.275 = 6.665 gn.
Sb :

56
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Mass number 122 (Yield 0.00062)

0.00062(5x108)(3.25x1010) 122,

Grams/second =
6.023x1023

0.0205x10 -4 gn/sec.

Total grams = 0.0205x10 ~*(42)24(3600),
== 7.36 gm.
stable
Sm 7.36 gm.

57
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Mass number 123 (Yield 0.00066)

0.00066(5x10%) (3.25%101°)123,

Grams/second =
6.023x10°3
= 0.0219x107% gm/sec.
Total grams = 0.0219x10"*(42)24(3600),

7.89 gn.
O.OOO66(5xlO8)(3 .25x1010),

Curies at saturation=
3.7x1010

= O. 2991(106 curies.

'0.0299x106 curies (F = .2) 130 d} Wom
0.0219x10"%(130)24(3600) .2( .5) '
593 Sm (as4ume)
= 3.56 gm. -54.' | is
stable
Sb 7.89-3.56 = 4.33 gm.

58
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Mass number 124 (Yield 0.00072)

Grams/second

Total grams

Sm

0.00072(5x108) (3.25x1010) 12,

6.023x1023
0.0242x10-% gm/sec.
0.0242x10 -4 42)24(3600) ,

8.7 gn.

stable
8.7 gnm.

59



0.180x1P curies (F = 0.95)
0.0284x10-4(10)24(3600) .95( .5) sm
.693

. 1.68 gn.

0.0585x106 curies (F = 0.308)

.0281x10~4(50) 21:(3600) . 308(.5) &,
.693

= 2:72 @..

Te

Grams/second =

Curies at saturation =

r—— ENGINEERING RESEARCH INSTITUTE -

Mass number 125 (Yield 0.0008k4)

UNIVERSITY OF MICHIGAN

0.00084(5x108)(3.25%1010) 125,

6.023x1023

= 0.0284x10-4 gm/sec.

= 10.2 gnm.

Total grams = 0.0284x10-4(142)24(3600),

0.00084(5x108)(3.25x1010),

3.7x1010

= O.38x106 curies.

60

10.2—4.4 = 5.8 gm.
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Mass number 126 (Yield 0.001)

0.001(5x10°) (3.25x1019)126,

Grams/second =
6.023x1010
= 0.03kx107} gm/sec.
Total grams = 0.034x107%(42)24(3600),

= 12n2 @n.

0.001(5x108) (3.25x10%0) ,

Curies at saturation

]

3.7x10°0

0. 1!-39}(106 curies.

6 .
70 m 0.439x10° curies
Sm
¥ 6
60 m 0.439x10° curies
Sb
b 12
stable -2 gm.
Te

61
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Mass number 127 (Yield 0.0015)

0.0015(5x10° ) (3.25x10'0) 127,
3

Grams/second =
6.023x10°

= 0.0515}:10-LL gm/sec.
Total grams = o.o515x10'“(h2)2h(56oo),
= 18-5 gme.

0.0015(5x208) (3.25x1010) ,

Curies at saturation =
3, Tx1010

= O.658xld6 curies.

95 h O.638x106 curies

Sb 0.0515x10~%*(93)3600
.695 = 2.’4'6 gﬂ.

|
04|93 h 0.546x10% curies

0.027x106 curies (F = 0.265)
: r» 0.0515x10~%(9.3)3600( . 84)

0.0515x10'”(90)2h(5600)-25X-f%3 | -693
%5 | =0.206 gm.
= 2.43 gm. 7 l
stable 18.5-5.1 = 13.4 gm.
I

62
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Mass number 128 (Yield 0.0026)

Grams/second

Total grams

Te

i

0.0026(5x108) (5.25%1010)128,

6.023x1025
0.09x10~% gm/sec.
0.09x10~*(42)24(3600)

32.5 gm.

stable

32.5 gnm.

63



O.815x106 curies (F = .60)

= 26.8 gn.

Xe

Total grams

Grams/second =

Curies at saturation =

—  ENGINEERING RESEARCH INSTITUTE -

Mass number 129 (Yield 0.0064)

0.0061(5x108) (3.25x1010) 129,

UNIVERSITY OF MICHIGAN —

0.225x10"% gm/sec.

0.223x10"*(42)2L4(3600)

80.3 gnm.
0.006k (

6.023x1023

5x10%)(3.25x10 D),

2.72x106 curies.

3.7x1010

Te
0.223x10"%(32)24(3600) .6( .5)
695 _

Lot 2.72x10° curies
0.223x10~*(4.2)3600
(assme) .695 = O.’-l-9 gln
) S
324 170m | 3 364106 curies 6 .

l L = 2.18x10° curies
+
|
|

3x107 y 80.3-27.29 = 53.01 gm.
3

stable

6L
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Mass number 130 (Yield 0.015)

0.015( 5:&08 )(3.25x10- )130,

Grams/second =
6.023x10°2
= 0.527::10'1‘ gm/sec.
Total grams = O.527x10",+(h2)2h(3600)
= 192 gn.
stable
Te 192 gm.
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Mass number 131 (Yield 0.028)

0.028(5x108) (3.25%1010) 131 ,

Grams/second =
6.023x10%7
= 0.99x10~4 gm/sec.
Total grams = 0.99x10™*(42)24(3600),

360 gnm.
0.028(5x108) (3.25x1019) ,

Curies at saturation =

3., 7x100

12, 3x_'LO6 curies.

|
12.3x100 curies 20 h :25 m
|
0.99x10~%(30 ) 3600 Te P
' .695 = 15.5 gn. |
|
8 a,'b ll.9xlO6 curies (F = 0.97)
| -
0.99x10~%(8)24(3600).
I 99 (.%93(3 ).97 - 95.9 g
301 :99
—t
.693(2.4)6.023x1023 | 12 4  stable (360-15.5-95.9).99 = 246.2 gm.
1.2(2.4)3600(13.1)3. 7100 ¢ 1'4
= 0.20x106 curies |
(360-15.5-95.9)0.01 = 2.4 gm. |

66
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Mass number 132 (Yield 0.045)

0.045(5x108) (3.25x1010)132,

Grams/second =
6.023x1023
= 1.6x1074 gm/sec.
Total grams = 1.6x10X(42)24(3600),

582 gm.

0.045(5x109)(3.25x1019) ,

Curies at saturation

3.7x1010

l9.8x106 curies.

5m

Sb
19.8x10° curs

77 h 9. curles
Te 1.6x10™*(77)3600

2.k h l9.8x106 curies
I 1.6x10~*(2.4)3600

.693 = 2.0 @o

stable 582-66.1 = 515.9 gm.

Xe

67



ENGINEERING RESEARCH INSTITUTE

Mass number 133 (Yield 0.060)

Grams/second =

Total grams = 2.15x10~*(42)2L(3600),

Curies at saturation =

Te

Xe

Cs

0.060(5x108)(3.25x1010)133,

UNIVERSITY OF MICHIGAN

= 2.15x10"* gn/sec.

= 772 gm.

0.060(5x108) (3.25x1010),

6.023x1022

= 26.4x10% curies.

3, 7x10%0

16 m

66 m

22.4 h

- 5.2T7 4

stable

68

26.5x106 curies

2.15x10~*(66)60
.693

= 1.25 gm.

26.5x106 curies

2.15x10~ 422, 1(3600)
.693

= 25.1 Qn.

26.5x106 curies

5.27(24)3600(2.15x1074)
.693

792-167.33 = 60#.67gﬁ
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Mass number 134 (Yield 0.078)

0.078(5x108 )(3.25x1010)13k,

Grams/second =
6.023x10P2
= 2.79x10-% gm/sec.
Total grams = 2.79x10-4(k2)2k(3600),

1016 gm.

0.078(5x108) (3.25x1010),

Curies at saturation

3. 7x1010

31&.3}:106 curies.

10m
Sb
T
b m
Te
T
52.5 m
I
T
stable
Xe 1016 gnm.

69



8.4x10 curies

—  ENGINEERING RESEARCH INSTITUTE -

Mass number 135 (Yield 0.06%)

Grams /second

‘Total grams

Curies at saturation

Te

Xe

2.31x10 (15.3)60(.3)

693

= 0.09 gm

Cs

0.064( 5:&08)(5.25::1010)135,

6.023x10°7

2.31x10“u gm/sec.

840 gm.

0.064(5x108) (3.25x10%0) ,

2,31x10"*(42)24(3600),

28.2x100

2m

6.88 n

1'3 °|7

v l B2

15.3 m| 9.2h

5.7x10100

curies.

28.2x100 curies

2,31x10"(6.68)3600 _

-093

l9.8x106 curies

2.31x10-4(9.2)3600( .7)

UNIVERSITY OF MICHIGAN —

8.02 gm

.093

840-15.83 = 824.17 gm.

= 7.72 gm.

TO
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Mass number 136 (Yield 0.059)

0.059(5x108) (5.25x1030)136,

Grams/second. =
6.023x1023
= 2.15x10-4 gm/sec.
Total grams = 2.15x1004(42)24(3600),
| = 781 gnm.

0.059(5x108) (3.25x1010),

Curies at saturation

3,7x107

26x100 curies.

86 s

stable

Xe 781 em.

71
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Mass number 137 (Yield 0.058)

_ 0.058(5%10%) (3.25%1019)157,

Grams/second
Total grams =
= TT5 gm.
22 s
I
06 .94
L
stable 0 59 m
I
)'"¢6 mn Xe '
I
|
T
35y
Cs
95 .05
T
2. stable
.695(.95)6.023x1027729 5 o
33(365)24(3600)3.7x1010(137) Ba L

= 0.0547x10® curies

6.023x1020
2.13x10"4 gm/sec.

2.13x10~*(h2)24(3600)

729 gm.

0.0547x108 = 57.5%107 curies

—

T2
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Mass number 138 (Yield 0.062)

0.062(5x108) (3.25x1010)138,

Grams,.econd =
6.023x10°3

2. 51xlO'hgm/ sec.

Total grams = 2.31x10~*(42)24(3600),
= 8’4—0 gm.
5.9 s
I
3
1T m
Xe
T
2.9 m
Cs
T
stable
Ba 840 gm.

