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PART T

TRANSPORTATION OF RADIOACTIVE MATERIAL

Sec. T.1 - Purpose and Scope.

a. The regulations in this Part establish requirements for packaging, preparation for shipment,

and transportatlon of rad10actwe matenal m&éapp}f%e—aﬁypefseawhe—tfaﬁspeﬁs—faéieae%we

apel o
Lot

e packaging and fransport of radioactive material are also subject to other Parts of

these regulations and to the regulations of other agencies (such as the United States
dDepartment of tTransportation, the United States pPostal sService and the United States

aNuclear sRegula eCommission) having jurisdiction over means of transport. The
reguirements of this Part are in addition nd not in stitution for, other

requirements,

C. This Part applies to any licensee authorized b ecific_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 Pa
authorizes possession of licensed material.

d. Exemptions from the requirement for license are specified in T 4-of-thisPart General

licenses for which no package approval is required are issued in T.7 tothrough T 1211. The
general license in T.7 requires that an United States slNuclear fRegulatory 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 subject to the operating controls and procedures requirements of
T.15 through T.2321, to the quality assurance requirements of T.2421; and to the general
provisions of rules T.1 through T.5, including=<eld></eld><new> referenced United States

éDepartment of tTransportation regulations,

e, These rules apply to any person required to obtain a certificate of compliance or an approved
compliance plan from the United States alNuclear ¥Regulatory 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:

"A" means the maximum activity of special form radioactive material permitted in a Type A
package. This value is either listed in Tables HFA-1, A-1 and F¥A-3 in Appendix A of this Part, or
may be derived in accordance with the procedures prescribed in Appendix A of this Part.

"Ay" means the maximum activity of radioactive material, other than special form material, LSA,

and SCO material. permitted in a Tvpe ackage. This value is either listed in Tables IMA-1, A-1]
Supplement and or ¥A-3 in Appendix A of this Part, or may be derived in accordance with the
T1
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"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.

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.

ok u¥a ata¥a s Wa LY acarmiac P 1 OME o a¥a O ) et o P Pt onaa

gha—at+—one—aaqaress—recepea—Hor-—ohe— o8- MoV E10-obBe—-coRSIEReC—a+—oONe—aeS

address-means each shipment of a package or groups of Qckages 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.

¥

'Convevance" means:

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

) 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

e3 For transport by any aircr

"Criticality Safety Index (CSI)" means the dimensionless number (rounded up to the next tenth)
assigned to and placed on the Jabel 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.3110 and T 1211,

"Deuterium" means. for the purposes of T.4 and T.3310. deuterium and any deuterium compounds,
including heavy water, in which the ratio of deuterium 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

12
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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

%éﬂkanﬁ%ﬂabmatﬂa&eﬁthese—faéteﬂuehées he radi nuchdes U-233 U 235 Pu—239 Pu-24

not material containing fissile nuclides Umrradlated natural uranium and depleted uranium, and
natural uranium or depleted uranium, that has been irradiated in thermal reactors oniy£ are not

ntrols re provide

included in this definition, Certam exclusmns erm fissile material
71.155-,

"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.

means, for the purposes of this sPart. gra

"Graphite" ite 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{DOT 1734031 means a quantity within a

single package which exceeds:

(1) 3.000 times the A value of the radionuclides as specified in 49 CFR 173.435 for
special form Class 7 (radioactive) material:

normal form g;lgg ] (radioactive) materlale or -

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

"Low speciﬁc activity (LSA) materiai" means radioactive materiai with lim limited §geciﬁc agtivig

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

~ Agency jurisdiction extends only to “special nuclear material in quantities not sufficient to form a critical mass " as defined in Part A of these regulations.

T3


http:7L15~.71.11

SSRCR Volume 1 - -Kebruam—19984ugust 2010

T4



DRAFT SSRCR Volume I - July 18982006

(i)

%heﬂ—sehé—ef-hﬁﬁd—eempeuﬁés—eﬁmee{wes—ef Radmactwe matengl for wh1ch

the A, value is unlimited: or

(#ity) Radienctive-materinh—other-thanfissHematerial—forwhieh—the—-Ay—value—is
enkmﬁeé—efOther radioactive matemal Other radioactive material in which the radioactive material is radloactlve material is

exceed 30 times the value for exempt material activity concentrations
determined under gggendn( A. &*Q—AMg&——am%ama%eé—e&ﬁh-

(2)  LSA-II

@) Water with tritium concentration up to 0.8 terabeequerelpertiter TBg/L (20.0
Ci/L); or

(iiy ~ Material in which the radioactive material is distributed throughout, and the
average specific activity does not exceed 10™ Ay/g for solids and gases, and
10” A,/g for liquids.

3) LSA-III Solids, excludin% powders, that satisfv the requirements of-49-CER 17243

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 Ay; and

(iii)  The average specific activity of the solid does not exceed 2 x 107 Ay/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 of less than 10 days.
"Natural thorium" means thorium isetepes—with a-the naturally occurring distribution_of thorium

isotopes, which is essentially 100 weight percent thorium-232.

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

Y Foren /e idated wastes; . . el
TS5
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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.

"Package" means the packaging together with its radioactive contents as presented for transport.
(1) Fissile material package or Type AF package, Type BF package. Tvpe B(AU)F

package. or Type BIM)F package means a fissile material packaging together with its
fissile material contents,

(2) Tvpe A package means a Type A packaging together with its radioactive

contents. A Tvpe A package is defined and must comply with the DOT regulations in
49 CFR Part 1173,

(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(l))
unless the %ackage has a maximum normal operating pressure of more than 700 kPa
(100 Ibs/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(hypothetical accident 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 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 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 of-this Part T.

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

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

T6



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

(3 It satisfies the test requirements specified by the US Nuclear Regulatory Commission

and 10 CFR ’?1 75 and 10 CFR 71. 4——A—s;=>ee}&1~£ém—eﬁea§sa}a$}9ﬂ—des&g&eé—m

"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” (SCO) 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:

(D) SCO-I: A solid object on which:

(i) The non-fixed contamination on the accessible surface averaged over
300 em?, (or the area of the surface if less than 300 cm?); does not exceed 4
beeguerel-Bg/percm® (10 pCi/ecm?) for beta and gamma and low toxicity
alpha emitters, or 0.4 beeguerel Bg/per-cm?® (10° pCifcmz) for all other alpha
emitters;

(ii) The fixed contamination on the accessible surface averaged over 300 cm?; (or
the area of the surface if less than 300 cm?®; does not exceed 4x10* beeqaefel
Ba/per-cm® (1.0 uCi/em?) for beta and gamma and low toxicity alpha emitters,
or 4x10° Ba/beeguerel-per-cm? (0.1 pCi/em?) for all other alpha emitters; and

(iii)  The non-fixed contamination plus the fixed contamination on the inaccessible
surface averaged over 300 cm’—, (or the area of the surface if less than

300 cm®); does not exceed 4x10* T_gﬂ/beequefel—per—cm (1 pCi/em?) for beta
and gamma and low toxicity alpha emitters, or 4x10° Beeq_aefel—per—cm (0.1

uCi/em?) for all other alpha emitters.
(2) SCO-II: A solid object on which the limits for SCO-I are exceeded and on which:

6)) The non-fixed contamination on the accessible surface averaged over
300 cm?; (or the area of the surface if less than 300 cm®): does not exceed

T7
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400 beeguerel-Bg/per-cm” (1072 uCi/em?) for beta and gamma and low toxicity
alpha emitters or 40 Bg/beeguerel-per-cm” (107 uCi/em?) for all other alpha
emitters;

(i1) The fixed contamination on the accessible surface averaged over 300 cm’s {or
the area of the surface if less than 300 cm®) does not exceed 8x105
Bg/becquerelper-cm® (20 pCi/em?®) for beta and gamma and low toxicity
alpha emitters, or 8x10* Bg/beeguerel-per-cm® (2 uCi/em?) for all other alpha
emitters; and

(iii)  The non-fixed contamination plus the fixed contamination on the inaccessible
surface averaged over 300 cm’—_(or the area of the surface if less than
300 cm?); does not exceed 8x105 /beequerel—pef—cm (20 pCl/cm ) for beta
and gamma and low toxicity alpha emitters, or 8x10* Bg/ cm?
(2 uCi/em®) 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 multiplving expressing—the
maximum radiation level in millisievert (mSv) per hour at one +-meter (3.3 feet) from the external
surface of the package in-mithisievert-{mSv)-per-hovrmultiplied 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 packaging that, together with its radioactive contents limited to A, or A,
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 A; for special form radioactive material or A; for normal form radioactive material,
where A; and A, 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

+is-tiade-r-honw-peacka Hi-these-cesigratt ;
feaps £o3 GO ETH Dsep 1773 4 Tissa kd P2 B8, £,
Feafer SRR A Frpe-8 paetd ved-prio:
i3, —"_'“ S .kfnn Tﬂ

T8



SSRCR Volume I - Februasy—9994ugust 2010

QQFR 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 of uranium-236 per gram of uranium-235.

¥¥ M . il

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 whiehwho 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. Aﬁy 11censee is exempt from the requ1rernents of thls Part %e%he-ex{eat—%ha{—‘ehe—heeﬁsee

AN

aeﬁ%myﬁe{—gre&teﬂhaﬁ%eeqwfel—pef—gram—é@—g%pt@#o}—mm reggect to shlgment or
carriage of the following low-level materials:
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i. 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.

ii. 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.

aterials 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
761.59, 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 the package has at least 200 grams of solid nonfissile material for every
gram of fissile material. Lead. bervllium. 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.

iii. Low_concentrations_of solid fissile material commingled with solid nonfissile
material, provided that there is at least 2000 gsrams of solid nonfissile material for

every gram of fissile material and that there is no more than 180 grams of fissile
matenal dxstrlbuted wzthm 360 kg of contlguous nonﬁssﬂe material. ——'Phe—mess—ra&e

s & ¥ r )
ocila ran .n‘ S n—ron o ‘ﬂr\nﬂ f)nn“ leand tha r\nnl{ﬁee_eeia{e_ms_eeﬂ%&iﬁ
Tyt e TieE TCLY TTTTeT PN 9T S Ay ¥ L

M%é@%e&—ﬁss&eﬂaateﬁal——— Lead. bervllium, graphite, and hydrogenous
material enriched in deuterium may be present in the package, but must not be

included in determining the required mass fer-of solid nonfissile material.

ivit. _ Uranium enriched in uranium-235 to a maximum of one percent bv 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 the package is less than 5 percent of the uranjum
mass,

v, Ligquid solutions of uranvl nitrate enriched in uranium-235 to _a maximum of two
ercent i mass. provided that:

(80 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 (N/U) is greater than or equal to 2.0; and

T10
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(3) The material must be contained in at least a DOT Tvpe A package,

vi. Plutonium with a total mass ef-tess—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 phyvsician licensed by a State to dispense drugs in the practice of medicine is exempt

from ﬁ this Part with reggect to transgort b,\; the ghgsician of licensed materj al for use in

hcensed under 10 CFR art 35 or the equivalent Agreement State regulations.

Sec, T.5 - Transportation of Licensed Material.

a. Each license¢ 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:

L. 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

of Transportation in the followmg areas:
(O 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 +72:440172.441, and Subpart E.

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

) 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.
(N Security Plans - 49 CFR Part 172: subpart [,
(#8) Hazardous material shipper/carrier registration - 49 CFR Part 107: Subpart G.

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

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

iil. 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.

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-CERParts170-throush189-appropriate].5a.1. to the mode of transport to
the same extent as if the shipment was subject to the regulations—fadd-71-5 laneunace-here) 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.

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 insefar-assuchrequirements—relate-relating to the loadmg and

storage of packages, placarding of the transporting vehicle, and incident reporting. A

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 sweh-requirements
relate to the 10ad1n§ and storage of packages, placarding of the transporting vehicle, and
incident reporting. **

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 1ssued by the Nuclea:r Regulatory Commlssmn M

Boyrto pa- B LIPY o

3af
.~ Notification of an incident shall be Jiled with, or made 10, the Agency as prescribed in 49 CFR, regardless of and in addition to nonfication made to the US

Deparunent of Transportation or other agencies.
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b.
be. 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;

ii. 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 hcensees ﬁrst use of the package;—has—registered—with—the—Nuclear
Reg&ﬁa{ew—@emmﬁﬁeﬁ—&né— submits in writing to attn: document control desk, -
approval.

iv, Has a quality assurance program that complies with Subpart H of 10 CFR 71 reguired

ed. The general license in T.7a. apphes only when the package approval authorizes use of the
package under this general license. s -
de. For a Type B or fissile material package, the design of which was approved by the Nuclear

Regulatory Comnussion before April 1, 1996, the general license is subject to the additional
restrictions of #-8-10CFR 71.19.
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A general license is issued to any 11censee 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

Complies with the terms and condltxons of the specification and the applicable

‘required by T.2021.

Thise general license-i-4-9a: is subject to the limitation that the specification container may
not be used for a shipment to a location Qumde the United States except by multilateral

a.
radioactive material as specified in 49v(;FR‘Parts 1:‘73 and 178.
b. This general license applies only to a‘liV(;ensee vxho
i Has a copy of the speciﬁcation; - ’
ii. \
requirements of this Part; and
iil. Has a quality assurance pr(;gra
C.
approval as defined in 49 CFR 173 403 ‘
d. These requirements expire October 1 2‘6{}8.

Sec. TH-9 - General License: Use of Foreig;l Apbroved Package.

SR e . W
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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 apphcable requlrements Of 49 CFR 171.12.

b. Fhis-The general license apphes only to m%ema&e&&l—shlpments made to or from locations
outside the United States.

c. This general license applies orﬂy toyta liCéhsee i?vho:
i. Has a quality assurance program annroved by the United States Nuclear Regulatory
Commission.

ii. Has a copy of the applicabfe 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

iil. Complies with the terms and conditions of the certificate and revalidation, and with
the applicable requirements of this Part;-and. i

Sec. T.H—10 - General License: Fissile Matéfiél.—l:k%ked—@&aﬁ%?er—l%ekage—.

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 Drov151on of subpart H of 10 CFR 71 Ih&s—geﬂefﬂ—heeﬂse
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‘ The general license applies only when al—ef—the
ieHewmafeq&&emeﬁt&afe—me{-a package’s contents:

following equatlon

CSI=10
il The calculated CSI must be -
iil. The values of X, YE and Z used in the CSI egua‘mon must be taken from Tables [ or I,

as aggrognale; G

T16




v, If Table II is used to obtam the value of X 1hen
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the values for the terms in the

equation for uramum-233 and Elutonmm must be assumed to be zero: and

densit reater than H HvO e.g.. certain hydrocarbon 011 or plastics]) are
resent in any form, exce tas olyethvlene used for packine or wrappin

:
i
{
H



EissleFissile Material or U[dnmm-235 of Unknown
Enrichment per !.l—l-lﬁeal

Fissile Materials

Fissile  material ©

moderatin

substances having' an_average
hydrogen density less™

than or equal to

F 1331le material mass mixed with

moderating substances having an
average hydrogen density greater

H,0. (grams) -

~ than H,O¥, (grams)

2)3U (X) mg
233$~U (Y) —2_2
2Py ar MPu(z) 24

T18
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hvdrogen density greater than H>0.

KDy geca g gaat 4
LRI VAT

i it

Be sealed sources, the sum of the

TZl
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following equation

w1thm three hundr

i. Lead. bergﬁiﬁm,« graghlte

present in the gackage but:
solid nonfissile mater Ik

d. Uranium enriched in uranium-23

\’hge@péf“cenf of the mass of uranium-235.
.
tedand: hvdrogenous material enriched in

not more than one thousand
ay_consist of plutonium-239

1
|
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multiplication.

Sec. T.14 - Preliminary Determination
radioactive material:

a. The licensee shall asc"e

'When the isotopic
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T |
effectiveness of the packagin }
b. Where the maximum 35 kilopascal (5 Ib/in’) gauge,

the licensee shall tes : | pressure at least 50 percent
higher than the maximum ‘nor il verify: the capablhty of that system to

c. The licensee shall determine that ckagingghasibeen fabricated in accordance with the

d. The licensee shall con
serial number, gross w
Regulatory Commissio

kaging with its model number,
ber as assigned by the Nuclear

Sec. T.15 - Routine Determm 110
determine that:

ed material, the licensee shall

a. The package is proper for-theico

b. The package is in unimpai erficial defects such as marks
c. Each closure device of the packag vasket, is properly installed and
d. Any system for containingiliquid dequat ( ) | adequate space or other

e. Any pressure relief dev ; h written procedures;

f. The package has been i , ' tten procedures;
g For fissile material. an is present and in proper
condition:

he.  Any structural part of the package h ) tic down the package during
transport 1s rendered inoperableslorgin: SE atisfies design requirements

ih. The level of non- ﬁxed i ]the external surfaces of
each package offered for.shipme bly-ac T

i The level of non-fixed ay ibe determined by wiping an

area of 300 squarecentime oncerned with an absorbent material

using moderate %@“ . tiy on the wiping material.

Sufficient meas ﬁ oSt §mprlate locations to yield a

representative as n le%vels. Except as provided

124
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!

on any single wiping material,
not exceed the limits given in
thods of assessment of equal or

t rflethdds are used, the detection
aken%into éacco’unt and in no case may the
alssurfaces of the package exceed 10 times the

in T.lSh.u.

shipments by rail or highway

[TAMINATION - WIPE

m Permissible UnitsMaximum
P ble Uit

nCi/em’? Dpm/cm?

Beta and gamma emitters W i - 10~ 22

All other alpha emitting’radionu ‘A 10° 2.2

it

e vehicle, if applicable, will not

ex shall not exceed 10.0;

For a package transp , ) or wa‘lter, radiation levels external
to the package mayi ex lin but shall not exceed any of the

’issiblle external surface of the
hich case the limit is 10

hicle;

1
c|so that its position within the
hd
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ii. 2 milhisievert

. 0.1 mitkisievert

iv. 0.02 ﬁﬁﬂﬁeveiﬂt—mS

the general public.s:and

shade, no accessible
(122°F) in a nonexclusi
Accessible package )
transportation.

=

A package may not inco
transport.

=y Slat-bed style vehicle with a personnel b
cannot exceed 2 mSv per howr (200 mrem/‘hr) at on

T26

DRAFT

tions between the beginning and end

int on the outer surface of the
1€, or, in the case of a flat-bed
% poin‘t on the vertical planes
: upper surface of the load (or

f the *v]'ehicle;
int 2| meters from the vertical

hicle, or, in the case of a flat-
tical planes projected from the

nallyloccupied positions of the
private motor carriers when

g in accordance with Part

; i . . .
shal‘l Qrowde §Q€Clﬁ€ written

ﬂlehveg or unnecessarﬂg
rt workers or members of

38°Celsius (100°F) and in the
mpgerature exceeding 50°Celsius
in an exclusive use shipment.
se limits at any time during

ntinuous venting during

nnel barrier is in place, the package
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l

Sec. T.16 - Air Transport of Plutonit » Orovisions of any general licenses and
notwithstanding any exem uded indirectly by citation of the
US Department of Transp le, the licensee shall assure that

plutonium in any form i rrier for air transport, unless:

a. The plutonium is contai e ( I d:for individual human application;

b.
values for plutonium ificd Fthis®¢hapter and in wh1ch the radioactivity is
essentially uniformly;distribute '

c. The plutonium’ is Ino more than an A, quantity of
plutonium in any ce with T.5;

d. The plutonium™is’ chneCifica Qutho‘rized, in the certificate of
compliance; issued by theiNtclea@Reoulato Oommission: for the shipment of plutonium by
air, and the licensecirequir L _ ] i tiwith the carrier, compliance with
49 CFR 175.704 : regulations—apphicable-to—the-air

Sec. T.17 - Opening Instructi Jixt fatpackage to_a carrier for transport. the

licensee shall ensure that an ] STRUCHonN. Ftorsafely oneh the package have been sent

to. or otherwise made available™i0*thefConsigned forftiicltonsipnee's use in accordance with 10 CFR

20.1906(e). or equivalent statc [

Sec. T47—18 - Sh fain for a period of 3 years after

shipment a record of -eac ‘pmen o El ¢l o t under T.4, showing, where

applicable: :

a. Identification v 5 Umbet number;
b. Verification that th nt defect;
c. Volume and identi

d. Type and quann d the total quantity of each

shipment;
Date of the shipment
Name and address of t

Address to which t

Results of the determinatior of the package approval.
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use; i

b. Details of any defecg
employed to repair th

C. Instances in whic
in making a ship
%% :

other place of u

il. The nucle;ir

iii The quanti

C. Each advance notific

i The name,
ii. A descr:iptlo

iil. The point

&7 4 list of the mailing addresses o,
Programs, Nuclear Regulatory Con
June 30 to reflect any changes in informa

hin 30 days:

gztivegness of any packaging during

of compliance were not observed

nfines of the licensee's facility or
any nuclear waste to a carrier for
Such transport to the governor, or
e waste will be transported.

1g for transportation;

or through a state enroute to a
ia disposal facility; and

ispecified in Appendix A, Table I

Ispecified in Appendix A, Table I

1 lhe following information:

pper, carrier, and receiver of the

Vhipment as required by 49 CFR

iod during which departure of the

1 request from the Director, Office of State
"nnually in the Federal Register on or about




Sec. T.20-21 - Ouality Assuran

R Volume | —Februwary1999 Jyly 2006

iv. The 7- dav p t state boundaries is estimated to

occur,

The destinat] T AEand >riod during which arrival of the

ipment information.

ito the office of each appropriate
ation delivered by mail must be
eriod during which departure of
!messenger must reach the office

r's cfesignee and the Agency of
_’?___Qg Such nonﬁcanon shall be

the individual contac

vance notification has been
ation that is being canceled,
and to the Agency. A copy of

Each licensee who
sent, shall send a car
to the governor, or ‘
the notice shall be retained:b

§5]




a. This rule describe
handling. shinoin’g'

to desion. purchase. fabrication

_Wtest‘ingg ogeration maintenance

Part E.12 of these

b.
grnflcate holder and

o

d.
of 10-CFR 3. :

e.

w'2lbé&1;&2¥aeh—€84—eﬁhks—m%e.

's of structures.

slassociated with attaining quality

systems. and

!
4

G iy e | . N M R
"llcensee is used in these criteria
on.

ssemblv. and testing of the

me

a package approval is issued.




1. Verifving
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is lestablished and effectively

and inspection, that activities

ved correctly.

functions must have sufficient




1L

[I.

IV.

Values of A and’
elsewhere in thes

control purposes o,
placed on ﬁssﬂe m

O
In the calculations”
radioactive decay ¢

bas

es for many activity limits

he curie (Ci) values specified are

The curie values are
the TBq and Ci quantities is

imited, it is for radiation

-3 may be used. Otherwise,

1l of the A) and A; values for

:!henf

aterial,

€scri

nd e'xemgt consignment activity
e,

lloensee shall obtain prior

bed under paragraphs Il

rdance with 2222.SSRPart A.12 of

heir
her

{ be

th

:E—WTable A-1,a single

haturally occurring

Ionger than 10 days, or long-

radionuclide, and the activity to

hose corresponding to the

ains in which any daughter

at of the parent nuchde the

ntity transported in a Type A
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AppendiscA-Appendix A_____

where B(i) CFACT ) 0 ‘, X s'the A| value for radionuclide I
(b)
For nonﬁa formirac i maenenl 4 K MaXi ntity transported in a Type A

where B(i) is’ CrvaTy 0 adiontclidcIRanaEAT AT 1A (i) are the A| and A, values
for radionuclid : “

(c) Alternativel ATV XLUTCS alsformematerial may be determined as
follows: ' ' S o »

(d) ATEAC ignormalsform material may be determined

where (i) i
appropriate

nixture and A,(i) is the

(e) —The exefhn é VECO ( ationete v Tl uclides may be determined as
follows: i S ' '
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1
TATL
[A] - 0
| TAI
where f( i) 5 A1 o Oliradionuclide 4i in the mixture, and
[A]()M is theact Contentrationefodexempuimaicrial containing radionuclide 3.
(f) __ The activit o DECONST i ssoit e lixtures of radionuclides may be
determinedasHol] SR
1
A = —_—
: f(H)
"A®D)
where f(i) is tt (1 e adhiari Afin the mixture, and A(i) is the
activity limit foreXCr gl = I
V. When the identity of cachiradionuerid: o Tonein, but i vidual activities of some of the
radionuclides are not known Ad10] , 13yg d and‘ the lowest A or A; value,
as appropriate, for theradiont hdes ClforoupinTavab. d in applying the formulas in
paragraph IV. Groupsmayzb ciotalfalph: and the total beta/gamma activity
when these are kne X OWES HATEOATRA INE BTt hel alpha emitters and beta/gamma
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JICLIDES

Specific Specific
activity activity
AL (Ci) | (TBg/g)  (Cilg)

Symbol of Element and 3
radionuclide atomic number g ACLBq) A i)

74 Ll 3 5 % ¢ o

Ac-225 (a) 010

Ac-227 (a) 00
Ac-228 602
Ag-105

Ag-108m (a) 7203

Ag-110m (a) 14.0.’1 0
Ag-111 o
Am-241 R o 1.3X10°! 3.4

Am-242m (a) Amf;? s exiol | 1-OXIO!

