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ABSTRACT

thoton energiee and photon abundances have bteen compiled and swumarized
for some imduced activities which may result from muclear events. The
data are presented in tabular form, including photon energies and abund-
ances for the gamma rays, X rays, and beta particles emitted per disinte-
gration, A list of multipliers is also presented for convertiug activities
of the radionuclides to infinite-plane exposure rates.




SUMMARY

The radiation exposure rate from f:llout depends upon the energies
and abundances of the photons emitted by the fission products and the
induced activities. The latter may result from activation of device
materials or of materials on the site of the detonation, including the
ground, and may sometimes make a major contribution to the totel expo-
sure rate. This report presents a compilation of the photon energies
an¢ abundances for some induced activities which may be present in debris
from nuclear weapons. A list of factors for converting radionuclide
activities to infinite-plane exposure-rate contributions is slsc pre-
sented.
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INTRODUCTION

In oxder to predict exposure rates for fallout, it is necessary to
know the energies and abundances per disintegration of the gamms photons
enjtted by the fission products and the imduced activities. In additionm,
the exposure per unit of photon flux, as a tunction of energy, must be
calculated for the situatlon of interest. This latter result can be
expressed na the average cxposure at a well-defined peint (in a standard
situation) that results from one disintegration of a specified redio-
nuclide. Thia value con be regarded as a multiplier for converting the
activity of that nuclide to 1ts contribution to the exposure rate.

Volwne I of thias aerlesl tresented ganme~photon energies and abund-
anceg oy the fiasion products of uranium and plutonium, Appendix I
of thia volume presents similar data on some radionuclides which may
reasonably be expected to be Induced by neutron activation of materials
in the vicinity of a nuclear explosion or of a reactor or of the materials
of the device itself., Many of the radionuclides included in this volume
have been reported to be present in fallout; the presence of others has
peet & mattor only of aspeculation. Appendix II presents a list of multi-
pliers for converting nuclide activities to exposure-rate contributions.

SOURCES AND INTERPRETATION OF RUBLISHED DECAY DATA

The Nuclear Data Sheets {(HDS) published by the National Academy of
Sciencea~National Research Council, including additions and revisions to
date, formed the baaic source for this compilation. In additicn, many
recently published papers which have not yel been incorporated into NDS
were taken inte consideration.

- Data on the gamoe and X radiation accompanying beta decay are usually
presented in the literature with a view toward establishing the energy-
level structure of the nuclides involved, rather than toward displaying

: photon energlies and abundances as such, Conseqently, it is usually
necedsary to deduce the photon abundances by interpretation of the decay
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data in conjunction with a logical decay scheme. The m=¢hods followed

in assembling the data reported here are presented in dstail, with il-
lustrative examples, in Reference 1.

Many of the induced activities, in contrast with the fission products,

decay by electron capture. This process is usually accompanied by the
€ Jdssion of a K~ or L-series X ray. Since the K-L branching ratios are
not usually well known: it was assumed for the purposes of this report
2 that each electron capture results in the emission of a X-geries X ray.
. This is in accord with the practice followed in Reference 1 of prefer-
visg overestimation of gamma-decay energy to underestimation, since the
deta sre intended for use in predicting radiation hazards.

nra RIS L T AT I R

The X-ray photon sbundances have not been corrected for fluorescent
yi=1ld, since the contribution of the X rays to the exposure is small and
the extra calculation did not seem warranted, The K-series X-ray ener-
gles have been taken from Nuclear Spectroscopy Tables.? For the [-series
X rays, the binding enargies taken from Siegbahn,3 have been used.

BRANCHING RATIOS

In the case of oranching decays, all possible decay paths were con-
sidered in calzuiating the photon abundances. The decay paths were
considered to extend only to the next atable or metastabie state. For

the convaenience o1’ the user, the branching ratios used are swmmarized
here:
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Mass 64

Maxs Th

Maass 102

Muss 106

Mass 108

Mass 110

Mass 113

Mass 11k

Mass 120

Mass 126

N (stable)<E2 oy (13 n)~2E—> 20 (stavle)
ge (stabie) €€ ps (18 a) ~BE—>5e (stable)

Ru (steble) <l pn (206 4) 1 —>m (stable)

(4% of the decay not accounted for)

Pd (8tnble)<—22§-—}\g (24 m)-—-iecd (stable)

2ok ag (25 yr)
P (stable)&& 8.5% 9by ca (stadle)
\\I& q"
-Ag (2.4 m)

Ag (253 4) S5
2.0 &\cﬂoj,rm (stable)
Ag (2h 8)~

ca (3 x 107 y) &b o (1 y) 22Fh S 1 (stable)

In (2.5 s)
100%
q,?ﬁ, In (50 d)
¢d (stable) S0, 96.5%

I (12 s) 229% oy (stobvle)

sb (5.8 4d)
Y

Sn (stable) -Q%-—Sb (16 m)
Te (st;able)es—%— I (13 a) h—%-))(e (stable)
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Mass 152 sm (stable)€2% 1wy (9.3 b)

Mass 158 Gd (stable)(ﬁ-wb {150 y)—-l'-lﬁ’—%ny (stable)
Ho (1200 y

Mass 166
Ho (27 h) 1 Er (stable)

Mass 170 gr (stable) L2 1 (127 a) 2By (stavle)
Lu (3.7 h

Mass 176

Y

Lu (2.2 x 100 y) HE (stable)

Ta (8.15 hNZz\
Mass 180 Hf (stable)y/ W (stable)
‘\Ta,( > 1013 y)

Mass 186 W (smblekl‘-'!’—-ae (90 h)-—ﬁ—-—)OS (stable)
05 (10 m)<1%% 1r (3.2 n)
Mass 190 100%

08 (stable)<12% 1r (12 4)
0s (15 a)—22E51r (4.9 5)

Mass 191 100%
Ir (stable)

Mass 192 0s (stable)e—l‘f’—-» Ir (74 4) %5y (stable)
Mass 195 Pt (stable)?ﬁLAu (6.18 d)—-é‘l'i-ang (stable)
;’g
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M (7.2 8)<3:9% yg (24 n)

100% 9%.5%
Au (stable)éi'%—.ng (65 n)
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CALCULATION OF EXPOSURE-RATE MULTIPLIERS

The gamma-photon abundances have been used to calculate exposure-
rate multipliers for converting radionuclide activities to exposure
rates three feet above a uniformly contaminated, infinite plane. The
multipliers are based on the build-up factors of Gates and Eisenhauer."
The energy conversion was made accexding to the following expression:

D= (5.97E - 1.22E° + 0.20183 - 0.0238%) x 206 (1)

where D is the exposure rate, in roentgens per hour, at a point 3 feet
above an infinite plane uniformly contaminated with one emitter per
square centimeter emitting one photon of energy E, in Mev, per second.

If nuclide n emita Ny photons of energy E; per disintegration, Ny pnotons
of energy E,, etc., then a total exposure-rate multiplier, Dn’ far the
nuclide can be defined:

D «DN +0D
n 4

l N2+ s e

2

If the activity per square centimeter; A,, of the nuclide is known, the
contribution of the nuclide to the exposure rate is D A, roentgens per
hour.

The exposure-~rate multipliers for the induced activities are listed
in Appendix II. Since the multipliers were hand-calculated, the energy-
to-exposure~rate conversion factors were read from & graph of equation 1.
Those multipliers marked with an asterisk pertain to nuclides which do
not emit photons with energies greater than 0.075 Mev. Calculstions for
such low energies are very uncertain.
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APPENDIX I

SUMMARY OF PHOTON ENERGIES AND ABUNDANCES

Nuclides are arranged by ascending atomic nunbers, ordered by mass
muber. Metastable-state decays are summarized separately. The hall-
life of each nuclide is stated below its identification. The source or
sources of the data are quoted at the beginning of each summary. The
abbreviation NDS is used for the Nuclear Data Sheets compiled and pub-
lished by the National Academy of Sciences-National Research Council.
Other literature abbreviations follow standard practice.

The data contained in the columns is indicated by the headings, as
follows:

E? - Gamma energy in Mev,
N Number ¢t transitions per disintegration. This column
is totalled., This column was for the canpiler's con-
venience and was {requently omitted.
N - Number of gamma photons emitted per disintegraition. This
column is totalled.
Number of gammas cenverted to X-ray photons per disinte-
gration. This column is totalled.
E7 - Product of abundance and cnergy. This column is totalled.
- Epd-point beta-ray energy in Mev.
- Corresponding number of beta particles per disintegration.
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Following the columns the X-ray energy, EK’ is given. The product of
this energy times the total of the Ny column is given. The following
totals are then listed:

PH - Total photons emitted per disintegration.

HPH - Total photons emitted per disintegration with energies
greater than 0.020 Mev.

FD - Total photon energy per disintegration (Mev/D).

HFD - Total photcn energy per disintegration (Mev/D) counting
only photons greater than 0.020 Mev.
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Source: J. G. V. Taylor and J. S. Merritt, 4 Be 7
Can. J. Phys. B0, 926 (1962). 53.4 days
E7 N7 NK N7E7 EB Nﬁ
Mev Mev/D Mev
0.7 _0.115 - - - 0.055 Decays by E. C.
capture e -~ - - 1.0 - - -
4 -5 14 ~s
EK =5 x 10 7 Mev EK“K 0
PH = 0.115 ED = 0.055 Mev/D
RPH = 0.115 HED = 0.055 Mev/D
Source: NDS 59-L4-16 and 59-L4-19 11 Na 22
2.6 years
l.7 N7 NK N7E7 EB NB
Mev Mev /D Mev
1.2th 1.0 - - - 1.27h 0.5uk 0.898
capture e - - - 0.102 - - -
EK = 0.00087 Mev EKNK ~ 0
PH = 1.102 ED = 1.274 Mev/D
HPH = 1.0 HED = 1.274 Mev/D
4 Source: NDS 59-6-10a and 59-6-13 11 Na. 24
: E 15.0 hours
- E, N, Ny NyEy EB NB
g Mev Mev/D Mev
% 1.368 1.0 -- - 1.368 0.391 1.0
’é 2.750 1.0 --- 2.750
5 Total 2.0 4.118
g Ey = 0.0013 Mev NE, = 0
- PH = 2.0 ED = 4.118 Mev/D
HPH = 2.0 HED = 4.118 Mev/D




Source: NDS 59-6-27 and 59-6-34 13 A1 2
T.4x 10 years
E, Ny N, N N.E, EB Nﬁ
Mev Mev/D Mev
2.97 0.003 0.003 - - - 0.009 1.16 0.96
1.1k 0.037 0.037 - 0.042
1.83 _ o 0.997 0.997 - - - 1.825
capture e - - - - - - 0.052 - -
Total 1.037 1.037 0.052 1.876
E, = 0.0013 Mev | NE, = 0.0001
PH = 1.089 ED = 1.876 Mev/D
HPH = 1.037 HED = 1.876 Mev/D
Source: NDS 60-3-25 and 60-3-27 1bh si 31
2.6 hours
E, N, Ny NE, Ea NB
Mev Mev/D Mev
1.27 0.0007 - - 0.001 0.210 0.0007
1.477 0.9993
PH = 0.0007 ED = 0.001 Mev/D
HPH = 0.0007 HED = 0.001 Mev/D
Source: NDS 60-1-53 and 60-1-57 17 C1 3bm
32,4 min.
E, v, N N,E, EB NB
Mev Mev/D Mev o
1.16 0.166 -- - 0.193 0.43 0.0us
2.13 0.353 -- - 0.752 1.24 0.322
3.30 0.166 - - 0.5u48 2.k 0.351
L.10 _ 0.006 - - - 0.025
capture e - = - 0.015 - - -
Total 0.691 0.015 1.518
E, = 0.0025 Mev NE, =0
PH = 0.706 ED = 1.518 Mev/D
HPH = 0.691 HED = 1.518 Mev/D

10
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Source: NDS 60-1-60 and 60-1-63

E, N, Ny N7E7
Mev Mev/D
1.60 0.31 - - - 0.hod
2.16 0.“7 - - - 1001‘5
Total 0.78 1.511
PH =« 0.78 ED = 1.511 Mev/D
HPH = 0.78 HED = 1.511 Mev/D

Source: D. W. Engelkemeir, K. F. Flynn and L. E.

