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PARTT 

TRANSPORTATION OF RADIOACTIVE MATERIAL 

Sec. T.l - Purpose and Scope. 

a. 	 The regulations in this Part establish requirements for packaging, preparation for shipment, 
and transportation of radioactive material~ and apply to any person ',\'ho transports radioactive 
material or delivers radioactive material to a carrier for transport. 

b. 	 The packaging and transport of radioactive material are also subject to other ehaptersParts of 
these regulations and to the regulations of other agencies (such as the United States 
dDepartment of tIransportation, the United States i3Postal sService and the United States 
aNuclear fRegulatory eCommission). having jurisdiction over means of transport. The 
requirements of this chapterPart are in addition to. and not in substitution for, other 

c. This chapterPart applies to any licensee authorized by specific or general license issued to 
receive, possess, use, or transfer licensed material. if the licensee delivers that material to a 
carrier for transport, transports the material outside the site of usage as specified in the 
license, or transports that material on public highways. No provision of this chapterPart 
authorizes possession of licensed material. 

d. Exemptions from the requirement for license are specified in T.4 of this Part. General 
licenses for which no package approval is required are issued in T.7 tethrough T . .f..2.ll. The 
general license in T.7 requires that aR United States aNuclear fRegulatorv eCommission 
certificate of compliance or other package approval be issued for the package to be used 
under the general license. The transport of licensed material or delivery of licensed material 
to a carrier for transport is subiect to the operating controls and procedures requirements of 
T.15 through T.U2 L to the quality assurance requirements of T.~21; and to the general 
provisions of rules T.I through T.5. including<old></old><aew> referenced United States 
dDepartment of tIransportation regulations. 

e. These rules apply to any person required to obtain a certificate of compliance or an approved 
compliance plan from the United States aNuclear fRegulatory eCommission pursuant to 10 
CFR 71 if the person delivers radioactive material to a common or contract carrier for 
transport or transports the material outside the confines of the person's plant or other 
authorized place of use. 

Sec. T.2 - Definitions. As used in this Part, the following definitions apply: 

"A1" means the maximum activity of special form radioactive material permitted in a TVDe A 
package. This value is either listed in Tables IHA-l, A-I and I¥A-3 in Appendix A of this Part, or 
may be derived in accordance with the procedures prescribed in Appendix A of this Part. 

"A2" means the maximum activity of radioactive materiaL other than special form material. LSA, 
and SCQ materiaL permitted in a Type A package. This value is either listed in Tables I¥A-l. A-I 
Supplement ana or ¥A-3 in Appendix A of this Part, or may be derived in accordance with the 
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procedures prescribed in Appendix A of this Part. 

"Carrier" means a person engaged in the transportation of passengers or property by land or water as 
a common, contract, or private carrier, or by civil aircraft. 

"Certificate of Compliance" (CoC) means the certificate issued by the U.S. Nuclear Regulatory 
Commission under either subpart D er±of 10 CFR 71 which approves the design of a package for 
the transportation of radioactive material. 

"Certificate Holder" means a person who has been issued a Certificate of Compliance or other 
~ckage approval by the US Nuclear Regulatory Commission. 

"Closed transport vehicle" means a transport vehicle equipped with a securely attached exterior 
enclosure that during normal transportation restricts the access of unauthorized persons to the cargo 
space containing the radioactive materiaL The enclosure may be either temporary or permanent but 
shall limit access from top, sides, and ends. In the case of packaged materials, it may be of the "see­
through" type. 

"Consignment" means one or more packages accepted bv an operator from one shipper at one time 
and at one address. receipted for in one lot and moving to one consignee at one destination 
address.means each shipment of a package or groups of packages or load of radioactive material 
offered by a shipper for transport. 

"Containment system" means the assembly of components of the packaging intended to retain the 
radioactive material during transport. 

"Conveyance" means: 	 .. 
(1) 	 For transport by public highway or raiL any transport vehicle or large freight 

container: 

ill 	 For transport by water. any vesseL or any hold, compartment. or defined deck area of 
a vessel including any transport vehicle on board the vessel; and 

(03) 	 For transport by any aircraft. any aircraft. 

"Criticality Safety Index (CSl)" means the dimensionless number (rounded up to the next tenth) 
assigned to and placed on the label of a fissile material package. to designate the degree of control of 
accumulation of packages containing fissile material during transportation. Determination of the 
criticality safety index is described in T .+1-10 and T.~11. 

"Deuterium" means, for the purposes ofTA and T.+1-10. deuterium and any deuterium compounds. 
including heavy water. in which the ratio ofdeuterium atoms to hydrogen atoms exceeds 1 :5000. 

"Exclusive use" means the sole use by a single consignor of a conveyance for which all initial, 
intermediate, and final loading and unloading are carried out in accordance with the direction of the 
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consignor or consignee. The consignor and the carrier must ensure that any loading or unloading is 
performed by personnel having radiological training and resources appropriate for safe handling of 
the consignment. The consignor must issue specific instructions, in writing, for maintenance of 
exclusive use shipment controls, and include them with the shipping paper information provided to 
the carrier by the consignor. 

"Fissile material" means plutonium 238, plutonium 239, plutonium 241, uranium 233, uranium 
235, or any combination of these radionuelides the radionuclides U-233, U-235, Pu-239, and Pu-24L 
()r any combinationmQf these radionuclides. Fissile material me<-ins the fissile nuclides themselves. 
not material containing fissile nuclides. Unirradiated natural uranium and depleted uranium, and 
natural uranium or depleted uranium~ that has been irradiated in thermal reactors only~ are not 
included in this definition. Certain exclusions from fissile material controls are provided in 10 CFR 
7L15~.71.11 and 71.18, the definition of Nuclear grade graphite as fuund ill 10 CPR 110.2Y 

"Fissile material package or Type AF package, Type J:3F package. Type B(U)F package. or Type 
B(M)F package" means a fissile material packaging together with its fissile material contents. 

"Graphite" means, for the purpos~s of thisf)Part, graphite with a boron equivalent content less than 
five parts per million and densitv greater than 1.5 grams per cubic centimeter. 

"Highway Route Controlled Ouantitv... (HRCQ)" means [DOT 173j03J means a quantity within a 
single package which exceeds: 

(1) 	 3.000 times the AI value of the radionuclides as specified in 49 CFR173.435 for 
special form Class 7 (radioactive) material: 

(2) 	 3.000 times the A2 value of the radionuclides as specified in 49 CFR 173.435 for 
normal form Class 7 (radioactive) material: or 

(3) 	 1.000 TBg (27.000 Cit whichever is least. 

"Low specific activity (LSA) material" means radioactive material with limited specific activity 
which is nonfissile or exceptedynder thisf)Part and which that-satisfies the descriptions and limits 
set forth below. Shielding materials surrounding the LSA material may not be considered in 
determining the estimated average specific activity of the package contents. LSA material must be 
in one of three groups: 

(1) 

(i) 	 Uranium and thorium ores. concentrates of uranium and thorium ores. and 
other ores containing naturallv occtlringoccurring radioactive radionuclides 
which are notintended to be processed for the use oftht;se radionuclides;Gres 
containing only naturally occurring 

II
Agencyjurisdiction extends only to "special nllclear material in quantities not sufficient to form a critica! mass" as defined in Part ,1 ofthese regulations.m 
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ii 


radionuelides~ and uranium or thorium concentrates of such ores; or 
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(iii) 	 Solid unirradiated natural uranium or depleted uranium or natural thorium or 
their solid or liquid compounds or mi)ctures; or Radioactive material for which 
the A). value is unlimited: or 

(iiiy) 	 Radioactive material, other than tissile material, for vmich the ~ value is 
unlimited; orOther radioactive material in which the radioactive material is 
distributed throughout and the estimated average. specific activity does not 
exceed 30 times the value for exempt material activity concentrations 
determined under Appendix A.(iv) Mill tailings, contaminated earth, 
concrete, rubble, other bulk debris, and activated material in which the radio 
active material is essentially uniformly distributed, and the average specific 
activity does not exceed 1O-e..~~ 

(2) 	 LSA-II 

(i) 	 Water with tritium concentration up to 0.8 terabecquerel per liter TBq/L (20.0 
CilL); or 

(ii) 	 Material in which the radioactive material is distributed throughout, and the 
average specific activity does not exceed 10-4 A2/g for solids and gases, and 
10-5 A2/g for liquids. 

(3) 	 LSA-III Solids, excludims powders. that satisfy the requirements of. 49 CFR 173.43 
10 CFR 71.77, in which:!f 

(i) 	 The radioactive material is distributed throughout a solid or a collection of 
solid objects, or is essentially uniformly distributed in a solid compact binding 
agent; for example, concrete, bitumen, or ceramic and 

(ii) 	 The radioactive material is relatively insoluble, or it is intrinsically contained 
in a relatively insoluble material, so that, even under loss of packaging, the 
loss of radioactive material per package by leaching, when placed in water for 
7 days, would not exceed 0.1 A2; and 

(iii) 	 The average specific activity of the solid does not exceed 2 x 10.3 A2/g. 

"Low toxicity alpha emitters" means natural uranium, depleted uranium, natural thorium; uranium­
235, uranium-238, thorium-232, thorium-228 or thorium-230 when contained in ores or physical or 
chemical concentrates or tailings; or alpha emitters with a half-life ofless than 10 days. 

"Natural thorium" means thorium isotopes with a-the naturally occurring distribution of thorium 
isotopes, which is essentially 100 weight percent thorium-232, 

"Normal form radioactive material" means radioactive material which that has not been 
demonstrated to qualify as 2special form Of other form radioactive material.2 
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"Nuclear waste" means a quantity of source, byproduct or special nuclear material# required to be in 
US Nuclear Regulatory Commission-approved specification packaging while transported to, through 
or across a state boundary to a disposal site, or to a collection point for transport to a disposal site. 

"Packag~" means the packaging together with its radioactive contents as presented for transport. 

(1 ) Fissile material package or Type AF package, Type BF package, Type BCU)F 
package, or Type BCM)F package means a fissile material packaging together with its 
fissile material contents. 

(2) Type A package means a Type A packaging together with its radioactive 
contents. A Tvpe A package is defined and must complv with the DOT regulations in 
49 CFR Part -+173. 

(3) Type B package means a Tvpe B packaging together with its radioactive 
contents. On approval. a Type B package design is designated by NRC as BCU) 
unless the ~ackage has a maximum normal operating pressure· of more than 700 kPa 
(100 lbs/in) gauge or a pressure relief device that would allow the release of 
radioactive material to the environment under the tests specified in 
§71.73(hvpothetical accident conditions), in which case it will receive a designation 
B(M)' BCU) refers to the need for unilateral approval of international shipments: 
B(M) refers to the need for multilateral approval of international shipments. There is 
no distinction made in how packages with these designations may be used in 
domestic transportation. To deteonine their distinction for international 
transportation. see DOT regulations in 49 CFR Part 173. A Tvpe B package 
approved before September 6. 1983. was designated only as Type B. Limitations on 
its use are specified in §71.19. 

"Packaging" means the assembly of components necessary to ensure compliance with the packaging 
requirements of 49 CFR Part 173, Subpart I and 10 CFR 7l. It may consist of one or more 
receptacles, absorbent materials, spacing structures, thermal insulation, radiation shielding, and 
devices for cooling or absorbing mechanical shocks. The vehicle, tie-down system, and auxiliary 
equipment may be designated as part of the packaging. 

"Regulations of the US Department of Transportation" means the regulations in 49 CFR Parts 100­
189 and Parts 390-397. 

"Regulations of the US Nuclear Regulatory Commission" means the regulations in 10 CFR 71 for 
purposes of-tfl:i.s Part T. 

"Special form radioactive material" means radioactive material that satisfies the following 
conditions: 

(1) 	 It is either a single solid piece or is contained in a sealed capsule that can be opened 
only by destroying the capsule; 

~ The cicjmi:ifHf ({{Ruder}/" WE/sEe in this ,Dart is lIsed iH the 5€H1te way as in 19 CF'R 173. tQ3. 
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(2) 	 The piece or capsule has at least one dimension not less than 5 mm millimeters (0.2 
in.); and 

(3) 	 It satisfies the test requirements specified by the :US Nuclear Regulatory Commission 
§tnd 1 0 CFR 71.75 and 10 CFR 71.4.. l"i special form encapSUlation designed in 
accordance '.vith the Nuclear Regulator), Commission requirements in effect on June 
30, 1983, and constructed prior to July 1, 1985, may continue to be used. A. special 
form encapsulation designed in accordance with the Nuclear Regulatory Commission 
requirements in effect on March 31, 1996, and constructed prior to April 1, 1998, may 
continue to be used. A. special form encapsulation either designed or constmcted 
after April 1, 1998, must meet requirements of this definition applicable at the time of 
its design or construction. 

"Specific acti vity" of a radionuclide means the radioactivity of the radionuclide per unit mass of that 
nuclide. The specific activity of a material in which the radionuclide is essentially uniformly 
distributed is the radioactivity per unit mass of the material. 

"Surface contaminated object" (SCQ) means a solid object that is not itself classed as radioactive 
material, but which has radioactive material distributed on any of its surfaces. An SCQ must be in 
one oftwo groups with surface activity not exceeding the following limits: 

(1) 	 SCQ-I: A solid object on which: 

(i) 	 The non-fixed contamination on the accessible surface averaged over 
300 cm2, for the area of the surface if less than 300 cm2}. does not exceed 4 
becquerel ~cm2 (10-4 IlCi/cm2) for beta and gamma and low toxicity 
alpha emitters, or 0.4 becquerel ~cm2 (10-5 IlCi/cm2) for all other alpha 
emitters; 

(ii) 	 The fixed contamination on the accessible surface averaged over 300 cm2, for 
the area of the surface if less than 300 cm2J, does not exceed 4x 104 becquerel 
~cm2 (1.0 ~tCi/cm2) for beta and gamma and low toxicity alpha emitters, 
or 4x 103 Ba/becquerel per cm2 (0.1 IlCi/cm2) for all other alpha emitters; and 

(iii) 	 The non-fixed contamination plus the fixed contamination on the inaccessible 
surface averaged over 300 cm2-, for the area of the surface if less than 
300 cm2}. does not exceed 4x104 Balbecquerel per cm2 (1 IlCi/cm2) for beta 
and gamma and low toxicity alpha emitters, or 4x103 Be€qLuerel per cm2 (0.1 
IlCi/cm2) for all other alpha emitters. 

(2) SeQ-II: A solid object on which the limits for SeQ-I are exceeded and on which: 

(i) 	 The non-fixed contamination on the accessible surface averaged over 
300 cm2; for the area of the surface if less than 300 cm2}, does not exceed 

T7 




SSRCR Volume I Feerudi']' !999August 2010 

400 becquerel BgLper cm2 (10-2 /-!Ci/cm2
) for beta and gamma and low toxicity 

alpha emitters or 40 Bg/becquerel per cm2 (10-3 /-!Ci/cm2) for all other alpha 
emitters; 

(ii) 	 The fixed contamination on the accessible surface averaged over 300 cm 2; for 
the area of the surface if less than 300 cm2}; does not exceed 8x 1 05 

l.l£Llbecquerel per cm2 (20 /-!Ci/cm2) for beta and gamma and low toxicity 
alpha emitters, or 8xl04 Bg/becquerel per cm2 (2 /-!Ci/cm2) for all other alpha 
emitters; and 

(iii) 	 The non-fixed contamination plus the fixed contamination on the inaccessible 
2surface averaged over 300 cm ;-..--lor the area of the surface if less than 

300 cm2l, does not exceed 8x 105 Bq/becquerel per cm2 (20 /-!Ci/cm2) for beta 
and gamma and low toxicity alpha emitters, or 8xl04 Bglbecquerel per cm2 

(2 ~lCi/cm2) for all other alpha emitters. 

"Transport indexiIQ" means the dimensionless number, rounded up to the next tenth, placed on the 
label of a package to designate the degree of control to be exercised by the carrier during 
transportation. The transport index is the number determined by multiplying eKpressing the 
maximum radiation level in millisievert (rnSv) per hour at one -l-meter (3.3 feet) from the external 
surface of the package in millisievert (mSv) per hour multiplied by 100, -which is thus-equivalent to 
the maximum radiation level in millirem per hour at 1 meter (3.3 feet). 

"Type A package" means a packagingJhat together with its radioactive contents limited to Al or A2 
as appropriate, meets the requirements of 49 CFR 173.410 and 173.412 and is designed to retain the 
integrity of containment and shielding required by this Part T under normal conditions of transport 
as demonstrated by the tests set forth in 49 CFR 173.465 or 173.466. as appropriate. 

"Type A quantity" means a quantity of radioactive material, the aggregate radioactivity of which 
does not exceed Al for special form radioactive material or A2 for normal form radioactive material, 
where Al and A2 are given in Appendix A or may be determined by procedures described in 
Appendix A. 

"Type l\ package" means a packaging that, together 'tvith its radioactive contents limited to A+~ 
as appropriate, meets the requirements of 19 CPR 173.110 and 173.112 and is designed to retain the 
integrity of containment and shielding required by this Part T under normal conditions of transport 
as demonstrated by the tests set forth in 19 CPR 173.465 or 173.166, as appropriate. 

"Type B package" means a Type B packaging, that together with its radioactive contents~~ 
designed
y 
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Is designed to retain the integritv of containment and shielding required by 49 CFR 173m when 
subjected to the nonnal conditions of transport and hypothetical accident conditions set forth in 10 

"Type B packaging" means a packaging designed to retain the integrity of containment and shielding 
'....<hen subjected to the normal conditions of transport and hypothetical accident test conditions set 
forth in 10 CPR Part 71. 

"Type B quantity" means a quantity of radioactive material greater than a Type A quantity. 

"Unirradiated uranium" means uranium containing not more than two thousand becquerels (fiftv­
four nanocuries) of plutonium per gram of uranium-235, not more than nine megabecguerels (two 
hundred forty-three microcurieslof fission products per gram of uranium-235, and not more than 
0.005 grams ofuranium-236 per gram ofuranium-235. 

"Uranium natural, depleted, enriched" 

(1) 	 "Natural aranium" means uranium isotopes ",·Ath the naturally occurring distribution 
of uranium isotopes, which is approximately 0.711 \,ieight percent uranium 235, and 
the remainder by weight essentially uranium 238. 

(2) 	 "Depleted uranium" means uranium containing less uranium 235 than the naturally 
occurring distribution of uranium isotopes. 

(3) 	 "Enriched uranium" means uranium containing more uranium 235 than the naturally 
occurring distribution of uranium isotopes. 

General Regulatory Provisions 

Sec. T.3 - Requirement for License. No person shall transport radioactive material or deliver 
radioactive material to a carrier for transport except as authorized in a general or specific license 
issued by the Agency or as exempted in T.4. 

Sec. T.4 - Exemptions. 

a. 	 Common and contract carriers, freight forwarders, and warehouse workers whtehwho are 
subject to the requirements of the US Department of Transportation in 49 CFR 170 through 
189 or the US Postal Service in the US Postal Service Domestic Mail Manual (DMM), 
Section C-023.9.0, and the US Postal Service, are exempt from the requirements of this Part 
to the extent that they transport or store radioactive material in the regular course of their 
carriage for others or storage incident thereto. Common and contract carriers who are not 
subject to the requirements of the US Department of Transportation or US Postal Service are 
subject to T.3 and other applicable requirements of these regulations. 

b. 	 AfI:;' licensee is exempt from the requirements of this Part to the extent that the licensee 
delivers to a carrier for transport a package containing radioactive material having a specific 
activity not greater than 70 becquerel per gram (0.002 f:lCi/g). with respect to shipment or 
carriage of the following low-level materials: 
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1. 	 Natural material and ores containing naturally occurring radionuclides that are not 
intended to be processed for use of these radionuclides. provided the activity 
concentration of the material does not exceed 10 times the values specified in 
Appendix A. Table A-2, of this Part. 

11. 	 Materials for which the activity concentration is not greater than the actIvIty 
concentration values specified in Appendix A of this Part. or for which the 
consignment activitv is not greater than the limit for an exempt consignment found in 
Appendix A of this Part. 

c. 	 Fissile materials meeting one of the following requirements are exempt from classification as 
fissile material and from the fissile material package standards of 10 CFR 71.55 and 10 CFR 
7{,;1.59.but are subject to all other requirements of 10 CFR 71. except as noted. 

ii. Individual or bulk packaging containing 15 grams or less of fissile material 
provided the package has at least 200 grams of solid nonfissile material for every 
gram of fissile material. Lead. beryllium. graphite. and hydrogenous material 
enriched in deuterium may be present in the package but must not be included in 
determining the required mass for solid nonfissile material. 

111. 	 Low concentrations of solid fissile material commingled with solid nonfissile 
material, provided that there is at least 2000 grams of solid nonfissile material for 
everY gram of fissile material and that there is no more than 180 grams of fissile 
material distributed within 360 kg of contiguous nonfissile material. The mass ratio 
of noncombustible. insoluble in ,,,,,ater, material (including both the contents and 
packaging) to fissile material is greater than 2000: 1 and the package contents contain 
less than 350g of fissile material. Lead. berYllium. graphite. and hydrogenous 
material enriched in deuterium may be present in the package. but must not be 
included in determining the required mass .for-of solid nonfissile materiaL 

IVH. 	 Uranium enriched in uranium-235 to a maximum of one percent by weight. and with 
total plutonium and uranium-233 content of up to one percent of the mass of uranium­
235. provided that the mass of any beryllium. graphite. and hydrogenous material 
enriched in deuterium present in thUackage is less than 5 percent of the uranium 
!!lass. 

tv. 	 Liquid solutions of uranv] nitrate enriched in uranium-235 to a maximum of two 
percent by weight mass. provided that: 

ill 	 The total plutonium and uranium-233 content does not exceed 0.002 percent 
of the total mass of uranium: 

(2) The nitrogen to uranium atomic ratio CN/U) is greater than or equal to 2.0: and 
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(3) The material must be contained in at least a DOT Type A packa2"e. 

plutonium-239. plutonium-241. or any combination of these radionuclides, constitutes 
less than 20 percent by mass of the total quantitv of plutonium in the package. 

d. 	 Any physician licensed by a State to dispense drugs in the practice of medicine is exempt 
from §--t-l-& this Part with resp~ct to transport by the physician of licensed material for use in 
the practice of medicine. However, any physician operating under this exemptiQn must be , 
licensed under 10 CFR part 35 or the equivalent Agreement State regulations. [under re't'iev.r]i 

Sec. T.5 - Transportation of Licensed Material. 

a. 	 Each licensee who transports licensed material outside the site of usage, as specified in the 
Agency license, or where transport is on public highways, or who delivers licensed material 
to a carrier for transport, shall: 

1. 	 eComply with the applicable requirements, appropriate to the mode of transport, of 
the regulations of the US Department of Transportation 49 CFR parts 107. 171 
throughJ 80, and 390 through 397; particularly the regulations of the US Department 
of Transportation in the following areas: 

(1 ) 	 Packaging - 49 CFR Part 173: Subparts A and B and I. 

(2) 	 Marking and labeling - 49 CFR Part 172: Subpart D, §§ 172.400 through 
172.407, §§ 172.436 through 172.4 40J 72.441, and Subpart E. 

(3) 	 Placarding - 49 CFR Part 172: Subpart F, especially §§ 172.500 through 
172.519, 172.556, and Appendices Band C. 

(4) 	 Accident reporting - 49 CFR Part 171: §§ 171.15 and 171.16. 

(5) 	 Shipping papers and emergency information - 49 CFR Part 172: Subpart C 
and Subpart G. 

(6) 	 Hazardous material employee training - 49 CFR Part 172: Subpart H. 

(7) Security Plans - 49 CFR Part 172: subpart 1. 


(7g) Hazardous material shipper/carrier registration - 49 CFR Part 107: Subpart G. 


11. 	 The licensee shall also comply with applicable US Department of Transportation 
regulations pertaining to the following modes of transportation: 

(1) 	 Rail - 49 CFR Part 174: Subparts A through D and K. 

(2) 	 Air - 49 CFR Part 175. 
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(3) 	 Vessel - 49 CFR Part 176: Subparts A through F and M. 

(4) 	 Public Highway - 49 CFR Part 177 and Parts 390 through 397. 

111. 	 Assure that any special instructions needed to safely open the package are sent to or 
have been made available to the consignee in accordance with D.906.eD.1906e. 

b. 	 If, for any reason, the regulations of the US Department of Transportation are not applicable 
to a shipment of licensed material, the licensee shall conform to the standards and 
requirements of 49 CFR Parts 170 through 189 appropriateT.5a.i. to the mode of transport to 
the same extent as if the shipment was subject to the regulations. (add 71.5 langaage here) A 
request for modification. waiver. or exemption from these requirements, -af!d any notification 
referred to in these requirements. shall be submitted in writing to the Agency. 

General Licenses 

Sec. T.6 - General Licenses for Carriers. 

a. 	 A general license is hereby issued to any common or contract carrier not exempt under TA to 
receive, possess, transport, and store radioactive material in the regular course of their 
carriage for others or storage incident thereto, provided the transportation and storage is in 
accordance with the applicable requirements, appropriate to the mode of transport, of the US 
Department of Transportation insofar as such requirements relate relating to the loading and 
storage of packages, placarding of the transporting vehicle, and incident reporting. 

b. 	 A general license is hereby issued to any private carrier to transport radioactive material, 
provided the transportation is in accordance with the applicable requirements, appropriate to 
the mode of transport, of the US Department of Transportation insofar as 5tl:efi-requirements 
relate to the loadinf; and storage of packages, placarding of the transporting vehicle, and 
incident reporting. :LI 

c. 	 Persons who transport radioactive material pursuant to the general licenses in T.6a. or T.6b. 
are exempt from the requirements of Parts D and J of these regulations to the extent that they 
transport radioactive material. 

Sec. T.7 - General License: Nuclear Regulatory Commission-Approved Packages. 

a. 	 A general license is hereby issued to any licensee to transport, or to deliver to a carrier for 
transport, licensed material in a package for which a license, certificate of compliance, or 
other approval has been issued by the Nuclear Regulatory Commission. As an exception, 
this gtlnera1 license does not apply to spent fuel transported in Type BCDP) packages. 

~!!I- NotificatIOn ofan incident shall be filed with, or made to, the AgenC)' as preSCribed In 49 CFR, regardless ofand In addition to notification made to the US 
Department ofTransportation or other agencies. 

TI2 
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This general licen~e apJ{lies oIlly to a licensee who has a quality assurance program approved 
by the Nuclear Regul(itorv Commission as satisfviIlk14e provisions of subpart H of 10 CFR 
71 

e£. 	 This general license applies only to a licensee who: 

1. 	 Has a copy of the specific license, certificate of compliance, or other approval by the 
Nuclear Regulatory Commission of the package and has the drawings and other 
documents referenced in the approval relating to the use and maintenance of the 
packaging and to the actions to be taken prior to shipment; 

11. 	 Complies with the terms and conditions of the license, certificate, or other approval 
by the Nuclear Regulatory Commission, as applicable, and the applicable 
requirements of this Part T; 

111. 	 Prior to the licensee's first use of the package, has registered '",ith the Nllclear 
Regulatory Commission; and. submits in 'Writing to attn: document control desk. ­
director. spent fuel project oftic~. office of nuclear material safety and saf~guards, 
using an appropriate method listed in 10 C.F.R. 71J(a). the licensee's name and 
license number and the package identification number specified in the package 
approvaL 

IV. 	 Has a quality assurance program that complies with Subpart H of 10 CFR 7] .required 
byT.20~ 

eQ,. 	 The general license in T.7a. applies only when the package approval authorizes use of the 
package under this general license. 

d~. 	 For a Type B or fissile material package, the design of which was approved by the Nuclear 
Regulatory Commission before April 1, 1996, the general license is subject to the additional 
restrictions of+.-&-lOCFR 71.19. 

Sec. T.8 General License: Previously Approved Package. 

a. 	 A Type B package previously approved by the Nuclear Regulatory Commission, but not 
designated as B(U);; or B(MLin the identification number of the Nuclear Regulatory 
Commission certificate of compliance,may be used under the general license of T.7 "vith the 
follo'Ning additional conditions: 

1. 	 Fabrication of the packaging '..,'as satisfactorily completed before August 31, 1986, as 
demonstrated by application of its model number in accordance with Nuclear Regulatory 
Commission regulations at 10 CFR 71.85(c); 

11. 	 A package used for a shipment to a location outside the United States is subject to 

Tl3 
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multilateral approval, as defined in US Department of Transportation regulations at 49 CFR 
173.403; an A serial number that uniquely identifies each packaging which conforms to 
the approved design is assigned to, and legibly and durably marked on, the outside of each 
packaging. ' 

Ill. 	 A serial number that uniquely identifies each packaging '""hich conforms to the approved 
design is assigned to, and legibly and durably marked on, the outside of each packaging. 

b. 	 A Type BEV) package, a Type REM) package, a lovi specific activity CLSA) material package 
or a fissile material package, previously approved by the Nuclear Regulatory Commission 
but 'Nithout the designation" 85" in the identification number of the Nuclear Regulatory 
Commission certificate of compliance, may be used under the general license of T.7 "lith the 
follovling additional conditions: 

1. 	 Fabrication of the package is satisfactorily completed by A_prill, 1999, as demonstrated by 
application of its model number in accordance with Nuclear Regulatory Commission 
regulations at 10 CFR 71.85(c); 

11. 	 A paokage used for a shipment to a location outside the United States is subject to 
multilateral approval e)wept approved under special arrangement in accordance "",,ith US 
Department of Transportation regulations at 49 CFR 173.403; and 

HI. 	 A serial number '""hich uniquely identifies each packaging which conforms to the approved 
design is assigned to and legibly and durably marked on the outside of each packaging. 

Sec. L9~ - General License: US Department of Transportation Specification Container. 

a. 	 A general license is issued to any licensee to transport, or to deliver to a carrier for transport, 
licensed material in a specification container for fissile material or for a Type B quantity of 
radioactive material as specified in 49 CFR Parts 173 and J78. 

b. 	 This general license applies only to a licensee who: 

1. 	 Has a copy of the specification; 

11. 	 specification and the applicable 

111. 

Complies with the terms and eonditions of the 
requirements ofthis Part; and 

Has a quality assurance "'...£".r.,,,.... 

c. 	 This.e general license in T.9a. is subjecf"to the limitation that the specification container may 
not be used for a shipment to a location outside the United States except by multilateral 

d. 


Sec. TA-0-9 - General License: 


approval as defined in 49 CFR 173.403 

These requirements expire October 1, 2008. 

T14 
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a. 	 A general license is issued to any licensee to transport, or to deliver to a carrier for transport, 
licensed material in a package the design of which has been approved in a foreign national 
competent authority certificate which has been revalidated by the US Department of 
Transportation as meeting the applicable requirements of 49 CFR 171.12. 

b. 	 +ffis-The general license applies only to inteFn:ational shipments made to or from locations 
outside the United States. 

c. 	 This general license applies only to a licensee who: 

1. 	 Has a quality assurance urogram aporoved bv the United States Nuclear Regulatorv 
Commission.) 

Has a copy of the applicabl~ certificate, the revalidation, and the drawings and other 
documents referenced in the certificate relating to the use and maintenance of the 
packaging and to the actions to be taken prior to shipment; and 

~ ';. !,:'::~i{:: 	 ;:.;" '.~ -< 

Complies with the terms a~d co~ditions of the certificate and revalidation, and with 
the applicable requirements of this Part·i-anEt 

,', -' ,- .' 

lll. 	 The licensee has a quality assurance program approved by the Nuclear Regalatory 
Commission. 	 "\:". 
Sec. T .-±+-1 0 - General License: Fissile Material. Limited Quantity Per Package. 

, _",' .. c:.'" ,- ~ --i,;-,:_ 
> (::>::~:J~~~', -; ij~:;~_;t ~~ 

< -.v_ 

a. 	 A general license is hereby issued'to any licensee to transport fissile material, or to deliver 
fissile material to a carrier for transport, if the material is shipped in accordance with this 
Section. The fissile material need not be contained in a package which meets the standards 
of subparts E and K of 10 CFR 71; however. the material must be contained in a Type A 
package. The Type A package must also meet the DOT requirements of 49 CFR 173.417(a). 

b. 	 The general license applies only to a licensee who has a quality assurance program aporoved 
by the NRC as satisfying the provision of subpart H of 10 CFR 71.This general license 
applies only vmen a package contains no more than a Type A quantity of radioactive 
material, including only one of the following: 

1. 

11. 

/:::~:: ~ 

111. 	 Up to 25 grams of the of plutonium, e)wept that for encapsulated 
plutoniam berylliam neutron soarces in special form, an Al quantity of plutonium may be 
present; or·)~.lii"/:;i~r~!:;;'. '};~;;;!,; 

- ~ . : ':<, . ,~" >:;~~~f~{- ',:L>7}~;~~~::' ~ ,- .­ PJ 

}".. 
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c. license applies only when all of the 

1. 

A package containing more thanilf~rams of fissile radionuelides is labeled '""ith a transport 
index not less than the number given by the following equation: 

. ~~~~t§ >'~~t';f:~· ~~4~~J~ 
Minimum Transport lndex - (0.10)( -t- 0.67): + z) (1 15/(x+y+z)) 

~~f~':;"-~c<y~~~ , ;~'~":ti .:~. ,i':~Z~~-t ';'; 
,,'{here the package contains )( grams of uranium 235, y grams of uranium 233, and z grams 

of the fissile radionuclides of plutonium; t(: ... 
f- ' .. ;1':"r<~:~~~\'''' 

11. Contain less than 500 to'tal grams of ber\rllium. grapbil~,Qrhydrogenous material 

T16 
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Fissile Materials 
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When the isotopic 
abundance, mass, COllce:n or other pertinent 
property of fissile material ( shall package the fissile 
material as if the unknown . the maximum neutron 
multiplication. 

\ 
I 

packaging for the shipment of 
I 

I 
a. significantly reduce the 

! 
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b. 

c. 	 The licensee shall 

d. 	 The licensee shall 
serial number, gross 
Regulatory . 

Sec. T. 

a. 	 The package is 

b. 	 The package is in 
or dents; 

c. 	 Each closure device 
secured and free of 

d. 	 Any system for 
specified provision fo 

e. 

f. 	 The package has 

condition; 

hg· 	 Any structural part 
transport is rendered 
specified in 10 CFR 

ih. 	 The level of non-
each package offered 

1. 

I 
I 

I 
kUopascal (5 lb/in2

) gauge, 
pressure at least 50 percent 
c~pability of that system to 

! 

'Lt..... " .."' ... 	in accordance with the 

with its model number, 
a;s assigned by the Nuclear 

I 

rbaterial, the licensee shall 

defects such as marks 

is properly installed and 

I
adequate space or other 
I 

I 
I 

written procedures; 

surfaces of 

qetermined by wiping an 
with an absorbent material, 

oh the wiping materiaL 
~h""A1"'I,.1,• locations to yield a 

leVels. Except as provided 
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11. 

All other alpha 

Jt. 	 External radiation 
exceed 2 ffitHtE~fe:R 

For a package 
to the package 
following: 

1. 

(1) 

(2) 

, on any single wiping material, 
the limits given in 

of assessment of equal or 
are used, the detection 
and in no case may the 

the package exceed 10 times the 

r\1YIf"t"Ir", by rail or highway 
during transport must not 

at the beginning of 

AMINATION - WIPE 

Dpmlcm 

22 

2.2 

veric1e, if applicable, will not 
on the external surface of the 
shall not exceed 10.0; 

I 
witer, radiation levels external 

I
~hall not exceed any of the 

external surface of the 
the limit is 10 

position within the 
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(3) 

11. 

111. 

IV. 

A package 
transport . 

•~: Ajlal-bed style vehicle wah 

cannot exceed 2 mSv per hour (200 mremlhr) 

DRAFT 

' ..">iPF'" the beginning and end 

on the outer surface of the 
or, in the case of a flat-bed 

• I on the vertical planes 
· surface of the load (or 
I • 

Imeter~ from the vertical 
lor, in the case of a flat-

planes projected from the 

I . d . . f hioccuple posltlOns 0 t e 
. I . h . pn~ate motor carners w en 

II 
~~niiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii_j; ·1 

special health supervision, 
· in accordance with Part 

lsius (100°F) and in the 
· exceeding 50°Celsius 

ad exclusive use shipment. 
limits at anv time during 
I • 

I 
continuous venting during 

I 

np",,,,m,," barrier is in place, lhe package 
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Sec. 

a. 

b. 

notwithstanding any eX(~mD: 
US Department of 
plutonium in any form 

I 
SSRCR Volume I ,l-ZelmleC)' 1999j.lay 2010 
! 

v; • ..,,,-,,.,,, of any generaJ licenses and 
indirectly by citation of the 

licensee shall assure that 

human application; 

, in which the radioactivity is 

I 
c. 

d. 	 The plutoni 
compliance, i 
airl! and the Ii 
49 CFR 175. 

shipment a record 
applicable: 

a. 

b. 	 Verification 

c. 

d. 	 Type and 
shipment; 

e. 	 Date of the 

f. 	 Name and address 

g. 	 Address to which 

h. 	 Results of the 

no inore than an A2 quantity of 
.Jrith T.5; 

I 

a period of 3 years after 
under TA, showing, where 

total quantity of each 

of the package approval. 

_iii__ !i'. 
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Sec. T.+&-~- Reports. 

a. Any instance in 
use; 

b. 

c. 

a. 

b. 

1. 

11. 

11I 

(1) 

(2) 

(3) 

c. Each advance 

1. 

11. 

111. 

~i A list o/the mailing addresses 
Programs, Nuclear Regulatory 
June 30 to reflect any changes in 

I3q days: 

. Ive.ness 0 

of lmPliance were not observed 
I 

I 
i 

I
£; IOf transportatIOn; 

I 
or through 
di~posal facility; and 

IJ"""""''''''"' in Appendix A, Table I 

spedified in Appendix A, Table I 

)Ollowing information: 

·plent as required by 49 eFR 
I 

DRAFT 

f k· d·any pac agmg urmg 

after first use, wi-tfi-the means 

Is of the licensee's facility or 
• c:waste to a carner lor 

: transport to the governor, or 
wi]] be transported. 

• 

a state enroute to a 

,carrier, and receiver of the 

which departure of the 

from the Director, Office o/State 
in the Federal Register on or about 

II___ "1 
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d. 

e. 

f. 

IV. The 7-day 
occur; 

v. 

VI. 

governor, or 
postmarked at Ie 
the shipment is 
of the governor, or 
during which 
be retained by the 

any changes to "''"'!l....UU 

by telephone to a 
the appropriate 
the individual COIlta(;t' 

Each licensee 
sent, shall send a 
to the governor, or 
the notice shall be 

IU.J;"~H Volume I FelmwlY 1999J~dv20(j6 

I 
state boundaries is estimated to 

I 

which arrival of the 

LllI-IU,L'vllL information. 

office of each appropriate 
delivered by mail must be 
during which departure of 

~U'_"""'l1j"''''' must reach the office 
. ng of the 7 -day period 

cbpy of the notification shall 

I 

designee, and the Agency of 
Such notification shall be 
or governor's designee, of 

a record of the name of 

notification has been 
U"""-UL'H that is being canceled, 
and to the Agency. A copy of 

I 


~ I 
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Values ofAl 
elsewhere in It'\~"""'r, 
obtained by r-f\'~U"',rl 
expressed to 
one tenth of one 
control purposes 
placed on fissile 

II. (a) 

III. 
radioactive decay 
proportions, and . 
er than that of the 
be taken into acc 
parent nuclide of 
nuclide has a half-l 
parent and those 

IV. 

(a) 

