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Figure 1. Spectrum of low-energy photons from SRM 4275 taken with a

200-mm? area, 5-mm-thick planar germanium detector at a

source-to-detector distance of 15 cm.
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10 235U(7.0x10° yr.)
4-9-71 thru 4-12-71
30 mm?2 x 3 mm Si(Li)
no absorber
unknown source distance
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108 235J(7.0x10° yr.
185 = R yr)
with *'Th* daughter
5-20-72
55 cm?® coaxial Ge(Li)
Y unknown absorber
7 2cm
n—h.w A 92-235-2
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205J(7.0x10° yr.) Decay Scheme | 2351 Decay 0:&:

2 A
7.0x10%Yr. - 2%y oqgiyey |

i

231
w2 Th @51r)
B~ decay]|
2=
(1/54) 231
Nﬂmvn ~ Pa (32760 yr.)
(9/2) E
524
(5/2): 227
Ac (21 yr.)

See #’Ac for Chain completion
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GAMMA-RAY ENERGIES AND INTENSITIES (page 1 of 2)

Nuclide: 235U E,, of,, L, ol - 1998 ENSDF Data Half Life: 7.038(5) x108 yr.
Detector: 30 mm?2 x 3 mm Si (L) Method of Production: U(mass separation)

E, (keV) oF, l, {rel) L, (%) ol, S E, (keV) oF, l, (rel) L, (%) o, S
19.59 4 143.760 0.020 18.0 10.96 0.14 1
31.80 0.05 0.016 0.005 4 147.00 4
#1h 32.73 0.05 0.073 0.004 4 150.930 0.020 0.20 0.076 0.010 4
34.70 0.10 0.0370 0.0004 4 By 163.101 0.005 0.155 0.009 4
41.4 0.3 0.030 0.020 4 2.7, 163.330 0.020 8,52 5.08 0.06 1
BITh| 4158 0.05 | 0016 0.001 4 173.3 1.0 0.03 0.010 0005 | 4

41,96 G.15 0.080 0.010 4 182.10
By 4222 0.05 0.052 0.003 4 b 0.74 4

182.61 0.05 0.340 0.020
51.22 0.10 0.020 0.015 4 @Th 183.50 0.02 0.0329 0.013 4
,. 54.10 0.10 0.0020 4 185.715 1 0.005 100. 57.2 0.8 1
» 54.25 0.05 0.0300 0.0003 4 - 194.940 0.010 1.20 0.830 0.012 2
Th 58.570 0.003 0.48 0.02 3 198.900 0.020 0.05 0.042 0.008 4
60.50 4 202.110 0.020 1.54 1.080 0.023 1
64.370 0.020 0.0400 0.0004 4 205311 0.010 9.08 5 01 0.07 1
iy wmmw% oo%oom o%m%o oo.oomm M 215.28 0.03 0.05 0.027 0.003 4
: : : . BITh 217.94 0.03 0.040 0.03 4
73.72 0.05 0.0100 0.0001 4 221.380 0.020 0.22 0.120 0.010 3
n 75.02 0.05 0.25 0.060 0010 | 4 298.78 0.05 0.015 0.008 0.003 4
oy 21228 0.003 0.89 0.05 4 233.50 0.03 0.075 0.029 0.005 4
meﬂn MN.MWM M.NNM o%% oo_omw M 2Th[ T 236.01 0.03 0.0002 00006 | 4
2oty %. - m = 5 .ms . mm ; 240.87 . 0.03 0.14 0.075 0.006 3
. . : : 246.84 0.04 0.11 0.053 0.003 3
94. 5. 4 251.50 0.10 0.0400 0.0004 | 4
95.70 4 266.45 0.05 0.0060 00020 | 4
.96.090 0.020 0.086 0.011 4 275 129 0.043 0.005 7
Byl 102.270 0.003 0.41 0.03 4 27543 .10 0.0070 0.0020 4
109.160 0.020 2.77 1.54 0.05 4 27950 0.05 0.2700 0.0007 2
115.45 0.05 0.07 0.04 4 281.42 0.05 0.0060 0.0001 4
120.35 0.05 0.0260 0.0003 4 282.00 0.05 0.0050 6.0020 1
BThl  124.914 0.017 0.056 0.003 4 289,56 0.04 70,0070 0.0001 y
BiTh|  135.664 0.011 0.078 0.005 4 59120 ‘ 4
136.55 0.05 0.0120 0.0001 4 291.65 0.08 0.033 0.005 2
140.76 0.04 0.31 0.220 0.020 4 301,70 010 0.0050 0.0001 4
142.40 0.05 0.0050 0.0001 4
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GAMMA-RAY ENERGIES AND INTENSITIES (page 2 of 2)