Glendenin, Phy. Rev, 126, 1818 (1962).

E, N, Ng N,E,

Mev Mev/D
l . h6 - 0' 11 bl O- 161
capture e - - - 0.11 - - -

m had Ooll
HFY = 0.1}

Source: NDS 60-6-3

ED = 0.161 Mev/D
HED = 0.161 Mev/D

Ey Ny Mx YRy
Mev Mev /D
1-% 0.00(5 - - OQOOlQ
1.02 OO(WE - - 000002
0.h9 0.0002 - - - - -
2;hb 0000@‘ - . o- 09001()
0.90 0.0002 - - - 0.0002
0.60 0.0002 - - - 0.0001
0'32 0-0020 - - G.QO%
1052 0‘1800 - - 01{??36
Total 0.1838 0.27167
PH = 0.1830 ED = 0.216] Mev/D
HPH = 0.1838 HED = 0.2767 Mev/D

1

T

17 €1 38
38 min,

E

B Ma

Mev

1.11 Q.31

2.7 0.16

h.81 0.53
19 ¥ 4o 9
1.27 x 10° year

K N

+] 8

Mgv

1.30 0.89
19 K b2
12.% hours

Ba s

Mev

0.09 0.0008

0.28 0.0002

1.1} 0.0006

1.7 0.0018

2.03 0.1770

3‘55 0-8200
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Source: NDS 60-2-16 and 60-2-20

E, Ny, N, Ny N.E,
Mev Mev/D
0.27 1.0 0.871 0.123 0.2368
Eg = 0.0041 Mev NKEK = 0.0005

PH = 1.0 ED = 0.2373 Mev/D
HPH = 0.877 HED = 0,2368 Mev/D

L B - N SR TR R TR

21 Sc hlim
2.4 days

Fa Na

Mev

Isomeric
Transition*

*There is actually some small unknown amount of E. C. directly to Cahb
(L. T. Pillman and J. J. Kraushaar, Nucl. Phys., k2, 383, 1963), but
this has been ignored. This schema !s for: qchhm 100% qchh 1904 Cam‘

Source: NDS 60-2-16 and 60-2-20

W+

5:7 Ny N7 Ny N7E7
Mev Mev /D
2.69 0.002 0.002 - = 00005
1.50 0.010 0.010 - - 0.015
2128 0-002 0.(}02 - - - 00005
1.14 0.030 0.030 - - 0.034
lolé - 1.000 1‘000 - - - 1.160
capture e - - - - - 0.085 - - -
Total 1.04k4 1.0k 0.08% 1.019
By = 0.0037 Mev NKEK = 0.0003

PH = 1.129 ED = 1.219 Mev/D
HPH = 1.0Lk HED = 1.219 Mev/D

21 Sc Lh
3.9 hours

Bg )

Mev
1.467 Q.91%

*%Gamma intensities agree reasonably well with L. T. Dillman and
J. J. Kraushaar, Nucl. Phys., 42, 383, 1963.

Source: NDS 60-2-30 and 60-2-1h

E, N N, Ny N,E,
Mev Meﬂ
O-ls 100 0'5 0.5 0.075
Ey = 0.0041 Mev NKEK = 0,0021

M = 1.0 ED = 0.077 Mev/D
HPH = 0.5 HED = O.0/% Mev/D

12

21 Sc hém
20 sec.

Bﬁ Nﬁ

Mev

Isameric
Trangition

i
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Source:

Source:

NDS 60-2-30 and 60-2-33
Ey Nr NK NYE7
Mev Mev/D
1.119 1.0 - - - 1.129
0.887 1.0 - .- 0.887
Total 2.0 2.006

(There is probably a crossover transition of ~ 2 Mev of very low
intensity. See Ark. Fys. 21, 383, 1962)

PH = 2.0 ED = 2.006 Mev/D
HPH = 2.0 HED = 2.006 Mev/D
NDS 60-2-23 and 60-2-28

E, N, Ny N.E,
Mev Mev/D
0.376 0.003 - - - 0.001
capture ¢ - - - 0.15 - - -
EK e 0.0041 Mev NKEK = 0.0006

P“ = Ot153
HPH = 0,003

Source NDS 61-3-3

ED = 0.0016 Mev/D
HED = 0.001 Mev/D

Ey Ny Ny N.Ey
Mev Mev/D
capture e - == 1.0 - ..
Ee = 0.0046 Mev NKEK = 0,0046
PH = 1.0 ED = 0.0046 Mev/D
HPH = O HED = O Mev/D

13

21 Sc U6
84 days
Ba Na
Mev
0.357 1.0
22 Ti us
3.1 hours
B N
Mev
0.62 0.003
l.02 0.850
23 v 49
330 days
Ea N
Mev

Decays by E. C.

OGN



3% HPH

P -

1.902
= 1-0

ED = 0.847 Mev/D
HED = 0.842 Mev/D

1k

Source: NDS 61-3-3 and 61-3-11 24 ¢or 49
42 min.
E, N, Ny N.E, EB NB
Mev Mev /D Mev
0.063 0.130 0.018 0.0082 1.39 0.266
0.089 0.217 0.018 0,0247 1.46 0.139
0.150  _ 0.139 0.003 0.0209 1,54 0.5
capture e - .. 0.068 - - -
Total 0.5h46 0.107 0.0538
B« 0.004k6 Mev NKEK = 0,0005
PH = 0.653 ED = 0.0543 Mev/D
HPH = 0.546 HED = 0.0538 Mev/D
Source: NDS 61-3-14 and 61-3-20 2k Cr 51
28 days
E, N, Ny N.E, EB Nﬁ
Mev Mev /D Mev
0.645 0.0005 --- 0.0003 Decays by E. C.
0.320 0.0010 - - - 0.0003
0.322 _ 0.0910 - - 0.0293
; capture e - - - 1,0 - - -
Total 0.092% 1.0 0.0299
E¢ = 0.004& Mev NKEK = 0.0046
PH = 1.092% ED = 0.0345 Mev/D
HPH = 0.0925 HED = 0,0299 Mev/D
F; Source: P. Kramer, Miss E. C. Bos, A. deBeer and J. BRlok, 25 Mn 5h4
Physica 28, 569 (1962). C. Manduche and G. Zannoni, 291 days
Nuovo Cimento 27, 251 (1963).
B, N, Ny N.E, EB NB
3 Mev Mev/D Mev
4 0.862 1.0 - - - 0,842 Decays by E. C.
= capture e - - - 0.902 - - -
‘; = ( 4 =
Ey = 0.0055 Mev NE, = 0.0050




Source: NDS 59-h-50. D. A. Howe, L. M. Langer, E. H. 25 Mn 56
Spejweski and D. E. Worimen, Phys. Rev. 128, 2748 (1962). 2.58 hours

) N N N E E N

7 b4 K 7Y B )
Mev Mev/D Mev
OoShS 1.000 - - - O.Bhs Oo300 0001
1.810 0.333 - - 0.603 0.718 0.18
2.120 0.175 - .- 0.371 1.028 0.3k
2.520 0.009 - .- 0.023 2,838 0.47
2.660 0.007 - - - 0.019
2,960 0.005 - - - 0.015
303% 0-002 - en = 0.007
Total 1.531 1.883
EK e 0.0065 Mev NKEK )
PH = 1.531 ED = 1.883 Mev/D
HPH = 1.531 HED = 1.883 Mev/D

Source: NDS 59-2-3 and 59-2-9 26 Fe 55
2.7 years
Ey N, Ny N £ EB Na
Mev Mev/D Mev
capture e - - - 1.0 - .- Decays by E. C.
EK = 0.0065 Mev
PH = 1.0 W = 0.0065 Mev/D
HPH = O HED = O Mev/D
Source: NDS 60-6020 26 Fe 59
1S days
E7 N, N, N.E, EB Na
Mev Mev/D Mev
0.337 0.003 - - - 0.0010 0.130 0.010
0.145 0.008 - - - 0.0012 0.271 0.460
1.290 0.u4o .- - 0.5676 0.462 0.540
0.191 0.030 - - 0.0057 1.560 0.003
. 1.100 0.570 - - - 0.6270

Total 1.051 1.2025%

; PH = 1.051 ED = 1.203 Mev/D

: HPH = 1.051 HED = 1.203 Mev/D
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Source: NDS 61-2-13 and 61-2-?1. P. Kramer, et al,
Physica 28, 569 (1962)}.

w 0

=y Nr NK NVB7

Mev Mev/D

0.01hk 0.120 0.780 0.0017

0.122 0.890 0.010 0.1086

0.136 0.088 0.012 0.0120

0.710 _ 0.002 - 0.001kL

capture e - - - 0.870 - - -

Total 1.100 1.672 0.1237
= 0.0065 ' B = 0.010

EK 0.006% Mev »K K 0109

PH = 2.772 ED = 0.1346 Mev/D

HPH = 1.100 HED = 0.1237 Mev/D

Source: NDS 60-5-12 and 60-5-18

Ey Ny N NEy
Mev Mev/D
00025 100 “ o o- - 0-025
PH = 1.0 ED = C.025 Mev/D
HPH = 1.0 HED = 0.025 Mev/D

Source: NDS 60-5-12 and 60-2-17

Er N, Ny N7E7
Mev Mev/D
1.650 0.005 - - - 0.0083
0.810 0.016 - - - 0.0130
0.805 _ 0.995 - - - 0.8010
capture e - - 0.852 - -
Total 1.016 0.852 0.8223
EK = 0.0065 Mev NKEK = 0.005%

PH = 1.868 ED = 0.8278 Mev,/D
HPH = 1.016 HED = 0.8223 Mev/D
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21 Co 57
270 days

Eq Ne

Mev

Decays by E. C.

27 Co 58m
9.0 hours

Eq Ng

Mev

Isomeric Transition

27 Co 58
71 days
EB NB
Mev
0.48s5 0.1h48
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Source: NDS 60-5-2h and 60-5-27 27 Co 60
.27 years
E, N, Ny N‘)‘E.,}. EB Nﬂ
Mev Mev /D Mev
1.173 1.0 - .- 1.173 0.318 1.0
1.332 1.0 - - 1.332
Total 2.0 2.50%
PH = 1.0 ED = 2,505 Mev/D
HPH = 1.0 HED = 2.505 Mev/D
Source: G. Chilosi, S. Monaro and R. A, Ricci, 28 Ni 57
6.5 hours
E, N N, N LINON Eﬁ NB
Mev Mev/D Mev
1.360 C.750 0.750 S 1.020 0.32 0.006
0.130 0.130 0.130 - - 0.017 0.U7 0.011
1.590 0.012 0.012 - 0.019 0.63 0.003
1.750 0.075 0.075 - - - 0.131 0.73 0.043
1.920 _  0.160 0.160 - - - 0.306 0.86  0.310
capture e —_— - -~ 0.624 - - -
Total 1.127 1.127 0.624 1.493
B = 0.0070 Mev NBy = 0.00hY
FH = 1.751 ED = 1.497 Mev/D
HPH = 1.127 HED = 1.493 Mev/D
Source: R. A. Ricci et al., Nuovo Cimento 17, 523 (1960). 28 Ni 65
R. Jambunathan et al., Phys. Rev. 120, 1839 (1960). 2.5 hours
b
E7 Ny, .v7 Ny NyE,’y 1'-:(3 NB
Mev Mev /D Mev
1.730 0.006 0.006 - - - 0.010k4 9.371%  0.00h4
1.630 0.011 0.011 S 0.0179 o.k77T  0.004
1.490 0.280 0.280 - - - 0.4172 0.618 0.220
0.360 0.060 0.060 - .- 0.0216 0.98 0.079
1.120 0.130 0.130 - .- 0.1h56 2.100 0.690
Total 0 U87 0. L7 0.6127
PH = 0.u87 FD = 0.6127 Mev/D
HPH = 0.U87 HED = 0.6127 Mev/D
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NDS 59-2-13 and 59-2-16 29 Cu 6k
13 hours

