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Subpart I 

RADIOACTIVE MATERIALS 

Sec. 173.401 Scope. (a) This subpart sets forth requirements (2) Radioactive materials contained in a medical device, such 
for the transportation of radioactive materials by carriers and ship- 
pers subject to this subchapter. The requirements prescribed in 

as a heart pacemaker, which is implanted in a human being or live 
animal. 

this subpart are in addition to, but not in lieu of, other requirements 
set forth in this subchapter and in 10 CFR Part 71 for the packaging 

(3) Radiopharmaceuticals that have been injected into, or in- 
gested by, and are still in human beings or live animals. 

and transportation of radioactive materials. 
(b) This subpart does not apply to: Sec. 173.403 Definitions. In this subpart: 

(1) Radioactive materials produced, used, transported, or stored 
(a) “A,” means the maximum activity of special form radioactive 

within an establishment otherthan during the course of tran.sportation. 
material permitted in a Type A package. 

(b) “A;’ means the maximum activity of radioactive material, 
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other than special form or low specific activity radioactive material, 
permitted in a Type A package These values are either listed in 
5 173.435 or may be derived in accordance with the procedure 
prescribed in Q  173 433. 

(c) “Closed transport vehicle” means a transport vehicle equipped 
with a securely attached exterior enclosure that during normal 
transportation restricts the access of unauthorized ersons to the 
cargo space containing the radioactive materials. ! he enclosure 
may be either temporary or permanent, and in the case of packaged 
materials may be of the “see-through” type, and must limit access 
from top, sides, and ends. 

(d) “Containment system” means the components of the pack- 
aging intended to retain the radioactive contents during transpor- 
tation. 

(e) “Conveyance” means: 
(1) For transport by public highway or rail: any transport vehicle 

OrJarge freight container; 
(2) For transport by vessel: any vessel, or any hold, compart- 

ment, or defined deck area of a vessel; and 
(3) For transport by aircraft: any aircraft, 
(f) “Depleted uranium” means uranium containin less uranium- 

235 than the naturally occurring distribution o uramum ISO- 
topes. 

(g) “Design” means the description of a special form material, 
a packa 
identifie 8 

e, or a packaging, that enables those items to be fully 
, The description may include specifications, engineering 

drawings, reports showing compliance with regulatory require- 
ments. and other relevant documentation. 

(h) “Enriched uranium” means uranium containing more ura- 
nium-235 than the naturally occurring distribution of uranium iso- 
topes. 

issued in writing and included with the shipping paper information 
provided to the carrier by the consignor. 

(j) “Fissile material” means any material consisting of or con- 
taining one or more fissile radionuclides. Fissile radionuclides 
are plutonium-238, plutonium-239, plutonium-241, uranium-233 
and uranium-235. Neither natural nor depleted uranium arefissile 
material. Fissile materials are classified according to the controls 
needed to provided nuclear critically safety during transportation, 
as provided in 5 173.455 Certain exclusions are provided in 
§ 173.453. 

(k) “Freight container” means a reusable container having a 
volume of 1.81 cubic meters (84 cubic feet) or more, designed ant 
constructed to permit being lifted with its contents intact and in 
tended primarily for containment of packages in unit form during 
transportation. A small freight container is one which has either 
one outer dimension less than 1.5 meters (4.9 feet) or an interna 
volume of not more than 3.0 cubic meters (108 cubic feet). All other 
are designated as “large freight containers.” 

(I) “Highway route controlled quantity” means a quantity withir 
a single package which exceeds: 

(1) 3000 times the A, value of the radionuclides as specified ir 
Q  173.433 for special form radioactive material; 

(2) 3000 times the A2 value of the radionuclides as specified ir 
8 173.433 for normal form radioactive material; or 

(3) 30,000 curies, whichever is least. 
(m) “Limited quantity of radioactive material” means a quantiq 

of radioactive material not exceeding the materials package limit: 
specified in 5 173.423 and which conform with requirements spec 
ified in 5 173.421. 

(n) “Low specific activity material (LSA)” means any of the fol 
lowing: 

(1) Uranium or thorium ores and physical or chemical concen 
trates of those ores. 

(2) Unirradiated natural or depleted uranium or unirradiated nat 
ural thorium. 

(3) Tritium oxide in aqueous solutions provided the concentra 
tion does not exceed 5.0 millicuries per milliliter. 

(4) Material in which the radioactivity is essential uniforml dis 
tributed and in which the estimated average concentration o con 
tents does not exceed: 

(i) 0.0001 millicurie per ram of radionuclides for which the A, 
1 quantity is not more t an .05 curie; 

(ii) 0.005 milkcurie per gram of radionuclides for which the A2 
quantity iS more than .05 curie, but not more than 1 curie; 
or 

(iii) 0.3 millicurie per gram of radionuclides for which the A2 
quantity is more than 1 curie. 

(5) Objects of nonradioactive material externally contaminated 
Nith radioactive material, provided that the radioctive material is 
lot readily dispersible and the surface contamination, when av- 
sraged over an area of 1 square meter, does not exceed O.OOO! 
milkcurie (220,000 disintegrations per minute) per square centl- 
meter of radionuclides for which the A2 quantity is not more than 
.05 curie, or 0.001 millicurie (2,200,OOO disintegrations per minute) 
cer square centimeter for other radionuclides. 

(0) “Multilateral approval” means approval by both the appro- 
priate competent authority of the country of origin and of each 
country through or into which the shipment is to be transported. 
This definition does not imply approval from countries over which 
radioactive materials are carried in aircraft, if there is no scheduled 
stop in that country. 

(p) “Natural thorium” means thorium with the naturally occurring 
distribution of thorium isotopes (essentially 100 weight percent thor- 
ium-232). 

(q) “Natural uranium” means uranium with the naturally occur- 
rina distribution of uranium isotopes (aDproximately 0.711 weight 
pe?cent uranium-235 and the remainder essentiallyuranium-23‘8). 

(r) “Non-fixed radioactive contamination” means radioactive 
contamination that can be readily removed from a surface by wiping 
with an absorbent material. Non-fixed (removable) radioactive con- 
tamination is not significant if it does not exceed the limits specified 
in 5 173.443. 

(8) “Normal form radioactive material” means radioactive ma- 
terial which has not been demonstrated to qualify as “special form 
radioactive material.” 

(1) “Package” means, for radioactive materials, the packaging 
together with its radioactive contents as presented for transport. 

(u) “Packaging” means, for radioactive materials, the assembly 
of components necessary to ensure compliance with the packaging 
requirements of this subpart. It may consist of one or more recep- 
tacles, absorbent materials, spacing structures, thermal insulation, 
radiation shielding, and devices for cooling or absorbing mechan- 
ical shocks. The conve 
ment may sometimes 1: ‘, 

ante tie-down system, and auxiliary equip- 
e designated as part of the packaging. 

(v) “Radiation level” means the radiation dose-equivalent rate 
expressed in millirem per hour (mremlh). Neutron flux densities 
may be converted into radiation levels according to Table 1: 

TABLE l . -NEUTRON FLUX DENSlT lES TO BE  REGARDED AS  EQUIVALENT TO 
A  RADIATION LEVEL OF 1 MILLIREM PER HOUR (MREMil i )’ 

1 Flux density equlvalsnt 

Energy of neutron 
to 1 mremlh (Neutrons 
per square centimeter 
per second) (nkm2/s) 

Thermal . . . . . . . . 
5 keV ::‘.: . ‘:::. ’ .“. ” . I 
20 keV .............. 
1M) keV 
500 k&I.. ... :::...::. .. : .: ::: .::. 
1 M N  ........... 
5hleV . . ........ .: : ::. ‘.: 
10 MeV ............. : .... .:: 

268.0 
2260 
112.0 

320 
120 

7.2 
72 
66 

’ Flux densities equivalent for energies between those listed above may be obtained 
by linear interpolation 

(w) “Radioactive article” means any manufactured instruments 
and articles such as an instrument, clock, electronic tube or ap- 
paratus, or similar instruments and articles having radioactive ma- 
terial as a component part. 

(x) “Radioactive contents” means the radioactive material, to- 
gether with any contaminated liquids or gases, within the package. 

(y) “Radioactive material” means any material havin a specific 
activity reater than 0.002 microcuries per gram (uCi/g (see def- 

98, 
3 

inition 0 specific activity”). 
(z) “Special form radioactive material” means radioactive ma- 

terial which satisfies the following conditions: 
(1) It is either a single solid piece or is contained in a sealed 

capsule that can be opened only by destroying the capsule; 
(2) The piece or capsule has at least one dimension not IeSS 

than 5 millimeters (0.197 inch); and 
(3) It satisfies the test requirements of Q  173.469. Special form 

encapsulations designed in accordance with the requirements of 
8 173.389(g) in effect on June 30, 1983, and constructed prior to 
July 1,1985 may continue to be used. Special form encapsulations 
either designed or constructed after June 30, 1985 must meet the 
requirements of this paragraph. 
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(aa) “Specific activity” of a radionuclide, means the activity of 
the radionuclide per unit mass of that nuclide. The specific acttvtty 
of a material in which the radionuclide is essential1 
tributed is the activity per unit mass of the matena . 7 

uniformly dis- 

(bb) “Transport index” means the dimensionless number (rounded 
up to the first decimal place) 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 determined as follows: 

(1) The number expressing the maximum radiation level in mil- 
l irem per hour at one meter (3.3 feet) from the external surface of 
the package; or 

(2) For Fissile Class II packages or packages in a Fissile Class 
Ill shipment, the number expressing the maximum radiation level 
at one meter (3.3 feet) from the external surface of the package, 
or the number obtained by dividing 50 by the allowable number of 
packages which may be transported together, whichever is larger. 

(cc) “Type A package” means a T 
with its limited radioactive contents. A Y 

e A packaging together 
ype A package does not 

rewire competent authority approval, since its contents are limited 
to A, or AP. 

(dd) “Type B package” means a Type B packaging together 
with its radioactive contents 

(ee) “Type B(M) package” means a Type B packaging, together 
with its radioactive contents, that for international shipments re- 
quires multilateral approval of the package desi 
approval of the conditions of shipment. Type 93 

n, and may require 
(M) packages are 

those Type B package designs which have a maximum normal 
operating pressure of more than 7 kilograms per square centimeter 
(100 pounds per square inch) gauge or a relief device which would 
allow the release of radioactive material to the environment under 
the hypothetical accident conditions specified in 10 CFR Part 71. 

(ff) “Type B(U) package” means a Type B packaging, together 
with its radioactive contents, that for international shipments, re- 
quires unilateral approval onl 

1: 
of the package design and of any 

stowage provisions that may e necessary for heat dissipation. 
(ggr “Type A packaging”-means a packaging desird to retain 

the intearitv of containment and shieldino required by t IS part under 
normal >onditions of transport as demonstrated by the tests se1 
forth in 55 173.465 or 173.466, as appropriate. 

(hh) “Type B packaging” means a packaging designed to retain 
the integrity of containment and shielding required by this part when 
subjected to the normal condtttons of transport and hypothetical 
acctdent test conditions set forth in 10 CFR Part 71. 

(ii) “Uncompressed gas” means, for the purpose of this subpart 
gas at a pressure not exceeding the ambient atmospheric pressure 
at the time and location the containment system is closed. All other 
radioactive gases are considered to be compressed. 

(jj) “Unilateral approval” means approval by the competent au 
thority of the country of origin only. 

(kk) “Unirradiated thorium” means thorium containing not more 
than IO-’ grams uranium-233 per gram of thorium-232. 

(II) “Unirradiated uranium” means uranium contatntng not,mors 
than 1O-6 grams plutonium per gram of uranium-235 and a fisslor 
product activity of not more than 0.25 millicuries of fission products 
per gram of uranium-235. 

Sec. 173.411 General design requirements. 
Except for a package that contains a limited quantity or exceptec 

instrument or article under 65 173.421 through 173.424, each pack 
age used for shipment of radioactive matefials shall be designee 
so that- 

(a) The package can be easily handled and properly secured ir 
or on conveyance during transport; 

(b) A package with a gross wei 
pounds) and up to 50 kilograms 9 

ht exceeding 10 kilograms (2: 
110 pounds) has a means fo 

manual’handling; - 
(c) A package with a gross weight of 50 kilograms (110 pounds 

or more can be safelv handled bv mechanical means: 
(d) Each lifting attachment on’the package, when’used in tht 

intended manner, with a minimum safety factor of three, does no 
impose an unsafe stress on the structure of the package. In ad 
dition, the lifting attachment shall be so designed that failure under 
excessive load would not impair the ability of the package to meei 
all other requirements of this subpart, Each attachment or other 
feature on the outer surface of the packaging that could be used 
to lift the package must be removable or otherwise capable of being 
made inoperable for transport, or shall be designed with strength 
equivalent to that required for lifting attachments; 

le) The external surface. as far as practicable, may be easily 
dexontaminated; 

(f) The outer layer of packaging will avoid, as far as practicable. 
pockets or crevices where water might collect: and 

(g) Each feature that is added to the package at the time 01 
transoort and that is not a part of the package, will not reduce the 
safety of the package. 

Sec. 173.412 Additional design requirements for Type A 
packages. 

In addition to meeting the general design requirements pre- 
scribed in 5 173.411, each Type A packaging shall be designed so 
that. . . .-.. 

