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Low Enriched Uranium

< 5% 235U

SpA = 1 to 3 µCi/g

Mainly 

Low level βγ

DDE < 5 mrem/hr

CEDEInhalation ; 26 rem/µCi



Reprocessed Uranium

< 5% 235U

SpA = 5 to 10 µCi/g

Mainly α

Significant βγ

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



High radiation area considerations

Access controls

Alarms, visible or 
audible

Interlock(s) that 
reduce dose rate



Transportation

Type B package 

Will the higher dose 
rate meet DOT limits?

Footnote (g): applies 
to unirradiated 
uranium only





Contaminants





232U 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
232U specific activity is 21.42 Ci/g



208Tl

3 min. half-life

2.6 MeV gamma

36% branching from
212Bi decay



208Tl Activity calculation
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Months
Tl-208 
(mCi)

1 3.443347
6 19.18085

12 35.17803
18 48.51997
24 59.64739
30 68.92787
36 76.66795
42 83.12332
48 88.50722



Decay Graph of U-232   
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Model 30B UF6 cylinder

Diameter 30”
Length 76”
Wall
Thickness 1/2”
Material steel

2,277 kg UF6 max.



Full UF6 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



GNF-J measurements

Side      
1 M 
mrem/hr

Side 
Surface 
mrem/hr

Bottom 
Surface 
mrem/hr

9.3180953Avg.

6.5140720Min.

122701,200Max.

•8 “empty” RU cylinders
•3-4 ppb 232U
•aged 48 months prior to emptying



Model 30B UF6 cylinder



Source to detector geometry

30 cm

75 cm



MicroShield® case: contact



MicroShield® case: 30 cm



MicroShield® case: 30 cm



Summary of results

Months
Tl-208 
(mCi)

@ 30 
cm

mrem/hr 
@ 1 m

mrem/hr 
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



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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