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The basic fallout datum obtained at the Health and Safety Labora-

tory is the beta activity of mixed fission products collected on gummed

film in units of d/m/sq.ft./2h hrs. In comparing various samples each sample

is assumed to come from a specific burst and the activity is extrapolated to

a fixed date. In addition, an efficiency factor of 1.6 should be included

to correct for loss by the gummed film, This factor is based on experi-

mental data obtained during an 84 week period at New York.

It is not possible to make a direct measurement of the gamma dose

resulting from normal fallout away from the test site since the activity is

very low; however, it is desirable to have an estimate of the cumulative

gamma dose which might arise from continued fallout in a given area. The

following calculations are designed to allow an estimate of gamma dose based

on measurement of the beta activity in fallout.

There are certain assuzptions made which are justified in the text

where required. These are

1) The activity is considered to come from a smooth infinite
plane Source.

2) The activity is uniformly distributed over this plane at any
given location.

3) The majority of the gamma dose is received from direct radia-
tion and no scatter contribution is included.

l) The dose can be based on an average gamma energy rather than
a summation of individual values.

5) The beta activity decays according to the T7L:2 rule.

6) The isotopic abundance follows the values given by Hunter and
Ballou for slow fission.

The first assumption gives = hich estimate for dose since the

activity is not entirely at the surfe:2 ‘vhis high estimate is compensated
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for qualitatively by ignoring scatter contribution (Assumption 3). ‘The

assumption of uniform distribution is necessary for simplicity and is

justified in estimating an average dose. The other three assumptions will

be treated in the development.

Derivation of Area Function

It is required to calculate the radiation incident on an elemental

volume dAdl three feet above an infinite plane of uniform gamma activity.

If we consider an infinitesimal plane source, ds, (Fig. 1) having

a length rar/72_g and width 7729 af, its area is

 

ds = rdr * VY re -9 dg = rdrdg

V re - 9

The area of the ring at a distance r from the elemental volume is,

Area = 2 TY rdr

The fraction of the radiation (dI) from the area 2 q rdr adsorbed in the

elemental volume is

= = (2 VY rdr)(e~a¥)(aac
os Q) (L a2)

i  

hfyr- cos8

where the four parenthetical terms are,

1. The area of the ring.

2e The attenuation in air (fa = air absorption coefficient).

3. The fraction of the spherical radiation front intercepted by dA.

ls The fraction c2 the incident radiation absorbed in the elemental
volume.
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If our infinite plane is emitting n, gamma photons per square foot

per second at time t, and the average energy of the photons is E,, the

radiation flux incident on the element volume is,

 

ar = BE -l-:e ar dr Mev /ft3/sec
dadi “to "5 >fs

Then,
ea

I = mM Ey
 

 

e -~Alar
IN, > = JAax

Dividing by “Za

I = mE, e ““€ar d(ZZ,r)

LYXz 2 400

This is of the forn,

I = nt E, J> ax = By (3/4)

Wk, ; 3g ®

which can be evaluated from "Tables of Sine, Cosine and Exponential Integrals,

 

Vol. II", Federal Works Agency, New York, 190. The contribution from circles

of various radii is given in Appendix A.

Derivation of Dose Function

The absorption factor,Ka, is equal to 1.06 x 1073 ft.~l for the

average gamma energy of the mixed fission products. This absorption coeffi-~

cient is for the loss of Compton electrons in air, the only significant

absorption loss. This gives a value of 5.30 for the exponential integral.

I = 9:30 mt Ey we 2.65 ny B Mev/ft.?/sec

BYi
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The dose would be

 

 

iv = 2.65 ny, E, fa Mev/ft .3/sec

= 00281 { m EQ | | 60 |2.6 x 10-6

| |28, 320] 1.29 x 1073 | 100

7.38 x 10° n, E, rads/mimate
Se .- ti

R37 . iy ee, re,

Since the usual activity neasurene nt is d/n, N, will be defined as 60 ny;

and the

Dose Rate = 1.23 x 10-7 N,E. millirads/mimute

where N, is photons per minute at tim t.

Energy Function
 

The contribution of the various isotopes as a function of time is

given in Appendix B. These values are calculated from the date of Hunter and

Ballou for slow neutron fission. The weighted average gamma energy for

various times is given in the following table:

 

Days After Average
Burst Ev

1 0.70
9 0.9
3 0.54
i 0.5)
5 O.L7
6 O.h9
8 0.50

10 0.52
30 0.52
60 0.52

120 0.57
365 © 85
730 C28

3650 C.59
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The value ofMe a is relatively constant within 20% of the maximum

value over the gamma energy range of 0.13 to 1.9 Mev. This range includes

all of the important gamma contributions. The average E @ fromthe preceding

table is 0.5) Mev, anda value of£, of 1.06 x 1073 #t-l is justified for

all calculations.

For simplicity, it is desirable to use a single average energy.

From the table, it is apparent that the error involved in using 0.5) Mev is

negligible in comparison with other uncertainties in calculation.

