TRANSPORTATION OF RADIOACTIVE MATERIAL

PURPOSE

This procedure identifies pertinent regulations and
provides guidelines and check lists to assure compliance
with federal and state regulations during transportation
of radioactive materials on or off University property
and when preparing radioactive materials for shipment
to another organization or individual.

POLICY

Radioactive materials of any kind, transported on public
roads on or off University property by other than
University personnel using University vehicles, shall be
packaged and labeled in compliance with U.S. Depart-
ment of Transportation (DOT) regulations. Radioactive
materials may be shipped from the University to another
organization or individual only after verification by the
Radiation Safety Officer that all transfer, packaging,
labeling and transportation requirements have been met.

The DOT Office of Chief Counsel has determined that
"hazardous materials transported by a state agency
which are packaged and handled solely by state
employees and transported in state owned and operated
vehicles are not considered to be in commerce and are
therefore excepted from the Hazardous Materials
Transportation Act and the Hazardous Materials
Regulations developed under the Act." (Letter to Keith
J. Schiager from DOT dated 19 February 1993).
However, all transportation of radioactive materials,
including that performed by University employees using
University vehicles, shall be conducted safely and in
accordance with approved University procedures.

To assure that all requirements for shipment are met,
and that appropriate records are maintained, a written
authorization form and one or more check lists shall be
prepared by the individual responsible for the shipment
and approved by the RSO before the shipment is made.
The instructions and forms for various applications are
contained in Radiation Procedures and Records related
to those applications.

REFERENCES

International Air Transport Association (IATA),
Dangerous Goods Regulation, 45" Edition, 2004

U.S. Department of Transportation (DOT) regulations,
49 CFR, Parts 171 through 178. Unless otherwise speci-
fied, references are to DOT regulations and the "49
CFR" designation may be omitted.

U.S. Nuclear Regulatory Commission (NRC) regula-
tions, 10 CFR, Parts 61 and 71.

U.S. Postal Service Publication #52, Hazardous,
Restricted, and Perishable Mail, July 1999.

U.S. Environmental Protection Agency (EPA) regula-
tions, 40 CFR, Parts 260 - 262.

U. S. Department of Transportation, letter to Keith J.
Schiager from George A. Brown, Chief, Radioactive
Materials Branch, Office of Hazardous Materials
Technology, dated 19 February 1993. Also personal
communication, Richard W. Boyle, Chief Radioactive
Materials Branch, to James J. Thompson, November 14,
1997.

DEFINITIONS (from 49 CFR)

Cargo Loss Reporting System and Procedures [101-4.5]:

Bill of Lading: The document by which a carrier
acknowledges receipt of freight and contracts for its
carriage.

Manifest: A tabulation of waybills on the loaded
vehicle. (For hazardous wastes as defined in 40 CFR
261, the manifest is EPA form 8700-22 and 8700-22A,
if necessary.)

Waybill: A document prepared from a "bill of lading"
that accompanies shipment from origin to destination;
also known as "freight bill".
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Definitions and Abbreviations [171.8]:

Carrier: A person engaged in the transportation of
passengers or property by: (1) Land or water, as a
common, contract, or private carrier, or (2) Civil
aircraft. Also called a transporter.

Designated Facility: A hazardous waste treatment,
storage, or disposal facility that has been designated on
the manifest by the generator.

Hazardous Material: A substance or material which
has been determined by the Secretary of Transportation
to be capable of posing an unreasonable risk to health,
safety, and property when transported in commerce, and
which has been so designated. (Radioactive materials
except homogeneous substances with specific activities
less than the quantities in Table 1 and total activities less
than the quantities in Table 1 are considered hazardous
materials.)

Hazardous Waste: Hazardous wastes are defined by
the EPA in 40 CFR 261.3. For transportation purposes,
a hazardous waste is any material that is subject to the
Hazardous Waste Manifest Requirements of the EPA
specified in 40 CFR 262.

40 CFR 262.11 states that a person who generates a
solid waste should first determine if the waste is
excluded from regulation.
Section 40 CFR 261.4, Exclusions, states:
"(a) The following are not solid wastes for purpose
of this part:" Under (), only one subparagraph is
relevant:
"(4) Source, special nuclear or by-product material
as defined by the Atomic Energy Act of 1954, as
amended, 42 U.S.C. 2011 et seq."

10 CFR 20.3(a)(3) defines byproduct material as any
radioactive material (except special nuclear material)
yielded in or made radioactive by exposure to the radia-
tion incident to the process of producing or utilizing
special nuclear material.

10 CFR 61.2 states: "Waste" means those low-level
radioactive wastes containing source, special nuclear, or
byproduct material that are acceptable for disposal in a
land disposal facility.

(According to these definitions, low-level radioactive
wastes are not "hazardous wastes™” by EPA definition,
although the definitions do not include accelerator-
produced or naturally-occurring radioactive materials.
To avoid confusion, the term "waste" should not be used
on the manifest or shipping papers for low-level radio-
active wastes.)

Limited Quantity: The maximum amount of a
hazardous material for which there is a specific labeling
and packaging exception.

ORM: Other Regulated Materials.

Shipping Paper: A shipping order, bill of lading,
manifest or other shipping document serving a similar
purpose and containing the information required by
172.202, 172.203 and 172.204.

Subpart D - Flammable, Combustible, and Pyrophoric
Materials

Flammable Liguid: Any liquid having a flash point
below 100 degrees Fahrenheit. [173.120(a)]

Limited Quantities: Flammable liquids in individual
containers having a capacity of not over 0.5L, packed in
strong outside containers, are exempt from the labeling
and specification packaging requirements. [173.150(b)]

Combustible Liguid: Any liquid with a flash point of
141 to 200 degrees Fahrenheit. [173.120(b)]

Subpart | - Radioactive Materials - Definitions

[173.403]:

Contamination Limits: Removable contamination on
the surfaces of any package shall be determined by
wiping an area of 300 cm® The level of removable
contamination shall be kept as low as reasonably
achievable but shall not exceed a measured activity of 4
Bg/cm? (220 dpm/cm?) for beta, gamma, or low toxicity
alpha emitters or 0.4 Bg/cm? ( 22 dpm/cm?) for other
alpha emitters. [173.443].

Type A Quantities: A; is the maximum activity of
"special form" material and A, is the maximum activity
for any other radioactive material that may be shipped in
a Type A package. A list of values are listed in Table 2
of this procedure.
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Exclusive Use: The sole use of a vehicle by a single
shipper, and for which all initial, intermediate, and final
loading and unloading are carried out in accordance with
the direction of the shipper or receiver. Any loading or
unloading shall be performed by personnel having
radiological training and resources appropriate for safe
handling of the shipment. Specific instructions for
maintenance of exclusive use shipment controls shall be
issued in writing and included with the shipping paper
information provided to the carrier by the shipper.
[173.403]

Fissile Material: Any material containing one or more
of the fissile nuclides Pu-239, Pu-241, U-233 and U-
235. For controls see 173.457; for exclusions see
173.453.

Highway Route Controlled Quantity: A quantity
within a single package which contains 3,000 times the
relevant A; or A, quantity or 1000 TBg (27000 Ci)
curies, whichever is least. Any package containing a
highway route controlled quantity shall bear a
"Radioactive Yellow-11I" label regardless of external
exposure rates. Any vehicle carrying highway route
controlled quantity shall display the "Radioactive"
placard with a white background [172.527 ].

Limited Quantities: Packages that are exempt from
specific packaging and labeling requirements because
they contain no more than the following:

Solids: 0.001 A; or A,

Liquids: 0.0001 A,

Gases: 0.001 A or A,

Additional limits for tritiated water, tritium gas and

for instruments and devices are provided in 173.425.

Low Specific Activity (LSA): The following materials
are classified into three LSA categories [173.403]:
LSA-I — Ores containing natural U or Th ores and
concentrates
LSA-I - Unirradiated natural U or Th
LSA-I - Depleted U
LSA -1- Radioactive material, other than fissile, with
an unlimited A, value

LSA-II - Water with a tritium concentration up to
0.8 TBg/liter (20 Ci/liter)

LSA-Il - Materials in which the radioactivity is
essentially uniformly distributed and the average

specific activity does not exceed 10 A,/g for solids
and gases and 10 A/g for liquids.

LSA-IlIl - Radioactive material is uniformly
distributed throughout a solid, compact binding
agent and is relatively insoluble with the average
specific activity not exceeding 2x10° A,/g.

Radioactive Material: Any material containing
radionuclides where both the activity concentration and
the total activity in the consignment exceed the values
specified in Table 1.

Specific Activity: For a radionuclide, specific activity
means the activity of the radionuclide per unit mass of
the nuclide. For a material in which the radionuclide is
essentially uniformly distributed, specific activity means
the activity per unit mass of the material.

Transport Index (TH: A dimensionless number
derived from the maximum exposure rate at 1 meter
from the package surface expressed in mrem/hr and
rounded upward to the nearest 0.1 mrem/hr. If the
measured T1 is not greater than 0.05, the value may be
considered to be zero. [172.403]

Type A Package: means a package together with its
radioactive contents limited to A; or A, as appropriate
meets the requirements of 173.410 and 173.412 and is
designed to retain the integrity of containment and
shielding under normal conditions of transport as
demonstrated by tests specified in 173.465 and 173.466.
Standard requirements for all packages are contained in
173.24 and the specifications for Type A packages are
defined by Specification 7A in 178.350.

Type B Package: Meets special test requirements for
normal and hypothetical accident conditions of transport
as specified in 10 CFR 71.51, 71 and 73. Any quantity
of radioactive material exceeding the A; or A, quantities
is a Type B quantity.

LOCAL TRANSPORTATION PROCEDURES

Transportation authorization:

Transportation of radioactive materials between
individuals or facilities within the University is
permitted only if authorized in advance by the RSO.
The Receiving Department is authorized to deliver
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unopened packages of radioactive materials after they
have been checked by the RSO.

Original packages from vendors:

Packages containing radioactive materials received by
common carrier may be transported in the original,
unopened container. If the package has been opened,
care shall be taken to assure that it has been resealed and
that no contamination is present before it can be reused.

Non-specification containers:

Many of the radioactive materials that are transported
locally, such as radioactive wastes, meet the definitions
of Limited Quantities or Low Specific Activity. For
these materials, non-specification containers may be
used provided that they meet the requirements of
173.410. For Limited Quantities, the transport vehicle
does not require placarding; however, placarding is re-
quired for LSA materials in an exclusive-use vehicle.
Arrangements for transport of any radioactive material
on public roads shall be made in advance with the RSO.

Transfer and Shipment Records:

Each transfer of radioactive material, even locally, shall
be accompanied by an appropriate record which also
serves as a shipping document. Transfers of radioactive
materials between the University and the Veterans
Administration Medical Center are recorded on form
"UU-VA RADIOACTIVE MATERIAL TRANSFER"
(RPR 13G). Shipments of limited quantities of radio-
isotopes are recorded on "RADIOISOTOPE LIMITED
QUANTITY CHECK LIST" (RPR 14LQ). All other
transfers or shipments are to be recorded on the forms
attached to this procedure.

AIRBORNE SHIPMENTS

The only radioactive materials that may be transported
on a passenger-carrying aircraft are those intended for
use in, or incident to, research or medical diagnosis or
treatment. Detailed regulations for air shipments of
materials requiring Yellow-11 or Yellow-11I labels are
contained in 175.700.

SHIPPING PROCEDURES

1 Before any radioactive material other than wastes
may be shipped from the University, the responsi-
ble user shall complete the "RECEIVER
IDENTIFICATION AND AUTHORIZATION"
form (RPR 551D) and obtain authorization from the
RSO. Prior to shipment, the RSO shall verify the
license status and shipping address of the receiver.

2 As part of the preparation for shipment, the
appropriate check list(s) shall be completed and
approved by the RSO. The contents of the package
and the proposed method of shipment will determine
which check list is to be used. If there is no
standard check list for a proposed material or ship-
ment method, the RSO will supervise the prepara-
tions for the shipment and the appropriate documen-
tation.

CHECKLISTS (attached)

RPR 55ID. RECEIVER IDENTIFICATION AND
AUTHORIZATION FOR SHIPMENT OF RADIOAC-
TIVE MATERIAL

RPR 55A. COMMON CARRIER SHIPMENT OF
TYPE A RADIOACTIVE MATERIAL

RPR 55RW. COMMON CARRIER SHIPMENT OF
RADWASTE

RPR 55LSA. EXCLUSIVE-USE VEHICLE SHIP-
MENT OF LSA RADWASTE

RPR55EUV. EXCLUSIVE USE VEHICLE SURVEY
AND DRIVER'S INSTRUCTIONS
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Table 1. Exempt Material Activity concentrations and exempt consignment activity limits for Radionuclides.