bases for many activity limits 
curie (Ci) values specified are 

I The curie values are 
the TBq and Ci quantities is 

it is for radiation 
are subject to controls 

I 
but which are not listed in 

I 

~~~==!:' a single 
I occurnng 
longer than 10 days, or long­

radionuclide, and the activity to 
be . corresponding to the 

in which any daughter 
of the parent nuclide, the 

of different nuclides. 
i 

'Vijies are known, the 

transported in a Type A 

II 
II 
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transported in a Type A 

are the Al and A2 values 

(e) ,,,.~.._..~" may be determined as 

., 

and Al (i) is the 

H".n..""u may be determined 

and A2(i) is the 

iii! 



V. 

as appropriate, 
paragraph IV. 
when these are 
emitters. 

Appendix A 

emitters and beta/gamma 

IIII "IIi 
III 



Symbol of 
radionuclide 

Symbol of 

Ac-225 (a) 

Ac-227 (a) 

Ac-228 

Ag-105 

Ag-I08m (a) 

Ag-ilOm (a) 

Ag-III 

AI-26 

Am-24 I 

Am-242m (a) 

Am-243 (a) 

Ar-37 

Ar-39 

Ar-4I 

As-72 

As-73 

As-74 

As-76 

As-77 

al-~l tOO 

~='====~~~~~- August 2010 

Specific 
activity 
(TBq/g) 

2.1XI03 

2.7 

8.4XI04 

l.lX103 

9.7XlO- j 

1.8XI02 

5.8X103 

I.OXlO""' 

l.3XlO- j 

3.6XlO- j 

7.4XlO-3 

3.7X103 

1.3 

1.5 X 106 

6.2X104 

8.2XI02 

3.7XI03 

5.8XI04 

3.9XI04 

LJiXI0
4 

Specific 
activity 
(Ci/g) 

2.2Xl 

3.4 

I.OX 10 

9_9Xl 

4.2XIO 

1.7Xl 

2.2Xl 

9.9Xl 

1.6Xl 

l.OXI 

iiiiiiiiiiiiiiiii III 
il 
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Specific Specific 
activity activitySymbol of 
(TBq/g) (Ci/g)radionuclide 

Au-193 3AX104 9.2XI 

Au-I94 1.5X104 4.lXI 

Au-I95 1AXI02 3.7XI 

Au-I98 9.0X103 2AXI 

Au-I99 7.7X103 2.IXl 

Ba-I3I (a) 3.lXI03 

Ba-133 9A 
2.6XI 

Ba-133m 2.2X104 6.1XI 

Ba-140 (a) 2.7X103 7.3XI 

Be-7 1.3X 104 3.5XI 

Be-IO 8.3XlO-4 2.2XI 

Bi-205 1.5XlO-3 4.2X1 

Bi-206 3.8X103 1.0Xl 

Bi-207 1.9 

Bi-210 4.6X103 1.2Xl 

Bi-210m (a) 2.lXlO-s 5.7Xl 

Bi-212 (a) 5AX105 

Bk-247 3.8XlO-2 1.0 

Bk-249 (a) 6.lX10 1 1.6XI 

Br-76 9AX104 2.5X1 

Br-77 2.6XI04 7.lXI 

Br-82 4.0X104 l.IXI 

C-li 3.lX107 8AXl 

C-14 1.6XlO-1 4.5 

Ca-45 6.6XI02 1.8Xl 

II 
1:1 
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Symbol of 
radionuclide 

Ca-47 (a) 


Cd-109 


Cd-113m 


Cd-1l5 (a) 


Cd-115m 


Ce-139 


Ce-141 


Ce-143 


Ce-144 (a) 


Cf-248 


Cf-249 


Cf-250 


Cf-251 


Cf·252 (h) 


Cf-253 (a) 


Cf-254 


Cl-36 


Cl-38 


Cm-240 


Cm-241 


Cm-242 


Cm-243 


Cm-244 


Specific Specific 
activity activity 
(TBq/g) (Ci/g) 

2.3XI04 6.1Xl 

9.6XIOI 2.6Xl 

8.3 
2.2Xl 

1.9XI04 5.lXl 

9.4XI02 2.5Xl 

2.5XI02 6.8Xl 

l.lX103 

2.5XI04 6.6Xl 

1.2XI02 3.2Xl 

5.8XlOI 1.6Xl 

1.5X 10-1 4.1 

4.0 
l.lXl 

5.9XIO-2 1.6 

2.0X101 5AXl 

l.lX103 2.9Xl 

3.1X 102 8.5Xl 

1.2XIO-3 3.3Xl 

4.9Xl06 1.3X 1 

7.5X102 2.0Xl 

6.lXI02 

1.2XI02 3.3Xl 

1.9XIO·3 

3.0 
8.1Xl 

II 
•••_iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii il 

II ! • ,,( 



Specific Specific 
Symbol of activity activity 

radionuclide (TBq/g) (Ci/g) 

Cm-245 6.4XIO·3 l.7Xl 

Cm-246 1.1 X 10.2 3.lXlO­

Cm-247 (a) 3.4XlO·6 9.3XIO·5 

Cm-248 1.6XlO-5 4.2XIO 

Co-55 l.lXlO5 3.1XI 

Co-56 1.lXI03 

Co-57 3.1XI02 8.4XI 

Co-58 1.2X103 3.2Xl 

Co-58m 2.2XI05 5.9XI 

Co-60 4.2XI01 l.lXlO3 

2.8XI04 

Cs-131 3.8XI03 

Cs-132 5.ix103 

Cs-134 4.8XI0 1 

Cs-134m 3.0XI05 

Cs-135 4.3XlO-5 

2.7XI03 

Cs-137 (a) 3.2 

Cu-64 1.4XI05 

Cu-67 2.8XI04 

Dy-159 2.1XI02 

Dy-165 3.0X105 8.2Xl 

Dy-166 (a) 8.6XI03 2.3Xl 

il 
II 
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Specific Specific 
Symbol of activity activity 

radionuclide (TBq/g) (Ci/g) 

Er-169 3.1X103 8.3Xl 

Er-17I 9.0X104 2AXl 

Eu-147 1.4XI03 3.7XI 

Eu-148 6.0XI02 L6Xl 

3.5X102 9AXI 

Eu­ 6.IX104 1.6Xl 

Eu­
6.1X104 1.6X1 

6.5 
1.8Xl 

Eu-152m 8.2XI04 

Eu-154 9.8 

Eu-I5S 1.8X10 1 

Eu-I56 2.0X103 

1,5XI06 

2.7X105 

Fe-55 8.8XIOl 

Fe-59 1.8XI03 

Fe-60 (a) 

Ga-67 

Ga-68 

Ga-72 

Gd-146 (a) 

Gd-148 

Gd-153 

II 
II 
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TABLEA-l: AIANDAl VALUES FORRADIONUCLIDES 
Specific Specific 

Symbol of Element and activity activity 
radionuclide atomic number AI (TBq) Al (Ci) A2 (TBq) A2 (Ci) (TBq/g) (Ci/g) 

! 

i 

i 

i 

I 
i 

: 

! 

i 
I 

Gd-159 

Ge-68 (a) 

Ge-7l 

Ge-77 

Hf-l72 (a) 

Hf-175 

Hf-I8I 

Hf-182 

Hg-194 (a) 

Hg-195m (a) 

Hg-197 

Hg-197m 

Hg-203 

Ho-l66 

Ho-166m 

1-123 

1-124 

1-125 

1-126 

1-129 

1-131 

1-132 

1-133 

1-134 

1-135 (a) 

! 

i 

3.0 8.lXlO 6.0XlO-1 ! 1.6XI01 3.9XI04 

Germanium 5.0XlO­ 1.4XlO 5.0XlO­ 1.4XIO 2.6X102 
(32) 

4.0XlO l.1XIOJ 4.0XIOl l.lXlOJ 5.8XlOj 

3.0XIO· 8.1 3.0XlO-1 8.1 1.3XIO' 

Hafuium (72) 6.0XlO- 1 1.6XIO 6.0XlO-J 1.6XI0 1 4.IXIO 

3.0 8.lXlO J 3.0 8.IXIOI 3.9XlOL 

2.0 5AXlO' 5.0XlO-J 1.4XlOJ 6.3XIOL 

Unlimited Unlimited Unlimite • Unlimited 8.lXlO-o 

d 
Mercury (80) 1.0 2.7XlO 1.0 2.7XIOI l.3XlO-1 

3.0 8.1XIO 7.0XlO­ 1.9XI01 1.5X104 

2.0XIOI 5AXIOL 1.0XIO' i 2.7XlOL 9.2XIO' 

LOX I 0 2.7XlO~ 4.0XlO­ l.1XlO' 2.5XIO" 

5.0 lAXIO~ 1.0 2.7X10' 5.1X10~ 

Holmium (67) 4.0XlO-1 l.1X10 1 4.0XlO-1 1.1X101 2.6X104 

6.0XlO-1 1.6XlO i 5.0XlO-1 1AXI01 6.6XlO-2 

Iodine (53) 6.0 L6X104 3.0 8.1X101 7.lX104 

I 1.0 2.7X10 LO 2.7X10' 9.3X103 

i 

2.0XIO 5AXlOL 3.0 8.1X10' 6AXlOL 

2.0 5AX10 1 1.0 2.7XIO 2.9XIOJ 

Unlimited Unlimited Unlimite Unlimited 6.5XlO-" 
d 

3.0 8.lX1O I 7.0XlO-1 1.9X10 1 4.6XIOj 

4.0XlO- 1 l.1XIO I 4.0XlO-1 l.1X1O I 3.8XlO' 

7.0XlO-1 1.9X10 1 6.0XlO-1 1.6X101 4.2X104 

3.0XlO-1 8.1 3.0XlO-1 8.1 9.9XIO' 

6.0XlO- 1 1.6XI01 6.0XlO-1 1.6XI0 1 1.3XIO' 

! 

l.lXlO" 

7.lXI03 

1.6XlO' 

3.6XlO" 

l.lXlOj 

l.lXlO" 

1.7XIO" 

2.2XIO-4 

3.5 

4.0XIO' 

2.5XlO' 

6.7X10s 

1AX10" 

7.0XlO' 

1.8 

1.9XlO° 

2.5XlO' 

1.7XlO" 

8.0X104 

1.8XlO-" 

1.2XlOj 

1.0XlO 

l.1X10" 

2.7XIO' 

3.5XlO" 

! 
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TABLE A - 1: Al AND A2 VALUES FOR RADIONUCLIDES 

Specific Specific 
Symbol of Element and activity activity

A2 (TBq/g) (Ci/g)radionuclide atomic number Al (TBq) Al (Ci) (TBq) 

i 

i 

I 
i 

I 
i 

i 

I 

In-Ill 

In-113m 

In-114m (a) 

In-115m 

Ir-189 (a) 

Ir-190 

Ir-192 

Ir-194 

K-40 

K-42 

K-43 

Kr-81 

..Kr-85 

Kr-85m 

Kr-87 

La-I 37 

La-140 

Lu-1n 

Lu-173 

Lu-174 

Lu-174m 

Lu-l77 

M!cl,8 tal 

i 

Indium (49) I 3.0 8.1X101 

i 

4.0 l.1XlO­

1.0XIO 2.7XlOk 

7.0 1.9X10z 

Iridium (77) 1.0X101 2.7XlOz 

7.0XIO'1 1.9XlO i 

1.0 2.7XIOI 

3.0XlO'l 8.1 

Potassium (19) 9,OXlO'i 2.4X101 

2.0XlO'l 5.4 

7.0XlO" 1.9X10' 

4.0X101 1.1X 103 

1.0XI01 2.7X102 
Krypton (36) 

8.0 2.2X102 

2.0XlO-1 5.4 

Lanthanum 3.0XlO 8.IXlO" 
(57) 

4.0XlO'l l.1X101 

Lutetium (71) 6.0XlO-1 1.6X101 

8.0 2.2X102 

9.0 2.4XI02 

2.0Xl01 5.4X10 l 

3,OX10 8.1XlOl 

Magn.esiym 
3,QXHrl 8.1(2) 

I 

3.0 

2.0 

5.0XlO' 

1.0 

LOXlO 

7.0XlO" 

6.0XIO" 

3.0XlO-1 

9.0XlO' 

2.0XlO- j 

6.0XlO,1 

4.0XlOl 

1.0X101 

3.0 

2.0XlO-1 

6.0 

4.0XlO'l 

6.0XlO'l 

8.0 

9.0 

l.OXlO l 

7.0XlO" 

3.QXlO'l 

8.1X101 

5.4XIOl 

1.4XlO i 

2.7X10T 

2.7XlO" 

1.9XlO' 

1.6X101 

8.1 

2.4XIOT 

5.4 

1.6XIO 

l.1X103 

2,7X102 

8.lX101 

5.4 

1.6Xl<Y 

1.1X 10 

1.6X10 

2.2Xl02 

2.4XI02 

2.7X1<Y 

1.9X101 

i 

U 

1.5X104 

6.2X105 

8.6X10T 

2.2XlC)' 

1.9XIIY 

2.3XI03 

3.4XI02 

3.IXI04 

2.4X10'7 

2.2X10' 

1.2XIO'­

7.8XW-4 

1.5X 10 1 

3.0X105 

1.0X106 

1.6XIO"3 

2.IX104 

4.2X103 

5.6X101 

2.3XI01 

2.0XI02 

4.1X1Q3' 

2.0X105 

i 

4.2X10~ 

1.7XlO' 

2.3X104 

6.1XlO° 

5.2X104 

6.2X104 

9.2XI05 

8.4XlO' 

6.4XlO-f> 

6.0XIO° 

3.3XIOb 

2.1XlO-z 

3.9X10· 

8.2XlO° 

2.8X10' 

4.4XlO'l 

5.6X105 

1.1X 10' 

1.5XIOj 

6.2XlOL 

5.3XIO" 

1.1X 10' 

5.4XlOb 
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TABLE A - 1: Al AND A2 VALUES FOR RADIONUCLIDES 
Specific Specific 

Symbol of Element and activity activity 
radionuclide atomic number Al (TBq) Al (Ci) A2 (TBq) A2 (Ci) (TBqlg) (Ci/g) 

I Mn-52 

Mn-53 

Mn-54 

Mn-56 

Mo-93 

Mo-99 (a) (h) 

N-13 

Na-22 

Na-24 

Nb-93m 

Nb-94 

Nb-95 

Nb-97 

Nd-147 

Nd-149 

Ni-59 

Ni-63 

Ni-65 

Np-235 

Np-236 (short­
lived) 

Np-236 (long­
lived) 

Np-237 

Np-239 

Os-185 

Os-191 

I 

I, 
I 

Manganese 3.0XI0· 8.1 3.0XI0' I 8.1 1.6XI04 
(25) 

Unlimited Unlimited Unlimite \ Unlimited 6.8XlO,j 

d 
1.0 2.7XIO 1.0 2.7XIO' 2.9XIO­

3.0XIO· 8.1 3.0XlO· 8.1 8.0X105 

4.0XIOI l.lXW' 2.0XIO 5AXlOL 4.lXlO·L 

Molybdenum 
(42) 1.0 2.7XIOI 7AXIO' 2.0XIO L8X104 

I 
NitroaellJl} 2.0XlO'l ~AXIOI 6.!lXIO'1 l.~ I 5.4XIO~ 

Sodium (I I) 5.0XIO· I IAXIO 5.0XlO" 1.4XlO' 2.3XlO" 
I 

2.0XlO' I 504 2.0XlO' 504 3.2XIO~ 

4.0XlO' 1.1XlOJ 
3.0XlOl I 8.IXIO" 8.8 

7.0XlO' 1.9XI01 7.0XlO'l I 1.9X101 6.9XlO'J 

Niobium (41) 1.0 2.7XlOl 1.0 2.7XIOI l.5XIOJ 

9.0XlO'l 2.4X10 1 6.0XlO'l 1.6XlO 9.9XlO' 

6.0 1.6XIOt 6.0XlO'l 1.6X10 1 3.0XIO.l 
Neodymium 

(60) 6.0XlO'l 1.6Xl01 5.0XlO'l . 1 AXlOl 4.5XIO' 

Unlimited Unlimited Unlimite Unlimited 3.0XlO,J 
d 

4.0XIOI l.1XI03 3.0XI01 8.lXI02 2.1 
Nickel (28) I 

4.0XlO'l ! l.lXlO I 4.0XIO'1 l.lXIO I 7.lXIO~ 

4.0XlOl l.lX103 4.0XlOl l.lXlOJ 5.2XlOl 

2.0XIO' 5.4XI02 2.0 5.4XI0 1 4.7X 10-4 

Neptunium 2.0XIO' 5.4XI02 

I 
2.0 5AXl01 4.7XlO-4 

(93) I 
I 

2.0XlOl I 5AXI02 2.0XIO'J I 5.4XIO'z 2.6XlO'5 
I 

7.0 1.9XIO" 4.0XlO'l l.1XI01 8.6X103 

1.0 2.7XlOl 1.0 2.7XlOl I 2.8X102 

I 
l.OX101 2.7X102 

I 
2.0 5.4XI01 I 1.6X103 

I 

i 

4.4XIO' 

1.8XIO,j 

7.7XlOJ 

2.2X107 

1.1 

4.8X105 

1.5XI0~ 

6.3XI03 

8.7XlO° 

2.4XlO" 

1.9XlO' 

3.9X104 

2.7XIO 

8.1X104 

1.2XIO' 

8.0XlO·L 

5.7XIO' 

1.9Xl0 ' 

1.4XIO' 

l.3XlO,z 

l.3XlO't 

7.1 X10-4 

2.3XlO' 

I 7.5X103 
I 

4.4X104 
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TABLE A -1: Al AND A2 VALUES FOR RADIONUCLIDES 

Specific Specific 
Symbol of Element and activity activity 

(TBq/g) (Ci/g)radionuclide atomic number Al (TBq) 

i 

I 

! 

l 
I 
i 

I 

Os-191m 

05-193 

05-194 (a) 

P-32 

P-33 

Pa-230 (a) 

Pa-23 1 

Pa-233 

Pb-201 

Pb-202 

Pb-203 

Pb-205 

Pb-210 (a) 

Pb-212 (a) 

Pd-] 03 (a) 

Pd-] 07 

Pd-109 

Prn-143 

Pm-144 

Pm-145 

Pm-147 

Pm-148m (a) 

Pm-149 

: 4.0XlOI I 1.1X103 3.0X101 8.1XlOl 
Osmium (76) 

2.0 5.4X101 6.0XlO'l 1.6X101 

3.0XlO" 8.1 3.0XlO' 8.1 

5.0XlO'l 1.4X10 5.0XlO" 1.4X10 
Phosphorus i 

(I5) 4.0XlOl l.lXIO
j 

1.0 2.7XIO 

2.0 5.4X10 1 7.0XlO'2 1.9 

Protactinium 
4.0 l.lXl02 4.0XlO'4 1.lX 10.2 

(91) i 

5.0 1.4X102 
i 7.0XlO'l 1.9X101 

1.0 2.7XI01 1.0 2.7XlOl 

4.0XlO 1.1X lOj 2.0XlO' 5.4XlO" 

4.0 l.lX10" 3.0 8.1XlO 
! 

Lead (82) Unlimited Unlimited Unlimite Unlimited 
d 

1.0 2.7XlOl 5.0XlO'.l 1.4 

7.0X10" 1.9X101 2.0XlO'l 5.4 

4.0X]01 1.1XI03 4.0XlOl 1.1X 103 

Palladium (46) Unlimited Unlimited Un1irnite Unlimited 
d 

2.0 5.4XIO 5.0XlO· 1.4X10' 

3.0 8.1XlO 3.0 8.1XI01 

7.0XlO'l 1.9XIOl 7.0XlO'l 1.9Xl01 

3.0XlOl 8.1X]02 1.0X 10 I 2.7XlOl 
Promethium 

(61) 4.0X101 1.1X]03 2.0 5.4XlO ' 

8.0XlO'l 2.2XlO 7.0XlO' 1.9XI01 

2.0 5.4XIO 6.0XlO' 1.6XlO' 

4.6X104 

2.0X104 

1.1X10 1 

1.1X 104 

5.8X103 

1.2X103 

1.7XlO,3 

7.7X102 

6.2X104 

I.2XIO·4 

l.1XlO" 

4.5XIO'" 

2.8 

5.1X104 

2.8X103 

1.9XlO,5 

7.9X10" 

l.3XIO~ 

9.2XlOl 

5.2 

3.4XI0 1 

7.9XlOl 

1.5X 104 

1.3 X 10" 

5.3XlO> 

3.1XlOk 

2.9X10) 

1.6X10> 

3.3X104 

4.7XIO'~ 

2.1XlO" 

1.7XIO" 

3.4XIo,3 

3.0XlO' 

l.2XlO·4 

7.6XIO 

1.4XlO" 

7.5X104 

5.1X10"" 

2.1X106 

3.4XlO' 

2.5XlO
j 

1.4X1O" 

9.3X]O.l 

2.1X]04 

4.0XI05 
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SSRCRJ'olume 1- August 20 J0 AppendixA 

TABLE A-I: AI AND Az VALUES FOR RADIONUCLIDES 
Specific Specific 

Symbol of Element and activity activity 
radionuc1ide atomic number Al (TBq) Al (Ci) Az (TBq) Az (Ci) (TBq/g) (Ci/g) 

I 

i 

! 

i 

I 

i 

i 

Pm-I51 

Po-210 

Pr-142 

Pr-143 

Pt-188 (a) 

Pt-191 

Pt-193 

Pt-193m 

Pt-195m 

Pt-197 

Pt-I97m 

Pu-236 

Pu-237 

Pu-238 

Pu-239 

Pu-240 

Pu-24l (a) 

Pu-242 

Pu-244 (a) 

Ra-223 (a) 

Ra-224 (a) 

Ra-225 (a) 

Ra-226 (a) 

Ra-228 (a) 

Rb-81 

2.0 5AXIO I I 6.0XlO"l 1.6XlO i 2.7X104 

PolQniull (84) 4,QXIQI UXI03 2,OXIO·2 5.4XIQ·! l,1XIOz 

4.0XlO'! l.lXIO I 4.0XlO·! l.lXl()i 4.3X104 
Praseodymium 

(59) 3.0 8.IXIO 6.0XlO'1 1.6XIO' 2.5X103 

l.0 2.7XIOl 8.0XIO·1 2.2XIOI 2.5XI03 

4.0 l.lX102 3.0 8.lXIO I 8.7Xl03 

i 

I 4.0XlOI l.lX103 4.0XlO! l.lX103 104 

Platinum (78) 4.0XlOl l.lXl03 5.0XlO·! l.4XlOI 5.8XI03 

l.OXI01 2.7XlOz 5.0XIO·1 lAXIOI 6.2X103 

2.0XIOI 5AXl02 6.0XIO·! 1.6XIOI 3.2XI04 

1.0XlO! 2.7XI02 6.0XlO·1 1.6XlOI 3.7XI05 

3.0XlOl 8.lXlO2 3.0XlO·3 8. IX10.2 2.0XlO 

2.0XIO! 5AXl02 2.0XIOI 5AXl02 4.5X102 

l.OXlO 2.7XIOL l.OXlO·j 2.7XlO'2 6.3XlO'1 

Plutonium (94) I 
1.0XlO i 2.7Xio2 l.OXIO·j 2.7XIO·2 2.3XlO·.l 

1.0XlO! 2.7XlO2 I.OXIO·3 2.7XIO'2 8AXIO') 

I 
i 4.0XlOl 1.1 X l(p 6.0XIO·2 l.6 3.8 

l.OXIOl 2.7XI02 1.0XIO·j 2.7XIO~ I.5XIO"4 

4.0XIO·! l.lXlO 1.0XIO·j 2.7XlO'L 6.7XlO-=7 

4.0XIO· l.lXlO 7.0XlO·j 1.9XIO=T 1.9XHP 

I 
4.0XlO· j l.lXIO I 2.0XIO·2 5.4XIO·! 5.9XlOJ 

2.0XIO·! 504 4.0XlO·3 l.1XlO'! 1.5X 103 

Radium (88) 

2.0XlO'l 504 3.0XIO'3 8.lXlO'2 3.7XlO·2 

i 

6.0XlO· 1.6XIO' 2.0XlO'.! 5.4XlO=I 1.0XlQ! 

2.0 5AXlO 8.0XlO·! 2.2XIO' 3.IX165 

7.3XIO
j 

4.5XIO·' 

1.2XlO" 

6.7X104 

6.8X104 

2AXlO
j 

3.7XlO! 

1.6XlO' 

1.7XlO' 

8.7XlO~ 

l.OXlO' 

5.3X102 

1.2XIO" 

1.7XlO i 

6.2XlO·,! 

2.3XlO· 

l.OXIO.! 

3.9XIO'.l 

1.8XlO·~ 

5.lXlO4 

1.6XlO' 

3.9XlO" 

1.0 

2.7XlOL 

8.4XlO" . 

I 
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TABLE A -1: Al AND Az VALUES FOR RADIONUCLIDES 

Specific Specific 

Symbol of Element and activity activity


Azradionuclide atomic number AI (TBq) AI (Ci) Az (Ci) (TBq/g) (Cilg)
(TBq) 

I 

i 

I 

I 

I 

I 

I 

Rb-83 (a) 

Rb-84 

Rb-86 

Rb-87 

Rb(nat) 

Re-184 

Re-184m 

Re-186 

Re-187 

Re-188 

Re-189 (a) 

Re(nat) 

Rh-99 

Rh-lOl 

Rh-I02 

Rh-I02m 

Rh-l03m 

Rh-105 

Rn-222 (a) 

Ru-97 

Ru-I03 (a) 

Ru-I05 

Ru-l06 (a) 

2.0 5.4XIO' 

1.0 2.7XlO' 

Rubidium (37) 5.0XlO­ 1.4XlO' 

Unlimited Unlimited 

Unlimited Unlimited 

1.0 2.7XIOl 

I 
3.0 8.1XIOl 

Rhenium (75) 
2.0 5.4XI0 1 

Unlimited Unlimited 

4.0XlO· 1 l.lXIO' 

: 3.0 8.IXIOl 
Rhenium (75) I 

Unlimited Unlimited 

2.0 5.4XI0 1 

I'> 

4.0 l.lXlO-

5.0XlO-' 1.4X10, 
Rhodium (45) 

I 2.0 5AXlO 

4.0XIOl 1.1 Xl 0" 

l.OXIO' 2.7XlO· 

RadQn (86) 3.QXIQ-l 

5.0 I.4XI02 

Ruthenium I 2.0 5.4XIO I 

(44) I 

1.0 2.7XIOI 

2.0XlO-1 

I 
5.4 

! 

I 

I 

2.0 

1.0 

5.0XlO-1 

Unlimite 
d 

Unlimite 
d 

1.0 

l.0 

6.0XlO-1 

Unlimite 
d 

4.0XlO-1 

6.0XlO- 1 

Unlimite 
d 

2.0 

3.0 

5.0XlO-1 

2.0 

4.0XlO' 

8.0XIO-1 

4.QXIO~ 

5.0 

2.0 

6.0XlO-1 

2.0XlO-1 

5.4XI0 1 

2.7XlO! 

1.4X10 I 

Unlimited 

Unlimited 

2.7XlO 

2.7XlO 
I 

1.6X10 I 

Unlimited 

l.1XlO' 

1.6XlO' 

Unlimited 

5.4XIO 

8.IXlOl 

1.4XlO i 

5.4XlO l 

1.1X 10' 

2.2XIO 

1,LXIO~ 

I AX102 

5AXI01 

1.6XI01 

504 

I 

6.8XlOL 

1.8XIO' 

3.0XlO' 

3.2XlO·~ 

6.7X106 

6.9XlO~ 

1.6XlO~ 

6.9XIO' 

1.4XlO-~ 

3.6XI04 

2.5XI04 

0.0 

3.0XlO' 

4.1XlOl 

4.5XIOl 

2.3XI02 

1.2XI06 

3.IX104 

5.7XI03 

1.7X104 

I.2XI03 

2.5XI05 

1.2X 102 

1.8X104 

4.7X104 

8.1X104 

8.6XIO-~ 

1.8XlO~ 

1.9X104 

4.3XI03 

1.9XlO' 

3.8XlO-" 

9.8XIO' 

6.8XlO' 

2.4XlO-~ 

8.2X104 

1.1X 10-' 

I.2XIO
j 

6.2XIO j 

3.3X107 

8AXlO' 

1._5XIO~ 

4.6XlO' 

3.2XI04 

6.7XIOb 

3.3XIoJ 
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TABLE A -1: At AND A2 VALUES FOR RADIONUCLIDES 
Specific Specific 

Symbol of Element and activity activity 
radionuclide atomic number Al (TBq) Al (Ci) A2 (TBq) A2 (Ci) (TBqlg) (Ci/g) 

I 

I 

I 
I 

I 
i 

S-35 

Sb-122 

Sb-I24 

Sb-I25 

Sb-I26 

Sc-44 

Sc-46 

Sc-47 

Sc-48 

Se-75 

Se-79 

Si-31 

Si-32 

Sm-I45 

Sm-147 

Sm-I5I 

Sm-I53 

Sn-1l3 (a) 

Sn-117m 

Sn-I19m 

Sn-I2Im (a) 

Sn-123 

Sn-125 

Sn-126 (a) 

Sr-82 (a) 

Sul~hYr (16) 4.~ 1.1 X103 1J! I 8.lXl01 1.6XIO~ 

4.0XIO'i 1.1X 101 4.0XIO'i I l.lXIO! 
I 

1.5XI04 
i i 

6.0XIO'1 1.6XIO I 6.0XlO·1 1.6XlO i 6.5XI02 

Antimony (51) 
2.0 5.4X10 1 1.0 2.7XIOI 3.9XIO I 

4.0XIO'1 1.1X 10 1 4.0XlO'l l.1XlO I 3.IXI03 

5.0XIO,1 1.4XIOI 5.0XlO'! 1.4XIOI 6.7X105 

5.0XlO,1 l.4X10 1 5.0XlO'l i l.4X101 l.3XI03 

Scandium (21) 
1.OX 101 2.7XI02 7.0XlO'l 1.9XIO I 3.IXI04 

3.0XlO'l 8.1 3.0XlO·1 8.1 5.5XI04 

Selenium (34) i 
3.0 8.1X101 3.0 8.1XIOI 5.4X102 

Selenium (34) 4.0XIOI l.lX103 2.0 5.4XI0 1 2.6XIO'3 

6.0XlO'i 1.6XIO 6.0XlO' 1.6XlO' l.4XlO° 

Silicon (14) 4.0XlO 1.lXIO' 5.0XIO' 1.4XlO 3.9 

l.OXIOI 2.7X102 1.0XlO! 2.7XI02 9.8XlO l 

Unlimited Unlimited 
Un limite 

Unlimited i 8.5XlO'l 
dI Samarium (62) 

4.0XIOl 1.1X I 03 1.0XlO i 2.7XI02 9.7XIO,I 

9.0 2.4X102 6.0XlO·1 
i 1.6XlOl 1.6X104 

4.0 l.lX102 2.0 5.4XlOl 3.7X102 

I 
7.0 1.9X102 4.0XI0·1 LlXIO I 3.0XI03 

I 
4.0XlOl 1.1 Xl 03 3.0X101 8.IXI02 l.4XI02 

Tin (50) i 4.0XlO! 1.lXI03 9.0XlO'i 2.4XlO! 2.0 
! 

8.0XlO'! 2.2XlOl 6.0XlO'! 1.6XIOI 3.0X102 

4.0XIO·I l.lXlOi 4.0XIO'I l.lXlO i 4.0X103 

6.0XlO'l 1.6XIOI 4.0XlO'l LlXlO l I.OXlO,3 

Strontium (38) 2.0Xl0'1 5.4 2.0XIO,1 5.4 2.3XI03 

I ±.3XIO. 

4.0XIO~ 

1.7X104 

1.0XlO3 

8.4XlO" 

l.8XlO' 

3.4X104 

8.3XlO~ 

1.5XIQo 

1.5XIO" 

7.0XI0'~ 

3.9XlO' 

l.lXl02 

2.6XIO' 

2.3XIO'· 

2.6XIOI 

4.4XIO' 

I.OXI04 

8.2Xl04 

3.7XIOJ 

5.4XIO 

8.2X103 

LlXIO:> 

2.8XIO'" 

6.2XIQ" 
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TABLE A -1: Al AND A2 VALUES FOR RADIONUCLIDES 

Specific Specific 
Symbol of Element and activity activity

Az (TBq/g) (Ci/g)radionuclide atomic number Al (TBq) 
(TBq) 

I 

Sr-85 

Sr-85m 

Sr-87m 

Sr-89 

Sr-90 (a) 

Sr-91 (a) 

Sr-92 (a) 

~ 

Ta-178. (long­
lived) 

Ta-179 

Ta-182 

Tb-157 

Tb-158 

Tb-160 

Tc-95m (a) 

Tc-96 

Tc-96m (a) 

Tc-97 

Tc-97m 

Tc-98 

Tc-99 

Tc-99m 

Te-121 

I 
2.0 5.4X101 

5.0 I.4XI02 

3.0 8.1XlOl 

6.0XlO-1 I.6XI01 

3.0XlO-1 8.1 

3.0XlO-1 8.1 
i 

1.0 2.7XlOI 

lritium 0) 4.0X1OI LlXI03 

Tantalum (73) 1.0 2.7XlO 

3.0XI01 8.1 X 10" 

9.0XlO-1 2.4XIO' 

4.0XlOl 1.1 Xl 03 

Terbium (65) 1.0 2.7XlOl 

1.0 2.7XlOl 

2.0 5.4XlOl 

4.0XlO·1 1.lXIOI 

4.0XlO-1 l.1XI0 1 

Technetium 
Unlimited Unlimited 

(43) 4.0XlOl 1.1X 103 

8.0XlO-1 2.2XIOI 

4.0XlOl l.1X103 

1.0XlO i 2.7XI02 

Tellurium (52) 2.0 5.4XI0 1 

I 2.0 

5.0 

3.0 

6.0XlO-1 

3.0XlO-1 

3.0XlO-1 

3.0XlO-1 

1.0XIO' 

8.0XIO­

3.0XlOl 

5.0XlO- 1 

4.0X101 

1.0 

6.0XlO·1 

2.0 

4.0XlO·1 

4.0XlO-1 

Unlimite 
d 

1.0 

7.0XlO-1 

9.0XlO·1 

4.0 

2.0 

5.4X101 

I 
1.4X102 

8.1XlO i 

1.6XI01 

8.1 

8.1 I 

8.1 

l~ 

2.2XIO 

8.lXlOL 

1.4XI01 

1.1X103 

2.7XlOl 

1.6XlOl 

5.4X101 

l.lXlO l 

l.1XlO l 

Unlimited 

2.7XIol 

1.9XlO i 

2.4XI01 

l.lX102 

5.4XlOl 

8.8X102 

1.2X106 

4.8XI05 

l.lX 103 

5.1 

1.3X I 05 

4.7X105 

~6X.l.(i 

4.2XlO" 

4.1XI0 1 

2.3XlOL 

5.6XlO·1 

5.6XlO·1 

4.2XI02 

8.3X102 

1.2X I 04 

1.4XI06 

5.2XIO·5 

5.6X102 

3.2XlO·5 

6.3XlO-4 

1.9XI05 

2.4XI03 

I 

2.4X104 

3.3X107 

1.3X 10 

2.9XI04 

1.4XlOL 

3.6XlO° 

l.3X107 

9.7XI0" 

1.1X lOa 

I.lXIOJ 

6.2X10J 

I.5XIO I 

1.5XIOI 

l.1X104 

2.2XIO" 

3.2XIO' 

3.8XlO' 

1.4XlO·3 

1.5XI04 

8.7XW4 

1.7XlO'" 

5.3XIO" 

6.4XIO" 
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TABLE A-I: Al AND Al VALUES FOR RADIONUCLIDES 
Specific Specific 

Symbol of Element and activity activity 
radionuclide atomic number Al (TBq) Al (Ci) A2 (TBq) A2 (Ci) (TBq/g) (Ci/g) 

I 

I 

I 

I 
I 

Te-121m 

Te-123m 

Te-125m 

Te-127 

Te-131m (a) 

Te-132 (a) 

Th-227 

Th-228 (a) 

Th-229 

Th-230 

Th-23 1 

Th-232 

Th-234 (a) 

Th(nat) 

Ii-44 (11) 

TI-200 

TI-201 

Tl-202 

TI-204 

Tm-167 

Tm-170 

Tm-171 

i 

I 

! 

I 

I 
5.0 1.4XI02 3.0 8.1XlOl 2.6XI02 

i 

I 
8.0 2.2XI02 1.0 2.7XIOI 3.3XI02 

i 

I 2.0XlOl 5.4X102 9.0XlO-1 2.4X101 6.7X102 

2.0XlOI 5.4XI02 7.0XlO·1 1.9X101 9.8XI04 

2.0XIOI 5.4X102 5.0XIO·1 1.4XlO1 3.5X102 

7.0XlO" 1.9XlO1 6.0XlO-1 1.6XlO i 7.7XlOs 

8.0XIO·1 
I 2.2XIOI 4.0XlO·1 1.lXI01 l.lX103 

7.0XlO·1 1.9XlO i 5.0XIO-1 l.4XlOl 3.0X104 

5.0XlO- I 1.4X101 4.0XlO- I l.lX101 l.1X104 

1.0X101 2.7X102 5.0XlO-3 1.4XlO·1 l.1XI03 

5.0XIO-1 1.4XlO1 1.0XlO,3 2.7XIO'2 3.0XIOI 
Thorium (90) 

5.0 1.4XI02 5.0XlO·4 1.4X10,2 7.9XIO,3 

1.0XI01 2.7X102 1.0XlO,3 2.7XIO·2 7.6XIO·4 

4.0XlOl l.lX103 2.0XIO'2 5.4XlO·1 2.0X104 

Thorium (90) 
Unlimited Unlimited 

Unlimite 
Unlimited 4.0XIO-9 

d 

3.0XlO· I 8.1 3,OXlO,l 8.1 8.6XI02 

Unlimited Unlimited 
Unlimite 

I Unlimited 8.lXlO·9 

d 

Iitanium (221 5.0XlO'l lAXIOI 4.0XIO·1 l.1XIOI 
~'l 

9.0XlO·1 2.4XI01 9.0XIO'1 2.4XlOl 2.2XI04 

1.0XlO i 2.7XI02 4.0 l.lX102 7.9X103 

Thallium (81) 
2.0 5.4XI01 2.0 5.4XIOI 2.0X103 

I.OX101 2,7XI02 7.0XIO·1 1.9XlO i 1.7X101 

7.0 1.9XlO2 8.0XIO'1 2.2XlOI 3.1XI03 

Thulium (69) 3.0 8.1X101 6.0XIO,1 1.6XIOI 2.2XI02 

4.0XlOI l.lXl03 4.0XIOI l.lXl03 4.0XlOI 

7.0XlO' 

8.9XIO' 

1.8X104 

2.6X10° 

9.4XIOs 

2.lXIO i 

3.0XI04 

8.0XIO~ 

8.0XIO~ 

3.1X104 

8.2XIO" 

2.1XIO' 

2.1XlO''< 

5.3XlO' 

l.lXlO'1 

2.3XI04 

2.2XIO' 

I.7XWl 

6.0XIO' 

2.IXlO' 

5.3X104 

4.6XI02 

8.5XI04 

6.0XlOs 

l.lXlOJ 
. 

I 

I 

Te-127m (a) 

Te-129 

Te-129m (a) 
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TABLE A -1: Al AND A2 VALUES FOR RADIONUCLIDES 

Specific Specific 
Symbol of Element and activity activity

A2 (TBq/g) (Ci/g)radionuclide atomic number Al (TBq) AI (Ci) (TBq) 

U-230 (fast lung 
absorption) (a)(d) 

U-230 (medium 
lung absorption) 

(a)(e) 

U-230 (slow lung 
absorption) (a)(f) 

U-232 (fast lung 
absorption) (d) 

U-232 (medium 
lung absorption) 

(e) 

U-233 (fast lung 
absorption) (d) 

U-233 (medium 
lung absorption) 

~) 

U-233 (slow lung 
absorption) (f) 

IU-234 (fast lung 
i absorption) (d) 

234 (medium lung 
absorption) (e) 

-234 (slow lung 
absorption) (f) 

U-235 (all lung 
absorption types) 

(a),(d),(e),(f) 

U-236 (fast lung 
absorption) (d) 

U-236 (medium 
lung absorption) 

(e) 

U-236 (slow lung 
absorption) (f) 

U-238 (all lung 
absorption types) 

(d),( e ),(f) 

4.0XIOI l.lX103 

4.0XlOl 

I 
l.lXl03 

4.0XIOI 1.1X 103 

Uranium (92) 

4.0XIOI 1.1 X 103 

4.0XIOI 1.1 X 103 

4.0XIOI l.lXl03 

4.0XlOl l.lX103 

4.0XIOI l.lXI03 

4.0XlOl l.lXl03 

4.0XlOl l.l X 103 
I 

4.0XlOl l.lX103 

Unlimited Unlimited 
I 

Uranium (92) Unlimited Unlimited 

Unlimited Unlimited 
I 

Unlimited Unlimited 

Unlimited Unlimited 

I 

1.0XlO·1 

1.0XIO·1 I 

1.0XIO·1 

I 

I.OXlO'2 

1.0XlO,2 

9.0XlO,2 

9.0XlO,2 

I 

I 9.0XlO.2 , 

9.0XlO·2 

9.0XlO'2 

9.0XlO'2 

Unlimited 

Unlimited 

Unlimited 

Unlimited 

Unlimited 

2.7 

2.7 

2.7 

2.7XIO'l 

2.7XIO'1 

2.4 

I 
2.4 

2.4 

2.4 

2.4 

2.4 

Unlimited 

Unlimited 

Unlimited 

Unlimited 

Unlimited 

1.0XI03 

1.0X103 

1.0XI03 

8.3XlO,1 

8.3XIO'l 

3.6XlO'4 

3.6XIO-4 

3.6XIO-4 

2.3J.PO·4 

2.3XlO-4 

2.3XIO-4 

8.0XlO,8 

2.4XIO,6 

2.4XlO,6 

2.4XlO·6 

1.2 X 10'8 

I 

2.7X104 

2.7X104 

2.7XI04 

2.2XIOl 

2.2XlOI 

9.7XIO,3 

9.7XlO'3 

9.7XlO·3 

6.2XlO·3 

6.2XlO,3 

6.2XIO,3 

2.2XIO,6 

6.5XIO·5 

6.5XlO·5 

I 

6.5XIO.5 I 

3.4XlO·7 
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TABLE A -1: Al AND A2 VALVES FORRADIONUCLIDES 
Specific Specific 

Symbol of Element and activity activity 
radionuclide atomic number Al (TBq) Al (Ci) A2 (TBq) A2 (Ci) (TBq/g) (Ci/g) 

I 

I 

U (nat) 

U (enriched to 
20% or less)(g) 

U (dep) 

V-48 

V-49 

W-178 (a) 

W-I81 

W-I85 

W-I87 

W-188 (a) 

Xe-122 (a) 

Xe-I23 

Xe-127 

Xe-131m 

Xe-I33 

Xe-135 

Y-87 (a) 

Y-88 

Y-90 

Y-9I 

Y-9Im 

Y-92 

Y-93 

I 

.. 

I Unlimited Unlimited Unlimite Unlimited I 2.6XlO'8 
! ! 

Unlimited Unlimited . Unlimited Unlimited N/A 

Unlimited Unlimited Unlimited Unlimited 0.0 

4.0XlO'l l.lXlOl 4.0XlO'l l.lXIO I 6.3X103 

Vanadium (23) 
4.0XlOl l.lX103 4.0XlOl l.lX103 3.0X102 

9.0 2.4X102 5.0 1.4XI02 1.3X 103 

3.0X101 8.1X102 3.0XlOl 8.IXI02 2.2XI02 

Tungsten (74) 
4.0XIOI l.lXIOJ 8.0XlO'l 2.2XI01 3.5XI02 

2.0 5.4XIO I 6.0XlO'l 1.6XIOI 2.6XI04 

4.0XlO'l l.lXIO I 3.0XlO,1 8.1 3.7XI02 

4.0XlO'l l.lXlO l 4.0XlO'l l.lXlO I 4.8X104 

2.0 5.4XlO l 7.0XlO'l 1.9XI01 4.4XI05 

4.0 l.lX102 2.0 5.4XIO I 1.0XlOJ 

Xenon (54) 
4.0XIOI l.1XI03 4.0XlOl l.lXI03 3.IX103 

2.0X101 5.4X102 LOXIOI 2.7XI02 6.9X103 

3.0 8.IXlOl 2.0 5.4XlOl 9.5X104 

1.0 2.7X10 1 1.0 2.7XIOI 1.7X104 

4.0XlO'l l.lXIO I 4.0XlO'l 1.1X 101 5.2X102 

3.0XlO,l 8.1 3.0XlO,1 8.1 2.0X104 

Yttrium (39) 6.0XIO'1 1.6XIOI 
I 6.0XlO'l 1.6XlO i 9.1XI02 

2.0 5.4XlOl 2.0 5.4XIO I 1.5X106 

2.0XIO'1 5.4 2.0XlO'l 5.4 3.6X105 

3.0XlO,1 8.1 3.0XlO,1 8.1 1.2X105 

7.1XlO,7 

N/A 

(See Table 
A-3) 

L7X105 

8.lX103 

3.4XI04 

6.0X103 

9.4XI03 

7.0X105 

LOXI04 

1.3X106 

1.2XI07 

2.8X104 

8.4XI04 

1.9X105 

2.6XI06 

4.5X105 

1.4XI04 

5.4XI05 

2.5XI04 

4.2X107 

9.6XI06 

3.3XI06 

i 

I 
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TABLEA-l: A,ANDA2 VALUES FORRADIONUCLIDES 

Specific Specific 
Symbol of Element and activity activity

A2 (TBq/g) (Ci/g)radionuclide atomic number AI (TBq) At (Ci) 
(TBq) 

Yb-169 

Yb-175 

Zn-65 

Zn-69 

Zn-69m (a) 

Zr-88 

Zr-93 

Zr-95 (a) 

Zr-97 (a) 

, 
4.0 l.lX102 

Ytterbium (79) 
3.0XlO! 8.lXI02 

2.0 5.4XI01 

Zinc (30) 3.0 8.1XI0 1 

3.0 8.IX101 

I 

! 3.0 8.1XlOl 

Unlimited Unlimited 
Zirconium (40) 

2.0 5.4XlO l 

4.0XlO,1 l.lX10 1 

1.0 

9.0XlO'! 

2.0 

6.0XlO,l 

6.0XlO,l 

3.0 

Unlimited 

8.0XlO,1 

4.0XlO'l 

I 
2.7XlO! 

2.4XIO! 

5.4XIO! 

1.6X101 

1.6XlO i 

8.1XI01 

Unlimited I 

2.2XI01 

l.lXlO! 

8.9XI02 

6.6X103 

3.0X102 

1.8X106 

1.2X105 

6.6X102 

9.3XIO,5 

7.9XI02 

7.lXI04 

2.4X104 

1.8XI05 

8.2XI03 

4.9X107 

3.3XI06 

1.8X104 

2.5XlO,3 

2.1XI04 

1.9X106 

NQIES 
(a) AJ and/or A? values incll!<k~ntribl!llim.Urom daughternvclides with half:liyes less than 10~ 
(b)~lJlIlcl.ides and their progeny incl.JJ.dedjD~Ylar ¥illlilibriurn are listed in the followin~ 

Sr-90 Y-90 

Bi-2I2 II-20§ (0.36), P0::2l2 (0.642 
====.~Pb~2~10~====~B~i-~21~0~,~Po~-~21~0 

Pb-212 Bi-212, I\-208 (0.36), Po-212 (O.64J 
--.E.n~22Q po-216 

Rn-222 Po-218, Pb-214, Bi-214 ...£Q~214 
Ra-223 Rn-219, Po-215, Pb-211. Bi-2Il. II-207 
Ra-224 Rn-220, Po-2)6. Pb-2I2, Bi-212, II-208 (0.36), Po-211~ 
Ra-226 Rn-222, Po-218, Pb-214, Bi-2I4, po-214, Pb::21O.Jli-210. Po-210 

. Ra-228 Ac-228 
Ih-2:?..6 Ra-222, Rn-2I8, Po-214 
Ih-228 __fu!:224. Rn-220. PQ-216. Pb2I2, Bi-2J2, II208 (0.36). Po-212 (0.64) 
Ih-229 Ra-225"Ac-225, Fr-22 L At-?17.Bi::2l1.E.g-213, Pb-2Q2 
rh-nat Ra-228, Ac-2~Ih-228 Ra-224. Rn-220, Po-216. Pb-21~, Bi-212. II-208(O.J62. Po~12~ 
Ih-234 Pa-234m 

Ih-226, Ra-222, Rn-218, Po-214 

U-238 . Ih-234, Pa-234m 

~U=",-n!:!!!at,=====... Ih-234, Pa-234mJ!-23A.Jh-230, Ra-226, Rn-222, Po-2IS, Ph-214, Bi-214JY-21j. 
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A-m-242 
Am-243 Np-212 

(£) The quantity may be detennined from a measurement of the rate of decay or a measJ,![ement pf the radiati~Il~ 
at a prescribed distance fmmJhe source. 

Cd) These values apply only to compouDd~anium that take the~ical form ofUF6• UO;fF, and UO:(NQ})z-ln 
goth DonnalJmrl accident conditions of transport 

£¥) These values i:\pply only to compounds~nium.1hattak~e chemical fonn ofUOJ.J,JF4• UCI:!>=and hexavalent 
compounds in both Donnal and accident£gnditions of transport. 

W These vi:\lues apply to all compounds of uranium other than those specified in(d) and eel. above. 
(g) These values apply to un irradiated uranium only. 
(h) These values apply to domestic transport only. Forinterllil1i,Qaal.!lM.§.Rgrt. use the values in the table below. 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY LIMITS FOR RADIQNUCLIDES 

Symbol of 
radio nuclide 

Element and 
atomic number 

Activity 
concentration 

for exempt 
material (Bq/g) 

Activity 
concentration 

for exempt 
material (Ci/g) 

Activity limit 
for exempt 

consignment 
(8q) 

Activity limit 
for exempt 

consignment 
(Ci) 

Symbol of 
radionuclide 

TABLE A - 1 (SUPPLEMENT) 
AI AND Az VALUES FOR RADIONUCLIDES 

FOR INTERNATIONAL SHIPMENTS 

E~ntand 

atomic numb!lr AL~ 

CalifQIT1iu~ 5.0XlQ-2 

AI (Ci) fkJI~ 

1,4 3.QXlO-3 

IhlQ) 

UXIO-2 

Sp!lcific 
.!l&tivjjy 
(1]3~ 

2.0XlOl 

~fic 
activity 
LCi/g) 

ic.4X102 

Mo-99 (a) 
Molybckmu:n 

(:12) L.Q 2.7Xl!r 6.0XlO-1 .L.6XI01 4.8XIO: 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 
CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuclide atomic number (Bq/g) (Ci/g) (Bq) (Ci) 

! 

I 
i 

I 
I 
! 

Ac-22!1 (a} 

Ac-22lliJ 

Ac-228 

Ag-I05 

M;I08m (al 

Ag;IIQm (a) 

Ag- I II 

AI-26 

Am-24 I 

Am-242m (a) 

Am-243 (a) 

Ar-31. 

Ar-39 

Ar-41 

As-n 

As-73 

As-14 

As-76 

At-2II (a) 

Au-123 

~iniumL8~ 

Sill':\:lr(47) 

Aluminum (13) 

Americium (95) 

Argon(8) 

Arsenic (3) 

Astali!!e (85) 

QQld (79) 

j 

1.OXN: 

1.0XlO'i 

1,OX10 , 

I-QX102 

l.OXIO I 

lJ1X.JJt 

1~ 

l.OXIO! 

La 

,LO 

La 

I.QXIO" 

I.QXI07 

l.QXI02 

l,OX\ot 

I.QXlO3 

I.OXIO' 

J.o.x.ut 

l.OXIO~ 

I.~ 

lJLX10': 

2.1XIQ'IO 

2.7XIO'12 

2.1XIQ'1O 

2.7XIO,9 

2.1XIO'JO 

2.1XlO'lO 

:L1Xl O·~ 

2.7XIO·!O 

2.7XIQ·ll 

2.7XIO· j 

2.7XIO'JI.. 
UXlO·5 

'i",,1XIO-4 

2,1XlO'9 

2.1XIO·1O 

2.7XIO'S 

~.7XIO'1O 

2.1XIQ~ 

2,7XW'& 

2~ 

2.~ 

1.OXI04 

I,OXI03 

IOX IQ6 

LO](IQ6 

I.OXIQ~ 

I.QXIQ6 

LOXI06 

l.OXIJL 

J.QXI04 

l.OXIQ~ 

l.QXI03 

LOXIO
g 

I.OXI04 

I.OXJ~ 

I.OX I 05 

J.J1.X.Ut 

I.OXI06 

I.OXl05 

1.0XI06 

I.OXI07 

1.0XI07 

i 

DXIO'7 
, 

2,7XIO,8 

2.7XIO~5 

2,JXIO,5 

:L~ 

2.1XIO'5 

2.1XIO·5 

2.7XIQ,6 

2.7XIO'7 

:L7XIO'7 

2..7X)O'& 

2.7XIO'3 

2.7XIO·7 

2.1XIO·2 

2.7XIO·" 

2.7XIO-4 

2.1XIO·5 

:L1XIO·6 I 

2.7XIO·5 

2.7XIO~ 

UXJo-4 
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IABLE A - 2: EXEMPI MATERIAL ACIIVIIY CONCENIRATIONS AND EXEMPI 

CONSIGNMENT ACIIVITY LIMITS FOR RADIONUCLIDES 


Activity Activity Activity limit Activity limit 
concentration concentration for exempt for exempt 

Symbol of Element and for exempt for exempt consignment consignment 
radionuclide atomic number material (Bq/g) material (Ci/g) (Bq) (Ci) 

I 

I 

A!!:..l5M 

Au-195 

Au-l98 

A.u::l22 

Ba::l1L~ 

Ba-133 

Ba-133m 

Ba-140 (a) 

Be~l 

Be-IO 

Bi~2Q5 

Bi-206 

Bi-201 

ai-210 

Bi-210m (a) 

Bi-212 UlJ 

lilc-247 

Bk-249JW 

Br-76 

Br-17, 

Br-8fc 

Barium (~6l 

Ben:;lIium (4) 

Bism!.!fu{]3) 

lllikelium (2l) 

Bromineill) 

I 

J.OX~ 

.LOX 102 

1.QXl.lf 

I,QXI02 

I.QXI02 

l.QX102 

I,QXI02 

1.0XlO! 

LOXI03 

I.OX 104 

l.QXlO! 

l.QXIQ! 

IJLX~ 

LOXIQ3 

I.~ 

1.0XIO~ 

I.Q 

l.QX1Q3 

tOXIn.: 

.LQX1Q2 

LOX101 

I 

2.:ZXlO,lO 

2.:ZX 10'9 

2.7XlO~ 

2.7~IQ'9 

2.7XIO 

2.:ZXlO·9 

2.:ZX IQ,9 

L~ 

2.7XlO,8 

2.1XlO,7 

2.:ZXlO,lo 

2:LXIO'~ 

2.1XIO'1O 

2.7XIO,8 

2.7~IO'1O 

2.:ZXlO· IO 

2.:ZXIO~ 

2.7XlO,8 

UX1Q:~o 

UXIO,9 

2~XlO'lO 

I 

I 

I.OXlot' 

l.OX 107 

LOX106 

ULx.l1t 

1.QXI06 

1.0XIQ~ 

LOX 106 

l.OXI05 

I.Q~J.<t 

I.QX106 

l.QX Iot' 

LQXI05 

I.OXI06 

1.0XI<r 

1.QXI05 

l.OXt05 

I.QX1<24 

LQXtot' 

1.OXI05 

l,OXlot' 

l.QXI06 

I 
b7XIO,5 

2.:ZXLo-4 

L~ 

~.7XLO'5 

2 :ZX 10': 

2.ZXW­ 5 

2.7X10,5 

2.~ 

2.7XIQ,4 

,,:ZXlO,5 

2·Z~lQ'5 

l 
2.7XIQ,6 

I 
2.~

I 

: 
2.:ZXlO,5 

! 2.:ZX 10,6 

2.7X10,6 

2.7XlO,7 

2.7XIO,5 

~~ 

2.:ZX 10,5 

2.:ZX 10,5 

I 

I 
I 

I 

i 
I 
I 
i 

I 
I 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 
CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radio nuclide atomic number (Bq/g) (Ci/g) (Bq) (Ci) 

! 

i 

I 

C-lI 

Ca-41 

Cg.~ 

Ca-47 W 

Cd-I09 

wH13m 

Cd-115 (a) 

Cd-115m 

Ce-139 

Ce-141 

Ce-143 

Ce-J44 (a) 

Cf-248 

Cf-249 

Cf-25 0 

Cf-252 

Cf-253 (a) 

Cf-254 

CI-36 
I 

Carbon® 

Calcium (2ID 

Qillmium (48) 

Ceril!m~ 

Californium (98) 

ChIQrine (17) 

1,QX101 

LQXI04 

LQX105 

J,QX104 

1,QXll:t 

1,Q.X.lit 

.L.QXlQ3 

J.QXI02 

1,QXIQ3 

1.0XI02 

LOXI02 

].OX 102 

LOXI02 

I.QXIOI 

LQ 

LOX10 1 

LQ 

I.~ 

1.QXJ.!i 

LQ 

1.OXI04 

2.7XIO'1O 

2.1XIO,7 

2,7X 1 0,6 

~~ 

2,7XIQ'I~ 

2,1XI0,7 

2,~ 

2.7XlO'9 

~~ 

2.7X]Q'9 

2.1XW9 

2,1XIo,9 

2~7XlQ'9 

2.~ 

2,7XIQ,Il 

2,7XIO'1O 

2.7Xl([I~ 

2.7XIQ'IO 

21Xl!),9 

2.1XIO,lI 
, 

2.7Xl!r2 

T56 

10X1<t' 

LOX 107 

LOX.107 

I 
l.OXI07 

, 

LOXI06 

LQX106 

J~ 

1,OX!06 

1.QX106 

1.0X10
6 

LOXI07 

LOX 106 

1.0X105 

JJl.XlJt 

l.OXI03 

LOXIOC 

I.QXI03 

IJIX10C 

1.0X105 

J.OX103 

ll1X1Jt 

2,7Xl~ I 

2,7~10~ 

2..1X 10-4 

2,7XI0·4 

2.~ 
I 

2.7XIO's 

2.7XIQ's 

2.7X10's 

2.1XIO's 

~lXI0'5 

2.1X10-4 

2.7X.lO'S 

2~ 

2..1XIO'7 

2.1XIO,8 

2.7XIO'7 
I 

~7XIO'8 ! 
! 

2.1XIO,7 

22XlQ.'6 

2.~ 

DXIQ's 



TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIV1TY LIMITS FOR RADIONlJCI.IDES 

Symbol of 
radionuclide 

Element and 
atomic number 

Activity 
concentration 

for exempt 
material (Bqlg) 

Activity 
concentration 

for exempt 
material (Ci/g) 

Activity limit 
for exempt 

consignment 
(Bq) 

Activity limit 
for exempt 

consignment 
(Ci) 

I 

I 

CI-38 

Cm-240 

Cm-24 I 

Cm-242 

Cm-24:} 

~ 

Cm-245 

Cm-246 

Cm-24LW 

Cm-248 

C_Q:-25. 

Co-56 

Co-57 

Co-5~ 

CQ-58m 

Co-QU 

Cr-51 

Cs-)29 

Cs-13 I 

Cs-132 

I 

I 

I 

I 

CblQrine £17) 

Cl,!Liwn~ 

Cobalt (27) 

ChrQmi!.!m (24) 

Ce~ium~ 

I 
I 

lJ)XIO~ 

I ,QXI 02 

I.QX102 

LOXI..O.: 

LQ 

1.0XJ.1t 

1.0 

1.0 

. 
LQ 

LOXIOI 

LQXIQI 

I·QXIQ2 

LOXIQI 

LQX1Q4 

.LOXIOl 

LOXI03 

!.OXI02 

I.QXI03 

I.OXIOI 

l 
I 

I 

! 

2.7XW:~ 

2.7XW·9 

2.7XIO·9 

2.1XIO·9 

2.7~Hrl1 

2.1XIO"IO 

2.~ 

2.7XW' 

2·2XIQ,11 

2..1XI~ 

2,7XlO,lO 

UXIO'lO 

2.1XIO·9 

2.7XlO'lO 

~.1XIO'7 

2.1XIO'~ 

2,1XlO·8 

UXIO·9 

2.7XIO: 

2.1XIO'1O 

I 
I 

, 

1.0XW5 

.LOXl-O~ 

I,OXI06 

I.OXI05 

1.0Xl.!t 

I.OXI04 

.LQXIO~ 

I.QX_Lil: 

LOX I 04 

LOXI03 

l,OX106 

LOXIJi 

1.QXI06 

I,OXI06 

LOX10
7 

LOX 105 

IJl.Xl.Q2 

1.0XIq: 

1.0XlO6 

UXI05 

2.7XW·6 

2.1X10·6 

llXIO~ 

2.7~ 

2.1XI0,7 

2.7XHr7 

2.1XIO·8 

UXlO'8 

2.1Xl!r7 

2.1XW'8 

2.7XIO~ 

2.1XIO·~ 

2.7X 10,5 

2.7XIO·5 

2.1Xl0,4 

2.7XIO': 

2.7XJO~ 

U~ 

I 
2.7XI0·5 

; 2,1XI0·6 

I 

1, 

i 
I 

I 

I 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 
CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuclide atomic number (Bq/g) (Ci/g) (Bq) (Ci) 

I 

I 

Cs-134 

Cs-13~m 

C2'-13~ 

S;;s-136 

Cs-l37 (ru 

Cu-64 

Cu-67 

DJ::-159 

DJ::-165 

Dy-16Q (a) 

Er-l122 

Er::lli 

Eu-J47 

Eu-148 

Eu-149 

Ell-l 50 (shm:t 

~ 

Eu-ljJ)~ 

~ 

Eu-152 

Eu-152 m 

I 

1 

!:esium (55) 

Cg~r122) 

Dysmosium (66) 

ErbiUI11 (68) 

Euro~ium (63) 

J.QXIO~ 

l.OX I 03 

I.OXI04 

1.OXJJ)~ 

1.OXlO~ 

LOX 102 

l,QX102 

,LQX103 

I.QXIQ3 

l.OX103 

L.QXli)4 

1.0Xlq: 

LQXl!i 

1.0XI01 

l.OX102 

l.OX103 

LOX103 

l~ 

lJLXI0
2 

i 
I 

i 

2,7XIQ'1O 

2.7XIo-8 

2.7XIO'~ 

2·Z2S,W­
1O 

2.7XlQ'lO 

2,7XIo,9 

~·ZXIO'9 

2,7XlO'8 

2,7Xl0: 

2.7XJ.O.: 

2,7XlO'~ 

~~7XlO·9 

2.7XIO·9 

2,7XIO' 1O 
, 

2.7XIO·9 

2,7X~ 

2.7XI~ 

2.7XIO'1O 

2.7XJ~ 

LQXI04 

J ,OXI05 

1.0XlO: 

l.OXI05 

I,QXI04 

I.OX106 

LOXI06 

1,0Xl!t 

lJ1XI06 

1.OXHt 

l.OXIJr 

I.OXI06 

I,OXI06 

1.0XIJt' 

I.OXIJL 

I.ox.l.lt 

1.0Xl.{f 

1.0XI06 

HLXJJt 

I 

L1XIQ·7 

2!7XW6 

2,7XHr4 

2,7XIO-6 

2,7XIO,7 

2.7XIQ,5 

2,1XlO,5 

2.7XlO'4 

2.1XIO,5 

2.~ 

.. 
2.7XlO'4 

2.7XW
5 

I 

2.7XlO'5 

2.7XIO,5 

2.7XlO-4 

2.7X!0~~ 
I 

2.7XIO,5 

2·72(~Q'5 

ll41.0~ 
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TABI,E A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 


Activity Activity Activity limit Activity limit 
concentration concentration for exempt for exempt 

Symbol of Element and for exempt for exempt consignment consignment 
radionuclide atomic number material (Bq/g) material (Ci/g) (Bq) (Ci) 

, 
I 

Eu-t~ 

~ 

Eu-156 

F-18 

fe-52 (a) 

Fe-55 

Fe-59 

Fe-60 w 
Dii-67 

Da-68 

Ga-72 

Gd-J46 ,~ 

Gd-148 

Gd-I53 

~ 

.Ge.~68 (a) 

.Ge.::.71 

Ge-77 

Hf-l72 W 

Hf-l7~ 

Hf-18I 

, 
I 

Fluodnem 

Iron (26) 

GaUi..uI1l-='ill 

Diidolinium (64) 

Germaniu!U43ll 

Hafnium (72) 

I , 
I 

I 

lchQXIQ~ 

)jJXI02 

l.OXI01 

L.OX101 

,LQXIOI 

J.OX,IO~ 

LQ.XL~ 

l~ 

I,OX102 

J~ 

l.QXIO l 

LOXIQ I 

LOXIO! 

LQXI02 

1.0XI03 

,l.QXIOl 

1,OXI04 

1·0XIO I 

LOX 101 

LOXIQ2 

l·OXlO 
l 

I 

2.7XWIO 

2.7XIO·9 

2.7~W~o 

2.7]00'\0 

2.7Xl!;r
1o 

2,7.{:;;IO" 

2,7XlO,IO 

2.7)('10,9 

2.7XI0·9 

2.7~ 

2,7XIO'1O 

2.7XIO· 1O 

2,7XIQ·lo 

2.7XW~ 

2.7XIO·8 

2.7X I 0.10 

~,7XIO·7 

2.7XIO' 1O 

2,7XIO' 1O 

2.7XIO·9 

2.7XIO·lo 

1.Jl~1<t 

l.~~ 

1.0XJ.<t 

L.QX106 

I.OX I 06 

J.OXIO..': 

LQXI06 

1,QXI05 

l&~!!t 

1.0XL()": 

I.OXI05 

LQXI06 

L.QXIOC 

UlXIO' 

LOX1 O~ 

J~ 

l.Q.X108 

I.OX I 05 

1.0XIO~ 

I.QX106 

1.0X106 

2.7XI0·5 

~ 1XIO·4 

2.:ZXIQ,5 

2.7X 1 0,5 

2,7XIO·5 

2.7XIO·5 

2.7XIO·5 

2,:zx.ur:: 

2.7XlO,5 

2.7XlO·6 

2,7XlO·6 

. 
2.7~ 

2.7XHr7 

2.7XlO·4 

2.7XIO·5 

7.7J(IO': 

2.. 7XJO·J 

2,7XJO~ 

2.7.x.IJr: 

~ 

UXJO': 

I 

I 

I 

, 

I 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 
CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuclide atomic number (Bq/g) (Cilg) (Bq) (Ci) 

I 

I 

Hf-182 

Hg-194 (il) 

Hg-195m (il) 

Hg-127 

Hg-19.1Jn 

Hg-2Q3 

Ho-166 

Ho-l66.m 

H25 

1-126 

1-129 

H31 

1-132 

1-134 

]d35(il) 

In-Ill 

In-1I3m 

In-114m (a) 

: 
I 

Mercury (80) 

Mercury (80) 

Hillmillm (61) 

.. 

lodint;: (53) 

Indium (49) 

I 
I 

I 

I 

I 

1.0X102 

l.OXlO l 

l.OX102 

l.QX102 

LOXI02 

1.0XI02 

LOXI03 

LQXlQ! 

l.OXlQ2 

LDXlQ! 

l.OXI03 

LOXI02 

1.0XI02 

LOXI02 

LOXI01 

I.QXIO! 

l.OXIQ! 

1.JlXl..Q!. 

1.JlX.l!t 

LOXI02 

LOX102 

2,7XlO·9 

2,7XIO·1O 

22XIO·9 

2.7XlQ'~ T 
~.7XIO'9 

2.7XlO·9 

2~ 

27~ 

Z.7XlO·9 

2.7XIO'1O 

UXlO·8 

2.7XIO·9 

2.7XlO·9 

2.7X1O·9 

2.1XIO'1O 

~.lXlO-IO 

2,7XIO·I~ 

~IXIO'lO 

2.7Xl0·9 

27XIO·9 

27X1o·9 

1JLX19~ 

~UlXI06 

LOX 106 

1.0X1~ 

1,OX106 

LOX 105 

1.0X105 

l.OXI06 

LOXIO? 

l.OXl~ 

I.OX 106 

L.QXIO: 

l.OXI05 

I.OXI06 

l.OXlO: 

1.0XI06 

1.Q)~J.Q= 

LOX I 06 

1.0X106 

l.QXl!t 

1.0Xl.!11> 

i , 
I 

I 

~~ 

2,7XlO~ 

2,7XW,5 

2.1XlO·4 

27XlO·5 

2.7XlO'~ 

2.7XIO·6 

2.7XlO·5 

2.1XIO·4 

2.7X10·5 

2.1~10·5 

2..]XIO·5 
I 

UXIO~ 

2.7XI0·5 

L1X.1Jt 

2.~ 

2.7X 1 0.6 

2.1XI0·5 

2.7XIO·5 

2.7Xl~ 

2.7XIO·5 
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TABLE A - 2: EXEMPT MATERIAl, ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY IdIMITS FOR RADIONUCLIDES 


Activity Activity Activity limit Activity limit 
concentration concentration for exempt for exempt 

Symbol of Element and for exempt for exempt consignment consignment 
radionuclide atomic number material (Bq/g) material (Ci/g) (Bq) (Ci) 

, 

In-115xn 

lr-189 W 

1r~190 

lr-192 

lr~194 

K-4Q 

K-42 

K-43 

Kr-JU 

Kr-85 

Kr-82m 

Kr-87 

La-137 

La~140 

Lu-l12 

~ 

Lu-174 

Lu-I14m 

Lu-ill 

Mg-28 (a) 

Mn-52 

lridlum.!l1J 

Iridium (77l 

£ot<lS~l11ll2l 

Kn::.QiQn CHi) 

Lanthanum (~7) 

Lutetillm aD 

MaggeSiumLI21 

~an~anese (25) 

I 

\.QXI02 

LQXI02 

1.0XIO~ 

I,QXlO l 

1.0XJ~ 

I.QXI02 

1.QXIO~ 

J,QXI0 1 

.L.QXW4 

~ 

I,QXIQ3 

LOXI02 

I.Q2';;103 

I.QXlQl 

lJl.Xl!)1 

I.OXI02 

1.QXI02 

.L.QXI02 

LOX 103 

1.0XIQ! 

lJ1Xl~ 

:UX1Jr~ 

2.7XIQ~ 

:u~ 

:UXW-lO 

2.7XIQ,9 

2~ 

2,lXIQ,9 

2,lXI0-:~ 

~·Z~10-7 

2,7XIQ,6 

2,7XIO,8 

2,7XHr9 

2.7XUr
S 

2.7Xt~ 

2,7XIO'!O 

2.1XIO,9 

2.1XIO-9 

2.7XIO~ 

2,lXlO,8 

2,7~o 

2,7Xio~~ 

I 

LQXl~ 

10Xl0~ 

!JlXI0~ 

j.QXI!t 

I.OXI05 

LQXI06 

I.QXI06 

l.QXIO~ 

I.QXlO7 

1,OXl~ 

I.QXIO IO 

I.QXI09 

LOXI~ 

LOXI()~ 

l,oxut 

I.OXI07 

LOX 107 

1.OX1~ 

l.OXIO~ 

.l.QXIQ5 

1,0XIQ~ 

~!7XIO'5 

~,7XIO-4 

~19~ 

2..1X.uL 

2.7Xt~ 

2.7XIO-5 

2,lKIO~ 

2..1XIQ,5 

2.1XIQ~ 

2,1XIQ,7 

2,7XIO~ 

2,7XIO·2 

2.7X 1 0-4 

2,7XIO,6 

~Q~ 

2..1XIO~ 

2,ZX 10'4 

L7X 10-4 

b7Xlil~ 

b7XIO-! 

I 
2..1XIO~ 

, 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 
CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuclide atomic number (Bq/g) (Cilg) (Bq) (Ci) 

I 

1 , 

i , 

Mn-53 

,Mn-54 

Mn~5Q 

MQ-93 

MQ-22w 

N-13 

Na-22 

Na-24 

Nb-23m 

Nb-94 

Nb-95 

Nb-27 

Nd-I47 

Nd-I49 

Ni-59 

Ni-63 

Ni-65 

Np-235 

Np-236 (short­
liv¥d) 

&236 (1Qng­
lived) 

i 
! 

Molybdenum (421 

Nitrogen (1) 

SQdium (1 I) 

Nliiliium (:1: 1) 

Neodl:mium (60) 

.I".JickeJ (28) 

NetlliIDiumi2lJ 

I l.o.x.ut 

l.OXIOI 

1.ox..ut 

1.0XIO' 

l,OXI02 

IJlXI02 

L~ 

Lox..ut 

I.OXI04 

1.OXIO~ 

UlXIO I 

LOXIQI 

l.OX102 

.L0Xl.!t 

l.o.x.ut 

l.QXI05 

I.OXIOI 

1.0X103 

J.QXI03 

1.QXIOJ 

I 

llXl~ 

2.7XIO'lO 
I 

2.1XIO'1O 

2.7XIO's 

2..1Xl~ 

b.~ 

;PXIO,IO 

2.7~ 

2.7XIQ,7 

2.1XIQ:I~ 

2.7X.lO,IO 

2.1XIQ'1O 

2.1XIO,9 

2.7~ 

~~7XIO'7 

b.7XIO,6 

2.72~ I0,10 

2.1XIO's I 

2.1XIO,8 
I 

2.7XIO'& 

,LOX1~ 

I.OXl06 

LOXI05 

J.OXIO: 

1.OX10
6 

1.0XIO~ 

l.OXI06 
i 

l.OXI05 I 

l.OXlQ~ 

l.QXJQ6 

I.OXl06 

LQ.XlJt 

1.QXIQ6 

I.OXI06 

I.QXIO
g 

l.~ 

1.0XI06 

l.OXI07 

l.OXI07 

I,OXIO' 

2.7XIO:: 

2.7XIO,5 

2.7XIO,6 

2.7XIO,3 

llXIQ~ 

2.7XIO,2 

2.7XIO,5 

2.1XIO·6 

2,IX.JJr:: 

2.1X I 0.5 

2.7XlO,5 

2.7XIO,5 

2.7XIO,5 

I 

2.7XlO,5 

2..7lQQ:3 

2.7~ 

2.1XIO,5 

2.7XIO,4 

2.1XIO-4 

2,7XlO,4 

I 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY LIMITS FOR RADIONlJCI;IDES 


Activity Activity Activity limit Activity limit 
concentration concentration for exempt for exempt 

Symbol of Element and for exempt for exempt consignment consignment 
radionuclide atomic number material (Bq/g) material (Cilg) (Bq) (Ci) 

I , 
I 

~ 

Np-2J2 

Os-185 

Os-191 

Os-121m 

Os-I 93 

Q~-12:1 (a) 

P-32 

P-33 

l'a-23Q La) 

l'a-23 I 

Pa-233 

Pb-201 

I'b-202 

Pb-203 

Pb-2Q5 

Pb-2IQ (a) 

pb-212 (a) 

Pd-103(~ 

Pd-l01 

Pd-l09 

i 
I 

I 

Osmium (76) 

Phost;lhQ[uS (15) 

frota~tinil!m (21) 

L~ad (82) 

falJadil!m(46) 

I , 
i 

I 
I 

1.0 

1.0X102 

I,QXIQI 

1.0XI02 

I.OXlO3 

LQXI02 

I,QXIQ2 

LQXlIi 

l.QXIQ5 

1.OXIO~ 

1JJ 

U1XI02 

I.OXJ~ 

lJJXU)~ 

1,OXI02 

l.QXI04 

l.OXl..Q!. 

LOXIO ' 

I.QXlO3 

I.QXI05 

I,QXI03 

I 

I 

2.7XIQ'll 

2.1X]O,9 

2.1X~~ 

2,1XIO,9 

2,7XIO~ 

2.7{<lQ~ 

22XU)'9 

2.}XIO,8 

~7XIO·6 

2.1XIO'1O 

22x..ur.::. 

2.1XI0·9 

2.1XlO'1O 

~.1XIO'~ 

2,1XW­ 9 

2.7XIO" 

2JXIQ,IO 

2.ZX10'1O 

2.1XIO's 

2.7XIO·6 

2.7XIO'8 

1.0XIU: 

LOXIQ' 

LQXI06 

1.0XJJl~ 

LQX.1Jt 

I.QXI06 

J.QXI05 

I.QXIQ5 

I.OXIQ! 

l 1.0XI06 

I l.QXIQ3 
I 
i 

I I,OXIQ'
I 

l.OX106 

1.QX1Q6 

1.QXI06 

.wruo~ 

l.OXIO~ 

l.OX105 

UJXI0~ 

1.0XIQ! 

I.QXI06 

2.7XIO~8 

22X10-4 

2.7XIO,5 

2.1XlQ'4 

, 
2.7~ 

2,1XIQ'5 

~.7~10·6 

2.7XIQ,6 
I 

2.7~W3 

2.7XHr5 

2.2Xl1C 

2,1XIO,4 

2.1~10·5 

2.7XIO,5 

2.1XIQ·5 
I 

",1XlO-4 

7.1XIO" 

,.7XIQ-6 

2.1XI0·3 

2.7XlQ,3 

2.7XI0,5 

I , 
I 

I 
! 
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Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuclide atomic number (Bq/g) (Ci/g) (Bq) (Ci) 

I 

£m-143 

I:m.:l±l 

em-145 

Pm-l~Z 

£m-I48~ 

£m-142 

£m-Lil 

P..Q-2LQ 

Pr-142 

Pr-143 

et-HIS Lal 

£t-19) 

Pt-I.21 

et-123m 

£t-l25m 

Pt-197 

Pl:l21m 

eu-236 

&1-231 

£u-238 

&1-2.3.2 

, 

I 

I 
, 
I 

PrQmethium (61) 

erQmethiym (§jj 

£ill!l.!1ium (§jJ 

£rn:'leo~mium 

!J2l 

Platinum (78) 

£lutQnium (2!1 

I 
I 

I.QXJ02 

l.QXIQI 

IJLXIJr 

LQ2(l(t 

l,QXIO I 

I.OXltf 

,l,QXI.!t 

l.QXIO' 

l,QXI02 

J.QXI04 

l.QX101 

l,QX102 

1,OX]04 

J.QXl!i 

I.QXIQ2 

LOX103 

I.OXLQ: 

I.OXIOI 

LOXI03 

L.O 

LQ 

I 

I 

2.7Xl~ 

2.1XIQ·IO 

2.:ZXlO·8 

2.7XI0·7 

2.?XIQ'lO 

2.7XIQ·8 

UXIO·9 

2,lXIO"o 

2.1XIO·9 

2.7XIQ·7 

~.1XI~ .. 
UXI~ 

UXl([: 
i 

~.7XIQ~8 I 
I 

2,7XlO·9 I 
2,lXlO·8 

2.7XIO·9 

UXlO·IO 

2.7XIO·8 

2.1XI0·ll 

2.7,{:;J!r
ll 

IJ1Xlit I 

I.QXIQ6 

1.0XI07 

L.QXJ07 

l.QXI06 

).QXI06 

ULXI(f 

1.QXIQ~ 

I.QXI 05 

l.QX106 

LQXIQ6 

l.QXI06 

LOXIQ7 

L.QX107 

1.0XI06 

LOXI<r 

1.0XI06 

l.QX104 

1.0X 10.: 

I.QXlil4 

I.OXI04 

2,7XIO·5 

2,7XlO·5 

2.7XlO·4 

I 

UX10·4 , 

2,1XlO-5 I 
22XlQ.5 I 
2.~ 

~·lXlQ·7 

2.7XI0·6 

2.1XHr
5 

UXI~ 

blXlQ.5 

2,lXIO~ 

2.~ 
I 

2.7.x1O·5 

~,1XIO·5 

;n.xlQ·5 

2,1XlO·7 

2.7~ 

~7X~ 

2.7XIO·7 
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TABLE A ~ 2; EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY LIMITS FOR RADIONlJCI;IDES 


Activity Activity Activity limit Activity limit 
concentration concentration for exempt for exempt 

Symbol of Element and for exempt for exempt consignment consignment 
radio nuclide atomic number material (Bq/g) material (Ci/g) (Bq) (Ci) 

, 

I 

I 
I 

£'1£240 l.Q 2.7XIO~~ 1.0Xto2 I 2.7XlO·8 

~u-2iL~ I.OXIQ2 2.1XIQ·9 J.QX1O~ 2.7XIO::: 

Pu-242 l.Q ~.1X1O·1I ,WlXI04 2J~ 

~u-244 (a) I.Q 2.7XIQ·1I 
I 

1.0XI04 2,7X1Q: 

R~-223 Ca) l.OX 102 2.7xN:: 
I 

ULXI()~ 2.7XIO·6 

~-224 (a) I,OXIQ' 2,7~XIQ'1O 1.QXJ05 2.7XI~ 

Ra-225lru Radium (88) l.OXIQ2 2.7~ l.QXIQ~ llXIQ:~ 

Ra-22Q (a) I.QXIO' 2.7XIQ:~ l,QXI04 2.7X 10'7 

Ra-228 (ru LOXIO' UXIO,IO I.OX IQ~ 2.12S,;lQ-6 

Rb-81 J.OXI.!t 2.7XIO'1O l,OXIQ6 2JXI~ 

Rb-83 (a) 1.0XIO: 2.7X](y9 I.QXJ06 2.7~ 

Rb-84 l.QXlQ' 2.1XIO'1O I,QXI06 2,7XIQ-5 

RubidliLll!-.Oll 
Rb-86 l,OXI02 ~7XIQ'9 LQXJ05 2.~ 

Rb-=ll l,QXI04 2.7XIO·7 
I.OXI02 2.7XU!~ 

i 

Rb(n@ l,QXI04 2~7XlO'7 I I.OXllL 2,7XIQ,4 
I 

I 

Re-184 I.Q)(101 2.JX~ I I.OXI06 2.2XW':: 

Re-184m I.QXI02 2.7Xl~ l.OXI!t 2.7XI()~
I 

Re-I8q 
Rhenium (7:5) 

1.0XIlt 2.1XIO'& l,OXlO6 2.7Xl[~ 

Re-187 J..J:!XlO6 2·:Z:~OO·5 I.OXJ09 2.7XlO·2 

Re-188 1.QX102 2.7XI0~ I.QX105 2....1X.lQ.6 

R~~ UXI02 2.7XI~ !.QXIQ: 2.7XIg--: 

i 
I 
I 

I 

, 
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Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuclide atomic number (Bqlg) (Ci/g) (Bq) (Ci) 

~ 

&h-2.2 

&h:-lO~ 

Rh-102 

Rh-lQ2m 

Rh-lQ3m 

Rh-lQ5 

Rn-222 'a) 

Ru-97 

RlL~103.i.a) 

&u-105 

Ru-IOQ (a) 

S-35 

Sb-122 

Sb-124 

~ 

Sb-126 

Sc-44 

Sc-:4Q 

Sc-48 

I 

I 
I 
I , 
I 

RhQdium (45} 

Radon (8~ 

Ruthenium (44) 

Su!Rh.w (6) 

Antimon:x; (5lj 

~ium(21) 

I 

! 
I 
I 

I.OXJ06 

1.0XI01 

1.OX102 

I,OXIO I 

J,OXH£ 

I.QX104 

LQX102 

LOX 101 

I·QXI02 

1.0XIU: 

1,OX101 

1,!)Xl~ 

1,0XHt 

I.QXI02 

1.0XI01 

J~ 

I.O~ 

1..0X101 

l.~ 

IJl.Xlo.: 

1,QX I 01 

I 
I 

2.7Xl Q'5 

2.~ 

2.7XIO,9 

2,2X1Q'l~ 

2,1XIO:': 

2,7XIO,7 

2.7XIO,9 

2,7AIQ'lO 

2,7XlO,9 

2.7XlO'9 

2.7XIQ'1O 

2.7XIQ,9 

~,:ZXlO'6 

2.~ 

2.7XIO'1O 

2.1XIO,9 

2.1XIO'1O I 

2.7~lO'lO 

2,7X]O'10 

2.7XIO'9 

2,7XIO'1O 

lJLXlli 

1.0XIO: 

l.OXIO? 

UXIQ: 

l.~ 

1.0~lO8 

I,OX107 

.L.QXlQ8 

J.OXl~ 

1.0)(10° 

LOX 106 

I,OXI05 

l.()~lcr 

LQXHt 

l,OX106 

I.OX106 

1.0XlO~ 

1.0X105 

1.0XI!f 

l.OXlO~ 

LOX 105 

I 

~.7XIO:~ I 
I 

2.2XHr5 

2,7XIO,4 

2,7Xl!r5 

'k2Xl0,5 

2.7XIO'3 

2.2Xlrr 

2.7XIO~ 

2.1XIO~ 

2,2XIQ's 

2.7X1O': 

2.2XIQ,6 

2.7XlO,3 
: 

,.7XIO,7 ! 

2.2XlO': 

2.7XIO,5 

2aXIO-6 

~ 

2.:zX~ 

2,lXlO'5 

2.7XlO-6 
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TABLE A - 2: EXEMPT MATERIAL ACTMTY CONCENTRATIONS AND EXEMPT 
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Activity Activity Activity limit Activity limit 
concentration concentration for exempt for exempt 

Symbol of Element and for exempt for exempt consignment consignment 
radionuclide atomic number material (Bq/g) material (Ci/g) (Bq) (Ci) 

Se:7~ 

&22 

Si-31 

Si-;U 

Sm.::14.l 

Sm:..L41 

.Sm:lil 

Sm-ill 

Sn-l13 (ru 

Sn-Illrq 

Sn-112m 

Sn:l2J~ 

Sn::m 

~ 

Sg-I26 (al 

Sr-82W 

Sr-85 

Sf.:.85m 

Sr-87m 

Sr::.89. 

Sr-~Q1ru 

I 

S,.eleQiurn (4) 

Silico~ 

Samarium (62) 

Til) QQ2 

Strontiul11 (38) 

! 

I 

I.OXI02 

]J)XI04 

~ 

l.~ 

l,QX102 

].QXI0 1 

J.,OX104 

LDAIQ2 

1.Qx.IJt 

l&llO~ 

1.QXIQ3 

1.0XI~ 

LOXIQ3 

l.QXIQ2 

1.0XI0~ 

lJ).x.l.!t 

I.QXIQ2 

1.Q~102 

l.OXIO: 

I.OXI03 

I.OXIQ2 

L , 

UX I0-9 

2.1XlO-7 

2.7XI~ 

2.7XIO~8 

2,lX I0-9 

"lXI0-1O 

2,lXIO-7 

llX1Q~ 

2.7XIO·
g 

~7XlO~ 

2.1XIO~ 

2.7XIQ-g 

llXIU: 

2.7)00.9 

2,lXIO-1o 

2.7XIO-1O 

b]XIO-9 

b7XIQ-9 

2,lXl~ 

~.lXIQ-g 

2.7XIO·9 

J.OXI~ 

I.OX107 

1.0XI06 

l.OXIQ6 

L.QXI~ 

LOXllt 

1.0~4)j)! 

LOXl[> 

LQXl07 

l.QXl[: 

I.QXIQ7 

I.OX1Q2 

I.QXIQ6 

l.QXl!t 

lLOXlq: 

J.,oxlJi 

I.OX106 

I.OX107 

.LQXl~ 

LOXI06 

I.QXIO~ 

I lc2Xl!r
5 

2.7XI~ 

2.1XlO-~ 

k.7XIQ':: 

~~ 

2.1XlQ-7 

2.7XIO-3 

2.2XIO-s 

2,lX 10-4 

2.7XHr5 

bl~LO-~ 

2..7~ 

2.7XLQ':: 

2.7~]O-6 

2,7XlO-6 

~7XIQ-6 

'J.1XIO-s 

2,2XIO-4 

2,7XIQ": 

2.1XlO-5 

~.7XIO-7 

I , 

T67 




Appeasb. A SSRCR Volume I - August 20I 0 

TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 
CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Activity Activity Activity limit Acti vity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuclide atomic number (Bq/g) (Ci/g) (Bq) (Ci) 

5r-91 UU 

Sr-22 La) 

~ 

Ta.-118 (IQng­
~ 

I1l-112 

Ia-182 

Ib-I51 

Ib-158 

Ib-16Q 

Ic-95m (a~ 

Ic-96 

Ic-26m !a) 

Ic-97 

Ie-27m 

Ic-28 

Ic-99 

Ic-99m 

Th::l21 

Is:~12~ 

Ie-123m 

I , 

I 

Iriti!I!P.,Jl) 

:rantalum <13) 

Thrbium (65) 

Ie~bD!::ti~m (43) 

Ielluriu~ 

J,OX101 

I,OX101 

l,OXI06 

I.QXIQ I 

I.QX103 

J,QXIQI 

LQXur 

l,QX101 

J.QX10 1 

1 . .Q2(~ 

l·QXl.o.:. 

LOXIQ3 

1.QXltt 

1·OX10
3 

1.Q.X.l.!t 

1.QX104 

l.ox.l5i 

l.OXIOI 

.L.QXlQ2 

l,QX102 

I 
I 

I 

I 

I 
I 

, 
I 

2.71(10~~ 

2·ns;1O·lo 

2.7XlO·5 

2.7XIO· 1 

UXlO'8 

2i7XIQ·IO 

~7X1O"7 

2..~ 

UXIO' IO 

b7XIO'1O 

2.1XIQ,IO 

2.1XW8 

2.1XIQ·8 

2.1XlO·8 

z,.2XlO'lO 

2.7XIQ·7 

2.7XIO,9 

UXlO,10 

b.1X1O.9 
I 

I 

2.7XI0,9 I 
I 

i 

I,QX105 

I.OXl.Q~ 

I..QXIQ~ 

~QXL<t 

l.QX107 

Lox.ut 

JJlXlQ7 

I.QXI06 

1.0Xllt 

I.QXI06 

l,QXlQ6 

LQXI07 

l.QXIQ8 

LOX 107 

~ 

LQXI07 

l,QXIQ7 

I.QXIQ6 

1,OX105 

1.0Xl..!t 

I , 

2.1XIQ·6 

2,lxI!:r5 

2.1XIO'2 

"lXIQ,5 

b~ 

2.7XIO·7 

2.7XIQ-4 

2.1XlO·5 

2.7X]O: 

2.7XIO·5 

2.7XIQ·5 .. 

UXIO~ 

2,lXIQ·3 
i , 

2.1XIQ-4 
I 

2,lXlQ,5 I 
I 

2.7XIO·4 , 

2.1XIQ-4 I 
~.lXlO·5 I 
ll~ 

blXlO-4 
I 
i 

T68 