Since the distribution of gamma energy with mass is apparently

random, the difference in energy distribution between slow and fast fission

has been ignored.

This allows the simplification of the dose formula to,

Dose Rate = 6.64 x 10-10 n, millirads/minute

Where N, is the number of gamma d/m/ft® at time t.

Derivation of Time Function

Assuming beta decay follows the t7/** law, it is possible to cal-

culate the total mumber of beta disintegrations which will result from a

given sample,

7200 Ny (te - tp)?
(tg - t,)9?

U
U Total /b disintegrations/ft* frou cacplicg day to infinity.

¢ fe d/m/ft® on counting day.5 a



Burst day.oo
te Counting day.

ts Sampling day.

If there was a 1:1] correspomence in AB and & d/m, the infinity dose could

be calculated from,

Dose Rate = 6.64 x 10°10 N, millirads/minute

by substituting > >N for N,;

Dose = 6.64 x 10719 STN millirads

However, as shown in the following table, the7/7 ratio is a marked

function of times

Days After
Burst Bl¥

1 1.01
2 0.94
3 1.00
4 1.01
5 1.00
6 1.10
8 1.18

10 1.27
30 1.66
60 1.63
120 1.6)
365 2.98
730 5.15

3650 3.92

These ratios are calculated from the data in Appendix B by omitting

gaseous isotopes from both4 and 9 totals and omitting the iodine isotopes

from the total.

Ooviously, a large error would be introduced by assuming an average

Ooo
/? / ratio. Ths following method.is proposed:
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le The integrated average/S/ Y ratio for the first 120 days

is 1.2. Calculate total disintegrations per square foot from arrival

time to 120 days after burst by integration. Divide this number by 1.2

to give total © disintegrations in 120 days.

2. In Appendix C it is calculated that at 120 days, there are

1.62 x 10° atoms that will undergo gamma decay for every d/m at 120

days. Calculate the @ d/m at 120 days and multiply by 1.62 x 10° to

give total & disintegrations after 120 days.

3. Add land 2 to obtain }_N in the expression

Dose = 6.6hx 107° $>N millirads

If a time differing from 120 days is required, the relationship is shown in

Fig. 2.

Example of Suggested IBM Calculation

Assume Burst Date 087

Sample Date O91

Count Date 097

Activity on 097 = 104 a/m/rt2

1. Totalp disintegrations - Sample date to infinity

7200 a, (te - thy?

(ts . ty )0-2

Ny

(7.2 x 103)(104)(10)?*?

(14) +?
8.68 x 10° a/et2



2. Beta d/m 120 days after burst

-1.2Ayonp = A, (120 _)
 

-1.2
(t. - 4)

rot fio i?
120

5.10 x 10° d/m

3 TotalJ disintegrations - 120 days to infinity

7200 Ayo9 (120)*9

8.65 x 10? doo

L.yl x 10° a/ft*

i. Beta disintegrations - Sample date to 120 days. This may
be formulated

 

1.2Ny - Np = 72004, (t, - ty) 1 - 1

0.2 0.2
(to - ty) (120)

or from ] and 3

Ny - No = (8.68 ” 4.1) x 108

- 4.27 x 108 a/rt?

9
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5. Gamma disintegrations - Sample date to 120 days

= (42h x 108)

1.2

Ny

= 3.56 x10 a/ft?

6. Gamma disintegrations - 120 days to infinity

NM, = (5.10 x 102)(1.62 x 10°)

- 6.25 x 107 a/ft?

7. Gamma disintegrations - Sample date te infinity

SDN = (3656 x 108 + 0.82 x 10°

= 4.38 x 108 a/rt2

8. Gamma dose

(6.64 x 1072)(4.38 x 108)Dose

- 2.91 x 1071

,or ae)= 0.29 millirads ov about Smras rer I Spey)
on /& an pdace ~ I dang«

wre Baar

Note that about 80% of the dose is received in the first l months

after fallout.
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APPENDIX aA

The contribution te the infinite plane dese of radiation

from circles of various radii may be calculated fron,

Ny Ep 8 ~Ma® arL

AVL, AA 2 Ae

The values obtained from various radii are shown in the table as per

 

cent of the infinite plane dose.

 

Radius % of Infinite Plane Dose

10 6
oy

Ds 50 Sh

; 100 67

500 90
od

. 100

S

ms ; |

a ,

\

~S
~
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APPENDIX B

B and “y Contributions at Various Times

The fh and Y contributions for various times are shown in the

following table:

1. The total activity is taken as 10° d/m at each
specified’ time after fission.

2. The isotepes and their percent contributions to
total activity are taken from the data of Hunter
and Ballou.

3. and YT energies and the decay schemes from all
otopes are taken from NBS Circular 99, and supple-

ments, and Nuclear Science Abstracts through December
1955.

. e disintegration rate associate every a.4. The disintegrati t jated with nd
“7 energy is calculated from the preceding data.