(a) The smallest overall external dimension of the package is 
not less than 10 centimeters 4 inches); 

L (b) The outside of the pat aging incorporates a feature, such 
as a seal, that is not readil 
evidence that the package rl 

breakable, and that, while intact, is 
as not been opened. In the case of 

packages shipped in exclusive use closed transport vehicles, the 
cargo compartment may be sealed instead of the individual pack- 
ages; 

(c) As far as practicable, the external surfaces are free from 
protrusions and are designed and finished so that they can be easily 
decontaminated; 

(d) Containment and shielding would be maintained durin 
transportation and storage in a temperature range of -40°C (-40 4 
to 70°C (158°F) with account beino taken of the possibility of brittle 
fracture;’ ’ 

fe) It is able to withstand the effects of anv acceleration. vibra- 
tion,‘or vibration resonance that ma 
portation, without any deterioration o Y 

arise during normai trans- 
the effectiveness of closing 

devices or of the integrity of the package as a whole and without 
loosening or unintentional release of nuts, bolts, or other securing 
devices even after repeated use; 

(f) It includes a containment system securely closed by a positive 
fastening device that cannot be opened unintentionally or by pres- 
sure that may arise within the package during normal transport. 
Special form, as demonstrated in accordance with 5 173.469 may 
be considered as a component of the containment system; 

(g) The materials of the packaging and any components or struc- 
tures are physically and chemically compatible with each other and 
with the contents, taking into account the behavior of each under 
irradiation: 

(h) For’each component of the containment system account is 
taken, where applicable, of radiolytic decomposit ion of materials 
and the generation of gas by chemical reaction and radiolysis; 

(i) The containment svstem will retain its radioactive contents 
under the reduction of ambient pressure to .25 kilograms per square 
centimeter (3.5 pounds per square inch); 

(j) Each valve through which the radioactive contents could oth- 
erwise escape is protected against dama e and unauthorized op- 
eration and, except for a pressure relief 8 evice, has an enclosure 
to retain any leakage; 

(k) Any radiation shield that encloses a component of the pack- 
aging specified as part of the containment system will prevent the 
unintentional escape of that component from the shield; 

(I) Failure of an tie down attachment on the packaging under 
excessive load WII not impair the ability of the package to meet 7 
other requirements of this subpart; 

(m) When subjected to the tests specified in 5 173 465 or eval- 
uated against these tests by any of the methods authorized by 
5 173.461 (a), the packagin 

1 
11 

will prevent: 
Loss or dispersal of t Yl e radioactive contents; and 

2 Any significant increase in the radiation levels recorded or 
calculated at the external surfaces for the condition before the test; 

n 
11 1 

Each packaging designed for liquids will: 
Meet the conditions prescribed in paragraph (m) of this sec- 

tion when subjected to the tests specified in 5 173.466 or evaluated 
against these tests by any of the methods authorized by 
5 173.461 (a); 

(2) For any package with a liquid volume not exceeding 50 cubic 
centimeters (1.7 fluid ounces). have sufficient suitable absorbent 
material to absorb twice the volume of the liquid contents. The 
absorbent material shall be compatible with the package contents 
and suitably positioned to contact the liquid in the event-of leakage; 
and 

(3) For any package with a liquid volume exceeding 50 cubic 
centtmeters (1.7 fluid ounces), either: 

(i) Have sufficient absorbent material as prescribed in para- 

(ii) 
graph (n)(2) of this section; or 
Have a containment system composed of primary inner and 
secondary outer containment components designed to as- 
sure retention of the liquid contents within the secondary 
outer components in the event that the primary inner com- 
ponents leak; and 

(0) Each package designed for compressed or uncompressed 
gases other than tritium or argon-37 not exceeding 200 curies will 
be able to prevent loss of contents when the package is subjected 
to the tests prescribed in (i 173.466 or evaluated a 
tests by any of the methods authorized by § 173.461 a). a 

ainst these 

Sec. 173.413 Requirements for Type B packages. 
Each Type B(U) or Type B(M) package must be designed and 
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construc!ed to meet the applicable requirements in 10 CFR Part 
71. 

Sec. 173.415 Authorized Type A packages. 
The following packages are authorized for shipment, if they do 

not contain quantities exceeding A, or A2 as a propriate: 
(a) U.S. Department of Transportation (DOY) Specification 7A 

(5 176.350 of this subchapter) Type A general packaging. Each 
shipper of a Specification 7A package must maintain on file for at 
least one year after the latest shipment, and shall provide to DOT 
on request, a complete documentation of tests and an engineering 
evaluation or comparative data showing that the construction meth- 
ods, packaging design, and materials of construction comply with 
that specification. Specification 7A packagings designed in accor- 
dance with the requirements of 5 176.350 in effect on June 30, 
1983, and constructed prior to July 1, 1985, may continue to be 
used. Packagings either designed or constructed after June 30, 
1985; must meet the requirements of 5 178.350 applicable at the 
time of their design or construction. 

(b) DOT Specification 55 metal-encased shielded packaging 
constructed before April 1, 1975. Such packaging constructed after 
March 31,1975, is not authorized unless it is requalified under DOT 
Specification 7A. Each packaging designed for liquids must also 
meet the re uirements of 5 173.412 (m) and (n). Use of this pack- 
aging as D a T Specification 55 is not authorized after June 30, 
1985. 

Any Type B, B(U) or B(M) packaging, pursuant to 5 173.416. 
Any foreign made packaging that bears the marking “Type 

A” and which was used for the import of radioactive materials 
Such packagings may be subsequently used for domestic and ex- 
port shipments of radioactive materials. These packagings shall 
conform with requirements of the count of origin (as indicated by 
the packaging marking) applicable to 7 ype A packagings. (The 
information collection requirements contained in paragraph (a) were 
approved by the Office of Management and Budget under OMB 
control number 2137-0533). 

Sec. 173.416 Authorized Type B packages. 
Each of the following packages is authorized for shipment of 

quantities exceeding A, or API as appropriate: 
(a) DOT Specification 55 metal-encased shielded packaging 

constructed before April I, 1975, for domestic shipments only of 
special form radioactive materials of 300 curies or less. Such pack- 
agin constructed after March 31, 1975 may not be designated as 
DO 9 ‘. Specification 55. Use of this packaging is not authorized after 
June 30. 1985 unless approved in acordance with paragraph (b) 
of this s&on. 

Ib\ Anv Tvoe B. Tvoe B(U) or Tvpe B(M) packaging that meets 
th; applidabii req&r&nent& in theiegultitidn’s of ttie U.S. Nuclear 
Regulatory Commission (10 CFR Part 71) and that has been ap- 
proved by that Commission may be shipped pursuant to 9 173.471. 

(c) Any Type B(U) or B(M) packaging that meets the applicable 
requirements of the regulations of the International Atomic Energy 
Agency (IAEA) in its “Regulations for the Safe Transport of Radio- 
active Materials, Safety Series No. 6” and for which the foreign 
competent authority certificate has been revalidated by DOT pur- 
suant to 5 173.473. This packaging is authorized only for export 
and impoil shipments. 

(d) DOT Specification 6M (5 178.354 of this subchapter 
oackaqino, only for solid or gaseous radiactive materials t 1, 

metal 
at will 

hot un’bergo piessure generating decomposit ion at temperatures 
up to 121°C (250°F) and that do not generate more than 10 watts 
of radioactive decay heat. 

(e) For contents in other than special form; DOT Specification 
20 WC (Q 178.362 of this subchapter!, wooden protective jacket, 
when used with a single, snug-fitting Inner DOT Specification 2R 
(§ 178.360 of this subchapter), or a DOT Specification 55 container 
constructed prior to April 1, 1975. Such packa in s constructed 
after March 31, 1975, may not be designated as 88 0 Specification 
55. For liquid contents, the inner packaging must comply with 
5 173.412 (m) and (n). 

(f) For contents in special form only; DOT Specification 20WC 
(Q 178.362 of this subchapter), wooden protective jacket, with a 
sin le snug-fitting inner Type A packaging that has a metal outer 
wal and conforms to 5 178.350 of this subchapter, or an inner DOT 9 
Specification 55 packaging constructed prior to April 1, 1975. Such 
packagings constructed after March 31, 1975, may not be desig- 
nated as DOT Specification 55. Radioactive decay heat may noi 
exceed 100 watts. 

(g) For contents in special form only; DOT Specification 21 WC 
(3 178.364 of this subchapter), wooden protective overpack, with 
a single inner DOT Specification 2R (5 178.360 of this subchapter] 
or an inner DOT Specification 55 container constructed prior tc 
April 1, 1975. Such packagings constructed after March 31, 1975, 
may not be designated as DOT Specification 55 Contents shal 

B loaded within the inner packaging in such a manner as to prevent 
lose movement during transportation. The inner packaging shalt 
D  securely positioned and centered within the overpack so that 
lere will be no significant displacement of the inner packaging if 
Jbjected to the 9 meter (30 feet) drop test described in 10 CFR 
art71. 

Sec. 173.417 Authorized packaging-fisslle materials. 
(a) Except as provided in Q  173.453, fissile materials containing 

01 more than A, or A, as appropriate, shall be packaged in one 
f the following packagings: 
(1) DOT Specification 6L (5 178.352 of this subchapter), metal 

ackaging, for materials prescribed in paragraph (b)(l) of this sec- 
on. 
(2) DOT Specification 6M@ 178.354 of this subchapter), metal 

ackaging, for materials prescribed in paragraph (b)(2) of this sec- 
on. 
(3) Any packaging listed in 5 173.415, limited to the following 

adioactive materials: 
(i) 500 grams of uranium-235 in a single shipment as Fissile 

Class Ill or not more than 40 grams of uranium-235 per 
package as Fissile Class II. For Fissile Class II shipments, 
the transport index assigned to each package shall not be 
less than 0.4 for each gram of uranium-235 above 15 grams 

(ii) 
up to the maximum of 40 grams (transport index of 10). 
320 grams of plutonium-239 as plutonium-beryll ium neutron 
sources in special form. Total radioactivity content may not 
exceed 20 curies. The transport index to be assigned to 
each package must be 0.5 for each 20 grams, or fraction 
thereof, of fissile plutonium. 

(4) Any other Type A, Type 6, Type B(U), or Type B(M) pack- 
lging for fissile radioactive materials that also meets the applicable 
tandards for fissile materials in the regulations of the U.S. Nuclear 
Regulatory Commission (10 CFR Part 71), and is used in accor- 
larice with 5 173.471. 

(5) Any other Type A or Type B, Type B(U), or Type B(M) pack- 
laina that also meets the aoolicable reauirements for fissile ma- 
&iar packaging In Section v of the In&national Atomic Energy 
&&nc 

.l 
“Regula!ions for ‘9: Safe Transport of Rad,ioactive Mate- 

afety Series No. 6, and for which the fore1 
luthbriiy certificate has been revalidated by the U. 8 

n competent 
. Competent 

authority, in accordance with 5 173.473. These packages are au- 
horized only for export and import shipments. 

(6) A 55-gallon lA2 steel drum, subject to the following condi- 
Ions: 

(i) The quantity may not exceed 350 grams of uranium-235 in 
any nonpyrophoric form, enriched to any degree in the ura- 

(ii) 
nium-235 isotope. 
Each drum must have a minimum 18 gauge body and bottom 
head and 16 gauge removable top head with one or more 
corrugations in the cover near the periphery. 

iii) Closure must conform to 5 178.352 of this subchapter. 
iv) At least four equally spaced 12 millimeter (0.5 inch) diameter 

vent holes shall be provided on the sides of the drum near 
the top, each covered with weatherproof tape; or equivalent 
device. 

(v) Appropriate primary inner containment of the contents and 
sufficient packaging material, such as plastic or metal jars 
or cans shall be provided such that Specification 7A (5 178.350 
of this subchapter) provisions are satisfied by the inner pack- 

(vi) %%nner container shall be capable of venting if subjected 
to the thermal test described in 10 CFR Part 71. 

(vii) Liquid contents shall be packaged in accordance with 
5 173.412(m) and (n). 

(viii) The maximum weight of contents including internal pack- 
aging may not exceed 91 kilograms (200 pounds) with fissile 
material content limited as shown in Table 2: 

TABLE 2.-FISSILE MATERIAL CONTENT AND TRANSPORT INDEX FOR 
SPECIFICATION 6J OR 17H PACKAGES 

Maxlmum U-235 
par package 

Wams) 

Mlnlmum transport 
hlex per package 
as Flsslle Class II 

Maximum 
packages par 

transport vehicle 
as Flsslle Class Ill 

350 16 72 
300 1.0 129 
250 05 256 
200 03 
750 01 
100 

I 
0.1 

50 1’1 I 

’ Flssile Class I 
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(7) Any metal cylinder that meets the performance requirements 
of 55 173.415 and 178.350 of this subchapter for Specification 7A 

the transport of residual “heels” of enriched solid uranium hexa- 

Type A packaging may be used as a Fissile Class I package for 
fluoride without a protective overpack in acordance with Table-3: 

TABLE 3.-ALLOWABLE CONTENT OF URANIUM HEXAFLUORIDE (UFs) “HEELS” IN A  SPECIFICATION 7A CYLINDER 

(8) Packagings as prescribed in paragraph (b)(5) of this section, 
for materials, quantities and conditions as authorized and pre- 
scribed therein. 