57 N7 NK N7E7 EB NB
Mev Mev/D Mev _
1.31‘ 0.0% - -~ 0.008 00573 0038
cem e - .- - - 0.656 0.19
capture e - - - 0.43 - .-
EK e 0.0076 Mev NKEK = 0,0033

38.4 min.
EB NB
Mev
2.33 0.800
1.66 0.074
1.37 0.051

3 others <0.01

PH = 0.436 ED = 0,011 Mev/D
HPH = 0.006 HED = 0.008 Mev/D
J. B. Cumming and N. T. Porile, Phy. Rev. 122, 1267 (1961). 30 2n 63

E, Np N, Nx NEy

Mev Mev/D

0.67 0.07h 0.074 - - - 0.050

0.9%6 0.051 0.051 - - 0.04¢%

Few other weak 7's (<0.010) - - - ---

capture e - - - - - - 0.059 - - -

Total 1.125 0.125 0.059 0.099

EK = 0,0082 Mev

PH = 0.184
HPH = 0.125

— b
NKE = 0.0005

K
ED =

0.0995 Mev/D

HED = 0.099 Mev/D
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Source: NDS 59-2-23 and 59-2.26 30 Zn 65
245 days
E, N, N, NE, EB Na
Mev Mev/D Mev
1. 0.49 - - - 0.546 0.326 0.017
capture e - .- 0.983 -~ -
E, = 0.0082 Mev NE, = 0.008
PH = 1.473 D = 0.554 Mev/D
HPH = 0.49 HED = 0.546 Mev/D

T e s e L e e T
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Source: NDS 50-3-30 and %9-3-32
h? N) NK N)Ey
Mev Mev/D
0.43% C.Oh3 Q.05¢ 0.h10
™ = - ', V3 = . )‘3
LK 0.0087 NKFK Q.000¢
PH = 1.000 ED = 0.4105 Mev/D
HPH = 0,943 HED = 0.4100 Mev/D
Source: NDq 59-2-3 59.2-41
. T. Thwa tes am W. W. Pratt, Phys. Rev.
E7 N7 NK NYET
Mev Mev /D
0.38 1.0 - - - 0.8
0.h40 1.0 - - = 0.h9
0.61 1.0 - - 0.61
Total 3.0 1.48
FH = 3.0 KD = 1.48 Mev/D
HPH = 3.0 HED = 1.48 Mev/D
Source: T. T. Thwaites and W. W. Pratt

Thys. Rev

12h, 1520 (1001).

E, N, N L:R
(Mev) i

1.63 c oot - 0.0016
1.12 0.013 - - 0.0t
0.68 0.003 - - 0.0020
0.9 0.031 - - 0.0285
0.12 0.009 - - 0.0011
0.39 0.013 - - 0.0051
0.51 0.1k0 - 0.071h
Total 0.210 0.12h3
PH = 0.210 ED  0.1243

HPH - 0.210

Zn 69m
hours

-
& O

Eq Mo

Mev

Isomeric Transition

. 30 Zn Tlm
124, 1526 (1961). 2;\hours
E N
8 B
Mesv
1.5 1.0
30 Zn 71
2.45 min
' NB
(Mev}
0.99 0.017
1.6Q 0.030
2. 0o
2 & 0.820

3 Mev/D

HED - 0,12‘93 Mev/D

ot L

b
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.

Source: A. W. Schardt and A. Goodman, Phys. Rev. 123, 893 (1961) 33 As Thm

E, Ny N N,Ey
Mev Mev/D
0.283 1.0 - - - 0.283
PH = 1,0 ED = 0.283 Mev/D
HAH = 1.0 HED = 0.283 Mev/D

21

8 sec.
EB Nﬁ
Mev

Isomeric Transition
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& Source: NDS 59-4-67 and 59-4-71 33 As Th
- 18 days
; E, N, Ny N.E, Ea NB
3 Mev Mev/D Mev
0.5%3 0.608 - - 0.363 0.72 0.145
0.635% 0.145 - - 0.921 1.36 0.177
- - - - - - - - - - 0.91 0.261
- - - o= - - - - - - 1.51 0.036
capture e -~ - 0.381 - - -
Tota: 0753 o1 0.5
Several very weak 7's ignored.
Eg = 0.010 Mev NeEy = 0.0038
PH = 1.13b4 ED = 0.4597 Mev/D
HPH=T7.53 HED = 0.4559 Mev/D
Source: NDS 60-3-67 and 60-3~73 39 Y 88
105 days
E, N, Ny NE, EB Ng
= Mev Mev/D Mev
£ 2,760 0.005 - - 0.0138 0.57 0.007
= 0.899 0.920 - - 0.8271
1.835 _ l.000 - - 1.8350
capture e - - - 0.993 -
Total 1.925 0.993 2.6759
E = 0.01kY4 Mev NE, = 0.0143
PH = 2.918 ED = 2.6902 Mev/D
HPH = 1.925 HED = 2.6759 Mev/D
22
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Source: NDS 61-2-37.

and J. Blok, Pnysica 27, 1229 (1961)

E7 N, Ny NE,
Mev Mev/D
0.417 0.020 - 0.0083
0.475 0.545 - - 0.2589
0.630 0.110 - - 0.0693
0.695 0.064 - - 0.0u445
0.7U45 0.005 - - 0.0037
0.765 0.047 - .- 0.0360
1.050 J.063 - - - 0.0662
1.110 0.027 .- - 0.0300
1.105 0.028 - - 0.0309
1.365 0.00k4 - - - 0.0055
1.565  _  0.002 --- 0.0031
capture e - -—— 0.585 - - -
Total 0.915 0.585 0.5564
EK = 0.0196 NKEK = 0.0115

PH = 1.500 ED = 0.5679 Mev/D
HPH = 0.915 HED = 0.556l4 Mev/D

P. Born, C. Bobeldijk, H. M. W. Booy

45 Rh 102
206 days
Eg Ng
Mev
1.15 0.186
0.81 0.039
1.28 0.102
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Source: NDS 60-4-LL and 60-4-52

E)' N? NK N7E7
Mev Mev/D
1.20 0.09 - - 0.108
0.81 0.11 - - 0.089
0.72 0.23 - - - 0.166
0.46 0.22 --- 0.101
0.kl 0.30 0.123
1.83 0.03 - 0.055
1.23 0.09 - - - 0.111
0.78 0.12 - - - 0.094
0.41 0.05 “ - - 0.021
C.74 0.13 - - 0.09%
0.21 0.09 - - - 0.019
1.58 0.09 - - 0.142
1.5k 0.15 - - - 0.231
0.70 0.08 - - = 0.056
0.71 0.01 - - - 0.003
0.82 0.17 - - - 0.139
0.7 0.05 - - - 0.038
1.73 0.016 - - - 0.028
1.56 0.01 - - 0.016
1.05 0.31 - - 0.326
0.85 0.08 - - - 0.068
1.12 0.11 - - 0.123
0.612 0.23 - - - 0.141
0.513 0.86 - - o.kl1
capture e~ - - - 1.0 - - -
Total 3.63 1.0 2,735
B, = 0.0216 Mev EN, = 0.0216

PH = 4.63 ED = 2.757 Mev/D
HPH = 4.63 HED = 2.757 Mev/D

o

47 Ag 106m
8.3 days

Eg Ng

Mev

Decays by E. C.
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L Source: NDS 60-h-hil and 60-b-52 47 Ag 106
V_r 21‘ m{no
E, Ny N, N N.E, EB Nfj
£ Mev Mev/D Mev
= 0.513 1.0 1.0 - - 0.513 1.5  0.07
- - - L = - - - - --- 1.96  0.5b
capture e - - = - - - 0.39 - - -
Ey = 0.0216 Mev NKEK = 0.008 Mev/D
PH = 1.39 = 0.521 Mev/D
HPH = 1.39 HED = 0.521 Mev/D
Source: NDS 60-5-135 and 60-5-141 KT Ag 10Tm
Ly gec.
E, N, Ny N B, Eq N6
(Mev) (Me\jD) (Mev)
0.094 0.095 0.905 0.0089 Isomeric Transition
= o 0226 Mev N F._ - 0.0205
Ph KOEQH Mev/D
HPH = 1 oo umn ~ 0.0294% Mev/D
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Source: NDS 5<1-5 and 5-1-10

Ey N, Ny N.E,

Mev Mev/D
0.724 1.000 - - 0724
0.618 1.000 .. a 0.618
0.433 1.000 - - 0.433
0.031 0.085 .- - 0.003
0.081 _ 0.067 0.018(Ag) 0.005
capture e - - = 0.915(M) - - -
Total 3.152 0.933 1.783

EK(AS) = 0.0226 Mev
EK(Pd) = 0.0216 Mev

PH = 4,085
HPH = 4.085

NE, = 0.0004 Mev/D
NEy = 0.0198 Mev/D

ED = 1.803 Mev/D
HED = 1.803 Mev/D

b7 Ag 108m
>5 years

Bg N

Mev

Isomeric Transition
and E. C.

AR 0
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33 Source: NDS 5-1-5 and 5-1-9 47 Ag 108
" 2.4 min.
f E, N, Ny N.E, Ea Ng
: Mev Mev/D Mev
0.633 0.019 - - - 0.012 1.02 0.019
0.617 0.00h4 - - 0,002 1.65 0.940
0.433  _  0.006 --- 0.003 0.69 0.002
capture e - - - 0.033 - - -
Total 0.029 0.033 0.017
Ey = 0.0216 NE, = ©.0007
PH = 0.062 ED = 0.0177 Mev/D
HPH = 0.062 HED = 0.0177 Mev/D
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Source: NDS 60-2-u47

E7 N7 NK
(Mev)

N,’E,y Eﬁ N£3

(Mev/D) (Mev)

47 Ag 109m
30.00 8ec.

0.088 0.0k6 0.436 0.004

EK = 0.023 Mev

PH = 0O.L482
HPH = 0.h82

Isomeric Transition

NKEK = 0.010

ED = 0.0k Mev/D
HED = 0.01l4 Mev/D

28
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B
B
Source: NDS 60-2-62 and -66 and -67 47 Ag 110m
253d
E, Ny N, Ny N,),E,y EB NB
Mev __Mev/D Mav
0.116 9. 0e - - 0.02 - - . .
0.030 0.02 - - 0.02 - - 0.530 0.33
1.384 0.24 0.2h - - .3322
0.764 0.23 0.23 - - 2757
0.706 0.19 0.19 - - 1341
0.446 0.06 0.06 - - .0268
0.937 0.34 0.3h - - .3186
1.56 0.01 0.01 - - .0156
0.745 0.02 0.02 - - .0149
0.677 0.09 0.09 - - .0609
1.504 0.12 0.12 - - .1805
0.687 0.07 0.07 - - .0h81
0.619 0.04 0.0k - - .0248
0.885 0.72 0.72 - - 6372
1.474 0.05 0.05 - - 0737
0.815 0.07 0.07 - - .0571
0.656 0.93 0.93 - - .6101
Total 3.02 3.18 0.04 2.7103
E, = 0.0226 Mev Eg“!( = 0.0009 Mev/D
pit = 3.22 ED = 2.7112 Mev/D
HPH = 3.22 HED = 2.7112 Mev/D
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Source: NDS 60-2-62 and 60-2-63

E7 NT

(Mev)

47 Ag 110

0.656 0.05

Pit - 0.05
HPH = 0.05

2L sec.
NK N7E7 Eﬁ N6
(Mev/D) (Mev)
- - 0.0328 «.21 0.05%
2.87 0.95

ED = 0.0328 Mev/D
HED = 0.0328 Mev/D
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Source:

NDS 60-5-135 and 60-5-143. N. L. Lark et al.,
Nucl. Phys. 35, 582, (1962).
E, Ny Ng NyEy
Mev Mev/D
On8h6 0.0()2 - e - 0'002
0.09% 0.513 0.22h 0.0u8
capture e - - - 0.997 - - -
Total 0.51% 1.221 0.050
E, = 0.0226 Mev NKEK = 0.028
PH = 1.736 ED = 0.078 Mev/D
HPH = 1.736 HED = 0.078 Mev/D

3

h8 ca 107
6.5 hours
N
Bg B
Mev
0.32 0.003
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Source: NDS 60-2-L48 and 60-2-%6

E, N, Ny N,E,
Mev Mev/D

capture e - - - 1.0 - - =

Eg = 0.0226 Mev NKEK = 0.0226

PH = 100 ED = Oo022‘6 MeV/D

HPH = 1.0 HED = 0.0226 Mev/D

Source: nus 60-°-99 and 60-2-103

E7 N?’ NK N7E7
(Mev) (Mev/D)

00265 0-001 - 0.0003

ED = 0.0003 Mev/D
HED = 0.0003 Mev/D

PH = 0.001
HPH = 0.001

Source: NDS 60-2-99 and 60-2-105

E, N, N N.E,
Mev Mev/D
0.393 0.667 0.333 0.2621
Eg = 0.02U7 Mev NE, = 0.0082

PH = 1.0 ED = 0.270 Mev/D
HPH = 1,0 HED = 0.270 Mev/D

Source: NDS 60-3-88 and 60-3-98

87 N7 NK N7E7
Mev Mev[D
0.150 1.0 - - - 0.150
PH = 1.0 ED = 0.150 Mev/D

HPH = 1.0 HED = 0.150 Mev/D

32

L8 cda 109
L70 days
Ea Ne
Mev

Decays by B. C.