5» When there is a questionable decay scheme the isotope
is asterisked where it appears first.
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% Total
Activity

1.0

1.2

1.36

1.30

Le

2.6

3.00

2.90

4.0

4.6

4.7

Total
Activity

d/m

1.0 x 104

1.2 x 104

1.36 x 10!

1.3 x 10!

Loy x 104

2.6 x 104

fol X 104

3.0 x 104

2.9 x 104

4.0 x 104

4.6 x 104

ye? x 104!

v
 

iDay

enfEres 500rgies Decay

0.60 85
0.32 15

0.48 hO
1,02 60

2.) 95
0.9 5

0.57 96
0.25 hy

0.97 100

0.28 50

0.73 15
0.90 20
1.16 23

2.12 18

None -—

3.2 100

3.6 100

0.45 15
1.23 85

0.47 35
1.0 0

Ley 25

4 a/n Energies

0.36
0.64

0.5h

1.5

0.32

0.285

0.22

0.96
0.53
1.40

0.78
0.67

0.55

None

1.0
0.6

0.78
O.1k

None

£ of ¥

Decay

85
15

10

100

50

23
2h
15
18
18

100

50
50

15
85

Tv d/m

8.5 10?
1.5 103

4.8 x 102

6.6 x 10°

6.2 x 10°

Lol x 10!

1.3 x 104

6.2 x 10
6.48 x 103
.05 x 103
y.96 x 102
96 x 10

3,0 x ic!

2
0
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e
e

Ww
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O
A
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°
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4 Isotope

gr7t

% Celh3
;

733

/

“1 93

2 ty?!

a

a “syone csr!
4

ay
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ia

! f ‘

a Lh6, Nal
ay wh
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eyo,
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a , Gott

A”
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/ % y203

7-6

8.9

97

0.3

0.6

Ol

0.6

0.)

Oy

0.6

O02

Total
Activity

m

6.7 x 104

6.8 x 10

7.3 x 104

7.6 x 10"

8.9 x 10!

9.7 x 10!

6.0 = 10

1.0 x 103

(Stable isotope)

4.0 x 10

1.0 x 10°

6.0 x 10°

2.0 x 103

3
 

Energies

1.3 Oo 2.68 x 101

3.2 60 4.02 x 104

1.36 100 6.8 x 104

1.4 9h 6.86 x ag
0. 6 hed x il

3.1 100 7.6 x 10!

2.2 100 8.9 x 104

Leh 100 9.7 x 104

(Unknown deczy process)

2.0 55 3.3 x 10?
Lelt hs 2.7 xX

1.5 1.00 1.0 x 10°

1.32 70 2.8 x 102
1.67 20 8.0 x 102
2.26 10 h.O x 107

0.93 100 4.O x 10

0.42 70 42 x 103
0.56 30 1.8x1

0,22 90 1.8 x 102
O.11 10 2.0 x 10°

 

t. %ofv
Enefpies Decay * d/m

1.3 4O 2.68 x 104

0.5 100 6.8 x 104

0.53 so 3.68 x 104

0.7 100 7.6 x 10!

0.8 100 8.9 x 104

0.78 100 »2«9.7 x 10"

0.70 Wop ee
0.1 hs Oe ‘v % n°

let 100 1.0x10

1.6 10.0 x 108
0.49 20 8.0 x 106

0.82 70 2.8% 10°

None -— —_

0.11 70 ye? x 10°?

0.495 90 1.8 x 102
0.610 10 2,0 x 10°
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N
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w
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Tsotone
% Total

0.2

0.2

0.3

Oo2

Total

Activity
d/m

2.0 x 10°

2.0 x 10°

3.0x 10

2.0 x 103

nkenios

None

15h

OW

1.50

100

100

LOO

ABaln

f

2.0 x 103

3.0 x 103

2.0 x 103

Energies

0.0

None

0.71

None

% of
Fecay PAL:

100 2.0 x 10?

100 3.0 x 10
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% Total fs L off y % of7
Isotopes Activity Energies Decay _ £6.___afm Energies Decay “ow a/m

1135 1.0 9:4 is i: i None -- --
91 Leb 25 5 x

i 1.36 None — ~~ 0.55 100 1.36 x 1d!
cotht 1.36 0.1 70 9.52 x 103 O.1y1 70 9.52 x 103

0.56 30 4.08 x 102

wath? 1.),0 o.4 40 6.6 x.103 0.58 0 66x10
0.9 60 8. x 10?

pris 1.65 0.93 100 1.65 x 10! None _- --

yats0 1.75 1.32 70 1.226 x3c 1.6 10 1.75 x 103
1.67 20 3.5 x 1 0.9 20 3.6 xl
2.26 10 1.75 x 10° 0.82 70 1.225 x 10h

pnt 2.1 0.57 96 2.02 x 10! 0.32 h 8. x 102
0.25 l 8.4 x 102

pel 2.35 0.60 8s 2.0 x 104 0.36 85 2.0 x 10!
0.32 15 3.5 x10 0. 15 3.5 x10

pm9 2.55 0.97 100 2.56 x 10! 0.29 100 2.66 x 10!

palho 2.95 0.48 40 1.18 x 104 0.5h 40 1.18 x 10!
1.02 60 1.77 x 10!