>
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Mass number 139 (Yield 0.06lk4)

Grams/second

Total grams

Curies at saturation

0.064(5x108) (3.25x1010) 139,

6.023x10°3
2.4x10"4 gm/sec.
2. 4x10-%(42)24(3600),

872 em.
0.064(5x10°) (3.25%1010)

3.7x1010
= 28.2x10 curies.
2.7 s
I Db
hiL s
Xe
2
9.5 m
Cs
3
85 m 28.2x106 curies
Ba 2. hx10-4(85)60
.693 = 1077 gm.
t
stable 872-1.77 = 870.23 gm.
Ia

Th
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Mass number 140 (Yield 0.063)

0.063(5x108) (3.25x1019) 140,

Grams/second =
6.023x10°3
= 2.38x10°% gm/sec.
Totel grams = 2.38x10"*(k2)2k ) 3600,
= 865 gm.
Curies at saturation = 0:063(5x10%)(3.25x1010),
3.7x1010
= 27.8x106 curies.
16 s
Xe
66 s
Cs

12.84d | 24.6x10% curies (F = .885)

Ba 2.38x10~%(12.8)24(3600) ( . 885)
-695
_ = 337 g.
40 h 24.5x10° curies (F = .88)
Ia 2.38x10-4(140)3600
.69%‘ ) = 43.5 gm
‘ik

stable 865-380.5 = L484.5 gm.
Ce

[P
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Mass number 141 (Yield 0.060)

0.060(5x10 8 )(3.25x1025) 141 ,

Grams/second =
6.023x1023
= 2.28x10-4gm/sec.
Total grams = 2.28x10-4%(42)24(3600),

830 gm.

Curies at saturation = 0.060(5x108)(3.25x1010)

3.7x1010

26.5x106 curies.

3 8
Xe
short
Cs
18 m
Ba
3.7h |26.5x10° curies
Le 2.28x10"%(3.7)3600
'693 = l|'¢59 Qno
30 4 164210 curies (F = .62)
Ce
2.28x10"*(30)24(3600) ( . 62)
695 = 530 gm
stable |830-534,39 = 295.61 gm.
Pr

76
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Mass number 142 (Yield 0.055)

0.055(5x108) (3.25x1010)1k2,

Grams/second =
6.023x1023
= 2.1x10-+ gm/sec.
Total grams = 2.1x10~*(42)24(3600),

766 gnm.
0.055(5x10°) (3.25x1010),

Curies at saturebion =
3.7x1010

2&.3x106 curies.

1m
Cs
6¢m
Ba,
7K m 24.3x10 curies
Ia 2.1x10 (74)60
.693 = 1035 gn-
£3b1
. srante 766-1.35 = 764.65 gm.
e

T
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Mass number 143 (Yield 0.050)

Grams/second

Total grams

Curies at saturation

0.050(5x108) (3 .25x100)143,

]

T02 gnm.

6.023x1027

1.92x10-4 gm/sec.
1.92x10-4(142)24(3600),

0 .‘oso( 5x108) (3.25x1010) ,

"

3, 7x1010

22.lx106 curies.

22,1x100 curies

1.92x10~4(33)3600
.693 = 33 gm

19.2x1° curies (F = .869)
1.92x10'“(15é7)(2h)3600(.869)
bl

ls
Xe
g
short
Cs
1
S m
Ba,
2
19 m
La
¥
33 h
Ce
+
15.7 4
Pr
—-
stable
Nad

78

702-518 = 38’4— gm,
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Mass number 1hh4 (Yield 0.0L3)

Grams/second

Total grams

Curies at saturation

0.043(5x108)(3.25x1010) 4,

]

6.023x1023

1.66x10-4 gm/sec.
1.66x10-4(42)24(3600),

608 gm.

0.043(5x108) (3.25x1010),

3,7x1010

19x106 curies.

1.66x107% (275)24(3600)0.1

Xe ls
short
Cs
short
Ba
short
la
275 4 1.9x106 curies (F = 0.1)
Ce
693
17.5m l.9xlO6 curies
Pr
stable
Nd

608-570

i

570 gm.

()
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Mess number 145 (Yield 0.036)

Grams/second

Total grams

Curies at saturation

0.036(5x108)(3.25x1010) 145,

515 gm.

6.023x1023

1.4x10~4gm/sec.
= L.hx10-%(42)24(3600),

0.036(5x10°) (3.25x1010)

.8
Xe 8
sho%t
Cs
T
short
Ba,
T
short
La
d
1.8 n
Ce
3
4h.sh
Pr
J
stable
Na

3.7x1010

15.9x106 curies,

15.9x10 curies

1.4x107(1.8)3600
‘695 = 1.51 gm.

15.9x10% curies

1.4x10-%(%4.5)3600
595 = 5.27 gm

513-4.58 = 508.42 gm.

t—
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Mass number 146 (Yield 0.028)

0.028(5x108) (3.25x1010)146,

Grams/second =
6.025x1022

=1 .()953:10"lL gm/sec.

Total grams = 1.095x10~*(42)24(3600)

= 402 gn.
14.6 m
- Ce
1
25 m
Pr
¥
stable
Na
ho2 gn.
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Mass n.mber 147 (Yield 0.021)

) 0.021(5x108)(3.25x1010) 117,

Grams/second
6.023x10°7
= 0.828x10°}4 gm/sec.
Total grams = 0.828x107*(42)24(3600),

304 gm.

0.021(5x108) (3.25x1019),

Curies at saturation =
3., 7x1010

9 .28x10° curies.

u

11 4 8.64x100 curies (F = .93)
-4
xa 0.828x10 .é%%)eh(56oo).93 - 106 en.
J
L g
. 304-106 = 198 gm.
¥
stable
Sm

82
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Mass number 148 (Yield 0.015)

Grams/second

0.015(5x108)(3.25x1010)148,

6.023x1023

= 0.595x10-4 gm/sec.

Total grams = 0.595x10-%(42)2L(3600)

Nd

= 218.5 gm.

stable

83

218.5 gn.
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Mass number 149 (Yield 0.01)

0.01(5x10%) (3.25x1010) 149,

Grams/second =
6.025x10°7
= 0.kx107% gm/sec.
Total grams = 0.kx10~*(42)2L4(3600)

(1

147 gm.
0.01(5x10%)(3.25x1019),

Curies at saturation

3., 7x1010

h.hhxlo6 curies.

2h h.hhxlo6 curies
Nd 0.hx10 (2)3600
-695
3 6
4T h 4. 4hx10 curies
P 0.4x10™* (47)3600
.695
¥
stable 147-10.196 = 136.804 gm.
Sm

8l
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Mass number 150 (Yield 0.006L4)
8 10
Grams /second = 0.0064(5x10°) (3.25x10-V)150,
6.023x1020
= 0.258x1074 gm/sec.
Total grams = 0.258x10™*(L42)24(3600),
= 9’4—.7 gm.
stable
Na ok.T gnm.
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Mass number 151 (Yield 0.0041)

0.0041(5x108) (5.25%1010)151,

Grams/second =
6.023x10°7
= 0.166x1074 gm/sec.
Total grams = 0.166x10’h(h2)2h(3600),
= 61.1 gm.
short
Nd
1
12 m
Pm
il
1000 y 61.1 gm.
Sm (.693)  6.023x1023( 61.1)
1000(365)24(3600) 3.7x10:0(151)
+ = 145 curies
stable
Ea

86
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Mass number 152 (Yield 0.0025)

0.0025(5x108) (5.25x1010)152,

Grams/second =
6.025x10°7
= 0.1016x10°% gm/sec.
Total grams = 0.1016x10"(42)24(3600)
= 37.4 gm.
stable
Sm 37.1 gm.

87
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Mass number 153 (Yield 0.001k)

o.001h(5x108)15.25x101°);53,

Grams/second =
6.023x10°2
= 0.0573x107% gm/sec.
Total grams = 0.0573x10'h(h2)2h(5600),

21.1 gm.

0.0014(5%108) (5.25x1010),

Curies at saturation
3. 7x1010

O.6l5x106 curies.

1]

5m
Pm
W hn | 0.615x106 curies
-4
g 0.0573x10""(47)3600
m .695 = 1l.h gm
stable 21.1-1.4 = 19.7 en.
Ea

88
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Mass number 154 (Yield 0.0008)

0.0008( 5x108)( 3,25%10-0 )15k,

Grams/second =
6.023x10
b
= 0.033x10 gm/sec.
~ Totel grams = 0.033x10 (42)2k(3600),

= 12.15 gnm.

stable

Sm 12.15 gnm.

89
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0.00035( 5x108) (3.25x1010) 155,

6.023x1022

0.01465x10-4 gm/sec.

0.01465x10-4(42)214(3600),

D.33 gm.
.693 6.023x10°2(5.33)

Grams/second =
Total grams =
= 5.35 gnm.
5m
Pm
25 m
Sm
2y
Ea
stable
Gd

90

2(365)24(3600) 3.7x10%0(155)
= 6150 curies

—




ENGINEERING RESEARCH INSTITUTE

UNIVERSITY OF MICHIGAN

Mass number 156 (Yield 0.0001)

Grams/second =

0.0001(5x10%) (5.25x1010)156,

6.023x10°9

= 0.00418x107% gm/sec.

Total grams = 0.00418x10~4(42)2L4(3600),

Curies at saturation =

Sm

Ea

= 1-5’4- gm.

0.0001(5x108)(3.25x1010)

3. Tx10%0

= 0.044x10 curies.

10 h

15.h 4

0.04kx106 curies

0.00418x10~(10)3600
'693 = ,022 gm.

0.057x106 curies (F = 0.84)

stable

91

0.00418x10"%(15.4)24(3600) . 84
.693

= .67)4- gn.
1.54-.696 = .84k gm,
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BETA PARTICLE ABSORPTION

As discussed by Engelder, it is probable that beta particles emitted
by fission product nuclides within a typical piece of chemical processing equip-
ment will be totally absorbed; therefore all the emitted energy would be ab-
sorbed within the equipment as thermal energy.