(b) Fissile radioactive materials with radioactive content ex- 
ceeding A, or A, shall be packaged in one of the following pack- 
agings: 

(1) DOT Specification 6L (5 178.352 of this subchapter), metal 
packaging. Authorized only for uranium-235, plutonium-239 or plu- 
tonium-241, as metal, oxide, or compounds that do not decompose 
at temperatures up to 149°C (300°F). Radioactive decay heat output 
may not exceed 5 watts. Radioactive materials in normal form shall 
be packaged in one or more tightly sealed metal cans or polythylene 
bottles within a DOT Specification 2R (5 178.360 of this subchapter) 
containment vessel. Packages are authorized as Fissile Class II 
and Ill with materials limited in accordance with Table 4: 

TABLE 4.-AUTHORIZED CONTENTS IN KILOGRAMS (KG) AND CONOlT lONS 
FOR SPEClF lCATlON 6L PACKAGES 

t Plutonium solutions are not authorized 
s H/X is the ratio of hydrogen to fissile atoms in the inner containment with all sources 

of hydrogen in the containment considered. 
s Volume not to exceed 3 6 liters 

(2) DOT Specification 6M (5 178.354 of this subchapter), metal 
packaging. Authorized only for solid radioactive materials that will 
not decompose at temperatures up to 121°C(250”F). Radioactive 
decay heat output may not exceed 10 watts. Radioactive materials 
in other than special form shall be packaged in one or more tightly 
sealed metal cans or polyethylene bottles within a DOT Specifi- 
cation 2R (Q 178.360 of this subchapter) containment vessel. For 
fissile materials: 

(i) Fissile Class I packages are limited to the following amounts 
of fissile radioactive materials: 1.6 kilograms of uranium-235; 
0.9 kilograms of plutonium (except that due to the lo-watt 
thermal decay heat limitation, the limit for plutonium-238 is 
0.02 kilograms); and 0.5 kilograms of uranium-233. The 
maximum ratio of hydrogen to fissile material must not ex- 
ceed three, including all of the sources of hydrogen within 

(ii) 
the DOT Specification 2R containment vessel. 
Maximum quantities of fissile material for Fissile Class II and 
Fissile Class Ill, and other restrictions are given in Table 5. 
For a Fissile Class II package, the minimum transport index 
to be assigned is shown in Table 5 and for a Fissile Class 
Ill shipment, the allowable number of similar packages per 
conveyance and per transport vehicle is shown. Each Fissile 
Class Ill shipment is also subject to the requirements in 
5 173.457. Where a maximum ratio of hydrogen to fissile 
material is specified in Table 5, only the hydrogen inter- 
spersed with the fissile material need be considered. For a 
uranium-233 shipment, the maximum inside diameter of the 
inner containment vessel must not exceed 12.1 centimeters 
(4.75 inches). Where necessary, a tight fitting steel insert 
shall be used to reduce a larger diameter inner containment 
vessel specified in § 178.104-3(b) of this subchapter to the 

~ 

12 centimeter (4.75 inch) limit. 
,,/ii 

r“ / .5;:, ’ 
,,..: ‘,” I’ 

TABLE I . -AUTHORlZED CONTENTS FOR SPECIFICATION 6M PACKAGES’ y Ir ;’ ., I ,$’ (‘ _ 

Uranium-233 6 Uranium-235 ” Plutonium 234 Fissile class Ill 
F‘r FC!Ll 

Metal or alloy Compounds Metal or alloy Compounds Metal or alloy Fisslle class II maximum number Mou + p,‘r:, : 

OH/X=0 H/X=0 H/X43 H/X=0 H/X=0 H/X$3 H/X=0 ,;z;p”,“:3 z$yyp-JY Of packa~s P’ ;: q?‘, r-,A _ 
transport vehicle / :. - 

36 44 2.9 72 7.6 5 3 31 41 34 ZSad 1~~00, 1.250 q ,? , 1 >- .q .,I :.- 

s42 5.2 3.5 6.7 9.6 6.4 3.4 4 5 4, 1250 50002 625 LCO IL7 :’ r; . 
s 5.2 66 45 112 13.9 6.3 42 45 500 Z”OO5 

. . . . . . . . 13.5 16.0 10.1 45 : . 230 ‘00 10 
254 $2 210 ; oL1 
125 2 9’0 ‘7. > 0.g 

. . . . . . . . . . . 260 161 . . . . . so to 50 25 5d L$ I! ? . 
. . . . . . . . 32.0 195 29 lDlO0 12 2.1 ,x i. 1: 

’ Quantity in kilograms 
s Minimum percentage of plutonium-240 is 5 weight percent 
s4.5 kilogram limitation of plutonium due to 10 wan decay heat limitation 
4 For a mixture of uranium-235 and plutonium an equal amount of uranium-235 may be substituted for any portion of plutonium authorized 
s Maximum inside diameter of Specification 2R containment vessel not to exceed 12 centimeter (4 75 inch) (see par (b)(2)(ii) of this section) 
s Granulated or fxrwered metal with any oarticle less than 6 mil l imeter (0.25 inch) in the smallest dimension is not authorized 
’ Maximum penitted uranium-235 end~hment is 93.5 percent 
s HiX is the ratio of hydrogen to fissile atoms in the inner containment 

(3) Type B, or Type B(U) or B(M) packagin that meets the 
standards for packagin of fissile materials in 10 8 FR Part 71, and 

of this subchapter) or Specifications 21 PF-I,21 PF-1 A, 21 PF-1 B, 

is approved by the U. 8 Nuclear Regulatory Commission in ac- 
or 21 PF-2 (5 178.358 of this subchapter) phenolic-foam insulated 

cordance with 5 173.471. 
overpack with snug fitting inner metal cyclinders, meeting all re- 
quirements of IQ 173.24, 173.411, and 173.412 and the following: 

(4) Type B(U) or B(M) packaging that meets the applicable re- 
quirements for fissile radioactive materials in Section V of the IAEA 

(i) Handling procedures and packaging criteria must be in ac- 

“Regulations for the Safe Transport of Radioactive Materials, Safety 
,yF with DOE Report ORO-651 or ANSI Standard N- 

Series No. 6” and for which the foreign competent authority cer- 
tificate has been revalidated by the U.S. Competent Authority in 

(ii) DOT Specification 21 PF-1 overpacks in use or under con- 

accordance with 5 173.473. These packagings are authorized only 
struction before April 1, 1989, must be modified to DOT 

for import and export shipments. 
Specification 21 PF-1 A before April 1, 1991. Use of unmo- 

(5) DOT Specifications 2OPF-1,2OPF-2, or-2OPF-3 (5 178.356 
dified DOT 21 PF-1 overpacks is rohibited after March 31, 
1991. All new construction to D 6 T Specification 21 PF-1 
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beginning after March 31, 1989, must meet DOT Specifi- 
c&on 21 PF-18 

II 

in Table 6, with each package to be shipped as Fissile 
Class II, and assigned a minimum transport index as also 

(iii) Quantities of uranium hexafluroide are authorized as shown shown 

- 

TABLE 6.-AUTHORIZED QUANTlT lES OF URANIUM HEXAFLUORIDE (UF6) AS  FISSILE CLASS ll 

Maximum inner 
cylinder dlamstar 

CWltl- Inch 
meter 

MaxImum weight of Maximum 
UFb conlents u-235 Fblle 

ChS8 II enrfch- 
Kilograms Pounds ment hanspo~ 

(weight Index 

percent) 

2OPF-1 ‘.4 127 5 25 55 1000 01 
2OPF-2 . 20 3 6 116 255 125 40 
2OPF-3 . . 30.5 12 209 460 5.0 11 
21PF-1’ . 2 76 230 2,247 4,950 

3 76 330 2,279 5.020 
2 50 

5.0 
21PF-2’ , , , 276 230 2,247 4,950 50 ‘p . \60 

376 3 30 2,279 5.020 50 50 

1 For 76 cenhmeter cylinders, the maximum permined H/U atomic rabo IS 0 068 
2 Model 30A inner cylmder (Reference: ORO-651) 
3 Model 308 mner cylinder (Reference: ORO-651) 
4 21PF-1 senes mcludes the 21PF-1. PlPF-1 A. and 21PF-18 Allowable quanbties are identical for all three overpacks 

See the limitalions on usage in paragraph (b)(5) of this section 

Sec. 173.418 Authorized packaging-pyrophoric radioactive 
materials. 

(a) Pyrophoric radioactive materials, as referenced in 5 172.101 
of this subchapter, in quantities not exceeding A2 per package shall 
be packaged in Type A packagings which are constructed of ma- 
terials which will not react nor be decomposed by the contents. 
Contents must be: 

(1) In solid form and must not be fissile unless excepted by 
5 173 453; 

(2) Contained in sealed and corrosion resistant receptacles with 
positive closures (friction or slip-fit covers or stoppers are not au- 
thorized); 

(3) Free of water and any contaminants which would increase 
the reactivity of the material; and 

(4) Made inert to prevent self-ignition during transport by either: 
(i) Mixing with large volumes of inerting materials such as graphite 

or dry sand, or other suitable inerting material, or blended 
into a matrix of hardened concrete; or 

(ii) By filling the innermost receptacle with an appropriate inert 

(b) l?ihdition to the applicable requirements of rj 173.24 each 
package must be capable of passing the test conditions of 5 173.465 
without leakage of contents 

Sec. 173.419 Authorized packaging-oxidizing radioactive 
materials. 

Certain oxidizing radioactive materials, as referenced in 5 172.lql 
of this subchapter, and which are not fissile materials and not in 
quantities exceeding AZ, shall be packed in suitable inside pack- 
agings of glass, metal or compatible plastic and suitably cushioned 
with a material which will not react with the contents Inner pack- 
aging and cushioning shall be enclosed within an outside packaging 
of wood, metal, or plastic. The package shall be capable of meeting 
the applicable test requirements of § 173.465 without leakage of 
contents. For shipment by air, the maximum quantity in any pack- 
age may not exceed 11.3 kilograms (25 pounds). 

Sec. 173.420 Uranium hexafluoride (fissile and low specific 
activity). (a) In addition to any other applicable requirements of 
this subchapter, uranium hexafluoride, fissile or low specific activity, 
must be offered for transportation as follows: 

(1) Before initial filling and during periodic inspection and test, 
packagings must be cleaned in accordance with American National 
Standard-N1 4.1. 

(2) Packaainas must be designed, fabricated, inspected, tested 
and marked Tn accordance with-- 

(i) American National Standard N14.1 (1987, 1982 or 1971 
edition) in effect at the time the packaging was manufac- 
tured; 

(ii) Specifications for Class DOT-l 06A multi-unit tank car tanks 
(5s 7 79.300 and 179.301 of this subchapter); or 

(iii) Section VIII. Division I of the ASME Code, provided the 
packaging- 

(A) Was manufactured on or before June 30, 1987; 
(B) Conforms to the edition of the ASME Code in effect at the 

time the packaging was manufactured; 
(C) Is used within its original design limitations; and 
(D) Has shell and head thicknesses that have not decreased 

below the minimum value specified in the follo.wing table- 

Packaglng model 
Mlnlmum thickness 

mlll lmeters 
(inches1 

lS, 2s 1 56 (0 062) 
5A. 5B. 6A . . . 3 17 (0 1251 
12A. 126 ...... 
300 
40A. F. X: and Y  

....... 

48T. 0. OM. OM Allied.‘HX. M. and G ...... 

4 76 iO.167j 
7.93 (0 312) 

12 70 (0 500) 
6 35 (0 250) 

(3) Uranium hexafluoride must be in solid form. 
(4) The volume of solid uranium hexafluoride, except solid de- 

pleted uranium hexafluoride, at 20°C (68 “F.) must not exceed 61% 
of the certified volumetric capacity of the packaging. The volume 
of solid depleted uranium hexafluoride at 20°C (68°F.) must not 
exceed 62% of the certified volumetric capacity of the packaging. 

(5) The pressure in the package at 20°C (68°F) must be less 
than 101.3 kPA (14.8 psia). 

(b) Packagings of uranium hexafluoride must be periodically in- 
spected, tested, marked and otherwise conform with the American 
National Standard N14.1-1987. 

(c) Each repair to a packaging for uranium hexafluoride must 
be performed in accordance with American National Standard N14 l- 
1987. 

Sec. 173.421 Limited quantities of radioactive materials. 
Radioactive materials whose activity per package does not ex- 

ceed the limits specified in § 173.423 are excepted from the spec- 
ification packaging, shipping paper and certification, marking, and 
labeling requirements of this subchapter and requirements of this 
subpart if: 

(a) The materials are packaged in strong, tight packages that 
will not leak any of the radioactive materials during conditions nor- 
mally incident to transportation; 

(b) The radiation level at any point on the external surface of 
the package does not exceed 0.5 millirem per hour; 

(c) The nonfixed (removable) radioactive surface contamination 
on the external surface of the package does not exceed the limits 
specified in 3 173.443(a); 

(d) The outside of the inner packaging or if there is no inner 
packaging, the outside of the packaging Itself bears the marking 
“Radioactive”; 

(e) Except as provided in 9 173.424, the package does not con- 
tain more than 15 grams of uranium-235; and 

(f) The material is otherwise prepared for shipment as specified 
in § 173.421-l. 

Sec. 173.421-1 Additional requirements for excepted pack- 
ages containing Class 7 (radioactive) materlals. 