91 ; ol
Sr 3.0 1.3 40 1.2 x 104 1.3 0 1.2 xi

3.2 60 1.8 x 10! :

13 3.68 3.1 100 3.68 x 104 0.7 100 3.65 x 104

Tel32 5.30 0.28 50 2.65 x 10! 0.22 50 2.65 x 10!



isotopes

733

£ Total
Activity

565

8.3

8.5

9.0

9.0

10.0

0.9

0.1

0.2

0.5

0.5

0.6

0.6

0.6

rollgton
0.73
0.90
1.16
1.53
2.12

202

1.4
0.5

Lek

0.5
1.23

1.36

Zo
Dec

15
20

23
2h
18

100

oh
6

100

15
85

100

55
hs

LOO

100

90
10

LOO

100

100

Le d/n moerJies

1.1L x 104

1.26 x 104
1.32 x 104
9.9 x 103

8.3 x 104

7.99 104
5.1 x 103

9.0 x 104

1.35 10!
7.65 x 10%

1.0 x 10°

. 103
ge - 102

1.0 x10

2.0 x10

4.5 x 103
5.0 x 102

ra

6.0 x10

6.0 x10

6.0 x 10°

0.96

0.53
1.40
0.78
0.67

0.8

0.53

w
w

S
a
a
S

R
e ay

100

50

100

100

100

Zz. a/m

1.265 x 10
1.32 x 10!
8.25 x 10;
9.9 xi
9.9 x 103

8.3 x 104

4.25 x 104

9.0 x 104

7.65 x 10!

1.0 x10

4.05 x 10?
4.05 x 104

6.0 x 10;
5.0 42x10

4.5 x 103
5.0 Xx 10°

5.0 x 103

6.0 x 10°

6.0 x 10?
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Isotopes

gro?

yr

ee

gr?t

% Total
Activity

1.00

1.05

1.10

1.05

1.25

2418

2023

2023

2.90

3030

326

2.35

4.6

5.30

5.80

fo
Energies

1.50

1.5h

0.4

1.3
B02

3e1

0.57
0.25

Ooi
0.56

Ook
0.9

0.97

0.93

1.32
1.67
2026

0.60
0.32

0.48
1.02

202

lel

100

LOO

70
20
10

85
15

1,0

LOO

100

1.0 x 10!

1.05 x 10%

1.10 x 10%

4.2 10
6.3 x 103

W
w

° Y
d - h
e t

Rnedpies

None

None

0.71

1.3

0.7

0.32

0.141

0.58

0.29

None

1.6

0.9
0.82

0.36

0.6)

0.5h

0.8

0.78

~ of&
Decay

100

LO

100

hy

70

,0

100

10
20
70

85
15

0

100

100

“O d/m

1.10 x 104

yee x 103

1.25 x 10!

9.0 x 10°

1.56 x 104

8.93 x 10°



o
s

e
T

O
A
S

e
s

|

 

T
e

.
o
8 e
e

ye

a
a
n
i
e

7

2
.

a
.

f
e
a
t

=
,
o
a

t
e
,

T
e

*

S
A
T
S

S
D

3
"

°
5

a
S

% Total 4 Z off L of 7
Activity Exergies Deday 6 d/n Enettes Decay Pa d/m_
  

f

6.6 Ley oh 6.2 x 10! 0.83 50 3.3 x 10!
0.5 6 4.0 x10

7.00 0.28 £0 3.5 x10! 0.22 £0 3.8 x 10!

7.30 0.73 15 1.2 x 10! 0.96 23 1.68 x 10}
0.90 20 1.46 x 104 0.83 oh 1.75 x Lo}
1.16 23 1.68 x 10H 1.10 41 1.1 x 10
1.53 oh 1.75 x 10 0.78 18 1.31 x 10!
2.12 18 1.31 x lok 0.67 18 1.31 x 10!

10.0 1.36 100 1.0 x 10° 0.5 100 1.0 x 10°

11.5 0.45 1 1.73 x 10! 0.78 16 1.73 x 10}
1.23 gc 9.78 x 10! 0.14 gc 9.78 x 10
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¢ Total
Activity anfves

1.15 None

Le2 0,22
OL.

1e3 1.5

lel 1.54

1.50 0.4

1.90 0.57
0.25

2e7 Pee

2.85 0.4
0.9

2.85 0.97

3.0 0.41
0.56

4.30 lek
0.5

1,60 0.60
0.32

lh. 80 0.93

Sek 1.32

1.67
2226

Days

tfBak
Decay

ow

90
LO

LOO

100

100

96
h

100

LO
60

100

70
30

oh,
6

85
15

100

70
20
10

enfipsos
 

‘

1.08 x 104
1.52 x 10

13 x 10!

ley x 10!