In the decay of Sb-127, there are 0.8} beta particles per disin-
tegration with a maximum energy of 0.8 Mev. A satisfactory conversion factor
from maximum energy to average energy over the range of energies involved is
0.4. The conversion factor from Mev to BTU is 1.517x10716, and 3600 (3.T7x1010)
converts curies into particles per hour. Thus for Sb-127,

(1.517x10~16)3600(3.7x1010)0.84(0.8)0.4(0.638x106 )
2.51

1.50x108

]

BTU per hour per 10 kilograms of fissioned material.

Similarly for 9.3 hour Te-127,

(1.517;{10-16)5600@.;;(1010)0.8(o.l+)o.5u6x1d5 = 1.52x103
2.31

Table IIT lists the constants required for these calculations. "b" is the
number of beta particles per disintegration, "w" is meximum beta particle

energy in Mev.

DECAY CHARACTERISTICS

The number of grams and curies of each nuclide, and the resulting
rates of beta energy absorption and gamme radiation levels have been calculated
at the time of removal from the reactor, for each mass number, according to the
processes Jjust outlined. It is now of interest to evaluate the variation in
these quantities with time after removal from the reactor. For purposes of
this calculation, the various nuclides were partitioned into three groups:
first generation (parent) nuclides, second generation (daughter) nuclides, and
third generation (grand-daughter) nuclides.

Rutherford has developed explicit expressions directly applicable
to this problem. As stated by Rutherford, the situation is as follows:
". . . a primary source has supplied (a particular) matter A at & constant
rate for any time T and is then suddenly removed. Required the amount of A, B,
C at any subsequent time," the following nomenclature is pertinent:

1) B and C are daughter and grand-daughter of A, respectively.

2) >\l, kg, )\3 are the decay constants of A, B, C respectively.

95
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3) T is the operation time of the reactor, in this case, 42 days.

4) ¢ is the independent variable, time.

5) Pp, P refer to the amounts of A, B, and C present at
time of shutdown, t = O, and after an arbitrary
Qr, Q time t, respectively.
Rp, R

The ratios P/Py, Q/Qq, R/Rp, i.e., the ratios of the amount present
at time t after removal from the reactor to the amount present at shutdown, are
given by Equations 1, 2, and 3, respectively. These ratios shall henceforth
be referred to as survival ratios.

ae” Azt - be” Alt

2y Q@ = )
a-b
where
o _ loe= AT
e P
b = l-e” )\lT
=
and,
5) m/n - feo "itigem Mztine-Tat
f+g+h
where
)\2 _/\ P
f = —
(Ma- M1)( V3= Nq) (1-e= 1Ty,
_ A AT
g (Ar- M) ( Ag- ) (1-e ),
b= 7& 7\2 (1L-e~ )‘ST).

Na( A1-Ag)( Az- As)

96
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Table III

Data Derived from Decay Schemes for Calculation
of Radiation Level and Rate of

Heat Formation

The third column, g, lists the fraction: gammas per disintegration.
The fourth column, r, is the dosage rate in Roentgens per hour at one meter
from & point source of one curie at the particular energy. The fifth col-
umn, b, lists the fraction: betas per disintegration. The sixth column, w,
is the average beta particle energy in Mev.
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Ge 77 1.000 0.300 1.000 1.740 Rb 85 - - - -
% - - .000 0.900 86 0.300 0.600 0.700 1.800
As 77T - - .000 0.700 86 - - 0.300 0.600
78 1.000 0.145 0.700 1.k00 87 - - - -
78 - - .300 L4.100 88 - - 1.000 5.000
Se 77 1.000 0.067 - - sr 86 - - - -
78 - - - - 88 - - . -
9 - - .000 0.030 8 - - 1.000 1.500
80 - - - - 90 - - 1.000 0.540
Br 81 - - - - 91 0.L00 0.700 0.400 1.300
82 1.000 0.320 1.000 0.465 91 0.%00 0.350° 0.600 3.200
82 0.500 0.450 - - 92 - - 1.000 0.100
82 0.500 0.720 - - Y 8 - - - -
82 0.500 0.960 - - 90 - - 1.000 2.250
8 - - .000 1.000 a1 - - 1.000 1.5%0
Kr 82 - - - - 92 1.000 0.400 1.000 3.500
85 1.000 0.070 - - 95 1.000 0.400 1.000 3.100
8L - - - - Zr 91 - - - -
85 1.000 0.14%0 1.000 1.000 92 - - - -
86 - - - - 95 - - - -
87 - - .000 3.200 o - - - -
88 - - .000 2.400 95 0.020 0.115 0.20 0.887
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Zr 95 0.980 0.410 0.980 0.400 Rh 103 - - 1.000 0.030
9% - - - - 105 1.000 0.190 1.000 0.600
97 1.000 0.450 1.000 1.500 106 0.170 0.360 0.180 2.300
Nb 95 1.000 0.115 1.000 0.146 106 0.010 0.670 0.820 3.550
95 1.000 0.kko - - 108 1.000 0.460 1.000 1.300
97 1.000 0.450 1.000 1.%00 109 - - 1.000 0.100
Mo 95 @ - - - - Pd 105 - - - -
o7 - - - - 07 - - - -
98 - - - - 108 - - - -
99 1.000 0.140 0.250 0.240 109 - - 1.000 0.950
9 - - .000 1.200 110 - - - -
100 - - - - 12 - - 1.000 0.200
Te 99 1.000 0.070 - - Ag 109 - - - -
Ru 101 - - - - 11 - - 1.000 1.060
102 - - - - 112 1.000 0.490 1.000 3.600
105 1.000 0.150 0.500 0.350 113 - - 1.000 2.100
103 1.000 0.320 0.500 0.665 ca 111 - - - -
103 - - .970 0.200 12 - - - -
103 - - .300 0.800 113 - - - -
0k - - - - 114 - - - -
105 1.000 0.430 1.000 1.400 115 1.000 0.290 1.000 1.670
106 - - .000 0.041 115 0.600 0.30 0.600 .0.460
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éﬁi;4§g%}§///; r b w é;;/<§gi/§,/§ r b W
cd 115 1.000 0.090 0.400 1.100 Sb 125 1.000 0.3%0 - -
116 - - - - 126 - - - -
117 - - 1.000 1.500 127 0.160 0.420 0.840 0.800
In 115 0.9%0 0.190 0.94%0 0.490 129 - - 1.000 0.100
115 - - 0.060 0.830 Te 126 - - - -
117 - - 1.000 1.950 127 0.160 0.045 1.000 0.800
Sn 115 - - - - 128 - - - -
117 1.000 0.090 - - 129 1.000 0.055 - -
118 - - - - 130 - - - -
119 1.000 0.0k40 - - 131 1.000 0.090 1.000 1.800
120 - - - - 132 1.000 0.120 1.000 0.280
121 - - 1.000 0.38% 133 - - 1.000 0.100
122 - - - - I 127 - - - -
125 0.010 0.230 1.000 1.k20 129 - - - -
12k - - - - 131 0.150 0.390 0.150 0.320
125 - - 1.000 2.380 131 0.850 0.220 0.850 0.600
126 1.000 0.650 0.600 0.700 132 0.500 0.350 0.500 0.900
126 - - 0.%00 2.700 132 0.500 0.750 0.500 2.200
Sb 121 - - - - 133 0.060 0.490 0.060 0.500
123 - - - - 133 0.9%0 0.320 0.9%0 1.400
125 1.000 0.090 0.350 0.621 135 1.000 0.700 0.350 0.470
125 1.000 0.250 0.650 0.288 135 1.000 0.850 0.%00 1.000
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ny,. @@% r b W @%% r b w
Le 142 1.000 0.100 1.000 0.100 I 135 - - 0.250 1.koo
Ce 1k0 - - - - Xe 131 1.000 0.086 - -

11 - - .300 0.560 132 - - - -
1h2 - - - - 133 1.000 0.0kk 1.000 0.315
143 1.000 0.320 1.000 1.360 3k - - - -
14h - - .000 0.348 135 1.00 0.310 1.000 0.930
145 - - .000 0.100 135 1.000 0.1%0 - -
Pr 141 - - - - 136 - - - -
143 - - .000 0.932 Cs 133 - - - -
14k 1.000 0.068 1.000 3.070 135 - - - -
5 - - .000 3.200 137 0.950 0.380 0.950 0.510
Nd 143 - - - - 137 - - 0.050 1.200
1hh - - - - Ba 137 1.000 0.320 - -
15 - - - - 138 - - - -
6 - - - - 139 0.260 0.086 1.000 2.270
147 0.k00 0.3%0 0.%00 0.400 140 0.400 0.310 0.600 1.022
wr - - 600 0.900 0 - - 0.400 0.480
148 - - - - La 139 - - - -
149 - - .000 1.500 140 0.770 0.720 0.700 1.320
150 - - - - 140 0.15%0 0.%70 0.200 1.670
Pm 147 - - - - 140 0.070 0.350 0.100 2.260
149 0.100 0.140 1.000 1.100 - - 1.000 2.800

101




ENGINEERING RESEARCH

INSTITUTE

e UNIVERSITY OF MICHIGAN —

sm 149 - - - - Eu 153 - - - -
151 - - 1.000 0.07k 155 0.600 0.04% 0.800 0.154
152 - - - - 155 0.400 0.051 0.200 0.243
155 1.000 0.040 1.000 0.780 156 1.000 0.960 0.600 0.500
153 1.000 0.053 - - 156 - - 0.400 2.500
1% - - - - cd 156 - - - -
156 - - 1.000 0.800
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NUMERICAL METHODS

The various calculations described below were performed with
"slide rule accuracy."

The calculation of the first generation cases (Eq. 1) were per-
formed with a slide rule.

The analog computor of the Electrical Engineering department of the
University of Michigan was used to obtain the solution of 19 of the 35 second
generation cases. For this, Equation 2 was obtained as the solution of the
differential equation

F+( A 1+ A2)F+ )\1/\ oF =0,
with the initial values
F =1,

I’F _ Alb— Aga.
a-b

A schematic diagram of a typical program and its associated solution is shown in
Fig. T.