Am-243 (a) 7 4%10° 2.0X107
Ar-37 s7x107 | 99XI10°
Ar-39 Argon i 1.3 3.4X10°
Ar-41 Lsxof | 42X107
As-72 6ox10t | 17X10°
As-73 8.9X102 2.2X10°
As-74 | Arsenic (3§ e ' ] g 3.7X10° 9.9X10°
AST6 S e sax1ot | 1EXI0°
As-77 3.9X10° 1.0X10°

D
o
>
=
&

At-211 (a) Astatine (83)5 18P0 X0 ol Ol BEVONSTOsg IS 10 | 7.6X10° | =
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Symbol of
radionuclide

oust 2 0“1 0

Au-193

Au-194

Au-195

Au-198

Au-199

Ba-131 (a)

Ba-133

Ba-133m

Ba-140 (a)

Barium (36

Be-7

Be-10

Bi-205

Bi-206

Bi-207

Bi-210

Bi-210m (a)

Bi-212 (a)

Bk-247

Bk-249 (a)

Br-76

Br-77

Br-82

C-11

LIXIE | 3

Appendix A
UCLIDES

Specific Specific
g activity activity
\; (C1) (TBq/g) (Cig)
t.};xm‘ 3.4X10* 92X10°
bxiot | sxier | X0
X100 | 1axigr | 37XI0
Exi0l | ogoxir | 24XI0
Ixiol | 77xier | 21X10°
ol | 3axi0’ 8.4X10°
1x10! 9.4 26X10°
x10! | 22x10° | 61XI0
851 2axi0 | 13X10°
1o 1.3x10* 35X10°
6101 8.3x10™ 22X10°
X10 1.5X107 42X10°
L sx10° | LOXIO
10! 19 5.2X10!
X100 | 4exi00 | X100
ol | 2axies | S7X107
Bdxi0n | saxios | X1

X107 | 3.8X102 1.0
" 61x10' | 1-6X10°
fxm‘ 94x10* | 25X10°
ol | 2exior | X0
k10! | aoxiet | MIXIO°
10! | saxier | 34X10°

1X10' 1.6X10" 43
k1ot | eexier | 18XIO




Symbol of
radionuclide

atomic nuni
o

Ca-47 (a)

Cd-109

Cd-113m

Cd-115 ()

Cd-115m

Cadmiur";i

Ce-139

Ce-141

Ce-143

Ce-144 (a)

Cerium

Cf248

Cf249

Cf-250

Cf-251

Cf-252 (h)

Cf-253 (a)

Cf-254

Californiul
(98)

Cl-36

Ci-38

Cm-240

Cm-241

Cm-242

Cm-243

Cm-244

SSRCR Folume |~ August 2010

JCLIDES

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

1 2.3X10* 6.1X10°
10' 9.6X10' 26X10°
10" 8.3 22X10°
0| roxier | SIX10°
0t || gaxier | 25X10°
100 asxier | 68X10
10" 1.1X10° 2.8X10°
o | 2sxi0r | 66X10°
E, 1ax102 | 32X10°
10" 5.8X10 1.6X10°
102 || 1.5%10" 4
1o 40 1.1X107
102 || 5.0%107 1.6
102 | 20x100 | S4XI0
] 1.1X10° 2.9X10°
02 | 3axi0? | 35XI0°
ot || 12xi0® | 33XI0
) 4.9%10° 1.3X10°
. lot | 7.sxi0t | 20X10°
10 6.1X10° 1.7x10*
bor | 1axier | 33XI0
102 | 1oxi0® 5.2X10°
i 30 8.1x10'




Symbol of
radionuclide

atomic number B 4

Cm-2435

Cm-246

Cm-247 (a)

Cm-248

Co-55 FORE O AL

Co-56

Co-57

Co-38

Cobali
Co-58m :

Cr-51 Chromium

Cs-132

Cs-134

Cesiun (
Cs-134m

Cs-135

Cs-136

Cs-137 (a)

Cu-64

Cu-67

Dy-159

Dy-165

Dy-166 (a)

1A NDEAT FElSNzlG)

App

UCLIDES
| Specific Specific
activity activity
L (C)  (TBy/g) (Cilg)
VX]OE 6.4X10° L7X107
Ixio? | 1axier | 31X100
X107 | 3.4X10° | 9.3X10°
xi00 | Lexior | 42X10°
xiol | 1ixiee | 31X10°
' ‘;8.1 1.1X10° 3.0X10°
»;.;'fxmj sax10 | 84X10
xio! | 12xio | 32XI0
Wixo | 22xi0° 5.9X10°
‘ x10' | aaxier | MXIO

I

X1 | 34x10° | 2210
28X 10" 7.6X10°
R
s | 1SX10
agxio! | 13X10°
s0x10° | SOXI0°
4.3X10° 12X10”
27x100 | 13XI0°
32 8.7X10
Laxios | 39X107
28x10¢ | TEX10°
2 1X10? 5.7X10°
3.0X10° 8.2X10°
sexigr | 23X10°




Symbol of
radionuclide

Element an

. -
atomic numbe

Er-169

Er-171

Eu-147

Eu-148

Eu-149

Eu-150 (short
lived)

Eu-150 (long
lived)

Eu-152

Eu-152m

Eu-154

Eu-155

Eu-156

Europium (6;

Europium (63)

E-18

Fe-52 (a)

Fe-35

Fe-59

Fe-60 (a)

Ga-67

Ga-68

Ga-72

Gallium (31

Gd-146 (a)

Gd-148

Gd-153

Gadolini :
(64)‘}5 :
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LIDES

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

3.1X10° 8.3X10*
9.0X10" 2.4X10°
Laxior | 37X
6.0X10° 1.6X10°
3sx1g? | 910
61x10° | 16X10°
6.1%10° 1.6X10°

6.5 1.8X10°
saxiof | 22X10°

9.8 2.6X10
1.8x1ot | 49X10°
2 0X10° 5.5X10*
27x10° | 73XI0°
s.axiol | 24XI10°
1 8X10° 5.0X10°
7axio" | 20X107
22X10° | 6.0X10°
1.5X10° | 4.1x107
1.1X10° 3.1X10°
6.9X10° 1.9x10*

1.2 3.2X10"
1.3X10° | 3.5X10°
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TABLE A -1: A; AND A, VALUES FOR RADIONUCLIDES
Specific Specific
Symbol of Element and activity activity
radionuclide atomic number A, (TBg) A (CH A, (TBg) A, (Ci) (TBq/g) (Cilg)
Gd-159 3.0 8.1X10" | 6.0X107 | 1.6X10' 3.9X10° 1.1X10°
Ge-68 (a) Germanium 5.0X107 1.4X10" | 5.0X107 | 1.4X10° 26X10° | 7.1X10°
Ge-71 2 4.0X10" 1.1X10° | 4.0x10" | 1.1x10° 5.8X10° | 1.6X10°
Ge-77 3.0X10™ 8.1 3.0X10" 8.1 13X10° | 3.6X10°
Hf-172 (a) Hafnium (72) 6.0X10™ 1.6X10" | 6.0X107 | 1.6X10" | 4.1X10' | 1.1X10°
Hf-175 3.0 8.1X10" 3.0 8.1X10" 3.9X10° | 1.1xio*
Hf-181 2.0 54X10" | 5.0X107 | 1.4X10° 6.3X10° | 1.7X10*
Hf-182 Unlimited Unlimited | Unlimite | Unlimited 8.1X10°® 22X10™
Hg-194 (a) Mercury (80) 1.0 2.7X10" 1(.10 2.7X10 1.3X10™ 3.5
Hg-195m (a) 3.0 8.1X10" | 7.0X107 | 1.9X10' 1.5X10* | 4.0X10°
Hg-197 2.0X10" 54X10° | 1.0X10" | 2.7X10° 9.2X10° | 2.5X10°
Hg-197m 1.0X10' 2.7X10° | 4.0X10" | 1.1X10 2.5X10° | 6.7X10°
Hg-203 5.0 1.4X10% 1.0 2.7X10" 5.1X10° 1.4X10*
Ho-166 Holmium (67) 4.0X10™ 1.1X10" | 4.0X107 | 1.1X10' 2.6X10° | 7.0X10°
Ho-166m 6.0X10" 1.6X10" | 50X107 | 1.4X10' 6.6X10~ 1.8
1-123 Todine (53) 6.0 1.6X10 3.0 8.1X10’ 7.1X10* | 1.9X10°
1-124 1.0 2.7X10 1.0 2.7X10" 93X10° | 2.5X10°
I-125 2.0X10" 5.4X10° 3.0 8.1X10’ 6.4X10° 1.7X10*
1-126 2.0 5.4X10" 1.0 2.7X10' 2.9X10° 8.0X10°
1-129 Unlimited Unlimited | Unlimite | Unlimited 6.5X10° 1.8X10°
1-131 3.0 8.1X10° 7.0:;(110" 1.9X10° 4.6X10° 1.2X10°
1-132 4.0X10™ 1.1xX10' | 4.0x107 | 1.1x10 3.8X10° 1.0X10
1-133 7.0X10" 1.9X10" | 6.0X107 | 1.6X10' 4.2X10* 1.1X10°
1-134 3.0X107 8.1 3.0X10" 8.1 9.9X10° | 2.7X10’
I-135 (a) 6.0X10™ 1.6X10" | 6.0X107 | 1.6X10' 1.3X10° 3.5X10°

T40
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TABLE A -1: A, AND A; VALUES FOR RADIONUCLIDES
Specific Specific
Sy‘mbol ?f Elex'nent and ) A ‘ activity actiyity
radionuclide atomic number A, (TBg) A (T (TBq) A, (CH (TBq/g) (Ciig)
In-111 Indium (49) 3.0 8.1X10' 3.0 8.1X10' 1.5X10° | 4.2X10°
In-113m 4.0 1.1X10° 2.0 5.4X10' 6.2X10° 1.7X107
In-114m (a) 1.0X10" 2.7X10° | 5.0X107 | 1.4X10° 8.6X10° | 2.3X10°
In-115m 7.0 1.9X10* 1.0 2.7X10' 22X10° | 6.1X10°
Ir-189 (a) Iridium (77) 1.0X10" 2.7X10* | 1.0x10" | 2.7X10° 1.9x10° | 52X10°
Ir-190 7.0X10" 1.9X10" | 7.0X107 | 1.9X10' 23X10° | 6.2X10°
Ir-192 1.0 27X10" | 6.0X107 | 1.6X107 3.4X10° | 9.2X10°
Ir-194 3.0X107 8.1 3.0X10™ 8.1 3.1X10* | 8.4X10°
K-40 Potassium (19) 9.0X10" 2.4X10" | 9.0X107 | 2.4X10' 2.4X107 | 6.4X10°
K-42 2.0X10" 5.4 2.0X10" 5.4 2.2X10° | 6.0X10°
K-43 7.0X10" 1.9X10" | 6.0X107 | 1.6X10° 1.2X10° | 3.3X10°
Kr-81 4.0X10" LIXI0° | 40X10' | 1.1x10° | 7.8x10% | Z1X107
Kr-85 1OX10' | 27X10° | 10x10' | 27x10® | 1sxiot | 3OX1O°
Kr-85m rvpron 56) 8.0 2.2X10° 3.0 8.1X10' 3.0X10° 8.2X10°
Kr-87 2.0X10™ s4 | 20x107 | 54 Loxioe | 2810’
La-137 Lanthanum 3.0X10' 8.1X10° 6.0 1.6X10° 1.6X10”° | 4.4X10°
La-140 o7 4.0X10" L.1x10" | 4.0x10" | 1.1X10' 2.1X10* | 5.6X10°
Lu-172 Lutetium (71) 6.0X107 1.6x10" | 6.0x107 | 1.6X10' 42X10° 1.1X10°
Lu-173 8.0 2.2X10° 8.0 2.2X10 5.6X10" 1.5X10°
Lu-174 9.0 2.4X10° 9.0 2.4X10° 2.3X10° | 6.2X10°
Lu-174m 2.0X10’ 5.4X10° | 1.0X10" | 2.7X10° 2.0X10° | 5.3x10°
Lu-177 3.0X10" 8.1X10° | 7.0X10" | 1.9X10 4.1X10° | 1.1X10°
Me2g@ | MEESR | soxig gl | aoxie | osu | 2oxipf | X1
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TABLEA-1: A; AND A; VALUES FOR RADIONUCLIDES
Specific Specific
Symbo! of Element and activity activity
radionuclide atomic number A (TBg) A (CD A; (TBg) Ay (C1) (TBa/g) (Ci/g)
Mn-52 Manganese 3.0X10™ 8.1 3.0X10™ 8.1 1.6X10° | 4.4X10°
(25)
Mn-53 Unlimited Unlimited | Unlimite | Unlimited 6.8X10° 1.8X107°
d
Mn-54 1.0 2.7X10’° 1.0 2.7X10° 2.9X10° 7.7X10°
Mn-56 3.0X10" 8.1 3.0X107 8.1 8.0X10° 2.2X10°
Mo-93 4.0X10' 1.1X10° | 2.0X10' | 5.4X10° 4.1X10* 1.1
Molybdenum
Mo-99 (a) (h) (42) 1.0 2.7X100 | 74X107 | 2.0X10! 1.8X10* 4.8X10°
. .1 1 1 i 7 1.5X10°
N-13 Nitrogen (7) 9.0X10 24X%10' | 6.0X10 1.6X10 5.4X10’
Na-22 Sodium (11) 5.0X10™ 14xX10" 1 5.0X10" | 1.4X10° 2.3X10° 6.3X10°
Na-24 2.0X107 5.4 2.0X107 5.4 3.2X10° 8.7X10°
Nb-93m 4.0X10' 1.1X10° | 3.0x10' | 8.1X10° 8.8 2.4X10°
Nb-24 7.0X107 1.9x10" 1 7.0x107 | 1.9X10' 6.9X10° | 1.9X10"
Nb-95 Niobium (41} 1.0 2.7X10" 1.0 2.7X10} 1.5X10° 3.9X10°
Nb-97 9.0X10" 24X10" | 6.0X107 | 1.6X10" 9.9X10° 2.7X107
Nd-147 6.0 1.6X10° | 6.0X107T | 1.6X10' 3.0X10° 8.1X10*
Neodymium
Nd-149 (60) 6.0X10T 1.6X10" | 5.0X107 T 1.4X10 4.5X10° 12X107
Ni-59 Unlimited Unlimited | Unlimite | Unlimited 3.0X10° 8.0X10%
d
Ni-63 4.0X10" 1.1X10° | 3.0x10' | 8.1X10° 2.1 5.7X10"
Nickel (28)
Ni-65 4.0X10™" LIX10' | 40x10t | 1.aXiof 7.1X10° 1.9X10’
Np-235 4.0X10° 1.1X10° | 40x10' T 1.1x10° 5.2X10" 1.4X10°
Np-236 (short- 2.0X10" 5.4X107 2.0 5.4X10' 47X10% | 13X10™
lived)
Np-236 (long- Neptunium 2.0X10" 5.4X10° 2.0 5.4X10' 47X10* | 1.3X107
lived) (93)
Np-237 2.0X10° 5.4X10° | 2.0X10° | 5.4X107 2.6X10° | 7.1X10™
Np-239 7.0 1.9X10° | 4.0xX107 | 1.1X107 8.6X10° 23X10°
Os-185 1.0 2.7X10" 1.0 2.7X10! 2.8X10° 7.5X10°
0s-191 1.0X 10" 2.7X10° 2.0 5.4X10 1.6X10° 4.4%10°
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TABLEA-1: A; AND A; VALUES FOR RADIONUCLIDES

Specific Specific

Symbol of Element and A activity activity

radionuclide atomic number A, (TBg) A, (Ci) ('I‘qu ) A; (Ci) (TBqg/g) (Ci/g)
Os-191m 4.0X10! 1.1X10° | 3.0X10' | 8.1X10° 4.6X10* 1.3X10°

Osmium (76)
0s-193 2.0 s4axi1ot | e0x10T | 1.6X10 2.0X10* 5.3X10°
0s-194 (a) 3.0X10" 8.1 3.0X10" 8.1 1.1X10’ 3.1X10°
P-32 5.0x10™ 1.4x10" | 5.0X107 | 1.4X10° 1.1X10* 2.9X10°
Phosphorus

P-33 (15) 4.0X10" 1.1X10° 1.0 2.7X10! 5.8X10° 1.6X10°
s

Pa-230 (a) 2.0 5.4X10' | 7.0X107? 1.9 1.2X10° 3.3X10
. -3

Pa-231 Pr"t?;‘g‘“m 40 11x10* | a0x10® | 1ax102 | 17x10° | #7XI0
3

Pa-233 5.0 1.4X10° | 7.0X107 | 1.9X10} 7.7X10? 2.1x10
Pb-201 1.0 2.7X10° 1.0 2.7X10} 6.2X10% 1.7X10°
Pb-202 4.0X10° 1.1x10° | 2.0x10" | 5.4X10° 1.2X10"* | 3.4X10”
Pb-203 4.0 1.1X10° 3.0 8.1X10' 1.1X10* 3.0X10°
Pb-205 Lead (82) Unlimited | Unlimited | Unlimite | Unlimited | 4.5X10° | 1.2X10™

d
Pb-210 (a) 1.0 2.7x10" | 5.0X107 1.4 2.8 7.6X10°
Pb-212 (a) 7.0X10™ 1.9x10' | 2.0X10™ 5.4 5.1X10* 1.4X10°
Pd-103 (a) 4.0X10" 1.1X10° | 4.0xX10" | 1.1x10° 2.8X10° 7.5X10°
Pd-107 Palladium (46) | Unlimited | Unlimited | Unlimite | Unlimited | 1.9X10° | 5.1X10%
d
Pd-109 2.0 54xX100 | s0x10t | 1.4X10 7.9%10* 2.1X10°
Pm-143 3.0 8.1X10" 3.0 8.1X10' 1.3X10% 3.4X10°
Pm-144 7.0X107 1.9x10" | 7.0x107 | 1.9X10 9.2X10' 2.5X10°
Pm-145 3.0X10° 8.1X10° | 1.0X10' | 2.7X10° 5.2 1.4X10°
Promethium

Pm-147 (61) 4.0X10' 1.1X10° 2.0 5.4X10" 3.4X10° 9.3X10°
Pm-148m (a) 8.0X107 22X10° | 7.0x10" | 1.9X10° 7.9X10° 2.1X10°
Pm-149 2.0 54X10" | 6.0X10" | 1.6X10° 1.5X10* 4.0X10°
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TABLE A-1: A; AND A, VALUES FOR RADIONUCLIDES
Specific Specific
Symbol of Element and activity activity
radionuclide atomic number A; (TBg) A (CD) A; (TBg) A, (CD) (TBq/g) (Ci’g)
Pm-151 2.0 54X107 T 60x10T | 1.6X10' 2.7X10* 73X10°
Po-210 Polonjum (84) |  4.0X10' LIX10 | 20107 | s4xi0) | pzxier | 43210
Pr-142 4.0X107 1.1x10t | ao0x107 | 1.1X10° 4.3X10* 12X10°
Praseodymium
Pr-143 59 3.0 8.IX10" | 6.0X107 | L6X10" | 25X10° | 6.7X10°
4
P-188 (a) 1.0 27x10' | sox10" | 22x100 | 2s5x10° | &8X10
3
Pt-191 4.0 1.1X10° 3.0 g.1x10' | s7x10° | 24X10
i
Pt-193 4.0X10* 1.1X10* | 4.0x10' | 1.1X10° 14 3.7X10
35
Pt-193m Platinum (78) |  4.0X10' 11X10° | soxi0t | 14x10t | sgxi? | 16XI0
3
Pt-195m 1.0X10! 2.7X10% | 5.0X107 | 1.4X10 6.2X10° 17X10
5
Pt-197 2.0X10* 54X10° | 6.0X107 | 16x10' | 3axiot | 87X10
;
Pt-197m LoX100 | 27x100 | 6.0x10" | 1ex10' | 3.7x10° | 1OX10
Pu-236 3.0X10! 8.1X10° | 3.0X10”° | 8.1X107 2.0X10 5.3X10°
Pu-237 2.0X10" 5.4X10* | 2.0X10' | 5.4X10° 4.5X10° 1.2X10°
Pu-238 1.0X10! 2.7X10° | 1.0X10° | 2.7X106° 6.3X10" 1.7X10°
Pu-239 1.0X10! 27X10° | 1.0X10° | 2.7X10° 2.3X10° | 62X10°
Plutonium (94)
Pu-240 1.0X10" 2.7X10° | 1.0X10”° | 2.7X10™ 8.4X10° | 2.3X107
Pu-241 (a) 4.0X10* 1.1X10° | 6.0X10* 1.6 3.8 1.0X10°
Pu-242 1.0X10" 2.7X10° | 1.0X10° | 2.7X10* 1.5X10% | 3.9X10°
Pu-244 (a) 4.0X10" 1L.1X10" | 1.0X10° | 2.7X10™ 6.7X107 | 1.8X107
Ra-223 (a) 4.0X10" 1.1x10" | 7.0X10° | 1.9X10™ 1.9X10° 5.1X10*
Ra-224 (a) 4.0X10™ 1.1X10" | 2.0X107 | 5.4X10" 5.9X10° 1.6X10°
Ra-225 (a) 2.0X107 5.4 4.0X10° | 1.1X10" 1.5X10° 3.9X10*
Radium (88)
Ra-226 (a) 2.0X107 5.4 3.0X10° | 8.1X10* 3.7X10% 1.0
Ra-228 (a) 6.0X10™ 1.6X10" | 2.0X10™ | 54X10™ 1.0X10' 2.7X10°
Rb-81 2.0 54xX10' | s.oxi10t | 2.2x10! 3.1X10° 8.4X10°
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TABLE A-1: A; AND A, VALUES FOR RADIONUCLIDES
Specific Specific
Symbol of Element and A activity activity
radionuclide atomic number A,; (TBg) A (Ci) (TBi]) A, (Ci) (TBq/g) (Ci/g)
Rb-83 (a) 2.0 5.4X10" 2.0 5.4X10" 6.8X10° 1.8X10*
Rb-84 1.0 2.7X10! 1.0 2.7X10° 1.8X10° 4.7X10°
Rb-86 Rubidium (37) 5.0X10" 1.4xX10" | s.0x107 | 1.4x10 3.0X10° 8.1x10°
Rb-87 Unlimited Unlimited | Unlimite | Unlimited 3.2X107 8.6X10°
d
Rb(nat) Unlimited Unlimited | Unlimite | Unlimited 6.7X10° 1.8X10°
d
Re-184 1.0 2.7X10! 1.0 2.7X10" 6.9X10° 1.9X10*
Re-184m 3.0 8.1X10' 1.0 2.7X10! 1.6X10° 4.3X10°
Rhenium (75)
Re-186 2.0 5.4X10" | 6.0xX107 | 1.6X10 6.9X10° 1.9X10°
Re-187 Unlimited | Unlimited | Unlimite | Unlimited | 1.4X10~ | 3.8X10®
d
Re-188 4.0X10™" 1.1x10' | 4.0x107 | 1.1X10' 3.6X10* 9.8X10°
Re-189 (a) ) 3.0 8.1X10" | 6.0x107 | 1.6X10" 2.5X10* 6.8X10°
Rhenium (75)
Re(nat) Unlimited Unlimited | Unlimite | Unlimited 0.0 2.4X107°
d
Rh-99 2.0 5.4X10' 2.0 5.4X10 3.0X10° 8.2X10°
=3
Rh-101 4.0 1.1X10° 3.0 8.1X10" 4.1X10" 1.1X10°
Rh-102 5.0X10™ 1.4X10" | 5.0X107 | 1.4X10° 4.5X10" 1.2X10°
Rhodium (45)
Rh-102m 2.0 5.4X10! 2.0 5.4X10" 2.3X10° 6.2X10°
Rh-103m 4.0X10" 1.1X10° | 4.0x10" | 1.1X10° 1.2X10° | 3.3X10’
Rh-105 1.0X10" 2.7x10° | gox1o’ | 2.2X10 3.1X10* 8.4X10°
3
222 (a Radon (86) 3.0X10™ 8.1 4.0X10° | LIX10" soxie} | DXL
3
Ru-97 5.0 1.4X10? 5.0 1.4X10? 1.7X10* 4.6X10
v
Ru-103 (a) . 2.0 5.4X10" 2.0 5.4X10° 1.2X10° 3.2X10
Ruthenium
N
Ru-105 (44) 1.0 2.7X100 | 6.0X107 | 1.6X10 2.5X10° 6.7X10
3
Ru-106 (a) 2.0X10" 5.4 2.0X10" 5.4 1ax10? | 33X10
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TABLE A-1: A; AND A; VALUES FOR RADIONUCLIDES
Specific Specific

Symbol of Element and activity activity
radionuclide atomic number A (TBg) A (Ci) A, (TBqg) A, (Ci) (TBqg/g) (Ci/g)
Sb-122 sox10" | L1x10' | 4ox10" | Lixio' | Lsxiot | A0XIO°
Sb-124 60X10" | 16x10' | 60x10" | 1ex10' | esxi0r | L7XIO
Sb-125 Anmony G 2.0 5.4X10" 10 | 27x10' | 3oxiot | LOX10°
Sb-126 sox10" | LIx10' | 40x10" | Lixi0' | zaxir | S4XIO
Sc-44 soxiot | 1axio' | soxiot | raxiot | e7xios | SX1O
Sc-46 s0X107 | 14X10' | soxi0" | 1axiol | 13x10°0 | 34X10
Scandium (21) ; - - 1 - R

Sc-47 Lox10' | 27X10° | 70107 | 19X10' | 3.1X10
Sc-48 3.0X10™ 81 | 30XI0" | 8.1 s.sxit | 1X10°
Se-75 Selenium (34) 3.0 81X10' | 30 | 81X10' | saxi? | SX10°
Se-79 Selenium (34) 4.0X10' 1.1X10° 2.0 54X10" | 2.6X10° | 7.0X10%
Si-31 6.0X10™" 1.6X10" | 6.0X10" | 1.6X10° 1.4X10° | 3.9X10’
Si-32 Silicon (14) 4.0X10' L1X10° | 5.0X107 | 1.4XI10' 39 1.1X10°
Sm-145 LOXI0' | 27X10° | LoX10' | 27X10° | 9sxiot | 26X10°
Sm-147 Unlimited | Unlimited | """ | Unlimited | 8.5X10" 23X107
Samarium (62) ) - ) - - X5k

Sm-151 4.0X10 11X10° | 1.0X10' | 27X10% | 9.7X10
Sm-153 9.0 24X10° | 60x10" | Lex10t | rexiot | +4X10
Sn-113 (a) 4.0 LIXI0? | 20 | saxiot | 3gxier | MOXI0
Sn-117m 7.0 19X10° | 40x10" | L1x10' | 30x100 | 32X10
$n-119m 40X10' | LIXI0° | 3.0X10' | s.ax10? | 1axier | >7X10
Sn-121m (=) Tin (50) 40X10' | 11X10° | 90X10" | 24X10' | 20 54X10
$n-123 80X107 | 22X10' | 60x107 | rexio' | soxior | 81O
Sn-125 40X10" | LIX10' | 40X10" | 11x10' | 4oxi0® | VIXIO
Sn-126 (a) 60X10" | L6X10' | 40X10" | Lix10' | loxio® | 28X107
Sr82(a) | Stontium (38) | 2.0X10" s4 [ 20X100 | 54 23x100 | 62X10°
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TABLEA-1: A; AND A; VALUES FOR RADIONUCLIDES

Specific Specific

Symbol of Element and A activity activity

radionuclide atomic number A; (TBq) A; (Ci) (Tqu) A; (Ci) (TBq/g) (Ci/g)
3

Sr-85 2.0 sax10' | 20 | saxiol | ssxiot | 24X10
i}

Sr-85m 5.0 14X10° | 50 | 14X10° | 12x10¢ | >-3%10
i

Sr-87m 3.0 g1X10' | 30 | 8ixi0' | 4sx1e® | SXIO

T

Sr-89 60x10" | 16x10' | 60x10" | 16x10' | raxie® | 29X10

]

Sr-90 (a) 3.0X10°! 8.1 3.0X10" 8.1 5.1 14X10
&

Sr-91 () 3.0X10" g1 | 30X10" | 81 13x10° | 36X10
i}

Sr-92 (a) 1.0 27x10' | 3.0x100 | 8.1 arxi0® | 13X10
3
T(H-3) Tritium (1) 4.0X10' LIXI0® | 40X10' | Li1x10® | 3exio? | 2IXLO
Ta-178.(long- | Tantalum (73) 1.0 2.7X10° | 8.0X107 | 22X10° 4.2X10° 1.1X10°

lived)

Ta-179 3.0X10' 8.1X10° | 3.0X10' | 8.1IX10* | 4.1X10" | 1.1X10°
Ta-182 9.0X10™ 24X10" | 5.0X107 | 1.4X10° 2.3X10° | 6.2X10°

1

Tb-157 40X10' | 11X10° | 40X10' | 1L1x10° | sexiot | 1°X10

1

Tb-158 Terbium (65) 1.0 2.7X10' 1.0 27x10' | sexiot | 19X10

q

Tb-160 1.0 27x10' | 60X10" | Le6x10' | 42x102 | IIXI0
4

Te-95m (a) 2.0 sax10' | 20 | saxio' | gaxier | 22X10
3

Tc-96 40X100 | LIX10' | 40x10" | rix10' | 12x10¢ | 32X10

.