1.5 xX 10%

1.82 x 104
8.0 x 102

207 x 10+

1.14 10!
171 x 10!

2.85 x 10!

2.1 x 104
9.0 x 103

heO 108
2.6 x 103

6.9 x10

4.8 x 104

-78 104
tb3 = 104
Sek x 102

0.04

0.495
0.610

None

None

0.71

0.32

0.8

0.58

0.29

0.141

0.53

0.36
0.64

None

16
0.9
0.82

$ ofOF
Decay

100

90
LO

100

100

0

100

70

50

10
20
70

“oe d/m

1.15 x 10!

1.08 x 10!
1.2 x 10°

a

1.5 x 10!

8.0 x 10°

1.x 10!

2.85 x 10!

2.1 x 10!

2.15 x i0!

h
3e91 x 10

6.9 x 107
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78W

R
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4
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Isotopes

patho

TelJ2

yis2

ta
t

tas
er

‘a "es
   

% Total
Activity néyies

6.00 0.6

1.02

ToT 0.28

8.00 0.73

0.90

1.16
1.53
2el2

8.0 1.236

2.3 0.45
1.223

2.95 14

0.7 2.0
1.4

0.3 3.1

0.2 1.3
3.2

O.1 None

0.1 0.16

0.3 0.3

2.3
0.8

Zo
ed NL indtgios

7
40 2.4 x 10! 0.5
60 3.6 x 104

50 3.85 x 10! 0.22

15 1.2 x 10! 0.96
20 1.6 x 10u 0.53
23 1.84 x 10! 1.40
2h, 1.92 x 10! 0.78
18 Lely x 10% 0.67

100 8.) x 104 0.8

15 1.8h5:x 104 0.78
85 1.045 x 10° 0.14

100 2.95 x 104 0.78

6 3.85 x 10° 0.70
5 3.15 x 103 0.16

100 3.0 x10 0.7

40 8.0 x 102 1.3
60 1.2 x10

-- —_ 0.55

100 1.0 x10 0.76

95 2.85 x1 0.696
2 6.0 x 102 2.2
3 9.0 x 10 1.5

Z of
Decay. v d/m

40 2.4 x 10!

60 3.85 x 10!

23 1.8) x 10!
2h 1.92 x 104
15 1.2 x 10!
18 Leb x 10}!
18 Lely x 10°

100 8.4 x 104

15 1.85x 104
85 1.045 x10°

100 2.95 x 104

4S 3.5 x 10
4s 3.15 x 10°

100 3.0 x10

0 8.0 x 10°

100 1.0 x10

240 6.0 x 10°
2.1 6.0 x 105
0.9 2et x 10
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Isotopes

cb??

ar7l

103
8h

nu

RhLOS

gr°9

1.
ox

arI>

7133

nah?

 

% Total
Activity Energies

1.3 1.4

1.3 2.2

1.43 None

1.48 0.22
0.11

1.55 0.57
0.25

1.6 1.50

1.75 1.54

1.85 OW

2.50 0.97

73 ley
0.5

3.40 0.41
0.56

3.65 O41
0.56

5.0 0.60
0.32

6.1 0.93

  

2Days

foe? f d/m Energies

100 "13 x10! 0.78

100 1.3 x 10% 0.8

_- - 0.04

“0 1633 = 10S On
96 1L.h9 x 104 0.32
h 6.0 x 103

100 1.6 x10 None

100 1.75 x10" None

100 1085x104 0.72

100 2.5 x10" 0.285

eGR3s Oa8

rye
70 2.55 x 20} 0.141
30 1.10 x 10

6 Ws x3s
100 6.1 x 10% None

 

% of

Deca Y a/m

100 1.3 x 10

100 1.3 x 10!

100 1.43 x 10!

90 1.33 x 10!
10 1.48 x 10°

h 6.0 x 103

100 1.85 x 104

100 2.5 x 104

50 3.65 x 10!

70 2.38 x 104

70 2.6% x 10!

85 heS9 x 108
15 8.1 x 10
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% Total 3 £ off Balm r Z oof
 

 

 

Isotopes Activity Energies Decay Energies Decay Oo a/m

egl3 6.50 1.36 100 «fs x 104 0.5 100 6.5 x 10!
nD

tat 6.9 1.32 70 ),.83 x 104 1.6 10 6.9 x
1.67 20 1.38 x 104 0.49 20 1.38 x1
2.26 10 6.9 x 103 0.82 70 be83 x

pit 72 0.18 ho 2.88 x 104 0.54 0 2.88 x
1.02 60 4.32 x 104

132 \Te 7.70 0.28 50 3.85 x 10 0.22 50 3.85 x

32 8.00 0.73 15 1.2 x 10! 0.96 23 1.8) x
0.90 20 1.6 x 10! 0.53 oh 1.92 x
1.16 23 1.8 x 102 1.40 15 1.20 x
1.53 ah 1.92 x 104 0.78 18 Lely x
2.12 18 lel x 104 0.67 18 Lely x