48 cd 113m
14 years
Eﬁ NB
(Mev)
0.57T5 0.999
49 In 113m
1.7 hours
Ea )
Mev

Isomeric Transit.on

49 In 11
2.5 sec
Eq N
Mev

Isomeric Transition

L}“W&WQ&M’ e




NDS 60-3-88 and 60-3-97

EK(In) = 0.0247 Mev

™M = 1.070
HPH = 1-070

N, Ne N,E,

Mev/D
0.182 0.783(In) 0.0349
0.035 - - - 0.0253
_ 0.035 - - 0.0195

capture e - - 0.035(ca) - - -
0.252 0.818 0.0797

Ex(Cd) = 0.0236 Mev NKEK = 0.0008

NKEK = 0.0193

ED = 0.0998 Mev/D
HED = 0.0998 Mev/D

NDS 60-3-88 and 60-3-96

i

M%HP
TR

g,k
PSSt

i

N, N N.E,

Mev/D

0.0015 - - - 0.0020

0.0025 --- 0.0030

capture e - - = 0.01 - - -
0.0040 0.01 0.0050

= 0.0236 Mev NKEK = 0.0002

PH = 0.01%0 ED = 0.0052 Mev/D
HPH = 0.0140 HED = 0.0052 Mev/D

NDS 60-2-99 and 60-2-106

O
Mev/D

AT PSRN

HPH = 1.0

- - 0.079

ED = 0.079 Mev/D
HED = 0.079 Mev/D

33

49 In 11lm

50 days 1

Bg Na

Mev

Isomeric Transition
and E. C.

49 In 114
T2 sec.

EB NB

Mev

0.670 0.002

1.984 0.989

0.397 0.003
50 Sn 113m
27 min.

EB NB

Mev

Isomeric Transition
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surce: NDS 60-2-99 and 60-2-106. W. E. Phillips and 50 Sn 113
J. 1. Hopkins, Phys. Rev., 119, 1315 (1960). 118 days
E, N, Ny NE, Eﬁ NB
Mev Mev/D Mev
0.255 0‘02 - ey - 000051 Decws by Eo C-
0.393 _ 0.68 0.32 0.2672
capture e .- - 1.00 - - -
Total 0.70 1.32 0.3723
EK = 0.0247 Mev NKEK = 0.0326 |
PH = 2.02 ED = 0.4049 Mev/D
m = 2.02 HED = 0.h0’49 MEV/D
Source: NDS 60-4-66 and 60-4-T0 51 Sb 120m
5.8 days
E, No, N, Ny N.E, EB NB
Mev Mev/D Mev
0.039 0.90 0.70 0.20 0.062 Decays by E. C.
0.199 1.00 0.88 0.12 0.175
1.0%0 1.00 1.00 - - 1.0k0
1.180 _ l.00 1.00 - - 1.180
capture e - -- - - - 1.00 - - -
Total 3. 3.58 1.32 2.hs57
EK = 0.0258 Mev NKEK = 0.03h4
PH = 4.90 ED = 2.491 Mev/D
HFH = 4.90 HED = 2.491 Mev/D
Source: NDS 60-L-66 and 60-4~70 51 SY 120
16 min.
E, N, Ny NE, EB NB
Mev Mev/D Mev
1.18 _ 0.m3 --- 0.015 1.70 0.436
capture e - - - 0.551 - - -
= AL =
Eg = 0.0°58 Mev NEy 0.01L
FH = 0.5¢ ED = 0.029 Mev/D
HPH - 0. L& HED = 0.029 Mev/D

34
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Source: NDS 60-6-104 and -129 and -110 53 I 126

13 day
E, L N, Ny N.E, Eg NB
(Mev) (Mev/D) {Mev)
loul 0.001‘ 6 mh - - ms—s Oo
0.747 0.0l0 0.040 - - .0299 0.865 0. 29
0.665 0.330  0.330 - - 2195 1.25 0.09
0.860 0.010 0.010 - - .0086 0.46 0.003
0.48 0.050 0.050 - - 020 1.129 0.010
0.386 0340 0.330  0.01(Xe) .1274
capture ¢ - - - - - -  0.55(Te) - -
Total 0Tk o076k O 0.5
E (Xe) = 0.0304 Mev BN, = .0003 Mev/D
E (Te) = 0.0280 Mev BN, = .0154 Mev/D
PH = 1.324 ED = .4307 Mev/D
HPH = 1.32h4 HED = .h307 Mev/D
Source: NDS 61-2-69 and -79 S5 Cs 132
6.5 day
E, N, Ny N.E, Eq NB
(Mev) (Mev/D) (Mev)
0.673 0.99 - - .6663 0.6 0.012
capture e~ 0.97 (Xe)
Total 0.99 0.97 6663
(Several weak gammas and possible weak negatron decay
not accounted for.)
Eg = 0.0304 Mev E Ny = 0.0295 Mev/D
= 1.96 ED = 0.6958 Mev/D
HPH = 1.96 HED = 0.6958 Mev/D
Source: NDS 59-1-96 and -101 59 Pr 1h2
15,3 hours
E N N N_E E, N
(ev) 7 , (fie/) (Rev) P
1.57 0.04 - - .0628 0.58 0.0
2.15 9.96
= 0.0382 Mev EN, = 0.0 Mev/D
PH = 0.04 ED = 0.0628 Mev/D
= 0.04 HED = 0.0628 Mev/D
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Source: NDS 59-4-79 63 Eu 152m
9.30 hrs.
E7 N, Ny N,,E., EB NB
(Mev) (Mcv/D) (Mev)
1.390 0.010 O. 0.01k 0.210 0.000
0.963 0.090 O. 0.087 0.560 0.016
0.841 7.110 0. 0.093 1.260 0.000
0.563 0.2k0 0. 0.135 1.550 0.020
0.122 0.132 0. 0.016 1.870 0.740
1.320 0.010 0. 0.013
0.975 0.005 O. 0.005
0.344  0.026 0. 0.009
Total 0.623 O. 0.379
E. = 0.0l Mev
p§ 0.623 Ny = O
Sy ED - 0.372 Mev/D
PR = 0.623 HED = 0.372 Mev/D
Source: MNDS 59-4-77 63 Eu 152
13.00 ¥
E, N, N N7E7 EB NB
(Mev) (Mev/D) (Mev)
0.34k 0.252 0.008 0.087 0.220 0.020
0.4 0.020 0.000 0.008 0.360 0.027
0.778 0.120 0.000 0.093 0.710 0.120
0.692 0.002 0. 0.001 1.040 0.018
1.100 0.025 0. 0.027 1.470 0.075
1.240 0.020 0. 0.025
0.122 0.387 0.232 0.047
0.245 0.075 0.005 0.018
1.085 0.120 0.000 0.130
0.96k4 0.150 0.000 C.1Lk
0.866 0.0k0 0.000 0.034
1.112 0.130 0.000 O.1hk
0.443 0.050 0.000 0.022
1.411 0.250 0.000 0.352
1.210 0.020 0.  o0.02k4
Total 1.661 0.24k5 1.156
B = 0.04l Mev ME, = 0.011
PH = 1.906 ED = 1.167 Mev/D
HPH = 1.906 HED = 1.167 Mav/D
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Source: NDS 5-5-27 and -39 64 Ga 153
242 deys
E7 NT N7 NK N7E7 EB NB
(Mev) (Mev/D) (Mev)
0.0697 0.160 0.037 0.123 0.0026 Decays by E.C. i

0.1032 0.560 0.224 0.336 0.0231
0.0895 0.00k4 0.002 0.002 0.0002

0.0198 0.004 0.001 - .. e ~a
0.097L 0.380 0.280 0.090 0.0273
0.01h41 0.003 --- - - a- -
0.0834 0.011 0.007 0.004 0.0006
capture e~ - - - 1.000 -« - -
Total 1.122 0.551 1.555 0.0538
E = -0425 Mev NE, - 0.0661 Mev/D
PH = 2.106 ED = .1199 Mev/D
HPH 2.106 HED = .1199 Mev/D
Source: NDS 5-6-108 and -116 65 Tb 158
150 years
E, Np N, N N.B, EB NB
(Mev) (Mev/D) (Mev)
0.2181 0.01 0.01 - 0.0022 0.628  0.01
: 0.0990 0.1h 0.0k 0.10(Dy) 0.0040 0.845  0.13
¥ 0.9630 0.2k 0.2k --- 0.231
& 0.7770 0.1h4 0.14 - - - 0.1088
g 0.9450 0.4 0.41 - -~ . 0.3875
: 0.1820  0.17 0.13  0.0u(Gd) 0,0037
£ 0.07195 0.86  0.12 o.7h$0d§ 0.0095
A capture ™ - - - - - - 0.8(G) _ |
t; Total 1.97 7.06 174 0.7668

EK(Dg) = 0.0470 Mev iy = 0.0047 mev/D
EK(Gd) = 0.0440 Mev N, B = 0.0722 mev/D
PH = 2.83 ED = 0.8437 Mev/D

HPH = 2.83 HED - 0.8437 Mev/D

falyis i Lab ke
RS AP R A R A
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Source NDS 5-5-81 and -88

66 Dy 159
14l day
E, Ny N, N, N,E, Eq Ng
(Mev) (Mev/D) (Mev)
0.0580 0.260 0.03% 0.226  0.0020 Decays by E. C.
capture e~ - - - - - - 1.00
Total 0.260 0.03% 1.226 0.0020
Ey = 0.0455 Mev NE, = 0.0558 Mev/D
PH = 1.260 ED = 0.0578 Mev/D
HPH = 1.260 HED = 0.0578 Mev/D
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Source: NDS 6-4-36 67 Ho 166m
1200 years
p.7 No N7 NK Nyﬁ,y EB NB
(Mev) (Mev/D) (Mev)
0.751 0.1h4 0.1k - - .1081 0.01 0.15
0.610 0.02% 0.025 - - 0153 0.06 0.85
0.h451 0.027 0.027 - - .0102
1.242 0.010 0.010 - - 0124
0.711 0.580 0.580 - - gl
0.569 0.071 0.071 - - .Ohol
0.410 0.130 0.130 “ - .0533
0.830 0.106 0.106 - - .0880
0.ho65 0.017 0.017 - - .0079
0.300 0.037 0.037 - - 0111
0.950 0.033 0.033 - - .031h
0.670 0.057 0.057 - - .0382
0.258 0.010 0.010 - - .0026
0.810 0.600 0.600 - - 4860
0.529 0.100 0.100 - - 0529
0.2153 0.045% 0.045 - - 0097
0.6917 0.01h 0.01h4 - - .0097
0.365 0.017 0.017 - - L0062
0.7796 0.037 0.037 - - .0288
0.2 0.310 0.292 0.018 .0818
0.1843 0.980 0.7h2 0.148 .1368
g 0.0806 1.000 0.125  0.209  .0101
Total §.3%50 3.219 0.375 1.6553

(Conversion data is missing on many of these gammas.
Some N_ values may be overestimated.)