Activity con- Activity con- L
: centration Activity limit for L
Sy.mbOI c.Jf Element and atomic number centration fo'r for exempt exempt Activity .I'm't for exgmpt
radionuclide exempt material np . P consignment (Ci)
(Balg) matgrlal consignment (Bq)
(Cilg)

Ac-225 Actinium (89) 1.0x101 2.7%x10-10 1.0x104 2.7x107
Ac-227 1.0x101 2.7%10-12 1.0x103 2.7x10-8
Ac-228 1.0x101 2.7x10-10 1.0x10s 2.7x10s
Ag-105 Silver (47) 1.0x102 2.7x10-9 1.0x106 2.7x10s
Ag-108m (b) 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Ag-110m 1.0x101 2.7%x10-10 1.0x10s 2.7x10s
Ag-111 1.0x103 2.7x10 1.0x10s 2.7x10s
Al-26 Aluminum (13) 1.0x10: 2.7x10-10 1.0x10s 2.7x10-6
Am-241 Americium (95) 1.0 2.7x10-1 1.0x104 2.7x10-7
Am-242m (b) 1.0 2.7x10-11 1.0x104 2.7x10-7
Am-243 (b) 1.0 2.7x10-1 1.0x103 2.7x10-
Ar-37 Argon (18) 1.0x10s 2.7%x10-5 1.0x10s 2.7x10-3
Ar-39 1.0x107 2.7x10-4 1.0x104 2.7x10-7
Ar-41 1.0x102 2.7x10- 1.0x109 2.7x10-2
As-72 Arsenic (33) 1.0x10: 2.7x10-10 1.0x10s 2.7x10-6
As-73 1.0x103 2.7x10 1.0x107 2.7x10-4
As-74 1.0x10: 2.7x10-10 1.0x10s 2.7x10s
As-76 1.0x102 2.7x109 1.0x10s 2.7x10s
As-77 1.0x10s 2.7x10-8 1.0x106 2.7x10s
At-211 Astatine (85) 1.0x103 2.7x10 1.0x107 2.7%10-4
Au-193 Gold (79) 1.0x102 2.7x109 1.0x107 2.7x10-4
Au-194 1.0x10: 2.7x10-10 1.0x10s 2.7x10s
Au-195 1.0x102 2.7x109 1.0x107 2.7x10-4
Au-198 1.0x102 2.7x10-9 1.0x106 2.7x10s
Au-199 1.0x102 2.7x109 1.0x10s 2.7x10s
Ba-131 Barium (56) 1.0x102 2.7x10-9 1.0x106 2.7x10s
Ba-133 1.0x102 2.7x109 1.0x10s 2.7x10s
Ba-133m 1.0x102 2.7x10-9 1.0x106 2.7x10s
Ba-140 (b) 1.0x101 2.7x10-10 1.0x10s 2.7x10s
Be-7 Beryllium (4) 1.0x10s 2.7x10-8 1.0x107 2.7x10-4
Be-10 1.0x104 2.7x10+7 1.0x10s 2.7x10s
Bi-205 Bismuth (83) 1.0x10: 2.7x10-10 1.0x106 2.7x10s
Bi-206 1.0x101 2.7%10-10 1.0x10s 2.7x10-6
Bi-207 1.0x101 2.7x10-10 1.0x10s 2.7x10s
Bi-210 1.0x103 2.7x10 1.0x10s 2.7x10s
Bi-210m 1.0x101 2.7x10-10 1.0x10s 2.7x10-6
Bi-212 (b) 1.0x101 2.7x10-10 1.0x10s 2.7x10s
Bk-247 Berkelium (97) 1.0 2.7x10-1 1.0x104 2.7x10-7
Bk-249 . 1.0x103 2.7x10 1.0x10s 2.7x10s
Br-76 Bromine (35) 1.0x10z 2.7%x10-10 1.0x10s 2.7%x10-6
Br-77 1.0x102 2.7x109 1.0x10s 2.7x10s
Br-82 1.0x10: 2.7x10-10 1.0x10s 2.7x10s
C-11 Carbon (6) 1.0x10z 2.7x10-10 1.0x106 2.7x10-5
C-14 1.0x104 2.7x107 1.0x107 2.7%10-4
Ca-41 Calcium (20) 1.0x10s 2.7x10-6 1.0x107 2.7x10-4
Ca-45 1.0x104 2.7x107 1.0x107 2.7%10-4
Ca-47 1.0x101 2.7x10-10 1.0x10s 2.7x10s
Cd-109 Cadmium (48) 1.0x104 2.7x10-7 1.0x106 2.7x10s
Cd-113m 1.0x103 2.7x10 1.0x10s 2.7x10s
Cd-115 1.0x102 2.7x10-9 1.0x10s 2.7x10s
Cd-115m 1.0x103 2.7x10 1.0x10s 2.7x10s
Ce-139 Cerium (58) 1.0x102 2.7x10-9 1.0x106 2.7x10s
Ce-141 1.0x102 2.7x109 1.0x107 2.7x10-4
Ce-143 1.0x102 2.7x10-9 1.0x10s 2.7x10s
Ce-144 (b) 1.0x102 2.7x10s 1.0x10s 2.7x10s
Cf-248 Californium (98) 1.0x10: 2.7x10-10 1.0x104 2.7x107
Cf-249 1.0 2.7x10-11 1.0x103 2.7x10-8
Cf-250 1.0x10: 2.7x10-10 1.0x104 2.7x107
Cf-251 1.0 2.7x10-1 1.0x103 2.7x10-
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Activity con-

Activity con-

Symbol of . centration for centration Activity limit for Activity limit for exempt
radionuclide Element and atomic number exempt material for exer_npt _exempt consignment (Ci)
(Ba/g) matgrlal consignment (Bq)
(Cilg)

Cf-252 1.0x10: 2.7x10-10 1.0x104 2.7x10-7
Cf-253 1.0x102 2.7x10-9 1.0x10s 2.7x10-6
Cf-254 1.0 2.7x10-11 1.0x10s 2.7x10-8
Cl-36 Chlorine (17) 1.0%104 2.7x107 1.0%106 2.7x105
Cl-38 1.0x10: 2.7x10-10 1.0x10s 2.7x10-6
Cm-240 Curium (96) 1.0x102 2.7x10-9 1.0x10s 2.7x10-6
Cm-241 1.0x102 2.7x10-9 1.0x106 2.7x105
Cm-242 1.0x102 2.7x10-9 1.0x10s 2.7x10-6
Cm-243 1.0 2.7x10-11 1.0x104 2.7x107
Cm-244 1.0x101 2.7x10-10 1.0x104 2.7x107
Cm-245 1.0 2.7%10-11 1.0x103 2.7x10-8
Cm-246 1.0 2.7x10-11 1.0x10s 2.7x10-8
Cm-247 1.0 2.7x10-11 1.0x104 2.7x107
Cm-248 1.0 2.7x10-11 1.0x10s 2.7x10-s
Co-55 Cobalt (27) 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Co0-56 1.0x101 2.7x10-10 1.0x10s 2.7x10-6
Co-57 1.0x102 2.7%10-9 1.0x106 2.7x105
Co0-58 1.0%101 2.7x10-10 1.0x10s 2.7x10s
Co0-58m 1.0x104 2.7x107 1.0x107 2.7%10-4
Co-60 1.0x101 2.7x10-10 1.0x10s 2.7x10-6
Cr-51 Chromium (24) 1.0x103 2.7x10-8 1.0x107 2.7x10-4
Cs-129 Cesium (55) 1.0x102 2.7x10-9 1.0x10s 2.7x10-6
Cs-131 1.0x103 2.7x10-8 1.0x106 2.7x105
Cs-132 1.0%101 2.7x10-10 1.0x10s 2.7x10-6
Cs-134 1.0x101 2.7%10-10 1.0x104 2.7x107
Cs-134m 1.0x103 2.7x10-s 1.0x10s 2.7x10-6
Cs-135 1.0x104 2.7x107 1.0x107 2.7%10-4
Cs-136 1.0x101 2.7x10-10 1.0x10s 2.7x10-6
Cs-137 (b) 1.0x10: 2.7x10-10 1.0x104 2.7x10-7
Cu-64 Copper (29) 1.0x102 2.7x10-9 1.0x106 2.7x10-5
Cu-67 1.0x102 2.7x10-9 1.0x106 2.7x105
Dy-159 Dysprosium (66) 1.0x10s 2.7x10-s 1.0x107 2.7x10-4
Dy-165 1.0x103 2.7x10-8 1.0x106 2.7x105
Dy-166 1.0x103 2.7x10-s 1.0x10s 2.7x10s
Er-169 Erbium (68) 1.0x104 2.7x10-7 1.0x107 2.7x10-4
Er-171 1.0x102 2.7x10-9 1.0x10s 2.7x10s
Eu-147 Europium (63) 1.0x102 2.7x10-9 1.0x106 2.7x10-5
Eu-148 1.0x101 2.7x10-10 1.0x10s 2.7x10s
Eu-149 1.0x102 2.7%10-9 1.0x107 2.7%10-4
Eu-150 (short lived) 1.0x10s 2.7x10-s 1.0x106 2.7x105
Eu-150 (long lived) 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Eu-152 1.0x101 2.7x10-10 1.0x10s 2.7x10s
Eu-152m 1.0x102 2.7%10-9 1.0x106 2.7x105
Eu-154 1.0x101 2.7x10-10 1.0x10s 2.7x10s
Eu-155 1.0x102 2.7%10-9 1.0x107 2.7%10-4
Eu-156 1.0x101 2.7x10-10 1.0x10e 2.7x105
F-18 Fluorine (9) 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Fe-52 Iron (26) 1.0x101 2.7x10-10 1.0x10s 2.7x10s
Fe-55 1.0x104 2.7x107 1.0x106 2.7x105
Fe-59 1.0x101 2.7x10-10 1.0x10e 2.7x10s
Fe-60 1.0x102 2.7x10-9 1.0x10s 2.7x10-6
Ga-67 Gallium (31) 1.0x102 2.7x109 1.0x10s 2.7x10s
Ga-68 1.0x101 2.7%10-10 1.0x10s 2.7x10-6
Ga-72 1.0x101 2.7x10-10 1.0x10s 2.7x10-6
Gd-146 Gadolinium (64) 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Gd-148 1.0x101 2.7x10-10 1.0x104 2.7x107
Gd-153 1.0x102 2.7x10-9 1.0x107 2.7x10-4
Gd-159 1.0x103 2.7x10- 1.0x10s 2.7x10s
Ge-68 Germanium (32) 1.0x10: 2.7x10-10 1.0x10s 2.7x10-6
Ge-71 1.0%104 2.7x107 1.0x10s 2.7x10-3
Ge-77 1.0x101 2.7%10-10 1.0x10s 2.7x10-6
Hf-172 Hafnium (72) 1.0%101 2.7x10-10 1.0x10s 2.7x10s
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Activity con-

Activity con-

Symbol of . centration for centration Activity limit for Activity limit for exempt
radionuclide Element and atomic number exempt material for exer_npt _exempt consignment (Ci)
(Ba/g) matgrlal consignment (Bq)
(Cilg)

Hf-175 1.0x102 2.7x10s 1.0x106 2.7x10s
Hf-181 1.0x101 2.7x10-10 1.0x10s 2.7x10-5
Hf-182 1.0x102 2.7x10-9 1.0x106 2.7x10-5
Hg-194 Mercury (80) 1.0x10: 2.7x10-10 1.0x106 2.7x105
Hg-195m 1.0x102 2.7x10s 1.0x106 2.7x10s
Hg-197 1.0x102 2.7x10- 1.0x107 2.7%10-4
Hg-197m 1.0x102 2.7x10s 1.0x106 2.7x10s
Hg-203 1.0x102 2.7x10- 1.0x10s 2.7x10-6
Ho-166 Holmium (67) 1.0x10s 2.7x10-8 1.0x10s 2.7x10-6
Ho-166m 1.0x101 2.7x10-10 1.0x106 2.7x10-5
1-123 lodine (53) 1.0x102 2.7x10s 1.0x107 2.7x104
1-124 1.0x101 2.7x10-10 1.0x106 2.7x10-5
1-125 1.0x103 2.7x10s 1.0x106 2.7x10s
1-126 1.0x102 2.7x10- 1.0x106 2.7x10-5
1-129 1.0x102 2.7x10-9 1.0x10s 2.7x10-6
1-131 1.0x102 2.7x10- 1.0x106 2.7x10-5
1-132 1.0x101 2.7%10-10 1.0x10s 2.7x10-6
1-133 1.0x101 2.7x10-10 1.0x106 2.7x10-5
1-134 1.0x101 2.7%10-10 1.0x10s 2.7x10-6
1-135 1.0x101 2.7x10-10 1.0x106 2.7x10-5
In-111 Indium (49) 1.0x102 2.7x10s 1.0x106 2.7x10s
In-113m 1.0x102 2.7x10- 1.0x106 2.7x10-5
In-114m 1.0x102 2.7x10s 1.0x106 2.7x10s
In-115m 1.0x102 2.7x10- 1.0x106 2.7x10-5
Ir-189 Iridium (77) 1.0x102 2.7x10s 1.0x107 2.7x10-4
Ir-190 1.0x101 2.7x10-10 1.0x106 2.7x10-5
Ir-192 1.0x101 2.7%10-10 1.0x104 2.7x107
Ir-194 1.0x102 2.7x10- 1.0x10s 2.7x10-6
K-40. Potassium (19) 1.0x102 2.7x10-9 1.0x106 2.7x10-5
K-42 1.0x102 2.7x10- 1.0x106 2.7x10-5
K-43 1.0x101 2.7%10-10 1.0x106 2.7x105
Kr-81 Krypton (36) 1.0x104 2.7x10-7 1.0x107 2.7x10-4
Kr-85 1.0x10s 2.7x10-6 1.0x104 2.7x107
Kr-85m 1.0x103 2.7x10-s 1.0x1010 2.7x104
Kr-87 1.0x102 2.7x10-9 1.0x109 2.7x10-2
La-137 Lanthanum (57) 1.0x10s 2.7x10-s 1.0x107 2.7x10-4
La-140 1.0x101 2.7%10-10 1.0x10s 2.7x10-6
Lu-172 Lutetium (71) 1.0x101 2.7x10-10 1.0x106 2.7x10-5
Lu-173 1.0x102 2.7x10s 1.0x107 2.7x10-4
Lu-174 1.0x102 2.7x10- 1.0x107 2.7x10-4
Lu-174m 1.0x102 2.7x10s 1.0x107 2.7x10-4
Lu-177 1.0x103 2.7x10-s 1.0x107 2.7x10-4
Mg-28 Magnesium (12) 1.0x10: 2.7x10-10 1.0x10s 2.7x10-6
Mn-52 Manganese (25) 1.0x10: 2.7x10-10 1.0x10s 2.7x10-6
Mn-53 1.0x104 2.7x10-7 1.0x109 2.7x10-2
Mn-54 1.0x101 2.7x10-10 1.0x106 2.7x10-5
Mn-56 1.0x101 2.7%10-10 1.0x10s 2.7x10-6
Mo-93 Molybdenum (42) 1.0x10s 2.7x10-s 1.0x10s 2.7x10-3
Mo-99 1.0x102 2.7x10-9 1.0x106 2.7x105
N-13 Nitrogen (7) 1.0x102 2.7x10-9 1.0x109 2.7x10-2
Na-22 Sodium (11) 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Na-24 1.0x101 2.7x10-10 1.0x10s 2.7x10-6
Nb-93m Niobium (41) 1.0x104 2.7x107 1.0x107 2.7x10-4
Nb-94 1.0x101 2.7x10-10 1.0x106 2.7x10-5
Nb-95 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Nb-97 1.0x101 2.7x10-10 1.0x106 2.7x10-5
Nd-147 Neodymium (60) 1.0x102 2.7x10-9 1.0x106 2.7x10-5
Nd-149 1.0x102 2.7x10- 1.0x106 2.7x10-5
Ni-59 Nickel (28) 1.0x104 2.7x107 1.0x10s 2.7x103
Ni-63 1.0x10s 2.7x10-6 1.0x10s 2.7x10-3
Ni-65 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Np-235 Neptunium (93) 1.0x10s 2.7x10-s 1.0x107 2.7x10-4
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Symbol of . centration for centration Activity limit for Activity limit for exempt
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(Ba/g) matgrlal consignment (Bq)
(Cilg)