Te-96m (a) 40X10" | Li1X10' | 40x10" | 1ix10' | 1a4xiec | >-8X10
— ,

Tc-97 . Unlimited | Unlimited | O™ | Gniimited | 52x10° | 14X10

Technetium d

3

Tc-97m (43) 40X10' | 1.1X10° 10 | 27x10' | sexier | 1SX10
T

Tc-98 80X10" | 22X10' | 7.0x10" | 1ox10' | 32x10° | 87X10
v

Te-99 40X10' | 11X10° | 9.0x10" | 24x10' | 63x104 | 17X10

‘ 3

Tc-99m LOXI0' | 2.7X10° 4.0 Lx10? | 1oxiot | 03%10
4

Te-121 Tellurium (52) 2.0 s4x10' | 20 | saxiot | 2ax10® | &4X10
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TABLE A -1: A; AND A; VALUES FOR RADIONUCLIDES
Specific Specific

Symbol of Element and activity activity
radionuclide atomic number A (TBg) A, (Ci) A; (TBg) A, (CD) (TBq/g) (Ci/g)
3

Te-121m 5.0 14X100 | 30 | six1o' | 26x10? | TOX10
3

Te-123m 8.0 20x102 | 10 | 27x10' | 33xier | BOXIO
T

Te-125m 20X10' | 54X10% | 90X10" | 24x10' | 67x10t | [BXI0
G

Te-127 20X100 | 54X10% | 70X107 | 19x10' | 9sxiot | 26X10
3

Te-127m (a) 20X10' | 54x10° | s0x10" | 1axio' | 3sx102 | 4%
7

Te-129 70X10" | 19X10' | 60X10" | 16x10' | 77X10° | Z1XI0
T

Te-129m (a) g0X10" | 22x10' | 40x10" | Lix10' | rixie® | 30X10
3

Te-131m (a) 70X10" | 19X10' | sox10" | 14x10' | 3ox0t | BOXIO
>

Te-132 (a) 5.0X10" | 14X10' | 40x100 | 1ix10' | rixiot | $O0X10
4

Th-227 10X10' | 27X10% | s0x10° | 1axiot | rixier | H1X10
2

Th-228 (a) s0x10" | 14x10' | 1.0x10° | 27x107 | 30x10' | 3XIO
Thorium (90) T

Th-229 5.0 14x10° | 5.0x10" | 14x102 | 79%X10° | %

-

Th-230 Lox10' | 27x10* | 1ox10® | 27x107 | 76x10% | 21XI0
3

Th-231 40X10' | 11X10° | 20X102 | s4x10? | 20x10¢ | >3X10
> * - -‘7

Th-232 Thonum G0 Unlimited | Unlimited | UM | Unjimited | a0x107 | M1X10
E)

Th-234 (a) 3.0X10" 8.1 3.0X10" | 8.1 gexior | 23%10
— .

Thnat) Unlimited | Unlimited | V™" | Unlimited | 8.1x10% | >2X1°
Z
Ti-44 (a) itanium (22 5.0X10" 14x10' | 4.0x10" | L1x10! 6.4 LIX107
3

TI-200 0.0X10" | 24x10' | 9.0x100 | 24x10' | 22x10° | SOXIO
B

TI-201 1ox100 | 27x10° | 40 | nixier | 79x10® | >1X10
Thallium (81) :

TI-202 2.0 54100 | 20 | saxiol | 20x100 | >3X10
]

TI-204 Loxio' | 27x10* | 70x10" | 1ox10' | 17x10' | H6XIO
3

Tm-167 7.0 19X10? | 80X10" | 22x10' | 3.1x10° | 33X19
3

Tm-170 Thulium (69) 3.0 81X10' | 6.0X10" | 16x10' | 22x1020 | 80X10
K}

Tm-171 40X10' | 11X10° | 40x10' | 1ax10° | aoxio' | MPXIO
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TABLE A -1: A; AND A; VALUES FOR RADIONUCLIDES

Specific Specific

Symbol of Element and A activity activity
radionuclide atomic number A; (TBg) Ay (CD) (Tqu) A, (Ci) (TBq/g) (Ci/g)
U-230 (fast lung . 3 1 3 2.7X10*

absorption) (a)(d) 4.0X10 1.1X10 1.0X10 2.7 1.0X10
U-230 (medium 2 7%X10°
lung absorption) 4,0X10' 1.1X10° | 1.0X10" 2.7 1.0X10° '
(a)e)
U-230 (slow lung ) 3 N 5 | 2.7X10°
absorption) (a)(f) 4.0X10 1.1X10 1.0X190 2.7 1.0X10
Uranium {92) )
U-232 (fast lung 1 3 2 1 1 2.2X10
absorption) (d) 4.0X10 1.1X10 1.0X10 2.7X10 8.3X10
U-232 (medium
lung absorption) 4.0X10' 1.1x10° ! 1.0x10? | 2.7x10" | 8.3X107 | 2.2X10'
©
U-233 (fast lung 1 3 2 -4 .3
absorption) (d) 4.0X10 1.1X10 9.0X10 24 3.6X10 9.7X10
U-233 (medium
lung absorption) 4.0X10' 1.1X10° ! 9.0X107 2.4 3.6X10* | 9.7X10°
©)

U-233 (slow lung 1 3 .2 4 3
absorption) (f) 4.0X10 1.1X10 9.0X10 2.4 3.6X10 9.7X10
U-234 (fast lung 1 3 2 4 3
absorption) (d) 4.0X10 1.1X10 9.0X10 2.4 2.3X10 6.2X10
234 (medium lung 1 3 2 4 3
absorption) (e) 4.0X10 1.1X10 9.0X10 2.4 2.3X10 6.2X10
-234 (slow lung 1 3 D 4 3
absorption) (f) 4.0X10 1.1X10 9.0X10 2.4 2.3X10 6.2X10

U-235 €all lung

absorption types) Unlimited Unlimited | Unlimited | Unlimited 8.0X10° 2.2X10°

(a),(d),(e).(D)

U-236 (fast lung .. .. . .. % .5
absorption) (d) Uranium (92) Unlimited Unlimited | Unlimited | Unlimited 2.4X10 6.5X10
U-236 (medium

lung absorption) Unlimited Unlimited | Unlimited | Unlimited 2.4X10° 6.5X107

(e

U-236 (slow lung .. .. . .. & 5
absorption) (f) Unlimited Unlimited | Unlimited } Unlimited 2.4X10 6.5X10
U-238 (all lung

absorption types) Unlimited Unlimited | Unlimited | Unlimited 1.2X10°® 3.4X107

(d),(e),(D)
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TABLEA-1: A, AND A; VALUES FOR RADIONUCLIDES
Specific Specific
Symbol of Element and activity activity
radionuclide atomic number A, (TBqg) Ay (Ch) A, (TBg) A, (CD) (TBg/g) (Cilg)
U (nat) Unlimited Unlimited | Unlimite | Unlimited 2.6X10°® 7.1X107
U (enriched to Unlimited | Unlimited | Unlimited | Unlimited |  N/A N/A
20% or less)(g)
U (dep) Unlimited | Unlimited | Unlimited | Unlimited | 0.0 (Sezg‘;ble
V-48 40X10! L.i1x10' | 40x10t | 11xio! 6.3X10° 1.7X10°
Vanadium (23)
V-49 4.0X10" 1.1X10° | 4.0X10! 1.1X10° 3.0X10% g.1X10°
W-178 (a) 9.0 2.4X 10 5.0 1.4X10? 1.3X10° 3.4X10*
w-181 3.0X10! 8.1X10% | 3.0X10' | 8.1X10° 2.2X10? 6.0X10°
W-185 4,0X10! 1.1X10° | 8.0x107' | 22X10 3.5X10° 9.4X10°
Tungsten (74)

W-187 2.0 54X10" | 6.0X107 | 1.6X10' 2.6X10° 7.0X10°
W-188 (a) 4,0X107 1.1X10"' | 3.0X10 8.1 3.7X10? 1.0x10*
Xe-122 (a) 4.0X10! L.1X10' | 4.0X10" | 1.1X10! 4.8X%10° 1.3X10°

Xe-123 2.0 5.4X10" | 7.0X107 | 1.9X10! 44X10° 1.2X107

Xe-127 4.0 1.1X102 2.0 5.4X10! 1.0X10° 2.8X10*

Xenon (54) ‘

Xe-131m 4.0X10" 1.1X10° | 4.0X10' | 1.1X10° 3.1X10° 8.4X10*
Xe-133 2.0X10" 5.4X10% | 1.0X10' | 2.7X10° 6.9X10° 1.9X10°
Xe-135 3.0 8.1x10! 2.0 5.4X10" 9.5X10* 2.6X10°
Y-87 (a) 1.0 2.7X10' 1.0 2.7X10 1.7X10° | 4.5X10°
Y-88 4.0X10™! 1.1X10' | 4.0X10" | 1.1X10' 5.2X10? 1.4X10*
Y-90 3.0X10" 8.1 3.0X10" 8.1 2.0X10* 5.4X10°
Y-91 Yttrium (39) 6.0X107" 1.6X10" | 6.0X107 | 1.6X10' 9.1X10? 2.5X10*
Y-91m 2.0 5.4X10" 2.0 5.4X10" 1.5X10% | 4.2X107
Y-92 2.0X10! 5.4 2.0X1¢" 5.4 3.6X10° 9.6X10°
Y-93 3.0X101 8.1 3.0X10! 8.1 1.2X10° 3.3X10°
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TABLEA-1: A;AND A; VALUES FOR RADIONUCLIDES
Specific Specific
Symbol of Element and A activity activity
radionuclide atomic number A, (TBqg) Ay (CH) (Tqu) A; (Ci) (TBq/g) (Ci/g)
Yb-169 4.0 1.1X10° 1.0 2.7X10 8.9X10° 2.4X10°
Ytiterbium (79)
Yb-175 3.0X10! 8.1X10° | 9.0xX10" | 2.4X10' 6.6X10° 1.8X10°
Zn-65 2.0 5.4X10 2.0 5.4X10" 3.0X10? 8.2X10°
Zn-69 Zinc (30) 3.0 8.1X10' | 6.0X107 | 1.6X10 1.8X10° 49X107
Zn-69m (a) 3.0 8.1X10" | 6.0X10" | 1.6X10 1.2X10° 3.3X10°
Zr-88 3.0 8.1X10' 3.0 8.1X10! 6.6X10% 1.8X10*
Zr-93 Unlimited | Unlimited | Unlimited | Unlimited | 93X10° | 2.5X107
Zirconium (40)
Zr-95 (a) 2.0 5.4X10" | 8.0x107 | 2.2Xx10 7.9X10? 2.1X10*
Zr-97 (a) 4.0X10" Lixiot | 4.0x107 | 1.1X10° 7.1X10* 1.9X10°
NOTES
(2 A, .and/or A values include contributions from daughter nuclides with half-lives less than 10 days
(b} _____Parent nuclides and their progeny included in secular equilibrium ai re listed in the following:
Sr-90 Y-90
Zr-93 Nb-93m
Zr-97 Nb-97
Ru-106 Rh-106
Cs-137 Ba-137m
Ce-134 La-134
Ce-144 Pr-144
Ba-140 La-140
Bi-212 T1-208 (0.36), Po-212 (0.64)
Pb-210 Bi-210, Po-210
Pb-212 Bi-212, T1-208 (0.36), Po-212 (0.64)
Rn-220 Po-216
Rn-222 Po-218. Pb-214, Bi-214, Po-214
Ra-223 Rn-219, Po-215, Pb-211, Bi-211, T1-207
Ra-224 Rn-220, Po-216, Pb-212_Bi-212_TI-208 (0.36), Po-212 (0.64)
Ra-226 Ru-222, Po-218, 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, T1208 (0.36), Po-212 (0.64)
Th-229 Ra-225. Ac-225, Fr-221, 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, T1-208 (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-218. Pb-214, Bi-214, Po-214,
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1J-240 Np-240m

Np-237 Pa-233

Am-242m Am-242

The quanti ay b ined from a measurement of the rate

atapre §gnbed dlg};gncga_fr ) the source,
() These values apply only to compounds of uranium that take the chemical form of UF,, UO,F, and UQ,(NO3), in
both normal and accident conditions of transport.

values ly only to compounds of uranium that take the chemical form of UQ,, UF,, UCl,, and hexavalent
compounds in both normal and accident ggnﬂg&w S
[£3] Th ggg values apply to all compounds of uranium other than those specified in (d) and (), above.
va lv to unirradiated uranjum onl
T se |y to domestic frangport only. For international transport, use the values in the table below.
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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 (Bg/g) material (Ci/g) (Bg) (CD
TABLEA - 1 (SUPPLEMENT)

ALAND A, VALUES FOR RADIONUCTLIDES
FOR INTERNATIONAL SHIPMENTS
Specific Specific

Symbol of Element and activity activity
radionuclide atomicnumber  A; (TBg) A€ A (TBq) A (Ci) (TBa/g) L(_Sgg_)_z
C£252  Californium(98) 5.0X107 14  30x10° 81x10° 20xj00 24X

3
Mo-99 (a) %@m——m 10 2.7X10' 6.0X10'  1.6X10' Lsx1ot  A3XI0
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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 (Ba/g) (Cilg) (Bg) (Ci)
c-22: 1.0X10' 2,7X107"° 1.0X10* 2.7x107
c-227 (a Actinium (89) L0x10" 2.7X102 1.0X10° 2.7X10%
c-228 1L.0x10' 27X10°"° L0X]10° 27X10°
Ag-105 1.0X10? 2.7X10° L0X10° 2.7X10°
Ag-108m (a) 1.0x10" 2.71X107" L0X10° 2.1X10°
r (47

Ag-110m (a) 1.0x10° 2.7X10°" L0X10° 2.7X10°
Ag-111 1.0X10° 2.7X10* 1.0X10° 27X10°
Al-26 Aluminum (13 Loxio! 2.7X107"° 1.0x10° 2.7X10°
Am-241 1.0 2.7x10" 1.0x10* 2.7X197
Am-242m (2) Americium (95) 1.0 2.7x10™" Lox10* 2.7x107
Am-243 () L0 2.7X10™M L0X10° 2.7X10%
Ar-37 L0x10° 2.7x10° 1.0X10°% 2.7X10°
Ar-39 Argon (18) 1.0X10’ 2.1x10* 1.ox10* 2.7X107
Ar-41 L.OX10? 2.1X10° 1.0X10° 2.7X107
As-72 1.0X10' 2.7X10°"° 1.0X10° 2.7X10°
As73 L0X10° 2.7x10°% 1.0X107 2.7x10%
As-74 Arsenic (33) L.0X10' 2.7X10°"° L0X10° 2.7X10°
As-76 1.0X10 2.7X10° 1.0X10° 27X10°
577 L0X10° 2.7X10° 1.0X10° 2.7X10°
At-211 (a) Astatine (85) 1.0X10° 27X10* 1.0X10° 2.7x10%
Au-193 14 (79 Lox10? 2.7x10° 1.0X10 2.7X10*
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AB A : XEMPT MA'] AL A ON RA DNS AND EXEMP
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 (Bg/g)  material (Ci/g) (Bq) (Ci)
T T
Au-194 1.0X10 2.7X10°"° 10X10° 27X107 |
Au-195 LOX10? 2.7X10” 1.0X107 2.7x10°
Au-198 1.0x10° 2.7X10° 1.0X10° 2.7X10°
Au-199 1,0X10? 2.7X10° L0X10° 27X10°
Ba-131 (a) 1.0X10? 2.7%10° )X10° 2.7X10°
Barium (56
Ba-133m 1L0X10? 2.7X19° 1.0X10° 2.1X107°
Ba:140 (a) 10X10° 2.1X10°° 1.0X10° 2.7X10°
Be-7 1.0X10° 2.7X10°* 1L.0X10’ 2.7X10™
Beryllium (4)
Be-10 Lox10* 2.7X107 L0X10° 2.7x10°

i-205 X10" 2.7X107° 1.0X10° 2.7X10°

Bi-206 L.0X10" 2.7X1071° 1.0X10° 2.7X10°
Bi-207 Lox10! 2.7x10°"° 1.0X10° 2,1X10°
Bismuth (83)

i-210 1.0X10° 2.7Xx10° 1.0X10° 2.7X10°
Bi-210m Lox10" 2.7X10™%° 1.0X10° 2.7X10°°
Bi-212 (a) Lox10! 2.7X10™ 1.0X10° 2.7X10°

k-247 Lo 2.1X10™" .ox10* 2.7X107

Berkelium (97)
Bk-249 (a) 1.0x10° 2.7x10° 1.0X10° 27X10°

r-7 1.0X10! 2.7X10°° 1.0X10° 2.7X10°

Br-77 Bromine (33) L0x10? 2.7X107 L0x10° 27X10°

Br-82 0X10' 2,7X10™" 1.0X10° 2.7X10°
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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 (Bg/g) (Ci/g) (Bg) (CD)
C-11 1.0X10! 2.7X10°° 1.0X10° 2.7X10°
Carbon (6)

C-14 1.0X10* 2.7X107 1.0X107 27X10™
a4 Calcium (20) LOX10°0 2.7X107 Lox10’ 2.7x10°
Ca-47( Loxie! 2.7X10°° 1.0X10° 27X10°
Cd-109 1.0X10° 2.7X10” 1.0X10° 27X10°
Cd-115 (a) S s L0X10? 2.7X10% 1.0X10° 27X10°
Cd-115m LOX10° 2.7X10°% 1.0X10° 27X10°
e-139 L0X10? 2.7x10° L0x10° 27x10°
Ce-141 L0X10° 2.7X10° 1.0X10 2.7X10*
14 B LOX10? 2.7X10° 10X 10° 27x10°
Ce-144 () Lox10’ 2.7X10° Lox10’ 2.7X10°
Cf-248 L0X10' 27x10°° Loxio? 2.7x107
249 1.0 2.7x10™" 1L0X10° 2.7X10°
£:250 1.0x10' 2.7x107° L0x10! 2.7x107
Cf-251 Californium (98) 10 2.7x10™" Lox10° 2.7X10°
Cf-252 1.0x10' 2.7X107 Lox1o* 2.7x107
Cf:253 (a) 1.0x10° 2.7X10° 1.0X10° 27X10°
Cf-254 L0 2.7x107" 1.0X10° 2.7X10°
-3 Chlorine (17 x10* 2.7X107 L0x10° 27X10°
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AB A-2: XEMPT MA RIAL A ON NTRATIONS AND EXEMY
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)
Cl:38 Chlorine (17) L0x10! 27X10° L0x10° 2.7X10°
Crm:241 L.0X10? 2.7X10° LOX10° 2.7X10°
Cm-242 1.0X10° 2.7X107 1.0X10° 2.7X10%
Cm-243 1.0 2.7x10™" Lox10* 2.7x107
Cm-244 Curium (96) 10x10! 27X107" 1.0X10* 7X19”
Cm-245 10 2.7x10" 10x10° 2.1Xx10°
Cm-246 1.0 2.7x10! 1.0X10* 2.7X10° |
Cm-247 (a) 10 2.7X10°" 1.0x10* 2.7X107
Cm-248 10 27X1070 L0X10° 27X10%
Co-56 L0x10! 27X10" 1.0x10° 27X10°
0-57 LOX10? 2.7X10° LOX10° 2.7X10°
Cobalt (27
Co-58 1.0x10! 2.7X10™"° 10X10° 2.7x10°
Co-60 Lox1o0! 2.7X107%° 1.0X10° 2.7X10°
Cr51 Chromium (24) 1ox10° 2.7X10° 1.0X10’ 2.7x10°
Cs-131 1.0X10° 2.7X10° 1.0X10° 7X10°
-13 Cesium (52) 1.0X10! 2.7X107"° Lox10° 2.7X10°
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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 (Ba/g) (Ci/g) By (Ci)
Cs-134 Lox10! 2.7X107" Loxio* 2.7X107
Cs-134m 1.0X10° 27X190* 1.0X10° 2.7X%10°
s-135 0x10* 2.7x107 1.0X10’ 7X10"*
Cs-136 1.0x10' 2.7X10™ 1.0X10° 2.7X10°
Cesium (55) -
s-1 1.0X10" 2.7%10°%° 1.0X10* 2.7X197
Cu-64 1.0x10° 2.1X10° 1.0X10° 7X10°
Copper (29)
Cu-67 1.0X10° 2.7x10° L0x10° 2.7X10°
Dy-159 1.0X10° 7X107® 1.0X10’ 2.7X10™
Dy-165 Dysprosium (66) 1.0X10° 2.7X10°* 1.0X10° 2.7X10°
Dy-166 (a) 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Er-169 L0X10* 2.7X107 1.0x10 2.7x10"
Erbium (68)
Er-171 1.0X10* 2.71X10”° Lox10° 2.7X10°
Eu-147 1.0x10? 7X10° 1,0X10° 2.7X10°
-148 Lox10! 27x10°° 1.0X10° 7X10°
Eu-149 1.0X10° 2.7X10° 1.0X10’ 2.1X10™
Eu-150 (short 3 -8 6 -5
lived: Europium (63 1,0X10? 2.7X10 1.0X10 2.1x10°
Eu-150 (long 3 -8 6 -5
lived) 1.0X10 2.7X10% L0x10° 2.7X10°
Eu-152 L0x10! 7X107"° 1.0X10° 2.7X10°
Eu-152m L0x10” 2.7X10° 1.0X10° 27X10°
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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 (Bg/g)  material (Ci/g) (Bq) (CD
Eu-154 1.0x10 2.7X107"° 1.0X10° 2.7X10°
Eu-155 Lox10’ 2.7X10° 1,010’ 2.7x10°
Eu-156 L0X10' 27X10™ L.0X10° 27X10°
F-18 Fluorine 1.0x10" 2.7X10°" 1.0X10° 2.7X10°
Fe-52(a 1.0X10' 2.7X10°7"° LOX10° 7X10°
Iron (26)
Fe-59 Lox10! 27x107"° 1.0X10° X107
Fe-60 1L0X10? 2.7X10° X10° 2.7X10°
Ga-67 1.0X10? 2.7X10° Loxi10° 2.7X10°
Ga-68 Gallium (31) 1.0Xx10' 2.7X107"° 1.0X10° 2,7X10°
Ga-72 1.0X10' 2.7X107"° 1.0X10° 2.7X10°¢
Gd-146 (a) 1.0X10! 27X10°° 1.0X10° 2.7X10°
Gd-148 1.0X10' 2,7x10°1° Lox19* 2.7x107
Gadolinium (64)

Gd-153 L0X10° 2.7X10° Lox10’ 2.7x10™
Gd:159 Lox10° 2.7x10* 1.0X10° 2.1X10°
Ge-68 (a 1.0x10" 2.7X107° 1.0X10° 2.7X10°
Ge-71 Germanium (32) 1.0X10* 7X107 Lox10° 2.7x10°
Ge-77 1.0X10" 2.7X10™ 0X10° 2.7X10°
Hf-172 (a) L0x10' 27x10™"° 1.0X10° 2.7X107
Hf-175 Hafnium (72) 1.0X10 2.7X10° L0x10° 2.7X10°
£-181 1.0X10" 2.7X10"° LoXi¢0° 2.7x10°
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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 (Ba/g) (Ci/g) (Bg) (Ci)