Mo?” 12.0 O.4s 1s 108 x 104 0.78 1s 1.8 x
1.23 85 1.02 x 10° 0.14 85 1.02 x

 



W
S

'
A

a)

*

=
t
e

S
e

w
a

Be
s

os
% Total t

Isotopes jet’ inflates bole. GE afm

ynis 1.20 0.87 96 1.15 x 10%
0.28 h 5.0 x 10%

yes 1.6 1h oh 1b x 10!
0.5 6 9.0 x 10

. La~“ 1.67 Nong —_— —_

mut 1.70 0.22 90 1.53 x lot
O.11 10 1.7 x10

x09 1.90 1.5 100 1.9 x 10!

ov 2.10 1.51 100 2.1 x10"

oe? 2.20 Ob 100 2.2 x 105

Pntk9 2.10 0.97 100 2.10 x 104

0.9 o20 X

cyt he? OWL 70 2.94 x 10%
0.56 30 1.26 x 10%

cells 4.6 1.36 100 4.6 x 10!

pt 5.90 0.60 8s 5.02 x 104
0.32 15 6.8 x10

pels 7.20 0.93 100 7.2 x 10"

Te?32 Tels 0.28 50 3.7 x 10!

Exige
0.32

0.53

0.0%

0.495
0.610

0.71

0.285

0.58

0.142 70

85
15

He fo
t Qu725

hq fe
nd

m
o o
c

1.67

1.53 x 104
1.70 x 103

2e2 =x 10

2.10 x 10

1.52 x 10!

=

2.9 x 10

fa
n

h.6 x

5.02 x
8.6 x

~ oO
pa
6 -

3.7 x i104
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% Total oh Zo Oo % of
Isotopes Activity By Pies Dec a/m Energies Decay O__d/m

yi32 7.8 0.730 15 1.57 x 10! 0.96 23 1.80 x 10)!
0.90 20 1.56 x 10} 0.63 2h 1.87 x 10!
1.16 23 1.80 x 10 1.40 15 1.17 x 104
1.53 oh 1.87 x 104 0.78 18 1.40 x 10!
2.12 18 1.40 x 10% 0.67 18 1.0 x 104

patt0 8.1 0.48 40 3.2h x 104 0.5) hO 3.2h x 10!
1.02 60 1.86 x 104

10 h
La 8.30 1.32 70 5.81 x 10) 1.6 10 8.3 x 107

1.67 20 1.66 x 10 0.9 20 1.66 x 10
2.26 10 8.3 x10 0.82 70 5.81 x lol

Mo?? 11.0 O.4S 1s 1.65 x 10k 0.78 15 1.65 x xo}!
1.23 85 9.36 x 10 0.18 ag 9.35 x 10
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pmLhd

celh3

ww, 103
eudd
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Rut?3

sr89
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8 Days

 

t ofB
Engrgies
  

» Total

Activity infizses

1.35 0.97

2210 1.36

2410 None

2220 0.22
0.11

2h 1.5

2e7 125)

2.8 0.4

4.5 0.4
0.9

Sel 0.41
0.56

6.2 0.28

6.6 0.73
0.90
1.16

1.53
2el2

6.6 0.60

0.32

8.8 0.93

Decay VA d/'m
7

100 1.35 x 104 0.285

100 2.10 x 10% 0.5

_ -- 0.04

90 1.98 x 104 0.495
10 2.2 x 103 0.610

100 2.4 x 104 None

100 2.7 x 104 None

100 2.8 x10! 0.71

40 1.80 x 10! 0.58
60 2.70 x 104

70 3.78 x 10% Oo.
30 1.62 x 104

50 3.1 x 10% 0.22

1s 9.9 x 10? 0.96
20 1.32 x 10! 0.53
23 1.52 x 104 1.40
2h 1.58 x 0} 0.78
18 1.19 x 10 0.67

85 5.61 x 10}! 0.36
16 0.99 x 10 0.64

100 8.8 x 10! None

  

% of

vocal. S a/n

100 1.35 x 104

100 2.10 x 104

100 2.10 x 10!

90 1.98 x 10%
LO 2.2 x 103

100 2.8 x 10!

ho 1.8 x 10%

70 3.78 x 10!

50 3.1 x10!

23 1.52 x 104
2h 1.58 x 10!
15 9.9 x 10?

18 1.19 x 104
18 1.19 x 104

85 8.61 x 104
15 9.9 Xx 10°



Isotopes

Mo?9

palto

10

% of

  

% Total

Activity Energies

9.0 0.45
123

926 0.48
1.02

10.5 1.32
1.67

2 226

Decay Oo _df/m

15 1.35 x 10

85 7.65 x 104

0 3.8) x 104

10 1.05 x 10}

20 2.10 x 10)

70 7.35 x 10
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2055

2.60

2.90
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3.35

4.80

5.10

530

6.3

6.8

6.8

10.00

‘10.70

12.00
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TARO reeeatteeeemneeemee oe

yr Z oft

Energies Decay Y__ afm
0.0) 100 2.55 x 10!