Np-236 (short-lived) 1.0x103 2.7x10-8 1.0x107 2.7x10-4
Np-236 (long-lived) 1.0x102 2.7x10-9 1.0x10s 2.7x10-6
Np-237 (b) 1.0 2.7x10-11 1.0x103 2.7x10-8
Np-239 1.0x102 2.7x10- 1.0x107 2.7%10-4
0s-185 Osmium (76) 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
0s-191 1.0x102 2.7x10- 1.0x107 2.7x10-4
0s-191m 1.0x103 2.7x10-8 1.0x107 2.7%10-4
0s-193 1.0x102 2.7x10- 1.0x10s 2.7x10-5
0s-194 1.0x102 2.7x10-9 1.0x10s 2.7x10-6
p-32 Phosphorus (15) 1.0x10s 2.7x10-s 1.0x10s 2.7x10-6
P-33 1.0x10s 2.7x10s 1.0x10s 2.7x103
Pa-230 Protactinium (91) 1.0x10: 2.7x10-10 1.0x106 2.7x105
Pa-231 1.0 2.7x10-11 1.0x103 2.7x10-8
Pa-233 1.0x102 2.7x10s 1.0x107 2.7x10-4
Pb-201 Lead (82) 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Pb-202 1.0x103 2.7x10- 1.0x106 2.7x10-s
Pb-203 1.0x102 2.7x10-9 1.0x106 2.7x10-5
Pb-205 1.0x104 2.7x107 1.0x107 2.7x10-4
Pb-210 (b) 1.0x10: 2.7x10-10 1.0x104 2.7x10-7
Pb-212 (b) 1.0x101 2.7x10-10 1.0x10s 2.7x10-6
Pd-103 Palladium (46) 1.0x10s 2.7x10-8 1.0x10s 2.7x10-3
Pd-107 1.0x10s 2.7x10s 1.0x10s 2.7x103
Pd-109 1.0x10s 2.7x10-8 1.0x106 2.7x10-5
Pm-143 Promethium (61) 1.0x102 2.7x10-9 1.0x106 2.7x10-5
Pm-144 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Pm-145 1.0x103 2.7x10- 1.0x107 2.7x10-4
Pm-147 1.0x104 2.7x10-7 1.0x107 2.7x10-4
Pm-148m 1.0x101 2.7x10-10 1.0x10s 2.7x10-5
Pm-149 1.0x10s 2.7x10-8 1.0x106 2.7x10-5
Pm-151 1.0x102 2.7x10s 1.0x106 2.7x10-
Po-210 Polonium (84) 1.0x10: 2.7x10-10 1.0x104 2.7x10-7
Pr-142 Praseodymium (59) 1.0x102 2.7x10-9 1.0x10s 2.7x10-6
Pr-143 1.0x104 2.7x10-7 1.0x106 2.7x10-5
Pt-188 Platinum (78) 1.0x10: 2.7x10-10 1.0x106 2.7x105
Pt-191 1.0x102 2.7x10-9 1.0x106 2.7x10-5
Pt-193 1.0x104 2.7x107 1.0x107 2.7x10-4
Pt-193m 1.0x10s 2.7x10-8 1.0x107 2.7x10-4
Pt-195m 1.0x102 2.7x10- 1.0x10s 2.7x10-5
Pt-197 1.0x10s 2.7x10-8 1.0x106 2.7x10-5
Pt-197m 1.0x102 2.7x10- 1.0x106 2.7x10-
Pu-236 Plutonium (94) 1.0x10z 2.7x10-10 1.0x104 2.7x107
Pu-237 1.0x103 2.7x10- 1.0x107 2.7x10-4
Pu-238 1.0 2.7x10-11 1.0x104 2.7x10-7
Pu-239 1.0 2.7x10-1 1.0x104 2.7x107
Pu-240 1.0 2.7x10-11 1.0x103 2.7x10-8
Pu-241 1.0x102 2.7x10 1.0x10s 2.7x10-6
Pu-242 1.0 2.7x10-11 1.0x104 2.7x10-7
Pu-244 1.0 2.7x10-11 1.0x104 2.7x107
Ra-223 (b) Radium (88) 1.0x102 2.7x10-9 1.0x10s 2.7x10-6
Ra-224 (b) 1.0x10z 2.7x10-10 1.0x10s 2.7x10-6
Ra-225 1.0x102 2.7x10-9 1.0x10s 2.7x10-6
Ra-226 (b) 1.0x10z 2.7x10-10 1.0x104 2.7x107
Ra-228 (b) 1.0x10: 2.7x10-10 1.0x10s 2.7x10-6
Rb-81 Rubidium (37) 1.0x10z 2.7x10-10 1.0x106 2.7x105
Rb-83 1.0x102 2.7x10-9 1.0x106 2.7x10-5
Rb-84 1.0x101 2.7%10-10 1.0x106 2.7x105
Rb-86 1.0x102 2.7x10-9 1.0x10s 2.7x10-6
Rb-87 1.0x104 2.7x107 1.0x107 2.7x10-4
Rb(nat) 1.0x104 2.7x10-7 1.0x107 2.7x10-4
Re-184 Rhenium (75) 1.0x10: 2.7x10-10 1.0x106 2.7x105
Re-184m 1.0x102 2.7x10-9 1.0x106 2.7x10-5
Re-186 1.0x103 2.7x10- 1.0x106 2.7x10-s
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radionuclide Element and atomic number exempt material for exer_npt _exempt consignment (Ci)
(Ba/g) matgrlal consignment (Bq)
(Cilg)

Re-187 1.0x106 2.7x10-5 1.0x109 2.7x10-2
Re-188 1.0x102 2.7x10-9 1.0x10s 2.7x10-6
Re-189 1.0x102 2.7x10-9 1.0x106 2.7x105
Re(nat) 1.0x106 2.7x10-5 1.0x109 2.7x10-2
Rh-99 Rhodium (45) 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Rh-101 1.0x102 2.7x10-9 1.0x107 2.7x10-4
Rh-102 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Rh-102m 1.0x102 2.7x10-9 1.0x106 2.7x10-5
Rh-103m 1.0x104 2.7x10-7 1.0x10s 2.7x10-3
Rh-105 1.0x102 2.7x10-9 1.0x107 2.7x10-4
Rn-222 (b) Radon (86) 1.0x10: 2.7x10-10 1.0x10s 2.7x10-3
Ru-97 Ruthenium (44) 1.0x102 2.7x10-9 1.0x107 2.7x10-4
Ru-103 1.0x102 2.7x10-9 1.0x106 2.7x105
Ru-105 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Ru-106 (b) 1.0x102 2.7x10-9 1.0x10s 2.7x10-6
S-35 Sulphur (16) 1.0x10s 2.7x10-6 1.0x10s 2.7x10-3
Sh-122 Antimony (51) 1.0x102 2.7x10-9 1.0x104 2.7x10-7
Sb-124 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Sh-125 1.0x102 2.7x10-9 1.0x106 2.7x10-5
Sb-126 1.0x10: 2.7x10-10 1.0x10s 2.7x10-6
Sc-44 Scandium (21) 1.0x10: 2.7x10-10 1.0x10s 2.7x10-6
Sc-46 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Sc-47 1.0x102 2.7x10-9 1.0x106 2.7x105
Sc-48 1.0x10: 2.7x10-10 1.0x10s 2.7x10-6
Se-75 Selenium (34) 1.0x102 2.7x10-9 1.0x106 2.7x10-5
Se-79 1.0x104 2.7x10-7 1.0x107 2.7x10-4
Si-31 Silicon (14) 1.0x10s 2.7x10-8 1.0x106 2.7x10-5
Si-32 1.0x10s 2.7x10-8 1.0x106 2.7x10-5
Sm-145 Samarium (62) 1.0x102 2.7x10-9 1.0x107 2.7x10-4
Sm-147 1.0x10: 2.7x10-10 1.0x104 2.7x10-7
Sm-151 1.0x104 2.7x10-7 1.0x10s 2.7x10-3
Sm-153 1.0x102 2.7x10-9 1.0x106 2.7x10-5
Sn-113 Tin (50) 1.0x10s 2.7x10-8 1.0x107 2.7x10-4
Sn-117m 1.0x102 2.7x10-9 1.0x106 2.7x10-5
Sn-119m 1.0x103 2.7x10-8 1.0x107 2.7%10-4
Sn-121m 1.0x10s 2.7x10-8 1.0x107 2.7x10-4
Sn-123 1.0x103 2.7x10-s 1.0x106 2.7x10s
Sn-125 1.0x102 2.7x10-9 1.0x10s 2.7x10-6
Sn-126 1.0x101 2.7%10-10 1.0x10s 2.7x10-6
Sr-82 Strontium (38) 1.0x101 2.7x10-10 1.0x10s 2.7x10-6
Sr-85 1.0x102 2.7x10-9 1.0x106 2.7x10-5
Sr-85m 1.0x102 2.7x10-9 1.0x107 2.7x10-4
Sr-87m 1.0x102 2.7x10-9 1.0x106 2.7x105
Sr-89 1.0x10s 2.7x10-8 1.0x106 2.7x105
Sr-90 (b) 1.0x102 2.7x10-9 1.0x104 2.7x10-7
Sr-91 1.0x101 2.7x10-10 1.0x10s 2.7x10-6
Sr-92 1.0x101 2.7%10-10 1.0x106 2.7x105
T(H-3) Tritium (1) 1.0x106 2.7x10-5 1.0x109 2.7x10-2
Ta-178 (long-lived) Tantalum (73) 1.0x10: 2.7x10-10 1.0x106 2.7x105
Ta-179 1.0x10s 2.7x10-8 1.0x107 2.7x10-4
Ta-182 1.0x101 2.7%10-10 1.0x104 2.7x107
Th-157 Terbium (65) 1.0x104 2.7x10-7 1.0x107 2.7x10-4
Th-158 1.0x101 2.7%10-10 1.0x106 2.7x105
Th-160 1.0x10: 2.7x10-10 1.0x106 2.7x105
Tc-95m Technetium (43) 1.0x10: 2.7x10-10 1.0x106 2.7x105
Tc-96 1.0x10: 2.7x10-10 1.0x106 2.7x105
Tc-96m 1.0x103 2.7x10-8 1.0x107 2.7x10-4
Tc-97 1.0x103 2.7x10-s 1.0x10s 2.7x10-3
Tc-97m 1.0x103 2.7x10-8 1.0x107 2.7%10-4
Tc-98 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Tc-99 1.0x104 2.7x107 1.0x107 2.7%10-4
Tc-99m 1.0x102 2.7x10-9 1.0x107 2.7x10-4
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Te-121 Tellurium (52) 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Te-121m 1.0x102 2.7x10-9 1.0x10s 2.7x10-6
Te-123m 1.0x102 2.7%10-9 1.0x107 2.7%10-4
Te-125m 1.0x103 2.7x10-8 1.0x107 2.7%10-4

Te-127 1.0x10s 2.7x10-8 1.0x106 2.7x105
Te-127m 1.0x103 2.7x10-8 1.0x107 2.7%10-4

Te-129 1.0x102 2.7x10-9 1.0x106 2.7x105
Te-129m 1.0x103 2.7x10-8 1.0x106 2.7x10s
Te-131m 1.0x101 2.7%10-10 1.0x106 2.7x105

Te-132 1.0x102 2.7x10-9 1.0x107 2.7%10-4

Th-227 Thorium (90) 1.0x10: 2.7x10-10 1.0x104 2.7x10-7

Th-228 (b) 1.0 2.7%10-11 1.0x104 2.7x10-7
Th-229 (b) 1.0 2.7x10-11 1.0x103 2.7x10-8

Th-230 1.0 2.7%10-11 1.0x104 2.7x10-7

Th-231 1.0x103 2.7x10-8 1.0x107 2.7x10-4

Th-232 1.0x10: 2.7%10-10 1.0x104 2.7x10-7

Th-234 (b) 1.0x103 2.7x10-8 1.0x10s 2.7x10-6
Th (nat) (b) 1.0 2.7%10-11 1.0x10s 2.7x10
Ti-44 Titanium (22) 1.0x10: 2.7x10-10 1.0x10s 2.7x10-6

TI-200 Thallium (81) 1.0x10: 2.7%10-10 1.0x106 2.7x105

TI-201 1.0x102 2.7x10-9 1.0x106 2.7x10-5

TI-202 1.0x102 2.7x10-9 1.0x106 2.7x105

TI-204 1.0x104 2.7x10-7 1.0x104 2.7x10-7
Tm-167 Thulium (69) 1.0x102 2.7x10-9 1.0x106 2.7x10s
Tm-170 1.0x103 2.7x10-8 1.0x106 2.7x105
Tm-171 1.0x104 2.7x10-7 1.0x10s 2.7x10-3

U-230 (fast lung .
absorption) (b), (d). Uranium (92) 1.0x10: 2.7x10-10 1.0x10s 2.7x10-6
U-230 (medium lung 1.0x10: 2.7%10:10 1.0x10¢ 2.7%10+
absorption) (e).
U-230 (slow lung 1.0x10: 2.7x1010 1.0x10: 2.7x10-
absorption) (f).
U-232 (fast lung
absorption) (b), (d). 1.0 2.7%10-11 1.0x10s 2.7x10-8
U-232 (medium lung 1.0x10: 2.7x1010 1.0x104 2.7x10
absorption) (e).
U-232 (slow lung 1.0x10: 2.7x1010 1.0x10: 2.7x10-
absorption) (f).
U-233 (fast lung 1.0x10: 2.7x1010 1.0x10: 2.7x10-
absorption) (d).
U-233 (medium lung 1.0x102 2.7x104 1.0x10s 2.7x10+
absorption) (e).
U-233 (slow lung 1.0x101 2.7x1040 1.0x10s 2.7x10
absorption) (f).
U-234 (fast lung 1.0x10: 2.7%10:10 1.0x10¢ 2.7%10+
absorption) (d).
U-234 (medium lung 1.0x10; 2.7x10 1.0x10s 2.7x105
absorption) (e).
U-234 (slow lung 1.0x10: 2.7%1010 1.0x10s 2.7x10
absorption) (f).
U-235 (all lung
absorption types) (b), 1.0x10z 2.7x10-10 1.0x104 2.7x107
(d), (). (f).
U-236 (fast lung 1.0x101 2.7x1040 1.0x104 2.7x104
absorption) (d).
U-236 (medium lung 1.0x10; 27x105 10x10s 27x10s
absorption) (e).
U-236 (slow lung 1.0x101 2.7x1010 10x10s 2.7x107
absorption) (f).
U-238 (all lung
absorption types) (b), 1.0x10: 2.7x10-10 1.0x104 2.7x107
(d), (&), ().
U (nat) (b) 1.0 2.7x10-11 1.0x10s 2.7x10-8
U (enriched to 20% or 1.0 2.7x10-1 1.0x10s 2.7x10-8
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less ().