Hf182 L0x10 2.7X10° 1.0X10° 2.7X10°
He:194 (a) Mercury (80 Lox1o: 27X10°7 L0X10° 2.7X10°
.19 0X10 2.7X10° 1.0X10° 2.1X10°
Hg-197 1.0X10? 2.7X10° 1L.0X10’ 2.7X10*
Hg-197m Mercury (80) 1.0X10? 2.7X10° 1.0X10° 27X10°
0-166 L0x10° 2.7x10°* 1.0X10° 27X10°
Ho-166m Loxio! 2.7X107"° 1L.0X10° 2.7X10°
1-123 10x10? 2.7x10° L.0X107 2.7x10°
124 X10' 2.7X107° 10X10° 27X10°
1125 1L0X10° 2.7x10°* L0x10° 2.7x10°
=126 L0x10 2.7X10° 1.0x10° 2.7X10°
1-129 Jodine (53) 10x10° 2.7X10° Lox10° 27X10°¢
1131 1.0x10? 2.7X10° 0x10° 2.7X10°
1132 0X10" 2.7X1071° 1.0X10° 2.7x10°*
=133 Loxio! 2.7X10"° L0X10° 2.X10°
1134 1.0x10! 2.7X10°° 1.0x10° 2.7X10°¢
1135 (a) Loxj0! 2.7X10°1° 1.0x10° 2.7X10°
ln-111 1.0X10 2.7x10° L0X10° 2.7X10°
-113m Indium (49) 10X10? 2.7X10° 1.0X10° 27X10°
-114m (a 1.0X10? 2.7X107° 1.0x10° 2.7x10°
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ABLE A -2: XEMPT MATERIAL A V] ONCENTRATIONS AND EXEMP
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 (Bg/g)  material (Ci/g) (Bq) (o))

In-115m 1.0X10? 2.7x10° 1.0X10° 7X10°°

Ir-189 (a) L0X10° 2.7X107 L0x19’ 2.7X10"
Iridium (77)

1r-190 1.0X10' 2.7X107"° L0X10° 2.7X107

1r-192 Loxio! 2.7X10™° L0X10* 2.7X107
Iridium (77)

Ir-194 Lox1¢? 2.7X10° 1.0x10° 2.7X10°

K-40 LOX10 2,7X10° Lox10° 2.1X10°

K-42 Potassium (19) 1.0X10° 2.7X10° LOX10° 2.7X10°

K-43 LOX10! 2.7X107%° 1.0X10° 2.7X10°

Kr-81 1.0X10 2.7X107 1.0X10’ 2.7x10*

Kr-85 1.0X10° 2.7X10° L0x1¢* 2.7x107
Krypton (36)

Kr-85m LOX10° 2.7x10% 1.0X10" 2.7X10"

r-8 1.0X10° 2.1X10° {.0X10° 2.7X107

La-137 1.0X10° 2.7x10° 1.0X107 7Xx10™

Lanthanum (57)

La-140 10x10! 2.7X10" Loxi0® 2.7X10°

Lu-172 1.0Xx10" 2.7x10"° 1.0x10° 2.7X10°

Lu-173 1.0X10% 2.7X10° 1.0X10’ 27Xx10°%

u-174 Lutetium (71) 1.0X10 2.7X10° 10x107 2.7x10"

Lu-174m 0X10° 2.7%10° Lox10’ 2.7x107

Lu-177 L0X10° 2.7X10° 1.0X10’ 2.7X10”

Mg-28 (a) Magpesium (12) 1.0X10! 2.7X107" 1.0X10° 2.7X10°

Mn-52 Manganese (25) L.0x10' 27X10™" 1.0X10° 2.7X10°

L
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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 (Bg/g) (Ci/g) By (Ci)
Mn-53 1.0X10* 2.7X107 L0x10° 2.7X10°
Mn-54 1.0x10' 2.7xX10°° 1.0X10° 27X10°
Mn-56 1.0x10! 27X10°° 10X10° 2.7X10°
Mo-93 1,0X10° 2.7x10° L0X10° 2.7X10°
Molybdenum {42)
Mo-99 (a) 10X10° 2.7X10° Lox10° 27X10°
N-13 Nitrogen (7) 1.0X10° 2.7X10° L.0X10° 2.7X107
Na-22 L0X10' 2.7X107° X10° 2.7X10°
a-24 1.0X10' 2.7X10°1° 1.0X10° 10°°
Nb-93m 1.0X10° 2.7X107 10x10’ 2.7X10°
Nb-04 Loxio! 2.7X10°° 10x10° 2.7x10°
Niobium (41)
Nb-95 L.0X10" 2.7X1071° 1.0X10° 2.7X10°
Nb-97 1.0X10" 2.7X10°1° 1.0X10° 2.7X10°
Nd-147 1.0X10 2.7X10° 1.0X10° 2.7X10°
eodymium (60

Nd-149 1.0X10? 2.7X107° 1.0X10° 2.7X10°
Ni-59 1.0X10° 2.7X107 1.0X10° 27X10°
Ni-63 Nickel (28) 1.0X10° 2.7X10° 1.0x10" 2.7X10°
Ni-65 1.0x10" 2.7X107"° 1.0X10° 2.7X10°
Np-235 Lox10° 2.7x10° 1.0X10’ 2.7X10"
HNp-236 (short. 1.0X10° 2.7X10* X107 2.7X10*
E&%’%%-* “° LOX10° 2.7X10° 1,0X107 2.7x10*
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TABLEA-2: EXEMPT MATERIALACTIVITY 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 atornic number material (Bg/g)  material (Ci/g) (Bg) (Ci)
Np-237 1.0 2.7x10™" 1.0X10° 2.7x10°%
-239 0X10° 2.7X10° 0X10’ 2.7x10"
Os-185 L0x10! 2.7x10°0 1L.0X10° 2.7X10°
0s-191 Lox10° 2.7X10° L0x10’ 2.7x10*
0s-191m Osmium (76) 1,0X10° 2.7x10°% Loxio’ 2.7X10%
Qs-193 Lox10° 2.7X10”° 1.0X10° 2.7X10°
Qs-194 (a) L0x10’ 2.7X107 1.0X10° 7X10°
P32 1.0X10° 2.7x10°% 1.0x10° 2.7Xx10°
Phosphorus (15)

P-33 L.0X10° 2.7X10° 1.0X10° 2.7x10°
Pa230 (a) 1.0X10" 2.7X107° L0X10° 2.7X10°
Pa-231 Protactinium (91) L0 27x10™" 10X10° 27X10°
Pa-233 1.0X10° 2.7X10° 1.0X10’ 2.7X10*
Pb-201 Loxio! 2.7X10°70 1.0X10° 2.7X10°
b-202 1.0x10° 2.7x10°* L.0X10° 2.7X10°
-203 10’ 10° 1.0X]0° . N
£b-203 Lead (82) 1.0X10° 2.7X10° LOX] 2.1X10%
Pb-205 1.0x10* 27X107 LOX10’ 2.7X10%
Pb-210 (a) 1.0X10' 2.7X107" Loxi¢? 2.1X10”
Pb-212(a 1.0X10! 2.7X10°° L0Xx10° 2.7X10°
Pd-103 1.0X10° 2.7X10°® 1.0x10° 2.7X10°
Pd-107 Palladium (46) 1.0X10° 2.7X10° Lox10° 2.7X10°
Pd-109 1.0X10° 2.7x10% 1.0X10° 2.7X10°
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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 (Bag/g) (Cilg) (Bg) (Ci)
Pm-143 10X10? 2.7X107 1.0X10° 2JX107
Pm-144 10x10! 2.7X107° LOX10° 27X10°
Pm-145 Promeihinm (61 Lox10? 27x10°% 1.0X10 2.7x10%
Pm:] Loxi0t 2.7X107 1010’ 27X10°
Pm-148m (a) 10X10' 27X10°7 1.0X10° 27X10°
Pm-149 L0x10° 27x10% 1.0X10° 21X10°
Pm-151 Loxi0? 27X107 LOX10° 2.7X10°
Po-210 Polonium (84) 1.0X10' 27X10°" L0x10* 27x107
Pr-142 Prascodyni 1.0X10? 2.7X107 10X10° 2.7X10°
Pr-143 ) Lox10* 2.7X107 1.0X10° 2.7X10°
Pt188 (2) L0x10' 2.7X107 10x10° 2IX10°
D191 L0x10° 27X197 1.0x10° 27X10°
Pt-193 1.0x10' 2.7X107 1.0X10’ 27X107
Pt-193m Platinym (78) 1.0X10° 27X10°% L0x10’ 2.1X10"
Pt-1 1.0x10° 2.7x10° 1.0X10° 2.7x10°
Pt-197m 1.0X10? 2.7X10° 1.0X10° 2.7X107
Pu-236 Lox10' 27x10°° Loxio? 2.7X107
Pu-237 1.0X10° 27X10° 1.0X10’ 2.7X10%
Plutonium (94)
Pu-239 L0 27xX10™" Lox10t 27X107
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TABLEA -2;: EXEMPT MATERIALACTIVITY 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 (Bg/g) material (Ci/g) (Bq) (Ci)
Pu-240 10 2.7x107" 10X10° 2.7X10%
Pu-241 (a) L0X10° 27X10° 1L0X107 2.7X107
Pu-247 1.0 2.7X10" 1.0X10° 2.7X107
Pu-244 (a) 1.0 27X10™" L0x10° 27X19”
Ra:223 (a) L0X10? 2.7X107 L0x10° 27X10° ]1
Ra-224 (a) Loxig! 27X10"° L0X10° 2.7X10° B
Ra:225 (a) Radium (88) L0X10* 27X10° L.0X10° 27X10°
Ra:228 (a Loxio! Lox1¢° 2.7X10°
Rb-81 1.0X10! 1.0X10° 27X10°
-83 (a 1.0X10° 1.0X10° 2.7X107
Rb-84 Loxiot | Lxio® | 2107
Rubidium (37)
Rb-86 L0X10? 1.0X10° 2.7X10°¢
Rb-87 1.0x10° 1.0X107 2.7X107
Rb(nat) 1.0x10* 10X107 2.7x10%
Re:184 10x10! 1.0X10° 2.7X19°
Re-184m 1.0X10° 1.0X10° 2.7X10°
-18 Rhegium (75) Loxi¢® 1.0X10° 2.7X10°
Re-187 L0X10° 1.0X10° 2.7X1072
Re-188 1.0X10? 1.0X10° 2.7X10°
Re:189 (a) L0X10% L1.0X10° 2.7x10°
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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 (Bag/g) (Ci/g) B9 i)
Re(nat) 1.0X10° 2.7x10° 1.0x10° 2.7X10*
Rh-99 0X10! 2.7X107° 1.0X10° 2.7x10°
Rh-101 1.0X10° 2.7X107 1.0X10’ 2.7x10*
‘]‘
Rh-102 Loxio! 2.7X10™" 1.0x10° 2.7X19°
Rhodium (45)
-102m 1.0X10? 2.7X10° 1.0X10° 2.7X10°
Rh-103m 1.0x10* 2.7X107 1.0X10° 2.7X10°
Rh-105 1.0X10° 2.7X10° 1.0X10’ 2.7X10"
Rn-222 Radon (86) 1.0X10' 2.7x107"° 1.0x10° 2.7X10°
Ru-97 10° 2.7X107 1.0X10’ 2.7X10%
Ru-103 (a) L0X10? 27X10° 1.0X10° 2.7X10°
Ruthenium (44)
Ru-105 1.0X10" 2.7X10°° 1L.0X10° 2,7x10°
-10 1L.0X10? 2.7X10° 1.0X10° 2.7X10°
$-35 Sulphur (16) 0X10° 2.7X10° 1.0X10° 2.7x10°
Sb-122 1.0X10? 2.1X10° 1.ox10° 2.7X197
Sb-124 1.0X10" 2.7X107° 1.0X10° 27X10°
Sb-125 1.0X10° 2.7X107 1.0X10° 2.7X10°
Sb-126 1.0x10' 2.7X107° L0X10° 2.7X10°
Sc-44 Lox10! 2.7X10°%° L.0X10° 2.7X10°
Sc-46 1.0X10" 2.7X107"° 1.0X10° 27X10°
Scandium (21)
c-47 1.0X10? 2.7X107 1.0x10° 27X10°
Sc-48 Lox 10! 2.7X10:° Lox10’ 2.7X10°
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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-75 1.0X10° 2.7X107 1.0X10° 2.7X10°
Selenium (34)
Se-79 1.0x10* 2.7X107 1.0X10’ 2.7X10°*
Si-31 1.0X10° 2.7x10°* 1.0X10° 2.7X107
Silicon (14)

Si-32 1.0X10° 2.7X10° 1.0X10° 27X10°
Sm-143 1.0X10 2.7X107 L0X10’ 2.7X10*
Sm-147 1.0X10' X10%° Loxig 2.7x107

Samarium (62) -
Sm-151 Loxio! X107 1.0x10° 2.7x10°

m-153 1.0X10? 2.7X107 1.0X10° 2.7X10°

.11 1.0X10* 2.7x10° 1.0X107 2.7x10%
Sn-117m L.0X10° 2.7X19° L.0x10° 2.7X10%
Sn-119m X10° 27x10° 1,0X107 2.7X107

Sn-121m (a) Tin (50) 1.0X10° 2.7X10* L0x1¢’ 2.7X10°

n-123 1.0x10° 2.7X10* 1.0X10° 2,7x10°

n-] 1.0X10% 2.7X10° 1.0X10° 2.7X10°°

-12 1.0x10 2.7X107° 1.0X10° 2.7x10°
Sr-82 1.0X10! 2.7X10°"° Lox10° 2.7X10%

Sr-85 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Sr-85m 1.0X 102 2.7X10° 1.0X107 2.7X10°

Strontium (38)
Sr-87m 1.0X10° 2.7X10° 1.0X10° 2.7X10°

Sr-89 1.0X10° 2.7X10° 1.0X10° 2.7X10°
8r-90 (a) 0X10° 2.7X10° 1.0X10* 2.7X107
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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 (Bg/g) (Cig) (Bg) i
Sr-92 (a) 1.0X10' 2.1X107"° L.0x10° 2.7X10°
T(H-3) Tritium (1) 1.0X10° 2.7X10° 1.0X10° 2.7X10?
Te-LI8 dong: L0X10' 27X10™ L0X1¢° 27X10°
lived) LUKIY 0.8 11
Ta-179 Lantalun (73) LOX10° 27X10* LOX10" 27x10°
Ta-182 1.0X10" 2.7X10°° 1.0x10* 27107
Tb-157 Lox1¢* 2.7X107 1.0X10° 2.7X10*
Tb-1 Terbium (65) X10' 2.7X10°" 1.0X10° 2.7X10°
Tb-160 1.0X10! 27X100 1.0X10° 27X10°
Tc-95m (a) Lox10! 2.7x19:° 1.0X10° 2.7x10°
Te-9 LOX10! 2.7X10"° LOX10° 2IX10°
¢-06m L0X10° 27x10% Lox10! 27X107
Te:97 Lox10° 2.1X10° LOX10° 27x10°
Technetiym (43
Te:97m 1.0X10° 2.1X10° L0X10" 2.7X10°
Tc-98 1.0X10' 27X101° L0X10° 27X107
Te-99m 1.0X10 2.7X10° Lox1o’ 2.7x10°%
Te-121 L0X10' 2.7x101 1.0X10° 27X10°
Te-121m Tellurium 1.0X10? 27x10” 0x10° 2.7X10%
Te-123m 10X10° 2.7X102 Lox10’ 2.7X107
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AB A-2: XEMPT MA RIAL A ON NTRATIONS AND EXEME

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 (Bg/g)  material (Ci/g) (Bg) (Ci)
B Te-125m L0X10° 2.7x10° 1.0X10’ 2,710
Te-127 1L.0X10° 27X10* 1.0X10° 2.7X107
Te-127m (a) Lox10° 2.7X10° 10x10’ 2.1x10”
Te-129 1.0X10 2.7X10° L0X10° 2.7X10°
Te-129m (a) 1.0X10° 2.7X10°* 1.0X10° 2.7X107°
Te:131m (a) 1.0X10' 2.7X10°"° Lox10° 27X10°
Te-1 L0X1¢* 2.7X10° 1.0X10’ 2.7X10*
Th-227 1.0x10' 2.7X107'° 1.0x10* 27x107
Th-22! 1.0 27x10" Loxi10* 2.7X107
Th-229 10 27X10" 1.0X10° 2.7%10°
Th-230 Lo 27x10" Loxio 2.7X107

n Thorijum (90) =
Ih-23] 1.0X10° 2.7X19° L.0X10’ 21x10*
Th-232 1.0X10" 21X10°"° L.ox10* 2.7X107
Th-234 () LOX10° 2.7X10* 1.0X10° 2.7X10°¢
Th (nat) 10 2.7x10" 1.0X10° 2.7X10°
i-44 Titapium (22) 1.0X10! 2.7X10™" 1.0X10° 2.7X10°
T1-200 1.0x10’ 2.7x10"° L0X10° 27X10°
T1-201 LO0X10? 2.7X10° 1.0X10° 2.7X10°

11i |

T1-202 1.0X10° 2.7X10° 1.0Xx10° 27X107°
T1-204 1.0X10* 2.7x107 L0Xx10* 2.7X107
Im-167 Thulium (69 1.0X10? 2.7X10° 1.0X10° 2.7X10°
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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 (Bg/g) (Ci/g) (Bg) (Ciy
Im-170 1.0X10° 2.7X107 1.0X10° 2.7x10°
Im-171 Loxio* 2.7x107 10Xx10° 2.7X10°
U=230 (fast
lung absorption) 1,0X10' 2.7X10°"° 1.0X10° 2.7X10°
(a)(d)
U-230 (medium
lung absorpti Uranium (92) 1.0x10' 2.7X107%° 1L.0X10° 2.1x10°
(a)e)
U-230 (slow
lung absorption) 1,0X10! 2.7X107"° Lox10° 2.7X10°
(axf)
lung absorption) Lo 2.7x10" LOX10° 2.7X10°
)
-2 medium .
lung absorption) 10 27x10" L0X10° 2.7X10°
(e) -
-232 (slo
lung absorption) 1.0 27X10" L0x10° 2.7x10°
43}
U-233 (fast .
lung absorption) | oMM LoX10' 27X10™ LOX10* 27X10”
()
«23 ediu
lung absorption) 1.0X10' 2.7X10™"° Lox1¢® 2.7X107
()
U-233 (slow
lung absorption) 1.0x10! 2.7X10°7%° 1.0x10* 2.7x107
§]
U-234 (fast
)
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ABLEA -2: XEMPT MA RIATL A 4 CON NTRATIONS AND EXEMP
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) (Bqg) (Ci)
U-234 (medium
lung absorption) 1.0x10' 27X10™"° 1.0X10* 27X107
(e)
U-234 (slow
lung absorption) 1L0x10! 2.7X10™"° L0X10* 2.7X107
6l
U-235 (all lu
M%;n 1.0X10" 2.7X10°"° LOX10° 2.7X107
(a)(d).(e)(f)
U-236 (fast
lung absorption) Lox10’ 2.7X10™" 1.0X10* 2.7x107
()
=236 ium
lung absorption) 1.0X10" 27X10°° 1.0X10* 2.7x107
(e)
-236 (slow
lung absorption) | _ Lox10! 2.7X107° Lox10° 21X107
6]
U-238 (all lung .
absorption |  anium(92) LOX10! 27X10™° LOX10* 27X107
types) (d).(e).(D)
U (nat) 10 2.7X10"! 10X10° 2.7X10°
nri d 11 3 -8
U(dep) Lo 2.7X10° 10X10° 2.7X107
V-48 1.0x10! 27X107 1.0X10° 2.7X10°
Vanadiw 3
¥-49 Lox10* 27107 1.0x107 27X10*
W-178 (a) 1.0x10' 2.7X107" 1.0X10° 2.7x10°
Tungsten (74)
W-181 1.0X10° 2.7X10°* 1.0X10’ 2.7x10°
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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 (Bg/p) (Ci/g) (Bg) (Cd
W-185 Lox1o? 2.7X107 1.0X10’ 27x10*
W-187 Lox10? 27X10° 1,0X10° 2.7X10°
W-188 (a) L0x102 2.7X10° L0X10° 27X10°
Xe-122 (a) 1.0X10? 2.7X10° 1.0X10° 2.7X107
Xe-123 1.0X10° 2.7X10° 1.0X10° 2.7X107
Xe-127 1.0x10° 2.7X10* 1.0X10° 2.7X10°
Xenon (54)

-131m 1.0Xx10* 2.7X107 1.0X10* 2.7X107
Xe-133 Lox1¢? 2.7X10% 1.0X10° 2.7X107
Xe-135 1.0X1¢° 2.7x10* 1.0X10" 2.7x10°"
Y-87(a L0xJo' 2.7x107"° 1.0X10° 2.7X10°

Y-88 L.0x10' 2.7X10°" LOX10° 2.7X10°
Y-90 Lox1¢° 7x10* 1.0x10° 2.7X10°
Y91 Yttrium (39) 1.0X10° 2.7X10° Lox10° 2.7x10°
Y-91m LoX1¢? 2.7X10° 1.0X10° 27X10°
Y-93 10x10° 2.7X10° 1.0X10° 27X10°
Yb-169 Lox10? 7X107 1.0x107 2.7X10°

Ytterbium (79)

Yb-17 1.0x10° 27X10°% L0x10’ X107
Zn-65 1.0x10' 2.7X10™ L0X10° 2.7X10°
Zn-69 Zinc (30 1.0x10* 2.7X107 1.0X10° 2.7X10°
Zn-69m (a) 1.0X10? 2.7X10° 1.0X10° 7X10°
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TABIEA-2: EXEMPTMATERIALACTIVITY CONCENTRATIONS AND EXEMPT
CONSIGNMENT ACTIVITY FLIMITS 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)
Zr-88 L0x10° 2.7X10° 1.0X10° 2.7x10°
Zr-93 1.0X10° 27X10° X107 2.7x10"
Zirconium (40)
Zr-95 (a 1.0X10" 2.7X10™"° X10° 2.7X10°
Zr-97 (a) 1.0X10' 2.7X107" 1.0X10° 2.7X10°
NOTES
@) A and/or A, values include contributions from daughter nuclides ; -lives les
()] Parent nuclides and their progeny included in secular equilibrium are hsi d in the following;
Sr-90 Y-90
Zr-93 Nb-93m
Zr-97 Nb-97
Ru-106 Ri-106
Cs-137 Ba-137m
Ce-134 La-134
Ce-144 Pr-144
Ba-140 La-140
Bi-212 T1-208 (0.36), Po-212 (0 64)
Pb-210 Ri-210, Po-210
Pb-212 Bi-212, TI-208 (0.36), Po-212 (0.64)
Rn-220 Po-216
Rn-222 _Po-218, Ph-214, Bi-214, Po-214
Ra-223 Rn-219, Po-215 Pb-211, Bi-211, Ti-207
Ra-224 Rn-220, Po-216. Pb-212, Bi-212, T1-208 (0.36), Po-212 (0.64)
Ra-226 Rn-222 Po-218 Pb-214, Bi-214, Po-214, Pb-210, Bi-210, Po-210
Ra-228 Acg-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-213. Ph-209
Th-nat Ra-228, Ac-228 Th-228 Ra-224, Rn-220 Po-216, Ph-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, T1-208 (0.36), Po-212 (0.64)
U-235 Th-231
U-238 Th-234, Pa-234m
U-nat Th-234, Pa-234m, 1J-234 Th-23 =226, Rn-222 Po-218. Pb-214, Bi-214, Po-214,
U-249 Np-240m
Np-237 Pa-233
Am-242m Am-242

i frw&u&mmﬂi&e rate of decay or a measurement of the radiation level
ata p_re§gr1bgd d1stance from the sourc
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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 (Bg/g) (Ci/g) (Bq) (Ci)
(d) These values apply only to compounds of uranium that take the chemical form of UF6, UQ2F2. anc a&,@.&@%
n bg;h normal and accident conditions of { transport.
(e) _._These values apply only to compou of
ggmgo;;nd;; in both normal and accide t conditions of fran
() ____These values apply to all compounds of uranium other than tl;g;g specified in (d) and (g), above.

{2) . These values apply to unirradiated uranium only,
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ETABLEA-3: G Va FORA; AND A
Contents A A Activity Activity Actlivity
B B concentration  concentration limits for
material material consignments
(TBg) (Ciy  (IBq) (CD) (Ba/g) (Ci/g) (Ba)

i amma
radionuclides are 1x10"  27x10° 2x107° 54x10" 1 x 10" 2.7x107" 1x10*
kI!OW!! ;0 Qe Pr esgnt
Only alpha emitting
radionuclides are 2x10"  54x10° 9x10° 24x10° 1 x 19"} 2.7x10"° 1x 10
known to be present
No relevant data are
available 1x10° 27x10% 9x10° 24x10° 1 x 10" 2.7x 10" 1x10°

TABLE A-4: ACTIVITY-MASS RELATIONSHIPS FOR URANIUM

gxempt

nsignme

2.7.x107

7x10%

2.7x10°

Uraniym Enrichment' wt % U-235 ci ctivi
gzesgng

B TBa/g Cilg
0.45 1.8x 10" 5.0x107
072 2.6x10° 21x10”
1 2.8x10° 2.6x107
L5 37x10°% 1.0x 10°
3 1.0 x 107 2.7x10°
10 1.8 x 107 4.8x10°
20 3.7x107 1.0 x 10°
50 93x107 2.5x10°
99 22x10° 258x10°
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93 2.6 x10° 7.0x10°
95 3.4 x10° 9.1 x10°

during the enrichment process.
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PARTT

TRANSPORTATION OF RADIOACTIVE MATERIAL

Sec. T.1 - Purpose and Scope.

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

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.

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.

Exemptions from the requirement for license are specified in T.4. General licenses for which
no package approval is required are issued in T.7 through T.11. 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 of T.21 and to the general provisions of rules T.1 through T.5,
including referenced United States Department of Transportation regulations.

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:

"A(" means the maximum activity of special form radioactive material permitted in a Type A
package. This value is either listed in Tables A-1, A-1 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.

"A," means the maximum activity of radioactive material, other than special form material, LSA,
and SCO material, permitted in a Type A package. This value is either listed in Tables A-1, A-1
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

Tl
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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.

"Consignment" 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:

() 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.10 and T.11.