4

B, = 0.0502 Mev ED = 1.6721Mev/D
NE, = 0.0188 Mev/D IED - 1.6721 Mev/D
PH = 3.504

HPH = 3.504

4 Atk 5 T A
e A T T S S A R e
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A Source: NDS 6-4-36 and -Llh and -4S 67 Ho 166
27 hours

E, Ny N, Ny N.E. EB NB
(Mev) (Mev/D) (Mev)
1.380 0.009 0.009 - - 0.0124 0.02 0.000k4
0.0806 0.480  0.060 0.102 0.0048 0.23 0.0030
Total 0.8 D.009 0.102 0.0.72 0.40 0.0100
(Many very weak gamma transitions 1.76 0.4760
not accounted for.) 1.847 0.5160
B = 0.0502 Mev NE, = 0.0051 Mev/D
PH = 0.171 ED = 0.0223 Mev/D
IPH = 0.171 HED= 0.0223 Mev/D
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Source: NDS 6-1-56, 6-1-57 and 6-1-64 68 Er 169
9.3 days

E, N, Ny N.E, 1'::ﬁ NB
Mev Mev/D Mev
0.0084 - - - 0.h2 .- - 0.332 0.42
- .- - - - - - - - 0.340 0.58
Ey = 0.00231 NMEM « 0.001
PH « 0.h2 ED = 0.001 Mev/D
HPH = O HED = O Mev/D

Source: NDS 6-U-102 and 6-4-107 68 Er 171

7.5 hours

E, Ny, N, Ny N.E, Ea NB
Mev Mev/D Mev
0.9060 0.0100 0.0100 - - - 0.009 0.493  0.005
0.7960 0.0090 0.0090 - - 0.007 0.528 0.005
0.2770 0.0085 0.0085 - 0.002 0.575 0.038
0.2110 0.0090 0.0090 - - 0.002 0.753 0.00k4
0.166L 0.0080 0.0080 - -~ 0.001 0.816 0.004
0.3083 0.7200 0.7060 0.01h4 0.218 1.065 0.910
0.2958 0.2900 0.2840 0.006 0.08k4 1.3710  0.015
0.1240 0.2060 0.0940 0.056 0.012 1.k90 0.021
0.1167 0.0580 0.0310 0.027 0.00k4
0.1116 0.6500 0.3000 0.350 0.033
Total 1.969 1.460 0.453 0.372
(many less than 0.01 ignored)
E, = 0.0519 Mev NeEy = 0.0235
PH = 1.969 ED = 0.396 Mev/D
HPH = 1.969 HED = 0.396 Mev/D
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Sowrce NDS 6-4-T0 and -78, ~79, -80

Ey Ny N, Ng NyEy
(Mev) (Mev/D)
1.464 0.005 0.005 - - .COT3
1.280 0.040 0.040 -~ .0512
0.721 0.180 0.180 - - .1298
0.6u46 0.020 0.020 - - .0129
0.547 0.030 0.030 - - .0164
0.448 0.290 0.279 0.011 .1250
1.016 0.020 0.020 - - .0203
0.831 0.090 0.090 - - 0748
0.273 0.030 0.030 - - .0082
0.198 0.530 0.507 0.023 .1004
0.0993 0.04%0 0.0ho - - .0040
0.917 0.050 0.050 - - .0k59
0.732 0.050 0.050 - - .0366
0.817 0.540 0.540 - - Ao
0.632 0.1ko 0.140 - - .0885
0.822 0.140 0.140 - - 1151
0.743 0.110 0.110 - - .0817
0.285 0.012 0.012 - - .0034
0.184 0.210 0.175 0.035 .0322
0.0798 0.860 0.129 0.191 .0103
capture e~ - . . - - - 1.000
Total .3387 2.587 1.260 1.bhrs2
Eg = 0.0502 Mev ED = 1.4€85 Mev/D
s .0633 Mev/D HED = 1.4685 Mev/D
PH = 3.847
HPH = 3.847

Lo

69 Tm 163
86 days
Es Mg
(Mev)

Decays by E.C.
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Source: NDS 6-4-87 and 6-4-91 69 T™m 170
;- 127 days
E, N, N N N.E, EB Na
E-. Mev Mev/D Mev
0.0843 0.039 0.05k4 0.149 0.003 0.882 0.2h4
- - - - - - -~ - - - - - - 0.967 0.76
Ep = 0.0536 Mev NyB, = 0.003
E, = 0.010 Mev N E, = 0.001
PH = 0,2b2 ED = 0.007 Mev/D
HPH = 0.093 HED = 0.006 Mev/D
Source: NDS 6-4-103 and 6-4-111 69 T™m 171
1.9 years
E, N, Ny N,E, Eﬁ N‘3
Mev Mev/D Mev
0.06673 - - - 0.02 - - - 0.0300 0.02
- - - - - - - - - - - 0.0965 0.98
PH = 0.02 FD = 0.001 Mev/D
HPH = 0.02 HED = 0.0CL Mev/D
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Source: NDS 59-2-95 nd 49-2-98.
Nucl. Phys. 40, 2t (19F3,

S I L U S e b o et S
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~, 1. Fussan and B. Herskind,

E, Ny N, L N,E,
Mev — Mev,",
0.0883 1.00 0.08% 0.91" 0.0078
E, = 0.0571 Mev Nyetig 0.0521

PH « 1.0 ED = J.0599 Mev/D
HPH = 1.0 HED = 0.0599 Mev/D

Source: NDS 59-3-99. L I. .est, Jv., L. G. Me.a and
R. J. Nagle, Phys. Rev. 124, 527 (1961)

E, N N, Y N.E,
Mev _ Mev/D
0.2084 0.121 0.121 - - 0.0252
0.1130 0.239 0.075 0.059 0.0085
0.2u97 0.002 C 002 - - 0.0050
0.3213 0.002 0.00¢ - .- 0.0060
Total 0.364 0.200 0.059 0.0348
= = . l
EK 0.0571 Mev NKEK 003k
PH = 0.259 ED = 0.0382 Mev/D
KPH = 0.259 HED = 0.0382 Mev/D

71 Lu 176m
3.7 hours
EB NB
Mev
1.1 1.0
71 Lu 177
6.75 days
B Y
Mev
0.175 0.123
0.2h6 0.003
0.383 0.119
0.496  0.755



Source: J. Valentin, D. J. Horen and J. M. Hollander, 72 Hf 173
Nucl. Phys. 31, 3%3 (1962). 2k hours
E7 N, N, Ny N.E, EB NB
= Mev Mev/D Mev
= 0.0778 0.001 0.001 - - 0.0001 Decays by E. C.
B 0.1236 0.985 0.835 0.150 0.1032

0.1349 0.112 0.06k 0.048 0.0086

0.139% 0.297 0.11k4 0.183 0.0159

0.1618 0.059 0.054 0.005 0.0087

0.2967 0.372 0.366 0.006 0.1086

0.3064 0.058 0.058 - - 0.0178

0.3111 0.09%6 0.09% - - 0.0299

0.3568 0.005 0.005 - - - 0.0018

0.4223 0.005 0.005 - - - 0.0021

0.8977 _ 0.019 0.019 --- 0.0171

capture e - - - - - - 1.000 - - -

Total 2.009 1.617 1.392 0.3138

B = 0.0553 Mev NKEK = 0.0770

PH = 2,009 ED = 0.3908 Mev/D

HPH = 2.009 HED = 0.3908 Mev/D

(Several very wesk 7's ignored.)

Source: NDS 59-2-89 and 59-2-92 72 Hf 173
70 days
E, N, Ny N.E, EB NB
Mev Mev/D Mev
0.08936 0.031 0.068 0.0028 Decays by E. C.
0.11381 0.003 0.006 0.0003
0.22960 0.006 0.001 0.001k
0.3u3k40 0.769 0.081 0.2641
0.43300 _  0.012 - - - 0.0052
capture e - - - 1.000 - - -
Total 0.821 1.156 0.2738
EK = 0.0553 Mev NKEK = 0.0639
PH = 1.977 ED = 0.3377 Mev/D
HPH = 1.977 HED = 0.3377 Mev/D
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Source: MNDS 60-1-117 and 60-1-119 72 Hf 180m
5.5 hours
E, N, Ny 8727 Eﬁ Nﬂ
Mev Mev/D Mev
0.501 0.166 0.004 0.0832 Isomeric Transition
00058 0062"‘ - - 0'0362
0.hhb 0.809 0.021 0.3592
0.332 0.9u8 0.052 0.3147
0.216 0.870 0.130 0.1879
0.093 0.200 0.260 0.0186
Total 3,617 0.467 0.9998
E * 0.0571 Mev EKNK = 0.0267
PH = b.08Y = 1,027 Mev/D
e HPH = 4,084 HED = 1.027 Mev/D
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Source: NDS 60-2-110 72 Hf 181

45 day

E? N7 Ny N7E7 EB NB

Mev Mev/D Mev

0.3476 0.00i - - 0.0003 0.065 0.003

0.3423 0.001 - - 0.0003 0.340 0.010

0.2590 0.002 .- - 0.0005 0.holk 0.040

0.6990 0.010 - - - 0.0070 0.408 0.920

0.2170 0.005 .- - 0.0011 0.550 0.020

0.6190 0.0004 - - - 0.0002

0.1369 0.0l41 - - - 0.0056

0.6155% 0.003 - - - 0.0018

0.1330 0.650 0.210 0.0865

0.4820 0.800 0.019 0.3856

0.4760 0.020 - - - 0.0095

0.3458 0.140 - .- 0.0484

0.1361 0.050 0.100 0.0068

0.0063 0.020 - - - 0.0001

Total 1.743 0.329 0.5537

E, = 0.05T1 Mev 2}§EK = 0.0188

P§ = 2.072 = 0.5725 Mev/D

HPH = 2.072 HED = 0.5725 Mev/D

Source: NDS 60-1-117 and -121, and C. J. Gallagher, Jr., 73 Ta 180m
M. J¢rgensen and O. Skilbreid, Nucl. Phys. 33, 285 8.15 hour
(1962).