U (dep) 1.0 2.7x101 1.0x103 2.7x10s
V-48 Vanadium (23) 1.0x10: 2.7x10-10 1.0x10s 2.7x10-6
V-49 1.0x104 2.7x10-7 1.0x107 2.7%10-4

W-178 Tungsten (74) 1.0x10: 2.7x10-10 1.0x106 2.7x10-5

W-181 1.0x103 2.7x10-8 1.0x107 2.7%10-4

W-185 1.0x104 2.7x107 1.0x107 2.7%10-4

W-187 1.0x102 2.7x10-9 1.0x106 2.7x105

W-188 1.0x102 2.7x10-9 1.0x10s 2.7x10-6

Xe-122 Xenon (54) 1.0x102 2.7x10-9 1.0x109 2.7x10-2

Xe-123 1.0x102 2.7x10-9 1.0x109 2.7x10-2

Xe-127 1.0x103 2.7x10-8 1.0x10s 2.7x10-6

Xe-131m 1.0x104 2.7x107 1.0x104 2.7x107

Xe-133 1.0x103 2.7x10-8 1.0x104 2.7x10-7

Xe-135 1.0x103 2.7x10-8 1.0x1010 2.7%10-1
Y-87 Yttrium (39) 1.0x101 2.7%10-10 1.0x106 2.7x105
Y-88 1.0x101 2.7%10-10 1.0x106 2.7x105
Y-90 1.0x103 2.7x10-8 1.0x10s 2.7x10-6
Y-91 1.0x103 2.7x10-8 1.0x106 2.7x105

Y-91m 1.0x102 2.7x10-9 1.0x106 2.7x105
Y-92 1.0x102 2.7x10-9 1.0x10s 2.7x10-6
Y-93 1.0x102 2.7x10-9 1.0x10s 2.7x10-

Yb-169 Yitterbium (70) 1.0x102 2.7%10-0 1.0x107 2.7%10-

Yb-175 1.0x103 2.7x10-8 1.0x107 2.7%10-4
Zn-65 Zinc (30) 1.0x10: 2.7x10-10 1.0x106 2.7x10-5
Zn-69 1.0x104 2.7x10-7 1.0x106 2.7x10s

Zn-69m 1.0x102 2.7x10-9 1.0x106 2.7x105
Zr-88 Zirconium (40 1.0x102 2.7x10-9 1.0x106 2.7x105

Zr-93 (b) 1.0x103 2.7x10-8 1.0x107 2.7x10-4

Zr-95 1.0x10: 2.7%10-10 1.0x106 2.7x10s

Zr-97 (b) 1.0x10: 2.7x10-10 1.0x10s 2.7x10-6
®Reserved

®parent Nuclides and their progeny in secular equilibrium are listed in the following:

Sr-90 Y-90

Zr-93 Nb93-m

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 TI-208 (0.36), Po-212 (0.64)

Pb-210 Bi-210, Po-210

Pb-212 Bi-212, TI-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, Ph-211, Bi-211, TI-207

Ra-224, Rn-220, Po-216, Pb-212, Bi-212, TI-208m(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, Pb-212, Bi-212, TI-208 (0.36), Po-212(0.64)
Th-229 Ra-225, Ac-225, Fr-221, At-217, Bi-213, Po-213, Pb-209

Thnat Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, TI-208(0.36), P0-212(0.64)

Th-234 Pa-234m

U-230 Th-226, Ra-222, Rn-218, Po-214

U-232 Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, TI-208 (0.36), Po-212 (0.64)
U-235 Th-231
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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, Pb-210, Bi-210, Po-210

U-240 Np-240m
Np-237 Pa-233
Am-242m Am-242
Am-243 Np-239
Reserved

@These values apply only to compounds of uranium that take the chemical form of UFs, UO,F, and UO,(NOs), in both
normal and accident conditions transport.

©These values apply only to compounds of uranium that take the chemical form of UOs, UF, UCI, and hexavalent
compounds in both normal and accident conditions transport.

DThese values apply to all compounds of uranium other than those specified in notes (d) and (e) in the table.

@These values apply to unirradiated uranium only.
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Table 2. DOT TYPE A QUANTITIES [173.435 and Appendix G of IATA]

otte | e | g | m) | mmm) | s . —
(TBalg) (Cilg)

Ac-225 (a) Actinium (89) 8.0x101 2.2x101 6.0x10-3 1.6x10-1 2.1x103 5.8x104
Ac-227 (a) 9.0x10-1 2.4x101 9.0x10-5 2.4x10-3 2.7 7.2x101
Ac-228 6.0x10-1 1.6x10: 5.0x10-1 1.4x101 8.4x104 2.2x106
Ag-105 Silver (47) 2.0 5.4x101 2.0 5.4x101 1.1x10s 3.0x104
Ag-108m (a) 7.0x10-1 1.9x10: 7.0x101 1.9x101 9.7x101 2.6x101
Ag-110m (a) 4.0x101 1.1x10: 4.0x101 1.1x10: 1.8x102 4.7x103
Ag-111 2.0 5.4x101 6.0x10-1 1.6x101 5.8x103 1.6x10s
Al-26 Aluminum (13) 1.0x104 2.7 1.0x10-1 2.7 7.0x10-4 1.9x10-2

Am-241 Americium (95) 1.0x10: 2.7x102 1.0x10-s 2.7x10-2 1.3x101 34
Am-242m (a) 1.0x101 2.7x102 1.0x10- 2.7x10-2 3.6x101 1.0x101
Am-243 (a) 5.0 1.4x102 1.0x10-s 2.7x10-2 7.4x10-3 2.0x101
Ar-37 Argon (18) 4.0x101 1.1x10s 4.0x101 1.1x10s 3.7x103 9.9x104
Ar-39 4.0x101 1.1x10s 2.0x101 5.4x102 13 3.4x101
Ar-41 3.0x101 8.1 3.0x101 8.1 1.5%106 4.2x107
As-72 Arsenic (33) 3.0x101 8.1 3.0x101 8.1 6.2x104 1.7x106
As-73 4.0x101 1.1x10s 4.0x101 1.1x10s 8.2x102 2.2x104
As-74 1.0 2.7x101 9.0x10-1 2.4x101 3.7x103 9.9x104
As-76 3.0x101 8.1 3.0x101 8.1 5.8x104 1.6x106
As-77 2.0x101 5.4x102 7.0x101 1.9x10: 3.9x104 1.0x106
At-211 (a) Astatine (85) 2.0x101 5.4x102 5.0x10-1 1.4x10: 7.6x104 2.1x106
Au-193 Gold (79) 7.0 1.9x102 2.0 5.4x101 3.4x104 9.2x10s
Au-194 1.0 2.7x101 1.0 2.7x101 1.5%104 4.1x10s
Au-195 1.0x10: 2.7x102 6.0 1.6x102 1.4x102 3.7x10s
Au-198 1.0 2.7x101 6.0x10-1 1.6x101 9.0x103 2.4x10s
Au-199 1.0x10: 2.7x102 6.0x10-1 1.6x101 7.7x103 2.1x10s
Ba-131 (a) Barium (56) 2.0 5.4x101 2.0 5.4x101 3.1x103 8.4x104
Ba-133 3.0 8.1x101 3.0 8.1x101 9.4 2.6x102
Ba-133m 2.0x101 5.4x102 6.0x10-1 1.6x101 2.2x104 6.1x10s
Ba-140 (a) 5.0x10-1 1.4x10: 3.0x101 8.1 2.7x103 7.3x104
Be-7 Beryllium (4) 2.0x101 5.4x102 2.0x101 5.4x102 1.3x104 3.5x10s
Be-10 4.0x101 1.1x10s 6.0x10-1 1.6x101 8.3x104 2.2x10-2
Bi-205 Bismuth (83) 7.0x101 1.9x10: 7.0x101 1.9x101 1.5%10-3 4.2x104
Bi-206 3.0x101 8.1 3.0x101 8.1 3.8x103 1.0x10s
Bi-207 7.0x101 1.9x10: 7.0x101 1.9x101 1.9 5.2x101
Bi-210 1.0 2.7x101 6.0x10-1 1.6x101 4.6x10s 1.2x10s
Bi-210m (a) 6.0x10-1 1.6x10: 2.0x10-2 5.4x101 2.1x10s 5.7x10-4
Bi-212 (a) 7.0x10-1 1.9x10: 6.0x10-1 1.6x101 5.4x10s 1.5x107

Bk-247 Berkelium (97) 8.0 2.2x102 8.0x10-4 2.2x10-2 3.8x10-2 1.0
Bk-249 (a) 4.0x101 1.1x10s 3.0x101 8.1 6.1x101 1.6x10s3
Br-76 Bromine (35) 4.0x101 1.1x10z 4.0x101 1.1x101 9.4x104 2.5x106
Br-77 3.0 8.1x101 3.0 8.1x101 2.6x104 7.1x10s
Br-82 4.0x10-1 1.1x101 4.0x101 1.1x10: 4.0x104 1.1x10e
C-11 Carbon (6) 1.0 2.7x101 6.0x10-1 1.6x101 3.1x107 8.4x10s

C-14 4.0x101 1.1x10s 3.0 8.1x101 1.6x10-1 45
Ca-41 Calcium (20) Unlimited Unlimited Unlimited Unlimited 3.1x10-3 8.5%10-2
Ca-45 4.0x101 1.1x10s 1.0 2.7x101 6.6x102 1.8x104
Ca-47 (a) 3.0 8.1x101 3.0x101 8.1 2.3x104 6.1x10s
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Specific activity

Sy_mbol Qf Element and atomic AL(TB A (Ci A (TB A2 (Ci
radionuclide number (TBa) S (TBa) () (TB/g) (Cilg)
Cd-109 Cadmium (48) 3.0x101 8.1x102 2.0 5.4x101 9.6x101 2.6x10s3
Cd-113m 4.0x101 1.1x10s 5.0x10-1 1.4x101 8.3 2.2x102
Cd-115 (a) 3.0 8.1x101 4.0x101 1.1x10: 1.9x104 5.1x10s
Cd-115m 5.0x10-1 1.4x10: 5.0x10-1 1.4x101 9.4x102 2.5%104
Ce-139 Cerium (58) 7.0 1.9x102 2.0 5.4x101 2.5x102 6.8x103
Ce-141 2.0x101 5.4x102 6.0x10-1 1.6x101 1.1x10s 2.8x104
Ce-143 9.0x10-1 2.4x101 6.0x10-1 1.6x101 2.5x104 6.6x10s
Ce-144 (a) 2.0x101 5.4 2.0x101 5.4 1.2x102 3.2x10s
Cf-248 Californium (98) 4.0x101 1.1x10s 6.0x10-3 1.6x10-1 5.8x101 1.6x10s3
Cf-249 3.0 8.1x101 8.0x10-4 2.2x10-2 1.5%104 4.1
Cf-250 2.0x101 5.4x102 2.0x10-3 5.4x10-2 4.0 1.1x102
Cf-251 7.0 1.9x102 7.0x10-4 1.9x10- 5.9x10-2 1.6
Cf-252 (h) 5.0x10-2 14 3.0x10-3 8.1x10-2 2.0x101 5.4x102
Cf-253 (a) 4.0x101 1.1x10s 4.0x10-2 11 1.1x103 2.9%x104
Cf-254 . 1.0x10- 2.7x10-2 1.0x10- 2.7x10-2 3.1x102 8.5x103
Cl-36 Chlorine (17) 1.0x10: 2.7x102 6.0x10-1 1.6x101 1.2x10-3 3.3x10-2
ClI-38 2.0x101 5.4 2.0x101 5.4 4.9x106 1.3x10s
Cm-240 Curium (96) 4.0x101 1.1x10s 2.0x10-2 5.4x101 7.5x102 2.0x104
Cm-241 2.0 5.4x101 1.0 2.7x101 6.1x102 1.7%x104
Cm-242 4.0x101 1.1x103 1.0x10-2 2.7x104 1.2x102 3.3x10s
Cm-243 9.0 2.4x102 1.0x10- 2.7x10-2 1.9x10-3 5.2x101
Cm-244 2.0x101 5.4x102 2.0x10-3 5.4x10-2 3.0 8.1x101
Cm-245 9.0 2.4x102 9.0x10-4 2.4x10-2 6.4x10-3 1.7x104
Cm-246 9.0 2.4x102 9.0x10-4 2.4x10- 1.1x10- 3.1x104
Cm-247 (a) 3.0 8.1x101 1.0x10- 2.7x10-2 3.4x10-6 9.3x10-5
Cm-248 2.0x10-2 5.4x10-1 3.0x10-4 8.1x10-3 1.6x10s 4.2x103
Co-55 Cobalt (27) 5.0x10-1 1.4x10: 5.0x10-1 1.4x101 1.1x10s 3.1x106
Co-56 3.0x101 8.1 3.0x101 8.1 1.1x10s 3.0x104
Co-57 1.0x10: 2.7x102 1.0x101 2.7x102 3.1x102 8.4x10s
Co-58 1.0 2.7x101 1.0 2.7x101 1.2x103 3.2x104
Co-58m 4.0x101 1.1x10s 4.0x101 1.1x10s 2.2x10s 5.9x106
Co-60 4.0x101 1.1x10: 4.0x101 1.1x10: 4.2x101 1.1x10s
Cr-51 Chromium (24) 3.0x101 8.1x102 3.0x101 8.1x102 3.4x103 9.2x104
Cs-129 Cesium (55) 4.0 1.1x102 4.0 1.1x102 2.8x104 7.6%x10s
Cs-131 3.0x101 8.1x102 3.0x101 8.1x102 3.8x103 1.0x10s
Cs-132 1.0 2.7x101 1.0 2.7x101 5.7x103 1.5x10s
Cs-134 7.0x101 1.9x10: 7.0x101 1.9x10: 4.8x101 1.3x10s
Cs-134m 4.0x101 1.1x10s 6.0x10-1 1.6x101 3.0x10s 8.0x10s
Cs-135 4.0x101 1.1x10s 1.0 2.7x101 4.3x10s 1.2x10-
Cs-136 5.0x10-1 1.4x10: 5.0x10-1 1.4x101 2.7x10s 7.3%104
Cs-137 (a) 2.0 5.4x101 6.0x10-1 1.6x101 3.2 8.7x101
Cu-64 Copper (29) 6.0 1.6x102 1.0 2.7x101 1.4x10s 3.9x106
Cu-67 1.0x10: 2.7x102 7.0x101 1.9x101 2.8x104 7.6x10s
Dy-159 Dysprosium (66) 2.0x101 5.4x102 2.0x101 5.4x102 2.1x102 5.7x103
Dy-165 9.0x10-1 2.4x101 6.0x10-1 1.6x101 3.0x10s 8.2x10s
Dy-166 (a) 9.0x10-1 2.4x101 3.0x101 8.1 8.6x103 2.3x10s
Er-169 Erbium (68) 4.0x101 1.1x10s 1.0 2.7x101 3.1x103 8.3x104
Er-171 8.0x10-1 2.2x101 5.0x10-1 1.4x101 9.0x104 2.4x106
Eu-147 Europium (63) 2.0 5.4x101 2.0 5.4x101 1.4x10s 3.7x104
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Specific activity