"Deuterium”" means, for the purposes of T.4 and T.10, deuterium and any deuterium compounds,
including heavy water, in which the ratio of deuterium 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
T2
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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:

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

(2) 3,000 times the A, 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
@) Uranium and thorium ores, concentrates of uranium and thorium ores, and
other ores containing naturally occurring radioactive radionuclides 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 A, 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-II

1) Water with tritium concentration up to 0.8 TBg/L (20.0 Ci/L); or
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(i) Material in which the radioactive material is distributed throughout, and the
average specific activity does not exceed 10™ Ay/g for solids and gases, and
107 Ay/g for liquids.

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

6)) 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

(i)  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 A,; and

(iii))  The average specific activity of the solid does not exceed 2 x 107 Aylg.

"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 of less 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.

¢)) 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/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(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 of Part T.

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

(D 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 the US Nuclear Regulatory Commission
and 10 CFR 7t.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” (SCO) 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:

e} SCO-I: A solid object on which:

@) The non-fixed contamination on the accessible surface averaged over
300 cm?, (or the area of the surface if less than 300 cm?) does not exceed 4
Bg/em? (10™ uCi/em®) for beta and gamma and low toxicity alpha emitters, or
0.4 Bg/cm? (10™ uCi/cm?) for all other alpha emitters;

(i1) The fixed contamination on the accessible surface averaged over 300 em?” (or
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the area of the surface if less than 300 cm? does not exceed 4x10* Bg/em? (1.0
uCi/em?®) for beta and gamma and low toxicity alpha emitters, or 4x10°
Bg/cm? (0.1 pCi/em?) for all other alpha emitters; and

(iii)  The non-fixed contamination plus the fixed contamination on the inaccessible
surface averaged over 300 cm’, (or the area of the surface if less than
300 cm?) does not exceed 4x10* Bg/cm? (1 pCi/cm?) for beta and gamma and
low toxicity alpha emitters, or 4x10° Bg/cm? (0.1 puCi/em?) for all other alpha
emitters.

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

@) The non-fixed contamination on the accessible surface averaged over 300 cm?
(or the area of the surface if less than 300 cm?) does not exceed 400 Bg/cm®
(10 pCi/em?) for beta and gamma and low toxicity alpha emitters or
40 Bg/em® (107 pCi/cm?) for all other alpha emitters;

(ii) The fixed contamination on the accessible surface averaged over 300 cm? (or
the area of the surface if less than 300 cm?®) does not exceed 8x10° Bg/cm® (20
uCi/em?) for beta and gamma and low toxicity alpha emitters, or 8x1 0
Bq/cm2 2 uCi/cmz) for all other alpha emitters; and

(ii1)  The non-fixed contamination glus the fixed contamination on the inaccessible
surface averaged over 300 cm” (or the area of the surface if less than 300 cm?)
does not exceed 8x10° Bq/cm2 (20 uCi/cmz) for beta and gamma and low
toxicity alpha emitters, or 8x10%Bg/cm?® (2 pCi/cmz) 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 Aj or A
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 A for special form radioactive material or A, for normal form radioactive material,
where A; and A, 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 of uranium-236 per gram of uranium-233.

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:

i. 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.

ii. 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.

i. Individual package containing 2 grams or less of fissile material.

ii. Individual or bulk packaging containing 15 grams or less of fissile material provided
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iii.

v.

vi.

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.

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.

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 the package is less than 5 percent of the uranium
mass.

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 (N/U) is greater than or equal to 2.0; and
3) The material must be contained in at least a DOT Type A package.
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.

Any physician licensed by a State to dispense drugs in the practice of medicine is exempt
from this Part with respect to transport by the physician of licensed material for use in the
practice of medicine. 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

i.

to a carrier for transport, shall:

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 B and 1.

(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 B and 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.
(8) Hazardous material shipper/carrier registration - 49 CFR Part 107: Subpart G.

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

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

iil. 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.¥

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. 4

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.

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 10 CFR
71

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;

ii. 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.

3/ . N
= Notification of an incident shall be filed with, or made to, the Agency as prescribed in 48 CFR, regardless of and in addition to notification made to the US
Department of Transportation or other agerncies.

T10



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 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 178.

b. This general license applies only to a licensee who:
L Has a copy of the specification;
ii. Complies with the terms and conditions of the specification and the applicable

requirements of this Part; and
iii. 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 gxpire October 1, 2008.

Sec. T.9 - General License: Use of Foreign 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 of 49 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.
ii. 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

iii. Complies with the terms and conditions of the certificate and revalidation, and with
the applicable requirements of this Part.

Sec. T.10 - 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).

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.

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.

The general license applies only to packages containing fissile material that are labeled with
a CSI which:

i. Has been determined in accordance with T.10e.;
ii. Has a value less than or equal to 10.0; and
. For a shipment of multiple packages containing fissile material, the sum of the CSIs

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).

1. The value for the CSI must be greater than or equal to the number calculated by the
following equation:

csp=10| &9ms of 7U | grams of “U | grams of Pu
X Y VA
ii. The calculated CSI must be rounded up to the first decimal place;

ii. The values of X, Y, and Z used in the CSI equation must be taken from Tables I or 11,
as appropriate;

iv. If Table 11 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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Table I values for X, Y, and Z must be used to determine the CSI if:

(D
)
3

4)

Uranium-233 is present in the package;
The mass of plutonium exceeds one percent of the mass of uranium-235;

The uranium is of unknown uranium-235 enrichment or greater than 24
weight percent enrichment; or

Substances having a moderating effectiveness (i.e., an average hydrogen

density greater than H,O [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

H,0. (grams) than H,O¥. (grams)
U X) 60 38
30 (Y) 43 27
“FPu or ““'Pu (2) 37 24

Table II Mass Limits for General License Packages Containing Uranium-235T of Known
Enrichment per T.10e.

24 60 1
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
4 120
3.5 132
3 150
2.5 180
2 246
1.5 408
1.35 480
1 1020
0.92 1800

“When mixtures of moderating stbstances are present, the lower mass limits shall be used if more than 135 percent of the moderating substance has an average
hydrogen density greater than H-0.
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Sec. T.11 - General License: Plutonium- Bervllium 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 173.417(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:
i Contain less than a Type A quantity of material; and
il. 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:

i. Has been determined in accordance with T.1le.
ii. Has a value less than or equal to 100.0; and
iii. 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. i. The value for the CSI must be greater than or equal to the number calculated by the
following equation:

grams of 239Pu + grams of 2‘“Pu
CSI=10

24

ii. The calculated CSI must be rounded up to the first decimal 1 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) of this 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 of T.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. i. Low concentrations of solid fissile material commingled with solid nonfissile
material, provided that:

(1) 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.

ii. 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 (N/U) 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/in®) 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 of defects;

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
TABLEIII 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 II1.

ii. In the case of packages 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.15h.i. The levels at the beginning of
transport must not exceed the levels in T.15h.i.

TABLE Il
NON-FIXED (REMOVABLE) EXTERNAL RADIOACTIVE CONTAMINATION - WIPE
LIMITS

Contaminant Maximum Permissible Units

Bg/cm® nCi/em® Dpm/cm®

Beta and gamma emitters and low toxicity alpha 0.4 107 22
emitters

All other alpha emitting radionuclides 0.04 10° 2.2

j- External radiation levels around the package and around the vehicle, if applicable, will not
exceed 2 mSv per hour (200 mrem/hr) 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.15i. but shall not exceed any of the
following:

i 2 mSv per hour (200 mrem/hr) 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 mrem/hr);

) 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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ii. 2 mSv per hour (200 mrem/hr) 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;

iii. 0.1 mSv per hour (10 mrem/hr) 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 mrem/hr) 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 J.12 of
these regulation.

1. For 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 (100°F) and in the
shade, no accessible surface of a package would have a temperature exceeding 50°Celsius
(122°F) in a nonexclusive use shipment or 85°Celsius (185°F) 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;

ALl a]
= A flat-bed style vehicle with a personnel barrier shall have radiation levels determined at vertical planes. If no personnel barrier is in place, the package
cannot exceed 2 mSv per hour (200 mrem/hr) at any accessible surface
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C.

The plutonium is shipped in a single package containing no more than an A; quantity of
plutonium in any isotope or form and is shipped in accordance with T.5;

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
20.1906(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 of licensed material not exempt under T.4, showing, where applicable:

a.

b.

Identification of the packaging by model number and serial number;
Verification that the packaging, as shipped, had no significant defect;
Volume and identification of coolant;

Type and quantity of licensed material in each package, and the total quantity of each
shipment;

Date of the shipment;
Name and address of the transferee;
Address to which the shipment was made; and

Results of the determinations required by T.15 and by the conditions of the package approval.

Sec. T.19 - Reports. The licensee shall report to the Agency within 30 days:

a.

C.

Any instance in which there is significant reduction in the effectiveness of any packaging during
use;

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

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 designee,if of each state within or through which the waste will be transported.

b. Advance notification is required only when:
i The nuclear waste is required to be in Type B packaging for transportation;
ii. 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
iii The quantity of licensed material in a single package exceeds:

¢y 3000 times the A, value of the radionuclides as specified in Appendix A, Table I
for special form radioactive material,

(2) 3000 times the A, 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:
i The name, address, and telephone number of the shipper, carrier, and receiver of the
shipment;
il. A description of the nuclear waste contained in the shipment as required by 49 CFR

172.202 and 172.203(d);

iii. The point of origingof 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

¥ 4 list of the mailing addresses of the governors and governors’ designees is available upon request from the Director, Office of State
Programs, Nuclear Regulatory Commission, Washing DC 20555/ 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.

The licensee shall notify each appropriate governor, or governor's designee, and the Agency of
any changes to schedule information 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.

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.21 - 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 perform 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
predetermined 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.

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.

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.

A program for transport container inspection and maintenance limited to radiographic exposure
devices, source changers, or packages transporting these devices and meeting the requirements
of Part E.12 of these regulations, is deemed to satisfy the requirements of T.7 and T.21b.
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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

il. 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;
ii. Initiate, recommend, or provide solutions; and
iil. Verify implementation of solutions.

T23



SSRCR Volume I - August 2010 Appendix A

1L

1L

Iv.

PART T

APPENDIX A

DETERMINATION OF A; AND A»

Values of A and A; for individual radionuclides, which are the bases for many activity limits
elsewhere in these regulations, are given in TABLE A-1. 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 A; or A; are unlimited, it is for radiation control purposes
only. For nuclear criticality safety, some materials are subject to controls placed on fissile
material.

(a) For individual radionuclides whose identities are known, but which are not listed in
TABLE A-1, the A, and A; values contained in Table A-3 may be used. Otherwise, the
licensee shall obtain prior Agency approval of the A, and A, values for radionuclides
not listed in Table A-1, 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 of the exempt material activity concentration and exempt consignment
activity values for radionuclides not listed in Table A-2, before shipping the material.

(©) The licensee shall submit requests for prior approval, described under paragraphs Ii(a)
and II(b) of this Appendix, to the Commission, in accordance with Part A.12 of these
regulations.

In the calculations of A; and A, for a radionuclide not in Table A-1, 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 of the parent
nuclide, shall be considered as a single radionuclide, and the activity to be taken into account,
and the A or A; 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.

For mixtures of radionuclides 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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' B(i) <1
2 Ai(D) -

where B(i) is the activity of radionuclide i and A;(i) is the A; value for radionuclide I(b)

For normal form radioactive material, the maximum quantity transported in a Type A
package is as follows:

B
NG

where B(i) is the activity of radionuclide i and A(i) and A,(i) are the A; and A; values
for radionuclide respectively.

Alternatively, an A value for mixtures of special form material may be determined as
follows:

1
Al e R e
)
2 A

where f(i) is the fraction of activity of nuclide I in the mixture and A;(i) is the
appropriate A; value for nuclide i.

Alternatively, the A; value for mixtures of normal form material may be determined as
follows:

-

A, for mixture= o)

Ax(®

where f(i) is the fraction of activity of nuclide i in the mixture and A(i) is the
appropriate A, value for nuclide i.

The exempt activity concentration for mixtures of nuclides may be determined as
follows:

1
A= 5 T
"[A]G)

where {(i) is the fraction of activity concentration of radionuclide i in the mixture, and
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[A](D) is the activity concentration for exempt material containing radionuclide i.

® The activity limit for an exempt consignment for mixtures of radionuclides may be
determined as follows:

1
RO
'AG)

where f(i) is the fraction of activity of radionuclide 1 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 A; or A; value,
as appropriate, for the radionuclides 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 A, or A, values for the alpha emitters and beta/gamma
emitters.
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TABLE A -1: A; AND A; VALUES FOR RADIONUCLIDES

Specific Specific
Sy.mbol ?f Elelpent and ) A, . activity acti.vity
radionuclide atomic number A; (TBq) A, (C) (TBg) A; (Ci) (TBg/g) {Cilg)
Ac-225 (a) 8.0X10™ 22X10" | 6.0X10° | 1eX10" | 2.1X10° | 5.8X10*
Ac-227 (a) Actinium (89) 9.0X10" 24X10' | 9.0X10° | 2.4X10° 2.7 7.2X10!
Ac-228 6.0X10" 1.6X10' | s.0x10" | 1.4X10' 8.4X10* | 2.2X10°
Ag-105 2.0 5.4X10' 2.0 5.4X10' 1.1X10° | 3.0X10*
Ag-108m (a) 70X10" | 1ox10' | 70x10" | 1oxiol | o7xio” | 26X10
Silver (47)
Ag-110m (a) 4.0X10™ 1.1X10" | 4.0X10" | 1.1X10 1.8X10% | 4.7X10°
Ag-111 2.0 54X10" | 6.0X107 | 1.6X10' 5.8X10° 1.6X10°
Al-26 Aluminum (13) 1.0X10™ 27 1.0X10™ 2.7 7.0X10% | 1.9X10%
Am-241 1.0X10' 27X10% | 1.0x10® | 2.7X107% | 1.3X10" 34
Am-242m (a) Am(e;"sc)i”m 1.0X10' 27X10% | 1.0X10% | 27X107 | 3.6X10" | 1.0X10'
Am-243 (a) 5.0 1.4X10° | 1.0X10° | 2.7X102 | 7.4X10° | 2.0X10"
Ar-37 4.0X10’ 1.1X10° | 40x10' | 1.1X10° 3.7X10° | 9.9x10*
Ar-39 Argon (18) 2.0X10' 54X10* | 4.0X10' | 1.1X10° 1.3 3.4X10'
Ar-41 3.0X10™ 8.1 3.0X10" 8.1 1.5X10° | 4.2X107 |
As-72 3.0X10™ 8.1 3.0X10" 8.1 6.2X10* 1.7X10° |
As-73 4.0X10' 1.1X10° | 4.0Xx10' | 1.1X10° 8.2X107 | 2.2x10*
As-74 Arsenic (33) 1.0 2.7X10' | 9.0Xx107 | 2.4X10 3.7X10° 9.9X10*
As-76 3.0X10" 8.1 3.0X10" 8.1 5.8X10* 1.6X10°
As-77 2.0X10! 54X10% | 7.0X10" | 1.9X10' 3.9X10* 1.0X10°
At-211 (a) Astatine (85) 2.0X10" 54X10% | 5.0X10" | 1.4X10! 7.6X10° | 2.1X10°
Au-193 7.0 1.9X10 2.0 5.4X10' 3.4X10° | 9.2X10°
Gold (79)
Au-194 1.0 2.7X10" 1.0 2.7X10' 1.5X10* | 4.1X10°
Au-195 Gold (79) 1.0X10' 2.7X107 6.0 1.6X10° 1.4X10* | 3.7X10°
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TABLE A -1: A, AND A; VALUES FOR RADIONUCLIDES
Specific Specific
Symbol of Element and activity activity
radionuclide atomic number A (TBqg) A, (Ci) A, (TBg) A; (CD) (TBg/g) {Ci/g)
Au-198 1.0 27X10" | 6.0X107 | 1.6X10' | 9.0X10° | 24X10° ]
Au-199 1.0X10 27X10% | 6.0X10" | 1.6X10! 7.7X10° 2.1X10° 1

Ba-131 (a) 2.0 5.4X10! 2.0 5.4X10" 3.1X10° 8.4X10* |

Ba-133 3.0 8.1X10’ 3.0 8.1x10! 9.4 2.6X10%
Barium (56)

Ba-133m 2.0X10 5.4X10° | 6.0X107 | 1.6X10! 2.2X10* 6.1X10°

Ba-140 (a) 5.0X10™" 1.4X10' | 3.0X10" 8.1 27X10° | 7.3X10°
Be-7 2.0X10! 5.4X10° | 2.0X10' | 5.4X10° 1.3x10* 3.5X10°

Beryllium (4)
Be-10 4.0X10 1LI1X10° | 6.0X107 | 1.6X10} 8.3X10* | 22X107
Bi-205 7.0X10™! 1.9X10' | 7.0X10" | 1.9X10! 1.5X10° | 4.2X10*
Bi-206 3.0X10" 8.1 3.0X10™ 8.1 3.8X10° 1.0X10°
Bi-207 7.0X10! 1.9X10' | 7.0X10" | 1.9X10° 1.9 5.2X10'
Bismuth (83)
Bi-210 1.0 2.7X10' | 6.0X10" | 1.6X10! 4.6X10° 1.2X10°

Bi-210m (a) 6.0X10™ 1.6X10' | 2.0X10? | 54X10" | 2.1X10° | 5.7X10

Bi-212 (a) 7.0X10"! 1.9X10' | 6.0X107 | 1.6X10° 5.4X10° 1.5X107 |

Bk-247 8.0 22X10%* | 8.0X10* | 22X10% 3.8X107 1.0
Berkelium (97)

Bk-249 (a) 4.0X10" 1.1X10° | 3.0x10" 8.1 6.1X10" 1.6X10°
Br-76 4.0X10™ L.1x1ot | 4.0x107 | L1x10 9.4X10* 2.5X10°
Br-77 Bromine (35) 3.0 8.1X10' 3.0 8.1X10 2.6X10* 7.1X10°
Br-82 4.0X10" 1.1X10' | 4.0x107 | 1.axi0! 4.0X%10* 1.1X10¢
C-11 1.0 2.7X10' | 6.0X107" | 1.6X10 3.1X107 8.4%10%
C-14 4.0X10' 1.1X10° 3.0 8.1X10' 1.6X10" 4.5

Carbon (6)
Ca-45 4.0X10" 1.1X10° 1.0 2.7X107 6.6X10% 1.8X10*

Ca-47 (a) 3.0 8.1x10' | 3.0X10! 8.1 2.3X10* 6.1X10°

Cd-109 3.0X10! 8.1X10? 2.0 5.4X10" 9.6X10! 26X10°
Cadmium (48)
Cd-113m 4.0X10! 1.1X10° | 5.0x10! | 1.4X10° 8.3 2.2X10?
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TABLE A-1: A;AND A; VALUES FOR RADIONUCLIDES

Specific Specific
Symbol of Element and A activity activity
radionuclide atomic number A, (TBg) Ay (Ci) (TBi]) A, (Ci) (TBqg/g) {Ci/g)
Cd-115 (a) 3.0 8.1X10' | 4.0X10" | 1.1X10 1.9x10* 5.1X10°
Cd-115m 5.0X10™ 1.4X10" | 5.0X107 | 1.4X10 9.4X102 2.5X10*
Ce-139 7.0 1.9X10? 20 5.4X10" 2.5X10? 6.8X10°
4
Ce-141 2.0X10" 54X10° | 6.0x10" | 16x10" | 1.ax10° | 28X10
Cerium (58)
Ce-143 9.0X10"! 24X10" | 6.0X10" | 1.6X10! 2.5X10* 6.6X10°
Ce-144 (a) 2.0X10" 5.4 2.0X10" 5.4 1.2X10% | 3.2X10°
Cf-248 4.0X10" 1.1X10° | 6.0X10° | 1.6X107 5.8X10! 1.6X10°
C£249 3.0 8.1X10' | 8.0X10* | 22X107 1.5X10¢! 4.1
Cf-250 2.0X10' 54X10% | 2.0X10° | 5.4X107 4.0 1.1X10?
Cf-251 Cal‘(fg‘;)““m 7.0 1.9X10% | 7.0X10* | 1.9X10% | 5.9X10% 1.6
Cf-252 (h) 1.0X10"! 2.7 1.0X107% | 2.7X107? 2.0X10! 5.4X10?
Cf-253 (a) 4.0X10! 1.1X10° | 4.0x107 1.1 1.1X10° 2.9x10*
Cf-254 1.0x10° 2.7X107 | 1.0X10° | 2.7X107? 3.1X10% 8.5X10°
Cl-36 1.0X10! 27X10° | 6.0X107 | 1.6X10 1.2X10° | 3.3X10%
Chlorine (17)
Cl-38 2.0X10" 5.4 2.0X10™" 5.4 4.9%X10° 1.3X10%
Cm-240 4.0X10’ 1.1X10° | 2.0X10? | s5.4x10! 7.5X10? 2.0x10*
Curium (96)
Cm-241 2.0 5.4X10! 1.0 2.7X10 6.1X10° 1.7X10°
Cm-242 4.0X16! 1.1X10° | 1.0X10? | 2.7X107 1.2X10? 3.3X10°
Cm-243 9.0 24X10° | 1.0X10° | 2.7X10% 1.9X10° 52X1¢°
!
Cm-244 2.0X10! 54X10° | 2.0X10° | 5.4X107 3.0 8.1X10' |
Curium (96)
Cm-245 9.0 24X10% | 9.0X10* | 2.4X107? 6.4X10° 1.7x107
Cm-246 9.0 24X10%> | 9.0X10* | 2.4X1072 1.1X107% | 3.1X10!
- 1 -3 2 -6
Cm-247 (a) 3.0 8.1X10 1.0X10 2.7X10 3.4X10 9.3X10°
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TABLEA -1: A;AND A; VALUES FOR RADIONUCLIDES
Specific Specific

Symbol of Element and activity activity

radionuclide atomic number A (TBq) A, (Ci) A (TBg) A, (CD) (TBg/g) (Ci/g)
Cm-248 2.0X10% 54X107 | 3.0x10* | 8.1X10° 1.6X10° | 4.2X10°
.1 1 -1 1 5 6

Co-55 Cobalt 27) 5.0X10 1.4X10 5.0X10 1.4X10 1.1X10 3.1X10

Co-56 3.0x10* 8.1 3.0X10! 8.1 1.1X10° 3.0X10*

Co-57 1.0X10! 2.7X10* | 1.o0x10' | 2.7X10% 3.1X10? 8.4X10°

Co-58 1.0 2.7X10' 1.0 2.7X10! 1.2X10° 3.2x10*

Cobalt (27) . ; 1 S p .
Co-58m 4.0X10 1.1X10 4.0X10 1.1X10 2.2X10 5.9%X10

Co-60 4.0x10% 1.1X10' | 4.0X10" | 1.1X10! 4.2X10" 1.1X10°

Cr-51 Chromium (24) 3.0X10' 8.1X10% | 3.0X10' | 8.1X10° 3.4X10° 9.2Xx10*
Cs-129 ( 4.0 1.1X10° 4.0 1.1X10? 2.8X10* | 7.6X10°
Cs-131 3.0xX10! 8.1X10* | 3.0X10' | 8.1X10° 3.8X10° 1.0X10°
Cs-132 1.0 2.7X10! 1.0 2.7X10! 5.7X10° 1.5X10°

3

Cs-134 7.0X10" 1ox10" | 70x10" | 19x10' | asgxiot | 13XI0

Cesium (55)
Cs-134m 4.0X10 1.1X10° | 6.0X10" | 1.6X10° 3.0X10° 8.0X10°

Cs-135 4.0X10" 1.1X10° 1.0 2.7X10! 4.3X10° 1.2x10°
Cs-136 5.0X10°7 1.4X10' | 5.0x10" | 1.4X10! 2.7X10° 7.3X10*

Cs-137 (a) 2.0 5.4X10' | 6.0X107 | 1.6X10 32 8.7x10'

Cu-64 6.0 1.6X10? 1.0 2.7X10! 1.4X10° 3.9X10°

Copper (29)

Cu-67 1.0x10 27X10% | 7.0X10" | 1.9X10! 2.8X10* 7.6X10°
Dy-159 2.0X10! 5.4X10° | 2.0X10' | 5.4X10° 2.1X10% 5.7X10°
Dy-165 Dysfgg;‘“m 9.0X10™! 2.4X10" | 6.0X10" | 1.6X10’ 3.0X10° | 8.2X10°

Dy-166 (a) 9.0X10™ 24X10' | 3.0x10" 8.1 8.6X10° 23X10°

Er-169 4.0X10! 1.1X10° 1.0 2.7X10 3.1X10° 8.3X10*

Erbium (68)

Er-171 8.0X10™ 22X10' | 5.0X10" | 1.4X10! 9.0Xx10* 2.4X10°
Eu-147 2.0 5.4X10' 2.0 5.4X10' 1.4X10° 3.7X10*
Fu-148 5.0X10" 1.4X10" | 5.0X107 | 1.4X10" 6.0X10° 1.6X10*

T30



SSRCR Volume [ — August 2010
TABLEA-1: A AND A; VALUES FOR RADIONUCLIDES

Specific Specific

Symbol of Element and A activity activity

radionuclide atomic number A, (TBg) A, (CD (TBil) A; (Ci) (TBq/g) (Cifg)
Europium (63) 1 2 1 2 2 3

Eu-149 2.0X10 5.4X10 2.0X10 5.4X10 3.5X10 9.4X10
Eu- {fv‘igh‘m 2.0 5.4X10" | 7.0X10" | 1.9X10' | 6.1X10* | 1.6X10°
E“'lliigg‘mg 2.0 5.4X10" | 7.0X107 | 1.9X10' 6.1X10* | 1.6X10°
Eu-152 1.0 2.7X10! 1.0 2.7X10! 6.5 1.8X10?
Eu-152m 8.0X10! 22X10' | 8.o0x10" | 22X10 g2x10* 2.2X10°
Europiom (63) 5