E, N, Ny NE, EB NB

Mev Mev/D Mev

0.102 0.007 0.006 (W) 0.0007 0.600 0.032

0.093 0.068 0.068 (Hf) 0.0063 0.705 0.098

capture e~ - - - 0.870 (Hf) - - -

Total 0.075 0.9%4 0.0070

r;x(w) = 0.0607 Mev NGE, = 0.000k

Eg(Hf) = 0.0571 Mev ~ N.E = 0.0536

PH = 1.019
HPH = 1.019

ED = 0.061 Mev/D
HED = 0.061 Mev/D
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Source: NDS 60-1-126 ard -132 73 Ta 182m
16 min
Ey Np N, Ny N.E, EB NB
Mev/D Mev
0.356 0.042 0.008 0.034 0.0028 Isomeric
0.184 0.958 0.551 0.ho7 0.101h4 transition
0.319 0.07k 0.067 0.007 0.021k4
0.172 0.884 0.505 0.379 0.0869
0.147 0.926 0.463 0.463 0.0681
Total 2.88L 1.594 1.290 0.2806
By = 0.0589 Mev NEy, = 0.0760
PH = 2.884 ED = 0.3566 Mev/D
HPH = 2.884 HED = 0.3566 Mev/D
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Source: NDS 60-1-126 and 60-1-137 73 Ta 182
115 days
E, Ry Ny Ny N2,  Eg Ns
Mev Mev/D Mev
0.26L 0.0800 0.07L 0.006 0.0195 0.180 0.38
0.220 0.1300 0.130 - - - 0.0286 0.250 0.C5
0.179 0.0700 0.055 0.015 0.0098 0.330 0.02
0.0L6 0.1000 0.026 - - - 0.0017 0.363 0.20
0.198 0.0400 0.03h4 0.006 0.0067 O.443  0.23
0.156 0.0400 0.040 - - - 0.0062 0.480 0.04
0.11h 0.0600 0.020 0.04%0 0.0023 0.514 0.08
0.116 0.0200 0.020 - - - 0.0023
1.375 0.0040 0.00k --- 0.0055
1.273 0.0019 0.002 - - - 0.0025
0.152 0.0090 0.006 0.003 0.0009
0.085 0.1400 0.0k - - - 0.0036
1.231 0.1100 0.110 - - - 0.1354
1.003 ©.0300 0.030 - - - 0.0301
1.289 0.0160 0.016 - - 0.0206
1.189 0.1500 0.00k4 0.146 0.0048
0.960 0.0080 0.008 - - 0.0077
0.0677 0.3400 0.266 - - 0.0180
1.254 0.0200 0.020 - - - 0.0251
1.155 0.0100 - - 0.010 - - -
0.927 0.0090 0.009 --- 0.0083
1.222 0.2800 0.013 0.267 0.0159
1.122 0.3300 0.010 0.370 0.0112
0.229 0.0800 0.070 0.010 0.0160
0.100 0.5600 0.280 0.280 0.0280
Total 2.6380 1.289 1.103 0.h4107
E, = 0.0607 Mev NeEy = 0.0670
ol - 2.392 ED = o.lrﬁ'{'( Mev/D
HPH = 2.392 HED = 0.4777 Mev/D
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Source:

Source:

A. H. Muir, Jr., and F. Boehm, Phys. Rev. 122, 1564 (1961) 74 W 181
145 Day
™ A
87 Np N,, Ny N7u7 E:6 NB
Mev Mev/D  Mev
0.1525 0.0011 0.0005 0.0006 0.0001 Decays by
0.1362% 0.0007 0.0003 0.000kL - - - E.7.
0.00625 0.3500 - - - - - - -
capture e- -~ - - - - - 1.0000 - . -
Total 0.3518 0.0008 T.001I0 0.0001
Ey = 0.0589 Mev NE, = 0.0590
PH = 1.0018 ED = 0.9591 Mev/D
HPH = 1.0018 HED = 0.0591 Mev/D
K. Maak Bisgard, K. Olesen and P. @stergard, Th w 187
Nuel. Phys. 33, 126 (1962). 24 hour
E7 Ny Ny 1\7E7 EB NB
Mev Mov/D Mev
0.072 0.1k470 0.1540 0.0206 0.325  0.08
0.107 0.0005 0.0014 0.0001 0.625  0.7h
0.11h 0.0011 0.0031 0.0002 1.329  0.18
0.13h4 0.1190 0.2120 0.01%9
0.206 0.0015 0.00h6 0.0003
0.239 0.0010 0.0004 0.0002
0.246 0.0616 0.0005 0.000k
0.479 0.3039 0.0061 0.1456
0.511 0.0079 0.0002 0.00h0
0.552 0.0639 0.0004 0.0353
0.618 0.0785 0.0025 0.0485
0.625 0.0130 - - - 0.0081
0.686 0.3526 0.0014 0.2419
0.773 0.0hge 0.0008 0.0380
0.867 0.00hT 0.0001 0.00k1
Total 1.1454 0.3874 C.5531
= 0.06 5, = 0.0243
By = 0.0626 Mev NE, = 0.02L3

PH = 1.533
HPH = 1.533

ED = 0.577h Mev/D
HED - 0.5774 Mev/D
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Source: K. M. Bisgard, C. 5. Cook, P. Horskgj and A. B. Knutsen, 75 Re 184

Nucl. Phys. 41, 32 (1963), and NDS 60-1-142 and -148. 50 days
E7 Np N7 NK N,’E,y EB NB
Mev - Mev/D Mev
0.330 0.003 0.0C3 - - - 0.0010 Decays by
0.230 0.00k4 0.004 - - 0.0009 E.C.
0.250 0.008 0.008 - o= 0.0020
0.895 0.190 0.190 - - 0.1701
0.642 0.005 0.005 -~ - - 0.0032
0.90L 0.400 0.%00 --- 0.3616
0.793 0.400 0.39% 0.004 0.3140
0.540 0.006 0.006 --- 0.0032
0.253 0.042 0.037 0.005 0.009k
0.111 0.600 0.151 0.151 0.0168
capture e= - - - - - - 1.000 - - -
Total 1.658 1200 T.160 0.8822
Eg = 0.0607 NEy = 0.0704
PH = 2.360 ED = 0.9526 Mev/D
HPH = 2.360 HED = 0.9526 Mev/D
Source: NDS 59-5-132 and -134 75 Re 186
90 hours
E7 Nn N7 N, N7E7 EB NB
Mev Mev/D Mev
0.122 0.0383 0.0343 0.0040 (W) 0.002 0.34 0.009
0.768 0.0003 0.0003 - - - 0.0002 0.93% 0.231
0.631 0.0004 0.0004 - - = 0.0003 1.071 0.73
0.137 1.2000 0.4348 0.1739 (0s) 0.05%
capture e- . . - - - - 0.0383 (W) - - -
Total 1.0390 0.4698 0.2162 0.0643

E (W) = 0.0607 Mev NKEK = 0.0026
EK(OS) = 0.0645 Mev Ny = 0.0112

PH = 0.686 ED = 0.0781 Mev/D
HPH = 0.686 HED = 0.0781 Mev/D

51




SFISTETSS T e ey . ,,
T T T AT TS I

S mﬁ-ﬂvﬁ@w:v‘wr o el S
= L A e = ’S‘E‘h x,g. SEA ST A, - it an XTE i e SRR TN

Source: R, Hardell and S. Nilsson 75 Re 188m
Nucl. Phys. 39, 286 (1962) 18.7 min
E N N N E
Mgv 7 K Mﬁ}n Mgv
0.064 0.333 0.667 0.0213 Isomeric Transition
By = 0.0626 Mev NE, = 0.0418
PH = 1.0 ED = 0.0631 Mev/D
HPH = 1.0 HED = 0.063LMev/D
Source: NDS 59-3-119 and 59-3-123 75 Re 188
17 hour
E? N? N7 NK N7E7 EB l‘B
Mev Mev/D Mev
0.155 0.200 0.116 0.084 0.0180 0.16 0.,0004
0.478 0.010 0.010 - -~ = 0.0048 0.18 0.000L
0.633 0.015 0.015 - « - 0.0095 0.35 0.0010
0.828 C.005 0.005 - - - 0.0041 0.66 0.0040
; 0.931 0.006 0.006 - - - 0.0056 0.81 0.0010
: é Total 0.236 0.152 0.084 0.0420 1.03  0.00k0
- 4 _ , 1.48  0.0100
é EK = 0.0645 Mev NKEK = 0.0054 1.96  0.2000
. PH = 0.236 ED = 0.0474 Mev/D 2.116 0.7800
k- HPH = 0.236 HED = 0,047l Mev/D
g
. B
b
H
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Source: NDS 5-3-3 and 5-3-7 76 O0s 190m
10 min.
E?, Ny N, Ny N7E7 Eﬁ NB
Mev Mev/D Mev
0.0384 1.00 - - - 1.00 - -~ Isomeric
0.1870 0.88 0.74 0.14 0.1384 Transition
0.3610 0.9 0.88 0.04 0.3177
0.5000 1.00 0.98 0.02 0.4900
0.6140 0.91 0. 0.01 0.5526
Total L.71 3.50 1.21 1.4987
EK = 0.0645 Mev NKEK = 0.0780
PH = 4.7 ED = 1.577 Mev/D
HPH = L.71 HED = 1.577 Mev/D
Source: NDS 5-3-17 76 0s 191
15 days
E7 N, N7 Ny N7E7 E NB
(Mev) (Mev/D) (Mev)
C 1867 0.001 0.001 - - - .0002 0.123 0.001
0.042 0.999 --- - - - - - - 0.139 0.999
0.1264 0.999 0.250 0.749 .0324
0.047 - - - - - - - - - -
0.0823 - - - - - - - - - - - -
Total 1.999 0.251 079 .0326
By = 0.0645 Mev NGBy - .0483 Mev/D
PH = 1.000 ED - .0809 Mev/D
HPH = 1.000 IFD - .0809 Mev/D
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Source: NDS 61-3-97

Ey Ny N7 Ny N7E7
(Mev) (Mev/D)
0.299 0.00k 0.00k4 - - .0012
0.251 0.00L 0.003 0.001 .0008
0.559 0.022 0.021 0.001 .0117
0.468 0.003 0.003 - - .001h4
0.4k60 0.041 0.038 0.003 .0175
0.278 0.006 0.006 - - L0017
0.196 0.001 0.001 - - .0002
0.388 0.016 0.014 0.001  .005h4
0.322 0.017 0.016 0.001 .0052
0.362 0.006 0.005 - - .0018
0.289 0.003 0.003 - - .0009
0.31h 0.003 0.003 - - .0009
0.243 0.002 0.002 - - .0005
0.117 0.003 0.002 0.001  .0004
0.281 0.016 0.013 0.003 .0037
0.248 0.003 0.003 - - .0007
0.107 0.010 0.003 - - .0003
0.139 0.012 0.005 0.006  .0007
0.073 0.085 - - - - - -
Total 0.257 0.145 0.017 .0550

By = 0.0645 Mev

PH = .162
HPH = .162

NeE, = 0.0011 Mev/

ED = 0.0561 Mev/D
HED = 0.0561 Mev/D

D

76 0s 193

32 hours
Bg Na
!Mev!
0.52 0.008
0.57 0.032
0.67 0.074
0.77 0.004
0.82 0.004
0.85 0.010
0.88 0.013
0.99  0.087
1.059 0.064
1.132  0.700




Source: NDS 5-3-3 and 5-3-11

E, N, N NE,
Mev Mev/D
capture € - - = 0 88 - - -
By = 0.0645 Mev NEg = 0.0568

PH = 0.88 ED = 0.0568 Mev/D

55

iPH = 0.88 HED = 0.0568 Mev/D

77 Ir 190m
3.2 hours
Bs Ng
Mev
2.0k 9.12

Decay is to 10 min.
76 Os 190m, q.v.
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NDS 5~3-3 and 5~3-9

Er Ny Nr Ny N737
Mev Mev/D
1.330 0.00% 0.005 - .- 0.0067
0.197 0.070 0.050 0.020 0.0099
0.125 0.039 0.039 “ v - 0.0283
0.518 0.270 0.270 -“ - - 0.1399
0.29% 0.082 0.082 - - 0.02%2
1.020 0.028 0.028 - - - 0.0286
0.827 0.040 0,040 - .- 0.0331
0.224 0.052 0.052 - - 0.0116
0.604 0.320 0.317 0.003 0.1915
0.he 0.270 0.263 0.007 0.1070
0.206 0.040 0.0L0 - - - 0.0082
0.767 0.020 0.020 - - - 0.0153
0.397 0.056 0.056 - - 0.0222
0.199 0.010 0.007 0.003 0.0014
0.569 0.250 0.247 0.003 0.1405
0.198 0.030 0.021 0.009 0.0042
0.557 0.280 0.276 0.00kL 0.1537
0.371 0.230 0.222 0.008 0.0824
0.361 0.150 0.1k 0.006 0.0520
0.187 0.720 0.576 0.1hk 0.1077
capture e - - - - - - 1.000 - -
Total 2.962 2.755 1.207 1.1684
EK = 0.0645 Mev NKEK = 0.07179

PH = 3.962 ED = 1.246 Mev/D
HPH = 3.962 HED = 1.246 Mev/D
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17 Ir 190
12 deays