~~~~==============~==~==========~~====~===============-====~~~~~-Au~st2010 

TABLE A ~ 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 
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Activity Activity Activity limit Activity limit 
concentration concentration for exempt for exempt 

Symbol of Element and for exempt for exempt consignment consignment 
radionuclide atomic number material (Bq/g) material (Ci/g) (Bq) (Ci) 

, 

I 

Ie-125m 

Ie-l27 

Ie-12:Zm,JJU 

Ie-129 

I~-129m'aJ 

11:-131 m (a) 

Th-J32 La) 

Jh~22..1 

Ih-Z28 lSi) 

Ih-229 

Ih-23Q 

Ih-23J 

Ih-232 

Ib-23~ 

Ih (nat) 

Ii-44uu 

II-200 

11-201 

II-202 

11-204 

Im-16Z 

I 

IhQrium !20l 

Titanium (22) 

Illallium (81) 

Ihulium (69) 

I 

lJlXI03 

LOX 10) 

1.0~10~ 

LQx1!i 

I.OX1~ 

LOXlO l 

1.0x1O: 

LOXIQ' 

lQ 

LQ 

,LQ 

l,QXHf 

1,OXIOJ 

LOXIQ3 

LO 

10X IO J 

1.0Xllt 

I.QXill: 

LOXl!t 

j..QXI04 

l.QXI02 

2.7XI0-= 

U~ 

2JXIO~ 

2,7XIO~ 

2.7XlO,8 

2.1XIO'lO 

2.7XIO,9 

2.7XIO'IO 

.f.,zx: I0,11 

2.7XIO,JI 

2.:ZXJ(r'~ 

2,7XIO,8 

UXlO~~ 

2.:zXI0~8 

2.~ 

2.7XlO~o 

2.7X1Q'I~ 

2.:ZXIO'9 

2:IXIO,9 

UXlO'7 

2.7XIO'~ 

I 
I 

I 

I 
I 

i 

l,Q{(102 

1.0XU! 

LOXJ{t 

lOXIO~6 

J.OXlO~ 

I.QXlO~ 

1.0~ 

I,QXIQ4 

~04 

lQ2<'IO~ 

I~ 

LQXI07 

J.QXIQ~ 

1.0XI05 

1.0XIO~ 

lQ)(IO: 

I 
l.QXlit 

l.1lli 1O~ 

J~OX-106 

LOXLQ~ 

LO)(]Q! 

2.7XIO'4 

I 
2,ZXW~ 

~,~XIO~ 

z..~ 

2.,lXJO=: 

~LXIQ== 

~.7XIO'4 

z..2XIO,7 

, 
z..7XIO~ 

2 1~ 10'8 

UXIO'7 

'" 
2.7KIO~ 

2.7XIO,7 

2,7XIJC 

2.1XUr
s 

2,7XIO'6 

2,7X 1O': 

2.7XIO~ 

2.7XIO': 

2.7~ 

~!7Xur: 
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Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuclide atomic number (Bqlg) (Ci/g) (Bq) (Ci) 

, 
Tm-170 

Tm::lll 

!,l-23Q (fast 
lung absomtiQDJ 
~ 

1l~230 'm~dium 
lung abs~tiQDl 
~ 

U-23Q(~ 
lung ab~omtiQDl 

!M:n 

U-232 (fast 
lung absQmtiQnJ 

(Q) 

11-232 (m.edimn 
lung absomtiQn) 

~ 

U-232 (slol:\: 
hmg ab~QmtiQnl 

ill 

ll::233 (fast 
lung ab~QJ.:Qtionl 

(Q) 

!,l-233 (medium 
~SQmtiQD) 

~ 

U-233 (slQw 
lung absQmtiQn) 

ill 

~234(fast 
lun~abSQJ.:Qtionl 

(Q) 

lIraniillIU9..l1 

.. 

!,lraijium (92) 

J.OX103 

l.OXIO~ 

1,1lX.1lt 

l.OXIO' 

l.QXIO' 

L.Q 

1:2 

L.Q 

l,OXIO: 

1.0XlO' 

1.0X101 

1.0XlO' 

I 

I 

2.7XIO-8 I 
I 

2.7XIO-7 

2,7XIO-'o 

~ 

2.7XIO-1O 

2,1XIQ-ll 

~]XIO:~ 

b7XlO'll 

UXlO'1O 

2.7XIO-1O 

2.1XIO'lO 

2.7XIO' 

I.OXlit 

I.OXI08 

l.OXI05 

I.QXI05 

l.OXlOs 

ilX10.:: 

1.(lKlO2 

1.0Xl~ 

l.OXI04 

1,OX104 

1.OX104 

LOXIQ4 

llXIQ: 

2.7XIO-3 

k7XlO:6 

2.7XIO-6 

2,1XIO-6 

2.1XlO,8 

2.7XlO,8 

UXIO,8 

2.7XlQ~~ 

2.7XIO~ 

2.7XIO-7 

2.7XIO,7 

I 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY I lIMITS FOR RADIONUCLIDES 


Activity Activity Activity limit Activity limit 
concentration concentration for exempt for exempt 

Symbol of Element and for exempt for exempt consignment consignment 
radionuclide atomic number material (Bq!g) material (Ci/g) (Bq) (Ci) 

U-234(m~ 
lung absQmtion) 

1£l 

U-231 (slow 
lung absorptiQn) 

ill 

11-235 (allium: 
abSQ!l!tion 
~ 

(a).'dl.(~l,m 

U-236 (fast 
~ absomtiQn) 

(gJ 

Il,h236£medium 
lung absQmlionj 

1£l 

U-236'~ 
lung absomtion) 

ill 

U:-2J 8.1.alllu~ 
absQmtiQt'\ 

~s:sl (dM~l,m 

~ 

U (s:nrished tQ 
20°& Qr l~ssl(gl 

U (deru 

V-48 

V-49 

W-llS (a) 

W-ISI 

.. 

Uranium (92) 

Vanadium (23) 

TlJng~ts:n eZi) 

I 

, 

I 

LOXIO I 

.I,OXIO! 

1.0XlO~ 

l~ 

I,OXlO l 

1.0XlOl 

LOXW~ 

LQ 

1.0 

LQ 

l.QXIO! 

l.OXIQ4 

j.OXll)1 

l.QXI03 

L 

I 

2.7XIO'IO 

2.7XlO,IO 

2.7XlO'lO 

2.7XlO'IO 

2,lXlQ'lO 

2,7XlO'iO 

2.7XIQ,IO 

'k7X I0,12 

2,7XIO'II 

2.7XIO'1l 

Z.1XlO-IO 

2~ 

2,7XIO'lO 

2,7XIO'~ 

J.OXl~ 

l.OXlO4 

LOXI04 

1.0XI04 

1.0XI04 

I.OXlit 

1,QXUt 

IOXlO3 

1.0XIQ3 

l,UX103 

IJ!X~<i 

LOXIQ7 

LQXl!)~ 

I.QX.JJ)2 

2.7XIO,7 

~.lXlO'7 

2.7XlO'7 

2.1XIO,7 

2.7XIO'7 

2.7XIO'7 

2.7XIO'7 

2.1XlO~~ 

2.7XIQ'8 

;;,lXlO's 

2,7XIO~: 

'k]X I0-4 

Ux,IO,5 

2,7XlO,4 
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Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuclide atomic number (Bq/g) (Cilg) (Bq) (Ci) 

I 
! 

W-185 

W-181 

W-L8[,W 

Xe-122 Cal 

Xe-123 

Xe-127 

Xe-LHm 

Xe-133 

Xe-J3!! 

Y~B1w 

Y-88 

Y-90 

Y-91m 

Y-92 

Y-93 

Yh;l62 

Yb-I7!! 

Zn-65 

Zn-69 

Zn-Q2m (a) 

I 
I 
, 

, 
I 

XenQn (!!4) 

Yttriu~ 

Ytterbium (222 

QncJ1O) 

LQXI04 

LQXHi 

LQXJ02 

1,OX 102 

l.QXI02 

1 . .!lX.l..(i 

1.0XI04 

lJlXlJi 

I.QXlli 

LQXIQI 

I.QXIQ] 

LOX Iii 

.LQx1.li 

J.QXIQ2 

I.QXl!i 

I.OXI02 

I.OXL<t 

1.QXHi 

l,DXlO] 

lJlX.lit 

LQXlg: 

2.,7XlQ-7 

2.7XIQ-9 

2.7XIO-9 

2..1XlQ-9 

~ 

2.7XIO-~ 

2.7XLO:2 

UXIQ~ 

2.7XlQ-s 

2.,lX IQ-IO 

2,lXIQ-IO 

2~ 

2.7XlO-8 

~.7XlO-9 

,.lXIQ-9 

2.7XlQ"9 
I 

,.7XI~ I 
UXW: 

2.1XIQ-1O 

2.,~ 

2.7XW:~ 
I 

l.OXlQ~ 

lJtXIO~ 

l&-~O5 

l.QXI09 

LOXJ0
9 

LOXIQ5 

I.OXlO4 

).QXIQ4 

I.QXIQlO 

I,QX106 

I.QXIQ6 

l,QXIQ5 

liLX~Q~ 

l.QX106 

l.QXIOs 

I.OX105 

1.O_XI07 

I.OXl~ 

LOXIQ~ 

l.QXIQ6 

.LQXl~ 

I 

2.J~ 

2.12:~ lQ~= 

2.7XI~ 

2.7XW: I 
2.7XIO-2 

UXIO-6 

2.,7XW~ 

2.1XIO-7 

2.1XIO-1 

2.1XHrs 

2.1XIQ-5 I 

I 
2.7~ 

, 

2.7XIO~ 

2.1XHr5 

2.1XIQ-~ 

2.7XIO-6 

2.1XW4 

2.ZXIO-4 

2.7Xlo-5 

2....7XIQ-s 

2.JXIO-5 
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TABI,E A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY IJMITS FOR RADIONlICI,IDES 


Activity Activity Activity limit Activity limit 
concentration concentration for exempt for exempt 

Symbol of Element and for exempt for exempt consignment consignment 
radionuclide atomic number material (Bq/g) material (Ci/g) (Bq) (Ci) 

Zr-8§. 