Eu-154 9.0X10" 2.4X10' | 6.0Xx107 | 1.6X10' 9.8 2.6X10
Eu-155 2.0X10! 5.4X10° 3.0 8.1X10" 1.8X10° 4.9X10*
Eu-156 7.0X10" 1.9x10' | 7.0X107 | 1.9X10! 2.0X10° 5.5%x10*
F-18 Fluorine (9) 1.0 2.7X100 | 6.0X107" | 1.6X10' 3.5X10% | 9.5X107
Fe-52 (a) 3.0X10™" 8.1 3.0X10! 8.1 27X10° | 7.3X10°
Fe-55 4.0X10 1.1x10° | 4.0X10' | 1.1X10° 8.8x10" 2.4X10°

Iron (26)
Fe-59 9.0X10" 2.4X10' | 9.0X107 | 2.4X10 1.8X10° 5.0X10*
Fe-60 (a) 4.0X10! 1.1X10*° | 2.0X10" 54 7.4X10% | 2.0X107
Ga-67 Gallium (31) 7.0 1.9X10° 3.0 8.1X10' 2.2X10* 6.0X10°
Ga-68 5.0X107 14x10" | 5.0x107T | 1.4X10° 1.5X10° | 4.1X10°
Ga-72 4.0X10" 1axiot | 40x107 | 1.1X10° 1.1X10° 3.1X10°
Gd-146 (a) Gadolinium 5.0X10" 1.4X10° | 5.0X107 | 1.4X10° 6.9X10° 1.9x10*
(64)
Gd-148 2.0X10° 54X10° | 2.0X10° | 5.4X10° 1.2 3.2X10"
Gd-153 1.0xX10! 2.7X10° 9.0 2.4X10° 1.3X10° 3.5%X10°
Gd-159 3.0 8.1x10" | 6.0X107 | 1.6X10° 3.9X10* 1.1X10°
Ge-68 (a) Germanium 5.0X107 1.4X10" | 5.0X107 | 1.4X10' 2.6X10° | 7.1X10°
(32)

Ge-71 4.0X10" L1X1¢° | 4.0X10' | 1.1X10° 5.8X10° 1.6X10°
Ge-77 3.0X10" 8.1 3.0X10™ 8.1 1.3X10° 3.6X10°
Hf-172 (a) Hafnium (72) 6.0X10! 1.6X10" | 6.0X107 | 1.6X10° 4.1X10° 1.1X10°
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Symbol of Element and activity activity
radionuclide atomic number Ay (TBg) A, (Ci) A, (TBqg) A, (CD) (TBy/g) (Ci/g)
Hf-175 3.0 8.1X10' 3.0 8.1X10" 3.9X10° 1.1X10°
Hf-181 2.0 5.4x10" | s.ox10" | 1.4X10' 6.3X10° 1.7X10°
Hf-182 Unlimited Unlimited | Unlimite | Unlimited 8.1X10° 2.2X10"
Hg-194 (a) Mercury (80) 1.0 2.7X10' 1(.10 2.7X10° 1.3X10™ 3.5
Hg-195m (a) 3.0 g.1x10"' | 7.0X107 | 1.9X10' 1.5X10* | 4.0X10°
Hg-197 2.0X10" 54X10° | 1.0X10" | 2.7X10° 92X10° | 2.5X10°
Hg-197m 1.0X10' 2.7X10° | 4.0x107 | L1X10' 2.5X10° | 6.7X10°
Hg-203 5.0 1.4X10° 1.0 2.7X10" 5.1X10° 1.4X10°
Ho-166 Holmium (67) 4.0X10™ 1.1X10° | 4.0X10" | 1.1X10' 2.6X10° | 7.0X10°
Ho-166m 6.0X10"! 1.6X10" | 5.0X107 | 1.4X10' 6.6X10° 1.8
I-123 Todine (53) 6.0 1.6X10° 3.0 8.1X10" 7.1X10* 1.9X10°
I-124 1.0 2.7X10" 1.0 2.7X10 9.3X10° | 2.5X10°
I-125 2.0X10" 5.4X10° 3.0 8.1X10' 6.4X10° 1.7X10°
1-126 2.0 5.4X10' 1.0 2.7X10" 2.9X10° 8.0X10°
1-129 Unlimited | Unlimited | Unlimite | Unlimited | 6.5X10° | 1.8X10™
1-131 3.0 8.1X10°" 7.0)?10'1 1.9X10' 4.6X10° 1.2X10°
1-132 4.0X10" 1.1x10" | 4.0x10" | 1.1X10° 3.8X10° 1.0X10
1-133 7.0X10™ 1.9x10" | 6.0X10" | 1.6X10' 42X10* | 1.1x10°
1-134 3.0X107 8.1 3.0X107 8.1 9.9X10° | 2.7X10’
1-135 (a) 6.0X107 1.6X10" | 6.0X107 | 1.6X10° 1.3X10° | 3.5X10°
In-111 Indium (49) 3.0 8.1X10' 3.0 8.1X10" 1.5X10° | 4.2X10°
In-113m 4.0 1.1X10° 2.0 5.4X10" 6.2X10° 1.7X107
In-114m (a) 1.0X10" 2.7X10° | 5.0X107 | 1.4X10' 8.6X10° | 2.3X10°
In-115m 7.0 1.9X10° 1.0 2.7X10" 2.2X10° | 6.1X10°
Ir-189 (a) Iridium (77) 1.0X10' 2.7X10° | 1.0x10' | 2.7X10° 1.9X10° 5.2X10°
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Symbol of Element and A activity activity
radionuclide atomic number A; (TBq) Ay (Ci) (Tqu ) A, (Ci) (TBg/g) (Ci/g)
Ir-190 7.0X10™ 1oxi1ot | 7.ox10t | 1.9x10! 2.3X10° 6.2X10*
Ir-192 1.0 27X10° | 6.0X10" | 1.6X10! 3.4X10° 9,2X10°
Ir-194 3.0X10™ 8.1 3.0X10" 8.1 3.1xX10* 8.4X10°
K-40 Potassium (19) 9.0X10™ 2.4X10" | 9.0X107 | 2.4X10 24X107 | 6.4X10°
K-42 2.0X10" 5.4 2.0X10" 5.4 22X10° 6.0X10°
K-43 7.0X10™ 1.9x10" | 6.0x107 | 1.6X10' 1.2X10° 3.3X10°
Kr-81 4.0X10" 1.1X10° | 4.0x10' | 1.1X10° 7.8X10* | 2.1X10?
Kr-85 1.0X10! 2.7X10% | 1.0X10' | 2.7X10° 1.5X10! 3.9X10%
Krypton (36)
Kr-85m 8.0 2.2X10? 3.0 8.1X10" 3.0X10° 8.2X10°
Kr-87 2.0X10™ 5.4 2.0X107! 5.4 1.0X10° 2.8X107
La-137 Lanthanum 3.0X10' 8.1X10° 6.0 1.6X10° 1.6X10° | 4.4X10”
57
La-140 4.0X10" 1.1x10° | 40x10" | 1.1x10' 2.1X10* 5.6X10°
Lu-172 Lutetium (71) 6.0X10°" 1.6x10' | 6.0X10" | 1.6X10 4.2X10° 1.1X10°
Lu-173 8.0 2.2X10* 8.0 2.2X10° 5.6X10° 1.5X10°
Lu-174 9.0 2.4X10° 9.0 2.4X10° 2.3X10 6.2X10°
Lu-174m 2.0X10! 5.4X10° | 1.0x10' | 2.7X10° 2.0X10° 5.3X10°
Lu-177 3.0X10° 8.1X10° | 7.0X10" | 1.9X10' 4.1X10° 1.1X10°
Mg-28 (a) Mag(rl‘;‘“m 3.0X10! 8.1 3.0X10"! 8.1 2.0X10° | 5.4X10°
Mn-52 Manganese 3.0X10™ 8.1 3.0X10" 8.1 1.6X10° | 4.4X10°
(25)
Mn-53 Unlimited Unlimited | Unlimite | Unlimited | 6.8X10° | 1.8X10”
d
Mn-54 1.0 2.7X190" 1.0 2.7X10! 2.9X10° 7.7X10°
Mn-56 3.0X10™ 8.1 3.0X10" 8.1 8.0X10° 2.2X10°
Mo-93 4.0X10" 1.1X10° | 2.0X10' | 5.4X10° 4.1X10% 1.1
Molybdenum
Mo-99 (a) (h) (42) 1.0 2.7X10" | 7.4X10" | 2.0X10' 1.8xX10* | 4.8X10°
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radionuclide atomic number A; (TBg) A (Ci) A, (TBq) A; (CY) (TBq/g) (Ci'g)
N-13 Nitrogen (7) 9.0X10™ 24X10' | 6.0X10" | 1.6X10' 5.4X107 1.5X10°
Na-22 Sodium (11) 5.0X10™ 1.4X107 | 5.0X107 | 1.4X10 2.3X10° 6.3X10°
Na-24 2.0X107! 5.4 2.0X10" 54 32X10° 8.7X1¢0°
Nb-93m 4.0X10" 1.1X10° | 3.0X10' | 8.1X10° 8.8 2.4X10°
Nb-94 7.0X10™ 19x10" | 7.0x107 | 1.9X10 6.9X10° | 1.9X10*
Nb-95 Niobium (41) 1.0 2.7X10! 1.0 2.7X10° 1.5X10° 3.9X10°
Nb-97 9.0X10" 24X10" | 6.0X107 | 1.6X10' 9.9X10° 2.7X107
Nd-147 6.0 1.6X10° | 6.0X107 | 1.6X10' 3.0X10° 8.1x10*
Neodymium
Nd-149 (60) 6.0X10™ 1.6x10" | 5.0x10" | 1.4X10° 4.5X10° 12X10’
Ni-59 Unlimited Unlimited | Unlimite | Unlimited | 3.0X10° | 8.0X10°
d
Ni-63 4.0X10’ 1.1X10° | 3.0X10' | 8.1X10° 2.1 5.7X10"
Nickel (28)
Ni-65 4.0X10™ ixiot | 40x107 | 1.1X10° 7.1X10° 1.9X107
Np-235 4.0X10 1L1X10° | 4.0X10" | 1.1X10° 5.2X10" 1.4X10°
Np-236 (short- 2.0X10' 5.4X10° 2.0 5.4X10" 4.7X10* | 1.3X10~
lived)
Np-236 (long- Neptunium 2.0X10° 5.4X10° 2.0 5.4X10" 47X19° | 1.3X10~
lived) 93)
Np-237 2.0X10' 5.4X10° | 2.0X10° | 5.4X107 | 2.6X10° | 7.1X10™
Np-239 7.0 1.9X10° | 4.0X107 | 1.1X10' 8.6X10° | 2.3X10°
Os-185 1.0 2.7X10' 1.0 2.7X10 2.8X10° 7.5X10°
Os-191 1.0X10° 2.7X10° 2.0 5.4X1¢' 1.6X10° 4.4X10*
Os-191m 4.0X10" 1.1xX10° | 3.0x10' | 8.1X10° 4.6X10° 1.3X10°
Osmium (76)
0s-193 2.0 5.4X10" | 6.0x107 | 1.6X10" 2.0X10° 5.3X10°
0s-194 (a) 3.0X10™ 8.1 3.0X10" 8.1 1.1x10' 3.1X10°
P-32 5.0X10™" 1.4X10" | 5.0X107 | 1.4X10° 1.1X10* 2.9X10°
Phosphorus
P-33 (15) 4.0X10" 1.1X10° 1.0 2.7X10" 5.8X10° 1.6X10°
Pa-230 (a) Pm‘?;‘l‘;‘“m 2.0 5.4X10' | 7.0X10% | 1.9 12X10° | 33X10*
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Symbol of Element and A activity activity
radionuclide atomic number A, (TBg) A (Ci) (Tqu) A, (Ci) (TBq/g) (Ci/g)
Pa-231 4.0 1.1X10* | 4.0X10* | 1.1X107 1.7X10°% | 4.7X10%
Pa-233 5.0 1.4X10* | 7.0X107 | 1.9X10! 7.7X10° 2.1X10*
Pb-201 1.0 2.7X16° 1.0 2.7X10! 6.2X10° 1.7X10°
Pb-202 4.0X10! LIX10° | 2.0X100 | 5.4X10° 12X10" | 3.4X10”
Pb-203 4.0 1.1X10° 3.0 8.1X10' 1.1x10* 3.0X10°
Pb-205 Lead (82) Unlimited Unlimited | Unlimite | Unlimited | 4.5X10° | 1.2X10*
d
Pb-210 (a) 1.0 2.7X10° | 5.0X107 1.4 2.8 7.6X10'
Pb-212 (a) 7.0X10" 1.9x10" | 2.0X10" 5.4 5.1X10% 1.4X10°
Pd-103 (a) 4.0X10" 1.1X10° | 4.0X10" | 1.1X10° 2.8X10° 7.5X10°
Pd-107 Palladium (46) | Unlimited Unlimited | Unlimite | Unlimited | 1.9X10” | 5.1X10™
d
Pd-109 2.0 5.4X10" | s.ox10t | 1.4x10° 7.9X10* 2.1X10°
Pm-143 3.0 8.1X10" 3.0 8.1X10* 1.3X10° 3.4X10°
Pm-144 7.0X10" 1.9x10" | 7.0x107 | 1.9x10° 9.2x10* 2.5X10°
Pm-145 3.0X10° 8.1X10° | 1.0X10' | 2.7x10° 5.2 1.4X10°
Promethium
Pm-147 61) 4.0X10" 1.1X10° 2.0 5.4X10" 3.4X10" 9.3X10°
Pm-148m (a) 8.0X10™ 22X10° | 7.0X107 | 1.9X10° 7.9X10 2.1X10°
Pm-149 2.0 5.4X10° | 6.0X107 | 1.6X10' 1.5X10* 4.0X10°
Pm-151 2.0 5.4X10° | 6.0X107 | 1.6X10 2.7X10* 73X10°
Po-210 Polonium (84) 4.0X10" 1.1X10° | 2.0X102 | 5.4X10" 1.7X10? 4.5X10°
Pr-142 4.0X107 1.1X10" | 4.0X107 | 1.1X10' 43X10* 1.2X10°
Praseodymium

Pr-143 (59) 3.0 g.1xX10' | 6.0X107 | 1.6X10° 2.5X10° 6.7X10*
Pt-188 (a) 1.0 2.7X10' | 8.0x10" | 2.2X10! 2.5X10° | 6.8X10°
Pt-191 Platinum (78) 4.0 1.1X10% 3.0 8.1X10! 8.7X10° 2.4X10°
Pt-193 4.0X10} 1.1x10° | 40x10' | 1.1X10° 14 3.7X10!
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radionuclide atomic number A, (TBg) A (CD) A; (TBg) A; (Ci) (TBg/g) (Ci/g)
Pt-193m 4.0X10' 1L1X10° | 5.0X10" | 1.4X10 5.8X10° 1.6X10°
Pt-195m 1.0X10' 2.7X10° | 5.0x107 | 1.4X10 6.2X10° | 1.7X10°
Pt-197 2.0X10" 54X10* | 6.0X10" | 1.6X10 3.2X10* | 8.7X10°
Pt-197m 1.0X10! 2.7X10* | 6.0X107" | 1.6X10 3.7X10° 1.0X10’
Pu-236 3.0X10’ 8.1X107 | 3.0X10° | 8.ax10” | 2.0X10' | 53X10°
Pu-237 2.0X10' 5.4X10° | 2.0X10" | 5.4X10° 4.5X10° 1.2x10*
Pu-238 1.0X10' 27X107 | 1.0X10° | 2.7X107 | 6.3X107 | 1.7X10'
Pu-239 Plutonium (54) 1.0X10’ 27X10° | 1.0X107 | 2.7X107° | 2.3X10”° | 6.2X10™
Pu-240 1.0X10° 2.7X10° | 1.0X10™ | 2.7X10° A 84X10° | 2.3X107
Pu-241 (a) 4.0X10' 1.1X10° | 6.0X107 1.6 3.8 1.0X10°
Pu-242 1.0X10" 2.7X10° | 1.0X10” | 2.7X10% 1.5X10"% | 3.9X10”
Pu-244 (a) 4.0X10™ 1.1X10' | 1.0X10° | 2.7X10° 6.7X107 | 1.8X10°
Ra-223 (a) 4.0X10™ L.1x10" | 7.0X107 | 1.9X10 1.9X10° | 5.1X10°
Ra-224 (a) 4,0X107 1.1X10" | 2.0X107 | 5.4X10™ 5.9X10° 1.6X10°
Ra-225 ¢a) Radium (88) 2.0X10™ 5.4 4.0X107 | 1.1X10™" 1.5X10° 3.9X10*
wum
Ra-226 (a) 2.0X10™ 54 3.0X10° | 8.1X10° | 3.7X107 1.0
Ra-228 (a) 6.0X10™ 1.6X10" | 2.0X10* | 5.4X10" 1.0X10' 2.7X10°
Rb-81 2.0 5.4X10" | 8.0X10" | 2.2X10' 3.1X10° | 8.4X10°
Rb-83 (a) 2.0 5.4X10° 2.0 5.4X10 6.8X10° 1.8x10°
Rb-84 1.0 2.7X10" 1.0 2.7X10° 1.8X10° | 4.7X10°
Rb-86 Rubidium (37) [~ 50X10T 1.4x107 | 5.0x10T | 1.4X10 3.0X10° | 8.1X10°
Rb-87 Unlimited Unlimited | Unlimite | Unlimited 3.2X107° 8.6X10°
Rb(nat) Unlimited Unlimited Unli(inite Unlimited 6.7X10° 1.8X10°
Re-184 1.0 2.7X10° 1(.10 2.7X10" 6.9X10° 1.9X10*
Re-184m Rhentum (75) 3.0 8.1X10' 1.0 2.7X10" 1.6X10° | 4.3X10°
enum
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Symbol of Element and A activity activity
radionuclide atomic number A; (TBg) A, (Ci) (TBi}) A; (CH {TBq/g) (Ci/g)
Re-186 2.0 5.4X10" | 6.0X10" | 1.6X10° 6.9X10° 1.9X10°
Re-187 Unlimited Unlimited | Unlimite | Unlimited 1.4X107 3.8X10°
d
Re-188 4.0X10™ 1.1x10" | 40x107T | 1.1X10° 3.6X10° 9.8X10°
Re-189 (a) 3.0 g.axio' | eoxiot | 1.6X10! 2.5X10* 6.8X10°
Rhenium (75)
Re(nat) Unlimited Unlimited | Unlimite | Unlimited 0.0 2.4X10°
d
Rh-99 2.0 5.4X10° 2.0 5.4X1¢' 3.0X10° 8.2X10*
Rh-101 4.0 1.1X10° 3.0 8.1X10! 4.1X10 1.1X10°
Rh-102 5.0X10" 1axio’ | s.oxi1o0t | 1.4x10° 4.5X%10" 1.2X10°
Rhodium (45)
Rh-102m 2.0 5.4X10° 2.0 54X10° 2.3X10° 6.2X10°
Rh-103m 4.0X10" 1.1X10° | 4.0X10' 1.1X10° 1.2X10° 3.3X107
Rh-105 1.0x10' 2.7X10° | 8.0X107 | 2.2X10' 3.1X10* 8.4X10°
Rn-222 (a) Radon (86) 3.0X10" 8.1 4.0X10° | 1.1X10! 5.7X10° 1.5X10°
Ru-97 5.0 1.4X10? 5.0 1.4X10? 1.7X10* 4.6X10°
Ru-103 (a) . 2.0 5.4X10! 2.0 5.4X10’ 1.2X10° 3.2Xx10*
Ruthenium
Ru-105 “44) 1.0 27X10' | 6.0X10" | 1.6X10! 2.5X10° 6.7X10°
Ru-106 (a) 2.0X10™ 5.4 2.0X10™ 5.4 1.2X10% 3.3X10°
S-35 Sulphur (16) 4,0X10" 1.1X10° 3.0 8.1X10' 1.6X10° | 4.3X10*
Sb-122 4,0X10™" 1.1x10! | 40x10" | 1.1Xx10 1.5X10* 4.0X10°
Sb-124 6.0X10! 1.6X10' | 6.0X10" | 1.6X10' 6.5X10° 1.7X10*
Antimony (51)
Sb-125 2.0 5.4X10! 1.0 2.7X10" 3.9X10 1.0X10°
Sb-126 4.0X10™" 1.1x1o! | 40x107 | 1.1x1o 3.1X10° 8.4X10*
Sc-44 5.0X10" 1.4X10' | s.0xXt0t | 1.4X10' 6.7X10° 1.8X107
Sc-46 Scandium (21) 5.0X10™ 1.4X10* | 5.0X10" | 14x10' 1.3X10° | 3.4X10*
Sc-47 1.0X10! 27X10° | 7.0X10" | 1.9X10! 3.1X10* 8.3X10°
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radionuclide atomic number A, (TBg) A, (Ci) A; (TBq) Ay (Ci) (TBqg/g) (Cvg)

Sc-48 3.0X10" 8.1 3.0X10 8.1 5.5X10* | 1.5X10°

1 1 2 4

Se-75 Selenium (34) 3.0 8.1X10 3.0 8.1X10 5.4X10 1.5X10

Se-79 Selenium (34) 4.0X10' 1.1X10° 2.0 5.4X10' 2.6X107° | 7.0X10™

Si-31 6.0X10" 1.6X10" | 6.0X10" | 1.6X10' 1.4X10° 3.9X107

Si-32 Silicon (14) 4.0X10 1.1X10° | 5.0X107 | 1.4X10! 3.9 1.1X10°
Sm-145 1.0X10! 27X10° | 1.0X10' | 2.7X102 9.8X10! 2.6X10°
Sm-147 Unlimited | Unlimited U“lg“’“’ Unlimited | 8.5X10" | 2.3X10°

Samarium (62)
Sm-151 4.0X10! 1.1X10° | 1.0X10' | 2.7X10° 9.7X10" | 2.6X10!
Sm-153 9.0 2.4X10* | 6.0X107 | 1.6X10! 1.6X10* | 4.4X10°
Sn-113 (a) 4.0 1.1X10% 2.0 5.4X10" 3.7X10° 1.0X10*
Sn-117m 7.0 1.9X10% | 4.0x10" | 1.1X10! 3.0X10° 8.2X10*
Sn-119m 4.0X10" 1.1X10° | 3.0X10' | 8.1X10? 1.4X10° 3.7X10°
Sn-121m (a) Tin (50) 4.0X10' 1.1X10° | 9.0X10" | 2.4X10 2.0 5.4X10"
Sn-123 8.0X10™ 22X10' | 6.0X10" | 1.6X10! 3.0X102 8.2X10°
Sn-125 4.0X10" 1.1x10t | 4.0x107 | 1.1Xx10 4,0X10° 1.1X10°
Sn-126 (a) 6.0X10" 1.6X10' | 4.0X10? | 1.1X10 1.0X10% | 2.8X10%
Sr-82 (a) 2.0X107! 54 2.0X107! 5.4 2.3X10° | 6.2X10*
Sr-85 2.0 5.4X10! 2.0 5.4X10! 8.8X10% 2.4X10*
St-85m 5.0 1.4X10? 5.0 1.4X10? 1.2X10° 3.3X107
Sr-87m 3.0 8.1X10! 3.0 8.1X10' 4.8X10° 1.3X107

Strontium (38)

Sr-89 6.0X10" 1.6X10' | 6.0X10" | 1.6X10 1.1X10° 2.9X10*
Sr-90 (a) 3.0X10! 8.1 3.0X10" 8.1 5.1 1.4X10°
Sr-91 (a) 3.0X10" 8.1 3.0X10" 8.1 1.3X10° 3.6X10°
Sr-92 (a) 1.0 2.7X10" | 3.0X10° 8.1 4.7X10° 1.3X107

T(H-3) Tritium (1) 4.0X10" 1.1X10° | 4.0X10' | 1.1X10° 3.6X10° | 9.7X10°
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Sy.mbol ?f Elerpent and A activity activity
radionuclide atomic number Ay (TBq) A (Ci) (TBZq ) A; (Ci) (TBqg/g) (Ci/g)
Ta- 1178 ((ilong~ Tantalum (73) 1.0 27x100 | 8ox1oT | 2.2X10 4.2X10° 1.1X10°

’r;‘ien)s: 3.0X10' 8.1X10° | 3.0x10" | 8.1X10* 4.1X10' 1.1X10°
Ta-182 9.0X10" 24X10" | 5.0X107 | 1.4X10 23X10° | 6.2X10°
Tb-157 4.0X10 1.1X10° | 4.0X10' | 1.1X10° 5.6X107 | 1.5X10'
Tb-158 Terbium (65) 1.0 2.7X10" 1.0 2.7X10 5.6X10" 1.5X10!
Tb-160 1.0 2.7X10' | 6.0X10" | 1.6X10! 42X10? 1.1X10°
Tc-95m (a) 2.0 5.4X10! 2.0 5.4X10’ 8.3X10 2.2x10*
Tc-96 4.0X10" 1L1X10' | 4.0X10" | 1.1X10 1.2X10* | 3.2X10°
Tec-96m (a) 4.0X10" 1.1x10' | 4.0X10" | 1.1x10' 1.4X10° | 3.8X107
Te-97 Techmtiuy | Unlimited | Unlimited UnIEOie | Unlimited | 5.2X10° | 14X10°
Tc-97m 3) 4.0X10" 1.1X10° 1.0 2.7X10' 5.6X10° 1.5x10*
Tc-98 8.0X10" 22X10' | 7.0X10" | 1.9X10' 3.2X10° | 8.7X10%
Tc-99 4.0X10' 1.1X10° | 9.0X10" | 2.4X10' 6.3X10* | 1.7X107
Tc-99m 1.0X10" 2.7X10 4.0 1.1x10° 1.9X10° | 5.3X10°
Te-121 2.0 5.4X10' 2.0 5.4X10' 2.4X10° | 6.4X10*
Te-121m 5.0 1.4X10? 3.0 8.1X10' 2.6X10° | 7.0X10°
Te-123m 8.0 2.2X10 1.0 2.7X 10 3.3X10° | 8.9X10°
Te-125m 2.0X10' 5.4X10% | 9.0X107 | 2.4X10! 6.7X10° 1.8x10°
Te-127 2.0X10' 5.4X10° | 7.0X10" | 1.9X10' 9.8X10* | 2.6X10°