(a) Excepted packages prepared for shipment under the provi- 
sions of 5 5 173.421, 173.422, 173.424, or 173.427 of this subpart 
must be certified as being acceptable for transportation by having 
a notice enclosed in or on the package, included with the packing 
list, or otherwise forwarded with the package. This notice must 
include the name of the consignor or consignee and the statement 
“This package conforms to the conditions and limitations specified 
in 49 CFR 173.421 for radioactive material, excepted package- 
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limited quantity of material, UN2910; 49 CFR 173.422 for radio- 
active material, excepted package-instruments or articles, UN2910; 
49 CFR 173.424 for radioactive material, excepted package- 
articles manufactured from natural or depleted uranium or natural 
thorium, UN2910; or 49 CFR 173.427 for radioactive material, ex- 
cepted package-empty packaging, UN2910,” as appropriate. 

(b) An excepted radioactive material classed radioactive ma- 
terial and prepared for shipment under the provisions of 5 173.421, 
5 173.422, 9173.424, Q  173.427, Or 5 173.421-2 is not subject to 
the re uirements of this subchapter, except for: 

(1) iections 171.15 171.16 174.750 176.710 and 177 861 of 
this subchapter pertaiking to th’e reportin$ of incidents and becon- 
tamination when transported by a mode other than air; or 

(2) Sections 171 .15, 171 .16! 175.45, and 175 700(b) of this sub- 
chapter pertaining to the reportmg of incidents and decontamination 
if transported by aircraft. 

(Approved by the Office of Management and Budget under con- 
trol number 2137-0039) -~ 

Sec. 173.421-2 Requirements for multiple haxard limited 
-quantity radioactive materials. 

(a) Except as provided in paragraph (b) of this section or in 
§ 173.4 of this subcha ter, when a limited quantity Class 7 material 
meets the definition o P another hazard class or division, it shall be: 

Classed for the additional hazard; 
with the requirements specified i? 
173.422(a) through (g), as appropn- 

(4) Offered for transportation in accordance with the require- 
ments applicable to the hazard for which it is classed. 

(b) When a limited quantity Class 7 material meets the difinition 
of Class 9 or is a combustible liquid in a non-bulk packaging, it 
shall be: 

(1) Classed as a Class 7 material if: 
(i) The material is not a hazardous substance, a hazardous 

waste, or a marine pollutant; and 
(ii) The material is offered for transportation in a mode to which 

requirements of this subchapter pertaining to the specific 
material do not apply; 

(2) Classed combustible liquid or Class 9, as appropriate, if: 
‘(ij The material is a hazardous substance, a hazardous waste, 

or a marine pollutant; or 
(ii) The material is offered for transportation in a mode to which 

requirements of this subchapter pertaining to the specific 
material do apply: 

(3) Packaged to conform with requirements specified i? 
~~i’3$1(a) through (e) or 5 173.422(a) through (g), as appropn- 

(& Offered for transportation in accordance with requirements 
ap 

P 
licable to the hazard for which it is classed. 

c) A limited quantity Class 7 material which is classed other 
than Class 7 under the provisions of paragraphs (a) or (b) of this 
section is excepted from the requirements of 51 173 421-l(a), 
172.203(d), and 172.204(c)(4) of this subchapter if the entry “Lim- 
ited quantity radioactive material” appears on the shipping paper 
in association with the basic description. 

Sec. 173.422 Exceptions for Instruments and articles. 
Instruments and manufactured articles (including clocks, elec- 

tronic tubes or apparatus) or similar devices having radioactive 
materials in gaseous or non-dispersible solid form as a component 
part are excepted from the specification packaging, shipping paper 
and certification, marking and labeling requirements of this sub- 
chapter and requirements of this subpart, if: 

(a) The activity of the instrument or article does not exceed the 
relevant limit listed in table 7 8 173.423; 

(b) The total activity per package does not exceed the relevant 
limit listed in Table 7 in 5 173.423; 

(c) The radiation level at 10 centimeters (4 inches) from any 
point on the external surface of any unpackaged instrument or 
articles does not exceed 10 millirem per hour; 

(d) The radiation level at any point on the external surface of a 
packaging bearing the article or instrument does not exceed 0.5 
millirem per hour, or, for exclusive use domestic shipments, 2 mil- 
l irem per hour; 

(e) The nonfixed (removable) radioactive surface contamination 
on the external surface of the package does not exceed the limits 
specified in 5 173.443(a); 

(f) Except as provided in 8 173.424, the package does not con- 
tain more than 15 grams of uranium-235; and (g) [Reserved] 

(h) The instrument or article is otherwlse prepared for shipment 
as specified in 5 173.421-l. 

Sec. 173.423 Table of activity l imits-excepted quantities 
and articles. 

The limits applicable to instruments, articles and limited quanti- 
ties subject to exceptions under §I 173.421 and 173.422 are shown 
in Table 7: 

TABLE 7.-ACTIVITY LlMlTS FOR LIMlTED QUANTITIES, INSTRUMENTS,  AND ARTlCLES 

Instrument and article l lmlts 1 

; 

Liquids: 
Tritiated water: 

<o 1 Cf/lier 
01 cit01.0ci/1 
>l 0 Cffliler . . . . 
Other liquids . 

. . f... . . . . . . . 
. . . . . . . 

lo-;A, . . ’ ’ : . . . . 

Gases: 
Trit ium 2 ......... 20 Curies ........ 
Special form ... lO+A, ......... 
Other forms. ...... lO+Az ............... : : 

ind Articles 

Packaae limits 

A, ............... 
A,. .. ........ . 

lo-iAz 

T 

200 Curies . . . . . 
10-2A, 
lO+A2 . . . . . . . . . . . . :... 

Materials 
package limits 

10% Curies 
100 Curies 
1 Curie 
lo-‘AZ+ 

20 Curies 
10-3A, 
lO+A.z 

’ For mixture of radionuclides see 5 173 433(b) 
2 These values also apply to bitium in activated luminous paint and tritium absorbed on solid carriers 

Sec. 173.424 Excepted articles containing natural uranium In addition to other applicable requirements specified in this sub- 
or thorium. chapter, low specific activity (LSA) materials shall be transported 

Manufactured articles in which the sole radioactive material con- in accordance with paragraph (a) of this section, or if transported 
tent is natural or depleted uranium or natural thorium are excepted as exclusive-use may be transported in accordance with paragraph 
from the specification packaging, shi 
marking and labeling requirements o P 

ping paper and certification, (b) or (c) of this section. 
this subchapter and require- (a) DOT Specification 7A (5 178.350 of this subchapter) Type 

men& of this subpart if: A package. The requirements of 5 173.412 (a), (b), (d), and (n) do 
(a) The outer surface of the uranium or thorium is enclosed in not apply. 

an inactive sheath made of metal or other durable protective ma- (b) Packaged shipments of LSA material consigned as exclusive 
terial; 

(b) The conditions specified in 5 173.421 (b), (c) and (d) are 
use shall either be in accordance with paragraph (a) of this section 
or shall comply with the following in which case they are excepted 

met; and from specification packaging, marking and labeling: 
(c) The article is otherwise prepared for shipment as specified (1) Materials must be packaged in strong, tight packages so that 

in 5 173.421-1. there will be no leakage of radioactive material under conditions 

Sec. 173.425 Transport requirements for iOW Specific acti;- 
normally incident to transportation. 

(2) Packages must not have any significant removable surface 
ity (LSA) radioactive materials. contamination (see § 173.443). 
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(3) External radiation levels must comply with 5 173 441. 
(4) Shipments must be loaded by consignor and unloaded by 

consignee from the conveyance or freight container in which orig- 
inally loaded. 

(5) There must be no loose radioactive material in the convey- 
ance. 

(6) Shipment must be braced so as to prevent shifting of lading 
under conditions normally incident to transportation. 

(7) Except for shipments of unconcentrated uranium or thorium 
ores, the transport vehicles must be placarded with the placards 
prescribed in accordance with Subpart F of Part 172 of this sub- 
chapter, as appropriate. 

(8) The exterior of each package must be stenciled or otherwise 
marked “Radioactive-L%“. Packages, with a capacity of 110 gal- 
lons or less, that contain a hazardous substance, must be stenctled 
or otherwise marked with the letters “RQ” in association with the 
above description. For vessel transportation, packages that contain 
a marine pollutant must be marked in accordance with 5 172.322 
of this subchapter. 

(9) Specific instructions for maintenance of exclusive use ship- 
ment controls must be provided by the shipper to the carrier. 
Such instructions must be included with the shipping paper infor- 
mation. 

10) Transportation by aircraft is prohibited. 
c) Unpackaged (bulk) shipments of LSA materials shall be 

transported only in exclusive use closed transport vehicles and shall 
comply with the following: 

(1) Authorized materials are limited to the following: 
(i) t$mmorf~ ;o$~riuiu ores and physical or chemical concen- 

(ii) tnJrTer;smetal or natural thorium metal, or alloys of these 

(iii) Materials’of low radioactive concentration, if the average 
estimated radioactivity concentration does not exceed 0.001 
millicurie per gram and the contribution from materials with 
an A2 value (see Q 173.435) of less than 0.05 curie does 
not exceed one percent of the total radioactivity. 

(iv) Objects of nonradioactive material externally contaminated 
with radioactive material, if the radioactive material is not 
readily dispersible and the surface contamination, when av- 
eraged over one square meter, does not exceed 0.0001 
millicurie per square centimeter of radionuclides for which 
the A2 value is less than 0.05 or 0.001 millicurie per square 
centimeter of other radionuclides. Such objects must be suit- 
ahlv wranned or enclosed. 

(2) I%$ l&ird~must be transported in the following: 
(i) Specification 103CW, 111 A60W7 (35 179.200, 179.201, 

179.202 of this subchapter) tank cars. Bottom openings in 
tanks prohibited. 

(ii) Soecification MC 310. MC 311, MC 312. or MC 331 
’ ’ &i78.343 or 178.337 of this subchapterj cargo tanks. 

Authorized only where the radioactivity concentration does 
not exceed 10 percent of the specified low specific activity 
levels (see 5 173 403(n)). The requirements of 5 173 412(n) 
do not apply to these cargo tanks Bottom fittings and 
valves are not authorized. Trailer-on-flat-car service is not 
authorized. 

(3 External radiation levels must comply with 5 173.441 (b). 
(4 1 Shipments must be loaded by the consignor, and unloaded 

by the consignee from the conveyance or freight container in which 
originally loaded. 

(5) Except for shipments of unconcentrated uranium or thorium 
ores, the transport vehicle must be placarded with the placards 
prescribed in Subpart F of Part 172 of this subchapter, as appro- 
priate. 

(6) There must be no leakage of radioactive materials from the 
vehicle, 

(7) Specific instructions for maintenance of exclusive use ship- 
ment controls must be provided b 
instructions must be included with t rl ” 

the shipper to carrier. Such 
e shrpprng paper information. 

(8) Transportation by aircraft is prohibited. 
(d) Except for transportation by aircraft, low specific activity ma- 

terial that conforms with the provisions specified in 10 CFR 20.306 
is excepted from all requirements of this subchapter pertaining to 
radio-active materials when offered for transportation for disposal 
or recovery. A material which meets the definition of another hazard 
class is subject to the provisions of this subchapter relating to that 
hazard class. 

Sec. 173.427 Empty radioactive materials packaging. 
A packaging which previously contained radioactive materials 

and has been emptied of contents as far as practical, is excepted 
from the shipping paper and certification, marking and labeling 
requirements of this subchapter, and from requrrements of this 
subpart, provided that: 

a) 
1 b) 

It complies with the requirements of I 173.421 (b), (c) and (e); 
The packaging is in unimpaired condition and is securely 

:losed so that there will be no leakage of radioactive material under 
:onditions normally incident to transportation; 

(c) Internal contamination does not exceed 100 times the limits 
specified in 5 173.443; 

(d) Any labels previously applied in conformance with Subpart 
: of Part 172 of this subchapter are removed, obliterated or covered 
and the “Empty” label prescribed in 5 172.450 is affixed to the 
lacka ing; and 

(e) !he packaging is prepared for shipment as specified in 
j. 173.421-1. 

Sec. 173.431 
(a) 

Activity limits for Type A and Type B packages. 
A Type A package shall not contain a quantity of radioactivity 

greater than A, (for special form radioactive material) or A2 (for 
normal form radioactive material) as listed in Q  173.435, or for ra- 
dioactive materials not listed in 5 173.435, as determined in ac- 
zordance with 5 173.433. 

(b) The limits on activi 
x Type B(M) package are t 

contained in a Type B, Type B(U), or 
ose prescribed in § 173.416 or in the 

applicable approval certificate under 55 173.471 or 173.473. 

Sec. 173.433 Re 
‘f 

uirements for determination of A, and A2 
values for radionuc ides. 

11 
a Single radionuclides. . 
1 For single radionuclides of known identity, the values of A, 

and A2 are those given in the table in 5 173.435. The values of A, 
and A, are also applicable for radionuclides contained in (u, n) or 
(y, n) neutron sources. 

(2) For any single radionuclide of known identity, which is not 
listed in 5 173.435, the values of A, and A2 shall be determined in 
accordance with the following: 

(i) If the radionuclide emits only one type of radiation, A, is 
determined in accordance with paragraphs (a)(2)(i)(A), (B), 
(C), and (0) of this section. For radronuclides emitting dif- 
ferent kinds of radiation, A, is the most restrictive value of 
those determined for each kind of radiation. However, in 
both cases, A, is restricted to a maximum of 1000 curies. If 
a parent nuclrde decays into a shorter lived daughter, of a 
half-life not greater than 10 days, A, is calculated for both 
the parent and the daughter, and the more limiting of the 
two values is assigned to the parent nuclide. 

