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1 Introduction 

The 2799E package design is one of the Croft SAFKEG series of packages that all have an outer 

container that uses a stainless steel keg (similar to those used in beer kegs) which is provided with a 

stainless steel liner, the interspace being filled with TISAF (Thermal Insulating and Shock 

Absorbing Foam – a phenolic resin blown foam).  The outer keg carries a single resealable, leak-

testable stainless steel containment vessel within cork packing. 

 

The 2799E package is a general purpose container for the shipment of non-fissile and fissile 

excepted material in solid form.  The packaging consists of a Keg Assembly Design No 2799, 

carrying a single Containment Vessel (CV) Assembly Design No 2812.  

 

This report assesses the limiting criterion for the radionuclides to be transported as detailed in table 

2, to ensure compliance with the IAEA TS-R-1 transport Regulations [Ref 1], and identifies the 

package limit for each nuclide. 

2 Specification of Contents 

2.1 General nature of content 

The contents may be non fissile or fissile excepted alpha, beta or gamma emitting isotopes, for 

example uranium, plutonium, americium and thorium in compound form or mixtures.  Or the 

contents may be neutron sources of Pu/Be, Am mixed with beryllium, boron, lithium or fluorine or 

Californium 252. 

2.2 Radionuclides 

See Table 2.  Associated daughter products are also allowed, however, any daughter products that 

do not provide a significant contribution to the limits shown are not listed. 

 

Maximum enrichment for U235 shall be 100% by weight. 

2.3 Physical state 

Solids as powder, dried cake, metal pieces or sintered pellets. 

 

Powders shall have been produced by normal techniques and not have been further processed to 

produce specifically fine powder. 

2.4 Chemical composition 

Elemental or compound form. 

2.5 Quantity 

Maximum quantity of radioactive material to be carried is 10,000 g.  The contents limit for the 

package (radioactive material + other materials + packing) is 11,500 g. 
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2.6 Activity Limit 

2.6.1 Individual Radionuclide Limits 

The package limits for individual nuclides for land, sea and air are given in Table 2 under the 

column headed “Package Limit”.  

2.6.2 Limits for Mixtures of Radionuclides 

Where more than one nuclide is present, the contents are limited as below: 

• Mixtures of the nuclides given in Table 1, which are individually limited by the Package 

Limit, are limited such that the sum of the proportionate amounts of each nuclide with 

respect to the quantity shown does not exceed unity. 

• Content activity to be limited so that the total heat emission for a single package is less than 

10 W 

• Neutron emitters such as Cf 252 must not be carried with any fissile material 

• Trace quantities of other radionuclides (other than those listed in Table 1) may be carried 

providing that their individual activities do not exceed 1% of the total activity of the 

contents. 

2.7 Fissile Material Consignment limit [672] 

 

For fissile material a mass limit per consignment will be applied such that: 

 

mass of uranium-235 (g)    mass of other fissile material (g) 

——————————— + —————————————— < 1 

 X      Y 

 

where X and Y are the mass limits defined below in table 1. 

 

Fissile material Fissile material mass (g) mixed 

with substances having an 

average hydrogen density less 

than or equal to water  

Fissile material mass (g) mixed 

with substances having an average 

hydrogen density greater than water  

 

Uranium 235 

(X) 

400 290 

Other fissile 

material (Y) 

250  180 

Table 1 – Consignment Mass Limits for Exceptions from the Requirements for Packages Containing Fissile 

Material (Ref 1) 

 

However these limits may only be applied when: 

i. Each individual package contains not more than 15g of fissile material; 

ii. Neither beryllium nor deuterium shall be present in quantities exceeding 1% of the 

applicable consignment mass limits provided in Table 1. 
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2.8 Primary containers and packing 

 

Primary containers may be polythene bottles and/or heat seal 'bags' which may then be placed in 

metal cans.  The neutron sources of Am/(mixed with either Be, F, B or Li) and Cf 252 are packed in 

welded steel capsules.  

 

If the solid radioactive material is (or may be) soluble in or leachable by water, a sachet of dry 

silica gel (not less than 10 g) must be packaged with the primary containers within the resealable 

stainless steel containment can (design No 2812). 

3 Calculation of Allowable Content 

3.1 Criticality limit 

Contents are restricted to fissile excepted quantities. 

3.2 Heat Limits 

The heat limit has been set at 10W (1,690 MeV Ci).  This heat load has been shown to produce 

acceptable temperatures in the packaging under the most restrictive assumptions required by the 

regulations. 

3.3 Shielding Limit 

The contents listed in Table 2 are primarily alpha or beta emitters for which the shielding provided 

by the stainless steel cans is sufficient to allow unlimited contents without external surface dose or 

TI (radiation level at 1 m from the external surface of the package) exceeding the regulatory limits. 

 

The only nuclides which produce a significant gamma or neutron dose, either directly or from 

daughters, are 241Pu, 227Ac, 241Am, 243Am, 232U, Am/(mixed with either Be, F, B or Li), Cf 

and Pu/Be (sources).  The quantities of these materials have been limited to ensure that the external 

radiation dose levels are within the regulatory limits. 