The remaining 16 second generation cases (those with non-zero first
derivatives at t = 0) were solved directly from Equation 2 with the aid of a
desk calculator. The third generation cases were also obtained by means of a
desk calculator.

A considerable savings in time could have been effected if a machine
such as the I.B.M. Card-Programmed Electronic Computor had been available. The
time spent in "table look-up" and transcription of intermediate results would
have been considerably reduced.

In the case of the mass number 127, both isomers of Te-127 may be
considered daughter products, as previously discussed. The survival ratios
for the three radiocactive members of the sample decay chain for 0, 1, 2, 4, 8,
and 16 days sfter shutdown are presented in Table IV. These multiplicative
factors are then applied to the four quantities of interest as calculated at
time of shutdown. The mass of the stable nuclide increases directly with the
loss of mass of the radioactive members of the chain. The resultant informstion
for mass number 127 is presented in Table V. Table VI contains these data for
all the mass numbers arranged by elements.
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Table IV

UNIVERSITY OF MICHIGAN

Survival Ratios for Mass Number 127

The ratios of quantity present at a given time after shutdown to quantity
present initially are tabulated for each radioactive nuclide (including iso-
mers) of mass number 127, for t = 0,1,2,4,8,16 days after shutdown.

90 a 9.5 h

Days after Sb Te Te
shutdown 127 127 127
0 1 1 1

1 0.83%6 1.062 0.905

2 0.700 1.062 0.759

L 0.489 1.110 0.538

8 0.249 1.128 0.261

16 0.057 1.099 0.063
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Table V

Calculated Mass, Activity, Radiation Level and Rate
of Heat Formation of Each Nuclide
of Mass Number 127 for
t = 0,1,2,4,8,16 days

after Shutdown

The first column, G, is mass in grams. The second column, C, is activity
in curies. The third column, R, is radiation level in Roentgens per hour at
one meter from a point source of the particular curie level and energy. The
fourth column, W, is the rate of formation of heat from beta particle absorp-
tion in BTU's per hour. All quantities are expressed per 10 kilograms of
fissioned material.
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Mass Number 127

G C R W
Sb
1.04 2.76x105 1.85x104 1.50xlo3
0.89 2.§1x105 1.55x104 1.25x103
0.74 l.95x105 1.30x105 ‘l.05x103
0.51 1.55x105 9.07x103 7.33x102
0.25 |6.60x10 | b.bx10 | 3.58x10"
0.06 1.57x104 1.o5x103 8.52x10
Te
1.55 2.u8x105 5.26x102 1.52xlo3
1.20 2.26x105 5.56x102 l.58x103
1.19 1.95xlo5 5.56x102 1.16x103
1.22 1.h3x105 5.76x102 8.18x102
1.21 8.09x104 5.93x162 1.80x10
1.16 5.52x104 5.77x102 L. 30x10
I
5.80 - - -
5.93 - - -
6.06 - - -
6.27 - - -
6.53 - - -

7.27
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TABLE VI

Calculated Mass, Activity, Radiation Level and Rate
of Heat Formation of Fission Product
Nuclides, by Element, for
t = 0,1,2,4,8,16 days

after Shutdown

The columns G, C, R, W have the same significance as corresponding
columns in Table V. These nuclide characteristics are sub-totaled by element;
final totals are also tabulated. All quantities are expressed per 10 kilo-
grams of fissioned material.
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GERMANIUM Ge

G C R W G C R W
7
4 3 2
0.01 1.90x10 |5.70x10 [2.67x10
3 3
- 4 .80x10 |1.40x10 |6.72x10
3 2
- 1.20x10 |3.60x10 [1.67x10
- 7.4%x10 2.20x10 1.04
- 0.29 0.09 -
78
4 2
- 3.25x10 - 2.37x10
- 2.27x10 - 0.10
- 0.02 - -
TOTAL
4 3 2
0.01 5.15x10  |5.70x10  |5.0kx10
3 3
- 4, 76x10 1.40x10  [6.72x10
3 2
- 1.19x10 [3.60x10 |1.67x10
- 7.45x10  |2.2kx10 1.0k
- 0.29 0.09 -




ARSENIC As

¢} C R W
7
4 2
0.02 1.90x10 - 1.07x10
4
0.02 1.71x10 - 9.64x10
4
0.01 1.20x10 - 6.76x10
3
- 5.00x10 - 2.82x10
3
- 1.00x10 - 5.88
78
4 ] 4 2
- 3.25x10 |L4.71x10 |8.40x10
- 1.30x10 1.89 -

G C R W
TOTAL
4 4
0.02 5.15x10 |4.71x10 ]9.48x10
4
0.02 1.72x10 1.89 9.64x10
4
6.01 1.20x10 - 6.76x10
3
- 5.00x10 - 2.82x10
3
- 1.0kx10 - 5.88




SELENIUM Se

G c R W G C R
7 80
0.30 5.81x102 2.55x10 3.38 - -
0.31 3.hlx102 2.28x10 " - -
0.31 2.h1x102 1.60x10 " - -
0.32 1.00%10 6.70 " - -
0.33 |2.00x10 1.30 " - -
0.33 - - ! - -
78
0.56 - -
[ TOTAL
1.72 2.60 - 5.97 4.o7x102 2.55x10
. " ; 5.98 |3.67x10 |2.28x10
" " - 5.98 |2.67x10 |1.61x10
" " - 5.99 1.26::102 6.70
n " - 5.99 L ,60x10 1.30
" n - 5.99 |2.60x10 -




BROMINE Br

G c R W G C R W
81
6.80 - - -
82
0.61 6.h5x105 8.93::105 2.’+2x104
0.38 1#.07){105 5.6)+x_'1.05 l.55x104
0.24 2.55x105 5.53x_105 9.56x1o3
0.10 9. 96;:104 1. 38;:105 3. 7l+x_103
0.01 :L.56x104 2.16x1o4 5.8ux102
- 3.88x102 5.57::.102 1.46x10
83 TOTAL
0.07 1.o5xlo6 - 8.11-8}(103 T 1.69x106» 8.93:;105 5.27x104
- 9.43x10 - 7.60 7.18 | 4.08x10 |5.64x10 1.53x10
- - - - 7.0k 2.55x105 3.55x105 9.56x103
- - - - 6.89 9.96}(104 1.58x;Lo5 5.74}{.’1_03
_ _ ; ; 6.8 | 1.56x10 |2.16610° | 5810
- - - - 6.80 3.88x102 5.57x102 1.46x10







KRYPTON Kr

n

G c R G c R G Cc R W
82 85 88
8 5 4 a =
1.12x10 - - 2.54x10 1.33x10 1.86x10 1.08x10 0.50 6.48x10 - 1.26x10
‘ 4 3 2 4 2
1.1hx10 - - 2.53x10 2.94x10 L.12x10 2.38x10 - 1.56x10 - 5.035x10
1.15x10 - - 2.53x10 4 .33x10 6.06 0.35 - 3.75%x10 - 0.73
1.17x10 - - 2.53%10 - - - - - - -
1.18x10 - - 2.53x10 - - - - - - -
1.18x10 - - 2.53x10 - - - - - - -
83 86
[ 4
1.92x10 1.05x10 T.35x10 1.73 - - -
2
1.90x10 9.40x10 6.58x10 " - - -
1.90x10 - - " - - -
1.90x10 - - " - - -
1.90x10 - - n - _ -
1.90x10 - - " - - -
8k 87 TOTAL
[5] 5 7 s =3
3 .20x10 - - - 5.07x10 - 1.31x10 9.00x10 1.39x10 | 2.60x10 | 2.68x10
4 3 2
1 - - - 1.52 - - 8.98x10 I, 60x10 4.19x10 5.40x10
" - - - - - - 8.99x10 | 8.08x10 6.06 2.69
1" - - - - - - 9 .01x10 - - -
" - - - - - - 9 .01x10 - - -

9.01x10







RUBIDIUM Rb

G C R W G C R W
85 88
6 5
2.52x10 - - - - 6.47x10 - 2.62x10
4 2
2,53%10 - - - - 1.59x10 - 6.44x10
" - - - - 3.75x10 - 1.52
86
(5] 5 4
3.78x10 | 2.90x10 | 5.22x10 | 3.38x10
8 4
3,65x10 | 2.84x10 5,11x105 3.30x10
6 5 4
3.52%x10 | 2.74x10 | 4.93x10 | 3.19x10
6 5 4
3.29x10 | 2.55x10 | 4.59x10 | 2.97x10
(5] 5 4
2.86x10 | 2.22x10 | L4.00x10 | 2.58x10
6 5 4
2.14x10 | 1.67x10 | 3.01x10 | 1.94x10
87 TOTAL
2 (S] 5 5
9.79%x10 - - - 1.61x10 | 9.42x10 | 5.22x10 | 2.92x10
2 6 5 4
" - - - 1.60x10 | 2.85x10 | 5.11x10 | 3.37x10
2 (<] 5 4
" - - - 1.58x10 | 2.74x10 | 4.93x10 | 3.19x10
" = 8 5 4
- - - 1.56x10 | 2,55x10 | 4.59x10 | 2.97x10
2 8 5 4
" - - - 1.52x10 | 2.22x10 | 4.00x10 | 2.58x10
2 [¢] 5 4
! - - - 1.45x10 | 1.67x10 | 3.01x10 | 1.94x10