(A) For gamma emitters, A, is determined by the expression: 
A, = 9/r curie 

where r is the gamma-ray constant, corresponding to the dose in 
roentgens per hour at 1 meter per curie; the number 9 results from 
the choice of 1 rem per hour at a distance of 3 meters as the 
reference dose-equivalent rate. 

(B) For x-ray emitters, A, is determined by the atomic number 
(Z) of the nuclide: 

Z < 55 A, = 1000 curies ’ 
for 2 > 55 A, = 200 curies 

(C) For beta emitters, A, is determined by the maximum beta 
energy (E,,,) according to Table 8: 

TABLE B-A, FOR BETA EMf lTERS 

; 

(D) For alpha emitters, A, is determined by the expression: 
A,=1000 A3 

where A, is the value listed in Table 9: 

TABLE S-A3 VALUES 

41 

Atomic 
number 

Half-life less 
than 1,000 days 

Half-life 1,000 
days to lo6 

years 

tfalf-llfe 
greater 

than lOa 
wars 

1to31.. . . . . . 3 curies I 50 milicuries . 3 curies 
92 and 2 milicuries 2 millicuries , . . 3 C”rleS 

above 
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(ii) For assignment of A2 values, A2 is the more restrictive of 
the following values: 

(A) The corresponding A,. 
(6) The value Aa obtained from Table 9. 
(3j For any singie radionuclide whose identity is unknown, the 

value of A, is 2 curies and the value of A2 is 0.002 curies. However, 
if the atomic number of the radionuclide is less than 82, the value 
of A, is 10 curies and the value of A2 is 0.4 curies. 
c@~$lxture of radionuclides, including radioactive decay 

(1) ior mixed fission products, where a detailed analysis of the 
mixture is not carried out, the following activity limits apply: 

~ (i 
(ti 

A, = 10 curies. 

(2 
AZ= 0.4 curies. 
A single radioactive decay chain is considered to be a single 

radionuclide when the radionuclides are present in their naturally 
occurring portions and no daughter nuclide has a half-life either 
longer than 10 days or longer than that of the parent nuclide. The 
aZtfvity to be taken into account and the A, or A2 value to be applied 
are those currespondin to the parent nuclide of that chain. When 
calculating A, or A2 va ues, radiation emitted by daughters must B 
be taken Into account. However, 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 daughter nuclides are considered to be mixtures of different 
nuclides. 

(3) In the case of a mixture of different radionuclides, where the 
identity and activity of each radionuclide is known, the permissible 
a+ctFty+of each.radionucltde R,, Rz, . . . . R, must be such that F, 

2 . . . F, IS not greater than unity, when- 

F 
1 

= Total activity of R, 
Ai(%) 

F 
2 

= Total activity of R2 
4 (R2) 

F 
n 

= Total activity of R, 
_- 

Where Ai (R,, R2. . . R,) is the value of A, or A2 as appropriate 
for the nuclide R,, R2. . . R,. 

(4) (When the identity of each radionuclide is known but the 
individual activities of some of the radionuclides are not known, the 
formula iven in subparagraph (3) of this paragraph must be applied 
to estabtsh the values of A, or A2 as appropriate. All the radio- ? 
nuclides whose individual activities are not known (but whose total 
activity is known) must be classed in a single group and the most 
restrictive value of A, or A2 applicable to any one of them shall be 
used as the value of A, and A2 in the denominator of the fraction. 

When the identity of each radionuclide is known but the in- 
of the radionuclides is not known, the most restric- 
or A2 applicable to any one of the radionuclides 

present in the applicable value. 
(6) When the identity of the radionuclides is not known, the value 

of A, is 2 curies and the value of A2 is 0.002 curies. However, if 
alpha emitters are known to be absent, the value of A2 is 0.4 curies. 

Sec. 173.434 Activity-mass relationships for uranium and 
natural thorium.’ 

RadIoactIve materlal Curies per Grams per 
grsm CWIS 

Uranium-(Wt% 235 U  present): 
045 . . . . . . 
0.72 (natural) . . . . . . . . . . . 
1.0. . . . . . . 
15. . . . .: ::.: 
5.0 . . . . . . . . . . . . . . 
10.0 . . . . . . . . . . . . . 
20.0 . . . . . . . . . . 
35.0 . . . . . . . . . . . . . 
50.0 . . . . . . . . . . . 
90.0. . . . . . . . . :: 

. . . . . . 5.0 x 10-l’ 2.0 x 16 
. . . . . . . 706 x lo-” 142 x lo8 

7.6 x 10-l’ 1.3 x 106 
. . . 1.0 x 10-16 1.0 x 106 
. . . . . 27 x lo-‘@  3.7 x 105 

4.6 x 10-16 21 x 105 

930.. . . . . . . . . . . 
950 . . . . . . . . . . . . . . . . . . 

7.0 x 10-15 
91 x 10-15 :4 :: :z . 

Natural thorium . . . . . 22 x 10-l’ 4.6 x IO6 

’ The figures for uranium in&de representative values for the activity of uranium-234 
which is concentrated durtno the enrichment LKXX~~. The activity for thorium includes 

II the equilibrium conctmtratio~ of thorium-226. 

Sec. 173.435 Table of A, and A2 values for radionuclldes. 

Symbol of radlonucllde Element and atomic number Ai AzW) 

227k.......... . . . . . . . . . . . Actinium (69) ............ 
.................... 
Silver (47) ........ 
.................... 

....................... 
Americium (95)’ ............... 
....................... 
Atgon (16) ................... 
...................... 
..................... 
Arsenic (33) .............. 
............... 

Special Form) 
1000 

10 
40 

7 
100 

6 
6 

loo0 
20 

1 
1000 

20 
10 

300 
200 
200 

30 
40 

200 
40 
40 
20 

300 
5 

10 
100 

6 
1000 

70 
6 

20 
1000 
1COO 

20 
1000 

30 
60 

100 
300 

60 
10 

2 
7 
2 

Normal Form) 
0003 

4: 
7 

20 
0006 
0006 
1000 

20 
1 

400 
20 

:: 
7 

200 
30 
20 
25 
40 
10 
20 

300 
5 

10 
4 
6 
1 

25 

2: 
60 
25 
20 
70 
30 
20 

100 
25 
20 

7 
0002 
0.007 
0009 

226r, . . . . . . . . . . . . . . . . . . 
105*. . . . . . . . . . . . . . 
1lOni~. ............ 
111 b ................ 
24lh .......... 
=%Jn ....... .. .... 
37h (compressed or uncompreskt) 
41*, (uncompressed). ....... 

. . . . 

.  .  

.  .  

. . . 

. . 

41c (compressed). .............. 
73*, ........... 
74*, ............. 
76& ............... 
77h .......................... 
211u . . ........ . . ........ 
193*, .......... ... .... . 
196- Au................. . . . . . . 
196/\, . . . . . . 
199A, . . . . . . . 
131b . . . . . . 
‘%O . . . . . . . 
14%. . . . . . . . 
7& . . . . . . . . . 
206~ . . . . . . 
207~ 

2 c+a 
. . . . . . . . . . . . . . . . . . . . . 

Bi  . . . . . . . . . . . . . . . . 
249& . . . . . . . . . . . . . . . . . 
nl . . . . . . . . . . . . . . . . . . . . . . . . 
62~, . . . . . . . . . . . . . . . . . . . . . . 
l’c . . . . . . . . . . . . . . . . . . . 
14c . . . . . . . . . . . 
45Q . . . . . . . . . . . . . 
47b . . . . . . . . . . . 
109&‘. 
115m 
115c.j. 
139b. 
141c.. 
143c.. 
1% 
2490 
25&i 
252n 

. . 
. . . 
. . . 
. . . . 
. . 
. . . . 
. . . . . 
. . . . 
. . . . 
-. . 

.................. 
......................... 

Astatine (65) ................ 
Gold (79) ............ 

...................... 

...................... 
. 

Bai;m (56) ...... 
............ 

........... 
.................. 

&$um’~hj . . 
............. 

............ 
Bismuth (63). ... : . ........... 

....................... 
......................... 

................... 
Serkelium (97) ........... 
Bromine (35) ............... 
......................... 
Carbon (6) ....................... 

Cabium i;d) ............ 
........ 
......... 

. ................ 
Cadmium (46). 

. . 
............... 

.................. 

C&urn (Sai 
................................. 

........................ 
....................... 

kalifo%YI (a6) 
...... . ............. . 

................ 
... :; ..................... 
.................. 
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Symbol ot radionucllde Element and atomk nUmber AiW A-A’3 

36~1 
36~1 
242~~ . 
243~ 
=4cm 
245h 
24&, 
56~. 
57co 
56mm 
ma 
6Ob 
510 
129c* . 
131cs 
134mc, 
134c, . 
135c. . 
136~s 
137cs 
6401. 
67~. 
165& 
166D, . 
’ 6QEr 
17lE, 
152.~” . 
152~. 
‘5-k”. 
155E” 
16F 
52~~ 
55F. 
5% 
67oa . 
660a 
72Ga 
153Gd 
‘59Gd 
6&e -_ 
,I& 
3H . 
161,,, 
197mHg 
197yl . . 
203% . . 
166H, 
123, 
125, . 
126, 
129, 
131, . . 
132, 
133, 

. 

. 
. . 

. 

134; . 
135, . . 
I’ll” . 
113m1, . . 
“4Ml” 
115mln . . 
1901, . . . . 
1921, . . . 
‘941, . . . . . 
42K . . . 
43K 
65mK, (uncompressedi . . . ’ 
65mK, (compressed) . . 
65K, (uncompressed) . . . 
65K, (compressed) . . . 
67K, (uncompressed) 
67K, (compressed) . 
1401, . . . . . . 
LSP. . . . . . 
‘mu . . 
MFP 
26~ ’ 

. t... 
. 

52un . . . . . . 
54k . . . . . . 
56~” . . 
99h(, . . . 
13N . . . . . . . . _. 
=Na 
24~1 . .’ .: ..- 
Q3mb 
95b . . . 
97Nb . . . 
147w . . . 
149&j . . . 
59& . . 
6% . . . . 
6% . . . 

. 

. . 

. . . 

. 

. . . 

I.. 

. . 

Cl 

Cl 

i: 

C  
C  

c 

0 

E  

E  

i 
I1 

c 

C  

C  

t 
t 
h 

t 
t 

I 

I 

I 

I 

. 

hlorlne (17) 

urium (96j 
. ,.. 

obalt (i7) .’ ‘. . . . . . . 

,oppet (29) 

Aopium (ii) . 
. . . . 

luorine (9) 
‘on (26) 

;all ium (31) ’ . 
. . 

. 
. . . 

;adolinlum (64) 

;emanium (32) ’ ’ . . .’ 
. 

hydrogen (1) See T-Tritium 
iafmum (72) . 
lercury (60) . . . 

.., 

iolmlum’(67) . 
odine (53) . . 

, . . ,,. 
. . 

. . . . 
. . . . 

. . . . . 
. . . 

. . . . . . 

ndiirn (49) . 

. . . 
botassiuA (19) ‘.‘. 

Krypton i36j . . . . . . .’ 
. . . . 

. . . 
. . . . 

Lanthanum (ii)’ ’ . . . 
Low specific activity matehal-see 5 173 4t 
Lutetium (71) , . , ‘. , 
MIxed fission products 
Magnesium (12) . . . . . 
Manganese (25) . . . . . . ’ 

. . . . . . . . 
. 

Mol&an;m (42) 
. . . . . 

Nitrogen (7) . . . : ’ : 
Sodium(11) . . . . . 

. . 
Niobium (41) . . . . . 

. . . . . 

Neo&mlum (60) ‘. . . . 

Nickel (26j ..“‘... . “_“. 
. . . . . . . . . . 

. . . . . . . . . . 
Nepfunitfm (93) . . . . 

