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Mining Milling / Refining Conversion (ALLIED

Commercial ore contains Yellow Cake (UsOg) is
about 0.3% UsOg produced from the ore CAMECO, COGEMA, BNFL)

Uranium hexafluoride (UFg)
is produced by fluonnation
— of yellow cake
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Low Enriched Uranium

< 504 235U

SpA =1to 3 uCi/g
Mainly So

Low level By

DDE < 5 mrem/hr
CEDE,, ..o, ; 26 rem/uCi




Reprocessed Uranium

< 504 235U

SpA =51to 10 uCi/g
Mainly o

Significant By

DDE =5 to 100 mrem/hr

CEDE is the same, but the
higher SpA can result in
more exposure.




ALARA

Current ops:

> Individual DDE from 0 to 500 mrem/yr
> Collective DDE ~ 10 rem/yr

> Collective CEDE ~ 50 rem/yr
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High radiation area considerations

Access controls

Alarms, visible or
audible

Interlock(s) that
reduce dose rate

Igh Radration Area




Transportation

Type B package

Will the higher dose
rate meet DOT limits?

Footnote (Qg): applies
to unirradiated
uranium only

U {enriched ta 20% or
le==)(g).

GNr

§173.435 49 CFR Ch. | (10-1-04 Edition)
) Specific adivity
Symbol of Elkement and —— i : \ iy il
radionuclide alomic number A (TBA) | A (G0 | Ao (TBa) | Aa (GOE {TBqi) iCig)
[T I 1 5 {1 2T7=102 | T.0e10-1 | 18100 1.7=101 4.6<102
Thulium (&5 7.0 1.810F | 8.0=10-1 | 22107 | 21107 2.5<104
2.0 81101 B.010-1 | &1l 2.2=10=2 6.0109
4010 11105 | 40107 1110 | 401! 112107
40101 1.1=103 1.0:10-1 [ 27 1.0 102 27104
fion ) (a)id).
U-220 {medium lung ab- 40101 112108 | 4.010-3 | 1.1=10-1 | 10102 27104
sorplion) (ajie).
L-230 {slow lung absarp- 30«10 B.1=102 3.0e10-7 | BA=10-2 | 10102 2.T=104
lion i (a)if] .
L-222 40101 1.1=10% 1.0:10-2 [ 272101 [ 82101 2,210
tion s (d).
U-222 {medium lung ab- 4.0=101 1.1=10% | 7.0=10-3 | 1.9=10-1 [ 8.23=10— 2.2101
sorplion) (=),
L-232 {slow lung absarp- 10100 27102 1.0e10-3 [ 27x10-2 | 83101 2.0
lion i ().
L-223 (fast lung absorp- 4.0=101 1.1=108 [ 9.0=10-2 (2.4 3.6x10-4 9.7=10-2
tiony (d).
U-222 imedium lung ab- 4.010" 1.1210% | 20x10-2 | Bde10-1 | 26104 9.T=10-2
sofplion) (&),
L-233 {slow lung absarp- 40100 1.1=102 B.O10-3 [ 18e10—1 | 28104 B x10-2
lion i ().
U-224 (fast lung absorp- 4.0=101 1.1=108 [ 9.0=10-2 (2.4 2. 3104 B.2«10-2
tiony (d).
U-224 {medium lung ab- 4.0=101 1.1=10% 2001077 | 101 | 230104 62«10
sofplion) (&),
U-224 {slow lung absarp- 40101 1.4=10% B.Oe0-3 [ 18e10—1 | 23104 B.2x10-2
lion i ().
U-23E {all lung absarp- Unlimited | Unlimited | Unlimited | Unlimited | 8.010-5 2. 210
lion types)
U-225 (fast lung absorp- Unlimited | Unlimited | Unlimited | Unlimited | 2.4=10-5 G.510-2
L-22& {medium lung ak- 40101 1.1=102 20:10-2 | Bde10-1 | 24105 G.510-2
sofplion) (&),
LI-235 {slow lung absarp- SSTUTRTRRTRT I 153 11 1.4=10% B.OA0-7 [ 18101 | 240105 B.5e10-
corienenemmnmneneeeemnen e | HAlimAIEd | Unlimited | Unlimited | Unlimit
woeen | Unlimited | Unlimited | Unlimited | Unlimited | see see
o ~ ~ 5172434 B173.424
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Contaminants

¢ Ru_1 06 U-232 Series Activity

(stacked diagram)
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U-232 Series Activity

(stacked diagram)
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232 contaminant level

Contaminant level ranges from 1 to 12 ppb

10 ppb 232U contaminant level equates to about
320 mCi of 232U in a standard UF6 cylinder
containing 1,500 kg of uranium

= 015 g 232U
= 232 specific activity is 21.42 Ci/g
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208T]|

3 min. half-life 29Th
2.6 MeV gamma 37d|a

36% branching from ujjpin
leBi deCay IHP}J—LI']BiLI”PG
i1 64%%
hl.ﬂ-lh 36% 0.3 uslu
28T |52 “Pb (stable)
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208T| Activity calculation

ATI 208 — 'AU232 *(1_e_iTh228t ) *(.36

Months

12
18
24
30
36
42
48

TI-208

(MCi)
3.443347
19.18085
35.17803
48.51997
59.64739
68.92787
76.66795
83.12332
88.50722
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Decay Graph of U-232
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Model 30B UF, cylinder