Zr~93. 

Zr-9~~ 

Zr-27 (a) 

Zir~.QJ)ium£4Q) 

Jj}XI02 

l.OXI03 

1,0XI(t 

1.0XlO' I 

27XIO,9 

.2.:lXIO'8 

2.1XIO'1O 

2.1XIO'IO 

J.OXI06 

1.0X107 

J.QXI06 

1.0X105 

I 2.7XlO,5 

21XlQ'4 

U XlO,5 

2.7XIO: 

NQIES 
(a) . AI andffir Az values include colUributions from daughter nuclides wlhalf-lives less than 10 d~ 
(b) Parent nuclides and their prpgeny included in secular equilibrium are listed io the following;, 
~.__ Sr-20 Y -20 

Ba-I40 La-140 
. Bi-2I2 TI-2Q8(Q.36l.Po-212 (0.64) 

Pb-2IO Bi-21O. Po-2IQ 
Pb-212 Bi-2I2. TI-208 (0.362. Po~212 (0.612 
Rn-220 Po-216 
Ro-222 Po-218, Pb-214. Bi-214. Po-214 
Ra-223 . Rn-212,Po-2I5, Pb-2I!. Bi-211. TI-2Jl1 
Ra-224 Rn-220, Po-2I6, Pb-2I2. Bi-212, TI-2Q8(0.3§l. Po-212 <0.641 
Ra-226 RD-222, po-2Ia. Pb-214, Bi-214, Po-214",Pb-2IQ.Jll:1j0, Po-2IQ 

Th-226 . Ra-222, Rn-2I8, Po-214 
. Th-228 . Ra-224. Rn-220, Po-216, Pb212. Bi-212, TI208 (0.36), Po-2I2 (0.64) 

~=~T;yh.b-~22""9~==~R~a~-2,,,,2~5.., A6!oc~-~225, Fr-221. At-211.Bi-213. Po-213, Pb-209 
;;;;;;;;;~~:;;;;;;;;;;~~:;;;;;;;;;;:;;;;;;;;;;:lTnh-;;l:ln~at Ra-228, Ac-228, Th-228, Ra-224, Rn-220. Po-216. Pb-2I2. Bi-212, TI-208 (0.3§l. Po­

212 (0.64) 
Th-234 Pa-234m 

. U-230 Th-226, Ra-222, Rn-2I8. Po-214 
U-232 Th-228. Ra-224. Rn-220, Po-216. Pb-2I2. Bi-212, Tl-208-1Q.,362. Po-2I2 ffi.-@ 
U-2.1L Th-23 I 

=========_='~=_2:U~-~na~t Th-234, Pa-234m, lJ-234. Th-23,O, Ra-226, Ro-m, Po-2J8. Pb-2..L1,J}i-2 t1.J>o,-::2I4., 
Th-234,Pa-234m 

~ 
& The quantity may be determined from a measuremenLQfthe rate of decay or ameasurement of the radiati~ 

atJt ,prescribed distance from the s~ 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 


Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuc1ide atomic number (Bq/g) (Ci/g) (Bq) (Ci) 

These values apply only to compounds of uranium that take tb-Sl chemical form ofUF6, U02F2Jlnd UQ2WQlll 

in both norm..aLand accidept conditions of trlIDSllQ.rt. 

Th~lues <'\pply only to compounds of uranium that take the chemical fO!;m of UOLUF4""UCI4, and hexavalent 

compoundsJILbQth normal and accident conditions of transport. 


~. The~lues apply to all compounds of uranium other than those specified in (d) and (el. abov~. 
(g) The~lues apply to unirradiated urnuiumQD]y. 

.. 
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+TABLE A-3: GENERAL VALVES FOR Al AND A2 

Activit); Act jvity Iimits...fur~ 
J,;oncentration cogcentration lirni1£.fur ~ 

consignments 

~ 

fur~ fuL~~Jllm ~IDID 
material material consignments 

OnIy beta or gamma 
~ittjng 
radkrnuclides are 
known to be present 

I x 10-1 2,7 x 10° ;1,4 X 10-1 2,7 X 10-7 

Only alpha emitting 
ra5:Holl~jdes are 2x 10"1 ~~ 2X-,0-5 2,4 X 10-3 

k.rum:ntobep~ 

No relevant data are 
llYll,i1al:2k 1x 10-3 2,7 X 10-12 2,7 X 10-8 

TABLE A-4: ACTIVITY-MASS RELATIONSHIPS FOR URANIUM 

lliani!.lm Enrichm~nt 1 wt % 11.:2..32 Snecifi~ Activi!y 
present 

TBgLg QLg 

ll2U0-7 

!U2 

llx 10~80A2 

V:iK 10-8 1.1 K 10-7 

1 2,8 K 10-8 l,fi K 10-7 

3,7x)0-8 l.J2.xl0-6l.S 

1.0 X 10-7 2b 10-6 
i .5. 

1.8 x1Q-7 4.8xlO-~ 

~ 

12 
3.1 x 10-7 1.0~ 

~1O.7 2,Q X 10-5 
~ 

~ 2.'ixlO·s9.3xl0-7 

2.2 x lQ-6 ;¢$,8 X 10-522 
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I The figures for uranium inylude representative values for th~J;jty of the uranium-234 that is concentrateJi 
duringJh~chment proce~ 
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TABLE IV 
~ A:ND I\1 VALUES FOR RADIONUCLIDES 

DRAFT AppeBaiK A 

S:ymeolof Element and 
Activity 
Radionuclide Atomic No. 

14 

(TBq) 

A
"'+ 

(Ci) 

A.,. 

(TBq) 

A
110J 

(Ci) (TBq/g) 

Specific 

(Ci/g) 

+'/\.r€c .....2!:7::2~5-f'Ar€cfltjfTniltlulHm'H(f-t'l8rl.J9+)--~0.,.t:.6~1-e6-:'%.2~-Hb~d-H0~ 0.270 2.1 xl 0'-' 5.8x 1 04 

-P:Ar€c....,2!:i2';-f7------'l4.yo---11f-bo~8B_0_7!i:2x1f_lw0-4 5.4 hd 0-4 2.7 7.2xl0+ 
Ac 228 0.6 16.2 0.'1 10.8 8Axl04 2.2xl0€> 
Ag 105 Silver (47) 2 54.1 2 54.1 1.1 xl 0'-' 3.0](104 

Ag 108m 0.6 16.2 0.6 16.2 9.7KlO-!­ 2.6JdO+ 

Ag 110m 0.1 10.8 0.4 10.8 1.8KI0'" 4.7xl0'-' 
Ag111 0.616.2 0.5 13.5 5.8KI0" 1.6x10~ 
AI26 Aluminum (13) 0.4 10.8 0.1 10.8 7.0)(10-4 1.9x10~ 
Am 241 Americium (95) 2 54.1 2KI0-4 5Alxl0"'; 1.3xl0-!­ 3.4 
-AAdlm'l-z.24'h2:-Tm&----.....,2~-5~4+.,..+1-,,!2'*K4+l10-4 5Alx10"'; 3.6xl0-!­ 1.0KI0+ 

A1A.dlm'h6<24'+::3~------.:,2~-5~4:j..,..-I-l~2,*J(+Hl0-4 5A 1xl 0"'; 7.41<1 0"'; 
Ar37 Argon(l8) 40 1080 40 1080 3.7)dO'-' 
Ar39 20 541 20 541 1.3 3Axl0+ 
AA""r-44+1---~0':'t.6r-:1l:-e6":'%.2!__01:r..,e6-_i:l,e6-;:z!.2;..-lh.:r.51~dwO€> 4.2K1O"7 
Ar 42 0.2 SAl 0.2 5.11 9.6 2.6KI0'" 

2.0xl0-!­
9.9x104 

As 72 
l'.S 73 
As 74 
As 76 
l\S 77 

At 211 
Ali 193 
Ali 194 
Au 195 

Arsenic (33) 0.2 5.11 
40 1080 40 1080 
1 27.0 0.5 13.5 
0.2 5.11 0.2 5.41 
20 541 0.5 13.5 

Astatine (85) 30 8ll 
Gold (79) 6 162 

1 27.0 1 27.0 
10 270 10 270 
2 54.1 2 54.1 

0.2 SAl 6.2)(104 

8.2xl0'" 2.2xH)4 
3.71dO" 9.91.W4 

5.8xl04 1.6)dOe 

3.9xl04 I.OxiOe 

2 54.1 7.6x1Q4 

6 162 3A1d04 

1.5KI04 4.h.:l0~ 
1.4xl0'" 3.7xl0" 
4.0JdO'-' 1.1xl0~ 

2.bdOe 

9.2xlO~ 

.. 

Ali 198 
Au 199 
Ba 131 
Ba 133m 
Ba 133 

3 81.1 
10 270 

Barium (56) 
10 

3 81.1 

0.5 
0.9 

2 
270 
3 

13.5 
24.3 
54.1 
0.9 
81.] 

9.0K10'-' 2AxlQ~ 
7.7KI0" 2.hdO~ 
2 54.1 3.lxl0'-' 8A,d04 

24.3 2.2xl04 6.lxlQ~ 

9.4 2.61<10'" 

Ba 140 0.1 HJ.8 0.1 10.8 2.7xl0~ 7.3xl04 
Be 7 Bel';'lIilim (4) 20 541 20 541 1.3KH:)4 3.5xl0~ 


Be 10 20 54t 0.5 13.5 8.3xl0-4 2.2xl0~ 


Bi 205 Bismuth (83) 0.6 16.2 0.6 16.2 1.5xl0" 4 .2xl 04 


Bi 206 0.3 8.H 0.3 8.11 3.8'f:1O" 1.0x10~ 


Bi 207 0.7 18.9 0.7 18.9 1.9 5.2xl0+ 
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TABLE IV 

~ i\ND 1"q VALUES FOR Rl\DIOPiUCLIDES 


SYfaaei of Element and t4 A
19:f I<\;. ~ Speeifie 

Aetivity 
Radionuelide Atofaie No. (TBq) (Ci) (TBq) (Ci) (TBq/g) (Ci/g) 

i:SBt-i2;:!;-1HoHlfaa-----~0,.".3~8.,_/.1_tl____=3f_*x:_tl:llO~ O. S11 2. btl O~ 5 .7xl 0-4 
i:SBt-i2;:!;-lHOf------J0~._e_6~16tr..2_=_-Y0~.5~_l1,..,,3~.5r----4'l-:-.&l6}*'li:lrHOJ 1.2x1O~ 
i:SBt-i2;t;-lh2:---~0~.-::;-3~8.cr}+-1--y0-d.3..--~8t-:-.lHl--;5:r.."H4}*'l~lrHO~ 1.5x 10+ 
i:SB*k-'.!2447+---jB~eiWr~l(e*lttiiHtHfaH(~9+7)t----,2~-c5~41-:-.1t---z!'2xltclI-H0-4 5.4 1xl O~ 3 .8x 1 O~ 1.0 

BI( 249 40 10SO 8xl0~ 2.16 6.h"10+ 1.6xl0J 
Br 76 Brofaifle (35) 0.3 S.lI 0.3 S.U 9.4x104 2.5xl0li 

BF :;Z:;Z 3 8U 3 8Ll 2.6xl04 7.1xl0~ 
BF 82 0.4 10.8 0.4 10.8 4.0xl04 1.1xl0li 

Cll Carbon (6) 1 27 0.5 13.5 3.1xlO+ 8.4xl0& 

C 14 40 1080 2 54J 1.6xl0-l­ 4.5 
Ca 41 Caleil:tfa (20) 40 1080 40 1080 ~Uxl0~ 8.5}dO~ 
Ca 45 
Ca 4=7 

40 1080 
0.9 24.3 

0.9 
0.5 

24.3 
13.5 

6.6xl0~ 
2.3*104 

l.8}!:H)4 
6.1xH)~ 

Ca HI9 Cadmiufa (48) 40 1080 1 2+.0 9.6xl0+ 2.6xl0;' 

Cd 113m 2Q 541 9xlO~2.43 8.3x104 2.2*10~ 
Ca H5fa 0.3 8.U 0.3 8.H 9.4xlQ~ 2.5xlQ4 
Cd 115 4 lQ8 0.5 B.5 L9xlQ4 5.1xIQ~ 
Ce 139 CeriHm (58) 6 162 6 162 2.5xlQ~ 6.81dQJ 
Ce 141 HI 27Q 0.5 ELS u*Hi 2.8*H}4 

Ce 143 0.6 16.2 0.5 13.5 2.5*104 6.61dO~ 
.. 


Ce 144 Q.2 5.41 0.2 5.41 1.2}dO;< 3.21dQJ 

Cf248 CaliferniHfa (98) 30 811 3xl0"; 8.11xlO~ 5.8xlO+ 

Cf249 2 54.1 2xlO-4 5.41xlO~ 1.5xl0-l- 4.1 

Cf25Q 5 135 5xlQ-4 1.35xl0~ 4.0 1.11<10;< 


Cf251 2 54.1 2xl0-45.41*1O~ 5.9*10~ 1.6 

Cf252 0.1 2.7Q 1*10";2.70xl0~ 2.01<10+ 5.4xlO~ 

Cf 253 40 1080 6xlO~ 1.62 1.1*10;' 2.9*104 


bC-f-f-J6-253-<4+----3:+l1*'l.1-w0..; 8.11xlO~ 6}d0-4 1.62xl0~ 3.blO~ 8.5*10;) 

CI36 Chlorine (17) 20 541 0.5 13.5 1.2x1O~ 3.3*IQ~ 


bC+-1:;.;381S-----01f:.-i:2~5.:44+1-4l0':z.2!---:5l-:'.4'Hlt--44:.¥:9*~lKlOli 1.3 x 1 0& 

bCffml-:26"'4I-bQI-----IC~utl:fr'*iltfltfaFl:_(..,9Je6+)----'44~0'---,1H:JQ~8QY---c2bJxt-ll*'O~ Q. 5 4 1 7.5* 1 O~ 2.0*104 


Cm 241 2 54.1 0.9 24.3 6.hlO:;! 1.7,d04 


bCfl1faM2:b"141-:C2-----'4*01--1HO~8y.O---Hl1H~l.yQ~ 0.27Q 1.2*10~ 3.3* 10; 

t'Cfl1mh2:b"14~3-----:3,;---....;8ts-11,.,.,.1f__3~xH1.y0-4 8.11 xl 0...;) 1.9 5 .2x 10+ 


~Gffffi:1-;26"'41_'!4------"!-4--HIO:Hl8i---4i4xlt-llr-HO-4 1.081{ 1O~ 3.0 g.l 1{ Hi 
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TABLE IV 

~ i\ND A~ VA,LUES FOR RA,DIONUGLIDES (CoHtif'lbWd) 


A A AS;'meel ef Element and rq.: '4 rq l~ Speeifie 
Aeti>ti*;' 
Radienuelide Atemie No. (TBq) (Gi) (TBq) (Gi) (TBqlg) (Ci/g) 

(.,G~m~244::5:r---------,2:,.-~54q..,.+1--.:2f*x,wl0-4 5.4 1xl 0-+ 6Ax 1 0-+ 1.7x 1 0-+ 
f:G~mH-24~6~---_.;2.:!_~54'l-:.+1--7:2~x~10-4 5A 1xl 0-+ 1.1x 104 3.1 x 10-+ 
f:G*mT-2~44.;7~----':'2&--5~41..+1----,:2,*x-H:JI0-4 5A 1xl 0-+ 3.4 x 1 0-9 9.3 ii: 1 04 

Gm 248 4x104 1.08 5x10-4 1.35xl0-+ 1.6xl0-4 4.2xl0"; 

f:G:ee-,!i5~5-G~eb~a~ltl:-4(7!:2+7)1--..y0-:.§.5--t1~3~.S---40~.5:r--:l-:13,.".5~+1:4.I*xw1 3.1 x 1 oeO~ 
.f:G;.ee~Si{i6..----{l0~.3H8~.lHll--u,0.d-3-~8;.,.;.lHl-±-:1.+h""'t1wOJ 3.Oxl 04 

(..G~e-=5~7~--~8l--...;,2Hl-e6-~8---,!2H-le-6----,3~.+h""'tlwO~ 804 x 1 0" 
(..G~e-=5~8rAm~----44\0:J---l-IlOtH8~01----'l4~0--:H1O~8it10"--.!2"",,.2,*x,wl 5.9xl oeO~ 
(.,G;ee~S~8l----+----,,2~7~.0:J--+l---i2':-f7-:t.0J--±-:1.-£-.2J""'''1wO" 3.2xl 04 

.f:G;.eo-{6~0L----u,0.:44-+101:J.;.~8~O~AI--.....,IH:OJ.:-l.8s--4:4.C1:::21"",dwOl- 1.1 x 1 0" 
Gr51 Ghromium(24) 30 811 30 811 3Axl0" 9.2x104 

04(.,G~s-ll~2lJ9tG;ee"5-lsifHlIHmH(-3S.:-rS)+-44----l-I101:M8s---'!4f---+l10~8)--....:2~.8H1X:-H:I1 7.6x 1O~ 

("'G;s.s-+1;;..3-1-1---4140:J---l-I1OtH8s.1j0I--44~0---j1t-1:10f5801:f---:3;;-'.-6i8J"""It-l:lO;> 1.Ox 1O~ 

f::G:s..s...f.l~32.:!_--+1--2!2'rl-7.:f.01---1-1-~2+7.:+10--,:501-:-.7+l1'Hi'1~0;· 1.5xl O~ 


Gs 134m 40 1080 9 243 3.0xlO~ 8.0x10e 
Gs 134 0.6 16.2 0.5 13.5 4.8xl0+ 1.3xl0; 
Gs 135 40 1080 0.9 24.3 4.311:W4 1.21i'10-+ 
Gs 1:36 0.5 13.5 0.5 13.5 2.7x10;> 7.3x104 
Gs 137 2 54.1 O.S 13.5 3.2 8.7~dO+ 

(.,G;Wu-#6144-bGeiOpfHp*e~r+-,(2~9J+)~5--11""3~5-40H.9~-2i:'4+:-.3~-tl.,.Oj.4*xwl0~ 3.9](lOe 

(.,G~U...f6:w7l-..--..y9L.-...;,2f.'l4~3-~0.;'f9-;",,,.....z2f44-;::.3f--2.e-:.iS-81"",tlW04 7.6xlO~ 
0;,159 D;,sprosium(66) 20 541 20 541 2.1xl0~ 
tDPty'-lIt.€6~5---ij-0.066-+1&.6.~2-40"".5~-]1-::j3~.5~::!-:3.~Oxx:-IwO~ 8 .2x I oe 
tDPty'-lIt.€6~6---ij-0.d3-4t8.,..t.l+1-40,"",.3!---i8s.,..+,111--~8.:e61X:-flwO;> 2.3 xl O~ 

Er 169 Erbium (68) 40 1080 0.9 24.3 3.111:10;> 8.3xl04 

Er 171 0.6 16.2 0.5 13.5 9.01(104 2AJdOe 

Es 253 Einsteinium (99t 200 5400 2.1xl04 5.4x 1 0-+-----
Es 254 30 811 3xl0-+ 8.11xl04.----
Es 254m 0.6 16.2 0.4 10.8 

Es 255 
Eu 147 
Eu 148 

Europium (63) 
0.5 13.5 0.5 

2 
13.5 

54.1 2 
6.0xlO~ 

54.1 l.4xlOJ 

1.6xl04 
3.7xl04 

EI:i 149 20 541 20 541 3.5xlO~ 9.4xlO;> 
Eu 150 0.7 18.9 0.7 18.9 6.bd04 1.6xl0e 

aI.~ . 1 I· Cjj;: /.. . . If"' ft. I C 4 ~MLLA ,,~lu~.- ,4'llel"l'Iahefl8. Srilp/'lieflt5 0 4MS-el1'llttl'lll'e€!!l11'€ /'Ii'" htl-erEl8j!1f}."e·,EI0 ,~~ 

Ell 152m 0.6 16.2 0.5 13.5 8.2xl04 2.2xlO~ 

Ell 152 0.9 24.3 0.9 24.3 6.5 1.8xlO~ 

Eu 154 0.8 21.6 0.5 13.5 9.8 2.6xIO~ 
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SSR:CR: Velutne [ February 1999 Appendix A 

TABLE IV 

At AND A~ VALUE£ FOR RlJ)IONUGLIDE£ 


A A ASymbol of Element and rq; 14 l~ 1~ Specific 
,<\eti>.<ity 
Radionuelide Atomic No. (TBq) (Ci) (TBq) (Ci) (TBq/g) (Ci/g) 

Eu 155 20 541 2 54.1 1.8xWI- 4.9xlO:< 
Eu 156 0.6 16.2 0.5 13.5 2.0]dO~ 5.5xt04 

~ 18 ~Iuorine (9) 1 2f.0 0.5 1~.5 ~.5xHt' 9.5xW+ 
~e 52 Iron (26) 0.2 5.41 0.2 5.41 2.fxl0~ +.;;xl Q!> 
~e 55 40 HHW 4Q H)80 8.8xl Q+ 2.4~tlQ~ 
~e 59 0.8 2L6 0.8 21.6 L8xlQ; 5.0xlQ4 
~e 60 4Q lQ8Q Q.2 5.11 fAxHr4 2.Qx1O-a 

~m 25 S ~ermiHm (1 00)1Jt-~1'H0f--+l1O~8t1:1Q-tl0:t!.8,---:::2:-tl-;{'.6~---
i'-~mffi-:26:5Hf'------1H:0:f--7!:r2++t0:f--~&r:I!:x:-MflO-J 21.6xl 0-+----
Ga 67 GalliHm (~1) 6 162 6 162 6.0xlQ~ 
Ga 6& 0.3 S.l1 OJ S.l1 l.SxlO!> 1.btlO+ 

Ga n 0.4 lQ.& QA 10.8 l.lxlO~ ~.lxl0!> 


Gd 146 GadoHniH:m (64) QA 10.8 0.1 10.& 6.91(10:< 

Gd 148 3 S1.1 3 x 10-4 8.11 x 1 0-J--,11-::.2t;---,3:!h".2::e;x'lrll~0+ 

Gd IS3 10 270 5 135 Ux1O;! 3.SxIO" 

Gd 159 1 lOS 0.5 13.5 3.9xl04 l.lxW!> 

Ge 68 GermaniHm (;;2) 0.3 S.11 Q.3 S.11 2.6xl0:< f.lx10; 


Ge 71 40 lQ80 40 10SQ 5.8xlO~ 1.6]dO~ 


Gen 0.3 8.11 OJ 8.11 1.3x10~ 3.6xlO!> 

H3 HydHJgen (l) See T Triti1:lm 

Hfln Hafnium (72) 0.5 13.5 Q.3 8.11 4.1xlQ"1­
Hf 175 3 81.1 3 81.1 3.9xlQ;! 


flHft-f+lts-81l------i:26---i5~4f-:.,.11----'0lf:.y...9-,:,.24'hJ:::;.--&6-dJ*xl~Q;! 1.7x 104 

fo!HH'f-:l:I4S8:.!-2-----"l4--,1~Q~8-~3)x:-dwQ-d-\jQ~.8Hl+l-cSr..HIxHl~O-!> 2.2x10-4 
Hg 194 Mercm'y E8Q) 1 2+.0 1 27.Q 1.3Jt10-+ 3.5 
Hg 195m 5 135 5 US 1.5x104 4,O)(10~ 
Hg 19+m 10 27Q 0.9 24.3 2.5xl04 6.+x1O~ 

i-1Hl1=g~1f-Y9~+---+1Q\:l---:r!:2..fJ,+0tf---llcl::fO'----:2,:,+~01--"':}_9.::2*x~1 2.5 x lQ~0" 
~Hl1:!g~2~0@3---44-+1.(:J;08!S-4:0hl.9f--:2.y.4'"".3;.-~S;_t.l*xwl 1. 4*104O;! 
Ho 16~ Holmi1:lm (6+) 40 1080 40 1080 2.7 7,61(10+ 
He 166m 0.6 16.2 Q.3 S.Il 6.6xW-a 1.8 

04flHl-eo-'1~6f(36--~Q~.3~8s..1_,1lI__IfO."'3-~&r._.lHI1-2:t;,.~61*iwl +.O}!:! O~ 

I f2~ IOElise f§;;j e fe~ 6 ie~ 7.1*104 L9xHt 
I 124 0.9 24.3 0.9 24.~ 9.;;x10" 2.51!:10~ 
I 1;1§ 2Q §41 ;1 54.1 6.4xlO~ L+~<Ht 
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TABLE IV 

~ AND ~ Vi\LUES FOR RADIONUCLlDES (ConfinMed) 


i\ i\ i\ i\8YIHBeiof Element and i~ T4 Tt:;! it:;! Specific 
"&.cti't'ity 
Radionuclide Atomie No. (TBq) (Ci) (TBq) (Ci) (TBq/g) (Ci/g) 

I 1~6 ~ §4.l 9.9 :t4.J ~.9*Hl~ 8.9*19
4 

I 1:t9 Unlimited Unlimited Unlimited Unlimited 6.h19-4 1.8)(10-4 

I 1 J I J 8U 9.§ IJ.§ 4.6:ld9~ L:t*H~~ 
I fJ:;3 9.1 19.8 9.4 19.8 J.8*19~ 1.9)(19+ 
I IJJ 9.6 16.~ 9.§ B.§ 4.2)(194 

1.1*19' 

I 1J4 (;).J 8.n 9J 8.H 9.9*Ut ~.+*19+ 

I B§ 9.6 16.~ g.§ IJ.§ LJ)(19~ J.§:1.19' 

In 1H bulium (49) 2 §4.l ~ §4.l 1.§*194 4.~*Hi 
In llJm 4 198 4 198 6.2*19~ 1.+*19+ 
In H4m g.J 8.U g.J 8.11 8.6:1.19; ~.J)(l 94 

In ll§m 6 162 9.9 24.J ~.2:l<19~ 6.ht19' 
Ir 189 Iridium (++) 19 2+9 19 2+9 1.9*19~ §2*194 

Ir 199 Q.=7 18.9 Q.+ 18.9 2.J)(19;> 62:ld94 

If 192 1 2+.9 9.§ IJ.§ J.4*IO~ 9.2*19; 

If 19Jm 10 2=79 10 2+9 2.4*19; 6.4*19

4 


If 194 9.2 §.41 9.2 §.41 J.I*19
4 8.4:ltl9,) 


K 49 Petassium (19) 9.6 16.2 9.6 16.2 2.4*19-+ 6.4*10-4 


K 42 9.2 §.41 9.2 §.41 2.2:l<Ht 6.0}d9ii 

K 4J 1.9 2+.0 9.§ IJ.§ L2*Ht J.3*19' 
Kr 81 Kr;'pton (J 6) 40 1989 49 1980 +.8*19-4 2.1*lQ~ 
~r 8§m 6 162 6 162 J.9*19~ 8.2*101i 


Kf 8§ 29 §41 to 2+0 Ui*WI- 3.9*IQ;! 


Kr 8+ 9.2 §.41 9.:t §.41 1.9)d9& 2. 8:li:1Q+ 

La In Lanthanum (H) 49 lQ80 ~ §4.1 1.6Jd9-J. 4.4*W~ 

La 149 9.4 10.8 0.4 10.8 2. 11d94 §.6]d9~ 


Lu 1+2 Lutetium (+1) 9.§ 13.5 O.§ 13.§ 42:l(W~ U*IO~ 

Lu I+J 8 :t16 8 216 §.6*IQ+ 15*19" 


Lu 1+4m 20 311 8 216 2.9*19;1 §.J*19~ 

Lu 1+4 8 216 4 198 2.3*19+ 6.2*10; 

Lu In JO 811 9.9 24.3 4. hdO; l.l*lQ~ 


MFP For mi*ed fission products, use furmula fur mhctures or TABLE V. 

Mg28 Magnesium (12) 92 §.41 9.2 5.4 1 2.9*10~ 5.4dOIi 


Mn §2 Manganese (2§) 9.3 8.11 9.3 8.11 1.6*104 4.4]dO~ 


Mn §J Unlimited Unlimited Unlimited Unlimited 6.8*19-4 

Mn 54 1 2+.0 1 2+.9 2.9*1O;! +.+1<10" 

Mn 56 02 5.41 O.~ §.41 8.0*10~ 2.~)(1O+ 


Mo 93 MolYBdenum (42) 40 1980 + 189 4.1*1O~ 1.1 
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TABLE IV 

~ AND A;1 VALUES FOR RADIONUCLIDES 


A A ASj'mt'lolof Element and 1",-+ 1i:.j. >q rq Speoific 
Activity 
Radionl:lclide Atomic No. (TBq) (Ci) (TBq) (Ci) (TBqlg) (Ciig) 

Mo 99 0.6 16.2 0.5 13.5et 1.8*104 4.8*10.$ 

N 13 ~~itFogen (+) 0.6 16.;;! 0.5 n.5 5.4*W" 1.5*10
9 

Na ~:6 Soail:lm (11~ 0.5 13.5 0.5 13.5 :6.3~dO~ 6.3~dO" 
Na ~4 
lIo~t'l9~m 

Ns 93m 

O.~ 5.41 O.~ 

Niosilim (41) 
4Q lQ80 

5.41 
0.+ 

6 

3 .:6~i:1 0.$ 
18.9 Q.+ 
16~ 8.8 

8.hlO(i 
18.9 5.~*W' 
~,4]dO~ 

1.4*10.$ 

Ns 94 0.6 16.~ Q.6 16.~ 6.9xl<r';> 1.9*104 

Ns 95 1 ;;!+.O 1 ~+.O 1.5*10" 3.9*104 

lIo~s 9+ Q.6 l6.~ 0.5 13.5 9.9~.lQ" ~.+)dO" 
Nd 14+ ~~eodj'milim (603 4 108 0.5 13.5 3.0xl0" 8.1 ).,) 04 

Wd 149 0.6 16.2 Q.5 n.5 4.5xl0.$ 1.2*10" 

Ni 59 ~J:icl~el (~8) 4Q 1080 
lIo~j 63 40 1080 3Q 
Ni 65 4U S.1I 0.3 
lIo+p 235 ~+efltl:lnil::l:m (93) 

40 
8n 
8.H 

4(,) 

lQSO 3.0*10"'; 8.0]i:l0"'; 

iU 5.+).10+ 
+.1*10" 1.9)<10+ 
1080 40 1080 5.2)dO+ 1.4x 10" 

Nfl ~36 + 189 1*1 0"';2.+0*1 O~ 4.+)!:1O-4 1.3*1 O~ 

Np 23+ ~ 54.1 2xlO-4 5,4lKIQ"'; 2.6*104 +.1)(10-4 

~tfJ ~39 6 162 Q.5 13.5 8.6*10" 2.3*10" 

Os 185 Osmil::l:m (76) 1 2+.0 1 27.Q 2.8xlQ~ 7.5*W' 

Os 191m 40 108Q 40 1080 4.6*104 1.3K1O(i 

Os 191 1Q 270 0.9 24.3 1.6Jt10" 4,4*104 


Os 193 Q.6 16.2 0.5 13.5 2.0*104 5.3*10~ 

Os 194 O.~ 5,41 O.~ 5.41 l.hdQ+ 3.hdO~ 


P32 Phosphoms (15) 0.3 8.1l 0.3 8.11 1.1*10
4 ~.9*10~ 


P 33 40 1080 0.9 24.3 5.8J(} 0" 1.6xl0~ 


Pa 230 PFOtactinium (91) ~ 54.1 0.1 2.+0 1.2*10" 3.311:104 


¥Pa-a~~","3+-1---I::lQ~.6r--ilK:l61-;-z.2!;--ei6}~dH:JQ4 1.62* to"'; 1.7* I0"'; 4 . +* 1 O~ 

Pa 233 5 135 0.9 ~4.3 +.7*IQ~ 2.h!:Hl 

PS 201 Lead (82) 1 27.0 1 27.Q 6.2*104 1.+*10(; 

Ph ~Q2 40 1080 2 54.1 1.2*10-4 3.4xl0"'; 

Pb 203 3 81.1 3 8 l.l 1.1 xl 04 3 .0Jd 0" 


!!i-](} Gift.. ,H-ew fe)' demesNe ust' 

PS ~05 Unlimited Unlimited Unlimited Unlimited 4.5*10-4 
Pb 21Q 0.6 16.2 9xlO"'; Q.243 2.8 7.6~dO+ 
Ps 21~ 0.3 8.11 0.3 8.11 5.1xl04 lAxlOe 
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TABLE IV 

~ AND A~ VALUES FOR R:l\DIONUCLIDES (Centinued) 


A A ASymesl af Element and ILl' 1"4 lq l<;! Specifio 

Actiyity 

RadionHcliae Atomic No. HBEt1 €Gij (+BEt1 EGi1 HBEt/g} €Gi'£g) 


Pd 103 Pallaaium (46) 40 1080 40 1080 2.8xlO~ 7.5Kl04 

Pa 107 Unlimited Unlimited Unlimited Unlimited 1.9x10-4 5.1xI0-4 


+<Pe-d-tl~0,+9---tJ0':-l'.6t--ll:-e6'=7:.2~01:f:.~5--tl-::;.37.3.5>---7+-:.'J'9x~1H:J04 2. hoI 0" 

Pm 143 Promethium (61) 3 81.1 3 81.1 1.3xl0~ 3.4xlO~ 


¥PffmH-'14f."141---------t0~.e_6~16iT..-iT2-\:J0~.6t----lH6~.2i;-~9~.2'*x+l:lWl- 2.5xW' 

Pm 145 30 811 7 189 5.2 1.4x10~ 


Pm 148m 0.5 13.5 0.5 13.5 7.9xl0rl 2.1xl04 

Pm 149 0.6 16.2 0.5 13.5 1.5xl04 4.0xl0" 

Pm 151 3 81.1 0.5 13.5 2.7xl04 7.3xJO" 

Pa 208 Palonium (84) 40 1080 2xW-~0.541 2.;2;x 10" 5.9xl0~ 


Po 209 40 1080 2xl0-2 0.541 6.2x1O-l- 1.7JtHt 


Po 210 40 1080 2x10-2 0.541 1.7xlOrl 4.5xlO~ 
4Pr 142 Praseodymium (59) 0.2 5.41 0.2 5.41 4.3xl0 l.;2;xIO" 


Pr 143 4 108 0.5 13.5 ;2;.5xl0~ 6.7xl04 

*",Pte-lH8H18;....JPtLllfI:1a1tttin*utflmfH-t(74S8+)--~O~.6~1-e67z!.2;..--10~.&6-+<16iT..2:t-~2.,.::.5,*x+l:ll0:; 6.8x1 04 


Pt 191 3 81.1 3 81.1 8.7xl0:; 2.41dO" 


Pt 193m 40 1080 9 243 5.8xlQ~ 1.6xHl" 
Pt 193 
Pt 195m 
Pt 197m 
Pt 197 

40 

20 

1080 
10 
10 

541 

40 
270 
270 
0.5 

1080 
2 
0.9 
13.5 

1.4 3.7x104 
54.1 6.2xHl 1.7xlO') 

24.3 3.7J.H)" 1.0xW' 
3.2>i:l04 8.7xl0') 

.. 

Pu 236 
Pu ;2;37 

Ph:ltonium (94) 
20 541 20 

7 
541 

189 711:10-41.89x10-2 
4.5xlQ~ 1.2xl04 

2.0xlO" 5.3xl0rl 

Pu 238 2 54.1 2,d0-4 5.41xI0~ 6.3xl0-l- 1.7JdO" 

Pu 239 2 54.1 2xl0-4 5.4lxl0~ 2.3xlO~ 6.2xl0-2 

Pu 240 2 54.1 2xl0-4 5.41xl04 8.4x104 2.3xl0-l-


Pu 241 40 1080 lxl0-20.270 3.8 1.0xl0rl 


Pu 242 2 54.1 2xl0-4 5.4lx104 1.5xl0-4 3.9li:l04 


Pu244 0.3 8.11 2x]0-4 5.41xl04 6.7x10-+ 1.8xl0-4 

Ra 2;2;3 Radium (88) 0.6 16.2 3xl0-2 0.811 1.9xl0~ 5.1x104 

Rit 224 0.3 8.11 6x10-21.62 5.9xlO:; 1.6xlQ" 


Ra 225 0.6 16.2 2Jd 0-2-\j0~.5~4rtl--1:-:1.~5)1i:-tlH10~ 3.9xl04 


Ra 226 0.3 8.11 2xlO-2 0.541 3.7xlO-2---r-1.~O 

Ra 228 0.6 16.2 4xl0-21.08 l.Ox 1 0" 2.7x10~ 

Re 81 Rubidium (37) 2 54.1 0.9 24.3 3.1xlO,) 
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TABLE IV 

At. A,ND A~ VALUES FOR RADIONUCLIDES 


J'q rqSYffieolof Eleffieflt afld A~ A t\q Speoific 
Activity 
Radiofluelide Atoffiic No. (TBq) (ei) (TBq) (ei) (TBqlg) (ei/g) 

Rb 83 2 54.1 2 54.1 6.8x19~ 

Rl> 84 1 27.9 9.9 24.3 1.8xlO; 4.7x1 04 


Re 86 OJ 8.11 0.3 8.11 3.9xl0; 8.1xl04 

Rb 87 Uflliffiited Unlimited Unlimited Unlimited 3.2x19-9 8.6xl0-8 

Re (Ratural) URIiffiited Unliffiited URliffiited Unlimited 6.7x19€1 1.8xl08 


Re 183 Rhenium (75) 5 135 5 135 3.8x19~ 1.0xl04 


Re ] 84ffi 3 81.1 3 81.1 1.6x19~ 4.3~<Hi 

Re 184 1 27.9 1 27.0 6.9xlO;' 1.9x104 


Re 186 4 108 0.5 13.5 6.9xl0; 1.9~~10~ 


Re 187 Unlimited Uflliffiited Unlitnited URlimited IA xl 0-9 3.81<10-8 

Re 188 Q.2 5,41 0.2 5,41 3.6xW4 9.8xW~ 

Re 189 4 198 0.5 13.5 2.51dQ4 6.8xW~ 

Re (Ratural) Unlimited Unlimited UnIiffiited Unlimited 

Rh 99 Rhodium (45) 2 54.1 2 54.1 3.0xl0; 

Rh 191 4 1084 1084.bdO+ 1.1xl0; 

Rh 192ffi 2 54.1 0.9 24.3 2.3xl0;! 6.2xl0; 


Rh H)2 0.5 13.5 0.5 13.5 4.5*H)+ 1.2*IQ; 
Rh 103m 40 1080 40 1080 1.21.1 QII 3.3Ji:Hi;z 
Rh 105 H) 270 0.9 24.3 3.h.l04 8.4x19~ 
RR 222Raaon (86) 0.2 5.11 4xl0";0.108 5.+xHI; 1.5x19~ 

.. 4
Ru 97 Ruthenil:lffi (44) 4 108 4 198 1.7x19 4.6*10~ 

RI:I 103 2 54.1 0.9 24.3 1.2*19; 3.21tl94 

Ru 105 0.6 Hi.2 9.5 13.5 2.5xW~ 6.7*10€l 
Ru 106 0.2 5,41 9.2 5,41 1.2x19~ 3.3*10; 
S 35 SulfuF 06) 40 1980 2 54.1 1.6,,19; 4.31.104 

Sb 122 Antiffiony (5 1 ) 9.3 8.11 OJ 8.11 1.5xl04 4.9xl O~ 

Sb 124 Q.6 16.2 Q.5 13.5 6.51i:lQ;! 1.71dQ4 

Sb 125 2 54.1 0.9 24.3 3.9xH)+ 1.0](;19;
4Sa 126 0.4 H,).8 9,4 10.8 3.h.l0; 8.4*19


So 44 SCaRdiHm (21) 0.5 13.5 0.5 13.5 6.7xl0~ 1.8*10+ 

So 46 0.5 13.5 0.5 13.5 L3*W; 3,4~.104 

Sc 47 9 243 0.9 24.3 3.1xW4 8.3](19~ 


So 48 0.3 8.11 9.3 8.11 5.5xl04 1.5x] O€l 

Se 75 Seleniuffi (34) 3 81.1 3 81.1 5,41£10;1 

Se 79 40 ]080 2 54.1 2.6xl0"; 7.0x19~ 
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TABLE IV 

A.t- AND ~ VALUES FOR RADIONUCLIDES (cort/inued) 


A A ASJ'fHbolof Blement and 14 rq 1~ j~ Speeifie 
Aetivit;y 
Radionuelide Atomie No. (TBq) (ei) (TBq) (ei) (TBq/g) (ei/g) 

Si 31 Silieon (14) 0.6 16.2 0.5 13.5 1.4JdO<> 3.9*10+ 

Si 32 40 W89 0.2 SAl 3.9 1.1*19" 
Sm 145 
Sm 14+ 
Sm 151 
Sm 153 

SamafiHm (62) 
YalifHitea 

40 1080 
4 108 

29 541 
Ynltmitea 
4 108 
0.5 13.5 

20 541 
t:Jnlimited 
9.+*10-1­
1.6*194 

9.8Jd9+ 
YnlifHited 
2.61,,1(:)+ 
4.4)(1O~ 

2.6*IQ;JC 
8.5*IQ-I-Q 2.3*10-8 

Sn 113 Tin (50) 4 
Sa Il+m 6 
Sn 119m 49 
Sn 121m 49 
Sn 123 0.6 16.2 

198 
162 
IG8G 
lQ80 
0.5 

4 
2 
4G 
Q.9 
13.5 

108 3.+K1 Q" 1.QKIQ4 

54.1 3.0]!:19" 8.21.194 

IG8G 1.4),,1(:)" 3.+*10:'> 
24.3 2.0 5.4*:10+ 
3.9KH:>" 8.2K1O:'> 

Sn 125 
Sn 126 
Sf 82 
Sf 85m 
Sf 85 

9.2 SAl Q.2 
0.3 8.H G.a 

StfontiHm (38) 
5 135 5 
2 54.1 2 

5,41 
8.n 

Q.2 
135 
54.1 

4.9KlQ~ 
1.G*lQ-J 
5,41 0.2 
1.2KI0<> 
8.8*1O;! 

LlK1(:)~ 

2.SJ"W";; 
SAl 2.3KW:'> 
3.3KW+ 
2.4Kw4 

6.2KIQ4 

... 