 

When 243Am or 227Ac is carried a suitable lead pot must be used, see detailed instructions in CPI 

013.  The mass of contents and pot shall not exceed 11,500g as specified in 1.5 above. 

3.4 Mass Limit 

An arbitrary maximum mass for the package radioactive contents, and therefore any single nuclide, 

is set at 10,000 g.  Lower mass limits for some nuclides are specified where these are more realistic. 

 
241

Pu is limited to 10% of the Pu limit as this is the upper limit for 
241

Pu in Pu (with a margin of 

safety). 

 
232

U is limited to 10
-4

 % of U limit as this is the upper limit for 
232

U in U (with a margin of safety). 
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3.5 Package Limit 

The activity limits for individual nuclides for the different criteria of criticality, heat output, 

radiation shielding and mass, are as listed in Table 2.  The maximum activity of each nuclide that 

may be carried in the package is chosen as the least of the separate limits listed in Table 2. 

4 References 

 

1. International Atomic Energy Agency, IAEA Safety Standards Series No TS-R-1, 

Regulations for the Safe Transport of Radioactive Material, 2009 Edition  

2. Croft Associates Ltd, CTR 83/3, Heat Generation by the decay of radioactive isotopes, Issue 

F. 

3. Croft Associates Ltd, CS 2000/18, Package 2799E – Dose Rates due to Neutron Emitters, 

Issue C 

4. Croft Associates Ltd, CS 2000/19, Package 2799E – Dose Rate and heat output from 

Americium-243, Issue A 

5. Grove Engineering, USA, Microshield Version 6.02 and 8.03, Analysis of Shielding and 

exposure to gamma Radiation. 

6. Croft Associates Ltd, CS 2010/12, Package 2799E – Strontium 90 Shielding Calculations 

for the 2799E Package, Issue A 

7. Croft Associates Limited, CS 2011/02, Actinium 227 Shielding Calculations for the 2799E 

Package, Issue A 
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Table 2 - Package Contents Limits 

Specific

TS-R-1 Activity Heat Output Activity for

A2 value [2] [1] 10W

(Bq) (Bq/g) (g) (Bq) (W/Bq) (Bq) (Bq) (g) (Bq) (g) (Bq) (g) (Bq)
239

Pu Plutonium 1.000E+09 2.301E+09 15.00 3.452E+10 8.100E-13 1.235E+13 Infinite 15.0 3.45E+10 15.0 3.45E+10 15.0 3.45E+10
241

Pu Plutonium 6.000E+10 3.814E+12 7.50 2.861E+13 3.240E-15 3.086E+15 Mass limit 1.5 5.72E+12 1.5 5.72E+12 1.5 5.72E+12
233

U Uranium 6.000E+09 3.584E+08 15.00 5.377E+09 7.560E-13 1.323E+13 Infinite 15.0 5.38E+09 15.0 5.38E+09 15.0 5.38E+09
235

U Uranium U 8.001E+04 15.00 1.200E+06 7.020E-13 1.425E+13 Infinite 15.0 1.20E+07 15.0 1.20E+06 15.0 1.20E+06
239

Pu/Be Pu/Be [3] 1.000E+09 2.301E+09 15.00 3.452E+10 8.100E-13 1.235E+13 9.730E+10 15.0 3.45E+10 15.0 3.45E+10 15.0 3.45E+10

252
Cf Californium [3] 3.000E+09 1.994E+13 NA 9.510E-13 1.052E+13 4.980E+10 1.00E-02 1.99E+11 2.5E-03 4.98E+10 2.5E-03 4.98E+10

238
Pu Plutonium 1.000E+09 6.339E+11 NA 8.910E-13 1.122E+13 Infinite 75.0 4.75E+13 17.7 1.12E+13 4.7 3.00E+12

240
Pu Plutonium 1.000E+09 8.435E+09 NA 8.370E-13 1.195E+13 Infinite 75.0 6.33E+11 75.0 6.33E+11 75.0 6.33E+11

242
Pu Plutonium 1.000E+09 1.453E+08 NA 7.830E-13 1.277E+13 Infinite 75.0 1.09E+10 75.0 1.09E+10 75.0 1.09E+10

232
U Uranium 1.000E+09 7.923E+11 NA 8.370E-13 1.195E+13 4.440E+08 1.50E-03 1.19E+09 5.60E-04 4.44E+08 5.60E-04 4.44E+08

234
U Uranium 6.000E+09 2.313E+08 NA 7.560E-13 1.323E+13 Infinite 1.50E+02 3.47E+10 1.50E+02 3.47E+10 1.50E+02 3.47E+10

236
U Uranium 6.000E+09 2.395E+06 NA 6.750E-13 1.481E+13 Infinite 1.50E+02 3.59E+08 1.50E+02 3.59E+08 1.50E+02 3.59E+08

238
U Uranium U 1.245E+04 NA 6.750E-13 1.481E+13 Infinite 1.00E+04 1.24E+08 1.00E+04 1.24E+08 1.00E+04 1.24E+08

241
Am Americium 1.000E+09 1.271E+11 88.00 NA 8.910E-13 1.122E+13 2.770E+13 8.80E+01 1.12E+13 8.80E+01 1.12E+13 2.36E+01 3.00E+12