0.495 90 2.34 x 1lo#
0.610 10 2.6 x 109

None -- “

None -_ ~-

0.71 100 3.35 x 10

0.58 ho 1.92 x 10!

0.22 50 2.55 x 10"

0.96 23 1.22 x 10!
0.53 2h 1.27 x 10}
1.0 15 7.95 x 10
0.78 18 9.5x 102
0.67 18 9.54 x 1

0.10 70 ey x 10!

Oo. 85 5.78 x 10

0.36 85 5.78 x LO}
0.64 15 1.02 x 10

None -— “=

0.5 ho 128 x 10!

1.6 10 12 x 10!

0.82 70 Bo x 104



 

 

Isotopes

ih

Ce

Uh
Pr

1Z1

4

Kd

0495

RhlO

103

 

¢ Total fe
Activity Energies

2.00 0.3

2.00 3.00
2.30
0.8

3.60 0.60
0032

4.10 Ooh;
09

4.20 0.136

505 None

507 0.2

6.70 1.50

726 1.54

8.2 Oy

10-80 0.148
1.02

11.00 0.93

12.50 1.32
1.67
2.26

11.30 Ooll
0056

 

 

30 Days

Lo
becky LZ d/n Energies

A
70 14, * 10 0017

95 1.9 x 10 0.696
2 eo x 102 22
4 6.0 x 10 1.5

85 3 06x i 0.36

15 5, x 1 A 064

ho 1.44x 100), 0.58
60 2lif10

100 h.2 x10 0.76

~~ -- 0.04
Mi

100 507 Xx 10 02h

100 6.7 x 40, None

100 7e6 x 10 None

100 6.2 x 10+ 0.76

ho 32x 1 bh 0054
60 6.4,8x 1

100 iel x 10° None

70 8.7hx 19} 1.6
20 205 =x 104 0.19
10 1.25x 10 0,82

70 7Te9ix 10+ O11
30 3.39x iol

 

% of T
Decay Y d/m

3
30 6.0 x 10

2

2.0 Ox 10,,
2.1 42x 105
009 1.8x. a

85 3.06x10
15 5 aly m0"

ho 1.4ix10

100 h.2 x10

100 5.5 =x 104

in

100 8.2 x 10+

ho e32x 10+

10 1.25x 10

20 205 x 10)

70 8.74x 10

70 7e91ix 1
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Isotopes

yal?

7131

colt

ppllh

patho

~ 1:0
La

pels
103

103

% Total
Activity

1.4

1.00

4.00

00

5.10

5.70

6.10

7-20

740

9.70

10.8

11.20

11.80

12.8

wlss0s

Ok
0.9

0.60
0.32

0,22
O.11

1.50

0.41
0.56

1.5)

0.146

0.)

 

60 Days

Zo
becky 4 d/m Ene?pies

f
ho B.6 x10 0.98
60 8. x 103

ae 8.6 x 102 0.36
15 1.5 xl 0.6h

70 2.8 x 104 0.17

95 3.80 x 10H 0.696
2 8.0 x10 Zee
3 1e2 x 107 1.5

10 2.0h x104 0.5h
60 3.06 x 104

70 3.99 x 10! 1.6
20 1-1 x 104 0.49
10 5.7 x 103 0.82

100 6.10 x 104 None

-~ -- 0.0h

90 6.66 x 104 0.495
10 Tet xh 0.610

1.00 9.7 x 104 None

70 7.56 x 10} 0.12
30 3.2) x 10

100 1.12 x 10° None

100 1.18 x 10° 0.76

100 1.28 x 10° 0.76

 

% off
Decay
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15
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20
70

100

90
LO

100

1,00

 

U afn

5.6 x10i

8.5 x 10°
1.5 x 103

1.2 x 10

x 10,

8.0 x 105,
x 10

2.64, x 10

x

x 10

x 104

7.2 x 10

S
O
E

7. x 103

7.56 x 104

1.18 x 10°

1.28 x 10°
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Isotopes

pnb?
kn
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Rut
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prt

% Total
Activity

1.05

6.20

6030

6.10

7290

7290

10.3

1207

1523

20.44

wheres

0.22

None

o.41
0-56

0,22
0.121

003

3.0
203
0.8

1.50

1.54

Ook

0.146

 

820 Days

Lo
4off £ d/m Enekgice

t

100 1.065 «x id None

-- —- 0.04

70 het x1d+ ost
30 1.89 x 10+

90 5.76 x 104 0.495
10 6.4 x 103 0.610

70 5.53 x 10+ 0.17

95 7.5 =x 10 0.696
2 1.58 x10 2.2
3 2.37 x 102 1.5

100 1.03 x10 None

100 1.27 x10 None

100 1.53 x10 0.71

100 2.0) x10 0.76

-

100

100
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xf % Total $ 093 YY % of x
é3 Isotopes Activity Energies Decay 4 ie Energies Decay Oo  d/m