. 
. . 

mclal Form) 
300 

10 
200 

9 
10 

6 
6 
5 

90 
1oW 

20 
7 

600 
40 

lOOil 
100X 

ia 
looiz 

7 
30 
6C 

2Oc 
1Oi 

1OOt 
1WC 

5c 
3c 
2t 
l( 

4Oi 
2t 

t 
1Mx 

1t 
1Ot 

21 

2Df 
3Ot 

2f 
1CQl 

31 
2M 
2Oi 

61 
31 
51 

100 
41 

100 
41 

3’ 

11 
3’ 
6 
3 

10 
1 
2 
1 
1 
2 

10 

100 

2 
0 
3 

3c 
1 

2 

1c 
2 

1Ot 
; 
: 

l( 

1Ot 
IOi 

21 

WI 

I 
1 
I 
I 
) 
I 
) 
I 
) 
) 
1 
1 
i 
1 
1 
I 
I 
I 
I 
1 
1 
1 

: 
2 
3 
3 
D  
D  
3 
D  
D  
7 
0 
6 
0 
0 
0 
0 
0 
0 
0 

: 
0 
0 
3 
0 
5 
‘0 
6 
IO 

d 
0 
6 
5 

!O 
5 

m  
!O 
6 
5 

)O 
!O 
!O 
HI 

: 
xl 
IO 
5 

lo 
20 

xmal Form) 
10 
10 

0.2 
0009 

0.01 
0006 
0006 

5 
90 

loo0 
20 

7 
600 

40 
1000 

10 
10 
25 

7 
10 
25 
25 
20 

2M) 
25 
20 
30 
10 

5 
60 
20 

5 
1000 

10 
100 

20 
7 

100 
20 
10 

1000 

25 
200 
200 

25 
30 
50 
70 
10 

2 
10 

1: 
6 

:: 
60 
20 
20 
10 
10 
10 
10 
10 

100 
3 

1ooo 
5 

20 
06 
30 

. 
;5 

04 
6 
5 

20 
5 

20 
10 

6 

2; 
20 
20 
20 
20 

900 
100 

10 
0005 

25 
20 Osmium’(76) .‘.. . . . 
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Element end atomic number Ad’3 AzW) Symbol ot radlonucllde 

Normal Form) 
200 
200 

20 
30 

0.6 
0002 

100 
20 

02 
5 

700 
20 
25 
20 

02 
10 
20 

100 
200 

20 
20 

0 003 
0 002 
0 002 

01 
0 003 

02 
05 

0.05 
005 

25 
30 

Unlimited 
Unlimited 

20 
Unlimited 

10 
Unlimited 

1000 
25 

2 
60 
25 
20 

7 
60 
30 

5 
25 

6 
20 

5 
40 
20 

Unlimited 
90 
20 
60 

100 
10 
60 
30 
50 
10 

04 
10 
10 

1000 
1000 
1000 
1000 
1000 

20 
20 
10 

1000 
6 

200 
400 
100 

25 
100 

20 
20 
10 
20 
10 

7 
02 

0006 
0 003 

25 
Unlimited 

10 

1910, 
191 Ino5 
1930s 
3.2~ 
230~~ 
23tp. 
233~. 
201 b 
21opb 
212pb 
103Pd 
109Pd 
147p, 
149R, 
21OPO 
142p, 
143P, - 191pl 
193mpl 
197mpl 
197p1 
236~. 
239p, 
240~” 
241 pu 
242p, 
2231(. 
224b 
226R, 
226R, 
6lRb. 
%dJ .- 

Special Form) 
600 
200 
100 

30 
,... . 

Phosphorus (15) ‘. ’ ’ 
Protactmium (91) . 

. . . . . 
20 

2 
100 

20 
100 

Lead (82) . . 
. 

. . . . . 
P&dk (46) .’ 

brom;thi;m i6\) ‘.’ 

Polonium (e4, ’ ’ 
Praseodymium (59) . 

6 
loo0 

1000 
100 
200 

10 
300 
100 
200 . . 

. . 300 
300 

3 
2 
2 

1000 
3 

50 
6 . 

10 
10 
30 
30 

Unlimited 
Unlimited 

100 
Unlimited 

10 
Unlimited 

1000 
200 

10 
60 
30 
20 

Rubidum (37) . . 

67Fa 
Rb (natural) 

Rhenium (75) ’ 166Re . 
167R.. 
166R. 
Re (natural) 
103mRh 
lO5Rh 
222R, . . :. . . 
97R” . 
103R” 
105R” . . 
106&. . 
35s 
122% . . . . 
124a 
125% . 
46sc . . 
47sc 
‘%  
75% . . . . . . 
31s . . . . 
147% 
151M . . . . . 
153% 
113% . 
119Q” . . 
125% 
65ms, . 
65sr . . . . . 1. 
67ms,. . . . . . . . 
69% . . . . 
mr 
91s . . . . :‘.. . . 
92s.r . . . . . . 
T (uncompressed) . . 
T (compressed) . . 
T (activated luminous paint) 
T (adsorbed on solid carrier) 
T (tritiated water) . . 
T (other forms). . . . 
162Te. . . 
16b.. . . . 
96mn. . . . . . 
WC . t. 
97mrc 
9hc . . . 
ggmrc . . . . 
9% 
125mr.. 
127mr. . . . . . 
127re . . . . 
12gm. . . . 
1%. . . . 
131mr, f..... 
132re 
227nI . . . 
22am . . . 
23&i- 
231m . 
232j,, . . , . 
234m . . . . 

’ ’ ’ Rhodium (45) 

Radon (6;)’ .’ ‘. 
Ruthenium (44) . . ’ 

. . 
. . 

Sulphur (16) . 
Antimony (51) . . 

10 
1000 

30 
5 

40 
. . . 

. . 
Scandium (21) ’ ‘. 

Selenium (34) ’ 
Silicon (14) 
Samarum (62) I 

. . 

i. (sb, . . . 
. . 

Skontium (36) . ’ 
. 

. 

6 
200 

5 
40 

100 
Unlimited 

.  .  .  .  

I .  .  

.  

.  .  .  .  .  

.  

1000 
300 

60 
100 

10 
. . . . . 

. . . . 
. . . 
. . . . 

. . 
. . 
. . . . . 

. . . . . . . . 

. . . . . . 
. . . 

60 
30 
50 

100 
10 
10 
10 

1000 
1000 
1000 
1000 
1000 

20 
20 

. 
. 

Tritium (1) 

. 

. . 
. . . . . . . 

. . . 
. . . . 

. . . . . . . . . 
. . . 

. . . 
T&urn (73) 
Terbium (65) 
Technetium (43) : ’ 

20 
1000 

6 
1000 
1000 

. 

. 
100 

1000 
1000 

300 
300 

30 
100 

10 
7 

. . . 
. . . 

. . . 
. . 

. . . . . . . . 
. . . . . . 

Thorum (90) 
. 

206 
6 
3 

1000 . . . . . . 
Unlimited 

10 . . . . . 



April 1993 0 173.435-s 173.443 

Symbol of radlonucllde Element and atomic number AI&I) MCI) 

m  (natural) 
m  (irtedieted)2 

2OOT 
201T, 

jpeclal Form) normal Form) 
Unlimited Unlimited 

,.. . 
7 .hallum (61) ‘. 

. 
. 

20 
200 

40 
300 
300 

1000 
100 

30 
100 
100 
100 
200 

Unlimited 
Unlimited 
Unlimited 

100 
Unlimited 

i0 
200 

40 
10 

. 

202T1 . 
204h 
170Tm. : ‘.. 
1717m . . 
230” . 
232” . . 
233” 
234~ 
235” . 
236” 
236” 

” Inatural) 
u (enriched )<20% . 

20% or greater 
u (depleted) . 
u (irtadieted)3 . . . 

4& . . . 
161~ . . 
165~ . 
167~ . 

. . . . 
. 

127~~ (uncompressed) 
127xa (compressed) .._ 
131mxe (compressed) . 
13lt-n~~ (uncompressed) 
133~~ (uncompressed) 
133~~ (compressed) 
135xe (uncompressed) 
135~~ (compressed) . 
67~ 
9ov : 
91my . 
91” . : 
92y . 
9% . . 
169m . 
175w.. . 
65~” . . . . 
69mzn . . . 
692. . . . . . 
932, . . . . . ., . 
952, . . 
972, 

Zirconium (40) .’ ’ ’ ’ t . 
. . . . . . 

E  
200 

1oOi 
4c 
7c 

c 
1c 

1oc 
1ooc 

c 
7C 

I 

2: 
l( 
3( 
3( 
l( 
l( 
6C 

40( 
3( 
4( 

301 
1001 

2( 
21 

20 
200 

20 
211 

) AI value is 20 curies for americium and plutonium contained I” Am-l  x Pu-Be neutron ’ For shlpments solely Within the United States Ihc 
sources or m  nuclear-powered pacemakers 

z The values of Al  and A2 must be calculated in accordance with the procedure specified in 5 173 433 of this subchapter. taking into account 
the activity of the fission products end of the uranium-233 in addition (0 (hat of the thorium 

3 The values of A, end AP  must be calculated in accordance with the procedure specilled in 5 173 433 of this subchapter. taking into account 
the activity of the fission products and plutonium isotopes in addition to that of the uramum 

1 

1 

. 

.hullum (69) . . 
. . . 

lranium (92) . . . . 
. . . 

. 
&nadium (23) . 
rungsten (74) 

Kenon (54) . ‘. 

. . 

Ytl l l lml (39) 

. . . 
. . . . 

Ytierbium (7;) . 

zmc (30) . . ‘: . . . 
. . 

10 
100 
01 

003 
01 
01 
02 
02 

Unlimited 
Unlimited 
Unkmited 

01 
Unlimited 

6 
100 

25 
20 
70 

5 
10 

100 
1000 

5 
70 

2 
20 
10 
30 
30 
10 
10 
60 
25 
30 
20 

Sec. 173.441 Radiation level limitations. (a) Except as pro- 
vided in paragraph (b) of this section, each package of radioactive 
materials offered for transportation shall be designed and prepared 
for shipment so that under conditions normally incident to trans- 
portation the radiation level does not exceed 200 millirem per hour 
at any point on the external surface of the package, and the trans- 
port index does not exceed 10. 

(b) A package which exceeds the radiation level limits specifi,ed 
in paragraph (a) of this section shall be transported by exclusive 
use shipment only and if the radiation levels for such shipment 
must not exceed the following during transportation: 

(1) 200 millirem per hour (2 miiiisievert per hour) on the external 
surface of the package unless the following conditions are met, In 
which case the limit is 1000 millirem per hour (10 miilisievert per 
hour). 

(i) The shipment is made in a closed transport vehicle; 
(iii The oackaae is secured within the vehicle so that its position 
’ ’ rer%ins f&d during transportation; and 

(iii) There are no loading or unloading operations between the 
beginning and end of the transportation; 

(2) 200 millirem per hour (2 miiiisieverl per hour) at any point 
on the outer surface of the vehicle, including the top and underside 
of the vehicle; or in the case of a fiat-bed style vehicle, at any point 
on the vertical planes projected from the outer edges of the vehicle, 
on the upper surface of the load (or enclosure is used), and on the 
lower external surface of the vehicle; 

(3) 10 millirem per hour (0.1 miiiisievert per hour) at any point 
2 meters (6.6 feet) from the outer lateral surfaces pf the vehicle 
(excluding the top and underside of the vehicle); or In the case 01 
a fiat-bed style vehicle, at any point 2 meters (6.6 feet) from the 
vertical planes pro’ected by the outer ed es of the vehicle (efi 
ciuding the top an d underside of the vehlc e); and 3 

(4) 2 millirem per hour in any normally occupied position in the 
car or transport vehicle, except that this provision does not apply 

to private motor carriers when the personnel are operating under 
a radiation protection program and wear radiation exoosure mon- 
itoring devices. 

(c) For shipments made under the provisions of paragraph (b) 
of this section, the shipper shall provide specific written instructions 
for maintenance of the exclusive use shipment controls to the car- 
rier. The instructions shall be included with the shipping paper 
information. 

(d) Packages exceeding the radiation level or transport index 
prescribed in paragraph (a) of this section shall not be transported 
bv aircraft. 

‘(e) The written instructions required for exclusive use shipments 
must be sufficient so that, when followed, they will cause the arrier 
to avoid actions which will unnecessarily delay delivery or unnec- 
essarily result in increased radiation levels or radiation exposures. 

(The information colleclion requirements contemed in paragraph (c) were approved by 
the Office of Management and Budget under control number 2137-0536) 

Sec. 173.442 Thermal limitations. Each package of radio- 
active material shall be designed, constructed, and loaded so that- 

(a) The heat generated within the package because of the ra- 
dioactive contents will not, at an 
the integrity of the package un cy 

time during transportatiov, affect 
er conditions normally incident to 

transportation: and 
(b) The temperature of the accessible external surfaces of the 

loaded package will not, assuming still air in the shade at an am- 
bient temperature of 38°C (1 OO”F), exceed either- 

(1 50°C (122°F) in other than an exclusive use shipment; or 
(2 82°C (180°F) in an exclusive use shipment. 

SecJ73.443 Contamination control. (a) The level of non- 
fixed (removable) radioactive contamination on the external sur- 
faces of each package offered for shipment shall be kept 9s low 
as practicable. The level of non-fixed radioactive contamination 
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may be determined by wiping an area Of 300 square centimeters 
of the surface concerned with an absorbent material, using mod- 
erate pressure, and measuring the activity on the wiping material. 
Sufficient measurements shall be taken in the most appropriate 
locations to yield a representative assessment of the non-fixed 
contamination levels. Except as provided in paragraph (b) of this 
section, the amount of radioactivity measured on any single wiping 
material when averaged over the surface wiped shall not exceed 
the limits 
methods o 9 

iven in Table 10 at any time during transport. Other 
assessment of equal or greater efficiency may be used. 

When other methods are used the detection efficiency of the method 
used shall be taken into account and in no case shall the non-fixed 

--contamination on the external surfaces of the package exceed ten 
times the limits listed in Table 10. 

TABLE 10 -REMOVABLE EXTERNAL RADIOACTIVE CONTAMINATION- 
WIPE LIMITS 

Maxlmum 
permissible l lmlts 

Contaminant uCi/Cm2 dpm/cn+’ 

Beta-gamma emitting radionuctides; all radionuclldes with half- 
lives less than ten days; natural urantum; natural thorium; 
uranium-235; uranium-238; thorum-232; thorium-228 and 
thorum-230 when contained in ores or physical 
concentrates . . . . . 10-S 22 

Al l  other alpha emitting radionuclides 10-e 22 

(b) Except as provided in paragraph (d) of this section, in the 
case of packages transported as exclusive use shipments by rail 
or public highway only, the removable (non-fixed) radioactive con- 
tamination at any time during transport shall not exceed ten times 
the levels prescribed in paragraph (a) of this section. The levels at 
the beginning of transport shall not exceed the levels prescribed 
in para raph (a) of this section. 