Tellurium (52)

Te-127m (a) 2.0X10" 54X10° | 5.0X10" | 1.4X10' 3.5X10* | 9.4X10°
Te-129 7.0X10™ 1.9X10' | 6.0X10" | 1.6X10' 7.7X10° | 2.1X107

Te-129m (a) 8.0X10™" 2.2X10' | 4.0X10" | 1.1X10! 1.1X10° 3.0xX10*
Te-131m (a) 7.0X10™ 1.9X10" | 5.0X10" | 1.4X10 3.0X10* | 8.0x10°

Te-132 (a) 5.0X107 14X10" | 4.0Xx10" | 1.1X10' 1.1X10* | 8.0X10°
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TABLE A-1: A;AND A, VALUES FOR RADIONUCLIDES
Specific Specific
Symbol of Element and activity activity
radionuclide atomic number A, (TBg) A (CD) A; (TBQ) A, (Ci) (TBg/g) (Ci‘g)
Th-227 1.0X 10! 2.7X10%* | 5.0X107 | 1.4X107 1.1X10° 3.1X10*
Th-228 (a) 5.0X10™ 1.4X10" | 1.0X10° | 2.7X10? 3.0X10? 8.2X10°
Thorium (90)
Th-229 5.0 1.4X10* | 5.0X10™* | 1.4X107? 7.9X107° | 2.1X10"
Th-230 1.0x10! 2.7X10* | 1.0X10? | 2.7X10? 7.6X10* | 2.1X10*
Th-231 4.0X10! 1.1X10° | 2.0X10° | 5.4X10" 2.0X10° 53X10°
Th-232 Thorium 90) |\ iited | Unlimited Unlg’“"e Unlimited | 4.0X10° | 1.1X107
Th-234 (a) 3.0X107 8.1 3.0x10" 8.1 8.6X10? 23X10*
Th(nat) Unlimited | Unlimited Umgmte Unlimited | 8.1X10° | 2.2X107
Ti-44 (a) Titanium (22) 5.0X10™" 1.4X10' | 4.0X107 | 1.1X10 6.4 1.7X10?
T1-200 9.0X10™! 2.4X10" | 9.0X107 | 2.4X10! 2.2X10* 6.0X10°
TI-201 1.0X10! 2.7X10? 4.0 1.1X10° 7.9X10° 2.1X10°
Thallium (81)
T1-202 2.0 5.4X10" 2.0 5.4x10! 2.0X10° 5.3X10*
TI-204 1.0X10! 2.7X10% | 7.0X107 | 1.9x10" 1.7X10! 4.6X10%
Tm-167 7.0 1.9X10° | 8.0X10" | 2.2X10! 3.1X10° 8.5X10*
Tm-170 Thulium (69) 3.0 §.1X10' | 6.0X10" | 1.6X10" 22X10° 6.0X10°
Tm-171 4.0x10' LI1X10* | 4.0X10' | 1.1X10° | 4.0X10" | L1X10°
U-230 (fast lung 1 3 1 3 4
absorption) (a)(d) 4.0X10 1.1X10 1.0X10 2.7 1.0X10 2.7X10
U-230 (medium
lung absorption) 4.0X10" 1.1X10° | 1.0X10? 2.7 1.0X10° 2.7X10*
(a)(e)
U-230 (slow lung 1 3 1 3 4
: 4.0X10 1.1X10 1.0X10 2.7 1.0X10 2.7X10
absorption) (a)(f) Uranium (92)
U-232 (fast lung 1 5 2 i 1 i
absorption) (d) 4.0X10 1.1X10 1.0X10 2.7X10 8.3X10 2.2X10
U-232 (medium
lung absorption) 4.0X10 1.1X10° | 1.0X107% | 2.7X107 83X10" | 2.2X10
©
U-233 (fast lung { 3 2 a4 3
absorption) (d) 4.0X10 1.1X10 9.0X10 24 3.6X10 9.7X10
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Specific Specific
Symbol of Element and A activity activity
radionuclide atomic number A; (TBg) A, (ChH (Tqu) A, (Ci) (TBg/g) (Cilg)
U-233 (medium
lung absorption) 4.0X10’ 1.1X10° | 9.0X10% 2.4 3.6X10% | 9.7X10°
()

U-233 (slow lung 1 3 2 4 3
absorption) (£) 4.0X10 1.1X10° | 9.0X10 2.4 3.6X10 9.7X10
U-234 (fast h,ll’lg 1 3 2 4 3
absorption) (d) 4.0X10 1.1X10° | 9.0X10 24 2.3X10 6.2X10
234 (medium lung 1 5 2 4 3
absorption) (€) 4.0X10 1L1X10° | 9.0X10 24 2.3X10 6.2X10
-234 (slow lung 1 3 2 4 3
absorption) (f) 4.0X10 1.IX10° | 9.0X10 24 2.3X10 6.2X10

U-235 (all lung
absorption types) Unlimited Unlimited | Unlimited | Unlimited 8.0X10* 2.2X10°
(a),(d).(e).(D)
U-236 (fast lung . . .. . . & 5
absorption) (d) Uranium (92) Unlimited Unlimited | Unlimited | Unlimited | 2.4X10 6.5X10
U-236 {medium
lung absorption) Unlimited Unlimited | Unlimited | Unlimited 2.4X10° 6.5X10°
()
Uaiigr;ig:) lg‘gg Unlimiteci Unlimited | Unlimited | Unlimited | 2.4X10% | 6.5X10°
U-238 (all Tung
absorption types) Unlimited Unlimited | Unlimited | Unlimited 1.2X10°* 3.4X107
(d).(e).(H
U (nat) Unlimited | Unlimited | Unlimite | Unlimited | 2.6X10% | 7.1X107
Uo(ermched to Unlimited Unlimited | Unlimited | Unlimited N/A N/A
20% or less)(g)
U (dep) Unlimited | Unlimited | Untimited | Unlimited 0.0 (Seggib*e
V-48 4.0X10" LIX10' | 4.0xX107 | 1.1X10! 6.3X10° 1.7X10°
Vanadium (23)
V-49 4.0X10" 1.1X10° | 4.0Xx10' | 1.1X10° 3.0X10° 8.1X10°
W-178 (a) 9.0 2.4X107 5.0 1.4X10° 1.3X10° | 3.4X10*
T 74
W-181 ungsten (74) | 5 1x10! 8.1X10% | 3.0x10' | 81X10® | 22X10* | 6.0X10°
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TABLE A-1: A; AND A; VALUES FOR RADIONUCLIDES
Specific Specific
Symbol of Element and activity activity
radionuclide atomic number A, (TBq) A (CD A; (TBg) A, (CD (TBq/g) (Ci/g)

W-185 4.0X10 1.1X10° | 8.0X10" | 22X10! 3.5X10% | 9.4X10°
W-187 2.0 5.4X10' | 6.0X107 | 1.6X10! 2.6X10* | 7.0X10°
W-188 (a) 40x10" | 11x10' | 3.0X10" 8.1 3.7X10? 1.0X10*
Xe-122 (a) 4.0X10™ 1.1X10" | 4.0X10" | 1.1X10 48X10° | 1.3X10°
Xe-123 2.0 5.4X10' | 7.0X10" | 1.9X10' 4.4X10° | 1.2X10
Xe-127 4.0 1.1X10? 2.0 5.4X10' 1.0X10° | 2.8X10*
Xenon (54)
Xe-131m 4.0X10' 1.1X10° | 4.0x10' | 1.1X10° 3.1X10° | 8.4x10*
Xe-133 2.0X10! 5.4X10° | 1.0x10' | 2.7X10° 6.9X10° 1.9X10°
Xe-135 3.0 8.1X10 2.0 5.4X10' 9.5X10* | 2.6X10°
Y-87 (a) 1.0 2.7X10' 1.0 2.7X10! 1.7X10* | 4.5X10°
Y-88 4.0X10" 1.1X10' | 4.0X10" | 1.1X10 52X10° | 1.4X10*
Y-90 3.0X10™ 8.1 3.0x10" 8.1 2.0X10* | 5.4x10°
Y-91 Yttrium (39) 6.0X10™ 1.6X10' | 6.0xX10" | 1.6X10' 9.1X10° | 2.5x10*
Y-91m 2.0 5.4X10! 2.0 5.4X10' 1.5X10° | 42x10
Y-92 2.0X10™ 5.4 2.0X10 5.4 3.6X10° | 9.6X10°
Y-93 3.0X10™ 8.1 3.0X10" 8.1 1.2X10° | 3.3X10°
Yb-169 4.0 1.1X10? 1.0 2.7X10' 8.9X10* | 24x10*
Ytterbium (79)

Yb-175 3.0X10 8.1X10* | 9.0X10" | 2.4X10' 6.6X10° | 1.8X10°
Zn-65 2.0 5.4X10' 2.0 5.4X10' 3.0X10*° | 8.2X10°
Zn-69 Zinc (30) 3.0 8.1X10" | 6.0X107 | 1.6X10 1.8X10° | 4.9X10’
Zn-69m (a) 3.0 8.1X10' | 6.0X10" | 1.6X10 12X10° | 3.3X10°
Zr-38 3.0 8.1X10' 3.0 8.1X10" 6.6X10° | 1.8X10*
Zr-93 Zirconium (40) | Unlimited | Unlimited | Unlimited | Unlimited | 9.3X10° | 2.5X10°
Zr-95 (a) 2.0 54X10" | 8.0X10" | 2.2X10 7.9X10* | 2.1X10*
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TABLE A-1: A; AND A; VALUES FOR RADIONUCLIDES

Specific Specific

Symbol of Element and A activity activity
radionuclide atomic number Ay (TBq) A (CD (Tqu) Az (CD) (TBq/g) (Ci/g)
7r-97 (a) 4.0X10™ 1.1xX10' | 4.0x107 | 1.1X10' 7.1X10* 1.9X10°
NOTES
(a) A; and/or A; 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-106 Rh-106
Cs-137 Ba-137m
Ce-134 La-134
Ce-144 Pr-144
Ba-140 La-140
Bi-212 T1-208 (0.36), Po-212 (0.64)
Pb-210 Bi-210, Po-210
Pb-212 Bi-212, T1-208 (0.36), Po-212 (0.64)
Rn-220 Po-216
Rn-222 Po-218, Pb-214, Bi-214, Po-214
Ra-223 Rn-219, Po-215, Pb-211, Bi-211, T1-207
Ra-224 Rn-220, Po-216, Pb-212, Bi-212, T1-208 (0.36), Po-212 (0.64)
Ra-226 Rn-222, Po-218, 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, T1208 (0.36), Po-212 (0.64)
Th-229 Ra-225, Ac-225, Fr-221, 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, T1-208 (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, T1-208 (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-218, Pb-214, Bi-214, Po-214,
U-240 Np-240m
Np-237 Pa-233
Am-242m Am-242
Am-243 Np-239
() 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 of UFs, UO,F; and UO»(NO3), in
both normal and accident conditions of transport.
(e) These values apply only to compounds of uranium that take the chemical form of UO;, UF,, UCL, and hexavalent
compounds in both normal and accident conditions of transport.
® These values apply to all compounds of uranium other than those specified in (d) and (e), above.
(9] 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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Symbol of
radionuclide

Cf-252

Mo-99 (a)

TABLE A - 1 (SUPPLEMENT)
A AND A; VALUES FOR RADIONUCLIDES
FOR INTERNATIONAL SHIPMENTS

Element and
atomic number A, (TBg) A (C) A, (TBy) A; (CD)
Californium (98)  5.0X107 1.4 3.0X10°  8.1X107
MOI{Z‘;;““‘“ 1.0 27X100  6.0X107  1.6X10"

T44
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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 (Bg/g)  material (Ci/g) {Bqg) (Ci)
Ac-225 (a) 1.0X10" 2.7X10°1° 1.0X10* 2.7X107
Ac-227 (a) Actinium (89) 1.0X10 2.7X10°7% 1.0X10° 2.7X10®
Ac-228 1.0X10’ 2.7X107° 1.0X10° 2.7X10°
Ag-105 1.0X10° 2.7X10° 1.0x10° 2.7X10°
Ag-108m (a) 1.0X10 2.7X107% 1.0X10° 2.7X10°
Silver (47)

Ag-110m (a) 1.0X10" 2.7X107%° 1.0X10° 2.7X10°
Ag-111 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Al-26 Aluminum (13) 1.0X10" 2.7X107° 1.0X10° 2.7X10°°
Am-241 1.0 2.7X10™ 1.0X10° 2.7X107
Am-242m (a) Americium (95) 1.0 2.7X10" 1.0x10* 2.7X107
Am-243 (a) 1.0 2.7X10™! 1.0X10*>  p  2.7X10°®
Ar-37 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Ar-39 Argon (18) 1.0X107 2.7X10* 1.0x10* 2.7X107
Ar-41 1.0X10? 2.7X10% 1.0X10° 2.7X107
As-72 1.0X10 2.7X10°% 1.0X10° 2.7X10°°
As-73 1.0X10° 2.7X10° 1.0X10’ 2.7X10%
As-74 Arsenic (33) 1.0X10* 2.7X10™"° 1.0X10° 2.7X10°
As-76 1.0X10° 2.7X107 1.0X10° 2.7X10°®
As-77 1.0X10° 2.7x10° 1.0X10° 2.7X10°
At-211 (a) Astatine (85) 1.0X10° 2.7X10° 1.0X107 2.7X10™
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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 (Bg/g) {Ci'g) (Bg) (Ci)
Au-193 1.0X10% 2.7X10° 1.0X10’ 2.7X10*
Au-194 1.0x10° 2.7X107° 1.0X10° 2.7X10°
Au-195 Gold (79) 1.0X10° 2 7X10° 1.0X107 2.7X10*
Au-198 1.0X10% 2.7X10° 1.0x10° 2.7X10°
Au-199 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Ba-131 (a) 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Ba-133 1.0X10% 2.7X10° 1.0X10° 2.7X107
Barium (56)
Ba-133m 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Ba-140 (a) 1.0X1¢0 2.7X1071° 1.0X10° 2.7X10°
Be-7 1.0x10° 2.7X10°® 1.0X10’ 2.7X10*
Beryllium (4)
Be-10 1.0x10* 2.1X1067 1.0X10° 2.7X10°
Bi-205 1.0X10' 2.7X107™" 1.0X10° 2.7X107°
Bi-206 1.0X10"! 2.7X1071° 1.0X10° 2.7X10°
Bi-207 1.0Xx 10! 2.7X1071° 1.0X10° 2.7X107
Bismuth (83)
Bi-210 1.0X10° 2.7X10% 1.0X10% 2.7X10°
Bi-210m (a) 1.0X10! 2.7X10°"° 1.0X10° 2.7X10°¢
Bi-212 (a) 1.0X10! 2.7X1071° 1.0X10° 2.7X10°
Bk-247 1.0 2.7X10°H 1.0X10* 2.7X107
Berkelium (97)
Bk-249 (a) 1.0X10° 2.7X10% 1.0X10° 2.7X107
Br-76 1.0X1¢° 2.7X1071%° 1.0X10° 2.7X10°°
Bromine (35)
Br-77 1.0X10° 2.7X10° 1.0X10° 2.7X10°

T46



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

Br-82 1.0X10! 2.7X1071° 1.0X10° 2.7X10°

C-11 1.0X10! 2.7X10°1° 1.0X10° 2.7X107
Carbon (6)

C-14 1.0X10* 2.7X107 1.0X10’ 2.7X10
Ca-41 1.0X10° 2.7X10° 1.0X107 2.7X10*
Ca-45 Calcium (20) 1.0X10* 2.7X107 1.0X10’ 2.7X10™

Ca-47 (a) 1.0X10 2.7X107° 1.0x10° 2.7X10°
Cd-109 1.0x10* 2.7X107 1.0X10° 2.7X107
Cd-113m 1.0X10° 2.7X10°® 1.0x10° 2.7X107

Cadmium (48)
Cd-115 (a) 1.0X10? 2.7X10° 1.0X10° 2.7X107
Cd-115m 1.0X10° 2.7X10°® 1.0x10° 2.7X107
Ce-139 1.0X10? 2.7X10° 1.0X10° 2.7X107
L3
Ce-141 1.0X10? 2.7X10° 1.0X10’ 2.7X107*
Cerium (58)

Ce-143 1.0X10? 2.7X10° 1.0X10° 2.7X10°
Ce-144 (a) 1.0X10% 2.7X10° 1.0X10° 2.7X10°®
Cf-248 1.0X10" 2.7X10°1° 1.0x10* 2.7X107
Cf-249 1.0 2.7x107M! 1.0X10° 2.7X10°%®
Cf-250 1.0x10! 2.7X1071° 1.0X10* 2.7X107
Cf-251 Californium (98) 1.0 2.7x10! 1.0X10° 2.7X10%
Cf-252 1.0X10' 2.7x107"° 1.0x10* 2.7X107
Cf-253 (a) 1.0X10? 2.7X10° 1.0X10° 2.7X10°¢
Cf-254 1.0 2.7X10°1 1.0x10° 2.7X10°8
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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 (Bg/g) (Ci/g) (B9 (Ci)
Cl-36 Chlorine (17) 1.0x10* 2.7X107 1.0X10° 2.7X10°
CI-38 Chlorine (17) 1.0X10' 2.7X107%° 1.0X10° 2.7X10°¢
Cm-240 1.0X10* 2.7X10° 1.0X10° 2.7X10°¢
Cm-241 1.0X10° 2.7X10° 1.0X10° 2.7X107
Cm-242 1.0X10? 2.7X10° 1.0X10° 2.7X10°
Cm-243 1.0 2.7X10" 1.0X10* 2.7X107
Cm-244 Curium (96) 1.0X10" 2.7X107"° 1.0X10* 2.7X107
Cm-245 1.0 2.7X10™" 1.0X10° 2.7X10%
Cm-246 1.0 2.7X10M 1.0X10° 2.7X10%
Cm-247 (a) 1.0 2.7X10" 1.0X10* 2.7X107
Cm-248 1.0 2.7X10™ 1.0X10° 2.7X10%
Co-55 1.0X10" 2.7X107%° 1.0X10° 2.7X10°
Co-56 1.0X10" 2.7X10"° 1.0X10° 2.7X10°
Co-57 1.0X107 2.7X107° 1.0X10° 2.7X10°
Cobalt (27)

Co-58 1.0X10' 2.7X10%° 1.0X10° 2.7X10°
Co-58m 1.0X10* 2.7X107 1.0X10’ 2.7X10™
Co-60 1.0X10" 2.7X107%° 1.0X10° 2.7X10°
Cr-51 Chromium (24) 1.0X10° 2.7X10® 1.0X107 2.7X10*
Cs-129 1.0X10? 2.7X10° 1.0X10° 2.7X10°®
Cs-131 1.0X10° 2.7X10% 1.0X10° 2.7X10°
Cs-132 Cesium (35) 1.0X10" 2.7X107° 1.0X10° 2.7X10°
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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 (Bg/g)  material (Ci/g) (Bg) (Ci)
Cs-134 1.0X10! 2.7X10" 1.0x10% 2.7X107
Cs-134m 1.0x10° 2.7X10°% 1.0X10° 2.7X10°¢

Cs-135 1.0x10* 2.7X107 1.0X107 2.7X10™

Cs-136 1.0X10! 2.7X10°° 1.0X10° 2.7X10°°
Cesium (55)
Cs-137 (a) 1.0X10! 2.7X1071° 1.ox1o* 2.7X107

Cu-64 1.0X10? 2.7X10° 1.0X10° 2.7X10°

Copper (29)

Cu-67 1.0X10? 2.7X10° 1.0X10° 2.7X10°°
Dy-159 1.0X10° 2.7X10°® 1.0X10’ 2.7X10%
Dy-165 Dysprosium (66) 1.0X10° 2.7X10% 1.0X10° 2.7X10°

Dy-166 (a) 1.0X10° 2.7X10° 1.0X10° 2.7X10%

Er-169 1.0X10* 2.7X107 1.0X107 2.7X10%

Erbium (68)

Er-171 1.0X10? 2.7X107° 1.0X10° 2.7X107°
Eu-147 1.0X10? 2.7X10° 1.0X10° 2.7X10°
FEu-148 1.0X10! 2.7X10°1° 1.0X10° 2.7X10°%
Fu-149 1.0X10? 2.7X10° 1.0X107 2.7X10°

Eu-150 (ShOl’t 3 8 6 -5
lived) Europium (63) 1.0X10 2.7X10 1.0X10 2.7X10
Eu-150 (long 3 5 . 5
lived) 1.0X10 2.7X10 1.0X10 2.7X10
Fu-152 1.0X10! 2.7X107% 1.0X10° 2.7X107
Fu-152 m 1.0X10% 2.7X10° 1.0X10° 2.7X10°
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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 (Bg/g) (Ci/g) (Bqg) (Ci)
Fu-154 1.0X10! 2.7X1071° 1.0X10° 2.7X10°
Eu-155 1.0X10° 2.7X10° 1.0X107 2.7X107
Eu-156 1.0X10" 2.7X10°° 1.0X10° 2.7X107
F-18 Fluorine (9) 1.0X10' 2.7X107%° 1.0X10° 2.7X10°
Fe-52 (a) 1.0X10! 2.7X10°7° 1.0X10° 2.7X10°
Fe-55 1.0X10* 2.7X107 1.0X10° 2.7X10°
Iron (26)
Fe-59 1.0X10! 2.7X10°1° 1.0X10° 2.7X10°
Fe-60 (a) 1.0X10° 2.7X107° 1.0X10° 2.7X10°¢
Ga-67 1.0X10? 2.7X10° 1.0X10° 2.7X10°
Ga-68 Gallium (31) 1.0X10' 2.7X1071° 1.0X10° 2.7X10%
Ga-72 1.0X10' 2.7X1071 1.0X10° 2.7X10®
Gd-146 (a) 1.0X10' 2.7X107" 1.0X10° 2.7X10°
Gd-148 1.0X10’ 2.7X107Y 1.0X10* 2.7X107
Gadolinium (64)

Gd-153 1.0X10% 2.7X10° 1.0X107 2.7X107
Gd-159 1.0X10° 2.7X10°® 1.0X10° 2.7X10°
Ge-68 (a) 1.0X10! 2.7X107%° 1.0x10° 2.7X10°
Ge-71 Germanium (32) 1.0X10* 2.7X107 1.0X108 2.7X107
Ge-77 1.0X10" 2.7X10"° 1.0X10° 2.7X10°¢
Hf-172 (a) 1.0X10' 2.7X107° 1.0X10° 2.7X10°
Hf-175 Hafnium (72) 1.0X10? 2.7X10° 1.0X10° 2.7X10%
Hf-181 1.0X10! 2.7X107%° 1.0X10° 2.7X10°
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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 (Bg/g)  material (Ci/g) B9 Ch
Hf-182 1.0X10? 2.7X107 1.0X10° 2.7X10°
Hg-194 (a) Mercury (80) 1.0X10 2.7X107"° 1.0X10° 2.7X10°
Hg-195m (a) 1.0X10% 2.7X10° 1.0X10° 2.7X10°
Hg-197 1.0X10? 2.7X10° 1.0X10’ 2.7X10™
Hg-197m Mercury (80) 1.0X10% 2.7X107° 1.0X10° 2.7X10°
Hg-203 ' 1.0X10% 2.7X10° 1.0X10° 2.7X10°¢
Ho-166 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Holmium (67)

Ho-166m 1.0X 10" 2.7X10°%° 1.0X10° 2.7X107
1-123 1.0X10? 2.7X10° 1.0X107 2.7X10*
I-124 1.0X10' 2.7X10"° 1.0X10° 2.7X10°
1-125 1.0X10° 2.7X10° 1.0x10° 2.7X107
1-126 1.ox10* * 2.7X10° 1.0X10° 2.7X10°
1-129 lodine (53) 1.0X10 2.7X10° 1.0X10° 2.7X10°
I-131 1.0X10* 2.7X10° 1.0X10° 2.7X10°
I-132 1.0X10' 2.7X10™" 1.0X10° 2.7X10°
1-133 1.0X10' 2.7X10"° 1.0X10° 2.7X10°
1-134 1.0X10! 2.7X107%° 1.0X10° 2.7X10°

1-135 (a) 1.0X10' 2.7X107"° 1.0X10° 2.7X10°

In-111 1.0X10? 2.7X10° 1.0X10° 2.7X10°

In-113m Indium (49) 1.0X107 2.7X10° 1.0X10° 2.7X10°

In-114m (a) 1.0X10% 2.7X10° 1.0X10° 2.7X107
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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) (Bg) (Ci)
In-115m 1.0X10? 2.7X107° 1.0X10° 2.7X10°
Ir-189 (a) 1.0X10? 2.7X10° 1.0X10’ 2.7X10™
Iridium (77)
Ir-190 1.0X10! 2.7X107'° 1.0X10° 2.7X10°
Ir-192 1.0X10! 2.7X107° 1.0x10* 2.7X107
Iridium (77)
Ir-194 1.0X10° 2.7X10° 1.0X10° 2.7X10°
K-40 1.0X10? 2.7X10° 1.0X10° 2.7X10°
K-42 Potassium (19) 1.0X10? 2.7X107° 1.0X10° 2.7X10%
K-43 1.0X10! 2.7X1071° 1.0X10° 2.7X107
Kr-81 1.0X10* 2.7X107 1.0X107 2.7X10*
Kr-85 1.0X10° 2.7X10°® 1.0x10* 2.7X107
Krypton (36)
Kr-85m 1.0X10° 2.7X10® 1.0X10" 2.7X10!
Kr-87 1.0X10? 2.7X107° 1.0X10° 2.7X107
La-137 1.0X10° 2.7X10® 1.0X10’ 2.7X10%
Lanthanum (57)
La-140 1.0X10! 2.7X1071° 1.0X10° 2.7X10°
Lu-172 1.0X10! 2.7X107%° 1.0X10° 2.7X10°
Lu-173 1.0X10? 2.7X10° 1.0X10’ 2.7X10%
Lu-174 Lutetium (71) 1.0X10? 2.7X107° 1.0X107 2.7X10*
Lu-174m 1.0X10? 2.7X10° 1.0X107 2.7X10%
Lu-177 1.0X10° 2.7X10%® 1.0X10’ 2.7X10%
Mg-28 (a) Magnesium (12) 1.0X10" 2.7X10™"° 1.0X10° 2.7X10°¢
Mn-52 Manganese (25) 1.0X10" 2.7X107° 1.0X10° 2.7X10°
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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) (Bg) (Ci)
Mn-53 1.0x10* 2.7X107 1.0X10° 2.7X107?
Mn-54 1.0X10! 2.7X10°% 1.0X10° 2.7X10°
Mn-56 1.0X10' 2.7X107% 1.0X10° 2.7X10°
Mo-93 1.0X10° 2.7X10°® 1.0X10° 2.7xX10°
Molybdenum (42)
Mo-99 (a) 1.0X10° 2.7X107° 1.0X10° 2.7X107
N-13 Nitrogen (7) 1.0X10? 2.7X10° 1.0x10° 2.7X107
Na-22 1.0X10' 2.7X10" 1.0X10° 2.7X10°
Sodium (11)