Diameter 30”
Length /6"
Wall

Thickness 1/2”
Material steel

2,277 kg UF, max.
GNE

Global Nuclear Fuel



Full UF, cylinder dose rate

Self shielding by uranium is significant
Typically 1 to 5 mrem/hr contact

RU cylinder calculated with MCNP:

1 to 20 mrem/hr contact depending on age up to
48 months

Not a worker dose or transportation issue



Vaporization animation
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GNF-J measurements

Bottom Side Side

Surface |Surface 1M

mrem/hr | mrem/hr | mrem/hr
Max. 1,200 270 12
Min. 720 140 6.5
Avg. 053 180 9.3

3 “empty” RU cylinders
*3-4 ppb 232U
eaged 48 months prior to emptying
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Model 30B UF, cylinder
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Source to detector geometry

30 cm o
75 cm
Gl“l'
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MicroShield® case: contact

Case Title: Case 1
Description: Case 1
Geometry: 13 - Rectangular Volume

Source Dimensions

Length 2.54 cm 1.0 in
Width 7.62 cm 3.010n
Height 152.4 cm 51 0.0in
Dose Points
X Y z
# 1 5.08 cm 76.2 cm 3.81 cm
2.0 in 2 ft6.0iIn 1.5 in
Shields
Shield Name Dimension Material Density
Source 2949.672 cm? Uranium 5
Shield 1 1.27 cm Iron /.86
Air Gap Air 0.00122
Source Input
Grouping Method : Actual Photon Energies
Muclide curies becquerels pCijcm?3 Bag/cm?3
TI-208 1.0000e-003 3.7000e+007 3.3902e-001 1.2544e+004

GNr
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MicroShield® case:; 30 cm

Case Title: Case 1
Description: Case 1
Geometry: 13 - Rectangular Volume

Source Dimensions

Length 7.62 cm 3.01in
Width 2.54 cm 1.0 in
Height 152.4 ¢m 5M0.0in
Dose Points
X ¥ Z
#1 75.184 cm /6.2 cm 1.27 cm
O 2 ft 5.61In 2 ft 6.0 in 0.5in
Shields
Shield Name Dimension Material Densiky
Source 180.0 in® Uranium 5
Shield 1 51N Iron 7.86
Air Gap Air 0.00122
x Source Input
Grouping Method : Actual Photon Energies
Muclide curies becquerels uCifcm? Bag/cm?3
TI-208 1.0000e-003 3.7000e+007 3.3902e-001 1.2544e+004
Buildup

The material reference is : Shield 1
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MicroShield® case:; 30 cm

Results
Energy Activity Fluence Rate Fluence Rate Exposure Rate Exposure Hate
MeV photons/sec MeV/cmz2/sec MeV/cm?2/sec mR/hr mR/hr
Mo Buildup With Buildup Mo Buildup With Buildup
0.0728 7.515e+05 1.610e-06 2.705e-06 2.6692-09 4.486e-09
0,075 1.260e+06 £.352e-06 9.170e-06 8.725e-09 1.495e-08
0.0849 5.638e+05 2.509e-05 4.634e-05 3.898e-08 7.200e-08
0.2114 6.277e+04 8.383e-04 2.564e-03 1.497e-06 4.581e-06
0.2334 1.145e+05 2.351e-03 7.387e-03 4,283e-06 1.346e-05
0.2526 2.954e4+05 8.428e-03 2.692e-02 1.558e-05 4.976e-05
0.2773 2.511e+06 1.03%9e-01 3.361e-01 1.950e-04 6.307e-04
0.5108 7.976e+06 2.682e+00 8.282e+00 5.265e-03 1.625e-02
0.5831 3.117e+07 1.53%e+01 4.573e+01 3.009e-02 8.940e-02
0.722 7.496e4+04 6.553e-02 1.800e-01 1.260e-04 3.463e-04
0.7631 6.056e4+05 6.082e-01 1.633e+00 1.163e-03 3.123e-03
0.8404 1.322e+05 1.677e-01 4.318e-01 3.170e-04 8.164e-04
0.8604 4.608e+06 65.178e+00 1.575e+01 1.165e-02 2.968e-02
0.9276 4.616e+04 7.358e-02 1.813e-01 1.373e-04 3.381e-04
0.9827 7.275e+04 1.319e-01 3.164e-01 2.438e-04 5.849e-04
1.0939 1.366e+05 3.115e-01 7.111e-01 5.648e-04 1.28%9e-03
2.6147 3.693e+07 3.426e+02 5. 889e+02 4.85%9e-01 8.353e-01
TOTALS: 8.731e+07 3.683e+02 6.625e+02 5.357e-01
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Summary of results

T1-208 @ 30 mrem/hr mrem/hr

Months (mCi) cm @ 1m contact
1 3 3 1 112
6 19 19 6 622
12 35 34 11 1141
18 49 47 15 1574
24 60 58 19 1935
30 69 67 22 2236
36 77 75 24 2487
42 83 81 26 2697
48 89 87 28 2871
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Summary of results

Dose Rate Vs Age of Material
RU heel cylinder after vaporization of 1500kg U @ 10 ppb U232
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Summary of results

DOSE RATE & ACTIVITY Vs AGE OF MATERIAL
RU heel cylinder after vaporization of 1500kg U @ 10 ppb U232
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