Eq N

Mev

Decays by E. C.
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Source: NDS 5-3-33 and 5-3-h4 17 Ir 192m,
650 year
B, Np N, Ny N,E, Eq Ng
Mev Mev/D Mev
0.101 1.0 0.08 0.92 0.0129 Isomeric Transition
By = 0.066L Mev NE, = 0.0611
PH = 1.0 ED = 0.0740 Mev/D
HPH = 1.0 HED = 0.0740 Mev/D
SOURCE: NDS 5-3-33 and 5-3-37 to Ll 77 Ir 192
T4 day
E, Ny N, Ny N.E, EB NB
Mev Mev/D Mev
0.LBLT 0.030 0.029 0.0019% 0.01h1 .072 .0008
0.2012 o.g% 0.006 0.00198 0.0012 .ogs .0012
: 0.37h 0. 0.006 - - - 0.0022 2 076
i 0.4891 0.004 0.00k4 - - - 0.0020 535 b2
2 g 0.2834 0.00k4 0.004 - - - 0.0011 .669 L6
0.2057 0.038 0.038 - - - 0.0078
0.885 0.004 0.004 - - - 0.0035
e § 0.5886 0.048 0.047 0.001Pt 0.0277
. 0.h17 0.014 0.01k - -~ 0.0058
4 0.282 0.010 0.010 - - - 0.0028
B 0.60k44 0.093 0.091 0.002P% 0.0550
) 0.3084 0.030 0.028 0.002Pt 0.0086
-7 0.1363 0.018 0.018 - - -« 0.0025
: 0.4680 0.480 0.471 0.009Pt 0.2204
iy 0.173 0.012 0.012 - - - 0.0021
: 8 0.6124 0.063 0.062 0.001P% 0.0380
= 0.2959 0.290 0.282 0.008Pt 0.0834
E & 0.3165 0.800 0.759 0.041Pt 0.2402
= capture e- - - - - - 0.0430s _ _ _
3 E Total 1.951 1.885 0.109 0.7184
i EK(OS) = 0.0645 Mev NE, = 0.0029
g E (Pt) = 0.0684 Mev ~ N.E = 0.00k4
E PH = 1.99% ED = 0.7257 Mev/D
E Y HPH = 1.99%4 HED = 0.7257 Mev/D
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Source: NDS 61-3-97 and 61-3-103 77 Ir 193m
12 days
E, Np N, Ny N75:7 Eq NB
Mev Mev/D Mev
0.0802 1.0 1.0 - - 0.0802 Isomeric Transition
PH=1.0 ED = 0.0802 Mev/D
HPH = 1.0 HED = 0.0802 Mev/D

Source: NDS 61-4.65 and 61-4-70 and -7T1

E, Ny N, N N.E,

Mev Mev/D
0.293 0.069 0.065% 0.00k 0.0190
0.3285 0.330 0.330 - -~ - 0.1084
0.6453 0.027 0.027 - - - 0.017h4
0.9389 0.015 0.015 - - - 0.00141
1.1513 0.016 0.016 - - - 0.0184
Total 0.4s7 0.453 0.004 0,1773

(Several wenk gammas are not

accounted for.)

By = .068l4 Mev
PH = .L57
HPH .L\ST

ED

1776 Mev/D
HED = 1776 Mev/D
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T7 Ir 194
19 hours

Eg

Mev

Ng

0.438
0.725
0.756
0.969
1.610
1.908
2.236

Many others

0.01315
0.0107
0.0166
0.04116
0.0306
0.2050
0.6600

0.01
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E SOURCE: NDS 5-3-16 and 5-3-24 78 Pt 191
3 days
- E, Ny N, N,E, By Mg
B+ Mev Mev/D Mev
E . 0.0965 0.0k% 0.0220 0.0008 Decays by E. C.
By 0.1294 0.0u4h 0.0220 0.0028
0.175 - - 0.0255 0.0045
- 0.269 - - - 0.0072 0.0019
i 0.360 - - 0.0867 0.0312
i 0.k10 S 0.0510 0.0209
b 0.457 -- - 0.0193 0.0088

0.539 - - - 0.173k 0.0935

0.624 - - - 0.0182 0.011k

capture 1.0 - - - - - -

Total 1.04L 0.4120 0.1758

(Several weak gammas and some
L X-rays are not accounted for.)

E, = 0.066l4 Mev, N = 0.0693 ED = 0.2451 Mev/D

X X HED = 0.2i51 Mev/D

PH = 1.456 )

HPH = 1.456

29




SOURCE: NDS 61-3-97 and 61-3-10h4 78 Pt 193m
L.4 days
E, Np Ny N, N.E, Eﬁ NB
k> Mev Mev/D Mev
0.1355 1.00 1.00 - - -~ - Isomeric Transition
3 0.0127 1.00 - - 1.00 0.0127
! Total 2.00 1.00 1.00 0.0.27
R - o. = 0.0684
4 Ey = 0 0684 Mev NE
: PH = 2.00 ED = 0.0811 Mev/D
HPH = 1.00 HED = 0.0684 Mev/D
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Source: NDS 61-4-92 and 61-h-98 78 Pt 195m

4.1 days
37 No N7 Ny N7E7 EB NB
(Mev) (Mev/D)  (Mev)
0.130 1.00 0.812 0.188 0.1056 Isomeric Transition
0.0988 0.90 0.090 0.810 0.0089
0.129 0.10 0.100 - - - 0.0129
0.0308 0.90 0.300 - - - 0.0092
Total 2.90 71.302 0.998 0.1300
g = 0.0684 Mev  N.E. = 0.0583
PH = 2.30 ED = 0.20k9 Mev/D
HPH - 2.30 HED - 0.2049 Mev/D
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Source: NDS 5-1-17 and 5-1-21 78 Pt 197

20 hours
37 Ny X, N, N,’E,y EB NB
(Mev) (Mev/D) (Mev)
0.0773 1.00 0.227 - - - 0.0175 0.468 0.01
0.191 0.09 0.028 0.062 o.oosg 0.279 0.09
0.27 0.0 0.010 = - - 0.002 0.670 0.
Totag T7I0 oh5 UTO62 U 0256 T x
Ey = 0.0704 Me NKEK = 0.0044
PH = 0.327 ED = 0.030 Mev/D
HPH = 0.327 HED = 0.030 Mev/D




- Source: NDS 5-3-55 and 5-3-58 78 Pt 199m
14 sec
E, Ny N, Ny NE, Bq Nq
(Mev) (Mev/D) (Mev)
0.032 1.0 0.048 - . - 0.0015 Isomeric Transition
0.393 1.0 0.920 0.08 0.3616
Total 30 0.98 0.080 0.3631
E, = 0.0684 Mev NE, = 0.0055
PH = 1.048 ED = 0.3686 Mev/D
HPH = 1.048 HED = 0.3686 Mev/D

TR ARSI B o0 W '
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Source: NDS 5-2-29 and 5-2-40 79 Au 19%m
9.7 hr
r~:7 Ny N, Ny 1\:7E7 EB NB
(Mev) (Mev/D) (Mev)
0.1749 1.00 - - 0.32 - - - Isomeric Transition
0.3162 0.08 0.08 - = 0.025
0.2885 0.07 0.07 - - 0.020
0.1478 0.85 0.28 0.21 0.041
0.1882 0.65 0.21 0.36 0.040
0.1683 0.18 0.05 0.11 0.008
0.1377 0.03 - - 0.03 - - -
0.0505 0.01 - - - - - - -
0.0307 0.09 - - - - - -
0.0199 0.20 0.13 - - 0.003
0.0846 1.00 0.06 - - 0.005
Total 4.18 0.88 103 0.1k2
E. = 0.07Ch Mev N = 0.
Pﬁ = 1‘(;;‘ E‘.’lle}: O.QI?Siev
HPH = 1.78 HED = 0.212 Mev

RNy G o
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Source: NDS 5-2-28 and 5-2-37 and 38 79 Au 196

€.18 deys
Ey Np N, Nk NEy B Mg
(Mev) (Mev/D) (Mev)
0.3557 0.9k 0.9  0.0b 0.3201 0.259 0.06
0.3330 0.27 0.26 0.01 0.0866
0.h261 0.06 0.06 - - 0.0256
capture e~ - - - - 0.94 - - -
Total 1.27 1.22  0.99 0.h323
(Several weak gammas not accounted for)
Ey = 0.0684 Mev NE, = 0.0677
PH = 2.21 ED = 0.4aS Mev/D
HPH = 2.21 HED = 0.499 Mev/D
Source: NDS 5-2-h8, 5-2-54 and 55 79 Au 198
2.7 days
E, Ny N, Ny N.E, Eq Ng
: (Mev) (Mev/D) (Mev)
= 1.087 0.0018 0.0018 - - 0.0020 0.287 0.01
0.675 0.0082 0.0082 - - 0.0055 0.962 0.99
K i 0.4118 0.9982 0.9710 0.0272 0.3999
3 Total 1.0082 0.9810 0.0272  0.hoTh
§ Ey = 0.0725 Mev NE, = 0.0020
e P4 = 1.008 ED = 0.4O9% Mev/D
E & HPH = 1.008 HED = 0.4094 Mev/D
g
i
|
%
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Source: NDS 5-3-5% and 5-3-59 79 Au 199
3.15 days

37 NT Ny NK N,E7 EB NB
(Mev) (Mev/D) (Mev)

0.0498 0.053 - ~ - - .- 0.251 0.23
0.1583 0.753 0.58 A7 0.0918 0.302 0.70
0.2082 0.177 0.10 .08 0.0208 0.460 0,76
Total 0.953 0.68 0.25 0.1126

OO

By = 0.0725 Mev NE, = 0.0181
PH » 0.93 ED = 0.1307 Mev/D
HPH = 0.93 HED = N.1307 Mev/D
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Source: NDS 5-1-17 and 5-1-27 80 Hg 197m

24 hours
E, Ny r{7 Ny 1\:7137 EB NB
(Mev) (Mev/D) (Mev)
0.130 0.035 0.032 0.003 0042 Isomeric Transition
0.279 0.035 0.023 0.012 0064 and E. C.
0.165 0.965 0.003 0.192 .0005
0.13h 0.965 0.311 0.2h2 0417
capture e~ - - - - - - 0,035 - - -
Total 2,000 0.369 0.u84 0528
E, = 0.0725 Mev NE, = 0351 Mev/D
PH = .853 ED = .0879 Mev/D
HPH = .853 HED = .0879 Mev/D
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Source: NDS 5-1-17 and 5-1-26 80 Hg 19/

65 hours
E7 NT N7 NK N7E7 Ea Na
(Mev) (Mev/D) (Mev)
0.191 0.017 0.006 0.012 0011 Decays by E. C.
0.0773 1.000 0.233 - - - .0180

capture e~ ~ - - - - - 1.000

Total 1.0I7 0.239 TY.012 0191

Ey = 0.0725 Mev NE, = 0734 Mev/D
PH = 1.251 ED =« 0.0925 Mev/D
HPH = 1.251 HED = 0.0925 Mev/D

SRR
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Source: NDS 5-2-92

£y Nop N, Ny

(Mev)

0.279 1.0 0.86 0.1h

EK = 0.0746 NK.EK = 0.0104
PH = 1.0 ED = 0.250 Mev/D
HPH = 1.0 HED = 0.250

69

Eg Ny

(Mev)

80 Hg 203

47 days

0.212 1.0
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Source: NDS 5-2-92 and 5-2-98 82 pb 203
52 hours
E7 N N7 Ny N7}37 E‘3 NB
(Mev) (Mev/D) (Mev)
0.680 0.008 0.008 - - 0.0054 Decays by E. C.
0.ho1 0.045 0.039 0.006 0.0156
0.279 0.990 0.853 0.137 0.2380
capture e= ~ - - - - - 1.0 - - -
Total 1.003 0.900 1.143 0.2590
B, = 0.0746 Mev NE, = 0.0853
PH = 2.043 ED = 0.3443 Mev/D
HPH = 2.043 HED = 0.3443 Mev/D
Source: NDS 5-1-36 and 5-1-41 82 Pb 204m
67 min