Sf 8+m 
Sf 89 
Sf 9Q 
Sf 91 
Sr 92 

3 SLI 
0.6 16.2 
Q.2 5,41 
9.3 S.H 
0.8 21.6 

3 
0.5 
9.1 
9.3 
Q.5 

8U 
13.5 
2.+9 
S.H 
13.5 

4.8KI0~ 1.3Ji:Hi 
1.1K19:'> 2.9K194 

5.1 1.4*W" 
1.3).IQ~ 3.6KIQ<> 
4.+KW~ I.3KlO+ 

T 
Ta 1:;Z8 
Ta 1+9 
Ta 182 
Tb 15+ 

Tritium En 4Q 
TantalHm r73) 

39 SIl 30 
Q.8 21.6 9.5 

Terbium (65) 4Q 

lQ8Q 
1 

Sll 
13.5 
108Q 

4Q 108Q 
2+.9 1 
4.1KH)"+ 
2.3*1(:)" 
10 279 

3.6*IQ" 9.+K10:'> 
2:;Z.Q 4.2K19a LIKIo

g 

1.IKIQ~ 

6.2KUi 
5.6KlO-I­ 1.5xlO+ 

Tb 158 
TI:! 160 
Te 95m 
To 96m 
Te 96 

I 2+.0 0.+ 
Q.9 24.3 Q.5 

Teeknetil:ll'ft (43) 
QA 10.S 

9.1 10.8 Q.4 

18.9 
13.5 

2 
0.4 
19.8 

5.6K1Q-I­ 1.5KI0+ 
4.2).1O;! 1.IKIQ4 

54.1 2 54.1 8.3*lQ" 
lQ.S l,4KIQa 3.81<19+ 
1.2*lQ4 3.2?1O~ 

2.2*lQ4 

-tT-&e-Y9Lf+mml------4'HOl--+'W1ll8'H:0J--...<141-t10'---+lW~8H-lO~5~.6~x4+l10" 1. 5*W4 
Te 9+ Unlimited Ynlimited t:Jalimited Unlimited 5.2*10-4 lAKW-J 
-tT-&e-Y9~8---~Qf;_;.+l---ll~8~.91--YcO.;-f+--Il~8""'.9J_..,3:+:.:r:2)*"dwQ-4 8.7x 1 Q-4 
-tT-&o-Y9'¥9mm:-----.....;8~~2-H16~48~~2~lH6~-l1.,i;.9~)i:;...Hf] 5.3x W<>Q~ 
-tTve~9~9----'f4~Q___1I'"*'O~8+l-Q-+1-9.,"J9'--...,,2""4..,.,..3;....-61't-:.-+3]*""lI-HO-4 l,+K 10";; 
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TABLE TV 

~ AND ~ VALUES FOR Rt\DIONUCLIDES 


A A A ASymeelof Elemeat aad n:.j. 74 1>;,1 lq Specific 
Activity 
Rad ienue I ide Atomic No. (TBq) (Ci) (TBq) (ei) (TBq/g) (Ci/g) 

Te 118 Tellurium (52) 0.2 S.41 0.2 5.41 6.8xlO" L8xHr~ 


Te 121m 5 135 5 135 2.6xl0~ 7.0xl0" 

Te 121 2 54.1 2 54.1 2.4xl0" 6Axl04 


Te 123m 7 189 7 189 3.3xl0~ 8.9xl0" 

Te 125m 30 811 9 243 6.7)dO~ 1.8xl04 


Te 127m 20 541 0.5 13.5 3.5uW' 9.4 x 10" 

Te 127 20 541 0.5 13.5 9.8x104 2.6xl0'; 

To 129m 0.6 16.2 0.5 13.5 1.1xl 0" 3J~~d04 


Te 129 0.6 16.2 0.5 13.5 7.71<10,) 2.htlO+ 

Te 131m 0.7 18.9 0.5 13.5 3.01d04 8.0xlO~ 


Te 132 0.1 10.8 OA 10.8 1. hd 04 3.0xl0') 

Th 227 Thorium (90) 9 243 hdO-4 0.270 1.1xl0" 3.1xl04 


Th 228 0.3 8.11 4xl0-41.08xl0-4 3.0xlQ"1- 8.2xl0~ 

Th 229 0.3 8.11 3xl04 8.11xl0-4 7.9xl0-4 2.1xl0-+ 

Th 230 2 54.1 2x1O-4 5.11 xl 0-4 7.6xl0-4 2.1xl0-4 


Th 231 40 1080 0.9 24.3 2.0xl04 5.3xlO~ 


Th 232 Unlimited Ualimited Ualimited Ualimited 4.0xI0..l}. 1.1 xl 0-+ 

Th 234 0.2 5A 1 0.2 5,41 8.61dO~ 2.3)(104 


Th (natural) Ualimited Ualimited Ualimited Ualimited 8.1xI0..l}.--_2"",.2axHltoO-+ 

Ti 44 Titaaium(22) 0.5 13.5 0.2 5.41 6,4 1.7x10~ 

TI200 Thallium (81.1) 0.8 21.6 0.8 21.6 2.2xl04 6.0xl0') 

TI201 10 270 10 270 7.9xl0" 2.1xI0~ 

TI202 2 54.1 2 54.1 2.0xl0" 5.3x104 


TI204 4 108 0.5 13.5 1.7xl0+ 4.61(10~ 

Tm 167 Thulium (69) 7 189 7 189 3.1xl0" 8.5x104 


Tm 168 0.8 21.6 0.8 21.6 3.1xl0~ 8.3x1O'· 

Tm 170 4 108 0.5 13.5 2.2xl0;l 6.0xl0" 

Tm 171 40 1080 10 270 4.01.10+ 1.1 xl 0" 

U 230 Uraaium (92) 40 1080 lxl0-4 0.270 1.0x1O'· 2.7xl04 

U 232 3 81.1 3xlO-48.11xl0-4 8.3 x10-+ 2.2xl0+ 


U 233 10 270 1xl 0"; 2.70)(10-4 3.61(10-4 9.7xl0"; 
U 234 10 270 1 x 10"; 2.70xl0-4 2.3xlO-4 6.2xl0"; 
U 235 UFlliffiitee Ualimited :Ufllimited Unlimited 8.0xlO~ 2.2xlO..(; 
U 236 10 270 lxl0"; 2.70xl0-4 2.4xl0..(; 6.5xl04 

U 238 Ualimited Unlimited U:nlimited U:nlimit:ed 1.2xl0~ 3.4xl0-+ 
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TABLE IV 

~ Ad'tD lAq VALUES FOR RI\DIONUCLIDE8 (ContimJled) 


bS}~'m~bo~IHo*f--~E~I~em~en~t~a~n~d----~1~------~P4----~1~~~------~Ay----------------~8~pe~e*ifiHee 
Aetivit), 

Radionuelide Atomie No. (TBq) (Gi) (TBq) (Gi) (TBq/g) (Gi/g) 


U (natural) Unlimited Unlimited Unlimited Unlimited 2.6xI0-8------f7...,.,.lHixi±l-l:10-+ 

U (enriehed 5% or less) UNlimited Unlimited UNlimited Unlimited (TAtBLE VI) 

U (enriched> 5%) 
U (depleted) 
V 48 Vanadium 

10 270 
Unlimited 

(23) 

lxl0"" 2.70xl0~ 
Unlimited Unli

0.3 8.11 0.3 

(TABLE VI) 
mited UNlimited (TABLE VI) 

8.11 6.3xl0" 1.7xlO~ 

:s.l 49 40 108Q 40 1080 3.0~f:10;1 8.1xlQ" 
1,1/ 178 Tuagsten p 4) 1 27.Q 1 27.0 L3xHi 3.4xl04 

l}j.}81 30 811 30 8Il 2.2xl0;1 6.0xHi 
W 185 40 1080 0.9 24.3 3.5xl0;! 9.4 x Hi' 
W 187 2 54.1 0.5 13.5 2.6xl04 7.0xIO~ 

1,1,[ 188 
~e 122 

0.2 5.41 
~enon (54) 

0.2 
0.2 

5.41 
5.41 

3.7xl0;1 
0.2 SAl 

LO"d0
4 

4.8~f:l 04 1.3"f:lO~ 
~e 123 0.2 SAl Q.2 5.41 4.4xl0~ L2xlQ+ 
;X;e 127 
;X;e 131m 

4 108 
40 

4 
1080 

H')8 
40 

LOxlO~ 2.8xl04 
1080 3.lxlO~ 8.4xl04 

;X;e 133 
;X;e 135 

20 
4 

541 
108 

20 
4 

541 
108 

6.9~iJQ;> 
9.5xl04 

L9~tl0~ 
2.6~f:H)~ 

¥ 87 ¥ttFium(39) 2 54.1 2 54J L7~d04 4.5xlO~ 
¥ 88 004 10.8 OA 10.8 5.2xHi 1.4~i:l04 
¥ 90 0.2 SAl 0.2 5.41 2.0xl04 5AxHl~ 

¥ 91m 2 54.1 2 54.1 1.5xl0(' 4.2xI0+ .. 
¥ 91 0.3 8.U 0.3 S.1I 9. htl O;! 2.5xl04 
¥ 92 0.2 5.41 0.2 5.41 3.6xlO~ 9Ji*10(, 
¥ 93 0.2 5.41 0.2 5Al L2*10~ 3.3~!:10(, 
¥b 169 ¥tterbium PO) 3 8U 3 8Ll 8.9?!:1 O;! 2.41d04 

-f¥.;:)b-llh'775--~301:l---b8+-111---I:i0~.9f----.,26"14h':.3~~6.~6J*,i:IHfO~ 1.8* 1 Q~ 
Za65 Zine(30) 2 54.1 2 54.1 3.0x10;! 8.2*10;> 
Za 69m 2 54.1 0.5 13.5 1.2*lO~ 3.3KIO~ 
r:.Z:fl-a~6,..".9'-------...q4----j1KlQ~8--~0.~5---l1~3~.5t--+:1.~8}*,dHfO(, 4.9xlO+ 
Zr88 Zireoaium(40) :3 81.1 3 81.1 6.6*10;! 

Zr 93 40 1080 Q.2 5.41 9.3*10~ 2.5J.IO"" 
Zr 95 I 27.Q Q.9 24.3 7.9~.IQ;1 2.I~tlO4 

Zr 97 0.3 8.11 0.:3 8.H 7.txl04 1.9x1 O~ 


GENERAL VALUES FOR ~ AND A;!I=~~ 
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Gnlj' eeta or gamma emitting nuclides are 
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Alf)ha emitting nuclides are I"flown ts be 
f)resent, sr 1'10 rele'fUf1t data are a¥ailuele. 
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5.4x1O-4 

TABLE VI 
ACTIVITY MASS RELATIONSHIPS FGR URANIUM 

Yraf1ium Ef1l'ichmem'!f Sf)eoific Activity 
'",eight % U 235 f)resent 

GtIg ~ 

4# 1.8xl0-.1l--­ 5.0xl0+-­
~ 2.6xl0-&-­ 7. lxl 0-+-­
~ 2.8*10-&-­ 7.6x1O-+-­
~ 3.7xl0-&-­ 1.0><10-4-­
~ 1.0JdO-+-­ 2.7xl04-­
+O-:G 1.8xl0-+-­ 4.8xl04-­
2-0.0 3.7}dO-+-­ I.OxIO+-­
~ 7.4xl0-+-­ 2.0xI0+-­
~ 9.3xl0-+-­ 2.5xlO+-­
w.o 2.2xlO...{i-­ 5.8,dO+-­
~ 2.6xlO...{i-­ 7.0x1O+-­
~ 3.4xI0...{i-­ 9.1x10+-­ I<> 

-
1.1-

The figures /(JI" ttl'OlHimn inelblde J'f:{!f'Csel'lfflti-;e Wilffles fer the 8eM'vit)' ~llhe tt{'ellihml 235 which is eeneentreted db/.-ing the 
el'll'ieHmen( f7Pf!cess. 
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PARTT 


TRANSPORTATION OF RADIOACTIVE MATERIAL 


Sec. T.l - Purpose and Scope. 

a. The regulations in this Part establish requirements for packaging, preparation for shipment, 
and transportation of radioactive material; 

b. The packaging and transport of radioactive material are also subject to other Parts of these 
regulations and to the regulations of other agencies (such as the United States Department of 
Transportation, the United States Postal Service and the United States Nuclear Regulatory 
Commission) having jurisdiction over means of transport. The requirements of this Part are 
in addition to, and not in substitution for, other requirements. 

c. This Part applies to any licensee authorized by specific or general license issued to receive, 
possess, use, or transfer licensed material, if the licensee delivers that material to a carrier for 
transport, transports the material outside the site of usage as specified in the license, or 
transports that material on public highways. No provision of this Part authorizes possession 
of licensed material. 

d. Exemptions from the requirement for license are specified in TA. General licenses for which 
no package approval is required are issued in T.7 through T.l1. The general license in T.7 
requires that a United States Nuclear Regulatory Commission certificate of compliance or 
other package approval be issued for the package to be used under the general license. The 
transport of licensed material or delivery of licensed material to a carrier for transport is 
subject to the operating controls and procedures requirements of T .15 through T .21, to the 
quality assurance requirements ofT.21 and to the general provisions of rules T.l through T.5, 
including referenced United States Department ofTransportation regulations. 

e. These rules apply to any person required to obtain a certificate of compliance or an approved 
compliance plan from the United States Nuclear Regulatory Commission pursuant to 10 CFR 
71 if the person delivers radioactive material to a common or contract carrier for transport or 
transports the material outside the confines of the person's plant or other authorized place of 
use. 

Sec. T.2 - Definitions. As used in this Part, the following definitions apply: 

"Al" means the maximum activity of special form radioactive material permitted in a Type A 
package. This value is either listed in Tables A-I, A-I and A-3 in Appendix A of this Part, or may 
be derived in accordance with the procedures prescribed in Appendix A of this Part. 

"A2" means the maximum activity of radioactive material, other than special form material, LSA, 
and SCQ material, permitted in a Type A package. This value is either listed in Tables A-I, A-I 
Supplement or A-3 in Appendix A of this Part, or may be derived in accordance with the procedures 
prescribed in Appendix A of this Part. 

"Carrier" means a person engaged in the transportation of passengers or property by land or water as 
TI 
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a common, contract, or private carrier, or by civil aircraft. 

"Certificate of Compliance" (CoC) means the certificate issued by the U.S. Nuclear Regulatory 
Commission under subpart D of 10 CFR 71 which approves the design of a package for the 
transportation of radioactive material. 

"Certificate Holder" means a person who has been issued a Certificate of Compliance or other 
package approval by the US Nuclear Regulatory Commission. 

"Closed transport vehicle" means a transport vehicle equipped with a securely attached exterior 
enclosure that during normal transportation restricts the access of unauthorized persons to the cargo 
space containing the radioactive material. The enclosure may be either temporary or permanent but 
shall limit access from top, sides, and ends. In the case of packaged materials, it may be of the "see­
through" type. 

nConsignment" means each shipment of a package or groups of packages or load of radioactive 
material offered by a shipper for transport. 

"Containment system" means the assembly of components of the packaging intended to retain the 
radioactive material during transport. 

"Conveyance" means: 

(1) 	 For transport by public highway or rail, any transport vehicle or large freight 
container; 

(2) 	 For transport by water, any vessel, or any hold, compartment, or defined deck area of 
a vessel including any transport vehicle on board the vessel; and 

(3) 	 For transport by any aircraft. 

"Criticality Safety Index (CSI)" means the dimensionless number (rounded up to the next tenth) 
assigned to and placed on the label of a fissile material package, to designate the degree of control of 
accumulation of packages containing fissile material during transportation. Determination of the 
criticality safety index is described in T.IO and T.Il. 

"Deuterium" means, for the purposes of TA and T.10, deuterium and any deuterium compounds, 
including heavy water, in which the ratio ofdeuterium atoms to hydrogen atoms exceeds 1:5000. 

"Exclusive use" means the sole use by a single consignor of a conveyance for which all initial, 
intermediate, and final loading and unloading are carried out in accordance with the direction of the 
consignor or consignee. The consignor and the carrier must ensure that any loading or unloading is 
performed by personnel having radiological training and resources appropriate for safe handling of 
the consignment. The consignor must issue specific instructions, in writing, for maintenance of 
exclusive use shipment controls, and include them with the shipping paper information provided to 
the carrier by the consignor. 

"Fissile material" means. the radionuclides U-233, U-235, Pu-239, and Pu-241 , or any combination 
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of these radionuclides. Fissile material means the fissile nuclides themselves, not material 
containing fissile nuclides. Unirradiated natural uranium and depleted uranium, and natural uranium 
or depleted uranium, that has been irradiated in thermal reactors only, are not included in this 
definition. Certain exclusions from fissile material controls are provided in 10 CFR 71.15. 

"Fissile material package or Type AF package, Type BF package, Type B(U)F package, or Type 
B(M)F package" means a fissile material packaging together with its fissile material contents. 

"Graphite" means, for the purposes of this Part, graphite with a boron equivalent content less than 
five parts per million and density greater than 1.5 grams per cubic centimeter. 

"Highway Route Controlled Quantity (HRCQ)" means a quantity within a single package which 
exceeds: 

(1) 	 3,000 times the Al value of the radionuclides as specified in 49 CFR 173.435 for 
special form Class 7 (radioactive) material; 

(2) 	 3,000 times the A2 value of the radionuclides as specified in 49 CFR 173.435 for 
normal form Class 7 (radioactive) material; or 

(3) 	 1,000 TBq (27,000 Ci), whichever is least. 

"Low specific activity (LSA) material" means radioactive material with limited specific activity 
which is nonfissile or excepted under this Part and which satisfies the descriptions and limits set 
forth below. Shielding materials surrounding the LSA material may not be considered in 
determining the estimated average specific activity of the package contents. LSA material must be 
in one of three groups: 

(1) 	 LSA-I 

(i) 	 Uranium and thorium ores, concentrates of uranium and thorium ores, and 
other ores containing naturally occurring radioactive radionuc1ides which are 
not intended to be processed for the use of these radionuclides; 

(ii) 	 Solid unirradiated natural uranium or depleted uranium or natural thorium or 
their solid or liquid compounds or mixtures. 

(iii) 	 Radioactive material for which the A2 value is unlimited; or 

(iv) 	 Other radioactive material in which the radioactive material is distributed 
throughout and the estimated average specific activity does not exceed 30 
times the value for exempt material activity concentrations determined under 
Appendix A. 

(2) 	 LSA-U 

(i) Water with tritium concentration up to 0.8 TBq/L (20.0 Ci/L); or 
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(ii) 	 Material in which the radioactive material is distributed throughout, and the 
average specific activity does not exceed 10-4 A2/g for solids and gases, and 
10-5 A2/g for liquids. 

(3) 	 LSA-III Solids, excluding powders, that satisfy the requirements of 10 CFR 71.77, in 
which: 

(i) 	 The radioactive material is distributed throughout a solid or a collection of 
solid objects, or is essentially uniformly distributed in a solid compact binding 
agent; for example, concrete, bitumen, or ceramic and 

(ii) 	 The radioactive material is relatively insoluble, or it is intrinsically contained 
in a relatively insoluble material, so that, even under loss of packaging, the 
loss of radioactive material per package by leaching, when placed in water for 
7 days, would not exceed 0.1 A2; and 

(iii) 	 The average specific activity of the solid does not exceed 2 x 10-3 A2/g. 

"Low toxicity alpha emitters" means natural uranium, depleted uranium, natural thorium; uranium­
235, uranium-238, thorium-232, thorium-228 or thorium-230 when contained in ores or physical or 
chemical concentrates or tailings; or alpha emitters with a half-life ofless than 10 days. 

"Natural thorium" means thorium with the naturally occurring distribution of thorium isotopes, 
which is essentially 100 weight percent thorium-232. 

"Normal form radioactive material" means radioactive material that has not been demonstrated to 
qualify as "special form radioactive material." 

"Nuclear waste" means a quantity of source, byproduct or special nuclear material required to be in 
US Nuclear Regulatory Commission-approved specification packaging while transported to, through 
or across a state boundary to a disposal site, or to a collection point for transport to a disposal site. 

"Package" means the packaging together with its radioactive contents as presented for transport. 

(1) 	 Fissile material package or Type AF package, Type BF package, Type B(U)F 
package, or Type B(M)F package means a fissile material packaging together with its 
fissile material contents. 

(2) 	 Type A package means a Type A packaging together with its radioactive contents. A 
Type A package is defined and must comply with the DOT regulations in 49 CFR 
Part 173. 

(3) 	 Type B package means a Type B packaging together with its radioactive contents. 
On approval, a Type B package design is designated by NRC as B(U) unless the 
package has a maximum normal operating pressure of more than 700 kPa (100 
Ibs/in2) gauge or a pressure relief device that would allow the release of radioactive 
material to the environment under the tests specified in §71.73(hypothetical accident 
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conditions), in which case it will receive a designation B(M). B(U) refers to the need 
for unilateral approval of international shipments; B(M) refers to the need for 
multilateral approval of international shipments. There is no distinction made in how 
packages with these designations may be used in domestic transportation. To 
determine their distinction for international transportation, see DOT regulations in 49 
CFR Part 173. A Type B package approved before September 6, 1983, was 
designated only as Type B. Limitations on its use are specified in §71.19. 

"Packaging" means the assembly of components necessary to ensure compliance with the packaging 
requirements of 49 CFR Part 173, Subpart I and 10 CFR 71. It may consist of one or more 
receptacles, absorbent materials, spacing structures, thermal insulation, radiation shielding, and 
devices for cooling or absorbing mechanical shocks. The vehicle, tie-down system, and auxiliary 
equipment may be designated as part of the packaging. 

"Regulations of the US Department of Transportation" means the regulations in 49 CFR Parts 100­
189 and Parts 390-397. 

"Regulations of the US Nuclear Regulatory Commission" means the regulations in 10 CFR 71 for 
purposes ofPart T. 

"Special form radioactive material" means radioactive material that satisfies the following 
conditions: 

(1) 	 It is either a single solid piece or is contained in a sealed capsule that can be opened 
only by destroying the capsule; 

(2) 	 The piece or capsule has at least one dimension not less than 5 mm (0.2 in.); and 

(3) 	 It satisfies the test requirements specified by th& US Nuclear Regulatory Commission 
and 10 CFR 71.75 and 10 CFR 71.4. 

"Specific activity" of a radionuclide means the radioactivity of the radionuclide per unit mass of that 
nuclide. The specific activity of a material in which the radionuclide is essentially uniformly 
distributed is the radioactivity per unit mass of the material. 

"Surface contaminated object" (SCQ) means a solid object that is not itself classed as radioactive 
material, but which has radioactive material distributed on any of its surfaces. An SCO must be in 
one of two groups with surface activity not exceeding the following limits: 

(1) 	 SCQ-I: A solid object on which: 

(i) 	 The non-fixed contamination on the accessible surface averaged over 
300 cm2

, (or the area of the surface if less than 300 cm2
) does not exceed 4 

Bq/cm2 (10-4 I-lCi/cm2
) for beta and gamma and low toxicity alpha emitters, or 

0.4 Bqlcm2 (10-5 J.tCi/cm2
) for all other alpha emitters; 

(ii) 	 The fixed contamination on the accessible surface averaged over 300 cm 2 (or 
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the area of the surface if less than 300 cm2) does not exceed 4x 1 04 Bq/cm2 (1.0 
J..LCi/cm2) for beta and gamma and low toxicity alpha emitters, or 4xl03 

Bq/cm2 (0.1 J..LCi/cm2) for all other alpha emitters; and 

(iii) 	 The non-fixed contamination plus the fixed contamination on the inaccessible 
surface averaged over 300 cm2, (or the area of the surface if less than 
300 cm2) does not exceed 4x 104 Bq/cm2 (1 J..LCi/cm2) for beta and gamma and 
low toxicity alpha emitters, or 4x1 03 Bq/cm2 (0.1 J..LCi/cm2) for all other alpha 
emitters. 

(2) 	 SCO-II: A solid object on which the limits for SCO-I are exceeded and on which: 

(i) 	 The non-fixed contamination on the accessible surface averaged over 300 cm2 

(or the area of the surface if less than 300 cm2) does not exceed 400 Bq/cm2 
(10.2 J..LCi/cm2) for beta and gamma and low toxicity alpha emitters or 
40 Bq/cm2(10.3 J..LCi/cm2) for all other alpha emitters; 

(ii) 	 The fixed contamination on the accessible surface averaged over 300 cm2 (or 
the area of the surface if less than 300 cm2) does not exceed 8x 105 Bq/cm2 (20 
J..LCi/cm2) for beta and gamma and low toxicity alpha emitters, or 8x104 

Bq/cm2 (2 J..LCi/cm2) for all other alpha emitters; and 

(iii) 	 The non-fixed contamination flUS the fixed contamination on the inaccessible 
surface averaged over 300 cm (or the area of the surface if less than 300 cm2) 
does not exceed 8x 1 05 Bq/cm2 (20 J..LCi/cm2) for beta and gamma and low 
toxicity alpha emitters, or 8x104 Bq/cm2 (2 J..LCi/cm2) for all other alpha 
emitters. 

.. 	 "Transport index (TI)" means the dimensionless number, rounded up to the next tenth, placed on the 
label of a package to designate the degree of control to be exercised by the carrier during 
transportation. The transport index is the number determined by multiplying the maximum radiation 
level in millisievert (mSv) per hour at one meter (3.3 feet) from the external surface of the package 
by 100, which is equivalent to the maximum radiation level in millirem per hour at 1 meter (3.3 
feet). 

"Type A package" means a packaging that, together with its radioactive contents limited to Al or A2 
as appropriate, meets the requirements of 49 CFR 173.410 and 173.412 and is designed to retain the 
integrity of containment and shielding required by this Part T under normal conditions of transport 
as demonstrated by the tests set forth in 49 CFR 173.465 or 173.466, as appropriate. 

"Type A quantity" means a quantity of radioactive material, the aggregate radioactivity of which 
does not exceed Al for special form radioactive material or A2 for normal form radioactive material, 
where Al and A2 are given in Appendix A or may be determined by procedures described in 
Appendix A. 

"Type B package" means a Type B packaging, that together with its radioactive contents, is designed 
to retain the integrity of containment and shielding required by 49 CFR 173 when subjected to the 
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.. 


normal conditions of transport and hypothetical accident conditions set forth in 10 CFR 71. 

"Type B quantity" means a quantity of radioactive material greater than a Type A quantity. 

"Unirradiated uranium" means uranium containing not more than two thousand becquerels (fifty­
four nanocuries) of plutonium per gram of uranium-235, not more than nine megabecquerels (two 
hundred forty-three microcuries) of fission products per gram of uranium-235, and not more than 
0.005 grams ofuranium-236 per gram ofuranium-235. 

General Regulatory Provisions 

Sec. T.3 - Requirement for License. No person shall transport radioactive material or deliver 
radioactive material to a carrier for transport except as authorized in a general or specific license 
issued by the Agency or as exempted in T.4. 

Sec. T.4 - Exemptions. 

a. 	 Common and contract carriers, freight forwarders, and warehouse workers who are subject to 
the requirements of the US Department of Transportation in 49 CFR 170 through 189 or the 
US Postal Service in the US Postal Service Domestic Mail Manual (DMM), Section C­
023.9.0, and the US Postal Service, are exempt from the requirements of this Part to the 
extent that they transport or store radioactive material in the regular course of their carriage 
for others or storage incident thereto. Common and contract carriers who are not subject to 
the requirements of the US Department of Transportation or US Postal Service are subject to 
T.3 and other applicable requirements of these regulations. 

b. 	 A licensee is exempt from the requirements of this Part with respect to shipment or carriage 
of the following low-level materials: 

1. 	 Natural material and ores containing naturally occurring radionuclides that are not 
intended to be processed for use of these radionuclides, provided the activity 
concentration of the material does not exceed 10 times the values specified in 
Appendix A, Table A-2, of this Part. 

11. 	 Materials for which the activity concentration is not greater than the activity 
concentration values specified in Appendix A of this Part, or for which the 
consignment activity is not greater than the limit for an exempt consignment found in 
Appendix A of this Part. 

c. 	 Fissile materials meeting one of the following requirements are exempt from classification as 
fissile material and from the fissile material package standards of 10 CFR 71.55 and 10 CFR 
71.59, but are subject to all other requirements of 10 CFR 71, except as noted. 

1. 	 Individual package containing 2 grams or less of fissile material. 

11. 	 Individual or bulk packaging containing 15 grams or less of fissile material provided 
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the package has at least 200 grams of solid nonfissile material for every gram of 
fissile material. Lead, beryllium, graphite, and hydrogenous material enriched in 
deuterium may be present in the package but must not be included in determining the 
required mass for solid nonfissile material. 

111. 	 Low concentrations of solid fissile material commingled with solid nonfissile 
material, provided that there is at least 2000 grams of solid nonfissile material for 
every gram of fissile material and that there is no more than 180 grams of fissile 
material distributed within 360 kg of contiguous nonfissile material. Lead, beryllium, 
graphite, and hydrogenous material enriched in deuterium may be present in the 
package, but must not be included in determining the required mass of solid nonfissile 
material. 

IV. 	 Uranium enriched in uranium-235 to a maximum of one percent by weight, and with 
total plutonium and uranium-233 content ofup to one percent of the mass of uranium­
235, provided that the mass of any beryllium, graphite, and hydrogenous material 
enriched in deuterium present in the package is less than 5 percent of the uranium 
mass. 

v. 	 Liquid solutions of uranyl nitrate enriched in uranium-235 to a maximum of two 
percent by mass, provided that: 

(1) 	 The total plutonium and uranium-233 content does not exceed 0.002 percent 
of the total mass of uranium; 

(2) 	 The nitrogen to uranium atomic ratio (NfU) is greater than or equal to 2.0; and 

(3) 	 The material must be contained in at least a DOT Type A package. 
.. 

vi. 	 Plutonium with a total mass not more than 1000 grams, provided that: plutonium­
239, plutonium-241, or any combination of these radionuclides, constitutes less than 
20 percent by mass of the total quantity of plutonium in the package. 

d. 	 Any physician licensed by a State to dispense drugs in the practice ofmedicine is exempt 
from this Part with respect to transport by the physician of licensed material for use in the 
practice ofmedicine. However, any physician operating under this exemption must be 
licensed under 10 CFR part 35 or the equivalent Agreement State regulations. 

Sec. T.5 - Transportation of Licensed MateriaL 

a. 	 Each licensee who transports licensed material outside the site of usage, as specified in the 
Agency license, or where transport is on public highways, or who delivers licensed material 
to a carrier for transport, shall: 

1. 	 Comply with the applicable requirements, appropriate to the mode of transport, of the 
regulations of the US Department of Transportation 49 CFR parts 107, 171 through 
180, and 390 through 397; particularly the regulations of the US Department of 
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Transportation in the following areas: 

(1) 	 Packaging - 49 CFR Part 173: Subparts A and Band L 

(2) 	 Marking and labeling - 49 CFR Part 172: Subpart D, §§ 172.400 through 
172.407, §§ 172.436 through 172.441, and Subpart E. 

(3) 	 Placarding - 49 CFR Part 172: Subpart F, especially §§ 172.500 through 
172.519, 172.556, and Appendices Band C. 

(4) 	 Accident reporting - 49 CFR Part 171: §§ 171.15 and 171.16. 

(5) 	 Shipping papers and emergency information - 49 CFR Part 172: Subpart C 
and Subpart G. 

(6) 	 Hazardous material employee training - 49 CFR Part 172: Subpart H. 

(7) 	 Security Plans - 49 CFR Part 172: subpart L 

(8) 	 Hazardous material shipper/carrier registration - 49 CFR Part 107: Subpart G. 

11. 	 The licensee shall also comply with applicable US Department of Transportation 
regulations pertaining to the following modes of transportation: 

(1) 	 Rail - 49 CFR Part 174: Subparts A through D and K. 

(2) 	 Air - 49 CFR Part 175. 

(3) 	 Vessel- 49 CFR Part 176: Subparts A through F and M. .. 
(4) 	 Public Highway - 49 CFR Part 177 and Parts 390 through 397. 

111. 	 Assure that any special instructions needed to safely open the package are sent to or 
have been made available to the consignee in accordance with D.1906e. 

b. 	 If, for any reason, the regulations of the US Department of Transportation are not applicable 
to a shipment of licensed material, the licensee shall conform to the standards and 
requirements of T.5a.i. to the mode of transport to the same extent as if the shipment was 
subject to the regulations A request for modification, waiver, or exemption from these 
requirements, and any notification referred to in these requirements, shall be submitted in 
writing to the Agency. 

General Licenses 

Sec. T.6 - General Licenses for Carriers. 
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a. 	 A general license is hereby issued to any common or contract carrier not exempt under T.4 to 
receive, possess, transport, and store radioactive material in the regular course of their 
carriage for others or storage incident thereto, provided the transportation and storage is in 
accordance with the applicable requirements, appropriate to the mode of transport, of the US 
Department of Transportation relating to the loading and storage of packages, placarding of 
the transporting vehicle, and incident reporting.Y 

b. 	 A general license is hereby issued to any private carrier to transport radioactive material, 
provided the transportation is in accordance with the applicable requirements, appropriate to 
the mode of transport, of the US Department of Transportation insofar as requirements relate 
to the loading and storage of packages, placarding of the transporting vehicle, and incident 
reporting. 'J./ 

c. 	 Persons who transport radioactive material pursuant to the general licenses in T.6a. or T.6b. 
are exempt from the requirements of Parts D and J of these regulations to the extent that they 
transport radioactive material. 

Sec. T.7 - General License: Nuclear Regulatory Commission-Approved Packages. 

a. 	 A general license is hereby issued to any licensee to transport, or to deliver to a carrier for 
transport, licensed material in a package for which a license, certificate of compliance, or 
other approval has been issued by the Nuclear Regulatory Commission. 

b. 	 This general license applies only to a licensee who has a quality assurance program approved 
by the Nuclear Regulatory Commission as satisfYing the provisions of subpart H of 1D CFR 
71 

c. 	 This general license applies only to a licensee who: 
.. 

1. 	 Has a copy of the specific license, certificate of compliance, or other approval by the 
Nuclear Regulatory Commission of the package and has the drawings and other 
documents referenced in the approval relating to the use and maintenance of the 
packaging and to the actions to be taken prior to shipment; 

11. 	 Complies with the terms and conditions of the license, certificate, or other approval 
by the Nuclear Regulatory Commission, as applicable, and the applicable 
requirements of this Part T; 

iii. 	 Prior to the licensee's first use of the package, submits in writing to attn: document 
control desk, director, spent fuel project office, office of nuclear material safety and 
safeguards, using an appropriate method listed in 10 C.F.R. 71.1 (a), the licensee's 
name and license number and the package identification number specified in the 
package approval. 

1I Notification 0/an incident shall be filed with, or made to, the Agency as prescribed in 49 CFR. regardless 0/and in addition to notification made to the US 
Department o/Transportation or other agencies. 

TID 




SSRCR Volume I -August 2010 

IV. Has a quality assurance program that complies with Subpart H of 10 CFR 71. 

d. 	 The general license in T.7a. applies only when the package approval authorizes use of the 
package under this general license. 

e. 	 For a Type B or fissile material package, the design of which was approved by the Nuclear 
Regulatory Commission before April 1, 1996, the general license is subject to the additional 
restrictions of 10CFR 71.19. 

Sec. T.8 - General License: US Department ofTransportation Specification Container. 

a. 	 A general license is issued to any licensee to transport, or to deliver to a carrier for transport, 
licensed material in a specification container for fissile material or for a Type B quantity of 
radioactive material as specified in 49 CFR Parts 173 and 178. 

b. 	 This general license applies only to a licensee who: 

1. 	 Has a copy of the specification; 

11. 	 Complies with the terms and conditions of the specification and the applicable 
requirements of this Part; and 

111. 	 Has a quality assurance program required by T.21. 

c. 	 This general license is subject to the limitation that the specification container may not be 
used for a shipment to a location outside the United States except by multilateral approval as 
defined in 49 CFR 173.403. 

d. These requirements ~xpire October 1,2008. 


Sec. T.9 - General License: Use ofForeign Approved Package. 


a. 	 A general license is issued to any licensee to transport, or to deliver to a carrier for transport, 
licensed material in a package the design of which has been approved in a foreign national 
competent authority certificate which has been revalidated by the US Department of 
Transportation as meeting the applicable requirements of49 CFR 171.12. 

b. 	 The general license applies only to shipments made to or from locations outside the United 
States. 

c. 	 This general license applies only to a licensee who: 

1. 	 Has a quality assurance program approved by the United States Nuclear Regulatory 
Commission. 

11. 	 Has a copy of the applicable certificate, the revalidation, and the drawings and other 
documents referenced in the certificate relating to the use and maintenance of the 
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packaging and to the actions to be taken prior to shipment; and 

111. 	 Complies with the terms and conditions of the certificate and revalidation, and with 
the applicable requirements of this Part. 

Sec. T.1O - General License: Fissile Material. 

a. 	 A general license is hereby issued to any licensee to transport fissile material, or to deliver 
fissile material to a carrier for transport, if the material is shipped in accordance with this 
Section. The fissile material need not be contained in a package which meets the standards 
of subparts E and F of 10 CFR 71; however, the material must be contained in a Type A 
package. The Type A package must also meet the DOT requirements of 49 CFR 173.417(a). 

b. 	 The general license applies only to a licensee who has a quality assurance program approved 
by the NRC as satisfying the provision of subpart H of 10 CFR 71. 

c. 	 The general license applies only when a package's contents: 

1. 	 Contain less than a Type A quantity of radioactive material; and 

ii. 	 Contain less than 500 total grams of beryllium, graphite, or hydrogenous material 
enriched in deuterium. 

d. 	 The general license applies only to packages containing fissile material that are labeled with 
a CSI which: 

1. 	 Has been determined in accordance with T.1Oe.; 

11. 	 Has a value less than or equal to 10.0; and 

111. 	 For a shipment of multiple packages containing fissile material, the sum of the CSls 
must be less than or equal to 50.0 (for shipment on a nonexclusive use conveyance) 
and less than or equal to 100.0 (for shipment on an exclusive use conveyance). 

e. 	 1. The value for the CSI must be greater than or equal to the number calculated by the 
following equation: 

CSI 10 [ grams of mU + grams of mU + grams of Pu ] 
X Y Z 

11. 	 The calculated CSI must be rounded up to the first decimal place; 

111. 	 The values of X, Y, and Z used in the CSI equation must be taken from Tables lor II, 
as appropriate; 

IV. 	 If Table II is used to obtain the value of X, then the values for the terms in the 
equation for uranium-233 and plutonium must be assumed to be zero; and 
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v. 	 Table I values for X, Y, and Z must be used to determine the CSI if: 

(1) 	 Uranium-233 is present in the package; 

(2) 	 The mass of plutonium exceeds one percent of the mass ofuranium-235; 

(3) 	 The uranium is of unknown uranium-235 enrichment or greater than 24 
weight percent enrichment; or 

(4) 	 Substances having a moderating effectiveness (Le., an average hydrogen 
density greater than H20 [e.g., certain hydrocarbon oils or plastics]) are 
present in any form, except as polyethylene used for packing or wrapping. 
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TABLE I - Mass Limits for General License Packages Containing Mixed Quantities of 

Fissile Material or Uranium-235 of Unknown 


Enrichment per T.10e. 


Fissile Materials 	 Fissile material mass mixed with Fissile material mass mixed with 
moderating substances having an average moderating substances having an 
hydrogen density less than or equal to average hydrogen density greater 
H20. (grams) than H20~. (grams) 

60 	 38 

43 	 27 

37 	 24 


Table II Mass Limits for General License Packages Containing Uranium-235T of Known 

Enrichment per T.1Oe. 


24 60 
20 63 
15 67 
11 72 
10 76 
9.5 78 
9 81 

8.5 82 
8 .. 85 

7.5 88 
7 90 

6.5 93 
6 97 

5.5 102 
5 108 

4.5 114 I 

4 120 
3.5 132 ! 

3 150 
! 2.5 180 

2 246 
1.5 408 

1.35 480 
1 1020 

0.92 1800 

I 

'" When mixtures ofmoderating substances are present, the lower mass limits shall be used ifmore than 1.5 percent ofthe moderatmg substance has an average 
hydrogen density greater than H2O. 
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Sec. T.ll - General License: Plutonium- Beryllium Special Form Materials. 

a. 	 A general license is issued to any licensee to transport fissile material in the form of 
plutonium-beryllium (Pu-Be) special form sealed sources, or to deliver Pu-Be sealed sources 
to a carrier for transport, if the material is shipped in accordance with this section. This 
material need not be contained in a package which meets the standards of subparts E and F of 
10 CFR 71; however, the material must be contained in a Type A package. The Type A 
package must also meet the DOT requirements of 49 CFR l73.4l7(a). 

b. 	 The general license applies only to a licensee who has a quality assurance program approved 
by the Nuclear Regulatory Commission as satisfying the provision of subpart H of 10 CFR 
71. 

c. 	 The general license applies when a package's contents: 

L 	 Contain less than a Type A quantity of material; and 

11. 	 Contain less than 1000 grams of plutonium, provided that: plutonium-239, plutonium­
241, or any combination of these radionuclides, constitutes less than 240g grams of 
the total quantity of plutonium in the package. 

d. 	 The general license applies only to packages labeled with a CSI which: 

L 	 Has been determined in accordance with T.lle. 

ii. 	 Has a value less than or equal to 100.0; and 

111. 	 For a shipment of multiple packages containing Pu-Be sealed sources, the sum of the 
CSIs must be less than or equal to 50.0 (for ..shipment on a nonexclusive use 
conveyance or storage incident to transport) and to less than or equal to 100.0 (for 
shipment on an exclusive use conveyance). 

e. 	 1. The value for the CSI must be greater than or equal to the number calculated by the 
following equation: 

239 	 241 ]grams of Pu + grams of Pu 
CSI =10 [	 24 

11. 	 The calculated CSI must be rounded up to the first decimal I place. 

Sec. T .12 - Exemption from classification as fissile material. Fissile material meeting the 
requirements of at least one of the paragraphs (A) to (F) ofthis rule are exempt from classification as 
fissile material and from the fissile material package standards of 10 C.F.R. 71.55 and 10 C.F.R 
71.59, but are subject to all other requirements ofT.12, except as noted. 

a. 	 Individual package containing two grams or less fissile material. 
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b. 	 Individual or bulk packaging containing fifteen grams or less of fissile material provided the 
package has at least two hundred grams of solid nonfissile material for every gram of fissile 
material. Lead, beryllium, graphite, and hydrogenous material enriched in deuterium may be 
present in the package but must not be included in determining the required mass for solid 
nonfissile material. 

c. 	 1. Low concentrations of solid fissile material commingled with solid nonfissile 
material, provided that: 

(l) 	 There is at least two thousand grams of solid nonfissile material for every 
gram of fissile material, and 

(2) 	 There is no more than one hundred eighty grams of fissile material distributed 
within three hundred sixty kilograms of contiguous nonfissile material. 

11. 	 Lead, beryllium, graphite, and hydrogenous material enriched in deuterium may be 
present in the package but must not be included in determining the required mass of 
solid nonfissile material. 

d. 	 Uranium enriched in uranium-235 to a maximum of one per cent by weight, and with total 
plutonium and uranium-233 content of up to one per cent of the mass of uranium-235, 
provided that the mass of any beryllium, graphite, and hydrogenous material enriched in 
deuterium constitutes less than five per cent of the uranium mass. 

e. 	 Liquid solutions of uranyl nitrate enriched in uranium-235 to a maximum of two per cent by 
mass, with a total plutonium and uranium-233 content not exceeding 0.002 per cent of the 
mass of uranium, and with a minimum nitrogen to uranium atomic ratio (NIU) of two. The 
material must be contained in at least a United States Department of Transportation type A 

.. package . 

f. 	 Packages containing, individually, a total plutonium mass of not more than one thousand 
grams, of which not more than twenty per cent by mass may consist of plutonium-239, 
plutonium-241, or any combination of these radionuclides. 

Operating Controls and Procedures 

Sec. T.13 - Assumptions as to Unknown Properties of Fissile Material. When the isotopic 
abundance, mass, concentration, degree of irradiation, degree of moderation, or other pertinent 
property of fissile material in any package is not known, the licensee shall package the fissile 
material as if the unknown properties have credible values that will cause the maximum neutron 
multiplication. 

Sec. T .14 - Preliminary Determinations. Prior to the first use of any packaging for the shipment of 
radioactive material: 

a. 	 The licensee shall ascertain that there are no defects which could significantly reduce the 
effectiveness of the packaging; 
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b. 	 Where the maximum normal operating pressure will exceed 35 kilopascal (5 Ib/in2
) gauge, 

the licensee shall test the containment system at an internal pressure at least 50 percent 
higher than the maximum normal operating pressure to verify the capability of that system to 
maintain its structural integrity at that pressure; 

c. 	 The licensee shall determine that the packaging has been fabricated in accordance with the 
design approved by the Nuclear Regulatory Commission; and 

d. 	 The licensee shall conspicuously and durably mark the packaging with its model number, 
serial number, gross weight, and a package identification number as assigned by the Nuclear 
Regulatory Commission. 

Sec. T.15 - Routine Determinations. Prior to each shipment of licensed material, the licensee shall 
determine that: 

a. 	 The package is proper for the contents to be shipped; 

b. 	 The package is in unimpaired physical condition except for superficial defects such as marks 
or dents; 

c. 	 Each closure device of the packaging, including any required gasket, is properly installed and 
secured and free ofdefects; 

d. 	 Any system for containing liquid is adequately sealed and has adequate space or other 
specified provision for expansion of the liquid; 

e. Any pressure relief device is operable and set in accordance with written procedures; 

... 
f. 	 The package has been loaded and closed in accordance with written procedures; 

g. 	 For fissile material, any moderator or neutron absorber, if required, is present and in proper 
condition; 

h. 	 Any structural part of the package which could be used to lift or tie down the package during 
transport is rendered inoperable for that purpose unless it satisfies design requirements 
specified in 10 CFR 71.45; 

1. 	 The level of non-fixed (removable) radioactive contamination on the external surfaces of 
each package offered for shipment is as low as reasonably achievable. 

1. 	 The level of non-fixed radioactive contamination may be determined by wiping an 
area of 300 square centimeters of the surface concerned with an absorbent material, 
using moderate pressure, and measuring the activity on the wiping material. 
Sufficient measurements must be taken in the most appropriate locations to yield a 
representative assessment of the removable contamination levels. Except as provided 
in T.15h.ii., the amount of radioactivity measured on any single wiping material, 
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when averaged over the surface wiped, must not exceed the limits given in 
TABLE III at any time during transport. Other methods of assessment of equal or 
greater efficiency may be used. When other methods are used, the detection 
efficiency of the method used must be taken into account and in no case may the 
removable contamination on the external surfaces of the package exceed 10 times the 
limits listed in TABLE III. 

ii. 	 In the case ofpackages transported as exclusive use shipments by rail or highway 
only, the non-fixed radioactive contamination at any time during transport must not 
exceed 10 times the levels prescribed in T.lSh-i. The levels at the beginning of 
transport must not exceed the levels in T.lSh.i. 

TABLE III 

NON-FIXED (REMOVABLE) EXTERNAL RADIOACTIVE CONTAMINATION - WIPE 


LIMITS 


Contaminant Maximum Permissible Units 

Bq/cmL IlCi/cmL Dpmlcm2 

Beta and gamma emitters and low toxicity alpha 
emitters 

0.4 10-) 22 

All other alpha emitting radionuclides 0.04 10-0 2.2 

j. 	 External radiation levels around the package and around the vehicle, if applicable, will not 
exceed 2 mSv per hour (200 mremlhr) at any point on the external surface of the package at 
any time during transportation. The transport index shall not exceed 10.0; 

k. 	 For a package transported in exclusive use by rail, highway or water, radiation levels external 
to the package may exceed the limits specified in T.lSi. but shall not exceed any of the 
following: 

i. 	 2 mSv per hour (200 mremlhr) on the accessible external surface of the package unless 
the following conditions are met, in which case the limit is 10 mSv per hour 
(1000 mremlhr); 

(l) 	 The shipment is made in a closed transport vehicle; 

(2) 	 Provisions are made to secure the package so that its position within the 
vehicle remains fixed during transportation; and 

(3) 	 There are no loading or unloading operations between the beginning and end 
of the transportation. 
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11. 	 2 mSv per hour (200 mremlhr) at any point on the outer surface of the vehicle, 
including the top and underside of the vehicle, or, in the case of a flat-bed style 
vehicle, with a personnel barrier, .....*/ at any point on the vertical planes projected 
from the outer edges of the vehicle, on the upper surface of the load (or enclosure, if 
used), and on the lower external surface of the vehicle; 

lll. 	 0.1 mSv per hour (10 mremlhr) at any point 2 meters from the vertical planes 
represented by the outer lateral surfaces of the vehicle, or, in the case of a flat-bed 
style vehicle, at any point 2 meters from the vertical planes projected from the outer 
edges of the vehicle; and 

iv. 	 0.02 mSv per hour (2 mremlhr) in any normally occupied positions of the vehicle, 
except that this provision does not apply to private motor carriers when persons 
occupying these positions are provided with special health supervision, personnel 
radiation exposure monitoring devices, and training in accordance with Part 1.12 of 
these regulation. 

1. 	 Por shipments made under the provisions of T.15j., the shipper shall provide specific written 
instructions to the carrier for maintenance of the exclusive use shipment controls. The 
instructions must be included with the shipping paper information. The written instructions 
required for exclusive use shipments must be sufficient so that, when followed, they will 
cause the carrier to avoid actions that will unnecessarily delay delivery or unnecessarily 
result in increased radiation levels or radiation exposures to transport workers or members of 
the general public. 

m. 	 A package must be prepared for transport so that in still air at 38°Celsius (1000 P) and in the 
shade, no accessible surface of a package would have a temperature exceeding 50°Celsius 
(122°P) in a nonexclusive use shipment or 85°Celsius (185°P) in an exclusive use shipment. 
Accessible package surface temperatures shall not exceed these limits at any time during .. 
transportation. 

n. 	 A package may not incorporate a feature intended to allow continuous venting during 
transport. 