STRONTIUM Sr

G c W G c R W G c R W
86 90
2 3
3.51x10 - - 1.76x10 3.49x10 - 1.52x10
5 . 6’4’}(.1.0 - - ” n - "
5 . 77xlO — - "n " - I
4L .00x10 - - ' v - »
LI— . ll-)—l-xlo - - " It - "
5 . l5XlO — - " " —_ "
88 o1
2 8 (53 5
1.26x10 - - 2.66 9.53x10 4 .00x10 1.88x10
(5] 5 4
" - - 0.48 1.72x10 T7.22x10 1.42x10
5 5 3
" - - 0.09 3.16x10 1.33x10 2.62x10
3 3
" - - - 9.53x10 4 .00x10 7.88x10
" - - - 1.19x10 5.00 -
89 92 TOTAL
2 5] 4 7 3 2 7 [=3 5
1.15x10 3.20x10 3.88x10 0.83 1.06x10 - 8.56x10 4 .56x10 2.33x10 4 ,00x10 2.35x10
2 (S 4 4 2 e 5 4
1.14x310 3.18x10 3.86x10 - 2.22x10 - 1.79x10 L.5hx10 4 .92x10 T.22x10 5.28x10
2 (S3 4 2 8 5 4
1.12x10 3.12x10 3.78x10 - - - - % .53x10 3.4hx10 1.33x10 L .04x10
=2 = =) 3 Z
1.10x10 3.04x106 5.68x104 - - - - L .53x10 3.0Lx10 4 .00x10 3.68x10
2 2 s 4
1.0L4x10 2.88x106 5.l+9xlo4 - - - - L4 .51x10 2.90x10 5.00 3.49x10
2 (53 4
9.40x10 2.60x10s 3.l5x104 - - - - 4 . u8x10 2.60x10 - 3.15%x10







YITRIUM Y

G C 1 G C R W
89 92
7 6 5
3.51x10 - - 1.07 1.06x10 | 4.2kx10 | 1.20x10
4 2
3.64x10 - - - 2.22x10 | 8. 88x103 2.50x10
3.85x10 - - - - - -
4.07x10 - - - - - -
4 ,68x10 - - - - - -
5.6Tx10 - - - - - -
90 93
3 7 [ 4
- 1.17x10 2,12x10 3.40 1.15x10 | 4.60x10 | 2.88x10
6 ) 4
- n u 0.65 2.19x10 | 8.76x10 | 2.19x10
5 5 3
- n " 0.12 4h,16x10 | 1.66x10 | 4.16x10
4 3 2
- " " - 1.50x10 | 6.00x10 | 1.50x10
- " n - 2,13x10 8.52 -
91 TOTAL
6 4 2 7 (5] 5
9.09x10 | 6.10x10 7.60x10 1.30x10 | 2.82x10 | 8.84x10 | 2.25x10
6 4 2 6 5 4
9.09x10 | 2.97x10 3,70x10 1.28x10 | 5.18x10 | 8.85x10 | 5.92x10
[5] 4 2 <] 5 4
9.01x10 | 2.39x10 2.97x10 1.29x10 | 2.81x10 | 1.66x10 | 3.39x10
[5] 4 2 6 3 4
8.83x10 | 2.23x10 2.77x10 1.29x10 | 2.24x10 | 6.00x10 | 2.79x10
5] 4 2 6 4
8.40x10 | 2.11x10 2.62x10 1.31x10 | 2.12x10 8.52 2.62x10
8 4 2 6 4
8.10x10 | 1.92x10 2.39x10 1.38x10 | 1.92x10 - 2.39x10







ZIRCONIUM Zr

G c R W G c R 1
91 ok o7
9.87x10 2.5lx102 - - - 5.98 1.15xlo7 5.18x106 1.39x103
1.02x102 " - - - 2.2 u.slxlos 1.9ux106 5.2l+x104
1.03x102 " - - - 0.8 1.61x106 7.21Lx105 1.95x104
1.05x102 " - - - - 5.22x104 1.u5x104 3;9Oxl02
1.09x102 n - - - - 9.18x10 4 . 13x10 1.11
1.J_1x102 " - _ - - - - -
92 95
2.l2x102 2.l5x102 4.48x106 1.81x106 1.48x104
" 2.l5xl02 u.uuxloé 1.79x106 1.l+6xlo4
" 2.10x102 h.37x106 1.77x106 1.uux104
" 2.O6xl02 4.50x106 l.74xl06 1.42x104
" 1.97x102 h.lexlos 1.66x106 1.56xlo4
v 1.81x102 3.77x106 1.52xlo6 1.24x104
95 96 TOTAL
2.35x102 2,55x102 - - - l.27x102 :1_.60x107 6.99x106 l.53x105
2.56x102 " - - - l.27x102 8.75x106 3.73x106 6.72x104
2.36x102 " - - - l.27x102 5.98x106 2.u9x106 3.39x104
2.36x102 " - - - l.26x102 4.35x106 1.75x106 1.46x10
2.56x102 ¥t - - - 1.26x102 4.20::106 1.66x106 1.36x104
2.56x102 " - - - 1.25x102 5.77x106 1.52x106 1.2va104







NIOBIUM Nb

¢} C R W G c R W
95
[5] 5 3
1.49x10 | 1.64x10 | 9.10x10 | 1.94x10
6 5 3
11.56x10 | 1.71x10 | 9.49x10 | 2.02x10
[5] 6 3
1.66x10 | 1.82x10 | 1.01x10 | 2.15x10
6 6 3
1.60x10 | 1.86x10 | 1.03x10 | 2.20x10
[5] 6 3
1.86x10 | 2.04x10 | 1.13x10 | 2.41x10
6 5] 3
2.20x10 | 2.40x10 | 1.33x10 | 2.88x10
97
7 6 5
0.43 1.15x10 | 5.18x10 | 1.30x10
6 6 4
0.16 4.31x10 | 1.94x10 | 4.88x10
[5] 5 4
0.06 1.61x10 | 7.24x10 | 1.82x10
4 4 2
- 3.23x10 | 1.45x10 | 3.66x10
- 9.18x10 | L4.13x10 1.04
TOTAL
7 6 5
1.54x10 | 1.32x10 | 6.09x10 | 1.32x10
6 5] 4
1.58x10 | 6.02x10 | 2.89x10 | 5.08x10
6 6
1.67x10 | 3.43x10 | 1.73x10 | 2.04x10
B :;
1.69x10 | 1.88x10 | 1.04x10 | 2.56x10
6 8 3
1.86x10 | 2.04x10 | 1.13x10 | 2.77x10
(5] 6 3
2.20x10 | 2.40x10 | 1.3%x10 | 2.83x10




MOLYBDENUM Mo

G G C R W
95 99
4 6 5
2.75x10 2.41x10 | 1.15x10 | 1.61x10 | 1.17x10
6 6 4
2.90x10 1.90x10 | 9.05x10 | 1.26x10 | 9.24x10
[] 5 4
3.06x10 1.50x10 | 7.10x10 | 9.94x10 | 7.24x10
6 5 4
3,46x10 9.18 4.37x10 | 6.12x10 | L4.khx10
6 5 4
4,16x10 3.51 1.67x10 | 2.34x10 | 1.70x10
5 4 3
5.46x10 0.51 2.h2x10 | 3.39x10 | 2.47x10
o7 100
2 2
2.39x10 3.29x10 - - -
2
2.43x10 - " i} )
2
2. 4Lx10 _ n _ _
2
2.44x10 - n - -
> _
2.45%10 - n - -
2
2.45x10 - " - -
98 TOTAL
2 2 7 6 5
2.39x10 8.58x10 | 1.15x10 | 1.61x10 | 1.17x10
2 6 (5] 4
" 8.59x10 | 9.05x10 | 1.26x10 | 9.24x10
2 6 5
" 8.57x10 | 7.10x10 | 9.94x10 | 7.24x10
2 6 S
" 8.57Tx10 | %.37x10 | 6.12x10 | 4.4h4x10
2 (o] 5 4
n 8.58x10 | 1.67x10 | 2.34x10 | 1.70x10
2 5 4 3
" 8.68x10 | 2.42x10 | 3.39x10 | 2.47x10




TECHNETIUM Te

¢} C R ¢} C R
99
2 7 S
2.27x10 |1.15x10 | 8.05x10
> 7 5
2.31x10 | 1.03x10 | 7.21x10
=3 1)
2.36x10 | 7.84x10 | 5.49x10
=3 53 5
2.42x10 | 4.83x10 | 3.38x10
2 8 5
2.47x10 11.82x10 | 1.27x10
=] 5 x
2.50x10 | 3.06x10 | 2.14x10
TOTAL

2 7 5

2.27x10 | 1.15x10 | 8.05x10

2 7 5

2.31x10 | 1.03x10 | 7.21x10

2 6 5

2.36x10 | 7.84x10 |[5.49x10

2 6 =)

2.42x10 | 4.83x10 | 3.38x10

2 ) 5

2.47x10 | 1.82x10 |1.27x10

2 5 4

2.50x10 | 3.06x10 |2.14x10







RUTHENIUM Ru

R W G c R W
101 104
2
2.62x10 - - - 4 .95x10 - - -
102 105
2 5 5 4
1.77x10 - - - 0.15 9.83x10 L . 23x10 1.11x10
4 4 2
" - - - - 2.43x10 1.04x10 2.75x10
2 2
" - - - - 5.22x10 2.24x10 5.90
103 106
[S] (S 4 4
7.09x10 2.16x10 1.02x10 3.48x10 1.05x10 3.69x%x10 - 1.21x10
[S] 6 4
6.96x10 2.13x10 1.00x10 3.43x10 " i - "
6 5 4
6.82x10 2.10x10 9.87x10 3.38x10 " " - ¥
=3 5 4
6.64x10 2.07x10 9.73x10 3.33x10 " " - n
& 5} 4 .
6.20x10 1.90x10 8.93x10 3.06x10 " " - "
S 5 4
- 5.45x10 1.67x10 7.85%x10 2.69x10 ” " - L

G c R W
TOTAL

5.7Ox102 3.18x10s 1.4ux106 u.59x:|_o4
5.68x102 2.18x3_0s 1.01x10e 5.u5x104
5.67x10° | 2.13x10° | 9.87x10" | 3.38x10
5.65x102 2.10xlo6 9-75x10s 3.33xlo4
5.61x102 1;95x106 8.95x105 5.06x104
5.53x102 1.70x106 7.85x105 2.69xlo4