Na-24 1.0X10! 2.7X10°Y 1.0X10° 2.7X10°

Nb-93m 1.0X10* 2.7X107 1.0X107 2.7X10°
Nb-94 1.0X10* 2.7X10°Y° 1.0X10° 2.7X10°

Niobium (41)
Nb-95 1.0x10' 2.7X101 1.0X10° 2.7X10%
Nb-97 1.0X10° 2.7X107° 1.0X10° 2.7X10°
Nd-147 1.0X10% 2.7X10° 1.0X10° 2.7X10°
Neodymium (60)

Nd-149 1.0X10° 2.7X10° 1.0X10° 2.7X107%
Ni-59 1.0X10* 2.7X107 1.0X10° 2.7X107
Ni-63 Nickel (28) 1.0X10° 2.7X10° 1.0X10? 2.7X10°
Ni-65 1.0X10! 2.7X10°%° 1.0X10° 2.7X107

Np-235 1.0X10° 2.7X10°® 1.0X107 2.7X10"

Np—236 (shart— 3 .2 7 4
lived) Neptunium (93) 1.0X10 2.7X10 1.0X10 2.7X10
Np'zlf’vzg"“g' 1.0X10° 2.7X10* 1.0X107 2.7X10%
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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 (Bg/g) (Ci/g) (Bg) (Ci)

Np-237 1.0 2.7X10™ 1.0X10° 2.7X10

Np-239 1.0X10% 2.7X10° 1.0X10’ 2.7X10%

Os-185 1.0X10" 2.7X10°"° 1.0X10° 2.7X10°

0s-191 1.0X10? 2.7X107° 1.0X107 2.7xX10%

Os-191m Osmium (76) 1.0X10° 2.7X10°® 1.0X107 2.7X10*

0s-193 1.0X10? 2.7X10° 1.0X10° 2.7X10°

Os-194 (a) 1.0X10? 2.7X10° 1.0X10° 2.7X10°

p-32 1.0X10° 2.7X10°® 1.0X10° 2.7X10°
Phosphorus (15)

pP-33 1.0X10° 2.7X10° 1.0X10® 2.7X10°

Pa-230 (a) 1.0X10! 2.7X1071° 1.0x10° 2.7X107

Pa-231 Protactinium (91) 1.0 2.7X10M 1.0X10° 2.7X10%

Pa-233 1.0X10° 2.7X10° 1.0X107 2.7X10%

Pb-201 1.0X10' 2.7X107"° 1.0X10° 2.7X10°

Pb-202 1.0X10° 2.7X10°% 1.0X10° 2.7X107

Pb-203 1.0X10? 2.7X10° 1.0X10° 2.7X107

Lead (82)

Pb-205 1.0X10° 2.7X107 1.0X107 2.7x107
Pb-210 (a) 1.0x10" 2.7X107% 1.0X10* 2.7X107
Pb-212 (a) 1.0X10! 2.7X107° 1.0X10° 2.7X10°
Pd-103 (a) 1.0X10° 2.7X10°% 1.0X 10 2.7X107

Pd-107 Palladium (46) 1.0X10° 2.7X10°¢ 1.0X10° 2.7X10°

Pd-109 1.0X10° 2.7X10°% 1.0X10° 2.7X10°
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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 (Bg/g)  material (Ci/g) (Bg) (Ci)
Pm-143 1.0X10? 2.7X10° 1.0X10° 2.7X107
Pm-144 1.0X10! 2.7X107° 1.0X10° 2.7X10°
Pm-145 Promethium (61) 1.0X10° 2.7X10°® 1.0X107 2.7X10%
Pm-147 1.0X10* 2.7X107 1.0X107 2.7x10*
Pm-148m (a) 1.0X10' 2.7X10° 1.0X10° 2.7X10°
Pm-149 Promethium (61) 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Pm-151 1.0X10? 2.7X10° 1.0X10° 2.7X10°
Po-210 Polonium (84) 1.0X10! 2.7X10™"° 1.0X10* 2.7X107
Pr-142 . 1.0X10? 2.7X107° 1.0X10° 2.7X10%¢
Praseodymium
Pr-143 9) 1.0X10* 2.7X107 1.0X10° 2.7X107
Pt-188 (a) 1.0X10 2.7X1071° 1.0X10° 2.7X10°
Pt-191 1.0X10? 2.7X10% 1.0X10° *2.7X10°
Pt-193 1.0X10* 2.7X107 1.0X107 2.7X10%
Pt-193m Platinum (78) 1.0X10° 2.7X10% 1.0X107 2.7X10*
Pt-195m 1.0X10? 2.7X10° 1.0X10° 2.7X10°
Pt-197 1.0X10° 2.7X10°% 1.0X10° 2.7X10°
Pt-197m 1.0X10? 2.7X107° 1.0X10° 2.7X107
Pu-236 1.0X10' 2.7X10°1° 1.0x10* 2.7X107
Pu-237 1.0X10° 2.7X10°® 1.0X107 2.7X10*
Plutonium (94)
Pu-238 1.0 2.7X101 1.0x10* 2.7X107
Pu-239 1.0 2.7x10" 1.0X10* 2.7X107
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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) (B (€1
Pu-240 1.0 2.7X10™ 1.0X10° 2.7X103
Pu-241 (a) 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Pu-242 1.0 2.7x10" 1.0x10* 2.7X107
Pu-244 (a) 1.0 2.7X10™M 1.0x10* 2.7X107
Ra-223 (a) 1.0X10? 2.7X10° 1.0X10° 2.7X10°
Ra-224 (a) 1.0X10! 2.7X107° 1.0X10° 2.7X10°
Ra-225 (a) Radium (88) 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Ra-226 (a) 1.0X10' 2.7X107° 1.0X10* 2.7X107
Ra-228 (a) 1.0X10* 2.7X10°1° 1.0X10° 2.7X10°¢
Rb-81 1.0X10" 2.7X10°%° 1.0X10° 2.7X10°
Rb-83 (a) 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Rb-84 : 1.0X101 2.7X10°"° 1.0X10° 2.7X10°
Rubidium (37)
Rb-86 1.0X107 2.7X10° 1.0X10° 2.7X10°
Rb-87 1.0X10* 2.7X107 1.0X10’ 2.7X10*
Rb(nat) 1.0X10* 2.7X107 1.0X107 2.7Xx10%
Re-184 1.0X10' 2.7X10°"° 1.0X10° 2.7X10°
Re-184m 1.0X10° 2.7X107° 1.0X10° 2.7X10°
Re-186 Rhenium (75) 1.0X10° 2.7X108 1.0X10° 2.7X107
Re-187 1.0X10° 2.7X10% 1.0X10° 2.7X107
Re-188 1.0X107 2.7X10° 1.0X10° 2.7X10°°
Re-189 (a) 1.0X107 2.7X10° 1.0X10° 2.7X10°
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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) (Bg) (Ci)
Re(nat) 1.0X10° 2.7X10° 1.0X10° 2.7X10%
Rh-99 1.0x10! 2.7X107"° 1.0X10° 2.7X10?
Rh-101 1.0X10° 2.7X107° 1.0X10’ 2.7X10*
Rh-102 1.0X10" 2.7X107° 1.0X10° 2.7X10°
Rhodium (45)
Rh-102m 1.0X10° 2.7X107° 1.0X10° 2.7X10°
Rh-103m 1.0xX10* 2.7X107 1.0X10% 2.7X107
Rh-105 1.0X10° 2.7X107 1.0X107 2.7X10™
Rn-222 (a) Radon (86) 1.0X10" 2.7X107° 1.0X10° 2.7X10°
Ru-97 1.0X10? 2.7X107° 1.0X10’ 2.7X10*
Ru-103 (a) 1.0X10? 2.7X10° 1.0x10° 2.7X10°
Ruthenium (44)
Ru-105 1.0X10! 2.7X107° 1.0X10° 2.7X10°°
Ru-106 (a) 1.0X107 2.7X10° 1.0X10° 2.7X10°
S-35 Sulphur (16) 1.0X10° 2.7X10°° 1.0X10° 2.7X107
Sb-122 1.0X10° 2.7X107 1.0X10* 2.7X107
Sh-124 1.0X10! 2.7X1071° 1.0X10° 2.7X10°
Antimony (51)
Sb-125 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Sb-126 1.0X10! 2.7X1071° 1.0X10° 2.7X10°
Sc-44 1.0X10* 2.7X107"° 1.0x10° 2.7X10%
Sc-46 1.0X10 2.7X10°%° 1.0X10° 2.7X10°
Scandium (21)
Sc-47 1.0X10? 2.7X107° 1.0X10° 2.7X107
Sc-48 1.0X10! 2.7X10°1° 1.0X10° 2.7X10°
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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 (Bg/g) (Cilg) (Bg) (Ci)
Se-75 1.0X10? 2.7X10° 1.0X10° 2.7X10%
Selenium (34)
Se-79 1.0X10* 2.7X107 1.0X107 2.7X10™
Si-31 1.0X10° 2.7X10°® 1.0X10° 2.7X107
Silicon (14)

Si-32 1.0X10° 2.7X107% 1.0X10° 2.7X10°
Sm-145 1.0X10% 2.7X10° 1.0X10’ 2.7X10"
Sm-147 1.0X1¢! 2.7X1071° 1.0x10* 2.7X107

Samarium (62)
Sm-151 1.0X10* 2.7X107 1.0X10° 2.7X10°
Sm-153 1.0X10? 2.7X10° 1.0X10° 2.7xX10°
Sn-113 (a) 1.0X10° 2.7X10%® 1.0X10’ 2.7X10*
Sn-117m 1.0X10% 2.7X10° 1.0X10° 2.7X10°
Sn-119m 1.0X10° 2.7X10°® 1.0X107 2.7X10*
Sn-121m (a) Tin (50) 1.0X10° 2.7X10® 1.0X10’ 2.7X10™
Sn-123 1.0X10° 2.7X10°® 1.0X10° 2.7X10%
Sn-125 1.0X10? 2.7X10° 1.0X10° 2.7X10°¢
Sn-126 (a) 1.0X10! 2.7X107° 1.0X10° 2.7X10°
Sr-82 (a) 1.0x10' 2.7X107° 1.0X10° 2.7X10°

Sr-85 1.0X10? 2.7X10° 1.0X10° 2.7X10%
Sr-85m 1.0X10° 2.7X10° 1.0X10’ 2.7X10%

Strontium (38)
Sr-87m 1.0X10? 2.7X10° 1.0X10° 2.7X10°

Sr-89 1.0X10° 2.7X10°® 1.0X10° 2.7X10°

Sr-90 (a) 1.0X10? 2.7X10° 1.0X10* 2.7X107
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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 (Bg/g) material (Ci/g) (Bq) (Ci)

Sr-91 (a) 1.0X10! 2.7X107° 1.0X10° 2.7X10°

Sr-92 (a) 1.0X10" 2.7X10"° 1.0X10° 2.7X10°
T(H-3) Tritium (1) 1.0X10° 2.7X10° 1.0X10° 2.7X107

Ta‘llz\ig)"“g" 1.0X10" 2.7X107 1.0X10° 2.7X10°

Ta-179 Tantalum (73) 1.0X10° 2.7X10°* 1.0X10’ 2.7X10"
Ta-182 1.0X10' 2.7X107"° 1.0X10* 2.7X107
Tb-157 1.0x10* 2.7X107 1.0X107 2.7x10™
Tb-158 Terbium (65) 1.0x10' 2.7X10°% 1.0X10° 2.7X10°
Tb-160 1.0x10' 2.7X107° 1.0X10° 2.7X10°

Tc-95m (a) 1.0X10" 2.7X107° 1.0X10° 2.7X10°

Tc-96 1.0x10" 2.7X10°7%° 1.0X10° 2.7X107

Tc-96m (a) 1.0X10° 2.7X10°® 1.0X10’ 2.7X10*

Tc-97 L.ox1¢° 2.7X10°® 1.0X10° 2.7X10°
Technetium (43)

Te-97m 1.0X10° 2.7X10°® 1.0X107 2.7x10™
Tec-98 1.0X10" 2.7X10°° 1.0x10° 2.7X10°
Tc-99 1.0x10* 2.7X107 1.0X107 2.7X10*

Tc-99m 1.0X10? 2.7X10° 1.0X10’ 2.7X10™
Te-121 1.0x10' 2.7X10"° 1.0X10° 2.7X10°

Te-121m Tellurium (52) 1.0X10? 2.7X107 1.0X10° 2.7X10°
Te-123m 1.0X10 2.7X10° 1.0x10’ 2.7x10"*
Te-125m 1.0X10° 2.7X10°® 1.0X107 2.7X10"
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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 (Ba/g) (Ci/g) (By) (Ci)
Te-127 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Te-127m (a) 1.0X10° 2.7X10°® 1.0X107 2.7X10*
Te-129 1.0X10° 2.7X107° 1.0X10° 2.7X10°
Te-129m (a) 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Te-131m (a) 1.0X10' 2.7X1071° 1.0X10° 2.7X10°
Te-132 (a) 1.0X10? 2.7X10° 1.0X10’ 2.7X10*
Th-227 1.0X10! 2.7X107"° 1.0x10* 2.71X107
Th-228 (a) 1.0 2.7X10M 1.0X10* 2.7X107
Th-229 1.0 2.7x101 1.0X10° 2.7X16°%
Th-230 1.0 2.7x101 1.0x10° 2.7X107
Thorium (90)
Th-231 1.0X10? 2.7X10°% 1.0X10’ 2.7X10*
Th-232 1.0X10! 2.7X1071° 1.0X10* 2.7X107
Th-234 (a) 1.0X10° 2.7X108 1.0X10° 2.7X10°¢
Th (nat) 1.0 2.7x10" 1.0X10° 2.7X10°%
Ti-44 (a) Titanium (22) 1.0X10! 2.7X107° 1.0X10° 2.7X10°
Ti-200 1.0x10! 2.7X1071° 1.0x10° 2.7X107
T1-201 1.0X10? 2.7%10° 1.0X10° 2.7X10°
Thallium (81)
TI1-202 1.0X10? 2.7X10° 1.0X10° 2.7X10°
TI-204 1.0xX10* 2.7x107 1.0x10* 2.7X107
Tm-167 1.0X10? 2.7X10° 1.0xX10° 2.7X10°
Thulium (69)
Tm-170 1.0X10° 2.7X10® 1.0X10° 2.7X107
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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) (Bg) (Ci)
Tm-171 1.0X10* 2.7X107 1.0X10° 2.7X107
U-230 (fast
lung absorption) 1.0X10" 2.7X107%° 1.0X10° 2.7X10°¢
(a)(d)
U-230 (medium
lung absorption) Uranium (92) 1.0X10! 2.7X107% 1.0X10° 2.7X10°
(a)e)
U-230 (slow
lung absorption) 1.0X10! 2.7X1071° 1.0X10° 2.7X10°
(axH
U-232 (fast
lung absorption) 1.0 2.7X10°M 1.0X10° 2.7X10°
(d)
U-232 (medium
lung absorption) 1.0 27X10" 1.0X10° 2.7X10°®
(e)
U-232 (slow .
lung absorption) 1.0 2.7X10™"! 1.0X10° 2.7X10°®
()
U-233 (fast
lung absorption) 1.0X10" 2.7X1071° 1.0x10* 2.7X107
(d) Uranium (92)
U-233 (medium
lung absorption) 1.0X10! 2.7X107° L.oxio* 2.7X107
(&)
U-233 (slow
lung absorption) 1.0X10 2.7X10"° 1.0X10* 2.7X107
®
U-234 (fast
lung absorption) 1.0X10! 2.7X107° 1.0X10* 2.7X107
(d)
U-234 (medium 1.0X10! 2.7X107° 1.0X10* 2.7X107
lung absorption)
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TABLEA -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 (Ba/g) (Ci/g) (Bg) (Ci)
(e)
U-234 (slow
lung absorption) 1.0X10 2.7X107%° 1.0X10* 2.7X107
®
U-235 (all lung
absorption 1.0X10" 27X107° 1.0X10° 2.7X107
types)
(@),(d),(e)(D
U-236 (fast
lung absorption) 1.0x10! 2.7X107° 1.0x10* 2.7X107
Y
U-236 (medium
lung absorption) 1.0X10' 2.7X101° 1.0x10* 2.7X107
(e
U-236 (slow
lung absorption) 1.0X10! 2.7X1071° 1.0X10* 2.7X107
®
U-238 (all lung .
absorption Uranium (92) 1.0X10" 2.7X107 1.0X10* 2.7X107
types) (d),(e),(f)
U (nat) 1.0 2.7X1071 1.0X10° 2.7X10°
U (enriched to 11 3 3
20% or less)(g) 1.0 2.7X10 1.0X10 2.7X10
U (dep) 1.0 2.7X10M 1.0X10° 2.7X10%
V-48 1.0X10* 2.7X107 1.0X10° 2.7X10°¢
Vanadium (23)
V-49 1.0X10* 2.7X107 1.0X107 2.7X10*
W-178 (a) 1.0X10* 2.7X107"° 1.0X10° 2.7X10°
W-181 Tungsten (74) 1.0x10° 2.7X10°% 1.0X107 2.7X10™
W-185 1.0X10°* 2.7X107 1.0X107 2.7X10%
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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 (Bg/g)  material (Ci/g) B (Ci)
Ww-187 1.0X10? 2.7X107° 1.0X10° 2.7X10%
W-188 (a) 1.0X10? 2.7X10° 1.0X10° 2.7X10°®
Xe-122 (a) 1.0X10° 2.7X10° 1.0X10° 2.7X10%
Xe-123 1.0X10? 2.7X107° 1.0X10° 2.7X10*
Xe-127 1.0X10° 2.7X10°% 1.0X10° 2.7X10°
Xenon (54)

Xe-131m 1.0X10* 2.7X107 1.0x10* 2.7X107
Xe-133 1.0X10° 2.7X10% 1.0x10* 2.7X107
Xe-135 1.0X10° 2.7X10% 1.0X10" 2.7X107!
Y-87 (a) 1.0X10" 2.7X10°"° 1.0X10° 2.7X10°

Y-88 1.0X10! 2.7X107%° 1.0X10° 2.7X10°
Y-90 1.0X10° 2.7X10°® 1.0X10° 2.7X10°°
Y-91 Yttrium (39) 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Y-91m 1.0X10? 2.7X10° 1.0X10° 2.7X10°
Y-92 1.0X10% 2.7X10° 1.0X10° 2.7X10°°
Y-93 1.0X10? 2.7X10° 1.0X10° 2.7X10°
Yb-169 1.0X10% 2.7X10° 1.0X10’ 2.7X10*

Ytterbium (79)

Yb-175 1.0X10° 2.7X10* 1.0X107 2.7X10*
Zn-65 1.0X10! 2.7X10°° 1.0X10° 2.7X10°%
7Zn-69 Zinc (30) 1.0X10* 2.7X107 1.0X10° 2.7X10°
Zn-69m (a) 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Zr-88 Zirconium (40) 1.0X10? 2.7X10° 1.0X10° 2.7X107
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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 (Bg/g) (Ci/g) (Bg) (Ci)
Zr-93 1.0X10° 2.7X10* 1.0X10’ 2.7X10*
Zr-95 (a) 1.0X10' 2.7X10™"° 1.0X10° 2.7X10°
7Zr-97 (a) 1.0X10* 2.7X107% 1.0X10° 2.7X10°¢

NOTES

(@
(b)

A; and/or A, values include contributions from daughter nuclides w/half-lives less than 10 days.

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-106 Rh-106
Cs-137 Ba-137m
Ce-134 La-134
Ce-144 Pr-144
Ba-140 La-140
Bi-212 T1-208 (0.36), Po-212 (0.64)
Pb-210 Bi-210, Po-210
Pb-212 Bi-212, T1-208 (0.36), Po-212 (0.64)
Rn-220 Po-216
Rn-222 Po-218, Pb-214, Bi-214, Po-214 N
Ra-223 Rn-219, Po-215, Pb-211, Bi-211, T1-207
Ra-224 Rn-220, Po-216, Pb-212, Bi-212, T1-208 (0.36), Po-212 (0.64)
Ra-226 Rn-222, Po-218, 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, Ti1208 (0.36), Po-212 (0.64)
Th-229 Ra-225, Ac-225, Fr-221, 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, T1-208 (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, T1-208 (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-218, Pb-214, Bi-214, Po-214,
U-240 Np-240m
Np-237 Pa-233
Am-242m Am-242
Am-243 Np-239

(©
@
(e)

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.

These values apply only to compounds of uranium that take the chemical form of UF6, UO2F2, and UO2(NO3)2
in both normal and accident conditions of transport.

These values apply only to compounds of uranium that take the chemical form of UO3, UF4, UCH4, and hexavalent
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compounds in both normal and accident conditions of transport.
H 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 VALUES FOR Aj AND A5

Contents A A, Activity Activity Activity Activity limnits for
concentration  concentration limits for exempt
for exempt for exempt exempt consignments
material material consignments
(TBqg) (€ (TBq) (€D (Ba/g) (Cirg) €D
(Bg)
Only beta or gamma
emitting
radionuclides are 1x10" 27x10° 2x107? 54x10" 1x10' 2.7 x107"° 1x10* 2.7 x107
known to be present
Only alpha emitting
radionuclides are 2x107 54x10° 9x10° 24x10°  1x10" 2.7x10" 1x10° 2.7x10°®

known to be present

No relevant data are
available 1x10° 27x10% 9x10° 24x10° 1x 107 2.7x 1012 1x10° 27x%10°®

TABLE A-4: ACTIVITY-MASS RELATIONSHIPS FOR URANIUM

Uranium Enrichment' wt % U-235  Specific Activity

present ° TBqle Cile

0.45 1.8x 10° 50x 107
0.72 26x10° 7.1% 107
1 28x10°% 7.6 x 107
1.5 3.7x10% 1.0x 10
5 1.0 x 107 2.7x10°
10 1.8x107 4.8x10°
20 3.7 x 107 1.0x 107
35 7.4x107 2.0x10°
50 9.3 x 107 2.5x10°
90 22x10° 258x 107
93 2.6x10° 7.0x 107
95 3.4x10° 9.1x10°

T66



SSRCR Volume I - August 2010

' 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 Part T

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-1 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-1 to assure continued consistency between domestic and
international regulations for the basic definition of radioactive material. New A; and A; values are
also adopted, except for molybdenum-99 and californium-252, and 16 radionuclides that do not
appear in TS-R-1, 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-1, 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 radionuclides.
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The DOT has historically used a specific activity threshold of 70 Bg/g (0.002uCi/g) 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 A; and A, values in Table A-1. The A; values apply to special form
radioactive material, and the A, 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 A and A, values for radionuclides listed in TS-R-1. 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 A; or A, 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 JAEA will be changing its recommended A; 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 A; 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 radionuclide.

Also, the NRC and DOT will not be including the A; and A, values for 16 radionuclides not
included in TS-R-1. 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 “TT 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, i.e.,
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. "A"
b. "Ap"
c. "Certificate of Compliance"
d. "Consignment”
e. "Containment system"
f. "Conveyance
g. "Criticality Safety Index"
h. "Deuterium"
i.  "Graphite"
j.  "Highway Route Controlled Quantity (HRCQ)"
k. "Package"
. "Unirradiated uranium”

The definitions of A, and A, values were changed to conform to a split definition of the two values.
This approach is consistent with the standard in TS-R-1.

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 term 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 BIM)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
containing fissile nuclides. The definition of “fissile material package” does not include the new

package designations Types AF, BF, B(U)F, or BO(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 Information; " however, these were
not included in Part T. The need was not seen to include this.

Sec. T.4 - Exemptions. There was no change to paragraph "a. " Revisions in 10 CFR 71.10(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 formatted in conformance to 10
CFR 71.14(a).

New paragraphs "c¢" and "d" were created to incorporate 10 CFR 71 changes which cover
exemptions from classifications as fissile material.
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Sec. T.5 - 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.10 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.10 - 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 ftitle of this section was changed accordingly. This section was T.11 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-5342. 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 500 grams.



2010 Rationale for Part T

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
CSIs 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

11 is also contained in this paragraph.

Sec. T.11 - General License: Plutonium-Beryllium Special Form Material.

The old section (T.12), “General License: Fissile Material, Limited Moderator Per Package” was
deleted in its entirety. A new section (T.11) 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 CSI. 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.11. 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 CSIs 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.12 - Exemption from Classification as Fissile Material: This is a new section added to be
compatible with 10 CFR 71.15.

Sec. T.13 - Assumptions as to Unknown Properties of Fissile Material. There was no change to this
section.

Sec. T.14 - Preliminarv Determinations. There was no change to this section.

Sec. T.15 - 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.18 Shipment Records. This section was renumbered T.18 due to the addition of new section
T.17. 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 CFR 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.17. 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-1 was revised to reflect the values for
these radionuclides in TS-R-1. 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.