243
Am

Americium [4] (in 

10mm lead pot) 1.000E+09 7.382E+09 NA 1.517E-11 6.592E+11 1.218E+12 8.80E+01 6.50E+11 8.80E+01 6.50E+11 8.80E+01 6.50E+11

241
Am/Be

Americium / 

Beryllium [3] 1.000E+09 1.271E+11 88.00 NA 8.910E-13 1.122E+13 9.730E+10 8.80E+01 1.12E+13 7.66E-01 9.73E+10 7.66E-01 9.73E+10

241
Am/B

Americium / Boron 

[3] 1.000E+09 1.271E+11 88.00 NA 8.910E-13 1.122E+13 9.730E+10 8.80E+01 1.12E+13 7.66E-01 9.73E+10 7.66E-01 9.73E+10

241
Am/Li

Americium / Lithium 

[3] 1.000E+09 1.271E+11 88.00 NA 8.910E-13 1.122E+13 9.730E+10 8.00E+00 1.02E+12 7.66E-01 9.73E+10 7.66E-01 9.73E+10

241
Am/F

Americium / 

Fluorine [3] 1.000E+09 1.271E+11 88.00 NA 8.910E-13 1.122E+13 9.730E+10 8.80E+01 1.12E+13 7.66E-01 9.73E+10 7.66E-01 9.73E+10

241
Am/

243
Am/Be

Americium / 

Beryllium [3] 1.000E+09 1.271E+11 NA 8.910E-13 1.122E+13 9.730E+10 8.80E+01 1.12E+13 7.66E-01 9.73E+10 7.66E-01 9.73E+10

241
Am/

243
Am/B

Americium / Boron 

[3] 1.000E+09 1.271E+11 NA 8.910E-13 1.122E+13 9.730E+10 8.80E+01 1.12E+13 7.66E-01 9.73E+10 7.66E-01 9.73E+10

241
Am/

243
Am/Li

Americium / Lithium 

[3] 1.000E+09 1.271E+11 NA 8.910E-13 1.122E+13 9.730E+10 8.80E+01 1.12E+13 7.66E-01 9.73E+10 7.66E-01 9.73E+10

241
Am/

243
Am/F

Americium / 

Fluorine [3] 1.000E+09 1.271E+11 NA 8.910E-13 1.122E+13 9.730E+10 8.80E+01 1.12E+13 7.66E-01 9.73E+10 7.66E-01 9.73E+10
237

Np Neptunium 2.000E+09 2.610E+07 300.00 NA 1.020E-12 9.804E+12 4.250E+09 7.83E+09 2.04E+17 1.63E+02 4.25E+09 1.63E+02 4.25E+09
90

Sr [6] Strontium 3.000E+11 5.051E+12 NA 1.810E-13 5.525E+13 4.96E+10 1.00E+04 5.05E+16 9.82E-03 4.96E+10 9.82E-03 4.96E+10
232

Th Thorium U 4.061E+03 NA 6.430E-13 1.555E+13 Mass limit 1.00E+04 4.06E+07 1.00E+04 4.06E+07 1.00E+04 4.06E+07
244

Cm Curium 2.000E+09 2.996E+12 NA 9.300E-13 1.075E+13 Infinite 1.00E+04 3.00E+16 3.59E+00 1.08E+13 2.00E+00 6.00E+12
63

Ni   [5] Nickel 3.000E+13 2.192E+12 NA 2.745E-15 3.644E+15 Mass limit 1.00E+04 2.19E+16 1.66E+03 3.64E+15 1.66E+03 3.64E+15
227

Ac [7] Actinium 9.000E+07 2.682E+12 NA 1.270E-14 7.874E+14 8.000E+10 6.00E+03 1.61E+16 2.98E-02 8.00E+10 2.98E-02 8.00E+10

[5] Heat rate dervied using Microshield Code V7.02, Grove Software Inc.  

[6] Croft Associates Ltd, CS 2010/12, Package 2799E - Strontium 90 Shielding Calculations for the 2799E Package

[7] Croft Associates Ltd, CS 2011/02,  Ac-227 Shielding Calculations for the 2799E Package

Non-fissile Nuclides

Shielding 

Limit
Criticality Limit

[4] Croft Associates Ltd, CS 2000/19, Package 2799E - Dose rate and heat output from Am-243, Issue B

[2] IAEA TS-G-1.1, Advisory Material for the IAEA Regulations for the Safe Transport of Radioactive Material, para 240

[1] Croft Associates Ltd CTR 83/3, Heat generation by the decay of radioactive isotopes, Issue F dated 16/6/1988

[3] Croft Associates Ltd, CS 2000/18, Package 2799E - Dose rates due to neutron emitters, Issue C

Package limitHeat Limit
Fissile Nuclides

Mass limit
Land and sea transport

Nuclide
TS-R-1 Air limit (3000 A2)

Air transport

Element
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