Sec. T .16 - Air Transport of Plutonium. Notwithstanding the provisions of any general licenses and 
notwithstanding any exemptions stated directly in this Part or included indirectly by citation of the 
US Department of Transportation regulations, as may be applicable, the licensee shall assure that 
plutonium in any form is not transported by air, or delivered to a carrier for air transport, unless: 

a. 	 The plutonium is contained in a medical device designed for individual human application; 

b. 	 The plutonium is contained in a material in which the specific activity is less than or equal to 
the activity concentration values for plutonium specified in Table A-2 of this chapter and in 
which the radioactivity is essentially uniformly distributed; 

......, 
- Ajlat-bed style vehicle with a personnel barrier shall have radiation levels determined at vertical planes. IfnO personnel barrier is in place. the package 
cannot exceed 2 mSv per hour (200 mremlhr) at any accessible sUrface 
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c. 	 The plutonium is shipped in a single package containing no more than an A2 quantity of 
plutonium in any isotope or form and is shipped in accordance with T.5; 

d. 	 The plutonium is shipped in a package specifically authorized, in the certificate of 
compliance issued by the Nuclear Regulatory Commission for the shipment of plutonium by 
air, and the licensee requires, through special arrangement with the carrier, compliance with 
49 CFR 175.704. 

Sec. T.17 - Opening Instructions. Before delivery of a package to a carrier for transport, the 
licensee shall ensure that any special instructions needed to safely open the package have been sent 
to, or otherwise made available to, the consignee for the consignee's use in accordance with 10 CFR 
20.l906(e), or equivalent state regulation. 

Sec. T.18 - Shipment Records. Each licensee shall maintain for a period of 3 years after shipment a 
record of each shipment oflicensed material not exempt under TA, showing, where applicable: 

a. 	 Identification of the packaging by model number and serial number; 

b. 	 Verification that the packaging, as shipped, had no significant defect; 

c. 	 Volume and identification of coolant; 

d. 	 Type and quantity of licensed material in each package, and the total quantity of each 
shipment; 

e. 	 Date of the shipment; 

f. 	 Name and address of the transferee; 
... 

g. 	 Address to which the shipment was made; and 

h. Results of the determinations required by T.l5 and by the conditions of the package approvaL 

Sec. T.19 - Reports. The licensee shall report to the Agency within 30 days: 

a. 	 Any instance in which there is significant reduction in the effectiveness of any packaging during 
use; 

b. 	 Details of any defects with safety significance in the packaging after first use, the means 
employed to repair the defects and prevent their recurrence; or 

c. 	 Instances in which the conditions of approval in the certificate of compliance were not observed 
in making a shipment. 

Sec. T.20 - Advance Notification of Transport of Nuclear Waste. 

a. 	 Prior to the transport of any nuclear waste outside of the confines of the licensee's facility or 
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other place of use or storage, or prior to the delivery of any nuclear waste to a carrier for 
transport, each licensee shall provide advance notification of such transport to the governor, or 
governor's designeeY of each state within or through which the waste will be transported. 

b. 	 Advance notification is required only when: 

1. 	 The nuclear waste is required to be in Type B packaging for transportation; 

11. 	 The nuclear waste is being transported into, within, or through a state enroute to a 
disposal facility or to a collection point for transport to a disposal facility; and 

111 	 The quantity of licensed material in a single package exceeds: 

(1) 	 3000 times the Al value of the radionuclides as specified in Appendix A, Table I 
for special form radioactive material; 

(2) 	 3000 times the A2 value of the radionuclides as specified in Appendix A, Table I 
for normal form radioactive material; or 

(3) 	 1000 TBq (27,000 Ci). 

c. 	 Each advance notification required by T.20a. shall contain the following information: 

1. 	 The name, address, and telephone number of the shipper, carrier, and receiver of the 
shipment; 

n. 	 A description of the nuclear waste contained in the shipment as required by 49 CFR 
172.202 and 172.203(d); 


... 

111. 	 The point of origin of the shipment and the 7-day period during which departure of the 

shipment is estimated to occur; 

IV. 	 The 7-day period during which arrival of the shipment at state boundaries is estimated to 
occur; 

v. 	 The destination of the shipment, and the 7-day period during which arrival of the 
shipment is estimated to occur; and 

VI. 	 A point of contact with a telephone number for current shipment information. 

d. 	 The notification required by T.20a. shall be made in writing to the office of each appropriate 
governor, or governor's designee, and to the Agency. A notification delivered by mail must be 
postmarked at least 7 days before the beginning of the 7-day period during which departure of 
the shipment is estimated to occur. A notification delivered by messenger must reach the office 
of the governor, or governor's designee, at least 4 days before the beginning of the 7-day period 

:Y A list oJthe mailing addresses oJthe governors and governors' designees is available upon requestfrom the Director, Office oJState 
Programs, Nuclear Regulatory Commission, Washing DC 205551 The list will be published annually in the Federal Register on or about 
June 30 to reflect any changes in information. 
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during which departure of the shipment is estimated to occur. A copy of the notification shall 
be retained by the licensee for 3 years. 

e. 	 The licensee shall notify each appropriate governor, or governor's designee, and the Agency of 
any changes to schedule infonnation provided pursuant to T.20a. Such notification shall be by 
telephone to a responsible individual in the office of the governor, or governor's designee, of 
the appropriate state or states. The licensee shall maintain for 3 years a record of the name of 
the individual contacted. 

f. 	 Each licensee who cancels a nuclear waste shipment, for which advance notification has been 
sent, shall send a cancellation notice, identifying the advance notification that is being canceled, 
to the governor, or governor's designee, of each appropriate state and to the Agency. A copy of 
the notice shall be retained by the licensee for 3 years. 

Quality Assurance 

Sec. T.2l - Quality Assurance Requirements. 

a. 	 This rule describes quality assurance requirements applying to design, purchase, fabrication, 
handling, shipping, storing, cleaning, assembly, inspection, testing, operation, maintenance, 
repair, and modification of components of packaging that are important to safety. As used in 
this Part, "quality assurance" comprises all those planned and systematic actions necessary to 
provide adequate confidence that a system or component will perfonn satisfactorily in service. 
Quality assurance includes quality control, which comprises those quality assurance actions 
related to control of the physical characteristics and quality of the material or component to 
predetennined requirements. The licensee, certificate holder, and applicant for a certificate of 
compliance (CoC) are responsible for the quality assurance requirements as they apply to 
design, fabrication, testing, and modification of packaging. Each licensee is responsible for the 
quality assurance provision which applies to its use of a packaging for the shipment of licensed 
material subject to this Part. 

b. 	 Each licensee, certificate holder, and applicant for a CoC shall establish, maintain, and execute 
a quality assurance program satisfying each of the applicable criteria of 10 C.F.R. 71.101 
through 71.137 and satisfying any specific provisions that are applicable to the licensee's 
activities including procurement of packaging. The licensee, certificate holder, and applicant 
for a CoC shall execute the applicable criteria in a graded approach to an extent that is 
commensurate with the quality assurance requirement's importance to safety. 

c. 	 Before the use of any package for the shipment of licensed material subject to this rule, each 
licensee shall obtain United States Nuclear Regulatory Commission approval of its quality 
assurance program. 

d. 	 A program for transport container inspection and maintenance limited to radiographic exposure 
devices, source changers, or packages transporting these devices and meeting the requirements 
ofPart E.12 of these regulations, is deemed to satisfy the requirements ofT.7 and T.21 b. 
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e. 	 The licensee, certificate holder, and applicant for a CoC shall be responsible for the 
establishment and execution of the quality assurance program. The licensee, certificate holder, 
and applicant for a CoC may delegate to others, such as contractors, agents, or consultants, the 
work of establishing and executing the quality assurance program, or any part of the quality 
assurance program, but shall retain responsibility for the program. The licensee shall clearly 
establish and delineate, in writing, the authority and duties of persons and organizations 
performing activities affecting the safety-related functions of structures, systems, and 
components. These activities include performing the functions associated with attaining quality 
objectives and the quality assurance functions. While the term licensee is used in these criteria, 
the requirements are applicable to whatever design, fabrication, assembly, and testing of the 
package is accomplished with respect to a package before the time a package approval is issued. 

f. The quality assurance functions are: 

1. 	 Assuring that an appropriate quality assurance program is established and effectively 
executed; and 

11. 	 Verifying, by procedures such as checking, auditing, and inspection, that activities 
affecting the safety-related functions have been performed correctly. 

g. 	 The persons and organizations performing quality assurance functions must have sufficient 
authority and organizational freedom to: 

i. 	 Identify quality problems; 

11. 	 Initiate, recommend, or provide solutions; and 

111. 	 Verify implementation of solutions. 
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PARTT 

APPENDIX A 

DETERMINATION OF Al AND A6 

I. Values of Al and A2 for individual radionuclides, which are the bases for many activity limits 
elsewhere in these regulations, are given in TABLE A-I. The curie (Ci) values specified are 
obtained by converting from the Terabecquerel (TBq) value. The curie values are expressed to 
three significant figures to assure that the difference in the TBq and Ci quantities is one tenth of 
one percent or less. Where values of Al or A2 are unlimited, it is for radiation control purposes 
only. For nuclear criticality safety, some materials are subject to controls placed on fissile 
material. 

II. (a) For individual radionuclides whose identities are known, but which are not listed in 
TABLE A-I, the Al and A2 values contained in Table A-3 may be used. Otherwise, the 
licensee shall obtain prior Agency approval ofthe Al and A2 values for radionuclides 
not listed in Table A-I, before shipping the material. 

(b) For individual radionuclides whose identities are known, but which are not listed in 
Table A-2, the exempt material activity concentration and exempt consignment activity 
values contained in Table A-3 may be used. Otherwise, the licensee shall obtain prior 
Agency approval ofthe exempt material activity concentration and exempt consignment 
activity values for radionuclides not listed in Table A-2, before shipping the material. 

(c) The licensee shall submit requests for prior approval, described under paragraphs I1(a) 
and I1(b) of this Appendix, to the Commission, in accordance w!th Part A.12 of these 
regulations. 

III. In the calculations of Al and A2 for a radionuclide not in Table A-I, a single radioactive decay 
chain, in which radionuclides are present in their naturally occurring proportions, and in which 
no daughter nuclide has a half-life either longer than 10 days, or longer than that ofthe parent 
nuclide, shall be considered as a single radionuclide, and the activity to be taken into account, 
and the Al or A2 value to be applied shall be those corresponding to the parent nuclide of that 
chain. In the case of radioactive decay chains in which any daughter nuclide has a half-life 
either longer than 10 days, or greater than that of the parent nuclide, the parent and those 
daughter nuclides shall be considered as mixtures of different nuclides. 

IV. For mixtures ofradio nuclides whose identities and respective activities are known, the 
following conditions apply: 

(a) For special form radioactive material, the maximum quantity transported in a Type A 
package is as follows: 
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where B(i) is the activity of radio nuclide i and AI(i) is the Al value for radionuclide I(b) 

For normal form radioactive material, the maximum quantity transported in a Type A 
package is as follows: 

where B(i) is the activity of radio nuclide i and AI(i) and Az(i) are the Al and Az values 
for radionuclide respectively. 

(c) 	 Alternatively, an Al value for mixtures of special form material may be determined as 
follows: 

where f(i) is the fraction of activity of nuclide I in the mixture and Al (i) is the 
appropriate Al value for nuclide i. 

(d) 	 Alternatively, the Az value for mixtures of normal form material may be determined as 
follows: .. 

1 
A2 for mixture = L f(i) 

A2(i) 

where f(i) is the fraction of activity ofnuclide i in the mixture and Az(i) is the 
appropriate Az value for nuclide i. 

(e) 	 The exempt activity concentration for mixtures of nuclides may be determined as 
follows: 

[A]- 1 
f(i) 

Li [A](i) 

where fCi) is the fraction of activity concentration ofradionuc1ide i in the mixture, and 
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[A](i) is the activity concentration for exempt material containing radionuclide i. 

(t) 	 The activity limit for an exempt consignment for mixtures of radio nuclides may be 
determined as follows: 

1
A 

f(i) 
Li A(i) 

where f(i) is the fraction of activity of radionuclide i in the mixture, and A(i) is the 
activity limit for exempt consignments for radionuclide i. 

V. 	 When the identity of each radionuclide is known, but the individual activities of some of the 
radionuclides are not known, the radionuclides may be grouped and the lowest Al or A2 value, 
as appropriate, for the radionuc1ides in each group may be used in applying the formulas in 
paragraph IV. Groups may be based on the total alpha activity and the total beta/gamma activity 
when these are known, using the lowest Al or A2 values for the alpha emitters and beta/gamma 
emitters . 

.. 
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TABLEA-l: AIANDA2 VALUES FORRADIONUCLIDES 

Specific Specific 
Symbol of Element and activity activity

A2 Az (Ci) (TBq/g) (Ci/g)radionuclide atomic number Al (TBq) 
(TBq) 

.. 

Ac-225 (a) 

Ac-227 (a) 

Ac-228 

Ag-105 

Ag-I08m (a) 

Ag-llOm (a) 

Ag-lll 

AI-26 

Am-24 1 

Am-242m (a) 

Am-243 (a) 

Ar-37 

Ar-39 

Ar-41 

As-72 

As-73 

As-74 

As-76 

As-77 

At-211 (a) 

Au-193 

Au-194 

Au-195 

I 
8.0XW-l 

Actinium (89) 9.0XIO,l 

6.0XIO,1 

2.0 

7.0XIO'1 
Silver (47) 

4.0XIO·1 

2.0 

Aluminum (13) LOX 10,1 

I.OXIO I 

Americium 
1.0XlO i 

(95) 

5.0 

4.0XlOl 

Argon (18) 2.0XlOl 

3.0XlO,l 

3.0XIO·1 

4.0XIOI 

Arsenic (33) 1.0 

3.0XlO'l 

2.0XlOl 

Astatine (85) 2.0XlOl 

7.0 
Gold (79) 

1.0 

Gold (79) 1.0XlOl 

2.2XIOI 

2AXlO 1 

1.6XlO1 

5AXI0 1 

1.9XIOI 

1.lXlO1 

5AXlO1 

2.7 

2.7X102 

2.7XIOl 

lAX102 

1.1 X 103 

5AXlO2 

8.1 

8.1 

l.lX103 

2.7XIOI 

8.1 

5AX102 

5.4X102 

1.9XlO2 

2.7X101 

2.7XI02 

6.0XIO,3 

9.0XIO,5 

5.0XIO,1 

2.0 

7.0XIO'1 

4.0XIO'1 

6.0XIO'1 

1.0XlO,l i 

1.0XIO·3 

1.0XlO,3 

1.0XlO,3 

4.0XlOl 

4.0XlOl 

3.0XlO,l 

3.0XlO·1 

4.0XlOl 

9.0XIO'1 

3.0XlO,1 

7.0XlO'l 

5.0XlO'l 

2.0 

1.0 

6.0 

1.6XIO'i 

2.4XIO,3 

IAXI01 

5AXI0 1 

1.9XI01 

l.1XlOl 

1.6X101 

2.7 

2.7X10'2 

2.7XIO,2 

2.7XIO,2 

l.1X103 

1.lXI03 

8.1 

8.1 

l.lX103 

2.4XI01 

8.1 

1.9XlO i 

1.4X101 

5AXlO i 

2.7XlOl 

1.6XI02 

2.1XI03 

2.7 

8AXI04 

l.1XlO3 

9.7XIO·1 

1.8XIOl 

5.8XI03 

7.0XlO-4 

l.3XlO,I 

3.6XIO'1 

7AXIO,3 

3.7XI03 

1.3 

1.5XI06 

6.2XI04 

8.2X102 

3.7X103 

5.8X104 

3.9X104 

7.6X104 

3.4X104 

l.5XlO4 

1.4X102 

5.8XI04 

7.2XI0 1 

2.2X106 

3.0XI04 
! 

2.6XIOI ! 
i 

4.7XI03 

1.6XlO5 i 

1.9XIO,2 

304 

1.0XlO i 

2.0XlO'l 

9.9X104 
I 

3.4XI01 

4.2X107 

1.7XI06 I 

2.2XI04 I 

9.9X104 I 
! 

1.6X106 

LOX 106 i 

2.1X106 I 

9.2X10
5 I 

4.1X105 

3.7X103 
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TABLE A -1: Al AND A2 VALUES FORRADIONUCLIDES 
Specific Specific 

Symbol of Element and activity activity 
radionuclide atomic number Al (TBq) AI (Ci) A2 (TBq) A2 (Ci) (TBq/g) (Ci/g) 

i 

Au-198 

Au-199 

Ba-13 I (a) 

Ba-133 

Ba-133m 

Ba-140 (a) 

Be-7 

Be-lO 

Bi-205 

Bi-206 

Bi·207 

Bi-2l0 

Bi-2lOm (a) 

Bi·2l2 (a) 

Bk-247 

Bk-249 (a) 

Br-76 

Br-77 

Br-82 

C-Il 

C-14 

Ca-45 

Ca-47 (a) 

Cd-109 

Cd-113m 

i 

I 

I 

i 

I 

1.0 2.7XlO! 6.0XlO') 1.6XI01 9.0X103 

l.OXIO l 2.7X102 6.0XIO'1 1.6XI01 7.7X103 

2.0 5.4XlO l 2.0 5.4XlO l 3.IXI03 

3.0 8.1XI01 3.0 8.1XI01 9.4 
Barium (56) 

2.0X101 5.4XI02 6.0XIO'1 l.6XlOl 2.2XI04 

5.0XlO· I 1.4XI01 3.0XlO·! 8.1 2.7X103 

2.0XlOI 5.4Xl02 2.0XlOI 5.4Xl02 1.3X 104 

Beryllium (4) 
4.0XlO! 1.lXl03 6.0XlO'l l.6XlOI 8.3XIO,4 

7.0XlO·! 1.9XlO i 7.0XlO'! l.9XlO I 1.5X10'3 

3.0XlO·! 8.1 3.0XlO·1 8.1 3.8Xl03 

7.0XlO·I 1.9XlO i 7.0XIO·1 1.9X101 1.9 
Bismuth (83) 

1.0 2.7XlOl 6.0XlO·1 1.6XI01 4.6X103 

6.0XlO·1 1.6XlOI 2.0XlO·2 5.4XlO·1 2.1 X 10'5 

7.0XIO'1 1.9XlO l 6.0XIO'l 1.6X101 5.4X105 

8.0 2.2Xl02 8.0XlO-4 2.2XlO·2 3.8XIO·2 

Berkelium (97) 
4.0XIO! l.lX103 3.0XIO·) 8.1 6.lXlOl 

4.0XlO·! l.lXlOI 4.0XlO-1 l.lXlOl 9.4Xl04 

Bromine (35) 3.0 8.lX101 3.0 8.IXIO! 2.6Xl04 

4.0XlO·1 l.lXIOI 4.0XIO·! l.lX10 1 4.0X104 

1.0 2.7XIOl 6.0XIO-1 1.6X101 3.IX107 

! 
4.0XIOI l.lX103 3.0 8.1XI01 1.6XIO-1 

Carbon (6) 
4.0XIOI 1.1 X I 03 1.0 2.7XIOI 6.6X102 

3.0 8.1XI01 3.0XIO·1 8.1 2.3X104 

3.0X101 8.lXl02 2.0 5.4XI01 9.6XIO) 
Cadmium (48) 

4.0XI01 1.lXl03 5.0XIO·! 1.4XI01 8.3 

2.4XI05 I 

2.1X105 I 
I 

8.4X104 I 

2.6Xl02 

6.1XI05 

7.3X104 

3.5X105 

2.2XIO-2 

4.2X104 

LOX 105 

5.2XI0 1 

1.2XI05 

5.7XIO,4 I 
1.5X 107 

1.0 

1.6X103 

2.5X106 

7.lX105 

l.lXl06 

8.4XI08 

4.5 

1.8X104 

6.IXI05 
i 

2.6XI03 

2.2XI02 
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TABLE A -1: At AND A2 VALUES FORRADIONUCLIDES 

Specific Specific 
Symbol of Element and activity activity

A2radionuclide atomic number AI (TBq) At (Ci) (TBq/g) (Ci/g)
(TBq) 

Cd-ll5 (a) 

Cd-115m 

Ce-139 

Ce-141 

Ce-143 

Ce-144 (a) 

Cf-248 

Cf-249 

Cf-250 

Cf-25 1 

Cf-252 (h) 

Cf-253 (a) 

Cf-254 

CI-36 

CI-38 

Cm-24 0 

Cm-24 1 

Cm-242 

Cm-243 

Cm-244 

Cm-245 

Cm-246 

Cm-247 (a) 

i 

3.0 8.lXIO! 

5.0XlO· j 1.4XlO! 

7.0 1.9X102 

2.0XIOI 5.4X102 

Cerium (58) I 

9.0XlO·! 2.4XlO! 

2.0XlO'! 5.4 

4.0XlOl 1.1X 103 

3.0 8.1XlO! 

2.0XlO! 5.4X102 

Californium 
7.0 1.9X102 

(98) 

LOX10,1 2.7 

4.0XlOl 1.1X 103 

1.0XlO·3 2.7XIO-2 

1.0X101 2.7X102 
Chlorine (17) 

2.0XlO·1 5.4 

4.0XlOl 1.1X 103 

Curium (96) 
2.0 5.4XlO! 

4.0XlO! 1.1X 103 

9.0 2.4X102 

2,OXlO! 5.4X102 

Curium (96) 
9.0 2.4X102 

9.0 2.4X102 

3.0 8.lXlO l 

4.0XlO-! 

5.0XlO-1 

2.0 

6.0XlO-! 

6.0XlO-! 

2.0XlO-! 

6.0XlO,3 

8.0XlO-4 

2.0XlO·3 

7.0XlO·4 

1.0XlO-3 

4.0XlO·2 

1.0XlO·3 

6,OXlO'! 

2.0XlO'! 

2.0XlO·2 

1.0 

1.0XlO-2 

1.0XlO·3 

2.0XlO·3 

9.0XlO-4 

9.0XlO·4 

1.0XlO-3 

l.lXIO! 

1.4XIO! 

5.4X101 

1.6XI01 

1.6X10 I 

5.4 

1.6XlO'! 

2.2XlO-2 

5.4XlO·2 

1.9XlO,2 

2.7XlO,2 

l.l 

2.7XlO·2 

1.6XlO! 

5.4 

5.4XlO·1 

2,7XI01 

2.7XlO-1 

2.7XlO,2 

5.4XlO·2 

2.4XlO·2 

2.4XlO-2 

2.7XIO-2 

1.9XI04 

9.4X102 

2.5XI02 

1.1X 103 

2.5X104 

1.2XI02 

5.8XlO! 

1.5XlO·! 

4.0 

5.9XIO·2 

2.0XIO! 

l.lX103 

3.1XI02 

1.2XIO,3 

4.9X106 

7.5X102 

6.1XI02 

1.2X102 

1.9XlO·3 

3.0 

6.4XlO-3 

1.1X10-2 

3.4XlO·6 

5.1XI05 

2.5XI04 

6.8XI03 

2.8XI04 

6.6XlOs 

3.2X10
3 I 

1.6X103 
I 
i 

4.1 

l.lX102 

1.6 

5.4XI02 

2.9X104 

8.5XI03 

3.3XIO,2 

1.3X 108 

2.0X104 

1.7X104 

3.3X103 

5.2XIOI 

8.1XlO! 

1.7X 10' 1 

3.lXlO,l I 
i 

9.3XlO-s J 

.. 
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TABLE A-I: AI AND A2 VALUES FOR RADIONUCLIDES 
Specific Specific 

Symbol of Element and activity activity 
radionuc1ide atomic number Al (TBq) Al (Ci) A2 (TBq) A2 (Ci) (TBq/g) (Ci/g) 

I 

Cm-248 

Co-55 

Co-56 

Co-57 

Co-58 

Co-58m 

Co-60 

Cr-51 

Cs-129 

Cs-131 

Cs-132 

Cs-134 

Cs-134m 

Cs-135 

Cs-136 

Cs-137 (a) 

Cu-64 

Cu-67 

Dy-159 

Dy-165 

Dy-166 (a) 

Er-169 

Er-171 

Eu-147 

Eu-148 

I 

I 
i 

2.0XlO-2 5AXlO- j 3.0XlO-4 8. IX 10-3 1.6X10-S 

Cobalt (27) 
5.0XlO- I 1.4XIO I 5.0XlO-1 1.4XI01 1.1 X 105 

3.0XlO-1 8.1 3.0XlO-1 8.1 1.1 Xl 03 

I 

1.0X101 2.7X102 1.0X101 2.7XI02 3.lX102 

i 1.0 2.7X10l 1.0 2.7XlOl I.2XI03 

Cobalt (27) 
4.0XlOI 1.1X 103 4.0XlOl l.lXl03 2.2XI05 

4.0XlO-1 1.1X101 4.0XlO-1 l.lX101 4.2XIOI 

Chromium (24) 3.0X101 8.lX102 3.0X101 8.1XI02 3AXI03 

4.0 1.1Xl 02 4.0 l.lX102 2.8XI04 

3.0XIOI 8.lXI02 3.0XlOl 8.1XI02 3.8X103 

1.0 2.7XIOI 1.0 2.7XIOI 5.7XI03 

7.0XlO'l 1.9XIO I 7.0XlO· I 1.9XI01 4.8XI01 

Cesium (55) 
4.0XlOl l.1XI03 6.0XIO,1 1.6XlO i 3.0XlOs 

4.0XlOl l.1XI03 1.0 2.7XlOl 4.3XIO-s 

5.0XlO'l lAXl0 1 5.0XlO,1 lAXl01 2,7XI03 

2.0 5AXIO! 6.0XlO'l 1.6XI01 3.2 

6.0 1.6X102 1.0 2.7X10l 1.4X10S 

Copper (29) 
l.OXlOl 2.7XI02 7.0XlO-1 1.9X10I 2.8XI04 

2.0XlOl 5.4X102 2.0XlOl 5.4X102 2.lXI02 

Dysprosium 9.0XlO,1 2.4X101 6.0XlO'l 1.6XI01 3.0XlOs 
(66) 

9.0XlO-1 2.4XI01 3.0XlO'l 8.1 8.6XI03 

4.0XlOl 1.1XI03 1.0 2.7XIOI 3.lX103 

Erbium (68) 
8.0XlO'l 2.2XI01 5.0XlO'l 1.4XI01 9.0XI04 

2.0 5AXI01 2.0 5AXI01 1.4X103 

5.0XlO'l lAXl01 5.0XlO'l 1.4XI01 6.0XI02 

4.2XlO-3 
: 

3.1X106 

3.0X104 

8AXI0
3 J 

3.2X104 

5.9X106 

l.lXI03 

9.2X10
4 I 

7.6XI05 

LOX 105 

1.5X 1 05 

1.3X 10.1 

8.0X10
6 i 

l.2XlO-
3 I 

7.3XI04 : 

8.7XI01 
I 

I 
6 ! 

3.9XlO I 

7.6XlOs I 
I 

5.7X103 

8.2XI06 

2.3XI05 I 

8.3X104 

2AXI06 

3.7XI04 

1.6X104 
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TABLEA-l: A1ANDAzVALUES FOR RADIONUCLIDES 

Specific Specific 

A.
Symbol of Element and activity activity 

radionuclide atomic number Al (TBq) Al (Ci) A2 (Ci) (TBq/g) (Ci/g)
(TBq) 

Eu-149 

Eu-I50 (short 
lived) 

Eu-I50 (long 
lived) 

Eu-152 

Eu-152m 

Eu-154 

Eu-155 

Eu-156 

F-18 

Fe-52 (a) 

Fe-55 

Fe-59 

Fe-60 (a) 

Ga-67 

Ga-68 

Ga-72 

Gd-146 (a) 

Gd-148 

Gd-153 

Gd-159 

Ge-68 (a) 

Ge-71 

Ge-77 

Hf-l72 (a) 

I Europium (63) 2.0XlOl 

i 2.0 

2.0 

i 1.0 

8.0XlO-1 

Europium (63) 
9.0XlO·1 

2.0XlOI 

7.0XlO-1 

Fluorine (9) 1.0 

3.0XlO-1 

4.0XlOl 
Iron (26) 

9.0XlO-1 

4.0XIOI 
.-'> 

Gallium (31) 7.0 

5.0XlO·1 

4.0XlO­

Gadolinium 5.0XlO-1 

(64) 
2.0XlOl 

1.0XlO i 

3.0 

Germanium 5.0XlO­
(32) 

4.0XIO' 

3.0XlO-1 

Hafnium (72) 6.0XlO- l 

5.4XI02 

5.4XI01 

5.4XlO l 

2.7XlOl 

2.2X101 

2.4XlO l 

5.4X102 

1.9X101 

2.7X101 

8.1 

l.lX103 

2.4X10 1 

1.1X 1 03 

1.9XIOl 

1.4XIO I 

1.1X 10 1 

1.4XlO i 

5.4Xl02 

2.7XlOz 

8.1XIOI 

1.4X 10 1 

1.1 X 10"' 

8.1 

1.6XI01 

2.0XlOl 

7.0XlO·! 

7.0XlO·1 

1.0 

8.0XlO·1 

6.0XlO·1 

3.0 

7.0XlO-1 

6.0XlO-1 

3.0XlO·1 

4.0XlOl 

9.0XlO-1 

2.0XlO-1 

3.0 

5.0XlO·1 

4.0XlO· 

5.0XlO" 

2.0XlO·j 

9.0 

6.0X10-' 

5.0XlO'l 

4.0XIOI 

3.0XIO- l 

6.0XlO- l 

5.4X102 

L9XlO i 

1.9XlO i 

2.7XlOl 

2.2X101 

1.6XlO! 

8.lXlO l 

1.9XIO I 

1.6XlO l 

8.1 

LlXI03 

2.4XI01 

5.4 

8.1X101 

1.4XI0 1 

1.1XIO 

1.4XlO 

5.4XlO·" 

2.4XIOl 

1.6XlO i 

1.4XlO' 

l.lXlO j 

8.1 

1.6XIO I 

3.5XI02 

6.1XI04 

6.1XI04 

6.5 

8.2X104 

9.8 

1.8X101 

2.0X103 

3.5XI06 

2.7X105 

8.8X10 1 

1.8X103 

7.4XIO-4 

2.2XI04 

1.5X 1 0° 

LlX105 

6.9X10" 

1.2 

1.3XlO" 

3.9XI04 

2.6XlO" 

5.8XlO j 

1.3X 10" 

4.1XI01 

9.4XI03 ! 

1.6XI06 

1.6XI06 

1.8X102 

2.2X106 

2.6X102 

4.9X102 I 

45.5XlO i 

9.5XI07 

7.3X106 

2.4X103 

5.0X104 

2.0XlO-2 

6.0XlO' 

4.1XIOI 

3.lXlO° 

1.9X1O" 

3.2X1OI 

3.5XlO j 

l.lXlO° 

7.1XlOj 

1.6XlO" 

3.6XIOb 

l.lXlO j 
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TABLE A -1: Al AND Az VALUES FOR RADIONUCLIDES 
Specific Specific 

Symbol of Element and activity activity 
radionuclide atomic number Al (TBq) Al (Ci) A2 (TBq) A2 (Ci) (TBq/g) (Ci/g) 

Hf-175 

Hf-181 

Hf-182 

Hg-194 (a) 

Hg-195m (a) 

Hg-197 

Hg-197m 

Hg-203 

Ho-166 

Ho-166m 

1-123 

1-124 

1-125 

1-126 

1-129 

1-131 

1-132 

1-133 

1-134 

1-135 (a) 

In-Ill 

In-113m 

In-114m (a) 

In-115m 

Ir-189 (a) 

3.0 8.1XlOl 3.0 8.1Xl01 3.9XlO" 

2.0 5AX10 1 5.0XlO-1 l.4X101 6.3XlO" 

Unlimited Unlimited Unlimite Unlimited 8.1XlO-6 

d 
Mercury (80) 1.0 2.7XlOl 1.0 2.7X101 l.3XI0­

3.0 8.lX10 1 7_0XIO-J l.9XlO l 1.5Xl04 

2.0X101 5AX102 1.0X101 2.7X10l 9.2XIO' 

1.OX 101 2.7XlO~ 4.0XlO- 1 l.lXIO I 2.5XI04 

5.0 1.4XlO" 1.0 2.7X101 5.1XlO" 

Holmium (67) 4.0XIO- 1 l.1X10 1 4.0XlO- ' l.lXlO ' 2.6X104 

6.0XlO-1 l.6XlO l 5.0XlO-1 1.4XI0 6.6XlO·2 

Iodine (53) 6.0 l.6XlO" 3.0 8.lXlO i 7.1X10" 

1.0 2.7XlOl 1.0 2.7XlOl 9.3XIO~ 

2.0XlOl 5AX101 3.0 8.1X10 1 6AXI02 

2.0 5AX101 1.0 2.7X101 2.9XlOJ 

Unlimited Unlimited Unlimite Unlimited 6.5X 1 0'" 
d 

3.0 8.1X101 7.0XIO-1 1.9XlO i 4.6X103 

4.0XlO­ l.lXlO l 4.0XlO-1 l.lXl01 3.8XI0' 

7.0XlO· 1 l.9XIO I 6_0XlO- 1 1.6X101 4.2X104 

3.0XlO-1 8.1 3.0XlO· 1 8.1 9.9XI0' 

6.0XlO-1 1.6XlO i 6.0XlO-1 1.6Xl0 1 l.3X10' 

Indium (49) 3.0 8.1XlOl 3.0 8.1XI0l 1.5XlO" 

4.0 l.lX10 l 2.0 5AXI0 1 6.2XIO' 

LOX 10 I 2.7XlO" 5.0XlO-1 1.4Xl01 8.6XI0" 

7.0 1.9XI0i 1.0 2.7XI0 2.2XlO' 

Iridium (77) LOX 10 2.7XlOL l.OXIOl 2.7XIOL L9XIOJ 

l.lX10" 

1.7X104 

2.2XlO-4 

3.5 

4.0X10' 

2.5XlO' 

6.7XIO' 

lAX 10'1 

7.0X10' 

1.8 

1.9XlO" 

2.5X10' 

l.7X104 

8.0XlO" 

1.8X10-4 

1.2XlO' 

1.0XlO 

l.lXlO° 

2.7XIO' 

3.5XlO° 

4.2XlO' 

1.7XI0 

2.3XI04 

6.1X10" 

5.2X10" 
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TABLE A -1: Al AND Al VALUES FOR RADIONUCLIDES 

Specific Specific 
Symbol of Element and activity activity

A2 (TBq/g) (Ci/g)radionuclide atomic number Al (TBq) Al (Ci) (TBq) 

Ir-190 

Ir-192 

Ir-194 

K-40 

K-42 

K-43 

Kr-81 

Kr-85 

Kr-85m 

Kr-87 

La-137 

La-140 

Lu-l72 

Lu-173 

Lu-174 

Lu-174m 

Lu-l77 

Mg-28 (a) 

Mn-52 

Mn-53 

Mn-54 

Mn-56 

Mo-93 

Mo-99 (a) (h) 

7.0XlO'! 1.9XlO 

1.0 2.7XlOl 

3.0XlO'l 8.1 

Potassium (19) 9.0XlO· j 2.4XlOl 

2.0XlO' 5.4 

7.0XlO'l 1.9XlO i 

4.0XlOl l.1XI03 

1.0XlO i 2.7X102 
Krypton (36) 

i 
8.0 2.2X102 

2.0XlO'l 5.4 

Lanthanum 3.0X101 8.1XlOL 
(57) 

4.0XlO'l l.1X10 1 

Lutetium (71) 6.0XlO·I 1.6XlO i 

8.0 2.2XlO" 

9.0 2.4XlO~ 

2.0XlOl 5.4XlOz 

3.0XIO 8.IX10" 

Magnesium 3.0XlO'l 8.1(12) 
Manganese 3.0XlO'! 8.1 

(25) 
Unlimited Unlimited 

1.0 2.7XIOI 

3.0XlO'! 8.1 

4.0XIO l.lXlO' 
Molybdenum 

(42) 1.0 2.7X10 

7.0XlO·! 

6.0XlO' 

3.0XlO'l 

9.0XlO'! 

2.0XlO' 

6.0XlO'] 

4.0XlOl 

1.0X101 

3.0 

2.0XlO·\ 

6.0 

4.0XlO'l 

6.0XlO'! 

8.0 

9.0 

1.OXIOI 

7.0XlO·1 

3.0XlO·! 

3.0XlO·! 

Unlimite 
d 

1.0 

3.0XlO'! 

2.0XlO 

7.4XIO' 

1.9XlO! 

1.6XI01 

8.1 

2.4XI0! 

5.4 

1.6XI0] 

l.lX103 

2.7XI02 

8.1XlO I 

5.4 

1.6XlO~ 

l.1XlO l 

1.6XI0 1 

2.2X102 

2.4XlO" 

2.7XI0L 

1.9XlO 

8.1 

8.1 

Unlimited 

2.7XlO 

8.1 

5.4Xl02 

2.0XIOl 

2.3XI0' 

3.4X102 

3.1X104 

2.4XlO·/ 

2.2XlO' 

1.2XI0" 

7.8XI0-4 

1.5X 10 I 

3.0X105 

1.0X106 

1.6XI0" 

2.1XI04 

4.2XI0J 

5.6XIOI 

2.3XIO 

2.0XI0L 

4.1XIO' 

2.0XI05 

1.6X104 

6.8X10·' 

2.9XI0" 

8.0XIO:> 

4.lXI0·2 

1.8XI04 

6.2X104 i 

• 

9.2Xl0J 

8.4X105 . 

6.4XlO'o 

6.0XlO° • 

3.3XlO° 

2.1XI0,2 

3.9X102 

8.2X106 

2.8XI07 

4.4XIO,L 

5.6X10" 

l.lXlO" 

1.5X10J 

6.2XI0" 

5.3XlOj 

l.1XlO5 

5.4X106 

4.4X10' 

1.8XIO·j 

7.7XlO3 

2.2X 10 , 

1.1 

4.8XIO' 
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TABLEA-l: Al AND A2 VALUES FORRADIONUCLIDES 
Specific Specific 


Symbol of Element and activity activity 

radionuclide atomic number Al (TBq) Al (Ci) A2 (TBq) Az (Ci) (TBq/g) (Ci/g) 


N-13 Nitrogen (7) 9.0XlO·1 2AXI0 1 6.0XlO-1 1.6X101 5.4X107 1.5X109 

Na-22 Sodium (11) 5.0XIO-1 1.4X10 I 5.0XlO-1 1AX10 2.3XIO~ 6.3XlO' 

Na-24 2.0XIO-1 504 2.0XlO-1 5.4 3.2XIO' 8.7XIO" 

Nb-93m 

Niobium (41) 

4.0XIO' l.lXlO j 3.0XIOI 8.1XIOz 8.8 2AXlO2 

Nb-94 7.0XlO-1 L9XI01 7.0XIO­ 1.9XIO 6.9XIO-; 1.9XI0-1 

Nb-95 1.0 2.7XlOl 1.0 2.7XIOI 1.5X 1 OJ 3.9XlO" 

ND-~f 9.0XIO­ 2.4XIO 6.0XIO­ 1.6XI01 9.9XIO' 2.7XIOI 

~ 

Neodymium 
(60) 

6.0 1.6XIOl 6.0XIO-1 1.6XIO 3.0XlO­ 8.1XW· 

~ 6.0XlO­ L 10-1 1.4X101 4.5XIO' 1.2XI0 1 

Ni-59 

Nickel (28) 

Unlimited Unlimited Un limite 
d 

Unlimited 3.0XlO-; 8.0XIO~2 

Ni-63 4.0XlOl l.lXlO j 3.0XIO ' 8.IXIOL 2.1 5.7XIO' 

Ni-65 4.0XlO­ l.lXIO 4.0XIO­ l.1X10 1 7.IXIO' 1.9X10 I 

Np-235 

~N~-2 Neptunium 
(93) 

4.0XIOI l.lXlOJ 4.0XIOI 1.1 X10" 5.2XlOl 1.4XIO' 

2.0XIO 5.4XIO~ 2.0 5AXI01 4.7XIO-4 1.3XIO-L 

2.0XIOI 5.4XI0"' 2.0 5.4XI0' 4.7XI6""' l.3XIO-~ 

2.0XlOl 5.4XlOl 5.4XIO-L 2.6XlO-' 7.1XIO-" 

Np-2 7.0 L9XlO"' 4.0XIO-1 l.1XI01 8.6XIO.J 2.3XlO' 

Os-185 

Osmium (76) 

LO 2.7XIOI 1.0 2.7X10 1 2.8XIOL 7.5XIO" 

Os-191 l.OXIO' 2.7XIOL 2.0 5.4X101 1.6Xl0J 4.4Xl04 

Os-191m 4.0XlOl 1.1 XI oj 3.0XlO' 8.1XlOL 4.6XlO" l.3XIO° 

Os-193 2.0 5.4X10 1 6.0XlO-1 l.6X10 1 2.0XIO" 5.3XIO' 

Os-194 (a) 3.0XlO-1 8.1 3.0XlO-1 8.1 l.1XIO I 3.lXlOL 

P-32 
Phosphorus 

(15) 

5.0XlO- ' 1.4X10 1 5.0XlO­ l.4XIO l.lXI0" 2.9XIO' 

P-33 4.0XlOl 1.1Xl0J 1.0 2.7XIOI 5.8XI0j 1.6XIO' 

Pa-230 (a) 
Protactinium 

(91) 2.0 5.4X101 7.0XlO-2 1.9 1.2X 1 03 3.3X104 
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TABLE A -1: Al AND A2 VALVES FOR RADIONUCLIDES 

Specific Specific 

Symbol of Element and activity activity


Azradionuclide atomic number Al (TBq) A2 (Ci) (TBq/g) (Ci/g)
(TBq) 

Pa-23 1 

Pa-233 

4.0 1.1Xl 02 4.0XlO·4 l.lXIO·2 1.7XlO·3 4.7XlO·2 
i 

5.0 1.4XI02 7.0XlO·1 1.9X101 7.7XI02 2.IX104 

Pb·201 

Pb·202 

Pb·203 

Pb-205 

Pb·210 (a) 

Pb·212 (a) 

Lead (82) 

1.0 2.7XIO' 1.0 2.7XlO' 6.2XIO' 1.7XlO° 

4.0XlO 1.1XlOj 2.0XlO 5AXlOL 1.2XIO'4 3AX 10''> 

4.0 l.1XlOk 3.0 8.lXlOI l.1Xl04 3.0XlO' 

Unlimited Unlimited Unlimite 
d 

Unlimited 4.5XIO'o 1.2XlO-4 

1.0 2.7XlO' 5.0XlO'L 104 2.8 7.6XlO 

7.0XlO· J 1.9XlO' 2.0XlO· 1 504 5.IX104 1.4XIO" 

Pd-l03 (a) 

Pd·l07 

Pd·l09 

Palladium (46) 

4.0XlOI l.lXlO' 4.0XlO 1.1X 10-' 2.8XlO" 7.5XI04 

Unlimited Unlimited Unlimite 
d 

Unlimited 1.9XIO':> 5.lXlO'" 

2.0 5AXI0 1 5.0XlO·1 1 AXlO' 7.9XI04 2.1XlO" 

Pm-143 

Pm·144 

Pm-145 

Pm-147 

Pm-148m (a) 

Pm·149 

Pm-15I 

i 

i 

i 

i 

Promethium 
(61) 

3.0 8.lXlOl 3.0 8.lXlOl l.3Xl02 3AXlO3 

7.0XlO' 1.9XlO' 7.0XlO'l 1.9X10 1 9.2XlO I 

.. 
2.5XlO' 

3.0XlOl 8.lXlOz 1.0XlO' 2.7XlOz 5.2 1.4XlO2 

4.0XIOI l.1XlO" 2.0 5AXlO' 3AXI0 9.3XlO" 

8.0XlO' 2.2XlO' 7.0XIO'1 1.9XlO' 7.9XlOL 2.1XI04 

2.0 5AXlOI 6.0XIO,1 1.6X101 l.5X104 
4.0X10' i 

2,0 5AXlO 6.0XIO' 1.6X10 1 2.7XIO" 7.3XIO' i 

Po-210 Polonium (84) 4.0XIOI l.lX103 2.0XlO,2 5AXIO,I 1.7Xl02 4.5XI03 

Pr-142 

Pr·143 
Praseodymium 

(59) 

4.0XlO'l l.lX101 4.0XIO·1 1.1XI01 4.3X104 1.2XIOb 

3.0 8.lXlO 6.0XIO' 1.6XlO 2.5XI0" 6.7XI04 

Pt·1 88 (a) 

Pt-191 

Pt-193 

Platinum (78) 

1.0 2.7XIOI 8,OXlO,I 2.2XIOI 2.5X103 6.8X104 

4.0 1.1X 102 3,0 8.IX101 8.7Xl03 2.4X105 

4.0XIOI 1.1X103 4.0XlOl 1.1XI03 104 3.7XI01 
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TABLE A -1: Al AND A2 VALUES FOR RADIONUCLIDES 
Specific Specific 

Symbol of Element and activity activity 
radionuc1ide atomic number Al (TBq) Al (Ci) A2 (TBq) A2 (Ci) (TBq!g) (Ci/g) 

Pt-193m 

Pt-195m 

Pt-197 

Pt-197m 

Pu-236 

Pu-237 

Pu-238 

Pu-239 

Pu-240 

Pu-241 (a) 

Pu-242 

Pu-244 (a) 

Ra-223 (a) 

Ra-224 (a) 

Ra-225 ta) 

Ra-226 (a) 

Ra-228 (a) 

Rb-81 

Rb-83 (a) 

Rb-84 

Rb-86 

Rb-87 

Rb(nat) 

Re-184 

Re-184m 

4.0XlOl l.lX103 5.0XlO'l 1.4XIO I 5.8XI03 

1.0X10 I 2.7XI02 5.0XlO,1 IAXlO l 6.2X103 

2.0XlOl 5AXI02 6.0XlO'l 1.6XlO l 3.2XI04 

1.0XlOI 2.7X102 6.0XlO·! 1.6XIO I 3.7X105 

I 
3.0XI0 1 8.lXIO" 3.0XlO':; 8.1XlO'z 2.0XIOl 

i 
2.0XIOI 5AXI02 2.0XIOI 5AXlO2 4.5XlO:l 

I 1.0XIOl 2. 7X 10" I.OXlO'3 2.7XlO'2 6.3XlO·1 

1.0XIO 2.7XlO" 1.OXIO·5 2.7XIO'" 2.3XIO'5 
Plutonium (94) 

i 
1.0XlOl 2.7XIO< 1.0XlO'J 2.7XlO'L 8AX IO'J 

4.0XlOl l.lXlO' 6.0XIO'2 1.6 3.8 

l.OXIO' 2.7XlO" LOX 10''> 2.7XlO'" 1.5XIO·4 

4.0XIO'1 l.lXIO LOX 10''> 2.7XlO'" 6.7XIO·7 

4.0XlO· 1 l.1XIO l 7.0XIO'j 1.9XlO" 1.9XIO
j 

I 

I 
4.0XIO'l 1.1X 10 1 2.0XlO'2 5AXIO·1 5.9XIO j 

2.0XlO· 1 504 4.0XIO·J l.lXlO'l 1.5XIO' 
Radium (88) 

2.0XlO'l 504 3.0XIO·j 8.1XlO·L 3.7XIO'2 

6.0XlO'l 1.6X101 2.0XlO·" 5AXIO'! LOX10 I 

2.0 5AXI01 8.0XlO· 1 2.2XlOl 3.lXIO' 

i 
2.0 5AXI0 1 2.0 5AXI0 1 6.8XlOL 

I 1.0 2.7XIOI 1.0 2.7XIOI 1.8XIOj 

I 
I Rubidium (37) 5.0XlO" lAXIO 5.0XlO' 1.4XIO' 3.0XI03 

Unlimited Unlimited Unlimite Unlimited 3.2XIO'" 
d 

Unlimited Unlimited Unlimite Unlimited 6.7XIO° 
d 

1.0 2.7XIOl 1.0 2.7XlO! 6.9XlO" 

3.0 8.lXIO l 1.0 2.7XIOI 1.6XIOL 
Rhenium (75) 

1.6XI05 

1.7X105 

8.7XI05 

I.OXI07 

5.3XIOz 

1.2X 104 

1.7XI0 1 

6.2XlO'z 

2.3XlO­

LOX 10< 

3.9XlO·J 

1.8XlO" 

5.IXIO" 

1.6XIO' 

3.9XI04 

1.0 

2.7XIO'" 

8AXlO° 

1.8X104 

4.7X104 

8.1 X 104 

8.6XIO'~ 

L8XIO" 

1.9XI04 

4.3XIO" 
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TABLE A -1: Al AND A2 VALUES FOR RADIONUCLIDES 

Specific Specific 
Symbol of Element and activity activity 

radionuclide atomic number Al (TBq) Az 
Az (Ci) (TBq/g) (Ci/g)

(TBq) 

I 

Re-186 

Re-187 

Re-188 

Re-189 (a) 

Re(nat) 

Rh-99 

Rh-lOl 

Rh-102 

Rh-l02m 

Rh-l03m 

Rh-l05 

Rn-222 (a) 

Ru-97 

Ru-l03 (a) 

Ru-I05 

Ru-l06 (a) 

S-35 

Sb-122 

Sb-124 

Sb-125 

Sb-126 

Sc-44 

Sc-46 

Sc-47 

i 

i 

I 
! 