E7 N N7 Ny N,’E_’ EB NB
(Mev) (Mev/D) (Mev)
0.912 1.0 0.95 0.05 0.8664 Isomeric Transition
0.375 1.0 0.96 0.04 0.3600
0.899 1.0 0.99 0.01 0.8900
Total 3.0 2.90 0.10 2,116k
E = 0.0767 Mev NK.EK = 0.0077
PH = 3.0 ED = 2.124 Mev/D
HPH = 3.0 HED= 2.124 Mev/D

T0




Source: J. O. Rasmussen, F. L. Canavan and J. M. Hollander, 92 U 237
Phys. Rev. 107, 141 (1957). 6.75 days
By Ty o T N iz " M Fa s
b (Mev) (Mev)
0.060 0.360 - -  0.075 0.1h9 0.047 0.085 0.021 0.248 0.960
0.065 0.023 - -  0.003 0.0M3 0.003 - - - 0.001
- 0.165 0.036  0.005 0.002 0.013 0.006 0.005 0.006
| 0.208 0.240 0.620 0.108 0.01k4 0.001 0.022 0.050
S 0.234 - = = 0.001L - - - - -«
B 0.267T - - - 0.005 0.0028 - - -
g 0.332 0.014 - - - - - - 0.005
0.335 0.002 - - ~ - - 0.001
[ 0.368 - - - - - -
0.371 - - - - - -
Total 0.675 0.631L 0.190 0.179 0.057 0.112 0.08h
£ "o -
Ee = 0.103 Mev NEy = 0.065
., E, = 0.022 Mev NpjEpy = 0.004
a Eip = 0.022 Mev NIBELQ = 0.00k
Epa = 0.018 Mev NpgB 5 = 0.001
Ey = 0.006 Mev N &, = 0.001
PH - 1.84k ED - 0.159 Mev/D
HPH = 1.675 HED = 0.157 Mev/D
g
f‘ Source: C. F. Miller, USNRDL-TR-160, (1957). 92 U 239
& 23.5 Min
1 A T S A "
£ (Mev) (Mev)
§ 0.07T4 0.830 - - 0.170 0.062 1.210 1.000
‘g
i - =
) E, = 0.022 N;E, = 0.00k
PH = 1.000 ED = 0.066 Mev/D
HPH = 1.000 HED = 0.066 Mev/D
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Source: M. E. Bunker, et al. 92 U 240
: Phys. Rev. 116, 143 (1959). 14.1 hrs.
Ey Ny N NyEy : Y
¥ (MQV) (MQV)
- 0.0l4  0.063 0.188 0.003 0.320 0.250
3 E, = 0.022 NE = 0. ook
% PH = 0.251 ED = 0.007 Mev/D
. HPH = 0.251 HED = 0.007 Mev/D
s Source: J. Borggreen, O. B. Nielsen and H. Nordby g3Np 238
Nucl. Phys. 29, 515 (1962). 2.1 Days
E, N, N Ny, Ng Ny Ny N.E, Eg Ng
(Mev) (Mev)
o.044 « - - - 0.145 0.106 0.175 0.036 - - 1.240 0.580
1.010 -« = < -  0.019 0.009 0.010 0.002 - - 0.260 0.420
i 0.885 0.009 ~ - - - - 0.008
*g 0.925 0.025 ~ - - - - 0.023
é 0.986 0.241 0.003 0.001 --- - - - 0.238
B 1.030 0.174 0.002 0.001 - .- - 0.180
E Total 0.449 0.005 0.166 0.115 5.155 0.038 0.149
N Eg = 0.106 Mev N.E, = 0.001
g Em+12Avc=°'°22Me""m+L2m+12‘°°°l‘
= B3 = 0.018 Mev Ny 3By = 0.002
- EM = 0.006 Mev NMEM = 0.001
¢ Ey = 0.002 Mev NNEN = 0.0001
L = 0.958 = 0.457 Mev/D
HPH = 0.620 HED = 0.454 Mev/D

T2




Source:

C. F. Miller, USNRDL-TR-160, (1957).
R. D. Connor and I. L. Fairweather,

Pro. Phys. Soc. (London) T, 161 (1959).

93 Np 239
56.0 hrs.

E7 N7 Ne Ny N7E7 EB NB
(Mev) (Mev)
0.045 0.001 - - 0.046 - 0.713 0.065
0.049 0,001 - - 0.079 - 0.654 0.040
0.057 0.001 - - 0.213 - - 0.437 0.480
0.061 0.059 ~ - 0.002 0.004 0.393 0.135
0.068 0.002 - - 0.136 - - 0.332 0.280
0.106 0.314 - - 0.072 0.033
0.182 0.005 - - 0.001 0.001
0.210 0.029 0.080 0.026 0.006
0.226 0.001 0.002 - - - - - -
0.228 0.083 0.187 0.055 0.01
0.25% 0.022 0.002 - - - 0.006
0.273 0.008 0.012 0.003 0.002
0.278 0.133 0.178 0.047 0.037
0.286 0.012 0.025 0.010 0.003
0.315 0.004 - - « - 0.001
0.335 0.021 0.001 - - 0.007

0.696 0.487 0.690 0.119

= 0.106 Mev NKEK = 0.052

7 = 0.022 Mev NLEL = 0.015
PH = 1.873 ED - 0.186 Mev/D
HPH = 1.873 HED = 0.186 Mev/D
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Source: M. E. Bunker, B. J. Dropesky, J. D. Knight 93 Wp 20
J. W. Starner and B. Warren, Phys. Rev. 116, 143 7.3 Min.
(1959) .

E., N.’ N, E,,N7 EB NB
(Mev) (Mev)

0.260 0.019 0.001 0.005 2.180 0.520
0.304 0.009 - - - 0.003 1.600 0.310
0.554 0.2k 0.002 0.119 1.300 0.100
0.597 0.126 0.001 0.075 0.650 0.070
0.758 0.013 - - - 0.010

0.816 0.06 - - - 0.013

0.820 0.003 - - - 0.002

0.898 0.012 - - - 0.011

0.936 0.003 - - - 0.003

0.942 0.019 - - - 0.018

1.490 0.015 - - - 0.022

1.530 0.019 - - - 0.029

1.620 0.007 - - - 0.011

Total 0.475 0.000 0.321

Ey = 0.479 Mev NKEK = 0.0004

PH = 0.479 ED = 0.321

HPH = 0.479 HED = 0.321

Th




Source: F. Asaro and I. Perlman, Phys. Rev. 94, 381 (1954), ol Pu 238
and D. C. Hoffman, G. P, Ford and F. O. Lawrence, 86.4 years
J. Inorg. Nucl. Chem. 5, 6 (1957).

E N N N N_E E N
j{iev) 7 K L 7 Fev) @
0.099 0.0001 - - 0.0008 -~ - Alpha decay
0.0438 0.0004 - - 0.2796 -~ - 5.352 0.0009
Total 0.0005 0.2804L 5.452 0.28
{Very weak ©.150 Mev gamma observed.) 5.495 0.72
Ey = 0.017 Mev NE; = 0.0048

PH = 0.2809 ED = 0.0048

HPH = 0.0005 HED 0
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APPENDIX II

EXPOSURE-RATE MULTIPLIERS

The following list gives an exposure-rate multiplier for each nuc-
lide contained in Appendix I. The point of exposure is assumed to be
3 feet above an infinite plane uniformly contaminated with the nuclide
in question. The units of the multiplier are roentgens-sec-ane-hr'l-
disintegrations"l. The multiplier will convert nuclide activities in
disintegrations-sec‘l—cm"a to exposure rates in roentgens-hr"‘l. The
figure in pareatheses indicates the number of zeros between the decimal
point and the first significant figure; i.z., (6)297 is to be read
0.000000297 or 0.297x10-6,
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B Nuclide Half-life Multiplier Nuclide Half-life Multiplier
Be 7 53.4 d (6)297 Ag 108n 25y 5)953
Na 22 2.6y (5)605 Ag 108 2,bm T)943
Na 2k 15.0 h ﬁh)l’?l Ag 109m 39.0 s 7)805
Al 26 7.4x10% y 5)812 Ag 110m 253 ad b)137
Si 31 2.6 h (8)h22 Ag 110 24 s 6)175
Cl 34m 32.4 m 5)617 cd 107 6.5 h £6)38h
c1 38 38 m 5)642 cd 109 470 @ 6)106
K Lo 1.27x109 y 6737 Cd 113m 1y 8) 140
K k2 12.5 h 5)126 In 113m 1.7 h 5) 1k
Sc bm 2.4 a (5)127 In 1lkm, 2.5 s 6)798
Sc b 3.9 h 25)589 In 1l4m; 50 d 6) 506
Sc L4ém 2 s 6)400 In 114 T2 s 7)248
Sc 46 84 a (4)100 Sn 113m 27 m 6)1;06
T 45 3.1h (8)923 Sn 113 118 d 5)263

*V 49 330 d - Sh 120m 5.84d h)123
Cr 49 42 m (6)288 Sb 120 16 m (6)143
Cr 51 28 4 6)160 T 126 13 d 25)230
Mn 54 291 4 5)431 Cs 132 6.5 d 5)366
Mn 56 2.58 h 5)872 Pr 142 19.3 h §6)283

*Fe 55 2.7y - Eu 152m 9.3 n 5)192
Fe 59 ks g (5)580 Fu 152 13.0y 5)580
Co 57 270 a 56)&9 Gd 153 e T | 6)617

*Co 58m 9.0 h 6)120 ™ 158 150 y syu27
Co S8 714 (5)426 Dy 159 1k a 6)337
Co 60 5.27 ¥ (#)119 Ho 166m 1200 y 5)87k
Ni 57 36.5 h (5)682 Ho 166 27 h (6)110
Ni 65 2.5 h (5)286 *Er 169 9.3 d -
Cu & .3h (7)37 Er 171 7.5 h §5)212
Zn 63 ‘84 (6)508 ™ 168 86 a 5) 764
Zn 65 2154 (5)267 Ta 170 127 d (7)3%
Zn 69m i n 25)220 *Tn 171 19y (8)532
Zn TIm L n 5)793 In 176 3.7 h (6)333
Zn T1 2.5 m (6)650 La 177 6.75 d (6)20k
As Thm 8.0 s (5)150 HE 173 24 n §5)210
As Th 18 a (5)eho HE 175 70 d 5)176
Y 88 105 d (4)123 HE 180m 5.5 h és)shs
Rh 102 206 d 55)299 Hf 181 45 4 5)306
Ag 106m 8.3 4 4)139 Ta 180m 8.15 h (6)337
Ag 106 24 m §5)278 Ta 182m 16 m 25)190
Ag 10Tm Uk s 6)1k1 Ta 182 1154 52k

¥All energies less than T5 Kev.
T




Nuclide Half-life Multiplier
v 181 %5 8 6)320
W 187 24 h 5)306
Re 184 50 4 5)488
Re 186 30 n 6)417
#Re 186m 18.7m 6)319
Re 188 17 h (6)251
0s 190m 10 m 55)839
0s 191 15 d 6)&13
Os 193 32 h ( g
#Ir 190m 3.2 h 2 281
Ir 190 12 4 5)669
Ir 192ms 650 y 6)362
Ir 192 4 @ 5)391
Ir 193m 124 6)k26
Ir 194 19 h §6)9uo
P£ 191 3d 5)133
Pt 193m 4.4 4 6)388
Pt 195m 4.1 5)110
Pt 197 20 h 6)163
Pt 199m 14 s 5)196
Au 19m 9.7 h 5)115
Au 196 6,18 a 5)270
Au 198 2.74d 5)22k4
Au 199 3.15 d 6)699
Hg 19Tm 24 h 6)455
Hg 197 65 h (6)482
Hg 203 b7 a (5)a3k
Po 203 52 h $5)182
Po 20km 67 m 4)109
U 237 6.75 d §6)8h5
*J 239 23.5m 6)327
U 240 %L.1nh &7)333
Np 238 2.14d 5)227
Np 239 56.0 h 26)966
Np 240 7.3 m 5)165
Pu 238 86 y (7)299

#A1l energies less than 75 Kev.
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