Nuclide: 235U E,, ofy, 1, ol, - 1998 ENSDF Data Half Life: 7.038(5) x10° yr.
Detector: 30 mm? x 3 mm Si (L) Method of Production: U{mass separation)

E, (keV) ok, l (rel) Iy (%) ol, S E, (keV) ok, Iy (ref) i, (%) oly S

310.69 0.06 0.0040 4 390.30 0.20 0.040 0.010 4

BiThl  311.00 0.05 0.0029 0.0002 4 410.29 0.04 0.0030 4

317.10 0.08 0.0010 4 433.0 0.5 0.0040 4

325.80 0.10 0.0004 4 448.40 0.06 . 0.0010 4

343.50 0.20 0.0030 4 45510 0.10 0.0080 0.0001 4

345.90 0.03 0.038 0.005 4 517.2 0.0004 4

356.03 0.05 0.0050 0.0001 4 742.50 0.20 0.0004 4

387.82 0.03 0.038 0.005 4 794.70 0.10 0.0006 4
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s M - HM.
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10 233U(4.4x10° yr.)
with Th & Pa daughters
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4.55 ¢cm? x 8 mm Ge(Li)
= -— unknown absorber
& 32 2em
- 1737 A S__I> o 92-238-1
© .ﬂ. — T - high energy portion
- b — 8‘ A ol
L ™ 9
f m ? -~
[ 3P)
L T3 w 1y 3“. I% 2 9
M~ 3 Qo «© r ~—
102 ~ o)) « -
Q8¢ ]
L ~Jrr . | [{=)
[ ol B " £n 11 %ﬂ % -
P YR - ol &
¥ "y b
T } H ’ E. i h i g uE o
=}
g 3 i
@ 102 = 5
% } &t
Ty ] L
=
c
V]
S
£ 10 b
c
=
[»]
L&)
L
o
10° - b
Wbt gbaie e+ w.r,...u.+ oy id
A A T T . TS
B A R RE Ry
» - ﬁﬂﬂﬁﬁﬂf@mwﬂnﬂa S —
R M ST *
T %#ﬁwf.ﬁm.ﬁ..,f;.t s +.,F.n. + ++.M. g +
Aou._ + +ﬂ++++#¥i.ﬂhwﬂf.n*+r ++..1#u.w+ + ’ + + -+ +
& -
102 ‘ : , : : ;
2000 220U 2400 2600 2800 3000
3000 3200 3400 3600 3800 4000

Channel Number

Table of Contents




Page -&

m_%cﬁ.hxl_ 0° yr.) Decay Scheme - 238 Decay Chain
4.4x10% yr.

U (4.4x10%r)

V4
o decay

4

“**Th (24 day)

AN
B~ decay
X

Pa (1.17 min)

| \
0.16% IT decay 99.84% 8~ decay

¥

Pa (6.7 hr.)