RHODIUM Rh

G c R W G c R W
103 108
5 2 S 4 3
2.75x10 | 5.10x10 - 1.24x10 0.06 1.84x10 | 8.46x10 | 1.93x10
5 2 4 4 2
2.86x10 | 5.00x10 - 1.22x10 0.01 3,01x10 | 1.38x10 | 3.16x10
5 = 3 3 '
2.99x10 | 4.98x10 - 1.20x10 - 4.61x10 | 2.12x10 | L4.84x10
S 2 2
3,17x10 | 4.8%3x10 - 1.17x10 - 1.11x10 | 5.11x10 1.17
5 2
3,61x10 | 4.52x10 - 1.09x10 - - - -
5
4.37x10 | 3.97x10 - 9.60x10 - - - -
105 109
8 (53 4 5 2
1.19 9.8%x10 | 1.87x10 | 4.77x10 - 1.48x10 - 1.20x10
. 6 8 4
0.90 7.44x10 | 1.41x10 | 3.61x10 - - - -
6 5 4
0.58 4. 78x10 | 9.08x10 | 2.32x10 - - - -
5 4 4
0.26 2.12x10 | 4.03x10 | 1.03x10 - - - -
4 3 3
0.03 2.66x10 | 5.05x10 | 1.29x10 - - - -
106 TOTAL
4 3 2 8 8 4
- 3.69x10 | 2.51x10 | 8.67x10 2.85x10 | 2.38x10 | 1.96x10 | 5.09x10
8 8 4
- " " " 2.95x10 | 1.79x10 | 1.43x10 | 3.75x10
8 5 4
- " » " 3.03x10 | 1.48x10 | 9.10x10 | 2.43x10
] 4 .
- " " " 3,20x10 | 1.18x10 | 4.28x10 | 1.13x10
' 5 3 3
- " " " 3.62x10 | 9.30x10 | 7.56x10 | 2.35x10
5 3 3
- n " " 4.37x10 | 7.93x10 | 2.51x10 | 1.06x10







PALLADIUM P4

W G c W G c W
105 109
2.14x10 - 0.07 1.h8x105 1.11+x:Lo3
2.18x10 - 0.02 4.12x104 3.16x102
2.21x10 - - 1.1l+x104 8.76x10
2.25x10 - - 8.90%10 6.8%
2.27x10 - - 2.67 -
2.27x10 - - - -
107 110
6.49 - 3.22 - -
" - " - -
108 112 TOTAL
y.25 - 0.09 | 1.20x10 1.9%x10 5.55x10 | 2.69%10 1.35x10
% .30 - 0.0b | 5.4x10" 8.81x10 5.50x10 | 9.57x10 9.04x10 "
h.31 - 0.02 2.48x10 4.02x10 5.62%10 | 3.59x10 1.28x10°
b.31 - - 5.05x10 8.18 3.65%1.0 _?;76x103 1.50x10
%31 - - 2.17x10 _ 5.67x10 | 2.i7x10 -
L .31 - - o.h2 _ 3.67x10 o.h2 -







SILVER Ag

G C R W G C R W
109 113
3.35 - - - 0.02 1.1hx105 - 1.9l+xlo3
5 40 - _ ] _ L.8ox10 | - 8.31x10
3.k - - - - 2.16x102 - 3.67
3 4o - - - - 0.4k - -
3.2 - - - - - - -
3.h2 - - - - - - -
111
0.76 1.20x10 - 1.o5x103
0.70 1.10x105 - 9.41x102
0.64 1.00x105 - 8.56x102
0.53 8.31x104 - 7.llx102
0.37 5.76x104 - h.95x102
0.18 2.77x104 - 2.37x102
112 TOTAL
0.01 1.18x10§ 5.78x104 3.95x103 boih 5.52x105 5.18x104 6.90x103
0.01 5.53x104 2.61x104 1.55x103 k.10 1.63x105 2.61x104 2.57x103
- 2.42::104 1.19x104 7.ohx102 4.06 1.25x105 1.19x104 l.56x103
- 4.94x103 2.u2x104 1.hhx102 3.95 8.79x104 e.hexlos 8.55x102
- 2.12510 1.ol+x102 6.17 3.79 5.76x104 1.ohx102 5.ot>xlo2
- 0.40 0.20 - 3.60 2.77x104 0.20 2.37x102







CADMIUM Cd

G G c R W G c R W

111 11k 117
2.25 2.69 - - - 0.01 1.06x105 - 2.85xlO3
2.29 n - - - - 2.87x102 - 3.h7
2.35 " - - - - 0.90 - -
2.50 " - _ _ - - - -
2.62 " - - - - - - -
2.81 " - - - - - - -

112 115
2.78 1.12 8.12x104 2.25x104 6.92x102
2.84 1.07 6.69xlo4 1.86x104 6.03x102
2.86 1.03 5.61xlo4 1.57x104 5.35x102
2.88 0.97 u.lsxlo4 1.18xlo4 u.uleoz
2.88 0.88 2.88x1_o4 8.26x10s 3.5lx102
2.88 0.77 | 2.15x10 | 7.34x10 | 2.86x10

113 116 TOTAL
2.75 2.64 - - - 1.44x10 . 1.87x105 2.25xlo4 3.52x103
2.75 " - - - 1.43x%10 6.75x104 1.86x10L 6.06x102
2.75 " - - - 1.43x10 5-65x104 1-57xlO4 5.55x102
2.75 " - - - 1.43x310 h.zoxlo4 1.18xlo4 h.uleoz
2.75 " - - - 1.4hx10 2.90xlo4 8.26xlo3 5.5lxl02
2.75 " - - - 1.19x10 2.15xlo4 7.34x10s 2.86x10







INDIUM 1In

G c R W G c R W
115
4 4 2
1.45 7.49x10 | 1.34x10 | 3.09x10
4 3 2
1.49 4,37x10 | 7.82x10 | 1.80x10
4 3 2
1.52 2.99x10 | 5.35x10 | 1.23x10
4 3
1.58 1.65x10 | 2.95x10 | 6.80x10
3 2
1.66 4,50x10 | 8.06x10 | 1.85x10
1.77 - - -
117
S 3
0.01 1.06x10 - 1.67x10
2
- 2.87x10 - k.53
- 0.90 - -
TOTAL
S 4 3
1.46 1.81x10 | 1.34x10 | 2.00x10
4 3 2
1.k9 L. hox10 | 7.82x10 | 1.85x10
4 3 2
1.52 2.99x10 | 5.35x10 | 1.23x10
4 3 ’
1.58 1.65x10 | 2.95x10 | 6.80x10
3 2
1.66 4.50x10 | 8.06x10 | 1.85x10
1.77 - - -







TIN

G c R G c R W G c R W G c R w
115 119 122 125
0.11 ~ - 2.80 1. 57::104 5.1l-8x_']_02 - 3,18 - - - 0.73 7. 79::104 - 1. 50x103
0.11 - - " 1. 36x104 5 ,meloz - " - - - 0.68 7. .27;;104 - 1. hOxlOS
0.11 - - " 1.55q0 | 5.h0x107| - " - - - 0.5 | 679m0 | - | 1.30m0°
0.12 - - | 1.5m0 | 538007 - " - - - 0.55 | 5950 | - | 1.bac
0.12 - - 1" 1 .29x104 5. l6x102 - " - - - 0.42 k, "(lxlo4 - 9 .Ol#xlo2
0.12 - - " 1 .22:1104 L, 88x102 - " - - - 0.24 2. 59xJ.o4 - by .97x102
117 120 123 126
2.68 k., 5ll-xlo4 N _ogxlos 2.86 - _ _ 1.54 1. 29x104 2. 97x102 1 .h8x102 - 1 .90::105 1 ,2)+x105 2. 30x103
2.66 | 4 .55;:104 3 .90;:103 " - - _ 1.54 1.29::104 2 -97x102 148210 - - - -
2.66 L, 15;(104 3. 72x_1_os " - _ _ 1.52 1 .28:;104 2. 94;;102 1 .1r(xlo2 - - - -
2.66 | 3.76x10 | 3.38x10 " ) ) ) 148 | 1.26x10 | 2.90x10 | 1.45x10 - - - -
2.66 3.10:-1104 2.79;;103 " - - - 1.48 1.21Lx104 2.85x102 1.43x102 - - - -
2.66 | 2.12x10] 1.91x10° " - g } 101 | 1.10m0 | 2,740 | 1.37x10 - - - -
118 100 12k TOTAL
2.68 - - 0.2 | 1a0w07| - 5.68x10° 5.76 - - - 2.04x10 | 4.56x10"| 1.9x10" | b.50310°
" - - 0.06 | 6.00x10 | - 1.91x10 " - - - 2.05x10 | 2.04x10 | 4.74x10 | 1.74x10°
" - - 0.05 | 3.20x10" - 1.01%10 ] " - - - 1.70x10 | 1.68x10 | %.55%10 | 1.55x10
" - - - 9 .26x10° - 2.86x10 " - - - 2.01x10 | 1. 32x105 420110 | 1. ',’le_los
" - - - 732310 | - .06 " - - - 2.00x10 | 9.41x10 | 3.59x10 | 1.05x10
" - - - - - _ " - - - 1.97x10 7.12x104 2 .67x1o3 6. 34x102







ANTIMONY Sb

G o] R W G C R W G o] R "
121 126
2.88 - - - - l.90x105 - 1.5ux102
2.91 - - - - - - -
2.97 - - - - - - -
2.99 - - - - - - -
3.00 - - - - - - -
3.00 - - - - - - -
123 127
1.87 - - - 1.0k 2.76x105 1.85x104 1.50x103
1.87 - - - 0.89 2.51x105 1.55x104 l.25x103
1.89 - - - O.7h l.95x105 1.50x:|_o4 1.o5x103
1.90 - - - 0.51 1.55x105 9.o7x103 7.55x102
1.95 - - - 0.25 6.60x104 u.huxloa 5.58x102
2.00 - - - 0.06 1.57x104 1.05x10° | 8.52x10
125 129 TOTAL
3 .69 2-55x104 1-75x104 8.20x10 0.21 1.17x106 - 9.45x102 9.69 1.61x106 1.5hx105 5.26x103.
3.73 2.61x104 1.80xlo4 8.46x10 - 2.25x104 - 1.82x10 9.40 2-79x105 l.l5x105 2.14x103
3.82 2-67xl04 1-84xlo4 8.65%10 - 4.7lx102 - - 9.h2 2.20x105 9.95xlo4 1.64x103
3.86 2. 77X104 1. 93.}(104 8.97x10 - - - - 9.16 1. 3‘7}:21_015 7. 58x104 1. 18;,{]_03
3.99 2-9OxlO4 2-00x104 9.40x10 - - - - 9.17 9.50x104 4.77x104 6.27x102
hoat 2-98xl04 2.06x10" 9.66x10 - - - - 9.27 u.ssxlo4 2.72x104 2.24x10