2.0 5AXlO i 

! Unlimited Unlimited 

4.0XIO-1 l.1XIO I 

3.0 8.IXIOI 
Rhenium (75) 

Unlimited Unlimited 

2.0 5AXI01 

4.0 l.1XlOk 

5.0XIO-1 lAXlO I 

Rhodium (45) 

2.0 5AXIO' 

4.0XlOl l.lXlOj 

1.0XlO i 2.7X102 

Radon (86) 3.0XlO-1 8.1 

5.0 1.4X102 

Ruthenium 
2.0 5AX101 

(44) 
1.0 2.7XIOI 

2.0XlO-1 504 

Sulphur (16) 4.0XI01 l.lX103 

4.0XlO-1 l.lXlOl 

6.0XlO-1 1.6XI01 

Antimony (51) 
2.0 5AX10 1 

4.0XlO-1 l.lX101 

5.0XlO-1 1.4XIOI 

Scandium (21) 5.0XlO-1 1.4XlO i 

l.OXlO l 2.7Xl02 

6.0XIO- 1 

Unlimite 
d 

4.0XIO-1 

6.0XIO-' 

Unlimite 
d 

2.0 

3.0 

5.0XIO-' 

2.0 

4.0XlOl 

8.0XlO"l 

4.0XlO-3 

5.0 

2.0 

6.0XlO-1 

2.0XlO-1 

3.0 

4.0XIO- ' 

6.0XIO-1 

1.0 

4.0XlO-1 

5.0XIO-1 

5.0XlO-1 

7.0XlO-1 

1.6XIO I 

Unlimited 

l.lXIO I 

1.6XlO i 

Unlimited 

5AXIO' 

8.IXIO 

lAXlO I 

5.4XIO 

l.lXlO
j 

2.2XlOl 

l.lXlO-1 

1.4XI02 

5AX10 1 

1.6X101 

504 

8.1XIOl 

l.lX101 

1.6XlO i 

2.7XIOI 

1.1XIO I 

1.4XlO! 

1.4XlO i 

1.9Xl01 

6.9XIOJ 

1.4XlO-Y 

3.6XI04 

2.5X104 

0.0 

3.0X103 

4.1XIO 

4.5XIOI 

2.3XlOz 

1.2XIO" 

3.1X104 

5.7XI03 

L7XI04 

I.2XI03 

2.5XI05 

1.2XI02 

1.6XI03 

1.5 X 1 04 

6.5XI02 

3.9XI01 

3.lXI03 

6.7XIOs 

1.3X 103 

3.lXI04 

1.9XIO' 

3.8XIO-:; 

9.8XIO' 

6.8XIO' 

2AXIO-lS 

8.2X104 

l.lXIO~ 

1.2XlO
j 

6.2XI03 

3.3XIO 

8AXIO' 

1.5XIOs 

4.6X105 

3.2XI04 

6.7X106 

i 

3.3XI03 I 

4.3X104 

4.0XlOs 

1.7X104 

LOX 1 03 

8AX104 

1.8XI07 

3AXI04 

8.3X105 
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TABLE A -1: Al AND A2 VALUES FOR RADIONUCLIDES 
Specific Specific 

Symbol of Element and activity activity 
radionuclide atomic number A! (TBq) AI (Ci) Az (TBq) Az (Ci) (TBq/g) (Ci/g) 

Sc-48 3.0XlO·] 8.1 3.0XlO·] 8.1 5.5XI04 1.5XI06 

Se-75 

Se-79 
Selenium (34) 
Selenium (34) 

3.0 8.lXlO i 3.0 8.IXIO! 5AXlOz 1.5XI04 

4.0XlO l.lXlO' 2.0 5.4XlO' 2.6XlO·" 7.0XI0·~ 

Si-31 

Si-32 Silicon (14) 

6.0XlO·' 1.6XIO' 6.0XlO· 1.6XIO ' 1.4XlO° 3.9XI07 

4.0XlO' 1.1X103 5.0XlO·! 1.4XI01 3.9 l.lXlO..! 

Sm-145 

Sm-147 

Sm-15I 

Sm-I53 

Samarium (62) 

1.0XlO! 2.7XIOz 1.0XIO! 2.7XIOz 9.8XIO! 2.6XI03 I 

Unlimited Unlimited 
Un limite 

d 
Unlimited 8.5XlO·! 2.3XlO·8 ! 

4.0XIOI 1.1X103 l.OXIO! 2.7XI02 9.7XlO·! 2.6XI0 1 

9.0 2AXI02 6.0XlO·! 1.6XlO! 1.6XI04 4.4XIOs 

I 

Sn-1l3 (a) 

Sn-117m 

Sn-119m 

Sn-121m (a) 

Sn-123 

Sn-I25 

Sn-126 (a) 

Tin (50) 

4.0 l.lXlOz 2.0 5.4XlO! 3.7XlOz 1.0X104 

7.0 1.9XIOz 4.0XlO·! I.1XIO! 3.0XI03 8.2X104 

4.0XIOI 1.1X 103 3.0XIO! 8.1XIOz 1AX102 3.7X103 

4.0XlO! 1.1X 103 9.0XlO·! 2.4XIO! 2.0 5AXIO! 

8.0XlO·! 2.2XlO l 6.0XlO,1 1.6X101 3.0XI02 8.2XI03 

4.0XlO·1 l.1XIO! 4.0XlO·] l.lXlO] 4.0X103 l.1XIOs 

6.0XlO·! 1.6XI01 4.0XIO·1 l.1X101 1.OXIO·3 2.8XlQ"2 

Sr-82 (a) 

Sr-85 

Sr-85m 

Sr-87m 

Sr-89 

Sr-90 (a) 

Sr-91 (a) 

Sr-92 (a) 

I Strontium (38) 

I 

2.0XlO'! 504 2.0XlO'l 504 2.3X103 6.2XI04 

2.0 5AX101 2.0 5AXlO] 8.8XI02 2AXI04 

5.0 1AX102 5.0 1.4X102 1.2XI06 3.3XI07 

i 3.0 8.1XIO! 3.0 8.1XIOI 4.8X105 1.3X 107 

6.0XlO·1 l.6XIO I 6.0XlO'\ 1.6XIO! l.lX103 2.9X104 

3.0XlO· j 8.1 3.0XlO·! 8.1 5.1 1.4XI02 

3.0XlO,1 8.1 3.0XlO·! 8.1 1.3XIOs 3.6XI06 

1.0 2.7XlOl 3.0XlO·! 8.1 4.7XI05 1.3X 107 

T(H-3) Tritium (I) 4.0XIOI l.lXl03 4.0XlOl l.lXl03 3.6XI02 9.7X103 
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TABLE A -1: Al AND A2 VALUES FOR RADIONUCLIDES 

Specific Specific 
Symbol of Element and activity activity 

radio nuclide atomic number Al (TBq) A2 
A2 (Ci) (TBq/g) (Ci/g)

(TBq) 

Ta-178 (long­
lived) 

Ta-179 

Ta-182 

Th-157 

Th-158 

Tb-160 

Tc-95m (a) 

Tc-96 

Tc-96m (a) 

Tc-97 

Tc-97m 

Tc-98 

Tc-99 

Tc-99m 

Te-121 

Te-121m 

Te-123m 

Te-125m 

Te-127 

Te-127m (a) 

Te-129 

Te-129m (a) 

Te-131m (a) 

Te-132 (a) 

Tantalum (73) 1.0 2.7XlOl 

3.0XlO 8.IXlOL 

9.0XlO'l 2AXI0 1 

4.0XlOl l.1XI03 

Terbium (65) 1.0 2.7XI01 

1.0 2.7XlOl 

2.0 5.4X101 

4.0XlO'l l.lXlOI 

4.0XlO'l l.lXIOI 

Technetium 
Unlimited Unlimited 

(43) 
4.0XlO' l.lX103 

8.0XlO" 2.2XIOI 

4.0XIO' l.lXl03 

1.0XlO i 2.7XI02 

2.0 5AXI01 

5.0 1.4X102 

8.0 2.2XI02 

2.0XlOl 5AX102 

I 2.0XIOl 5.4XI02 

I Tellurium (52) 
2.0XlO' 5.4X102 

7.0XlO'l 1.9XlOl 

8.0XlO,l 2.2XlOl 

7.0XlO'l 1.9XlO i 

5.0XlO·' lAXlO, 

8.0XlO'l 

3.0XlO 

5.0XIO' 

4.0XlOl 

1.0 

6.0XI0,1 

2.0 

4.0XlO'l 

4.0XlO" 

Unlimite 
d 

1.0 

7.0XlO'l 

9.0XlO" 

4.0 

2.0 

3.0 

1.0 

9.0XlO'l 

7.0XlO'l 

5.0XlO,1 

6.0XlO'l 

4.0XIO,l 

5.0XlO'l 

4.0XlO'l 

2.2XIOI 

8.1XIOZ 

IAXI0 

l.lX 103 

2.7XIOI 

1.6XlO i 

5.4XI01 

l.lXlO l 

l.lXlO' 

Unlimited 

2.7XIOI 

1.9XI0' 

2AXIO' 

l.lX102 

5.4XlOl 

8.1XIOI 

2.7XlOl 

2.4XI01 

1.9XIOI 

1.4XI01 

1.6XIOI 

l.lXIOl 

1.4XIOI 

l.lXlO l 

4.2XI06 

4.1XIOI 

2.3XIOT 

5.6XIO" 

5.6XlO,1 

4.2X102 

8.3XI02 

1.2X104 

lAXI06 

5.2XlO,5 

5.6XI02 

3.2XlO·5 

6.3XIO-4 

1.9X105 

2.4XI03 

2.6X102 

3.3XI02 

6.7XI02 

9.8XI04 

3.5XI02 

7.7XI05 

l.lX103 

3.0XI04 

l.1XI04 

l.lXlO" ! 

l.lXlOJ 

i 

6.2XIOJ I 

1.5XI01 I 

1.5X101 

l.lX104 

2.2XI04 

3.2X105 

3.8X107 

1.4XlO,3 

1.5XI04 

I 8.7XI0-4 i 

1.7XIO·2 I 

5.3X106 
i 

6.4XI04 

7.0X103 

8.9X103 

i 

1.8XI04 I 

2.6X106 i 

9.4XI03 

2.1X107 

3.0XI04 

8.0X105 

8.0XI05 

.. 


T39 




SSRCR Volume I - August 2010 Appendix A 

TABLE A -1: Al AND A2 VALUES FOR RADIONUCLIDES 
Specific Specific 

Symbol of Element and activity activity 
radionuclide atomic number AI (TBq) AI (Ci) A2 (TBq) A2 (Ci) (TBqlg) (Ci/g) 

Th-227 

Th-228 (a) 

Th-229 

Th-230 

Th-23 1 

Th-232 

Th-234 (a) 

Th(nat) 

Ti-44 (a) 

TI-200 

TI-201 

Tl-202 

Tl-204 

Tm-167 

Tm-170 

Tm-171 

U-230 (fast lung 
absorption) (a)(d) 

U-230 (medium 
lung absorption) 

(a)(e) 

U-230 (slow lung 
absorption) (a){f) 

U-232 (fast lung 
absorption) (d) 

U-232 (medium 
lung absorption) 

(e) 

U-233 (fast lung 
absorption) (d) 

1.0XlOI 2.7X102 5.0XlO-3 IAXIO· I 1.1 X 103 

5.0XlO-1 1.4X 10 1 1.0XlO·3 2.7XIO·2 3.0XI01 

Thorium (90) 
5.0 Io4X102 5.0XlO-4 1.4XlO'z 7.9XIO·3 

0 1 2.7XI02 1.OXIO·3 2.7XIO-2 7.6XlO·4 

0 1 1.1X 103 2.0XlO·2 504XlO-1 2.0XI04-

Thorium (90) 
ed Unlimited 

Unlimite 
Unlimited 4.0XlO-9 

d 

3.0XlO·1 8.1 3.0XlO-1 8.1 8.6X102 

Unlimited Unlimited 
Unlimite 

Unlimited 8.1XlO-9 

d 

Titanium (22) 5.0XlO-1 1.4XlOI 4.0XlO-1 l.lX101 6 

9.0XlO-1 2AXlOl 9.0XlO-l 204XIOl 

1.0XIOl 2.7X102 4.0 l.lXl02 
1.7J\.lV 

Thallium (81) 
2.0 5AX10 1 2.0 5.4XlOI 2.0XI03 

1.OX 101 2.7X102 7.0XlO-1 1.9X101 1.7XlOl 

7.0 1.9XI02 8.0XW-l 2.2XIOl 3.IXI03 

Thulium (69) 3.0 8.1XIOI 6.0XlO· l 1.6XlOI 2.2XI02 

4.0XIOI l.lX103 4.0XlOl l.lX103 4.0XlOl 

4.0XlOl 1.1 X 103 1.0XlO·1 2.7 l.OXI03 

4.0XlOl 1.1X 103 1.0XlO-1 2.7 1.0X103 

4.0XlOl l.lX103 1.0XlO·1 2.7 1.0XI03 

Uranium (92) 

4.0XlOl l.1XI03 1.0XlO-2 2.7XIO· l 8.3XlO-1 

4.0XlOl 1.1X 103 1.0XlO-2 2.7XIO·l 8.3XlO·1 

4.0XlOl 1.1XI03 9.0XlO-2 204 3.6XIO-4 

3.lXI04 

8.2XI02 

2.lXlO·1 

2.lXlO-2 

5.3X105 

1.lX 10-7 

2.3XI04 

2.2XlO-7 

1.7X102 

6.0X105 

2.lXI05 

5.3X104 

4.6XI02 

8.5XI04 

6.0XI03 

l.lX103 

2.7X104 

2.7XI04 

2.7XI04 

2.2XlOl 

2.2XIOI 

9.7XIO-3 
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TABLE A - 1: Al AND A2 VALVES FOR RADIONUCLIDES 

Specific Specific 
Symbol of Element and activity activity

A2rad ion uclide atomic number Al (TBq) (TBq/g) (Ci/g)
(TBq) 

! 

U-233 (medium I 
lung absorption) . 

(e) • 

U-233 (slow lung 
absorption) (f) 

U-234 (fast lung 
absorption) (d) 

234 (medium lung! 
absorption) (e) 

-234 (slow lung I 
absorption) (f) • 

U-235 (all lung 
absorption types) 

(a),( d),( e ),(f) 

U-236 (fast lung 
absorption) (d) 

U-236 (medium 
lung absorption) 

(e) 

U-236 (slow lung 
absorption) (f) 

U-238 (all lung 
absorption types) 

(d),( e ),(f) 

U (nat) 

U (enriched to 
20% or less)(g) 

U (dep) 

V-48 

V-49 

W-178 (a) 

W-181 

4.0XIOI l.lX103 

4.0XlOl 1.1X 103 

4.0XlOl l.lXl03 

4.0XIOI 1.1X 103 

4.0XlOI 1.1X 103 

Unlimited Unlimited 

Uranium (92) Unlimited Unlimited 

Unlimited Unlimited 

Unlimited Unlimited .. 
Unlimited Unlimited 

Unlimited Unlimited 

Unlimited Unlimited 

Unlimited Unlimited 

4.0XlO-1 l.1X]Ol 

Vanadium (23) 
4.0XlOl l.lX103 

9.0 2.4X102 

Tungsten (74) 
3.0XI01 8.1XI02 

9.0XlO-2 

9.0XlO,2 

9.0XlO-2 

9.0XlO-2 

9.0XlO-2 

Unlimited 

Unlimited 

Unlimited 

Unlimited 

Unlimited 

Unlimite 

Unlimited 

Unlimited 

4.0XlO-1 

4.0XlOl 

5.0 

3.0XlOl 

2.4 

2.4 

2.4 

2.4 

2.4 

Unlimited 

Unlimited 

Unlimited 

Unlimited 

Unlimited 

Unlimited 

Unlimited 

Unlimited 

1.1X101 

l.lXl03 

1.4X102 

8.IXI02 

3.6XlO-4 

3.6XlO-4 

2.3XlO-4 

2.3XIO-4 

2.3XlO-4 

8.0XlO-8 

2.4XIO-6 

2.4XlO-6 

2.4XlO-6 

1.2XIO-8 

2.6XlO'& 

N/A 

0.0 

6.3X103 

3.0X102 

1.3X 103 

2.2XI02 

9.7XlO-3 

9.7XlO-3 

6.2XlO-3 

6.2XlO-3 

6.2XlO-3 

2.2XlO-6 

6.5XlO-5 

6.5XlO-s 

6.5XlO-5 

3.4XlO-7 

7. IX 10-7 

N/A 

(See Table 
A-3) 

1.7X105 

8.IX103 

3.4X104 

6.0X103 
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TABLE A - 1: Al AND AzVALVES FOR RADIONUCLIDES 
Specific Specific 

Symbol of Element and activity activity 
radionuclide atomic number AI (TBq) AI (Ci) ~ (TBq) A2 (Ci) (TBqig) (Ciig) 

W-185 

W-187 

W-188 (a) 

Xe-I22 (a) 

Xe-123 

Xe-127 

Xe-131m 

Xe-133 

Xe-135 

Y-87 (a) 

Y-88 

Y-90 

Y-91 

Y-9lm 

Y-92 

Y-93 

Yb-169 

Yb-175 

Zn-65 

Zn-69 

Zn-69m (a) 

Zr-88 

Zr-93 

Zr-95 (a) 

I 

i 

i 

4.0XlOl l.lXl03 8.0XlO-I 2.2XIO I 3.5X102 

2.0 5.4XI01 6.0XlO-1 1.6XI01 2.6XI04 

4.0XlO-1 l.lXlO1 3.0XlO-1 8.1 3.7XI02 

4.0XlO-I l.lXIOl 4.0XlO-1 1.1XI01 4.8X104 

2.0 5.4XI01 7.0XlO-1 1.9X101 4.4XI05 

4.0 l.lX102 2.0 5.4XI01 1.0XI03 

Xenon (54) 
4.0XlOl 1.1X 103 4.0X101 l.lX103 3.lX103 

2.0X101 5.4X102 LOX10 I 2.7X102 6.9X103 

3.0 8.1XIOI 2.0 5.4XI01 9.5X104 

1.0 2.7XlOl 1.0 2.7X101 1.7X104 

4.0XlO-1 l.lXlO I 4.0XlO-1 l.lX101 5.2X102 

3.0XlO-1 8.1 3.0XlO-1 8.1 2.0XI04 

Yttrium (39) 6.0XlO-1 1.6XlO i 6.0XlO-1 1.6X101 9.1XI02 

2.0 5.4X101 2.0 5.4XlOl 1.5XI06 

2.0XlO-1 5.4 2.0XlO-1 5.4 3.6XIOs 

3.0XlO-1 8.1 3.0XlO-1 8.1 1.2X10s 

4.0 l.lX102 1.0 2.7XIOI 8.9X102 
Ytterbium (79) 

3.0X101 8.1X102 9.0XlO-1 2.4X101 6.6X103 

2.0 5.4XI01 2.0 5.4X101 3.0X]02 

Zinc (30) 3.0 8.1XIOI 6.0XlO-1 1.6XlO i 1.8X106 

3.0 8.1XlOl 6.0XI0-I 1.6XI01 1.2X105 

3.0 8.1X101 3.0 8.IXIOI 6.6X102 

Zirconium (40) Unlimited Unlimited Unlimited Unlimited 9.3XIO-5 

2.0 5.4X101 8.0XlO-1 2.2XIOI 7.9X102 

9.4XI03 

7.0X105 

1.OXI04 
i 

l.3X106 

1.2X107 
i 

2.8X104 

8.4X104 

1.9X10s 

2.6XI06 

4.5X10s 

1.4XI04 

5.4X10s 

2.5X104 

4.2X107 

9.6X106 

3.3X106 

2.4X104 

1.8XI05 

8.2X103 

4.9X107 

3.3XI06 

1.8X104 

2.5X] 0-3 

2.IX104 
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TABLE A-I: Al AND A2 VALUES FORRADIONUCLIDES 

Specific Specific 

Symbol of Element and activity activity


A2radionuclide atomic number At (TBq) At (Ci) A2 (Ci) (TBq/g) (Ci/g)
(TBq) 

Zr-97 (a) 4.0XlO-1 	 7.1XI04 

NOTES 
(a) 	 Al and/or A2 values include contributions from daughter nuclides with half-lives less than 10 days 
(b) 	 Parent nuclides and their progeny included in secular equilibrium are listed in the following: 

Sr-90 Y-90 
Zr-93 Nb-93m 
Zr-97 Nb-97 
Ru-I06 Rh-I06 
Cs-137 Ba-137m 
Ce-134 La-134 
Ce-144 Pr-144 
Ba-140 La-140 
Bi-212 TI-208 (0.36), Po-212 (0.64) 
Pb-2l 0 Bi-210, Po-21O 
Pb-212 Bi-212, TI-208 (0.36), Po-212 (0.64) 
Rn-220 Po-216 
Rn-222 Po-2I8, Pb-2I4, Bi-214, Po-2I4 
Ra-223 Rn-219, Po-2l5, Pb-211, Bi-2Il, TI-207 
Ra-224 Rn-220, Po-216, Pb-212, Bi-212, TI-208 (0.36), Po-212 (0.64) 
Ra-226 Rn-222, Po-2I8, Pb-214, Bi-214, Po-214, Pb-210, Bi-210, Po-210 
Ra-228 Ac-228 
Th-226 Ra-222, Rn-218, Po-214 
Th-228 Ra-224, Rn-220, Po-216, Pb212, Bi-212, Tl208 (0.36), Po-212 (0.64) 
Th-229 Ra-225, AC-225, Fr-22I, At-217, Bi-213, Po-213, Pb-209 
Th-nat Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, TI-208 (0.36), Po-12 (0.64) 
Th-234 Pa-234m 
U-230 Th-226, Ra-222, Rn-218, Po-214 
U-232 Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, TI-208 (0.36), Po-212 (0.64) 
U-235 Th-23 I 
U-238 Th-234, Pa-234m 
U-nat Th-234, Pa-234m, U-234, Th-230, Ra-226, Rn-222, Po-2I8, Pb-214, Bi-2I4, Po-214, 
U-240 Np-240m 
Np-237 Pa-233 
Am-242m Am-242 
Am-243 Np-239 

(c) 	 The quantity may be detennined from a measurement of the rate of decay or a measurement of the radiation level 
at a prescribed distance from the source. 

(d) 	 These values apply only to compounds of uranium that take the chemical fonn ofUF6, U02F2 and U02(N03h in 
both nonnal and accident conditions of transport. 

(e) 	 These values apply only to compounds of uranium that take the chemical fonn ofU03, UF4, UCI4, and hexavalent 
compounds in both nonnal and accident conditions of transport. 

(f) 	 These values apply to all compounds of uranium other than those specified in (d) and (e), above. 
(g) 	 These values apply to unirradiated uranium only. 
(h) 	 These values apply to domestic transport only. For international transport, use the values in the table below. 
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TABLE A - 1. (SUPPLEMENT) 
Al AND Az VALUES FOR RADIONUCLIDES 

FOR INTERNATIONAL SHIPMENTS 
Specific Specific 

Symbol of Element and activity activity 
radionuclide atomic number Al (TBq) Al (Ci) A2 (TBq) A2 (Ci) (TBq/g) (Ci/g) 

Cf-252 Californium (98) 5.0XIO-2 1.4 3.0XIO-3 8.1 X 10-2 2.0XIOI 5.4XI02 

Mo-99 (a) 
Molybdenum 

(42) 1.0 2.7XIOI 6.0XlO-1 1.6XlO l 1.8XI04 4.8X105 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 
CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Activity Activity Activity limit Activity limit 
concentration concentration for exempt for exempt 

Symbol of Element and for exempt for exempt consignment consignment 
radionuc1ide atomic number material (Bq/g) material (Ci/g) (Bq) (Ci) 

Ac-225 (a) 

Actinium (89) 

LOX101 2.7XIo·lQ l.OXI04 2.7XIO·7 

Ac-227 (a) 1.0XlO· j 2.7XIO·12 l.OXI03 2.7XIO·8 

Ac-228 LOX10 I 2.7XIO·1O 1.OXI06 2.7XlO·5 

Ag-I05 

Silver (47) 

LOX102 2.7XIo-9 1.OX106 2.7XlO·5 

Ag-108m (a) l.OXIO I 2.7XlO·1O 1.0XI06 2.7XlO·5 

Ag-llOm (a) 1.0X10 I 2.7XlO·!O 1.0XI06 2.7XlO·5 

Ag-lli 1.0X103 2.7XlO·8 1.0XI06 2.7XIO·5 

AI-26 Aluminum (13) 1.0XlO i 2.7XIO·1O 1.0XI05 2.7XIO·6 

Am-24 1 

Americium (95) 

1.0 2.7XlO·11 1.0XI04 2.7XIO·7 

Am-242m (a) 1.0 2.7XIO·11 LOXI04 2.7XIO·7 

Am-243 (a) 1.0 2.7XlO·!! 1.0XI03 2.7XlO-8 

Ar-37 

Argon (18) 

1.0XI06 2.7XIO·5 1.0XI08 2.7XlO·3 

Ar-39 1.0X107 2.7XlO-4 1.0XI04 2.7XIO·7 

Ar-41 1.0XI02 2.7XlO·g 
1.0XI09 2.7XIO·2 

As-72 

Arsenic (33) 

LOX101 2.7XlO·1O LOXI05 2.7XlO·6 

As-73 1.OXI03 2.7XIO·
g 

1.0XI07 2.7XlO·4 

As-74 1.0X101 2.7XlO·1O 1.0XI06 2.7XIO·5 

As-76 LOX102 2.7XlO·9 I.OXI05 2.7XIO·6 

As-77 1.0XI03 2.7XIO·
g 

1.0X106 2.7XIo·5 

A '"'11 (a) Astatine (85) 1.0X103 2.7XIO·
g 

1.0XI07 2.7XIO·4 
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TABLE A -2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 
CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuclide atomic number (Bqlg) (Ci/g) (Bq) (Ci) 

I 

Au-193 

Au-I94 

Au-I95 

Au-I98 

Au-I99 

Ba-13I(a) 

Ba-133 

Ba-133m 

Ba-I40 (a) 

Be-7 

Be-IO 

Bi-205 

Bi-206 

Bi-207 

Bi-2lO 

Bi-210m (a) 

Bi-212 (a) 

Bk-247 

Bk-249 (a) 

Br-76 

Br-77 

Gold (79) 

Barium (56) 

Beryllium (4) 

Bismuth (83) 

Berkelium (97) 

Bromine (35) 

l.OXI02 

l.OXIO l 

l.OXI02 

I.OXI02 

l.OXI02 

l.OXI02 

l.OXI02 

l.OXI02 

l.OXI01 

1.0XI03 

l.OXI04 

I.OXIOI 

I.OXIO! 

l.OXIO I 

l.OX103 

l.OXlO! 

LOX 101 

1.0 

l.OXI03 

I.OXIOI 

1.OX 102 

2.7XIO-9 

2.7XIO·1O 

2.7XIO-9 

2.7XIO-9 

2.7XIO-9 

2.7XlO-9 

2.7XIO-9 

2.7XIO-9 

2.7XIO-1O 

2.7XIO-8 

2.7XIO-7 

2.7XIO-IO 

2.7XIO- 1O 

2.7XIO-1O 

2.7XIO-8 

I ? 7XIO-1O 

2.7XIO-1O 

2.7XlO-1l 

2.7XIO-8 

2.7XlO- 1O 

2.7XIo-9 

l.OXI07 

l.OXI06 

l.OXI07 

l.OXI06 

l.OX106 

l.OXI06 

l.OXI06 

1.OX I 06 

1.0X105 

l.OX107 

l.OXI06 

l.OXI06 

1.0XIOs 

LOX 106 

l.OXI06 

l.OXlO5 

l.OXIOs 

1.OX104 

l.OXI06 

l.OXIOs 

l.OXI06 

2.7XIO-4 

2.7XIO-5 

2.7XI04 

2.7XIO-s 

2.7XIO-5 

2.7XIO-5 

2.7XIO·s 

2.7XIO-5 

2.7XIO-6 

2.7XIO-4 

2.7XIO-s 

2.7XIO-s 

2.7XlO-6 

2.7XIo-5 

2.7XlO-s 

2.7XIO-6 

2.7XIO-6 

2_7XIO-7 

2.7XIO-5 

2.7XIO-6 

2.7XIO-s 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY LIMITS FORRADIONUCLIDES 

Symbol of 
radionuclide 

Element and 
atomic number 

Activity 
concentration 

for exempt 
material CBq/g) 

Activity 
concentration 

for exempt 
material (Ci/g) 

Activity limit 
for exempt 

consignment 
(Bq) 

Activity limit 
for exempt 

consignment 
(Ci) 

Br-82 

C-1I 

C-I4 

Ca-4I 

Ca-45 

Ca-47 (a) 

Cd-I09 

Cd-113m 

Cd-115 (a) 

Cd-115m 

,.., 
139 

.. 
Ce-141 

Ce-I43 

Ce-I44 (a) 

Cf-248 

Cf-249 

Cf-250 

Cf-25 I 

Cf-252 

Cf-253 (a) 

Cf-254 

Carbon (6) 

Calcium (20) 

Cadmium (48) 

Cerium (58) 

Californium (98) 

l.OX 10 I 

l.OXIO I 

1.0XI04 

l.OXI05 

l.OXI04 

l.OXIO! 

1.0XI04 

l.OXIO] 

l.OX 
.~ 

l.OXIO) 

l.OXl02 

1.OX102 

LOX102 

1.0XI02 

l.OXIO I 

1.0 

l.OXIO I 

1.0 

LOX10 I 

LOX102 

1.0 

2.7XIO·1O 

2.7XlO·10 

2.7XIO·7 

2.7XIO·6 

2.7XIO·7 

2.7XlO'!O 

2.7XIO'7 

2.7XIO·8 

10,9 

2.7XIO·8 

2.7XI0·9 

2.7XlO,9 

2.7XIo·9 

2.7XIO·9 

2.7XIO·1O 

2.7XI0·1I 

27XIO·1O 

2.7XlO·1I 

2.7XIO·1O 

2.7XlO·9 

2.7XIO·1I 

l.OX106 

l.OX106 

l.OXI07 

l.OXI07 

l.OX107 

1.0XI06 

l.OX106 

1.0X106 

I.OX106 

1.0X106 

I.OX106 

l.OXI07 

1.0XI06 

1.0XI05 

1.OX 104 

1.0XI03 

l.OX104 

l.OX103 

l.OXI04 

l.OXI05 

1.0XI03 

2.7XIO·5 

2.7XIO·5 

2.7X 1 0.4 

2.7XIO-4 

2.7XIO-4 

2.7XIO,5 

2.7XIO,5 

2.7XI0,5 

2.7XIO·5 

2.7XlO,5 

2.7XlO·5 

2.7XlO-4 

2.7XIO·5 

2.7XlO·6 

2.7XIo·7 

2.7XIO'] 

2.7XlO·7 I 

2.7XIO·8 

2.7XlO·7 

2.7XIO·6 

2.7XIO.s 

T47 




SSRCR Volume I -August 2010 

TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 


Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuclide atomic number (Bq/g) (Ci/g) (Bq) (Ci) 

Cl-36 Chlorine (17) 

Chlorine (17) 

LOX 104 2.7XlO·7 LOX 106 2.7XlO·S 

Cl-38 LOX 10 I 2.7XlO-IO LOX lOS 2.7XlO-6 

Cm-240 

Curium (96) 

LOX 102 2.7XlO-9 LOX lOS 2.7XlO-6 

Cm-24 1 LOX 102 2.7XlO-9 LOX 106 2.7XlO-S 

Cm-242 LOX 102 2.7XlO-9 LOX lOS 2.7XIO-6 

Cm-243 1.0 2.7XlO-11 LOX I 04 2.7XlO-7 

Cm-244 LOX 101 2.7XlO-IO 1.0XI04 2.7XlO-7 

Cm-245 1.0 2.7XlO- ll LOX 103 2.7XlO-8 

Cm-246 1.0 2.7XlO- ll LOX 103 2.7XlO-8 

Cm-247 (a) 1.0 2.7XlO- ll 1.0XI04 2.7XlO-7 

Cm-248 1.0 2.7XlO-11 LOX 103 2.7XlO-8 

Co-55 

Cobalt (27) 

LOX 101 2.7XlO- IO LOX 106 2.7XlO-s 

Co-56 LOX 101 2.7XlO- IO LOX lOS 2.7XlO-6 

Co-57 LOX 102 2.7XlO-9 1.0XI06 2.7XlO-s 

Co-58 LOX 101 2.7XlO- IO 1.0XI06 2.7XlO-s 

Co-58m LOX 104 2.7XlO-7 1.0XI07 2.7XlO-4 

Co-60 1.0XI01 2.7XlO- IO 1.0XIOs 2.7XlO-6 

Cr-51 Chromium (24) LOX 103 2.7XlO-8 1.0XI07 2.7XIO-4 

Cs-129 

Cesium (55) 

LOX 102 2.7XlO-9 LOX lOS 2.7XlO-6 

Cs-131 1.0X103 2.7XlO-8 1.0XI06 2.7XlO-s 

Cs-132 LOX 101 2.7XlO-IO LOX lOS 2.7XlO-6 
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TABLE A -2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 


Activity Activity Activity limit Activity limit 
concentration concentration for exempt for exempt 

Symbol of Element and for exempt for exempt consignment consignment 
radionuclide atomic number material (Bq/g) material (Ci/g) (Bq) (CO 

Cs-134 l.OXlO l 2.7XlO-1O l.OXI04 2.7XlO-7 

Cs-I34m l.OXI03 2.7XlO·8 1.OX105 2.7XIo·6 

Cs-135 I.OXI04 2.7XlO-7 1.0XIO? 2.7XIO-4 

Cs-136 l.OXlO l 2.7XlO-IO l.OXIOs 2.7XlO-6 

Cesium (55) 

Cs-I37 (a) l.OXIO I 2.7XIO- 1O 1.OX 104 2.7XIo-7 

Cu-64 l.OXI02 2.7XIO-9 l.OXI06 2.7XIO-s 

Copper (29) 
Cu-67 I.OXIOz 2.7XIO-9 l.OXI06 2.7XIO-s 

Dy-I59 l.OX103 2.7XlO-8 l.OX107 2.7XlO-4 

Dy-I65 Dysprosium (66) l.OXI03 2.7XIO-8 l.OXI06 2.7XIO·5 

Dy-166 (a) l.OXlO3 2.7XIO-8 l.OXI06 2.7XIO-5 

Er-I69 l.OXI04 2.7XIO-7 l.OX107 2.7XIO-4 
Erbium (68) 

Er-171 l.OXlO2 2.7XIO-9 l.OXI06 2.7XIO·5 

Eu-147 l.OXlO2 2.7XIO-9 l.OXI06 2.7XIO-5 

Eu-I48 l.OXIOI 2.7XIO-1O l.OXI06 2.7XIO-5 

Eu-149 l.OXI02 2.7XIO-9 I.OXI07 2.7XIO·4 

Eu-I50 (short 
l.OX103 2.7XIO-8 l.OX106 2.7XIO-s 

lived) Europium (63) 

Eu-I50 (long 
l.OXI03 2.7XIO·8 I.OXI06 2.7XIO-5 

lived) 

Eu-I52 l.OXIO l 2.7XIO-IO l.OX106 2.7XIO·s 

Eu-152 m l.OXI02 2.7XIO·9 l.OXI06 2.7XIO·5 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 
CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuc1ide atomic number (Bq/g) (Ci/g) (Bq) (Ci) 

Eu-154 1.0X10 1 2.7XIO·10 1.0XI06 2.7XIO·5 

Eu-I55 1.0XlO2 2.7XIO-9 1.0X107 2.7XIO-4 

Eu-I56 1.0X 10 1 2.7XIO· 1O I.OXI06 2.7XIO-5 

F-I8 Fluorine (9) 1.0XlO i 2.7XlO· 1O 1.0XI06 2.7XIO-5 

Fe-52 (a) 

Iron (26) 

l.OXlO l 2.7XIO-1O l.OXI06 2.7XIO-5 

Fe-55 1.0XI04 2.7XlO-7 l.OXlO6 2.7X I 0-5 

Fe-59 1.OX101 2.7XIO-10 l.OXI06 2.7XlO·5 

Fe-60 (a) l.OX102 2.7XlO-9 1.0XlO5 2.7XIO-6 

Ga-67 

Gallium (31) 

l.OX102 2.7XlO-9 1.0XI06 2.7XIO·s 

Ga-68 l.OX101 2.7XIO·1O 1.0XI05 2.7XIO-6 

Ga-72 1.0XIO' 2.7XIO- 1O l.OXI05 2.7XlO-6 

Gd-I46 (a) 

Gadolinium (64) 

l.OXIO I 2.7XlO-1O 1.0XI06 2.7XIO·5 

Gd-I48 I.OXIOI 2.7XlO-1O LOXlO4 2.7XIO·7 

Gd-J53 1.0X102 2.7XlO·9 l.OXI07 2.7XlO-4 

Gd-I59 LOXI03 2.7X 1 0-8 1.0XI06 2.7XlO·5 

Ge-68 (a) 

Germanium (32) 

1.0XI01 2.7XIO-lO 1.0X105 2.7XlO-6 

Ge-7I I.OXI04 2.7XlO·7 l.OXI08 2.7XIO-3 

Ge-77 l.OXIO' 2.7XIO- 1O 1.OX105 2.7XIo·6 

Hf-I72 (a) 

Hafnium (72) 

l.OXIO I 2.7XlO·1O 1.0XI06 2.7XIO-5 

Hf-I75 LOXI02 2.7XIO-9 l.OX106 2.7XlO-5 

Hf-I81 l.OXIO I 2.7XIO-1O 1.0XI06 2.7XIO-s 
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TABLE A- 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 


Activity Activity Activity limit Activity limit 
concentration concentration for exempt for exempt 

Symbol of Element and for exempt for exempt consignment consignment 
radionuclide atomic number material (Bq/g) material (Ci/g) (Bq) (Ci) 

Hf-182 I.OXI02 2.7XlO-9 1.0Xl06 2.7XlO-5 

Hg-194 (a) Mercury (80) 1.0X101 2.7XI0- 1O 1.0XI06 2.7XIO-5 

Hg-195m (a) 
I 

1.0X102 2.7XlO-9 1.0X106 2.7XlO-5 

Hg-197 1.0X102 2.7XI0-9 I.OXI07 2.7XlO-4 

Hg-197m Mercury (80) 1.0X102 2.7XlO-9 1.0X106 2.7XIO-5 

Hg-203 1.0X102 2.7XlO-9 l.OXI05 2.7XlO-6 

Ho-I66 1.OX 103 2.7XIO-8 1.0XI05 2.7XlO-6 

Holmium (67) 
Ho-166m 1.0X101 2.7XIO-1O 1.0XI06 2.7XlO-5 

1-123 1.0X102 2.7XI0-9 I.OXI07 2.7XlO-4 

1-124 I.OX10 1 2.7XIO-1O I.OXl06 2.7Xl0-5 

1-125 I.OX103 2.7XIO-8 1.0XI06 2.7XIO-5 

1-126 I.OX 102 .. 2.7XlO-9 I.OXI06 2.7XIO-5 

1-129 I 
Iodine (53) 

I.OX102 2.7XIO-9 1.0XI05 2.7XI0-6 

1-131 1.0X102 2.7XIO-9 1.0X106 2.7XlO-5 

1-132 
i 

1.0X101 2.7XIO-1O 1.0XI05 2.7XlO-6 

1-133 I I.OX101 2.7XlO-1O 1.0X106 2.7XI0-5 

1-134 I.OX10 1 2.7XlO-1O 1.0XI05 2.7XlO-6 

1-135 (a) 1.0XlO i 2.7XlO- IO 1.0XI06 2.7XlO-5 

In-Ill I.OXl02 2.7XlO-9 1.0X106 2.7XI0·s 

In-113m Indium (49) I.OXl02 2.7Xl0-9 I.OXI06 2.7X I 0-5 

In-114m (a) I.OX102 2.7XlO-9 1.0X106 2.7XIO-5 

I 

I 

I 
i 

I 

I 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 


Activity Activity Activity limit Acti vity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuclide atomic number (Bq/g) (Ci/g) (Bq) (Ci) 

In-115m l.OXl02 2.7XlO·9 l.OXl06 2.7XlO·5 

Ir-189 (a) 
Iridium (77) 

Iridium (77) 

l.OXl02 2.7XlO·9 l.OXl07 2.7XlO-4 

Ir-190 l.OXlO I 2.7XlO· 1O l.OXl06 2.7XlO·5 

Ir-192 l.OXlO I 2.7XlO·1O l.OXl04 2.7XlO·7 

Ir-194 l.OXl02 2.7XlO·9 l.OXl05 2.7XlO·6 

K-40 

Potassium (19) 

l.OXl02 2.7XlO·9 l.OXl06 2.7XlO·5 

K-42 l.OXl02 2.7XlO-9 l.OXl06 2.7XlO-5 

K-43 l.OXlO I 2.7XlO-IO l.OXl06 2.7XlO-5 

Kr-8l 

Krypton (36) 

l.OXl04 2.7XlO-7 l.OXl07 2.7XlO-4 

Kr-85 l.OX105 2.7XlO-6 l.OX104 2.7XlO·7 

Kr-85m l.OX103 2.7XlO-8 l.OX10 1O 2.7XlO-1 

Kr-87 l.OX102 2.7XlO-9 l.OX109 2.7XlO-2 

La-137 
Lanthanum (57) 

l.OXl03 2.7XlO-8 l.OX107 2.7XlO-4 

La-140 l.OX 10 I 2.7XlO-1O l.OX105 2.7XlO-6 

Lu-l72 

Lutetium (71) 

l.OXlO I 2.7XlO-1O l.OX106 2.7XlO·5 

Lu-173 l.OXl02 2.7XlO-9 l.OXl07 2.7XlO·4 

Lu-174 l.OXl02 2.7XlO-9 l.OX107 2.7XlO·4 

Lu-174m l.OX102 2.7XlO-9 l.OX107 2.7XlO-4 

Lu-l77 l.OX103 2.7XlO-8 l.OX107 2.7XlO-4 

Mg-28 (a) Magnesium (12) l.OXlO I 2.7XlO- 1O l.OX105 2.7XlO-6 

Mn-52 Manganese (25) l.OXlO I 2.7XlO- 1O l.OXl05 2.7XlO-6 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Symbol of 
radionuclide 

Element and 
atomic number 

Activity 
concentration 

for exempt 
material (Bq/g) 

Activity 
concentration 

for exempt 
material (Ci/g) 

Activity limit 
for exempt 

consignment 
(Bq) 

Activity limit 
for exempt 

consignment 
(Ci) 

Mn-53 

Mn-54 

Mn-56 

Mo-93 

Mo-99 (a) 

N-13 

Na-22 

Na-24 

Nb-93m 

Nb-94 

Nb-95 

Nb-97 

Nd-147 

Nd-I49 

Ni-59 

Ni-63 

Ni-65 

Np-235 

Np-236 (short­
lived) 

Np-236 (long­
lived) 

Molybdenum (42) 

Nitrogen (7) 

Sodium (II) 

Niobium (41) 

Neodymium (60) 

Nickel (28) 

Neptunium (93) 

1.0XI04 

1.0XlO! 