\
B~ decay

\
234
U @2.4x10°yr)

See 24U for Chain completion

234m

234
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GAMMA-RAY ENERGIES AND INTENSITIES (page 1 of 2)

E,s o, L, ol, - 1998 ENSDF Data

Nuclide: 238U with Th & Pa Daughters
Detector: 4.55 cm2 x 8 mm Ge (L)

Half Life: 4.468(3) x 109 yr.
Method of Production: natural U

E, (keV) of, l, {re) l, (%) ol, S E, (keV) of, 1, {rel) b (%) ol, S
28y 49.55 0.06 0.064 0.008 4 pg 824.2 0.2 1.24 0.16
BTy 83729 0.02 4.8 0.6 3 Bpg 8251 0.2 1.88 0.21
2Birh 92.38 0.01 2.81 0.26 4 Bimp g 825.6 0.5 0.9 0.0014 0.0003 4
24Th 92.80 0.02 2,77 0.26 4 #pg 831.5 0.1 15 4.1 0.4 4
=8y 113.5 0.1 0.0102 0.0015 4 24Mmpal  851.57 0.10 0.95 0.0062 0.0006 4
2¥py 131.30 0.01 0.433 18.0 1.7 3 ipg 876.0 0.1 0.085 2.52 0.24 4
PPy 186.15 0.02 23.3, 1.76 0.20 3 Bpg 880.5 0.1 4.2 0.4
Bpa bl - 226,50 0.03 2.83 4.2 0.5 4 #Hpg 880.5 0.1 8.2 0.6 4
Bpa Dl 22725 0.03 5.8 0.6 4 2mpg 880.9 0.5 3.17 0.0038 0.0005 3
2impgy 258.26 0.1 36 0.0729 0.0004 4 234mp 883.24 0.04 0.0017 0.0005 4
#4mpa D 387.6 0.8 0.0005 2mpal T 883.24 0.04 0.0018 0.0003 4
24mpa D 387.6 0.8 0.06 0.0010 0.0002 4 2p, 883.24 0.04 3 9.6 1.1 3
24pg 568.9 0.2 3.6 0.5 4 PMMpai  887.28 0.10 1 0.0071 0.0001 4
23pg 569.5 0.1 2.16 8.2 1.1 3 Bipg 898.67 0.05 1 3.2445 0.3764 4
e -7 691.0 0.3 1.3 0.0078 0.0007 4 Bmpg 921.7 0.1 2.16 0.0127 0.0001 4
Bipg 699.0 1.0 0.0008 0.0002 2pa D 925.0 0.1 7.8 0.9
234pa[ 699.03 0.05 0.78 3.5 04 4 pa Dl 9260 0.2 17 12
B4mpal  702.05 0.1 0.85 0.0071 0.0002 4 2mpal  926.61 0.10 4.3 0.0012 0.0001 3
B4mpg 705.90 0.10 0.0040 0.0005 24 928.72 0.15 ST 7.0 1.2
2pg 705.9 0.1 "2.27 0.24 4 2mpg 936.3 1 0.13 0.0018 0.0005 4
%4pal  733.39 0.05 1.13 6.9 0.8 4 Bimpal  945.90 0.10 0.0099 0.0010
oy 739.95 0.10 0.0117 0.0003 4 Bpg 946.00 0.03 45 3.4 1.5 8
Bampy 742,81 0.03 0.080 0.004 2¥pa 980.3 0.1 1.75 0.17
2pa T 742.81 0.03 122 2.06 0225 | ° 234 0.67 4
a 980.3 0.1 2.68 0.26
*¥pa 755.0 01 1.22 0.13 4 ipg 984.2 0.1 0.35 1.62 0.22 4
2%Mpg) >~ 766.36 0.02 - 40, 0.294 0.012 2 2mpal 9963 2.0 1.02 0.0041 0.0007 | 4
#impa|  781.37 0.10 1.17 0.0078 0.0002 4 234mp o 10047 0.1 . 0.838 0.10 1
Wimpal  786.27 0.03 717 . | 0.0486 0.0019 3 e P¥palT 10287 oA 0.25 0.57 0.06 2
#mpal  806.74 0.10 03 0.0043 0.0005 | , 2smp ™ 1041.7 0.1 014 | 00012 0.0001 | 4
“¥pal 8058 0.05 . 2.52 0.29 2mpa T 1061.86 0.1 048 | 00023 0.0001 | 4
#i"pa 8182 0.5 odg |0.0010 0.0003 | , 24pal 10832 0.1 015 0.50 0.06 4
“‘pal __ 819.2 0.1 _ 1.88 0.21 2%mpa| 11257 05 0.3 0.0035 0.0006 | 4