(c) lI!xcept as provided in paragraph (d) of this section, each 
transport vehicle used for transporting radioactive materials as an 
exclusive use shipment which utilizes the provisions of paragraph 
(b) of this section shall be surveyed with appropriate radiation de- 
tection instruments after each use. A vehicle shall not be returned 
to service until the radiation dose rate at each accessible surface 
is 0.5 millirem per hour or less, and there is no significant removable 
(non-fixed) radioactive surface contamination as specified in par- 
agraph (a) of this section. 

(d) Paragraph (b) and (c) of this section do not apply to any 
closed tranqport vehicle used solely for the transportation by public 
highway of radioactive material packages with contamination levels 
that do not exceed 10 times the levels prescribed in paragraph (a) 
of this section if: 

(1) A survey of the interior surfaces of the empty vehicle shows 
that the radiation dose rate at any point does not exceed 10 millirem 
per hour at the surface or 2 millirem per hour at 1 meter (3.3 feet) 
from the surface: 

(2) Each vehicle is stenciled with the words “For Radioactive 
Materials Use Only” in letters at least 76 millimeters (3 inches) hi 

P 
h 

in a consoicuous olace on both sides of the exterior of the vehic e; 
and 

(3) Each vehicle is kept closed except for loading or unloading. 
Sec. 173.444 Labeling requirements. Each package of ra- 

dioactive materials, unless excepted by 55 173.421, 173.422, 
173.424, 173.425(b), or 173.427 shall be labeled as provided in 
Subpart E of Part 172 of this subchapter. 

Sec. 173.446 Placarding requirements. See Subpart F of 
Part 172 of this subchapter. 

Sec. 173.447 Storage incident to transportation-general re- 
quirements. The following requirements apply to temporary stor- 
age dunng the course of trany rtation but not to Nuclear Re ulatory 
Commission or Agreement tate l icensed facilities or U. 8 . Gov- 
ernment owned or contracted facilities. 

(a) The number of Packages bearing Radioactive Yellow II or 
Radioactive Yellow Ill abels stored In any one storage area, such 
as a transit area, terminal building, store-room, or assembly yard, 
shall be limited so that the sum of the transport indexes in any 
individual group of packa 
packages must be store 8 

es does not exceed 50. Groups of these 
so as to maintain a spacing of at least 

6 meters (20 feet) from other groups of packages containing ra- 
dioactive materials. 

(b) Mixing of different kinds of packages, including Fissile Class 
I packages with Fissile Class II packages, is authorized in accor- 
dance with 5 173.459 of this subchapter. 

Sec. 173.446 General transportation requirements. (a) Each 

shipment of radioactive materials shall be secured in order to pre- 
dent shifting during normal transportation conditions. 

(b) Except as may be specifically required by the competent 
authority in the applicable certificate, a package of radioactive ma- 
terials may be carried among packaged general cargo without spe- 
:ial stowage provisions, if: 

(1) The heat output in watts does not exceed 0.1 times the 
mitii inum package ciimension in centimeters; or 

(2) The average surface heat flux of the package does not ex- 
ceed 15 watts per square meter and the immediately surrounding 
cargo is not in sacks or bags or otherwise in a form that would 
seriously impede air circulation for heat removal. 

(c) Packages bearing labels prescribed in $172 403 of this sub- 
chapter may not be carried in compartments occupied by passen- 
gers, except in those compartments exclusively reserved for couriers 
accompanying those packages. 

(d) Mixing of different kinds of packages, including Fissile Class 
I packages with Fissile Class II packages, is authorized in accor- 
dance with 5 173.459. 

(e) No person shall offer for transportation aboard a passenger- 
carrying aircraft any single package with a transport index greater 
than 3.0 or an overpack with a transport index greater than 3.0.- 

(f) No person shall offer for transportation aboard a passenger 
carrying aircraft any radioactive material unless that material is 
intended for use in, or incident to, research, or medical diagnosis 
or treatment. 

(g) If an overpack is used to consolidate individual packages of 
radioactive materials, the packages shall comply with the pack- 
aging, marking, and labeling requirements of this subchapter, and 
the following: 

(1) The overpack shall be labeled as prescribed in 5 172.403 of 
this subchapter except as follows: 

(i) the “contents” entry on the label may state “mixed” unless 
each inside package contains the same radionuclide(s). 

(ii) The “activity” entry on the label must be determined by 
adding together the number of curies of the radioactive ma- 
terials packages contained therein. 

(iii) For a non-rigid overpack, the required label together with 
required package markings shall be affixed to the overpack 
by means of a securely attached, durable tag. The transport 
index shall be determined by addin together the transport 
indexes of the radioactive matenas packages contained 3 
therein. 

(iv) For a rigid overpack, the transport index shall be determined 

(A) !8ding together the transport indexes of the radioactive ma- 
terials packages contained in the overpack; or 

(B) Except for fissile radioactive materials, direct measurements 
as prescribed in 9 173.403(bb) which have been taken by the per- 
son initially offering the packages contained within the overpack 
for shipment. 

(2) The overpack shall be marked as prescribed in Subpart D  
of Part 172 of this subchapter and I 173.25(a). 

(3) The transport index of the overpack shall not exceed 3.0 for 
passenger-carrying aircraft shipments, or 10.0 for cargo aircraft 
only shipments. 

Sec. 173.451 Fissile materials-general require- 
ments. (a 

I taining fissl e 
Except as provided in Q  173.453, each package con- 
radioactive materials must comply with $9173 451 

through 173.459. 

Sec. 173.453 Fissile materials-exceptions. The require- 
ments of 55 173.451 through 173.459 do not apply to: 

(a) A package containing not more than 15 
dionuclides. if the material IS transported in ! 

rams of fissile ra- 
bul , the quantity lim- 

itation applies to the conveyance; 
(b) A package containing irradiated natural or depleted uranium 

includin 
fl 

the products of irradiation if the irradiation has taken place 
only in t e thermal reactor; 
wh(eCceA package containing homogeneous solutions or mixtures 

(1) fhe minimum ratio of the number of hydrogen atoms to the 
number of atoms of fissile radionuclides (H/X) is 5200; 

(2) The maximum concentration of fissile radionuclides is 5 grams 
per liter: and 

(3) The maximum mass of fissile radionuclides in the package 
is 500 grams, except that for a mixture where the total mass of 
plutonium and uranium-233 does not exceed 1% of the mass of 
uranium-235 the limit is 600 grams. If the material is transported 
in bulk, the quantity limitations apply to the conveyance; 

(d) A package containing uranium enriched in uranium-235 to 
a maximum of 1% by weight, and with a total plutonium and ura- 
nium-233 content of up to 1% of the mass of uranium-235, if the 
fissile radionuclides are distributed homogeneously throughout the 
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package contents, and do not form a lattice arrangement within the 
package; 

(e) A package containing any fissile material if it does not contain 
more than 5 grams of fissile radionuclides in any IO-liter volume, 
and if the material is packaged so as to maintain this limit of fissile 
radionuclide concentration during normal transport; 

(f) A package containing not more than one kilogram of pluton- 
ium of which not more than 20% by mass may consist of plutonium- 
239, plutonium-241, or any combination of those radionuclides; 

(g)’ A package containing liquid solutions of uranyl nitrate en- 
riched in uranium-235 to a maximum of 2% by weight, with total 
olutonium and uranium-233 not more than 0.1% of the mass of 
Lranium-235; or 

(h) A packa e containing thorium or uranium with not more than 
0.72% by weiq t of flssile material used for shipment solely within %  
the United Stites. 

Sec. 173.455 Classification of fissile materials pack- 
a es. (a) Except as provided in 9 173.453, each package of fis- 
31 e materials shall be classified as follows: a 

(1) Flssile Class I. Packages that may be transported in unlim- 
ited number, and in any arrangement, and that require no nuclear 
criticality safety controls during transportation. A transport index is 
not assigned to Fissile Class I packages for the purposes of nuclear 
criticality safety control, although, the external radiation levels may 
require a transport index number. 

(2) Fisslle Class II. Packages that may be transported together 
in any arrangement but in numbers that do not exceed an aggregate 
transport index of 50. For the purposes of nuclear criticality safety 
control, individual packages may have a transport index of not less 
than 0.1 and not more than 10. However, the external radiation 
levels may require a higher transport index number. These ship 
men@ require no nuclear criticality safety control by the shipper 
during transportation. 

(3) Fissile Class Ill. Shipments of packap of fissil! materials 
that do not meet the requirements of Fissile lass I or Flsslle Class 
II and that are controlled in transportation as prescribed in 5 173.457 
by a propriate arran 

d Th B 
ements between the shipper and the carrier. 

e numerica values for package assignments as Fissik 
Class I, the transport indexes for Fissile Class II packages, ant 
the conveyance and vehicle limitations for Fissile Class Ill ship 
ments shall be determined in accordance with 10 CFR Part 71. 

Sec. 173.457 Transportation of Fisslle Class Ill shipments- 
specific requirements. (a) Fissile Class Ill shipments shall in. 
corporate transportation controls which are performed by the ship 
per or carrier, as appropriate, and which: 

1) Provide nuclear criticality safety; 
2) Protect a ainst loading, storing, or transporting that shipmeni 

with any other rssile material; and B 
(3) Include in the shipping papers the description required by 

5 172.203(d) of this subchapter. 
Fissile Class Ill shipments shall be transported: 
In a conveyance (transport vehicle if transported by public 

highway or rail) assigned to the exclusive use of the shipper witt 
a specific restriction for the exclusive use to be provided in the 
appropriate arrangements between shipper and carrier and witt 
instructions to that effect issued with the shipping papers; 

(2) Except for shipments by aircraft, with an escort in a vehick 
having the capability, equipment, authority, and instructions to pro 
vide administrative controls necessary to assure compliance with 
this section; 

(31 In a convevance (transoorl vehicle if transported by public 
highbay or rail) dontainihg nd other packages of. radioactive ma 
terial that are required to bear one of the labels prescribed in § 172 40: 
of this subchapter. Specific arrangements must be made betweer 
the shipper and the carrier, with instructions to that effect issuec 
with th&shipping papers; or 

(4) Under any other procedure specifically authorized by tht 
Associate Administrator for Hazardous Materials Safety in actor 
dance with Part 107 of this subchapter. (Approved by the Office o 
Management and Budg’et under OMB control number 2137-0535 

(The information collection requirements mntained in paragraph (b) were approved b 
the Office of Management and Budget under control number 2137-0535) 
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Sec. 173.459 Mixing of fisslle material pack 
ages. Shipments of fissile materials packages and the commin 
glin 

a 
of fissile materials packages with other radioactive material 

pat a es shall be in accordance with the provisions of this section 
(a) bixing of fissile material packages with other types of radio 

active materials, including Fissile Class I with Fissile Class II pack 
ages is authorized if the total transport ivdex in any conveyancl 
(transport vehicle if transported by public highway or rail) or storagl 
location does not exceed 50. 
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(b) For Fissile Class II packages shipped under the exclusiv’ e 
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rovisions of 5 173.441(b), the transport index number which 
; ca culated for nuclear criticality control purposes shall not exceed 
0 for any single package nor a total of 50 for the conveyance 
transport vehicle if transported by public highway or rail). 

(c) Fissile Class II packages may be shipped with an external 
adiation level greater than 10 millirem per hour at 1 meter (3.3 
eet), and combined with other packages of the same or different 
lesigns in a Fissile Class Ill shipment, under the conditions pre- 
;cribed in 6 173.457. if: _..--- 

(1) Ea&package\n Ihe shipment has been assigned a transport 
ndex for criticality control purposes in accordance with the Fissile 
Iass II criteria; 

(2) The transoort index which has been assigned in the package 
lpbioval for nuclear criticality control purpos& does noi exceed 
IO for anv sinole oackaae: 

(3) The totil t ianspo’t index for nuclear criticality control pur- 
)oses does not exceed 100 for all packages in the shipment; 

The shipment complies with 5 173.441 (b); and 
The shipment is not transported by vessel. 
A Fissile Class Ill shipment of packages may be combined 

viih’other packages of the’same or’differ&nt destgn when each 
lacka 

7 
e has been assigned a transport index for nuclear criticality 

:ontro purposes in accordance with Fissile Class II criteria, and 
nay be combined with Fissile Class II packa es into a Fissile Class 
II shipment under the conditions prescribe 8. in 9173.457, if: 

(1) The transport index which has been assigned in the package 
approval for nuclear criticality control purposes does not exceed 
50 for any single package; 

(2) The total transport index for nuclear criticality control pur- 
aoses for all packages in the shipment does not exceed 100; 

(3) The shipment satisfies the provisions of § 173.441 (b) if any 
aackage has a radiation level exceeding 10 millirem per hour at 1 
meter (3.3 feet) from any accessible external surface of the pack- 
age; and 

(4) The shipment is not transported by vessel. 