Sy_mbol pf Element and atomic AL(TB AL (Ci A (TB A2 (Ci

radionuclide number (TBa) ) (TBq) () (TB/g) (Cilg)
Eu-148 5.0x10-1 1.4x10: 5.0x10-1 1.4x10: 6.0x102 1.6x104
Eu-149 2.0x101 5.4x102 2.0x101 5.4x102 3.5x102 9.4x103
E“'Iliigd()s_hon 2.0 5.4x101 7.0x104 1.9x10: 6.1x10¢ 1.6%106
E”'Ilisg d()'f’”g 7x10-1 1.9x101 7.0x104 1.9x101 6.1x104 1.6x106
Eu-152 1.0 2.7x101 1.0 2.7x101 6.5 1.8x102
Eu-152m 8.0x10-1 2.2x101 8.0x10-1 2.2x101 8.2x104 2.2x106
Eu-154 9.0x101 2.4x101 6.0x10-1 1.6x101 9.8 2.6x102
Eu-155 2.0x101 5.4x102 3.0 8.1x101 1.8x10: 4.9x102
Eu-156 7.0x1041 1.9x10: 7.0x1041 1.9x101 2.0x103 5.5x104
F-18 Fluorine (9) 1.0 2.7x101 6.0x10-1 1.6x101 3.5%106 9.5x107
Fe-52 (a) Iron (26) 3.0x10-1 8.1 3.0x10-1 8.1 2.7x10s 7.3x106
Fe-55 4.0x101 1.1x10s 4.0x101 1.1x10s 8.8x101 2.4x10s
Fe-59 9.0x101 2.4x101 9.0x101 2.4x101 1.8x10s 5.0x104
Fe-60 (a) 4.0x101 1.1x10s 2.0x101 5.4 7.4x10-4 2.0x10-2
Ga-67 Gallium (31) 7.0 1.9x102 3.0 8.1x101 2.2x104 6.0x10s
Ga-68 5.0x101 1.4x101 5.0x101 1.4x101 1.5%106 4.1x107
Ga-72 4.0x104 1.1x10: 4.0x104 1.1x101 1.1x10s 3.1x106
Gd-146 (a) Gadolinium (64) 5.0x10-1 1.4x101 5.0x10-1 1.4x101 6.9x102 1.9x104
Gd-148 2.0x101 5.4x102 2.0x10-3 5.4x10-2 1.2 3.2x10:
Gd-153 1.0x10: 2.7x102 9.0 2.4x102 1.3x102 3.5x103
Gd-159 3.0 8.1x101 6.0x10-1 1.6x101 3.9x104 1.1x106
Ge-68 (a) Germanium (32) 5.0x10-1 1.4x101 5.0x10-1 1.4x101 2.6x102 7.1x10s
Ge-71 4.0x101 1.1x10s 4.0x101 1.1x10s 5.8x103 1.6x10s
Ge-77 3.0x101 8.1 3.0x101 8.1 1.3x10s 3.6x10s
Hf-172 (a) Hafnium (72) 6.0x10-1 1.6x10: 6.0x10-1 1.6x101 4.1x101 1.1x10s
Hf-175 3.0 8.1x101 3.0 8.1x101 3.9x102 1.1x104
Hf-181 2.0 5.4x101 5.0x101 1.4x101 6.3x102 1.7x104
Hf-182 Unlimited Unlimited Unlimited Unlimited 8.1x10- 2.2x10-4

Hg-194 (a) Mercury (80) 1.0 2.7x101 1.0 2.7x101 1.3x10 35
Hg-195m (a) 3.0 8.1x101 7.0x1041 1.9x101 1.5%104 4.0x10s
Hg-197 2.0x101 5.4x102 1.0x10: 2.7x102 9.2x103 2.5x10s
Hg-197m 1.0x10: 2.7x102 4.0x104 1.1x101 2.5x104 6.7x10s
Hg-203 5.0 1.4x102 1.0 2.7x101 5.1x102 1.4x104
Ho-166 Holmium (67) 4.0x101 1.1x10z 4.0x101 1.1x101 2.6x104 7.0x10s

Ho-166m 6.0x10-1 1.6x101 5.0x101 1.4x101 6.6x10-2 1.8
1-123 lodine (53) 6.0 1.6x102 3.0 8.1x101 7.1x104 1.9x106
1-124 1.0 2.7x101 1.0 2.7x101 9.3x103 2.5x10s
1-125 2.0x101 5.4x102 3.0 8.1x101 6.4x102 1.7x104
1-126 2.0 5.4x101 1.0 2.7x101 2.9x103 8.0x104
1-129 Unlimited Unlimited Unlimited Unlimited 6.5x10-6 1.8x10-4
1-131 3.0 8.1x101 7.0x1041 1.9x101 4.6x103 1.2x10s
1-132 4.0x104 1.1x10: 4.0x104 1.1x101 3.8x10s 1.0x107
1-133 7.0x101 1.9x10: 6.0x10-1 1.6x101 4.2x104 1.1x106
1-134 3.0x101 8.1 3.0x101 8.1 9.9x10s 2.7x107
1-135 (a) 6.0x10-1 1.6x101 6.0x10-1 1.6x101 1.3x10s 3.5x106
In-111 Indium (49) 3.0 8.1x101 3.0 8.1x101 1.5%104 4.2x10s
In-113m 4.0 1.1x102 2.0 5.4x101 6.2x10s 1.7x107
In-114m (a) 1.0x10: 2.7x102 5.0x101 1.4x101 8.6x102 2.3x104
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Specific activity

Sy_mbol Qf Element and atomic AL(TB A1 (Ci A (TB A2 (Ci
radionuclide number (TBa) S (TBa) € (TBa/g) (Cilg)
In-115m 7.0 1.9x102 1.0 2.7x101 2.2x10s 6.1x106
Ir-189 (a) Iridium (77) 1.0x101 2.7x102 1.0x101 2.7x102 1.9x103 5.2x104
Ir-190 7.0x104 1.9x101 7.0x104 1.9x101 2.3x10s 6.2x104
Ir-192 (c) 1.0 2.7x101 6.0x10-41 1.6x101 3.4x102 9.2x103
Ir-194 3.0x104 8.1 3.0x104 8.1 3.1x104 8.4x10s
K-40 Potassium (19) 9.0x10-1 2.4x101 9.0x104 2.4x101 2.4x107 6.4x10-6
K-42 2.0x104 5.4 2.0x104 54 2.2x10s 6.0x106
K-43 7.0x104 1.9x101 6.0x10-1 1.6x101 1.2x10s 3.3x106
Kr-81 Krypton (36) 4.0x101 1.1x103 4.0x101 1.1x103 7.8x10-4 2.1x10-2
Kr-85 1.0x101 2.7x102 1.0x101 2.7x102 1.5x101 3.9x102
Kr-85m 8.0 2.2x102 3.0 8.1x101 3.0x10s 8.2x10s
Kr-87 2.0x104 5.4 2.0x104 54 1.0x106 2.8x107
La-137 Lanthanum (57) 3.0x101 8.1x102 6.0 1.6x102 1.6x10- 4.4x10-2
La-140 4.0x101 1.1x101 4.0x101 1.1x10: 2.1x104 5.6x10s
Lu-172 Lutetium (71) 6.0x1041 1.6x101 6.0x10-1 1.6x101 4.2x10s 1.1x10s
Lu-173 8.0 2.2x102 8.0 2.2x102 5.6x101 1.5x103
Lu-174 9.0 2.4x102 9.0 2.4x102 2.3x101 6.2x102
Lu-174m 2.0x101 5.4x102 1.0x101 2.7x102 2.0x102 5.3x103
Lu-177 3.0x101 8.1x102 7.0x104 1.9x101 4.1x10s 1.1x10s
Mg-28 (a) Magnesium (12) 3.0x101 8.1 3.0x101 8.1 2.0x10s 5.4x106
Mn-52 Manganese (25) 3.0x101 8.1 3.0x101 8.1 1.6x104 4.4%x10s
Mn-53 Unlimited Unlimited Unlimited Unlimited 6.8x10s 1.8x10-3
Mn-54 1.0 2.7x101 1.0 2.7x101 2.9x102 7.7x10s
Mn-56 3.0x101 8.1 3.0x101 8.1 8.0x10s 2.2x107
Mo-93 Molybdenum (42) 4.0x101 1.1x103 2.0x101 5.4x102 4.1x10- 11
Mo-99 (a) (i) 1.0 2.7x101 6.0x10-1 1.6x101 1.8x104 4.8x10s
N-13 Nitrogen (7) 9.0x101 2.4x101 6.0x10-1 1.6x101 5.4x107 1.5%109
Na-22 Sodium (11) 5.0x104 1.4x101 5.0x104 1.4x101 2.3x102 6.3x103
Na-24 2.0x104 5.4 2.0x104 5.4 3.2x10s 8.7x10s
Nb-93m Niobium (41) 4.0x101 1.1x103 3.0x101 8.1x102 8.8 2.4x102
Nb-94 7.0x104 1.9x101 7.0x104 1.9x101 6.9x10-3 1.9x10-1
Nb-95 1.0 2.7x101 1.0 2.7x101 1.5x103 3.9%x104
Nb-97 9.0x10-1 2.4x101 6.0x10-1 1.6x101 9.9x10s 2.7x107
Nd-147 Neodymium (60) 6.0 1.6x102 6.0x10-1 1.6x101 3.0x10s 8.1x104
Nd-149 6.0x10-1 1.6x101 5.0x104 1.4x101 4.5x10s 1.2x107
Ni-59 Nickel (28) Unlimited Unlimited Unlimited Unlimited 3.0x10-3 8.0x10-2
Ni-63 4.0x101 1.1x103 3.0x101 8.1x102 21 5.7x101
Ni-65 4.0x10-1 1.1x101 4.0x101 1.1x101 7.1x10s 1.9x107
Np-235 Neptunium (93) 4.0x101 1.1x103 4.0x101 1.1x103 5.2x101 1.4x10s
Np'ﬁié?“"”‘ 2.0x101 54102 20 54101 4.7%10.4 1.3x102
Np—IZi?liZd()long— 9.0x100 2.4x102 2.0x10-2 5.4x101 4.7x104 1.3x10-2
Np-237 2.0x101 5.4x102 2.0x10-3 5.4x10-2 2.6x10s 7.1x10-4
Np-239 7.0 1.9x102 4.0x104 1.1x101 8.6x103 2.3x10s
Os-185 Osmium (76) 1.0 2.7x101 1.0 2.7x101 2.8x102 7.5x10s
0Os-191 1.0x10: 2.7x102 2.0 5.4x101 1.6x10s 4.4x104
0s-191m 4.0x101 1.1x10s3 3.0x101 8.1x102 4.6x104 1.3x10s6
0s-193 2.0 5.4x101 6.0x10-1 1.6x101 2.0x104 5.3x10s
0Os-194 (a) 3.0x101 8.1 3.0x104 8.1 1.1x101 3.1x102
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Specific activity

Sy_mbol Qf Element and atomic AL(TB AL (Ci A (TB A2 (Ci
radionuclide number (TBa) ) (TBa) () (TB/g) (Cilg)
P-32 Phosphorus (15) 5.0x10-1 1.4x101 5.0x10-1 1.4x101 1.1x104 2.9x10s
P-33 4.0x101 1.1x10s 1.0 2.7x101 5.8x103 1.6x10s
Pa-230 (a) Protactinium (91) 2.0 5.4x101 7.0x10-2 1.9 1.2x10s 3.3x104
Pa-231 4.0 1.1x102 4.0x10-4 1.1x10-2 1.7x10-3 4.7x10-2
Pa-233 5.0 1.4x102 7.0x101 1.9x101 7.7x102 2.1x104
Pb-201 Lead (82) 1.0 2.7x101 1.0 2.7x101 6.2x104 1.7x106
Pb-202 4.0x101 1.1x10s 2.0x101 5.4x102 1.2x10-4 3.4x10-3
Pb-203 4.0 1.1x102 3.0 8.1x101 1.1x104 3.0x10s
Pb-205 Unlimited Unlimited Unlimited Unlimited 4.5x10-6 1.2x10-
Pb-210 (a) 1.0 2.7x101 5.0x10-2 14 2.8 7.6x101
Pb-212 (a) 7.0x10-1 1.9x10: 2.0x101 5.4 5.1x104 1.4x106
Pd-103 (a) Palladium (46) 4.0x101 1.1x10s 4.0x101 1.1x10s 2.8x103 7.5%104
Pd-107 Unlimited Unlimited Unlimited Unlimited 1.9x10-s 5.1x10-4
Pd-109 2.0 5.4x101 5.0x10-1 1.4x101 7.9x104 2.1x106
Pm-143 Promethium (61) 3.0 8.1x101 3.0 8.1x101 1.3x102 3.4x10s
Pm-144 7.0x101 1.9x10: 7.0x101 1.9x10: 9.2x101 2.5x103
Pm-145 3.0x101 8.1x102 1.0x101 2.7x102 5.2 1.4x102
Pm-147 4.0x101 1.1x10s 2.0 5.4x101 3.4x101 9.3x102
Pm-148m (a) 8.0x10-1 2.2x101 7.0x10-1 1.9x101 7.9x102 2.1x104
Pm-149 2.0 5.4x101 6.0x10-1 1.6x101 1.5%104 4.0x10s
Pm-151 2.0 5.4x101 6.0x10-1 1.6x101 2.7x104 7.3x10s
Po-210 Polonium (84) 4.0x101 1.1x10s 2.0x10-2 5.4x101 1.7x102 4.5x103
Pr-142 Praseodymium (59) 4.0x101 1.1x10z 4.0x101 1.1x101 4.3x104 1.2x106
Pr-143 3.0 8.1x101 6.0x10-1 1.6x101 2.5x103 6.7x104
Pt-188 (a) Platinum (78) 1.0 2.7x101 8.0x101 2.2x101 2.5x103 6.8x104
Pt-191 4.0 1.1x102 3.0 8.1x101 8.7x103 2.4x10s
Pt-193 4.0x101 1.1x10s 4.0x101 1.1x10s 1.4 3.7x101
Pt-193m 4.0x101 1.1x10s 5.0x10-1 1.4x101 5.8x103 1.6x10s
Pt-195m 1.0x10: 2.7x102 5.0x10-1 1.4x101 6.2x103 1.7x10s
Pt-197 2.0x101 5.4x102 6.0x10-1 1.6x101 3.2x104 8.7x10s
Pt-197m 1.0x10: 2.7x102 6.0x10-1 1.6x101 3.7x10s 1.0x107
Pu-236 Plutonium (94) 3.0x101 8.1x102 3.0x10-3 8.1x10-2 2.0x101 5.3x102
Pu-237 2.0x101 5.4x102 2.0x101 5.4x102 4.5%102 1.2x104
Pu-238 1.0x10: 2.7x102 1.0x10- 2.7x10-2 6.3x10-1 1.7x101
Pu-239 1.0x10: 2.7x102 1.0x10- 2.7x10-2 2.3x103 6.2x10-2
Pu-240 1.0x10: 2.7x102 1.0x10- 2.7x10-2 8.4x103 2.3x101
Pu-241 (a) 4.0x101 1.1x10s 6.0x10-2 1.6 3.8 1.0x102
Pu-242 1.0x101 2.7x102 1.0x10- 2.7x10-2 1.5%10-4 3.9x10-3
Pu-244 (a) 4.0x104 1.1x10: 1.0x10- 2.7x10-2 6.7x10-7 1.8x10
Ra-223 (a) Radium (88) 4.0x104 1.1x10: 7.0x10-3 1.9x101 1.9x10s 5.1x104
Ra-224 (a) 4.0x104 1.1x10: 2.0x10-2 5.4x104 5.9x103 1.6x10s
Ra-225 (a) 2.0x101 5.4 4.0x10= 1.1x10-1 1.5x10s 3.9x104
Ra-226 (a) 2.0x101 5.4 3.0x10-3 8.1x10-2 3.7x10-2 1.0
Ra-228 (a) 6.0x10-1 1.6x101 2.0x10-2 5.4x104 1.0x10: 2.7x102
Rb-81 Rubidium (37) 2.0 5.4x101 8.0x10-1 2.2x101 3.1x10s 8.4x106
Rb-83 (a) 2.0 5.4x101 2.0 5.4x101 6.8x102 1.8x104
Rb-84 1.0 2.7x101 1.0 2.7x101 1.8x10s 4.7x104
Rb-86 5.0x10-1 1.4x10: 5.0x10-1 1.4x101 3.0x103 8.1x104
Rb-87 Unlimited Unlimited Unlimited Unlimited 3.2x10-9 8.6x10-s
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Specific activity