NOTE: 2%Pa - multiply k(%) valugs-by;0.00

Table of Contents
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GAMMA-RAY ENERGIES AND INTENSITIES (page 2 of 2)

E,, oF., L, ol, - 1998 ENSDF Data

Nuclide: 238U with Th & Pa Daughters
Detector: 4.55 cm2 x 8 mm Ge (Li)

Half Life: 4.468(3) x 109 yr.
Method of Production: natural U

E, (keV) of, 1, (el 1, (%) ol, S E, (keV) of, l, (rel L (%) ol, S
2pa 1151.4 0.3 0.03 0.031 0.010 4 2Py 1668.4 0.1 0.18 0.76 0.09 3
2mpal  1193,77 0.03 1.65 0.0135 0.0001 3 %%pal  1685.7 0.1 0.07 0.31 0.04 4
mpal  1220.37 ¢.10 0.14 0.0009 0.0001 4 24mpg 1694.1 1.0 1.8 0.0005 0.0001 3
‘ 1226.4 0.2 0.08 0.03 4 Zmpg 1732.2 1.5 0.0018 0.0003 4
2mpgl 123724 0.10 0.62 0.0053 0.0001 3 2mpal 1737.73 0.1 0.0211 0.0003 1
*lpal 12028 0.1 0.07 0.48 0.05 4 24Mpal 1750.81 0.10 0.2 0.0014 0.0007 | 3
“pal  1352.9 0.1 0.15 1.15 0.12 4 284mpaT {76544 0.10 1 0.0087 0.0001 2
2mp g 1392.7 1.0 0.0034 0.0002 3 234mp 4 17962 1 0.00 0.0003 0.0001 3
*¥pa;  1393.9 0.1 0.48 2.06 0.22 3 2mpa 1809.04 0.10 0.45 0.0037 0.0001 2
Bpg 1400.3 0.1 0.08 0.175 0.026 4 2mpa T 1849.69 0.10 0.0000 6.0001 3
sl =P 141388 0.10 0.32 0.0023 0.0001 4 2%p, 1819.3 03 0.1 0.0041 0.0011 3
2¥pgy 1426.9 0.1 0.05 0.164 0.026 4 234m Pa 1831.3 0.1 20 0.0172 0.0003 1
NHE 1434.13 0.10 1.2 0.0097 0.000% 3 28p, 1849.8 0.2 0.01 0.0278 0.0067 2
Nzwm “me.w w“ m.ww W.Mw m.mm M NmMa_um 1863.09 0.10 0.18 0.0012 0.0001 3
mmﬁnw e o - s - moom . Pa| 1867.68 0.10 1.2 0.0092 0.0001 1
234m . . : . : 2Mpal  1874.85 0.10 12 0.0082 0.000t 1
@:ﬁm AAMMM%M m. 4oo o%mm m.mmwm m_wmmw M 2mpg 1893.5 0.1 0.35 0.0022 0.0001 2
aﬁnm 553,74 510 ] 0.0081 0.0007 3 Mﬁnm 1911.17 0.10 0.77 0.0063 0.0001 | 1
23mp, 157087 330 o001 5.0001 p o Pa 1926.5 1.0 0.08 0.0004 0.0001 3

NOTE: **Pa - multiply y{(%} values by 0.0016 to account for branching from 22*"Pa
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2354 Decay Chain
235

U (7.0x108yr)

A
o decay

4
*Th (25 hr.)
\

B~ decay
"

231
Pa (32760 yr)
[odecay]

MMNDQ (21 yr.)