; 137 le 0.51 95 1443 x 10
| "° ° 1:26 5 7.5 x 10° None ~ ~"4

i

/ : pal3? 1.5 None ~_ _- 0.67 100 1.5 x10

1! Sr?9 1.90 0.5), 100 1.9 x 10! None ~— on

y y° 1.90 2Qe2 100 1.9 x 10! None -~ —

pul 2.15 0.0h 100 2.45 x 104 None - --
2

106 of 1.26 1.0 2.45 x 10
Rh 2.h5 3.55 82 2-01 x 1 e

; 2.30 18 hel) x 10° 0.73 4 b.37 x 103

fo sr? 2.65 1.50 100 2.65 x 104 None ~ --
f 4 2

if ne 3.90 1.5) 100 309 x 104 None -- --

i ryt? 5.80 0.22 100 5.80 x 104 None ~ -

f eo 95 7220 0. 100 7.2 x 104 0.71 100 7.2 x 10
ogve ,

Ph a }

1. cut 26.5 0.30 70 1.85 x 10° 0.17 30 7.95 x 10°
3 fp, .

7 yee pri 26.5 3.0 95 25.2 x 103 0,696 20 $43 x 103
4 4? oe o x s s e

| / 0.8 3 7.95 x 10° 1.5 0.9 2.38 x 10°
Af
Late
a
a

so

a
Ae

goLoh,

of 
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oe 730 Days

ve LotYwe % Total 4 % 099
a {so topes Activity Energies Decay 4 d/m Bnetpies Decay o d/m
fo

be Rute 34,0 0.041 100 34 x 10" None —— ~~“ P

ct 106 79 10% 1.25 1.0 3.4 x1os Rh 3.40 3255 82 2.79 x 05 %5
. 1 0.73 17 5.78 x 1

; ° 2020 8 O-12 0.51 17 5.78 x 10°oe

4 ‘3 ont? fel 0. 51 95 3489 x 10% None — -—

ye 1.20 5.0 2.05 x 10 — _ — |
ie
e Bate? hel None -- _- 0.67 100 hel xl

oy gn70 5.2 0.54 100 5.2 x10° None _- _-
g

. y?° 5.2 2.2 100 5.2 x10* None _ --
f uw |
wf rn? 1325 0.22 100 1.35107 None -- -

& 5 6

# Col 30.00 0.30 70 2.1 x10 0.17 30 9 x1
4 ° 1d4 * 5 —_ _. _

0s Pr 0.00 3,0 95 2.85 x 10 .
; ° 2.3 2 6.0 x 10° 0,696 2. 6.0 x 105

f y 0.8 3 g 0 x 10? 22 ael 663 x1 3
J

1.5 0.9 Qal x 104

vy
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% Total
Tsetopes Activity

Sq 2.5
ppl 15-8

csi?” 18.3

Ba??? 18.3

gy? 22.0

y? 22.0

Half life listed as 20 years by Hunter & Ballou later data report ti/2 = 100 years

Energies

0.075

0.22

0.51
1.20

None

0.54

Aen

 

650 Days

nook b d/m

100 fs x 10°

100 1.58 x 10°

95 1.74 x 10°
5 9.00 x 10°

100 2.2 x 10°

100 2.2 x 10°

enobsies

0,020

None

None

0.67

None

None

 

% of
Tecate “os afm

100 2.5 x 10°

100 1.83 x 10°

  



 

Isetepe dfs Amin)_
Ry203 3.2 10 1.14 1075

Rn?°> 6.2 ro! 1.2) 107

cet heb 104 1.72 1079

celth 2.37 108 1.75 10%

prt 3.98 103 3.96 107%

ar? 1.53 10° 7.4 10-6

ser? 2.0) 10° 1.37 107°

cst3? =(ae 103) 3.57 1078

pal? 2.6 10 2.77 10-2

sat gs 10% 6.6 1078

Rat (6  10°)# 1.32 10-6

pnt 2.1 10 1.39 —

APFENDIX €

Atoms

2.81 x 10°

5.0 x 10°

2.6 x10’

1.36 x 101°

1.0 x 10°

2.07 x 101°

1.9 x 1040

7.00 x 109

9 x10

75 x10?

be6 x 107

1.5 x 10

Factor

h
w

Totals

Disintegrations

8.) x 10?

0 x10

2.6 x 10’

15.8 x 10°

oO x 10”

la. x 10°

14.9 x 107

70.0 x 10?

0 x10?

7.5 x 10°

1.6 x 10°

0 x10’

162.2 x 10?

The "Factor" in column 5 takes into account the gamma disintegrations of the
daughter product.

* Cs137 and Rubare beta emitters, but their daughters show gamma emission.
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