Sy_mbol pf Element and atomic AL(TB A (Ci A (TB A2 (Ci
radionuclide number (TBa) S (TBa) () (TB/g) (Cilg)
Rb(nat) Unlimited Unlimited Unlimited Unlimited 6.7%106 1.8%x10s
Re-184 Rhenium (75) 1.0 2.7x101 1.0 2.7x101 6.9x102 1.9x104
Re-184m 3.0 8.1x101 1.0 2.7x101 1.6x102 4.3x103
Re-186 2.0 5.4x101 6.0x10-1 1.6x101 6.9x103 1.9x10s
Re-187 Unlimited Unlimited Unlimited Unlimited 1.4x10- 3.8x10s
Re-188 4.0x101 1.1x10: 4.0x101 1.1x101 3.6x104 9.8x10s
Re-189 (a) 3.0 8.1x101 6.0x10-1 1.6x101 2.5x104 6.8x10s
Re(nat) Unlimited Unlimited Unlimited Unlimited 0.0 2.4x10s
Rh-99 Rhodium (45) 2.0 5.4x101 2.0 5.4x101 3.0x103 8.2x104
Rh-101 4.0 1.1x102 3.0 8.1x101 4.1x101 1.1x10s
Rh-102 5.0x10-1 1.4x101 5.0x10-1 1.4x101 4.5%101 1.2x10s
Rh-102m 2.0 5.4x101 2.0 5.4x101 2.3x102 6.2x103
Rh-103m 4.0x101 1.1x10s 4.0x101 1.1x10s 1.2x106 3.3x107
Rh-105 1.0x101 2.7x102 8.0x101 2.2x101 3.1x104 8.4x10s
Rn-222 (a) Radon (86) 3.0x101 8.1 4.0x10-3 1.1x10 5.7x103 1.5x10s
Ru-97 Ruthenium (44) 5.0 1.4x102 5.0 1.4x102 1.7x104 4.6%x10s
Ru-103 (a) 2.0 5.4x101 2.0 5.4x101 1.2x10s 3.2x104
Ru-105 1.0 2.7x101 6.0x10-1 1.6x101 2.5x10s 6.7x106
Ru-106 (a) 2.0x101 5.4 2.0x101 5.4 1.2x102 3.3x10s
S-35 Sulphur (16) 4.0x101 1.1x10s 3.0 8.1x101 1.6x10s 4.3x104
Sh-122 Antimony (51) 4.0x104 1.1x101 4.0x104 1.1x101 1.5%104 4.0x10s
Sh-124 6.0x10-1 1.6x10: 6.0x10-1 1.6x101 6.5%102 1.7x104
Sh-125 2.0 5.4x101 1.0 2.7x101 3.9x101 1.0x10s
Sh-126 4.0x101 1.1x10: 4.0x104 1.1x101 3.1x10s 8.4x104
Sc-44 Scandium (21) 5.0x10-1 1.4x10: 5.0x10-1 1.4x101 6.7x10s 1.8x107
Sc-46 5.0x10-1 1.4x10: 5.0x10-1 1.4x101 1.3x10s 3.4x104
Sc-47 1.0x101 2.7x102 7.0x101 1.9x10: 3.1x104 8.3x10s
Sc-48 3.0x101 8.1 3.0x101 8.1 5.5x104 1.5%106
Se-75 Selenium (34) 3.0 8.1x101 3.0 8.1x101 5.4x102 1.5x104
Se-79 4.0x101 1.1x10s 2.0 5.4x101 2.6x10-3 7.0x10-2
Si-31 Silicon (14) 6.0x10-1 1.6x10: 6.0x10-1 1.6x101 1.4x106 3.9x107
Si-32 4.0x101 1.1x10s 5.0x10-1 1.4x101 39 1.1x102
Sm-145 Samarium (62) 1.0x10: 2.7x102 1.0x101 2.7x102 9.8x101 2.6x10s3
Sm-147 Unlimited Unlimited Unlimited Unlimited 8.5%10-1 2.3x10s
Sm-151 4.0x101 1.1x10s 1.0x102 2.7x102 9.7x101 2.6x101
Sm-153 9.0 2.4x102 6.0x10-1 1.6x101 1.6x104 4.4x10s
Sn-113 (a) Tin (50) 4.0 1.1x102 2.0 5.4x101 3.7x102 1.0x104
Sn-117m 7.0 1.9x102 4.0x104 1.1x101 3.0x103 8.2x104
Sn-119m 4.0x101 1.1x10s 3.0x101 8.1x102 1.4x102 3.7x10s
Sn-121m (a) 4.0x101 1.1x10s 9.0x10-1 2.4x101 2.0 5.4x101
Sn-123 8.0x10.4 2.2x10 6.0x10.; 1.6x10; 3.0x10, 8.2x10,
Sn-125 4.0x10,4 1.1x10, 4.0x10,4 1.1x10, 4.0x104 1.1x10s
Sn-126 (a) 6.0x10.4 1.6x10; 4.0x10,4 1.1x10, 1.0x10.3 2.8x10.,
Sr-82 (a) Strontium (38) 2.0x10.; 5.4 2.0x10.; 5.4 2.3x103 6.2x10,4
Sr-85 2.0 5.4x101 2.0 5.4x101 8.8x102 2.4x104
Sr-85m 5.0 1.4x102 5.0 1.4x102 1.2x106 3.3x107
Sr-87m 3.0 8.1x101 3.0 8.1x101 4.8x10s 1.3x107
Sr-89 6.0x10-1 1.6x101 6.0x10-1 1.6x101 1.1x10s 2.9x104
Sr-90 (a) 3.0x101 8.1 3.0x101 8.1 5.1 1.4x102
Sr-91 (a) 3.0x101 8.1 3.0x104 8.1 1.3x10s 3.6x106
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Specific activity

Sowoler, | e | e | a) | Ade | A .
(TBalg) (Cilg)
Sr-92 (a) 1.0 2.7x101 3.0x10-1 8.1 4.7x10s 1.3x107
T(H-3) Tritium (1) 4.0%101 1.1x10s 4.0x101 1.1x103 3.6%102 9.7x10s3
Ta‘}ifl Beégong' Tantalum (73) 1.0 2.7x101 8.0x104 2.2x101 4.2%106 1.1x10s
Ta-179 3.0x10: 8.1x102 3.0x101 8.1x102 4.1x101 1.1x10s
Ta-182 9.0x101 2.4x101 5.0x101 1.4x101 2.3x102 6.2x10s3
Th-157 Terbium (65) 4.0x101 1.1x103 4.0x101 1.1x103 5.6x101 1.5x101
Th-158 1.0 2.7x101 1.0 2.7x101 5.6x101 1.5x101
Th-160 1.0 2.7x101 6.0x10-1 1.6x101 4.2x102 1.1x104
Tc-95m (a) Technetium (43) 2.0 5.4x101 2.0 5.4x101 8.3x102 2.2x104
Tc-96 4.0x101 1.1x101 4.0x10-1 1.1x101 1.2x104 3.2x10s
Tc-96m (a) 4.0x10-1 1.1x101 4.0x101 1.1x101 1.4x106 3.8x107
Tc-97 Unlimited Unlimited Unlimited Unlimited 5.2x10s 1.4x10-s
Tc-97m 4.0x101 1.1x103 1.0 2.7x101 5.6x102 1.5%104
Tc-98 8.0x10-1 2.2x101 7.0x101 1.9x101 3.2x10s 8.7x10-4
Tc-99 4.0x101 1.1x103 9.0x101 2.4x101 6.3x10-4 1.7x10-2
Tc-99m 1.0%101 2.7x102 4.0 1.1x102 1.9%10s 5.3x10s
Te-121 Tellurium (52) 2.0 5.4x101 2.0 5.4x101 2.4x10s 6.4x104
Te-121m 5.0 1.4x102 3.0 8.1x101 2.6x102 7.0x10s
Te-123m 8.0 2.2x102 1.0 2.7x101 3.3x102 8.9x10s
Te-125m 2.0x101 5.4x102 9.0x101 2.4x101 6.7x102 1.8x104
Te-127 2.0x101 5.4x102 7.0x10-1 1.9x101 9.8x104 2.6x10s
Te-127m (a) 2.0x101 5.4x102 5.0x101 1.4x101 3.5x102 9.4x10s3
Te-129 7.0x101 1.9%101 6.0x10-1 1.6x101 7.7x10s 2.1x107
Te-129m (a) 8.0x10-1 2.2x101 4.0x10-1 1.1x101 1.1x103 3.0x104
Te-131m (a) 7.0x101 1.9%101 5.0x101 1.4x101 3.0x104 8.0x10s
Te-132 (a) 5.0x101 1.4x101 4.0x101 1.1x101 1.1x104 8.0x10s
Th-227 Thorium (90) 1.0%101 2.7x102 5.0x10-3 1.4x104 1.1x103 3.1x104
Th-228 (a) 5.0x10-1 1.4x101 1.0x10-s 2.7x10-=2 3.0x10: 8.2x102
Th-229 5.0 1.4x102 5.0x10-4 1.4x10-2 7.9x10-3 2.1x101
Th-230 1.0%101 2.7x102 1.0%10-s 2.7x10-2 7.6x10-4 2.1x10-2
Th-231 4.0x101 1.1x103 2.0x10-2 5.4x10-1 2.0x104 5.3x10s
Th-232 Unlimited Unlimited Unlimited Unlimited 4.0x10-9 1.1x10+7
Th-234 (a) 3.0x101 8.1 3.0x101 8.1 8.6x102 2.3x104
Th(nat) Unlimited Unlimited Unlimited Unlimited 8.1x10- 2.2x107
Ti-44 (a) Titanium (22) 5.0x101 1.4x101 4.0x101 1.1x101 6.4 1.7x102
TI-200 Thallium (81) 9.0x101 2.4x101 9.0x10-1 2.4x101 2.2x104 6.0x10s
TI-201 1.0%101 2.7x102 4.0 1.1x102 7.9x10s 2.1x10s
TI-202 2.0 5.4x101 2.0 5.4x101 2.0x10s 5.3x104
TI-204 1.0%101 2.7x102 7.0x101 1.9%101 1.7x101 4.6x102
Tm-167 Thulium (69) 7.0 1.9%102 8.0x10-1 2.2x101 3.1x10s 8.5x104
Tm-170 3.0 8.1x101 6.0x10-1 1.6x101 2.2x102 6.0x10s
Tm-171 4.0x101 1.1x103 4.0x101 1.1x103 4.0x101 1.1x10s
U-230 (fast
absorI;;Jtri]gn) @ Uranium (92) 4.0%10: 1.1x10s 1.0x104 27 1.0x10s 2.7x104
(d).
U-230 (medium
absor':t?gn) @ 4.0x10: 1.1x10s 4.0x103 1.1x104 1.0x103 2.7x104
(®).
U'fon(;'ow 3.0x10: 8.1x10 3.0x103 8.1x102 1.0x10s 2.7%10¢
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et | Eerataonic | agey | o) | ame | we .
(TBa/g) (Cilg)
absorption) (a)
().
U-232 (fast
lung 4.0x101 1.1x103 1.0x10-2 2.7x10-1 8.3x101 2.2x101
absorption) (d).
U-232 (medium
lung 4.0x101 1.1x103 7.0x10-3 1.9%104 8.3x101 2.2x101
absorption) (e).
U-232 (slow
lung 1.0%101 2.7x102 1.0x10-s 2.7x10-2 8.3x101 2.2x101
absorption) (f).
U-233 (fast
lung 4.0x101 1.1x103 9.0x10-2 2.4 3.6x10-4 9.7x10-3
absorption) (d).
U-233 (medium
lung 4.0x101 1.1x103 2.0x10-2 5.4x10-1 3.6x10-4 9.7x10-3
absorption) (e).
U-233 (slow
lung 4.0x101 1.1x103 6.0x10-3 1.6%101 3.6x10-4 9.7x10-3
absorption) (f).
U-234 (fast
lung 4.0x101 1.1x103 9.0x10-2 2.4 2.3x10-4 6.2x10-3
absorption) (d).
U-234 (medium
lung 4.0x101 1.1x103 2.0x10-=2 5.4x10-1 2.3x10-4 6.2x10-3
absorption) (e).
U-234 (slow
lung 4.0x101 1.1x103 6.0x10-3 1.6%101 2.3x10-4 6.2x10-3
absorption) (f).
U-235 (all lung
abf;gg;')‘)” Unlimited Unlimited Unlimited Unlimited 8.0x10.s 2.2x105
(8),(0).(e).().
U-236 (fast
lung Unlimited Unlimited Unlimited Unlimited 2.4%x106 6.5%10-5
absorption) (d).
U-236 (medium
lung 4.0x101 1.1x10s 2.0x10-2 5.4%10-1 2.4%x106 6.5%10-5
absorption) (e).
U-236 (slow
lung 4.0x101 1.1x10s 6.0%10-3 1.6%x101 2.4%x106 6.5%10-5
absorption) (f).
U-238 (all lung
abf;gg;')"” Unlimited Unlimited Unlimited Unlimited 1.2x10s 3.4x107
(d).(e).(F).
U (nat) Unlimited Unlimited Unlimited Unlimited 2.6x10s 7.1x10-7
U (enriched to
20% or less) Unlimited Unlimited Unlimited Unlimited see § 173.434 see § 173.434
()8
U (dep) Unlimited Unlimited Unlimited Unlimited see § 173.434 see § 173.434
V-48 Vanadium (23) 4.0x101 1.1x10: 4.0x101 1.1x101 6.3%103 1.7x10s
V-49 4.0x101 1.1x103 4.0x101 1.1x103 3.0x102 8.1x10s
W-178 (a) Tungsten (74) 9.0 2.4x102 5.0 1.4x102 1.3x10s 3.4x104
W-181 3.0x101 8.1x102 3.0x101 8.1x102 2.2x102 6.0x103
W-185 4.0x101 1.1x10s3 8.0%10-1 2.2x101 3.5%102 9.4x10s3
W-187 2.0 5.4x101 6.0x10-1 1.6x101 2.6x104 7.0x10s
W-188 (a) 4.0x104 1.1x10: 3.0x101 8.1 3.7x102 1.0x104
Xe-122 (a) Xenon (54) 4.0x101 1.1x101 4.0x101 1.1x101 4.8x104 1.3x106
Xe-123 2.0 5.4x101 7.0x10-1 1.9x101 4.4x10s 1.2x107
Xe-127 4.0 1.1x102 2.0 5.4x101 1.0x103 2.8%104
Xe-131m 4.0x101 1.1x103 4.0x101 1.1x103 3.1x10s 8.4%x104
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otte | e | g | me) | mme) | s . —
(TBalg) (Cilg)
Xe-133 2.0x101 5.4x102 1.0x101 2.7x102 6.9x10s 1.9x10s
Xe-135 3.0 8.1x101 2.0 5.4x101 9.5%104 2.6x106
Y-87 (a) Yttrium (39) 1.0 2.7x101 1.0 2.7x101 1.7x104 4.5x10s
Y-88 4.0x10-1 1.1x101 4.0x101 1.1x101 5.2x102 1.4x104
Y-90 3.0x104 8.1 3.0x104 8.1 2.0x104 5.4x10s
Y-91 6.0x10-41 1.6x101 6.0x10-1 1.6x101 9.1x102 2.5%104
Y-91m 2.0 5.4x101 2.0 5.4x101 1.5x106 4.2x107
Y-92 2.0x104 5.4 2.0x104 54 3.6x10s 9.6x106
Y-93 3.0x104 8.1 3.0x104 8.1 1.2x10s 3.3x106
Yb-169 Ytterbium (70) 4.0 1.1x102 1.0 2.7x101 8.9x102 2.4x104
Yb-175 3.0x101 8.1x102 9.0x104 2.4x101 6.6x10s 1.8x10s
Zn-65 Zinc (30) 2.0 5.4x101 2.0 5.4x101 3.0x102 8.2x10s
Zn-69 3.0 8.1x101 6.0x10-1 1.6x101 1.8x10s 4.9x107
Zn-69m (a) 3.0 8.1x101 6.0x10-1 1.6x101 1.2x10s 3.3x106
Zr-88 Zirconium (40) 3.0 8.1x101 3.0 8.1x101 6.6x102 1.8x104
Zr-93 Unlimited Unlimited Unlimited Unlimited 9.3%105 2.5%10-3
Zr-95 (a) 2.0 5.4x101 8.0x101 2.2x101 7.9x102 2.1x104
Zr-97 (a) 4.0x10-1 1.1x101 4.0x101 1.1x101 7.1x104 1.9x106