1.0XI0 l 

1.0XI0' 

I.OXI02 

l.OXI02 

l.OXIO! 

l.OXIO! 

l.OXI04 

l.OXIO I 

l.OXIOI 

lOl 

1.0XlO2 

1.0XlO2 

1.0XlO4 

1.0XI05 

1.0XlO i 

1.0XlO' 

1.0XlO' 

1.0X103 

2.7XlO-7 

2.7XlO-!O 

2.7XI0-1O 

2.7XIO-8 

2.7XlO-9 

2.7XlO-9 

2.7XIO-1O 

2.7XlO-1O 

2.7XIO-7 

2.7XIO- 1O 

2.7XlO-1O 

2.7XlO-1O 

2.7XlO-9 

2.7XlO-9 

2.7XlO-7 

2.7XlO-6 

2.7XlO- IO 

2.7XlO-8 

2.7XlO-s 

2.7XlO-8 

1.0XI09 

1.0X106 

1.0XI05 

1.0X108 

1.OX106 

l.OXI09 

1.0X106 

OX 105 

l.OXlO7 

1.0XlO6 

1.0X106 

1.0XI06 

1.0XI06 

1.0X106 

1.0XI08 

1.0XI08 

l.OXI06 

1.0XlO7 

1.0XI07 

l.OXI07 

2.7XI0-2 

2.7XlO-5 

2.7XlO-6 

2.7XIO-' 

2.7XIo-5 

2.7XIO-2 

2.7XIO-5 

2.7XIO-6 

2.7XIO-4 

2.7XIO·5 

2.7XlO-5 

2.7XlO-s 

2.7XlO-s 

2.7XlO-5 

2.7XI0-' 

2.7X] 0-3 

2.7XlO-5 

2.7X]0-4 

2.7XlO-4 

2.7XIO-4 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 
CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuclide atomic number (Bq/g) (Ci/g) (Bq) (Ci) 

Np-237 

Np-239 

Os-I85 

05-191 

Os-191m 

Os-193 

Os-194 (a) 

P-32 

P-33 

Pa-230 (a) 

Pa-23 1 

Pa-233 

Pb-20I 

Pb-202 

Pb-203 

Pb-205 

Pb-210 (a) 

Pb-2I2 (a) 

Pd-103 (a) 

Pd-107 

Pd-l09 

Osmium (76) 

Phosphorus (15) 

Protactinium (91) 

Lead (82) 

Palladium (46) 

i 

I 

i 

i 

1.0 

LOX 102 

1.0XI01 

LOX1 02 

LOX103 

1.0X102 

1.0XlO2 

1.0XI03 

l.OX105 

l.OXI01 

1.0 

1.OX102 

l.OXI01 

l.OX103 

LOX 102 

LOX104 

l.OXlO 1 

l.OXI01 

l.OXI03 

l.OXlOs 

l.OXl03 

2.7XIO-1I 

2.7XIO-9 

2.7XIO- 1O 

2.7X I 0-9 

2.7XIO-S 

2.7XW-9 

2.7XIO·9 

2.7XI0-s 

2.7XIO-6 

2.7XIO-1O 

2.7XlO-ll 

2.7XIo-9 

2.7XIO- 1O 

2.7XIo-8 

2.7XIO-9 

2.7XIO-7 

2.7XI0·10 

2.7XlO- 1O 

2.7XI0-8 

2.7XI0-6 

2.7XIO-8 

1.0XlO3 

1.0XlO7 

LOX 106 

1.0X107 

1.0X107 

1.0XlO6 

1.0XIOs 

1.0XI0s 

l.OXlOs 

l.OXl06 

l.OXl03 

1.0XlO7 

l.OXI06 

l.OXI06 

I.OXI06 

1.0X107 

l.OXI04 

l.OXI05 

l.OX108 

l.OXlOs 

1.0X106 

2.7XIO·s 

2.7XIO-4 

2.7XIO-s 

2.7XIO-4 

2.7XIO-4 

2.7XIO-s 

2.7XIO-6 

2.7XI0-6 

2.7XIO-3 

2.7XIO-5 

2.7XI0-s 

.. 
2.7XI0-4 

2.7XI0-s 

2.7XIO-s 

2.7XIO·s 

2.7XIO-4 

2.7XlO-7 

2.7XlO-6 

2.7XlO-3 

2.7XlO-3 

2.7XIO-5 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Symbol of 
radionuclide 

Element and 
atomic number 

Activity 
concentration 

for exempt 
material (Bq/g) 

Activity 
concentration 

for exempt 
material (Cilg) 

Activity limit 
for exempt 

consignment 
(Bq) 

Activity limit 
for exempt 

consignment 
(Ci) 

Pm-143 

Pm-144 

Pm-145 

Pm-147 

Pm-148m (a) 

Pm-149 

Pm-151 

Po-2l0 

Pr-142 

Pr-143 

Pt-I88 (a) 

Pt-19I 

Pt-193 

Pt-193m 

Pt-195m 

Pt-197 

Pt-197m 

Pu-236 

Pu-237 

Pu-238 

Pu-239 

Promethium (61) 

Promethium (61) 

Polonium (84) 

Praseodymium 
(59) 

Platinum (78) 

Plutonium (94) 

1.0X102 

1.0X101 

1.OX 103 

LOXI04 

LOX101 

1.0XI03 

1.0X102 

I.OX101 

1.0XI02 

LOX 104 

1.0XIOI 

LOX 102 

1.0XI04 

1.OX 103 

I.OX102 

I.OXlO3 

1.0XI02 

LOX 101 

I.OXI03 

1.0 

1.0 

2.7XIO-9 

2.7XIO-1O 

2.7XIO-g 

2.7XlO-7 

2.7XlO-1O 

2.7XIO-& 

2.7XIO-9 

2.7XIO-1O 

2.7XI0-9 

2.7XlO-7 

2.7XlO- 1O 

2.7XIO-9 

2.7X I 0-7 

2.7XIO-g 

2.7XI0-9 

2.7X I 0.8 

2.7XIO·9 

2.7XIO· 1O 

2.7XIO-& 

2.7XlO-1l 

2.7XlO-1I 

LOXI06 

I.OX106 

I.OXI07 

LOXI07 

LOX 106 

LOXI06 

1.0X106 

1.0XI04 

1.0XI05 

LOX 106 

1.0XI06 

1.0XlO
Q 

I.OXlO7 

I.OXI07 

1.0XlO6 

I.OX106 

LOXI06 

1.OXI04 

1.0XlO7 

I.OX104 

I.OXI04 

2.7X1O'5 

2.7XlO-5 

2.7XIO-4 

2.7XIO-4 

2.7XlO-5 

2.7XIO-5 

2.7XIO-5 

2.7XlO-7 

2.7XIO-6 

2.7XlO-5 

2.7XI0-5 

"2.7XIO-5 

2.7XlO-4 

2.7XIO-4 

2.7XlO-5 

2.7XIO·5 

2.7XIO-5 

2.7XlO-7 

2.7XlO-4 

2.7XlO-7 

2.7XIO-7 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 


Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuclide atomic number (Bq/g) (Ci/g) (Bq) (Ci) 

Pu-240 1.0 2.7XW-1I 1.0X103 2.7XlO·& 

Pu~241 (a) 1.0X102 2.7X1O-9 LOX !OS 2.7XIO-6 

Pu-24 1.0 2.7XIO-u 1.0XI04 2.7XIO-7 

Pu-244 (a) 1.0 2.7XIO-11 1.0XI04 2.7XIO-7 

Ra-223 (a) 1.0X102 2.7XIO-9 1.OX lOS 2_7XIO-6 

Ra-224 (a) 1.OX101 2.7X LOX lOS 2.7XlO-6 

Ra-225 (a) Radium (&&) 1.0XI02 2.7XIO-9 1.0XlOs 2.7XIO-6 

Ra-226 (a) 1.0X101 2.7XIO-1O 1.0XI04 2.7X1O-7 

Ra-22& (a) 1.OX 101 2.7XIO-1O 1.0XlOs 2.7XIO-6 

Rb-Sl LOX101 2.7XIO-1O 1.0X106 2.7XIO-s 

Rb-83 (a) 1.0X102 2.7XlO-9 1.0XI06 10-5 

.. 
1.0X101 2.7XIO-1O 1.0XI06 2.7XIO-sRb-&4 

Rubidium (37) 
Rb-S6 1.OX102 2.7XIO-9 1.OXIOs 2.7XIO-6 

Rb-&7 1.0X104 2.7XIO-7 1.0XI07 2.7XlO-4 

Rb(nat) 1.0X104 2.7XIO-7 I.OX107 2.7XlO-4 

Re-I&4 1.0X101 2.7XIO-1O 1.0XI06 2.7XIO-s 

Re-184m 1.0XI02 2.7XIO-9 1.0XI06 2.7XlO-s 

Re-186 
Rhenium (75) 

1.0XI03 2.7XIO-& I.OXI06 2.7XIO-s 

Re-187 LOX 1 06 2.7XIO-s 1.0X109 2.7XlO-2 

Re-lS8 1.0X102 2.7XIO-9 1.0XlOs 2.7XIO-6 

Re-189 (a) 1.0X102 2.7XIO-9 1.0X106 2.7XlO-s 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Symbol of 
radionuclide 

Element and 
atomic number 

Activity 
concentration 

for exempt 
material (Bq/g) 

Activity 
concentration 

for exempt 
material (Cil g) 

Activity limit 
for exempt 

consignment 
(Bq) 

Activity limit 
for exempt 

consignment 
(Ci) 

Re(nat) 

Rh-99 

Rh-lOl 

Rh-102 

Rh-102m 

Rh-l03m 

Rh-l05 

Rn-222 (a) 

Ru-97 

Ru-I03 (a) 

Ru-105 

Ru·106 (a) 

S-35 

Sb·122 

Sb·124 

Sb-125 

Sb-126 

Sc-44 

Sc-46 

Sc47 

Sc48 

.. 

Rhodium (45) 

Radon (86) 

Ruthenium (44) 

Sulphur (16) 

Antimony (51) 

Scandium (21) 

l.OXI06 

l.OXIO I 

l.OXI02 

l.OX10I 

l.OX102 

1. 

l.OX102 

l.OXI0 1 

l.OXI02 

l.OX102 

l.OXlO l 

l.OX102 

1.0"V ,,,5 

l.OXI02 

1.OX 10' 

LOXI02 

LOXIO' 

1.0XlO i 

l.OXlO' 

l.OXI02 

1.0XlO' 

-
I 

2.7XIO,5 

2.7XlO'IO 

2.7XlO-9 

2.7XlO- 1O 

2.7XlO,9 

2.7XlO'7 

2.7XlO'9 

2.7XIO- 1O 

2.7XlO'9 

2.7XlO-9 

2.7XIO- 1O 

2.7XlO,9 

2.7XlO-6 

2.7XlO'9 

2.7XlO-1O 

2.7XlO'9 

2.7XIO-1O 

2.7XIO· 1O 

2.7XlO- IO 

2.7XIO·9 

2.7XlO·!O 

I.OXI09 

l.OXI06 

l.OXI07 

1.0XI06 

1.0XI06 

1.0X108 

l.OX107 

l.OX108 

l.OX107 

1.0XI06 

l.OXI06 

l.OXI05 

LOX 108 

l.OXI04 

I.OXI06 

LOX106 

LOXI05 

I.OX105 

1.0XI06 

l.OXI06 

l.OX105 

2.7XlO'2 

2.7XlO,5 

2.7XlO-4 

2.7XlO-5 

2.7XlO-5 

2.7XlO-3 

2.7XlO-4 

2.7XlO'3 

2.7XIO'4 

2.7XlO-5 

2.7XIO·5 

2.7XIO,6 

2.7XlO-3 

2.7XlO'7 

2.7XlO,5 

2.7XlO·5 

2.7XlO-6 

2.7XIO-6 

2.7XIO·5 

2.7XlO·5 

2.7XlO·6 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 
CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuc1ide atomic number (Bq/g) (Ci/g) (Bq) (Ci) 

Se-75 
Selenium (34) 

1.0X102 2.7XIO-9 1.0X106 2.7XlO-5 

Se-79 1.0XI04 2.7XlO-7 1.0XI07 2.7XlO-4 

Si-31 
Silicon (14) 

1.0XlO) 2.7XIO-8 1.0XI06 2.7XIO-5 

Si-32 1.0XIO) 2.7XIO-8 1.0XI06 2.7XIO-5 

Sm-145 

Samarium (62) 

1.0X102 2.7XIO-9 1.0XI07 2.7XIO-4 

Sm-I47 l.OXIO! 2.7XIO-1O l.OX104 2.7XIO-7 

Sm-I51 l.OXI04 2.7XlO-7 l.OXlOs 2.7XIO-3 

Sm-I53 1.0XI02 2.7XlO-9 1.0X106 2.7X I 0-5 

Sn-113 (a) 

Tin (50) 

1.0XI03 2.7XlO-8 1.0XI07 2.7X 

Sn-117m I.OXI02 2.7XlO-9 1.0X106 2.7X 

Sn-119m I.OX103 2.7XIO-8 l.OX107 2.7XIO-4 

Sn-121m (a) l.OX103 2.7X I 0-8 1.0XI07 2.7XlO-4 

Sn-123 l.OX103 2.7XIO-8 l.OXI06 2.7XlO-5 

Sn-125 l.OX102 2.7XIO-9 l.OXI05 2.7XIO-6 

Sn-126 (a) l.OXIO! 2.7XIO-1O l.OXI05 2.7XIO-6 

Sr-82 (a) 

Strontium (38) 

l.OXlO l 2.7XIO-1O l.OXI05 2.7XlO-6 

Sr-85 l.OX102 2.7XIO-9 l.OXIQ6 2.7XlO-5 

Sr-85m 1.OX 102 2.7XIo-9 1.0XI07 2.7XIO-4 

Sr-87m l.OXI02 2.7XlO-9 1.0X106 2.7XlO-5 

Sr-89 1.0X103 2.7XlO-8 1.0X106 2.7XlO-5 

Sr-90 (a) 1.0X102 2.7XlO-9 LOXI04 2.7XlO-7 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 
CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Symbol of 
radionuclide 

Element and 
atomic number 

Activity 
concentration 

for exempt 
material (Bq/g) 

Activity 
concentration 

for exempt 
material (Ci/g) 

Activity limit 
for exempt 

consignment 
(Bq) 

Activity limit 
for exempt 

consignment 
(Ci) 

I 

i 

! 

! 

i 

• 

Sr-91 (a) 

Sr-92 (a) 

T(H-3) 

Ta-178 (Iong­
lived) 

Ta-179 

Ta-182 

Tb-157 

Tb-158 

Tb-I60 

Tc-95m (a) 

Tc-96 

Tc-96m (a) 

Tc-97 

Tc-97m 

Tc-98 

Tc-99 

Tc-99m 

Te-12I 

Te-121m 

Te-I23m 

Te-125m 

Tritium (1) 

Tantalum (73) 

Terbium (65) 

Technetium (43) 

Tellurium (52) 

I 

l.OXI0! 

LOXIO! 

1.0X106 

LOXIO! 

1.OX I 03 

l.OXIO! 

1.0XI04 

1.0XIO! 

LOXIO! 

1.0XIO! 

1.0X101 

l.OXI03 

1.0XIO) 

1.0X103 

1.0XI01 

LOXI04 

1.0X102 

LOX101 

LOXI02 

1.OX 102 

I.OXI03 

2.7XIO- 1O 

2.7XIO- 1O 

2.7XlO-s 

2.7XlO-1O 

2.7XIO-S 

2.7XlO- 1O 

2.7XIO-7 

2.7XIO- 1O 

2.7XIO-1O 

2.7XIO'!O 

2.7XIO'1O 

2.7XlO-s 

2.7XIO-s 

2.7XlO-g 

2.7XIO'1O 

2.7XI0·7 

2.7XIO-9 

2.7XlO- 1O 

2.7XIO-9 

2.7XlO-9 

2.7XIO-s 

l.OXl05 

LOX 106 

l.OX109 

LOX106 

LOX107 

LOX 104 

LOX107 

LOXI06 

LOX 106 

1.OXI06 

I.OXI06 

LOX107 

I.OXI08 

LOXI07 

l.OXI06 

1.0XI07 

1.0X107 

1.0XI06 

LOXI05 

1.0X107 

LOXI07 

2.7XlO-6 

2.7XIO-S 

2.7XIO-2 

2.7XlO-s 

2.7XlO-4 

2.7XlO-7 

2.7X I 0-4 

2.7XIO-s 

2.7XIo·5 

2.7XlO·5 

2.7XIO·5 

2.7XIo-4 

2.7XIO-3 

! 
2.7XIO-4 

2.7XIO-s 

2.7XlO-4 

2.7XIO·4 

2.7XlO-s 

2.7XIO·6 

2.7XIO-4 

2.7XlO-4 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 
CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuclide atomic number (Bqlg) (Ci/g) (Bq) (Ci) 

Te-I27 

Thorium (90) 

Titanium (22) 

Thallium (81) 

Thulium (69) 

1.0XI03 

l.OXI03 

l.OXI02 

l.OXI03 

l.OXIO l 

1.0XI02 

1.0XlO l 

l.0 

l.0 

l.0 

2.7XIO-s 

2.7XlO-s 

2.7XIO-9 

2.7XIO·s 

2.7XIO-1O 

2.7XIO-9 

2.7XlO-w 

2.7XIO-1I 

2.7XIO-1I 

2.7XIO-1I 

l.OXI06 

l.OXI07 

l.OXI06 

l.OX106 

1.0XI06 

l.OXIO? 

l.OXI04 

l.OXI04 

l.OXI03 

l.OXI04 

2.7XlO-5 

2.7XIO-4 

2.7XIO-5 

2.7XIO-s 

2.7XIO-s 

2.7XlO-4 

2.7XlO-7 

2.7XlO-7 

2.7XIO-s 

2;7XIO-7 

! 

Te-I27m (a) 

Te-I29 

Te-129m (a) 

Te-13Im (a) 

Te-132 (a) 

Th-227 

Th-228 (a) 

Th-229 

Th-23 0 

Th-23 I l.OXIO] 

1.0XlO l 

l.OXIO} 

1.0 

2.7XlO-8 

2.7XIO-!O 

2.7XIO-
g 

2.7XIO-1l 

2.7XlO-lo 

2.7XlO-iO 

2.7XIO-9 

I 

l.OXIO? 

I.OXI04 

1.0XI05 

1.0XI03 

1.0X105 

1.0XI06 

l.OXI06 

2.7XIO-4 
I 

2.7XIO-7 

2.7XlO-6 

2.7XIO-s 

2.7Xl0-6 

2.7XI0-s 

2.7XIO-s 

Th-232 

Th-234 (a) 

Th (nat) 

Ti-44 (a) 

TI-2 1.0XIO! 

1.0XI02TI-20I 

Tl-202 

TI-204 

Tm-167 

Tm-I70 

1.0XI02 

1.OX 104 

I.OXI02 

2.7XIO-9 

2.7XlO-7 

2.7XlO-9 

l.OXI06 

1.0XI04 

1.0XI06 

2.7XIO-s 

2.7XIO-? 

2.7XIO-s 

l.OXI03 2.7XIO-8 l.OX106 2.7XIO·s 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Symbol of 
radionuclide 

Element and 
atomic number 

Activity 
concentration 

for exempt 
material (Bq/g) 

Activity 
concentration 

for exempt 
material (Ci/g) 

Activity limit 
for exempt 

consignment 
(Bq) 

Activity limit 
for exempt 

consignment 
(ei) 

Tm-I7I 

U-230 (fast 
lung absorption) 

(a)(d) 

U-230 (medium 
lung absorption) 

(a)(e) 

U-230 (slow 
lung absorption) 

(a)(f) 

U-232 (fast 
lung absorption) 

(d) 

U-232 (medium 
lung absorption) 

(e) 

U-232 (slow 
lung absorption) 

(f) 

U-233 (fast 
lung absorption) 

(d) 

U-233 (medium 
lung absorption) 

(e) 

U-233 (slow 
lung absorption) 

(f) 

U-234 (fast 
lung absorption) 

(d) 

U-234 (medium 
lung absorption) 

Uranium (92) 

Uranium (92) 

! 

1.0XI04 

1.0XlO! 

LOXIO! 

1.0X101 

1.0 

1.0 

1.0 

1.0X101 

1.0XlO! 

1.0XI01 

1.OXIOI 

1 ,""T .I 
.V'~L v 

2.7XlO·7 

2.7XIO' lO 

2.7XIO·1O 

2.7XIO·1O 

2.7XlO· ll 

2.7XIO·11 

... 
2.7XlO· ll 

2.7XlO·1O 

2.7XIO'1O 

2.7XIO·1O 

2.7XIO·1o 

2.7XIO·1O 

1.0X108 

1.0XI05 

1.0XI05 

LOXI05 

LOX103 

1.0XI03 

1.0XI03 

1.0XI04 

1.0XI04 

1.0XI04 

1.0XI04 

I.UXlU' 

2.7XIO·3 

2.7XIO·6 

2.7XIO·6 

2.7XIO·6 

2.7XIO's 

2.7XIO·8 

2.7XlO·8 

2.7XIO·7 

2.7XlO·7 

2.7XIO·7 

2.7XlO·7 

2.7XIO·7 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 


Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuclide atomic number (Bq/g) (Ci/g) (Bq) (Ci) 

(e) 

U-234 (slow 
lung absorption) 1.OX 101 2.7XlO-1O 1.0X104 2.7XlO-7 

(0 

U-235 (all lung 
absorption 

1.0X101 2.7XIO-1O LOX104 2.7X 1 0-7 
types) 

(a),( d),( e ),(0 

U-236 (fast 
lung absorption) 1.0X101 2.7XIO- 1o 1.0XI04 2.7XIO-7 

(d) 

U-236 (medium 
lung absorption) 1.OX 101 2.7XlO-1O 1.OX 104 2.7XIO·7 

(e) 

U-236 (slow 
lung absorption) i 1.OX 101 2.7XIO-1O 1.0XI04 2.7XIO-7 

(0 I 

U-238 (all lung 
Uranium (92) absorption 1.0XI01 2.7XlO-1O 1.OXI04 2.7XlO·7 i 

types) (d),(e),(O i 

U (nat) 2.7XIO-1J 1.0XI03 2.7XlO,8 
I 

1.0 
i 

U (enriched to 
1.0 2.7XIO-1l 1.OXI03 2.7XlO·8 

I
20% or Jess)(g) 

U (dep) 1.0 2.7XlO-1I 1.0XI03 2.7XIO,g 
I 

I 

V-48 1.0X101 2.7XlO-1O l.OXIOs 2.7XIO-6 

Vanadium (23) 
V-49 1.0XI04 2.7XlO-7 1.0X107 2.7XlO-4 

W-178 (a) 1.0XI01 2.7XIO-1O 1.0XI06 2.7XlO'5 

W-181 Tungsten (74) LOX103 2.7XlO'& 1.0X107 2.7XlO-4 

W-185 1.OX 104 2.7XlO'7 1.0X107 2.7XIO-4 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 

CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Symbol of 
radionuclide 

Element and 
atomic number 

Activity 
concentrati on 

for exempt 
material (Bq/g) 

Activity 
concentration 

for exempt 
material (Ci/g) 

Activity limit 
for exempt 

consignment 
(Bq) 

Activity limit 
for exempt 

consignment 
(Ci) 

W-187 

W-188 (a) 

Xe-122 (a) 

Xe-123 

Xe-l27 

Xe-131m 

Xe-133 

Xe-135 

Y-87 (a) 

Y-88 

Y-90 

Y-91 

Y-91m 

Y-92 

Y-93 

Yb-169 

Yb-175 

Zn-65 

Zn-69 

Zn-69m (a) 

Zr-88 

Xenon (54) 

Yttrium (39) 

Ytterbium (79) 

Zinc (30) 

Zirconium (40) 

I 

1.0X102 

I.OXI02 

1.OXI02 

LOX102 

1.0X103 

1.0XI04 

1.0XI03 

1.0XI03 

1.0XI01 

1.0XIO I 

1.0XI03 

1.OXI03 

1.0X102 

1.0X102 

1.0X102 

1.OX102 

1.0XI03 

1.0XIO I 

1.OX 104 

1.OX102 

1.0X102 

2.7XlO·9 

2.7XlO·9 

2.7XlO·9 

2.7XlO·9 

2.7XIO·8 

2.7XlO·7 

2.7XIO·8 

2.7XIO·8 

2.7XlO· 1O 

2.7XlO·1o 

2.7XlO'8 

2.7XIO·8 

2.7XIO·9 

2.7XlO·9 

2.7XlO·9 

2.7XlO·9 

2.7XIO·8 

2.7XlO·1O 

2.7XlO·7 

2.7XIo·9 

2.7XIO·9 

1.0X106 

LOXIOs 

I.OXI09 

1.0XI09 

LOX 105 

1.0X104 

1.0X104 

1.0XIO iO 

1.0XI06 

l.OXI06 

1.0XI05 

1.0X106 

1.0XI06 

1.0XIOs 

1.0X105 

1.0XI07 

1.OX 107 

1.0XI06 

1.0XI06 

1.0XI06 

1.0X106 

2.7XlO·5 

2.7XIO·6 

2.7XIO·2 

2.7XIO·2 

2.7XlO-6 

2.7XlO'7 

2.7XlO·7 

2.7XIO·1 

2.7XIO's 

2.7XIo·5 

2.7XIO·6 

2.7XIO's 

2.7XIO·5 

2.7XlO·6 

2.7XW6 

2.7XIO·4 

2.7XlO·4 

2.7XIO·5 

2.7XIO·5 

2.7XlO·5 

2.7XlO·5 
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TABLE A - 2: EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT 
CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Activity Activity Activity limit Activity limit 
concentration for concentration for for exempt for exempt 

Symbol of Element and exempt material exempt material consignment consignment 
radionuclide atomic number (Bq/g) (Ci/g) (Bq) (Ci) 

Zr-93 I.OXI03 2.7XlO-g 
1.0XI07 2.7XIO-4 

Zr-95 (a) 1.0XlO i 2.7XIO-1O 1.0X106 2.7XIO·5 

Zr-97 (a) I.OXIOI 2.7XIO-IO 1.0X105 2.7XIO·6 

NOTES 
(a) 	 Al and/or A2 values include contributions from daughter nuclides wlhalf-lives less than 10 days. 
(b) 	 Parent nuclides and their progeny included in secular eqUilibrium are listed in the following; 

Sr-90 Y-90 
Zr-93 Nb-93m 
Zr-97 Nb-97 
Ru-l06 Rb-106 
Cs-137 Ba-l37m 
Ce-I34 La-134 
Ce-144 Pr-144 
Ba-I40 La-140 
Bi-212 Tl-208 (0.36), Po-2I2 (0.64) 
Pb-210 Bi-2IO, Po-2IO 
Pb-212 Bi-212, Tl-208 (0.36), Po-2I2 (0.64) 
Rn-220 Po-2I6 
Rn-222 Po-218, Pb-2I4, Bi-2I4, Po-214 ... 
Ra-223 Rn-2I9, Po-215, Pb-2II, Bi-2II, TI-207 

Ra-224 Rn-220, Po-216, Pb-2I2, Bi-2I2, Tl-208 (0.36), Po-212 (0.64) 

Ra-226 Rn-222, Po-218, Pb-214, Bi-214, Po-214, Pb-21O, Bi-21O, Po-210 

Ra-228 Ac-228 

Th-226 Ra-222, Rn-218, Po-214 

Th-228 Ra-224, Rn-220, Po-216, Pb212, Bi-212, TI208 (0.36), Po-212 (0.64) 

Th-229 Ra-225, Ac-225, Fr-221, At-217, Bi-213, Po-2l3, Pb-209 


Th-nat Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, TI-208 (0.36), Po-212 (0.64) 
Th-234 Pa-234m 
U-230 Th-226, Ra-222, Rn-218, Po-214 
U-232 Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, TI-208 (0.36), Po-212 (0.64) 
U-235 Th-231 
U-238 Th-234, Pa-234m 

U-nat Th-234, Pa-234m, U-234, Th-230, Ra-226, Rn-222, Po-2I8, Pb-214, Bi-214, Po-214, 
U-240 Np-240m 
Np-237 Pa-233 
Am-242m Am-242 
Am-243 Np-239 

(c) 	 The quantity may be determined from a measurement of the rate of decay or a measurement of the radiation level 
at a prescribed distance from the source. 

(d) 	 These values apply only to compounds of uranium that take the chemical form ofUF6, U02F2, and U02(N03)2 
in both normal and accident conditions of transport. 

(e) 	 These values apply only to compounds of uranium that take the chemical fonn ofU03, Uf4, UC14, and hexavalent 
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compounds in both normal and accident conditions of transport. 
(f) These values apply to all compounds of uranium other than those specified in (d) and (e), above. 
(g) These values apply to unirradiated uranium only. 

.. 
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TABLE A-3: GENERAL VALVES FOR Al AND A2 

Contents Az Activity 
concentration 

for exempt 
material 

Activity 
concentration 

for exempt 
material 

Activity 
limits for 
exempt 

consignments 

Activity limits for 
exempt 

consignments 

(TBq) (Ci) (TBq) (Ci) CBq/g) (Ci/g) 
(Bq) 

(Ci) 

Only beta or gamma 
emitting 
radionuclides are 
known to be present 

1 x 10-1 2.7 x 10° 2 x 10-2 5.4 X 10-1 1 X 101 2.7 xlO- lO 1 x 104 2.7 x10-7 

Only alpha emitting 
radionuclides are 
known to be present 

2 x 10-1 5.4 x 10° 9 X 10-5 2.4 X 10-3 1 X 10-\ 2.7 xlO- 12 1 x 103 2.7 xlO-s 

No relevant data are 
available I x 10-3 2.7 X 10-2 9 X 10-5 2.4 X 10-3 1 X to-I 2.7 x 10-12 I X 103 2.7 X lO-s 

TABLE A-4: ACTIVITY-MASS RELATIONSHIPS FOR URANIUM 

IUranium Enrichmene wt % U-235 i Specific Activity 
• present .. 

TBq/g Cilg 

0.45 1.8 x to­
8 5.0 X to­

7 

i 0.72 2.6 x IO-s 7.1 X 10-7 

I 1 2.8 X to­ 8 7.6 X 10-7 

1.5 3.7 x to­ 8 1.0 x 10-6 

i 5 1.0 X 10-7 2.7 X to­ 6 

110 1.8 x 10-7 4.8 X 10-6 

i 20 3.7 X to­ 7 1.0 x 10-5 

i 
• 35 7.4 X to­ 7 2.0 x 10-5 

50 9.3 x 10-7 2.5 X 10-5 

90 2.2 X 10-6 ~.8 X 10.5 

93 2.6 x 10-6 7.0 X 10-5 

95 3.4 x 10-6 9.1 X 10-5 
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I The figures for uranium include representative values for the activity of the uranium-234 that is concentrated 
during the enrichment process. 
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2010 

RATIONALE FOR REVISIONS 


PARTT 

TRANSPORTATION OF RADIOACTIVE MATERIAL 


Introduction 

Persons who transport radioactive material or deliver radioactive material to a carrier for transport 
are subject to the requirements for packaging, preparation for shipment and care during shipments. 
These requirements are found in this Part T of the Suggested State Regulations for Control of 
Radiation (SSRCR) of the Conference of Radiation Control Program Directors (CRCPD). Since 
1988 the requirements for transportation have been located separate from Part C (Licensing of 
Radioactive Material) in this Part T. 

This 2010 revision of Part T incorporates changes adopted by the U.S. Department of Transportation 
(DOT) and U.S. Nuclear Regulatory Commission (NRC) in response to recommendations by the 
International Atomic Energy Agency (IAEA) in their Transportation Safety Standards TS-R-l and 
NRC-initiated changes. These revisions made United States regulations compatible with the 
domestic regulations of most of the international community by bringing United States regulations 
into accord with relevant portions of the IAEA design and performance requirements to the extent 
considered feasible. The DOT revisions to Title 49 of the Code of Federal Regulations (CFR) Part 
171 begin at 60 Federal Register (FR) 50292. The NRC changes to 10 CFR Part 71 begin at 67 FR 
21390. 

The NRC considers the adoption of a regulation equivalent to 10 CFR Part 71 a matter of 
compatibility for an Agreement State. The various provisions of the 10 CFR Part 71 regulation are 
assigned different compatibility and health and safety categories. Definitions of each category and 
the specific category assigned to each provision of 10 CFR Part 71 are set out in NRC, Office of 
State and Tribal Programs Internal Procedure B.7, Compatibility Categories and Health and Safety 
Identification for NRC Regulations and Other Program Elements. 

Changes in the federal regulations to achieve compatibility with IAEA regulations include adoption 
of radionuclide exemption values in TS-R-l to assure continued consistency between domestic and 
international regulations for the basic definition of radioactive materiaL New Al and A2 values are 
also adopted, except for molybdenum-99 and californium-252, and 16 radionuclides that do not 
appear in TS-R-l, in order to retain consistency between domestic and international regulations for 
radioactive material. 

Traditionally, the DOT has used a specific activity threshold for defining a material as radioactive 
for transportation purposes. During the development of TS-R-l, it was recognized that there is no 
technical justification for the use of a single activity-based exemption value for all radionuclides. A 
more rigorous technical approach would be to base radionuclide exemptions on a uniform dose 
basis, rather than a uniform specific activity. Thus, in accordance with the NRC and DOT adopting 
this new approach, Table A-2 establishes the exempt material activity concentrations and exempt 
consignment activity limits for radio nuclides. 
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The DOT has historically used a specific activity threshold of 70 Bq/g (0.002uCilg) for defining a 
material as radioactive for transportation purposes. Materials are exempt from DOT's transportation 
regulations if the specific activity is equal to or below this value. During the development of TS-R­
1, it was recognized that there was no technical justification for the use of a single activity-based 
exemption value for all radionuclides. A more rigorous, technical approach was pursued, basing 
radionuclide exemptions on a uniform dose basis instead. This is addressed in Section T.4 of Part T 
and reflected in Appendix A to this Part. This adoption provides consistency between domestic and 
international regulations for the basic definition of radioactive material. 

The maximum activity of radioactive material that is permitted to be transported in a Type A 
package is known as the Al and A2 values in Table A-I. The Al values apply to special form 
radioactive material, and the A2 values apply to normal form radioactive material. These values 
apply as a package content limit. In addition, fractions of these values can be used for a limited 
quantity of solid radioactive material or multiples of these values to establish a highway route 
controlled quantity threshold value. 

The IAEA adopted new Al and A2 values for radionuclides listed in TS-R-l. These new values were 
based on calculations which were performed using the latest dosimetric models recommended by the 
International Commission on Radiation Protection (ICRP) in Publication 60, "1990 
Recommendations of the ICRP." Incorporation of data from updated metabolic uptake studies were 
also included. In addition, several refinements were introduced in the calculation of contributions to 
the effective dose from each of the pathways considered, i.e., external photon dose, external beta 
dose, inhalation dose, skin and ingestion dose from contamination, and dose from submersion in 
gaseous radionuclides. Though a thorough, up-to-date assessment was performed for each 
radionuclide, the reference doses, which are used to define an acceptable dose in the event of an 
accident, were unchanged. As an example, if either the Al or A2 value is increased, then the use of 
the revised dosimetric models just shows that a higher activity of that radionuclide is actually 
required to produce the same reference dose. .. 

Because the IAEA will be changing its recommended Al value for californium-252 back to the 
previous value in 10 CFR 71 and 49 CFR, neither the NRC or DOT will change this value for 
californium-252. 

Currently, the domestic A2 value for molybdenum-99 is 0.74TBq (20 Ci). The IAEA proposed value 
is 0.6 TBq (16.2 Ci). Because this lower value will cause a significant increase in the number of 
shipments and a corresponding increase in the occupational doses to individuals, both NRC and 
DOT are retaining the current value for this radionuc1ide. 

Also, the NRC and DOT will not be including the Al and A2 values for 16 radionuclides not 
included in TS-R-l. This will allow for continued consistency between the international and 
domestic transportation regulations for radioactive material. 

Historically, the transport index (TI) has been used to determine the appropriate safety requirements 
during transport. It has been used to control the accumulation of packages for both radiological 
safety and criticality safety purposes and to specifY minimum separation distances from persons. 
The TI has been a single number, which is the larger of two values: the "TI for criticality control 
purposes" and the "TI for radiation control purposes." Using the larger of the two has ensured 
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conservatism in limiting the accumulation of packages. The TS-R-1 has introduced a new term, Le., 
criticality safety index, which is determined in the same way as the "TI for criticality control 
purposes. " 

Specific Provisions 

Sec. T.1 - Purpose and Scope. The Purpose and Scope was changed in part to incorporate additional 
language listed in 10 CFR 71. However, all wording within 10 CFR 71's Purpose and Scope were 
not incorporated because they are captured by other sections in this Part. The Purpose and Scope 
also incorporated changes to comply with the format prescribed by the SSRCR Style Manual and to 
correct references. 

Sec. T.2 - Definitions. Minor changes were made throughout to comply with the format prescribed 
by the SSRCR Style Manual and to correct references. Other definitions were added and/or revised 
to be compatible with the definitions listed in 10 CFR 71. 

The following definitions were added to Part T: 

a. "AI" 

b. "A2" 

c. "Certificate of Compliance" 

d. "Consignment" 

e. "Containment system" 

f. "Conveyance .. 
g. "Criticality Safety Index" 

h. "Deuterium" 

1. "Graphite" 

J. "Highway Route Controlled Quantity (HRCQ)" 

k. "Package" 

1. "Unirradiated uranium" 

The definitions of Al and A2 values were changed to conform to a split definition of the two values. 
This approach is consistent with the standard in TS-R-l. 

A definition for "Certificate of Compliance" was added. This is similar to the definition found in 10 
CFR 72.3. 
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The definition of "Criticality Safety Index" was added in line with the adoption of this new tenn by 
the NRC in 10 CFR 71. 

A definition of "Deuterium" was added to indicate that the definition of deuterium found in 10 CFR 
110.2 applies. 

A definition of "Package" was added to incorporate changes in package designation, i.e., Type AF, 

BF, B(U)F, and B(M)F, especially as it relates to a Type A and B package. 


It was necessary to add the definition of graphite to indicate that the definition of nuclear grade 

graphite found in 10 CFR 110.2 applies. 

The following definitions were significantly revised: 

a. "Fissile material" 

b. "Fissile material package" 

c. "Low specific activity (LSA) material " 

The definition of fissile material was revised by removing plutonium-238 from the list of fissile 
nuclides in order to clarify that "fissile material" means the fissile nuclides themselves, not materials 
cQntaining fissile nuclides. The definition of "fissile material package" does not include the new 
package designations Types AF, BF, B(U)F, or B(M)F. Thus, this is added to the definition. 

The definition of "packaging" doesn't appear to merit any change, except adding the reference to 10 
CFR 71 in lieu of 49 CFR. 

In the definition of "low specific activity", the definition of "LSA-I" was revised to that of the 
revised 10 CFR 71 and that of "LSA-III" was revised to capture the reference to 10 CFR 71.77. 

Changes in the definitions of Type B packages have been adopted. 

All other definitions in Section T.2 remain unchanged or the changes were minor (e.g., introduction 
of SI units or change in federal references). 

Sec. T.3 - Requirement for License. There were no changes recommended for this section. There 
were changes in 10 CFR 71.7 "Completeness and Accuracy of Infonnation; " however, these were 
not included in Part T. The need was not seen to include this. 

Sec. TA - Exemptions. There was no change to paragraph "a." Revisions in 10 CFR 71.1O(a), 
which becomes 10 CFR 71.14(a), are incorporated into paragraph "b." This change removed the 
existing single specific activity value and replaced it with "Activity Concentration for Exempt 
Material" found in Table A-2. The balance of the paragraph was fonnatted in confonnance to 10 
CFR 71.14(a). 

New paragraphs "c" and lid" were created to incorporate 10 CFR 71 changes which cover 
exemptions from classifications as fissile material. 
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Sec. T.S - Transportation of Licensed MateriaL This section remains unchanged, except for adding 
§§ 172.441 which specifies requirements for labeling fissile packages and updating the SSR 
reference from D.906.e to D.1906e. 

It should be noted that in 49 CFR 173.403 the definition of "exclusive use" was changed to require 
appropriate radiological training and resources by the consignor and carrier to ensure safe handling 
of the consignment. 

Sec. T.6 - General Licenses for Carriers. There was no change to this section. 

Sec. T.7 - General License: Nuclear Regulatory Commission-Approved Packages. This section is 
modified to require a quality assurance program for general license eligibility and to indicate 
additional information to be submitted to the NRC. 

Sec. T.8 - General License: US Department of Transportation Specification Container. The old 
section (Sec. T.8 - General License: Previously Approved Packages.) was deleted in its entirety. 
There is no significant change to this section, which is comparable to 10 CFR 71.20, previously 
designated as 10 CFR 71.14. This section was T.9, but was renumbered with the deletion of the prior 
section T.8. Also, correction to SR-T reference was incorporated. 

Sec. T.9 - General License: Use of Foreign Approved Package. Quality Assurance requirements 
were added to this section, which is comparable to 10 CFR 71.21, previously designated as 10 CFR 
71.16. This section was T.lO but was renumbered with the deletion of the prior section T.8. Also, 
minor revisions were incorporated to be compatible with NRC regulations. 

Sec. T.IO - General License: Fissile MateriaL This section, which is comparable to the new 10 
CFR 71.22, consolidates all general license provisions of T.11 and T.12 for fissile material into this 
section. The title of this section was changed accordingly. This section was T.l1 but was 
renumbered with the deletion of the prior section T.8. 

Instead of concentration-based limits, this section now uses mass-based limits and a criticality safety 
index (CSI). The general license for plutonium-beryllium sealed sources is now found in section 
T.12. The values in new Tables I and II are based on new minimum critical mass calculations 
described in NUREG/CR-S342. The variables in these new tables are used as the variables X, Y, 
and Z in the equation in paragraph e. 

The requirement that fissile material, shipped under this general license, must be contained in a DOT 
Type A package was added to paragraph a. 

Also, the specific gram limits for uranium and plutonium were removed from paragraph c. The 
paragraph retains the existing Type A quantity limit. Revised gram limits were relocated to new 
Table I, which are associated with new paragraphs d. and e. A requirement was also added to limit 
the amount of special moderating materials beryllium, graphite, and hydrogenous material enriched 
in deuterium present in a package to less than SOO grams. 
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Previous paragraph d. was removed. Revised gram limits for fissile material mixed with material 
having a hydrogen density greater than water would be placed in new Table I. A note was added to 
new Table I to indicate that reduced mass limits apply when more than 15 percent of a mixture of 
moderating materials contains moderating material with a hydrogen density greater than water. 

New paragraph d. was added to require that shipments of packages containing fissile material be 
labeled with a CSI, that the CSI per package be less than or equal to 10.0, and that the sum of the 
CSls in a shipment of multiple fissile material packages is limited to less than or equal to 50.0 for a 
nonexclusive use conveyance, and to less than or equal to 100.0 for an exclusive use conveyance. 

New paragraph e. was added to require that the CSI be calculated via a new equation for any of the 
fissile nuclides. Guidance on applying the equation and the mass limit input values of Tables I and 
II is also contained in this paragraph. 

Sec. T.Il - General License: Plutonium-Beryllium Special Form Material. 

The old section (T.l2), "General License: Fissile Material, Limited Moderator Per Package" was 
deleted in its entirety. A new section (T.ll) that is comparable with the new 10 CFR 71.23 was 
created in its place. The title of the section was also changed accordingly. This new section was 
renumbered to T.11 with the deletion of the prior section T.8. 

This new section consolidates regulations on the shipment of Pu-Be sealed sources, the maximum 
quantity of fissile plutonium Pu-Be sealed sources that can be shipped on a single conveyance 
through changes in the mass limits and calculation of the CSL Previously, a Pu-Be sealed source 
package could contain up to 400 grams of fissile plutonium with a CSI equal to 10.0. Consequently, 
the conveyance limits were 4000 grams per shipment for an exclusive-use vehicle and 2000 grams 
per shipment for a nonexclusive use vehicle. The CSI per package was increased from 10 to 100; 
however, the maximum quantity of plutonium per conveyance (shipment) was reduced to 1000 
grams. The 1000 gram per shipment limit and a 240 gram of fissile plutonium limit are equivalent ..to 
those in section T.1l. The change in fissile plutonium limit per package was due to the increased 
confidence that the fissile plutonium within a sealed source capsule would not escape from the 
capsule during an accident and reconfigure itself into an unfavorable geometry. 

Paragraph a. describes the applicability of this section and the requirement to ship Pu-Be sealed 
sources in DOT Type A packages. 

Paragraph b. requires that shipments of Pu-Be sealed sources be made under an NRC-approved QA 
program. 

Paragraph c. requires a 1000 gram per package limit. In addition, plutonium-239 and plutonium-241 
may constitute only 240 grams of the 1000 gram limit. 

Paragraph d. requires that a CSI be calculated per paragraph e., and the CSI must be less than or 
equal to 100.0. For shipments of multiple packages, the sum of the CSls is limited to less than or 
equal to 50.0 for a nonexclusive use conveyance, and to less than or equal to 100.0 for an exclusive 
use conveyance. 
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Paragraph e. provides an equation to calculate the CSI for Pu-Be sources. This equation is based 
upon the 240 gram mass limit for fissile nuclide plutonium-239 and plutonium-241 in paragraph c. 

Sec. T.I2 - Exemption from Classification as Fissile Material; This is a new section added to be 
compatible with IO CFR 71.15. 

Sec. T.13 - Assumptions as to Unknown Properties of Fissile Material. There was no change to this 
section. 

Sec. T.l4 - PreliminarY Determinations. There was no change to this section. 

Sec. T.I5 Routine Determinations. There were no significant changes to this section. 
"Millisievert" was changed to "mSv" to meet the SSRCR Style Manual. 

Sec. T.16 - Air Transport of Plutonium Paragraph b. was revised to remove the 70 becquerel per 
gram (0.002 uCi/g) specific activity value and substitute activity concentration values for plutonium 
found in Table A-2. 

Sec. T.17 - Opening Instructions. This section was added to be compatible with 10 CFR 71.89. 

Sec. T.l8 Shipment Records. This section was renumbered T.I8 due to the addition of new section 
T.l7. This section remains unchanged, since the items in this section were not altered by the NRC, 
though couched in paragraph (a) of 10 CFR 71.91. Additional paragraphs exist that address 
additional requirements on the certificate holder in making records available to the NRC. These 
requirements were not adopted previously into Part T. The only change was the addition of 
paragraph (b), which differs little from the existing requirements in this section. 

Sec. T.19 - Reports. This section was renumbered T.19 due to the addition of new section T.17. 
Paragraph a. remains unchanged. Since this was the only part of this section in 10 CFE- 71 that was 
considered adoptable, no further change was offered. 

Sec. T.20 - Advance Notification of Transport of Nuclear Waste. This section was renumbered 
from T.19 due to the addition of new section T.17. There is no significant change to this section. 
"Terabecquerel" was changed to "TBq" to meet with the SSRCR Style Manual and several SR-T 
references were corrected. 

Sec. T.21 - Quality Assurance Requirements. This section was renumbered from T.20 due to the 
addition of new section T.l7. This section was revised in its entirety to be compatible with 10 CFR 
71.101. 

Appendix A to 10 CFR 71 was revised in its entirety. Table A-I was revised to reflect the values for 
these radionuclides in TS-R-l. A new Table A-2 was added for listing exempt material activity 
concentrations and exempt consignment activity limits for radionuclides. 

The rationale for the major revision to the Appendix was presented in the introduction to the 
Rationale for Part T. The entire revision in 10 CFR 71 was adopted in its entirety. 
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