TELLURTIUM Te

G c R W G C R W G (o] R W
126 129 132
5.28 - - - 1.16x10 8.20x105 4.51;:104 - 2.78x10 8.57x106 1.02x106 1.9ux104
» - - - 1.14x%10 7-9Ox105 4.54x104 - 2.24x10 6.92x106 8.30x105 1.56x:|_o4
" - - - 1.12x10 |7.70x10  |4.2hxi0 - 1.80x10 |5.54x10° |6.65x10  |1.25x10
" - - - 1.07x10 3.2Ox105 1-76x104 - 1.20x10 5.61x106 u.35x105 8.16x3_o3
n - - - 9.78 2.9Ox105 1.60x104 - 4 .89 1.51x106 1.81x105 5.u1x103
" - - - 8.27 2.5Oxlo5 1.58;:104 - 0.86 2.66x105 3.19x104 6.le102
127 130 133
1.55 2.u8x105 5.26x102 1.52x103 8.31x10 - - - 0.53 1.14x107 - 9.2l+x103
1.20 2.26x105 5.56x102 l.58x103 n - - - 0.13 2.85 - -
1.19 1.95x105 5.56x102 1.16x103 " - - - - - - -
1.22 1.u5x105 5.76x102 8.18x102 " - - - - - - -
1.21 8.09x104 ‘5.95x102 1.80x102 " - - - - - - -
1.16 5.52x104 5.77xl02 .30 m - - - - - - -
128 131 TOTAL
1.40x10 - - - 6.7L 1.06x107 9.55x105 1,54x105 l.5lx102 2_13xld7 2.o3x:1_o6 1.8Ax105
" - - - 3.85 6.10x10° 5.u9xlos 8.84x104 1.4110 1.40;:107 1.h3x106 1.05x10§q
" - - - 2.20 5.5ox106 3,15x105 5.08x104 l-55x102 l.OOxlO7 l.OBxlOGV 6.)+5x154
" - - - 0.75 |1.16x10 |1.oux10 |1.68x10 1.27x10  |5.23x10 |5.61x10 |2.58x10
" - - - 0.08 1.2Ox105 1.k8x104 1.7l+x103 1.29x102 2.00x106 2.llx105 5_55x103
" - - - - - - - l.12x102 5.11x105 4.73;:104 6.05x102







IODINE I
G c R w G C R W G C R W
127 132
5.80 - - - 0.86 8.59x10° |3.22x10° |1.07x10
5.93 - - - 0.73 7.18x106 2.69x106 8.98.104
6.06 - - - 0.58 5.80x10 |2.18x10 |7.25x%10
6.27 - - - 0.35 3 .48x10  |1.30x10  |4.35x10
6.53 - - - 0.1k 1.38x106 5..18x10S 1.72x3_o4
7.25 - - - 0.02 |2.31x10 |8.66x10 |2.89.10
129 133
2.29x10 - - - 1.08x10 l.lhxlo77 3_76xlos 1_24x105
2.25x10 - - - 5.75 5.88::106 1.9ux106 6.41;:104
2.27x10 - - - 2.58 2.72x10° |8.98x10  |2.96x10
2.31x10 - - - 0.58 6.19x105 2.ohx105 6.75x103
2.41x10 - - - - 2.29x105 7.56x104 2.50xlo3
2.56x10 - - - - - - -
131 135 TOTAL
4.15x10 | 5.15x10 | 1.27x10" |2.32x10 3.47 1.20x10 |1.89x10 9.lelO§— 8.54x10 |3.72x10 |2.72x10" 1-16Xl°:
5.98x10 |4.93x10 | 1.21x10  |2.22x10 0.28 1.40x10° |2.17x10° |1.03x10" 7.50x10 |1.92x10" 8.01x10" 2'79Xl°5
3.75x10 | 4.63x10 | 1.14x10  |2.09x10 - 8.18x10 |1.27x10  |6.04x10 6.94x10 |1.34x10  |4.86x10° [1.85x10
3.04x10 | %.02x10 | 9.80x10 | 4.4éx10 - 6.10x10  |9.46x10  |4.51x10 6.27x10 _ [8.18x10° 2.49x10" 5.47x10"
2.55x10 2.91x106 7.16x105 5.23x103 - - - - 5.42x10 l+.51x106 1.31x106 2.29x104
1.17x10 |1.25x10 | 5.57x10 | 6.54x10 - - - - 4.46x10  |5.76x10° |¥.Mhx10” [5.54x0°







XENON Xe

G c R w G c R W G c R w
131 134
= 4 3 2
1.07x10 8.68x10 T7.46x10 - 4 .39x10 - - -
2 4 3 2
1.12x10 7.83x%x10 6.73x10 - 4 .39x10 - - -
2 4 3 2
1.16x10 7.10x10 6.11x10 - L .39x%10 - - -
2 4 3 2
1.22x10 5.75%x10 4.ohx10 - 4 .39x10 - - -
2 4 3 2
1.32x10 3.72x10 3.20x10 - 4 .39x10 - - -
2 4 3 2
1.44x10 1.38x10 1.19x10 - L .39x10 - - -
132 135
2 7 [=] 4
2.23x10 - - - 3.47 1.22x%x10 5.4h9x10 9.16x10
2 (=3 5 3
2.28x10 - - - 0.28 1.00x10 4 .50x10 7.51x10
2 4 4 2
2.33%x10 - - - - 8.18x10 3.68x10 6.14x10
2 2 2
2.39x%10 - - - - 6.12x10 2.75x10 4 .60
2
2.46x10 - - - - - - -
2
2.51x10 - - - - - - -
133 136 TOTATL
7 S 4 2 3 7 (53 S
6.10x10 1.14x%x10 5.02x10 2.90x10 3.58x10 - - - 1.19x10 2.36x10 6.00x10 1.21x10
) 3 7 s 4
5.86x10 1.10x107 4.84x105 2.79x3_o4 " - - - 1.19x%10 1.20x10 9.40x10 3.4hx10
3 7 5 4
5.41%10 1.01x107 4.84x105 2.79x104 " - - - 1.20x10 1.01x10 5.27x10 2.85x10
3 8 5 4
4 .37x10 8.14x106 5.58x105 2.o7x104 " - - - 1.20x10 8.27x10 3.63%10 2.87x10
K 3 (5] 5 4
2.50x10 |4 .84x10° |2.13x10  |1.23x10 " _ - - 1.20x10 | 4.87x10 |2.16x10 |1.235x10
3 6 4 3
9.00 1.68x10 7.59x104 4_27x102 " _ _ _ 1.20x10 | 1.69x10 | 7.50x10 | 4.27x10







CESIUM Cs

135

2
2.61x10

2
2.69x10

2.77x10

2
2.89x10

2
3,08x10

3.25x10

135

z
3.56x10

2
3.63x10

2
3.63x10

2
3.63x10

2
3.63x10

2
3.63x10

137

TOTAL

3.15x10

5
2.48x10

4
8.95x10

1.09x10

2
9.34x10

5
2.48x10

4
8.95x10

"

1"

1"

2
9.48x10

n

n

n

n

2
9. 56x:LQ

1"

n

1

1"

I

"

2
9.69x10

"

n

"

"

"

2
9.87x10

n

1

1"

n

1.00x10

”n

n




BARTUM Ba

G C R G C R W
137 140

4 3 2 7 6 4

- 2.36x10  |7.55x10 1.46x10 |1.06x10 [1.31x10 [6.89x10
2 T 6 4

- n n 1.38x10 {1.00x10 [1.24x10 |6.50x10

2 6 6

- u n 1.31x10 |9.17x10 |1.1kx10 5.96x104
2 6 8 4

- » " 1.12x10 |8.18x10 (1.01x10 [5.32x10
2 e 5 4

- " Al 1.07x10 |6.88x10 [8.53x10 |4.k7x10
6 5 4

- " " 6.19x10 |[4.78x10 [5.93x10 |3.11x10

138
2
3.63x10 - -
' 139 TOTAL

7 4 2 T [=) 4

0.77 1.22x10 |L4.32x10 5.10x10 |1.38x10 [1.36x10 [6.89x10
2 7 6 4

- 3.90x10 - 5.02x10 [1.01x10 [1.29x10 |6.50x10
2 [<] 8 4

- - - bh,96x10 |9.18x10 |1.19x10 |5.96x10
2 8 (5] 4

- - - L,76x10 |[8.20x10 [1.06x10 |5.32x10
2 [ S 4

- - - L, 71x10 |6.90x10 [9.03x10 |4%.47x10
2 [S] 5 4

- - - L.26x10 |L4.80x10 [6.43x10 [3.11x10




LANTHANUM La

G C R W G C R W
159 1o
3.710 | - - - 0.58  [1.05x10  [1.05x10  |8.48x10°
3».78::10‘2 - - - - 1.57x10 1.57 -
3.78x102 - - - - - - -
5.78x102 - - - - - - -
3.78210 | - - ; ) _ ) _
3.78x102 - - - - - - -
140
1.88x10  [L.06x10° |6.88x10° |1.27x10
1.87x10 [1.05x10 |6.81x10° [1.26x10
1.8:x10  [1.05x10° |6.68x10° [1.2kx10"
1.71x10 9.6:1.1:10‘3 6.21+x106 1.15;:105
1.41x10 7::96::10ﬁ 5.17x106 9.55}:104
9.30 5.25::106 3.59::106 6.28x10
141 TOTAL
2.45 1.11;;:107 - 2.58x10§— 1!-.00}{_102 3.25::107 7.93::106 3.93::105
- 1.26x10 - 2.85x_105 3’.96;:102 1.06x10  [6.81x10° 1110
- 1.37;:10:3 - 3.10x10 3.96::102 1.04x10 " 6.68x10 1.24%10°
- - - - 3.95;:102 9.61x106 6.21Lx106 1.15x1?—
- - - - 3.92:&02 7.96::106 5.17x106 9.55x104
- - - - 3.87x102 5.25:&106 5.39}:106 6.28510