@A, and A, values include contributions from daughter nuclides with half-lives less than 10 days.

®Reserved

©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 UFs, UO,F, and UO,(NOs), in both
normal and accident conditions transport.

®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 transport.
MThese values apply to all compounds of uranium other than those specified in notes (d) and (e) in the table.

@These values apply to unirradiated uranium only.

@Al =0.1 TBq (2.7 Ci) and A, = 0.001 TBq (0.027 Ci) for Cf-252 domestic use.
A, = 0.74 TBq (20 Ci) M0-99 for domestic use.
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RPR 55ID. RECEIVER IDENTIFICATION AND AUTHORIZATION
FOR RADIOACTIVE MATERIAL SHIPMENT

Instructions: This form is to be completed for shipments of any radioactive material other than limited quantities or
wastes to any location. The individual desiring authorization to ship a radioactive material shall complete this form
and the appropriate check lists. The completed check lists shall be submitted to, approved and retained by the RSO.

Shipper (University of Utah Responsible User):

Name:

Department:

Receiver (Individual and Organization):

Name:

Address:

Authorization:

Receiver's License #:

Receiver's RSO:

License copy on file?

Package Contents and Hazardous Material Classification:

Expiration Date:

or other verification:

Initials

Contents

Radionuclide(s):

Activities:

Other Hazardous Materials:

Type A Package Limits

Sealed source or metal? (Y/N)

Other solid or liquid? (Y/N)

A; Limit: TBq
( Ci)

A, Limit: TBq
( Ci)
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Initials

Limited Quantity (LQ) Criteria

Less than 10 A, for special form materials.
Tritiated water? (Y/N) Concentration: (TBg/L)

Less than total activity specified in 173.425. (if the concentration is less than 0.1 Ci/L then
limit is 1,000 Ci, if concentration is between 0.1 Ci to 1.0 Ci/L then limit is 100 Ci, and if
concentration is greater than 1.0 Ci/L than limit is 1.0 Ci)

Other solid or liquid? (Y/N) __ A, Limit: (TBQ)
If solid, less than 107 A,.

If liquid, less than 10 A,. [173.425]

Less than 15 grams U-235. [173.424(h)]

If limited quantity, use RPR 14LQ.

Low Specific Activity (LSA) Criteria

LSA-I — Uranium and thorium ores, concentrates of uranium and thorium ores, and other ores
containing naturally occurring radionuclides which are intended to be processed for the use of
these nuclides, or

LSA -1- Solid unirradiated natural uranium or depleted uranium or natural thorium or their solid
or liquid compounds or mixtures, or

LSA-I Radioactive material, other than fissile, with an unlimited A, value, or

LSA-I other radioactive material, excluding fissile material in quantities not excepted under
173.453, in which the activity is uniformly distributed throughout and the estimated average
specific activity does not exceed 30 times the values for activity concentration specified in
173.436 (See table 1) , or 30 times the default values in Table 10 B of 173.433.

LSA-II - Water with tritium concentrations up to 0.8 TBq/liter (20 Ci/liter).

LSA-I1 - Material in which the radioactivity is essentially uniformly distributed and the average
specific activity does not exceed 10 A,/g for solids and gases.

LSA-II - Material in which the radioactivity is essentially uniformly distributed and the average
specific activity does not exceed 10° A,/g for liquids.

LSA-I1I - Radioactive material is uniformly distributed throughout a solid, compact binding
agent and is relatively insoluble with the average specific activity not exceeding 2x10° A,/g.
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Check the appropriate material classification and shipping method below and complete the indicated check lists.
Limited Quantity; complete RPR 14LQ.
Type A quantity to be shipped by common carrier; complete RPR 55A.

LSA radioactive waste to be shipped by common carrier; complete RPR 55RW.

Prepared by (signature): Date:

RSO approval (signature): Date:
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Instructions:

RPR 55A. COMMON CARRIER SHIPMENT OF
TYPE A RADIOACTIVE MATERIAL

Use this check list for any radioactive materials exceeding the limited quantity other than

wastes. (Use RPR 14LQ for limited quantities; Use RPR 55RW for radwastes.) Unless otherwise indicated, all
references are to DOT regulations (49 CFR). Initial each item upon completion or verification. The person
responsible for the shipment shall sign and date the check list after all items have been completed. The
completed check list shall be submitted to, approved and retained by the RSO.

Initials

Container

DOT specification 7A, Type A package (or Type B if A, quantity is exceeded). Complete
documentation of tests and an engineering evaluation or comparative data showing that the
construction methods, packaging design and materials of construction comply with
Specification 7A. [173.415(a), 173.427(b)(2), 178.350]

Containers shall be in good physical condition with no evidence of damage, corrosion or
leakage. [173.24, 173.475]

All drum lids are provided with gaskets and fit securely. [173.475 (c)]

On each reconditioned drum, the reconditioner's name and address or ID number, the letter “R”
and letter “L”, country in which reconditioning was performed, and last two digits of year in
which test was performed have all been marked such that its legible and placed in a location
and of such a size relative to the packaging that its readily visible. [173.28, 178.503C]

All metal drums with a capacity of 55 gallons or greater shall have a 5/8 inch or larger bolt for
securing the closure ring. Bolt should be torqued to approximately 65 foot-pounds. [Meets
intent of 173.412 (d)]

Each container shall be secured with a seal that is not readily breakable as evidence that the
package has not been opened. [173.412(a)]

Labels and Markings

The names and address of either the shipper or the receiver are legibly affixed to each container
that is subject to vehicle transfer en route unless, transported by highway only and will not be
transferred from one motor carrier to another or Part of a carload lot, truckload lot or freight
container load, and the entire contents of the rail car, truck or freight container are shipped from
one consignor to one consignee. [172.301(d)]

Two radioactive material labels, of the type currently authorized, and marked with the quantity
and units of activity, are to be affixed to opposite sides of the package; the quantities, units and
transport index shall agree with the entries on the shipping papers.

TI>10and > 2 mSv/h (200 mrem/h) but <10 mSv/h (1,000 mrem/h) at surface requires
Yellow 111 label and must be shipped under exclusive use provisions [173.441(b)].
TI>1but<10and >0.05 mSv/h (50 mrem/h) <2 mSv/h (200 mrem/hr) at surface requires
Yellow 11 label.
TI <£1.0 and > 0.005 mSv/h (0.5 mrem/h) but < 0.5 mSv/h (50 mrem/h) at surface requires
Yellow Il label.
< 0.005 mSv/h (0.5 mrem/h) at surface (TI not applicable) requires White I label. [172.403]
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All markings shall be durable, in English, legible, displayed on a background of sharply
contrasting color, unobscured and located away from any other marking (e.g., advertising).
[172.304]

Each container shall be marked with lettering at least ¥2-inch high with the appropriate shipping
name and identification number. For example, for a Type A Package "RADIOACTIVE
MATERIAL, Type A Package, UN2915"; this marking should be near and on the same side of
the package as one of the radioactive material labels. [172.101, 172.301(a), 172.406(a)(ii)]

Each container shall be marked with lettering at least ¥-inch high: "USA DOT 7A, TYPE A"
and with the name and address (or registered symbol) of the person making the specification
marking. [178.2, 178.350]

For each container weighing more than 50 kg (110 pounds), the weight and unit of
measurement shall be marked on the container. [172.310(a)]

If the contents include flammable liquids in containers of more than 1 pint capacity, each

package shall be marked with the following: "THIS END UP" and an arrow pointing up, and a
"FLAMMABLE LIQUID" label. [172.312]

Radiation Survey

Exposure rates measured with survey instrument:

Ser. No.: Calibration date:

Maximum at surface = mR/hr; at 1 meter = mR/hr

Less than 2 mSv/h ( 200 mR/h) at all points on the surface of the container. Transport index
does not exceed 10, i.e. less than 0.1 mSv/h (10 mR/h) at 1 meter. [173.441(a)]

Contamination measured with survey instrument:

Ser. No.: Efficiency: Calibration date:

Count rates (cpm or cps): Gross: Background: Net:

Less than 110 Bg (3 nCi) or 6600 dpm alpha and less than 1100 Bq (30 nCi) or 66000 dpm
beta-gamma removable contamination per wipe of 300 cm?. [173.443(a)]

Surveyed by:
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Shipping Papers
In the Nature & Quantity of Dangerous Goods Box there should be the following columns:
Proper Shipping Name, Class or Division, UN or ID no, Packing Group, Subsidiary Risk,
Quantity and Type of Packaging, Packing Instructions and Authorization

In Proper Shipping Name column enter one of the following:

“Radioactive material, Type A Package”

"Radioactive material, excepted package — instruments"

"Radioactive material, excepted package — articles"

Note for a more extensive list of Proper shipping names please refer to IATA Appendix G
or [172.101]

In the Class or Division Column enter “7". (All radioactive material is Class 7 regardless of
guantity.)

In the UN or ID no. column enter one of the following:

UN 2915 for “Radioactive material, Type A Package”
UN 2911 for "Radioactive material, excepted package — instruments”
UN 2911 for “Radioactive material, excepted package - articles”

Note: For a more extensive list of UN numbers please refer to IATA Appendix G or [172.101]

In the Packing Group column place NA. (Radioactive material does not have an associated
packing group.)

In the Subsidiary Risk column place NA. (Radioactive material does not have an associated
subsidiary risk.)

In the Quantity and Type of Packaging column state the number of items, name of the nuclide,
the form (solid, liquid or special) and the activity.

In the Packing Inst. column place the category of label required for the package and the
transport index if the package label is a Yellow-1I or Yellow-III.

Except for Limited Quantities, one of the following certification shall be printed on the
shipping paper and signed by the RSO [172.204]:

For surface shipment by common carrier:
"This is to certify that the above-named materials are properly classified, described,
packaged, marked and labeled, and are in proper condition for transportation
according to the applicable regulations of the Department of Transportation.™

For shipment by cargo aircraft:
"I hereby certify that the contents of this consignment are fully and accurately de-
scribed above by proper shipping name and are classified, packed, marked and
labeled, and in proper condition for carriage by air according to applicable national
governmental regulations. This shipment is within the limitations prescribed for
cargo aircraft only."

For shipment in a passenger-carrying aircraft:
"I hereby certify that the contents of this consignment are fully and accurately de-
scribed above by proper shipping name and are classified, packed, marked and
labeled, and in proper condition for carriage by air according to applicable national
governmental regulations. This shipment is within the limitations prescribed for
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passenger aircraft only. The herein-named materials are intended for use in, or
incident to, research or medical diagnosis or treatment.”

Retain a legible copy of the completed shipping paper for Radiological Health Department
files.