See 2’ Ac for Chain completion
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238 Decay Chain
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B~ decay
X
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Pa (1.17 min)
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0.16% IT decay | [99.84% B~ decay|
v
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Pa (6.7 hr)
\
B~ decay
X
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U ©2.4x10°yr)

See Z*U for Chain completion
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GAMMA-RAY ENERGIES AND INTENSITIES (page 1 of 2)

Nuclide:

Detector: 65 cm? coaxial Ge (Li)

Uranium Ore (238U + 235U with daughters)

Half Life: 4.468(3) x 10%yr. + 7.038(5) x 10° yr.
E,, of, - 1998 ENSDF Data For L, ol, - 1998 ENSDF Data, See: **Ra, **U, and **U Spectra

Method of Production: Natural Radioactivity

Isotope
m.ﬁ.j._
231 Pa
23 Pa
231 Pa
231 Th
mma._.j
"

U
mmmmm

mmmmm
mwmc

mme
mmmmm

mmmc

mNm—Hﬂ
mthmum.
NMﬂn_lT_
mmk‘mm
21 LmUU
231 Pa
NMM.H—J
MK_U_U
mmm>0
mmmmm.
21 mm—.._
231 Pa
214p;
M._h“ku
231 Pa
NMﬂn_u_J
m:—_U_U
-
Pa
men—.T_
wamm
mmwu_u_‘._
231 Pa

E, (keV) ok, S
63.29 0.02 4
63.65 0.02
74.15 0.04 4
77.34 0.03 3
84.214 0.003 | 4
92.38 0.01 3
92.80 0.02
143.76 0.02 4
144.23 0.01
154.21 0.01 4
163.33 0.02 4

185.715 0.005 >

186.211 0.013
195.70 0.20 4

205,311 0.010 | 4
234.80 0.01
235.85 018 4

235.971 0.020

240.986 0.006 2

241.877 0.003
255.77 0.05 4
256.25 0.02
258.87 0.20 4
269.28 0.04 4

269.459 0.010
271.23 0.01 4
273.14 0.06
273.80 0.5 4
274.80 0.05
283.69 .01 4

286.122 0.020 | 4

285,224 | 0.002 | 1
300.00 0.03 4
302.65 0.01
314.78 0.09 4
323.87 0.01 4

320.851 0.02 4
330.06 0.01

[sotope

Table of Contents

E, (keV} Qm< S
334.38 0.02 4
338.281 0.010 4
338.32 0.06
342.50 0.09 4
351.08 0.04
351.9 05 | 4
351.932 | 0.002
388.77 0.05 4
388.88 0.05 4
401.81 0.01 4
404.853 0.010 4
405.74 0.3
427.088 0010 | 4
445.03 0.1 4
454.77 0.12 4
461.00 0.2 4
469.76 0.07 | 4
474.41 0.05 4
480.43 0.08 4
533.66 0.02 4
543.0 0.2 4
572,76 0.07 4
580.13 0.03 4
609.312 | 0.007 | 1
6815.73 0.i0 4
633.14 0.10 4
639.67 010 | 4
649.18 0.07 4
665.453 0.022 | 3
683.22 0.06 4
697.90 0.25 4
703.11 0.04 4
704.64 0.03
710.67 0.10 4
719.86 0.03 4
733.80 0.15 4

tsotope
mK.Wm
mma;._mum
mmaamum
mﬁmu_u
mimw
mﬁmu_u
mqum
mmaauum.
24
2ag
miuu_u

mﬁ.mm
mﬁmw

e
234mp
214p;
214g;
214g;
21eg
24,
214g;
214g;

mﬁm_

m._am_
N.Emm

m.Hm_
mmf.:_um
m._am_

214y
B

mimm
m_&w_

21ag;
2140
B

m_aw_
m_hm_

m< {(keV)