CERIUM Ce

G c R W G c R w fe! C R W
140 143
=2 [=] [=] 5
2.10x10 - - - 1.43x10 9.56x10 3.06x10 1.05x10
2 [53 6 4
2.18x10 - - - 8.61 5.75x10 1.84x10 6.32x10
= (=] =3 =z
2.25x10 - - - L.8k 3.2hkx10 1.04x10 3.56x10
= [S3 5 4
2.45x10 - - - 1.64 1.82x10 5.82x10 2.00x10
2 5 4 3
2.66x10 - - - 0.19 1.21x10 3.87x10 1.33x10
2 4 3 2
3.02x%x10 - - - 0.02 1.72x10 5.50x10 1.89x10
141 14k
2 S 5 4 2 5 3
2.29x10 7.10x10 3.58x10 2.61x10 2.47x10 8.22x10 - 2.31x10
2 8 5 4 2 5 3
2.26x10 6.92x10 3.49%10 2.55x10 2.47x10 8.22x10 - 2.31x10
2 [S3 5 4 2 5 3
2.21x10 6.79x%10 3.h2x10 2.50x10 2.46x10 8.18x10 - 2.30x10
2 (53 5 4 2 5 3
2.11x10 6.45x10 3.25x10 2.37x10 2.44x10 8.14x10 - 2.29x10
2 (53 5 4 2 =3 3
1.92x10 5.88x10 2.96x10 2.16x10 2.41x10 8.05x10 - 2.26x10
2 6 5 4 2 5 3
1.59x10 4 .89x10 2.46x10 1.80x10 2.36x10 7.88x10 - 2.21x10
1h2 145 TOTAL
2 = 3 = 7 6 5
3.31x10 _ _ _ 0.57 8.61x10 _ 6.96x10 1.03x10 2.60x10 3.42x10 1.40x10
7 [5] 4
3.52x102 - - - - l-l6x102 - - " 1.34x10 2.19x10 9.10x10
7 (5] 4
3.52x102 - - - - - - - " 1.08x10 1.38x10 6.29x10
(5] 5 4
5.32x102 - - - - _ - _ " 9.08x10 9.07x10 4 .60x10
(51 5 4
5.52x102 - - - - - _ _ " 6.80x10 3.35x10 2.52x10
[ 5 4
3. 35%10 _ _ _ _ _ _ _ " 5.68x10 {2.52x10 |2.04x10







PRASEODYMIUM Pr

G C R W G C R W
141 145
l.28xlO£ - - - 1.41 6.90x106 - 1.79x104
1.5hx102 - - - 0.0k l.75x105 - h.u8xlo4
1.39x102 - - - - h.aexlos - 1.12x10 |
1.h8x102 - - - - 1.08x102 - 2.80
1.68x10 | - ; ] ] 2.71 ; ;
2.00x102 - - - - - - -
143
1.24x10 8.53x106 - 6.27x104
l.25x102 8.42x10 - A6.5Mxlo4
L2110 (815600 | - |6.1bx10°
1.15x102 7.64x106 - 5.75x104
9.37x10 6.29x106 - 4.74x104
6.25x10 h.23x106 - 3.19x104
1k TOTAL
- 8.25x105 5.61x104 2.o5xlo4 2.55x102 1.60x10 5.61x104 1.01x10§q
- 8.25x105 5.61x104 2.o5x104 2.99x102 9.l+1xlo6 5.61x104 1.29x105
- 8.20510 5.58x104 2.05x104 2.60x10 9.01x106 5.58x104 8.17x104
- 8.15x10s 5.5hx104 e.oexlo4 2.62¢10 8.h5x106 5.5l+x104 7.77x104
- 8.o7xlo5 5.49;:104 2.00x104 2.61x102 7.09x106 5.h9x104 6.7hx104
- 7.89x105 5.56x104 1.96x104 2.63x102 5.01x106 5.36x104 5.15x104







NEODYMIUM N4

G G C R W G c R W
143 146 149
= 2 [ 4
1.67x10 1.74x10 - - - 0.18 1.93x10 - 2.34x%10
2 2
1.34x10 " - - - - 3.85%x10 - L4 .66
2
1.79%x10 " - - - - - - -
2
1.90x10 1" - - - - - - -
2
2.11x10 " - - - - - - -
2
2.42x10 " - - - - - - -
1hlh 1h7 150
=3 =) 3
1.65x10 L .60x10 3.75x10 5.10x10 L.84x10 4 .131x10 - - -
& 5 El
1.65x10 L .34x10 3.56x10 4.84x10 4 .59x10 n - - -
[S] 5 3
1.78x10 4 .08x10 3.3hx10 L .54x10 4 .31x10 n - - -
(53 5 3
1.91x10 3.56x10 2.95x10 4 .01x10 3.81x10 b - - -
(<) . =3 3
2.21x10 2.78x10 2.26x10 3.07x10 2.92x10 " - - -
(S 5 3
2.73x%x10 1.69x10 1.34x10 1.82x10 1.73%x10 " - - -
145 148 TOTAL
2 2 (=3 =3 4
2.23x10 9.48x10 - - - 7.62x10 5.68x10 5.10x10 2.82x10
2 (3 5 . 3
" " - - - 7.27x10 3.56x10 4 .84x10 4 .59x%x10
2 [S] 5 3
" " - - - 7.71x10 3.34x10 4. 54x10 4 .31x10
2 (=] 5 3
" " - - - 7.78x10 2.95x10 4 .01x10 3.81x10
2 (S 5 3
" e - - - 7-94x10 2.26x10 3.07x10 2.92x10
2 (=3 =3 3
" " - - - 8.20x10 [1.34x10 {1.82x10 |1.73x10







PROMETHIUM Pm

G C R W G c R W
17
8.16x10 - - -
8.85x10 - - -
9.11x10 - - -
9.64x10 - - -
2
1.04x10 - - -
2
1.15x10 - - -
1h9
8 4 4
L. 24 1.92x10 |2.69x10 |1.71x10
[5] 4 4
3.35 1.51x10 |[2.11x10 |1.3L4x10
6 4 4
2.57 1.16x10 |1.62x10 [1.03x10
S 3 3
1.11 5.03x10 | 7.04x10 |k4.47x10
4 3 2
0.22 9.98x10 |[1.k0x10 |8.87x10
TOTAL
(5] 4 4
8.58x10 [1.92x10 |2.69x10 |1.71x10
8 4 4
9.19x10 |1.51x10 |2.11x10 |1.34x10
8 4 4
9.37x10 |1.16x10 |[1.62x10 |1.03x10
' S 3 3
9.75x10 |5.03x10 |[7.04x10 |4.4k7x10
2 4 3 2
1.04x10 |9.98x10 [1.k0x10 |8.87x10
2
1.15x10 - - -







SAMARTUM Sm

G c W G o] R W G c R W
1ho 153
5.94x10 - 0.61 2.66x105 1.o6x104 -
6.04x10 - 0.46 1.86x105 7.huxlos -
6.12x10 - 0.32 1.35x105 5.32xJ_o3 -
6.27x10 - 0.16 6.o7x104 2.h3x103 -
6.36x10 - 0.0k 1.38x104 5.52x102 -
6.38x10 - - 8.2ux102 3.30x10 -
151 154k
2.65x10 6.29x10 5.27 - - -
1.62x10 - 0.01  |1.90x10" - 1.235x10 l'OBXlO: 2.85x10 | 1.06x10 | 125310
" _ - 3.62x103 - 2 .34x10 l.O9xlO2 1.89x105 7.4hx103 2.34x10
" - _ 6.94;:102 _ %8 1.10x10 |1.39x10 | 5.32%x10 %.48
" - - 2.48x10 _ _ l.llx102 6.:1.3::10‘1= 2.)4-3::103 -
" - - _ _ _ 1.12x102 1.39x104 5.52x102 -
" - _ - _ _ 1.1azloz 8.86x102 3.30x10 -







EUROPIUM Eu

G C R W G C R W
153
8.53 - - -
8.68 - - -
8.82 - - -
8.98_ - - -
9.09 - - -
9.13 - - -
155
2.30 2.66x10 l.25x102 3.70
" " " "
W " n "
" " " "
" " " n
156 TOTAL
0.29 :L.60x104 1.54::104 1.68x102 1.11x10 l.8’+x104 1.55x104 1.'72::102
0.29 1.57x104 1.5lx104 1.65::102 1.13x10 1.83x3.04 1.52::104 l.69x102
0.28 1.5].::104= l.ll-5x104 1.59x102 1.14x10 l.77x104 l.’+6x104 1.63;:102
0.25 1.38::104 1.32::104 1.l+5x102 1.15x10 1.64x10 l.33x104 1.49x10
0.21 1.16x104 l.llxlO4 1.22::3.02 1.16x10 1.#2::104 1.12::104 1.26::102
0.15 8.09;:103 7.77:;103 8.49x10 1.16x10 |1.06x10 7.89x:Lo3 8.86x10




GADOLINIUM G4

G W G
156
0.36 -
| 0.38 -
0.39 -
0.k2 -
0.45 -
0.52 -
TOTAL
0.36
0.38
0.39
0.k2
0.45
0.52




G C R W
GRAND
TOTAL

3 8 7 6
8.28x10 [2.99x10 9.46x10 |3.79x10

3 8 T 8
8.28x10 [1.46x10 3.52x10 | 1.58x10

3 8 7 5
8.20x10 |1.20x10 2.48x10 | 9.26x10

3 7 7 5
8.28x10 |[8.78x10 1.67x10 | 6.19x10

3 7 T 5
8.11x10 |6.28x10 1.31x10 | 4.32x10

3 7 7 )
8.30x10 |4.37x10 9.21x10 | 2.99x10










IVERSITY HIGAN

R

3 9015 03483 4302