Vehicle Requirements

Verify that packages are blocked and braced so that they cannot change position during condi-
tions normally incident to transportation. [173.427(a)(6)(iii), 177.842(d)]

The sum of the transport index numbers on the vehicle does not exceed 50. [177.842]

For exclusive use shipments, the radiation dose rate does not exceed 2 mrem per hour in any
position normally occupied in the motor vehicle. [177.842 (g)]

Prepared by (signature): Date:

RSO approval (signature): Date:
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RPR 55RW. COMMON CARRIER SHIPMENT OF RADWASTE

Instructions:

Use this check list for LSA or Type A quantities of radioactive wastes to be shipped by

common carrier. Unless otherwise indicated, all references are to U. S. Department of Transportation
regulations, found in Title 49 of the Code of Federal Regulations (49 CFR). Obtain the contents of the waste
containers from the RADSAFE database. Initial each item upon completion or verification. The person
responsible for the shipment shall sign and date the check list after all items have been completed. The
completed check list shall be submitted to, approved and retained by the RSO.

Initials

Type A Containers, Markings and Labels

DOT specification 7A, Type A package (or Type B if A, quantity is exceeded).

On each reconditioned drum, the reconditioner's name and address or ID number, the letter “R”
and letter “L”, country in which reconditioning was performed, and last two digits of year in
which test was performed have all been marked such that its legible and placed in a location
and of such a size relative to the packaging that its readily visible. [173.28, 178.503C]

All drum lids are provided with gaskets and fit securely. [173.475 (c)]

Each container shall be secured with a seal that is not readily breakable as evidence that the
package has not been opened. [173.412(a)]

Each container shall be marked with lettering at least %2-inch high: "USA DOT 7A, TYPE A"
and with the name and address (or registered symbol) of the person making the specification
marking. [178.2, 178.350]

Two radioactive material labels, of the type currently authorized, and marked with the quantity
and units of activity, are to be affixed to opposite sides of the package; the quantities, units and
transport index shall agree with the entries on the shipping papers. [172.403]

Each container shall be marked with lettering at least %2-inch high: "RADIOACTIVE MATE-
RIAL, Type A Package UN2915". [172.101, 172.301]

For mixed wastes containing flammable liquids in containers of more than 1 pint capacity, each
package shall be marked with the following: HAZARDOUS WASTE LABEL, including
"THIS END UP" and arrows pointing up [RPR 54B], and a "FLAMMABLE LIQUID" label.
[172.312]

LSA Containers, Markings and Labels

Packages shall meet the intent of 173.24 and 173.425.
All drum lids are provided with gaskets and fit securely. [173.475]

Each container shall be marked with lettering at least ¥2-inch high: "RADIOACTIVE MATE-
RIAL, Low Specific Activity (LSA I, LSA-II, or LSA_I1II (as appropriate)) UN2912, UN3321,
or UN3322 (respectively)". [172.101, 172.301]

For mixed wastes containing flammable liquids in containers of more than 1 pint capacity, each
package shall be marked with the following: HAZARDOUS WASTE LABEL, including
"THIS END UP" and arrows pointing up [RPR 54B], and a "FLAMMABLE LIQUID" label.
[172.312]
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Initials General for Any Container

Containers shall be in good physical condition with no evidence of damage, corrosion or
leakage. [173.24, 173.475]

All metal drums with a capacity of 55 gallons or greater shall have a 5/8 inch or larger bolt for
securing the closure ring. Bolt should be torqued to approximately 65 foot-pounds.

All metal containers shall have an intact heavy duty closure device when presented for disposal.
Wooden boxes shall be banded with metal bands. (US Ecology Washington license)

All markings shall be durable, in English, legible, displayed on a background of sharply
contrasting color, unobscured and located away from any other marking (e.g. advertising)
[172.304]

Each container weighing more than 50 kg (110 pounds) shall be clearly marked with the gross
weight and unit of measurement ((kilograms (pounds)) [172.310(a)].

For shipments directly to the burial ground operator/broker, the waste class shall be marked on
each container in lettering more than %2 inch high. Choices: Class A Unstable (most likely),
Class A Stable, Class B or C. [10 CFR 61.57 and US Ecology Washington license] Shipments
to a processing broker need not be marked with waste class.

Radiation Survey

Exposure rates measured with survey instrument:

Ser. No.: Calibration date:

Maximum at surface = mR/hr; at 1 meter = mR/hr

Less than 2 mSv/h (200 mR/h) at all points on the surface of the container. Transport index
does not exceed 10, i.e. less than 0.1 mSv/h (10 mR/h) at 1 meter. [173.441(a)]

Contamination measured with survey instrument:

Ser. No.: Efficiency: Calibration date:

Count rates (cpm or cps): Gross: Background: Net:

Less than 110 Bq (3 nCi) or 6600 dpm alpha and less than 1100 Bq (30 nCi) or 66000 dpm
beta-gamma removable contamination per wipe of 300 cm® [173.443(a)]

Surveyed by:
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Shipping Papers and Other Paperwork

Verify there is a signed Certification form (RHF-31B for state and local government
generators) for the Site Use Permit.

Verify that the listing of the contents of all containers is available from the RADSAFE
database.

On the front sheet of the manifest, and on the bill of lading, enter the proper shipping name,
hazard class, identification number and number of packages of each class. [172.202 and
172.203(d)]

"Radioactive material, low specific activity (LSA-I), 7, UN2912"

"Radioactive material, low specific activity (LSA-1I), 7, UN3321"

"Radioactive material, low specific activity (LSA-I1I), 7, UN3322"

"Radioactive material, Type A Package, fissile, 7, UN3327"

"Radioactive material, Type A Package, special form, 7, UN3332

"Radioactive material, excepted package-limited quantity of material 7, UN2910"

Enter the name and activity of each radionuclide contained in the package, and the physical and
chemical form if not special form; entries shall agree with information on the package labels.

For Type A quantities, enter the category of label required for the package, and the transport
index if the package label is Yellow-I1 or Yellow-III.

Except for Limited Quantities, the following certification shall be printed on the shipping paper
and signed by the RSO [172.204]:

"This is to certify that the above-named materials are properly classified, described,
packaged, marked and labeled, and are in proper condition for transportation
according to the applicable regulations of the Department of Transportation.™

If shipment contains Special Nuclear Material (SNM), or 1 kilogram or more of Source
Material [10 CFR 40.64], a DOE/NRC Form 741 has been prepared.

The RSM (manifest) is complete and signed. Retain a legible copy of the completed shipping
papers for Radiological Health Department files.

The number of containers listed on the RSM agrees with the physical count of containers
loaded.

The consignee has been notified of the expected time of shipment arrival.

Initials Vehicle Requirements

Verify that packages are blocked and braced so that they cannot change position during condi-
tions normally incident to transportation. [173.425(a)(6)(iii), 177.842(d)]

The sum of the transport index numbers on the vehicle does not exceed 50. [177.842 (g)]

Prepared by (signature): Date:

RSO approval (signature): Date:
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RPR 55LSA. EXCLUSIVE-USE VEHICLE
SHIPMENT OF LSA RADWASTE

Instructions: This check list should be used for all radwaste or mixed waste shipments to be made by
exclusive-use vehicle. The check list for the exclusive-use vehicle RPR 55EUV shall also be completed. Unless
otherwise indicated, all references are to U. S. Department of Transportation regulations, found in Title 49 of the
Code of Federal Regulations (49 CFR). Initial each item upon completion or verification. The person
responsible for the shipment shall sign and date the check list after all items have been completed. The
completed check list shall be submitted to, approved and retained by the RSO.

Initials

Contents

The contents of the shipment will be obtained from the RADSAFE database and need not be
entered on this check list. However, the contents shall be verified to meet the criteria for LSA.

Contents of all containers meet the LSA criteria. If not, use RPR 55RW.
Containers
All containers meet the intent of 173.24 and 173.425.

All containers are in good physical condition with no evidence of damage, corrosion or
leakage. [173.475]

All drum lids are provided with gaskets and fit securely. [173.475]

All metal drums with a capacity of 55 gallons or greater shall have a 5/8 inch or larger bolt for
securing the closure ring. Bolt should be torqued to approximately 65 foot-pounds.

All metal containers shall have an intact heavy duty closure device when presented for disposal.
Wooden boxes shall be banded with metal bands. (US Ecology Washington license)

Labels and Markings

All markings shall be durable, in English, legible, displayed on a background of sharply
contrasting color, unobscured and located away from any other marking (e.g. advertising)
[172.304]

Each container is usually marked with lettering at least ¥2-inch high: "RADIOACTIVE MATE-
RIAL, Low Specific Activity (LSA I, LSA-II, or LSA_III (as appropriate)) UN2912, UN3321,
or UN3322 (respectively)”. [172.101, 172.301] However, for LSA materials shipped in an
exclusive-use vehicle, the LSA marking on each package is not required. [172.400(a)(7)]
However, the exterior of each nonbulk package must be stenciled or otherwise marked
“Radioactive - LSA” or “Radioactive - SCO”.[173.427(a)(6)(vi)]

If the contents include flammable liquids in containers of more than 1 pint capacity, each
package shall be marked with the following: "THIS END UP" and an arrow pointing up, and a
"FLAMMABLE LIQUID" label. [172.312]

Each container weighing more than 50 kilograms (110 pounds) shall be clearly marked with the
gross weight and unit of measurement (kilograms((pounds)). [172.310(a)]
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For shipments directly to the burial ground operator/broker, the waste class shall be marked on
each container in lettering more than % inch high. Choices: Class A Unstable (most likely),
Class A Stable, Class B or C. [10 CFR 61.57 and US Ecology Washington license] Shipments
to a processing broker need not be marked with waste class.

Radiation Survey

Exposure rates measured with survey instrument:

Ser. No.: Calibration date:

Maximum at surface = mR/hr; at 1 meter = mR/hr

Less than 2 mSv/h (200 mR/h) at all points on the surface of the container. Transport index
does not exceed 10, i.e. less than 0.1 mSv/h (10 mR/h) at 1 meter. [173.441(a)]

Contamination measured with survey instrument:

Ser. No.: Efficiency: Calibration date:
Count rates (cpm or cps): Gross: Background: Net:

Less than 110 Bg (3 nCi) or 6600 dpm alpha and less than 1100 Bq (30 nCi) or 66000 dpm
beta-gamma removable contamination per wipe of 300 cm?. [173.443(a)]

Surveyed by:

Shipping Papers and Other Paperwork

Verify there is a signed Certification form (RHF-31B for state and local government
generators) for the Site Use Permit.

Verify that the listing of the contents of all containers is available from the RADSAFE
database.

On the front sheet of the manifest, and on the bill of lading, enter the proper shipping name,
hazard class, identification number and number of packages of each class. [172.202 and
172.203(d)], e.g.:

"Radioactive material, low specific activity (LSA-I), 7, UN2912"

Enter the name and activity of each radionuclide contained in the package, and the physical and
chemical form if not special form; entries shall agree with information on the package labels.

Except for Limited Quantities, the following certification shall be printed on the shipping paper
and signed by the RSO [172.204]:

"This is to certify that the above-named materials are properly classified, described,

packaged, marked and labeled, and are in proper condition for transportation
according to the applicable regulations of the Department of Transportation."
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The RSM (manifest) is complete and signed. Retain a legible copy of the completed shipping
papers for Radiological Health Department files.

The number of containers listed on the RSM agrees with the physical count of containers
loaded.

The consignee has been notified of the expected time of shipment arrival.

Prepared by (signature): Date:

RSO approval (signature): Date:
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RPR 55EUV. EXCLUSIVE USE VEHICLE SURVEY
AND DRIVER'S INSTRUCTIONS

All references are to U. S. Department of Transportation regulations, found in Title 49 of the
Code of Federal Regulations (49 CFR).

Initials Transport Vehicle Survey (by Consignor):

Before loading, verify that there is no loose radioactive material in the vehicle.
[173.427(a)(6)(ii)]

Maximum exposure rates after loading:

At the external surface of the vehicle: mrem/hr
Not to exceed 2 mSv/h (200 mrem/h) [173.441(b)(2)].
At any point 2 meters from the sides: mrem/hr
Not to exceed 0.1 mSv/h (10 mrem/h) [173.441(b)(3)].
At any normally occupied location: mrem/hr

Not to exceed 0.02 mSv/h (2 mrem/h) [173.441(b)(3), 177.842(9)].

Verify that packages are blocked and braced so that they cannot change position during condi-
tions normally incident to transportation [173.427(a)(6)(iii), 177.842(d)].

"RADIOACTIVE" placards on all 4 sides of vehicle at least 3 inches away from other
markings, e.g. advertising. [172.504 a]

Additional placards for other hazardous materials applied to vehicle, if appropriate. When the
gross weight of all hazardous materials covered by 172.504 Table 2 (flammable, combustible or
corrosive liquids, etc.) is less than 1000 pounds, no placard is required for the Table 2 material
[172.504(c)]. The "RADIOACTIVE" placards are still required. If the vehicle contains more
than 1000 pounds of a Table 2 material, the appropriate placards, e.g. "FLAMMABLE
LIQUID", "COMBUSTIBLE LIQUID", etc. shall also be placed on all 4 sides of the vehicle.

If the vehicle contains more than one Table 2 material, but less than 5000 pounds of any one
class of material, the second set of placards may say "DANGEROUS". [172.504(b)]

Instructions for exclusive-use vehicle have been reviewed with the carrier and provided in
writing. [173.441(c)]

Checked and Surveyed by: Date & time:

RSO Approval (signature):
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INSTRUCTIONS TO CARRIER

FOR MAINTAINING CONTROL OF SHIPMENT

BY EXCLUSIVE-USE VEHICLE
GENERAL INSTRUCTIONS:

This shipment, loaded by consignor, shall be unloaded only by the consignee, or by individuals
having radiological training and resources and approved by the consignor. [173.403]

No additional materials, radioactive or otherwise, are to be transported with this consignment.
[173.427]

The load shall remain blocked and braced, and the vehicle shall remain placarded, during the
entire trip. [173.427(a)(6)(iii)]

Persons should not remain unnecessarily in the vehicle [177.842(e)].
EMERGENCY NOTIFICATION:

In the event of an emergency situation where the vehicle configuration shall be changed, the
consignor shall be notified prior to initiation of the change:

During normal office hours (8 am to 5 pm, Monday - Friday):
University of Utah
Radiological Health Department 801-581-6141

After hours:
University of Utah Police 801-585-2677

ACKNOWLEDGMENT:

This instruction sheet is to be retained with the shipping papers. [173.427(a)(6)(iv)] Carrier
hereby certifies that he has read and understands the instructions for exclusive use shipments.

Name of Carrier:

Driver's Signature: Date:
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