752.84

766.36

766.51

766.63

768.356

785.96

786.1

786.27

W

806.174

821.18

832.01

839.05

904.29

934.061

946.04

964.08

1001.7

1032.37

1033.3

1051.96

1069.96

1103.64

EoN - B B R R EE R B B B P (]

1104.79

1120.287

1130.29

1133.66

1155.19

1172.98

1193.77

1207.68

1238.110

1280.86

1303.76

1316.86

1377.669

1385.31

1401.50

IR XY ES ENTAT YN FNY FN 5] FN N
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GAMMA-RAY ENERGIES AND INTENSITIES (page 2 of 2)

Nuclide: Uranium Ore (238U + 235U with daughters) Half Life: 4.468(3) x 10°yr. + 7.038(5) x 108 yr.
E,, of, - 1998 ENSDF Data For 1, ol, - 1998 ENSDF Data, See: **Ra, *U, and **U Spectra
Detector: 65 cm? coaxial Ge (Li) Method of Production: Natural Radioactivity

sotope  E (keV) of, S Isotope  E, (keV) ot, S lsotope  E, (keV) of, S
P . 2 i
-1°Bi [ 1385.31 003 [3 ¥ Bitsum(e09+1238) | 1847.420 | 0.025 | 1 mum_, 2266.51 013 [ 4
Bi| 140150 | 005 |3 214 Bi | 2293.40 | 0.2 |1
2tg 140708 | oot |3 Bi [ 187816 | 0.06 |, e
! . . 2¥mpa | 1874.85 | 0.10 Bi | 28124 02 |4
B |_ 147915 | 0144 |4 214 _
! . . “1%gi | 189030 | 0.5 | 4 Bi | 23313 02 ;4
““Bj | 1509.228 | 0.015 | 3 214 2lag:
214gi 153880 T c.06 1 4 “Bi | {89592 | 014 |4 .0 | 28769 02 |4
2B sum(734+609) |_1543.82 | 0.06 | 4 s (— 10987 | 04 | 4 ) | 2447.86 | 010 |1
245 {583 .07 .04 3 mAWm 1911.17 0.10 4 Bi 2505.4 0. 4
24gi {594 73 0.08 7 m_pmm 1935.5 0.2 4 214p; 2694 .7 0z 5}
2l4py ._mmw.w._ o.om A m:,mm 2010.78 0.12 4 214 2699.4 0.3 )
21ag; 1636.3 o..m 2 m_nmm 2021.6 0.2 4 24g; 2769.G 0.2 )
2ag, 1657 OO 0.19 i mIm_ 2052.94 0.12 4 24y 2785.9 0.2 3
214gi [ 1661.28 | 0.06_| 2 pras) [ 208970 | 020 | 4 “Bi| 28803 | 02 |3
21ag; 1683.99 0.04 ) m.Km_ 2109.82 Q.12 4 2M4py 5893.5 0.2 3
245 1729595 | 0.015 |1 Bi| 211855 | 0.03 | 1 2*Bi | 2921.9 02 |2
234m : : *gi 21479 | 02 | 4 aO [ 20789 | 02 |2
¥mpa | 1737.73 0.01 |4 214 214,
24g; [ 1764.494 | 0.014 | 1 Bi| 218258 | 036 | 4 pa | 0202 02 12
_ _ { i | 220421 | 0.04 |1 Bi| 30589 | 02 |1
234m 1782.3 414 214gi | 2251.6 02 |4 i |_3081.7 03 |2
P 1831.3 0.1 4 214
2140 : : #g; [ 22603 0.2 |4 Bi|_S142.6 04 | 4
Bi { 1838.38 0.05 3 . 214
. : Bi 31836 04 | 4

Table of Contents
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