Sec. 173.461 Demonstration of compliance wlth 
tests. (a) Compliance with the test requirements in §§ 173.463 
through 173.469 shall be shown by any of the methods prescribed 
In this paragraph, or by a combination of these methods appropriate 
for the particular feature being evaluated: 

(1) By performance of tests with prototypes or samples of the 
packaging or special form material as normally presented for trans- 
portation, in which case the contents of the packaging for the test 
shall simulate as closely as practicable the expected normal ra- 
dioactive contents. The use of non-radioactive substitute contents 
is encouraged provided that the results of the testin take into 
account the radioactive characteristics of the contents or which it 3 
is bein tested; 

(2) #Y f re erence to a previous, satisfactory demonstration of 
corn liance of a sufficiently similar nature; 

(3p By performance of tests with models of appropriate scale 
incorporating those features that are significant with respect to the 
item under investigation, when en 
results of those tests to be suitab e for design purposes, When a B 

ineering experience has shown 

scale model is used, the need for adjusting certain test parameters, 
such as the penetrator diameter or the compressive load, must be 
taken into account; or 

4 II By engineering evaluation or comparative data. 
b With resoect to the initial conditions for the tests under 

#‘1?3.463 thrdu h 173.469, except for the water immersion tests, 
compliance shall %  e based upon the assumption that the package 
is in equilibrium at an ambient temperature of 36°C (100°F). 

Sec. 173.462 Preparation of specimens for test- 
ing. (a) Each specimen (i.e., sample, prototype or scale model) 
shall be examined before testing to identify and record faults or 
damaae. includino: 

1) “d&ergence”from the specifications or drawings; 
2 Defects in construction; 

I 
3 1 Corrosion or other deterioration; and 
4) Distortion of features. 

(b) Any deviation found under paragraph (a) of this section from 
the specified design shall be corrected or suitably taken into ac- 
count in the subsequent evaluation. 

(c) The containment system of the packaging shall be clearly 
specified. 

(d) The external features of the specimen shall be clearly iden- 
tified so that reference may be made to any part of it. 

Sec. 173.463 Packaging and shielding-testing for integ 
rity. After each of the applicable tests specified in § 173 465 and 
5 173 466, the integrity of the packaging, or of the packaging and 
its shielding, shall be retained to the extent required by Q  173.412(m) 
for the packaging being tested. 
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Sec. 173.465 Type A packaging tests. (a) The proposed 
packaging with proposed contents must be capable of withstanding 
the tests prescribed in this section. One prototype may be used for 
all tests if the requirements of paragraph (b) of this section are 
corn lied with. 

(by Water spray test. The water spray test must precede each 
test or test sequence prescribed in this section. The water spray 
test shall simulite expdsure to rainfall of approximately 5 centimers 
(2 inches) per hour for at least one hour. The time interval between 
the end of the water spray test and the beginning of the next test 
shall be such that the water has soaked-in to the maximum extent 
without ap 

P 
reciable drying of the exterior of the specimen. In the 

absence o evidence to the contrary, this interval may be assumed 
to be two hours if the water spray is applied from four different 
directions simultaneously. However, no time interval may elapse if 
the water spray is applied from each of the four directions con- 
secutively. 
-(c) Free drop test. The free drop test consists of a fall onto the 
target in a manner that causes maximum damage to the safety 
features being tested, and: 

(1) For packages weighing 5.000 kilograms (11,000 pounds) or 
less, the distance of the fall measured from the lowest point of the 
oackaaina to the upper surface of the target shall not be less than 
i .2 mGteL (4 feetj. 

(2) For packages weighin 
? - 

more than 5,000 kilograms (11,000 
pounds), the distance of the all shall not be less than the distance 
specified in Table 11, for the applicable packaging weight: 

TABLE l l .-FREE-FALL DISTANCE FOR PACKAGINGS WEIGHING 
MORE THAN 5,000 KILOGRAMS 

Packeglng weight Free-fall dlstanca 

KIlograms Pounds Feet Mseters 

>5.000 to 10,000 . >11.000 lo 22,060 . . . 3 0.9 
>10.000 to 15,000 . . , >22,OaO to 33,000 2 06 
More than 15,000 . More than 33.000 1 03 

(3) For Fissile Class II packagings, the free drop specified in 
subparagraph (1) or (2) of this paragraph shall be preceded by a 
free drop from a height of .3 meter (1 foot) on each corner. For 
cylindrical packa ings, the .3 meter (1 foot) drop shall be onto each 
of the quarters o each rim. 3 

(4) For fiberboard or wood rectangular packages not exceeding 
50 kilograms (110 pounds) in weight, a separate specimen of the 
proposed packaging shall be subjected to a free drop onto each 
corner from a height of .3 meter (1 foot). 

(6) For fiberboard cylindrical packages weighing not more than 
100 kilograms (220 pounds) a separate specimen of the proposed 
packaging shall be subjected to a free drop onto each of the quar- 
ters of each rim from a height of .3 meter (1 foot). 

(6) The target shall have a flat, horizontal surface of such mass 
and rigidity that any increase in Its resistance to displacement or 
deformation upon impact by the specimen would not significantly 
increase the damage to the specimen. 

(d) Comoression test. The compression test shall last for a 
peiidd of ai least 24 hours and consists of a compressive load 
equivalent to the greater of the following: 

Five times the weight of the actual package; or 
1300 kilograms per square meter (265 pounds per square 

foot) multiplied by the vertically projected area of the package. The 
compressive load shall be applied uniformly to two opposite sides 
of the packaging specimen, one of which must be the base on 
which the package would normally stand. 

(e) Penetration test. For the penetration test the packaging 
specimen shall be placed on a rigid, flat, horizontal surface that 
will not move while the test is being performed. The test shall consist 
of: 

(1) A bar of 3.2 centimeters (1.25 inches) in diameter with a 
hemispherical end, weighing 6 kilograms (13.2 pounds) being 
droooed with its lonaitudinal axis vertical, onto the center of the 
weakest part of the ;ackaging specimen,. so that, if it penetrates 
far enough, it will hit the containment system. The bar must not be 
deformed by the test; and 

(2) The distance of the fall of the bar measured from its lower 
end io the upper surface of the packaging specimen shall not be 
less than 1 meter (3.3 feet). 

Sec. 173.466 Additional tests for Type A packagings de 
signed for liquids and gases. (a) In additon to the tests pre 
scribed in Q  173.465, Type A packagings deslgnecf for liquids and 
gases shall be capable of withstandlng the !ollowlng tests: 

(1) Free drop test. The packaging specimen shall f@l onto the 
target in a manner which will cause it to suffer the maximuni dam- 
age to its containment. The distance of the fall measured from the 

Dwest part of the packaging specimen to the upper surface of the 
arget shall be not less than 9 meters (30 feet). 

(2) Penetration test. The specimen must be subjected to the 
est specified in § 173.465(e) except that the distance of the fall 
ihall be 1.7 meters (5.5 feet). 

Sec. 173.467 Tests for demonstrating the ability of Type B 
md fissile radioactive materials packagin s to withstand ac- 
:ident conditions in transportation. Each 1 ype B packaging or 
lackaging for fissile material shall meet the test requirements pre- 
scribed in 10 CFR Part 71 for ability to withstand accident conditions 
n transportation. 

Sec. 173.469 Tests for special form radioactive materi- 
11s. (a) Special form radioactive materials must meet the test 
,equirements of paragraph (b) of this section. Each solid radioactive 
naterial or capsule specimen to be tested shall be manufactured 
)r fabricated so that it is representative of the actual solid material 
lr capsule which will be transported with the proposed radioactive 
content duplicated as closely as practicable. Any differences be- 
ween the material to be transported and the test material such as 
he use of non-radioactive contents shall be taken into account. In 
addition: 

(1) A different specimen may be used for each of the tests; 
(2) The specimen must not break or shatter when subjected to 

.he impact, percussion, or bending tests; 
,h~3~e~:;e;~;~en must not melt or disperse when subjected to 

(4) After iach test leaktightness or indispersibility of the spec- 
Imen shall be deterdined by a method no less sensitive than the 
leaching assessment prescribed in paragraph (c) of this section. 
For a capsule resistant to corrosion by water, and which has an 
Internal void volume greater than 0.1 milliliters, an alternative to 
the leaching assessment is a demonstration of leaktightness of 
1 O4 torr-l/s (1.3 x 1 O4 atm-cm3j6) based on air at 25°C (77°F) and 
3ne atmospliere differential pressure for solid radioacti\;e cot?ent, 
3r 1Oa torr-l/s (1.3 x lo6 atm-cm3’*) for liquid or gaseous radio- 
active content. 

(b) Test methods: (1) Impact Test. The specimen must fall 
Dnto the target from a height of not less than 9 meter (30 feet). 
The target must be as specified in 5 173.465(c)(6); 

(2) Percussion Test. 
(i) The specimen shall be placed on a sheet of lead that is 

supported by a smooth solid surface, and be struck by the 
flat face of a steel billet so as to produce an impact equivalent 
to that resulting from a free fall of 1.4 kilograms (3 pounds) 

(ii) T;;;f: I,meter (3.3 feet; 
ce of the billet shall be 25 millimeters (1 inch) in 

diameter with the edges rounded off to a radius of 3 milli- 
meters 20.3 millimeters (.12 inch f .012 inch); 

(iii) The lead shall be of a hardness within 3.5 to 4.5 on the 
Vickers scale, and not more than 25 millimeters (1 inch) 
thick. and shall cover an area areater than that covered bv 
the specimen; 

(iv) A fresh surface of lead shall be used for each impact; and 
(v) The billet must strike the specimen in a manner that causes 

maximum damage. 
(3) Bending test. 
‘(ij This test applies only to long, slender sources with a length 

of 10 centimeters (4 inches) or more and with a length at 
least 10 times the minimum width; 

(ii) The specimen must be securely clamped in a horizontal 
position so that one half of its length protrudes from the face 

(iii) 
of the clamp; 
The position of the specimen must be such that it will suffer 
maximum dama 

9 
e when its free end is struck by the flat 

face of a steel bl let; 
(iv) The billet must strike the specimen in a manner that pro- 

duces an impact equivalent to that resultin 
vertical fall of 1.4 kilograms (3 pounds) throug 77 

from a free 
1 meter (3.3 

feet): and 
(v) The flat face of the billet must be 25 millimeters (1 inch) in 

diameter with the edges rounded off to a radius of 3 milli- 
meters -co.3 millimeters L12 inch 2.012 inch) 

(4) Heat test. The specimen’ shall be heated in &r to a tem- 
perature of not less than 800°C (1472”F), held at that temperature 
for a period of 10 minutes, and the allowed to cool. 

(c) Leaching assessment methods. 
(1) For indispersible solid material- 
(i) The specimen shall be immersed for seven days in water 

at ambient temoerature. The water must have a DH of 6-8 
and a maximui conductivity of 10 micromho per bentimeter 
at 20°C (68°F); 
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(ii) The water and specimen shall then be heated to a temper- 
ature of 50°C -C 5” (122°F r 9”) and maintained at this tem- 
perature for four hours; 

(iii) The activity of the water shall then be determined; 
(iv) The specimen shall then be stored for at least seven days 

in still air with humidity not less than 90 percent at 30°C 

(v) %~~ecimen shall then be immersed in water with the same 
pH and maximum conductivity specifications as in subpar- 
agraph (l)(i) of this paragraph. The water and specimen 
must be heated to 50°C 2 5” (122°F & 9”) and maintained at 

-(vi) 
that temperature for four hours; 
The activitv of the water shall then be determined. The ac- 

’ tivities determined in subparagraph (l)(iii) and this subpar- 
agraph shall not exceed 0.05 microcuries. 

(2) For encapsulated material- 
(i) The specimen shall be immersed in water at ambient tem- 

- perature. The water must have a pH of 6-8 and a maximum 
conductivity of 10 micromho per centimeter. The water and 
soecimen shall be heated to a temoerature of 50”Ct5” 

(ii) 
(iii) 

‘1:: I 

(i22”F +- 9”) and maintained at this temljerature for four hours; 
The activity of the water shall then be determined; 
The specimen shall then be stored for at least seven days 
in still air at a temperature not less than 30°C (86°F); 
Step (i) shall be repeated; and 
The activi of the water shall be determined. The activities 
determin eir n paragraph (c)(2)@) and this paragraph (c)(2)(v) 
shall not exceed 0.05 microcuries. 

Sec. 173.471 Requirements for U.S. Nuclear Regulatory 
Commission approved packages. In addition to the applicable 
reauirements of the U.S. Nuclear Reaulatorv Commission (USNRC) 
and Parts 171-177 of this subchaGter, atiy shipper of a’ Type B; 
Type B(U), Type B(M), or fissile material packa e that has been 
approved by the USNRC in accordance with 10 8 FR Part 71 shall 
also comply with the following requirements: 

(a) The shipper shall be registered with the USNRC as a party 
to the approval, and the shipment must be made in compliance 
with the terms of the approval; 

(b) The outside of each package shall be durably and legibly 
marked with the package identification marking indicated in the 
USNRC approval; 

(c) Each shipping paper related to the shipment of the package 
shall bear the package identification marking indicated in the USNRC 
approval; - 

(d 
shal I 

Before the first export shipment of the package, the shipper 
obtain a U.S. Comoetent Author& Certificate for that oackase 

design-or if one has already been issued, the shipper shali regiskr 
with the U.S. Competent Authority as a user of the certificate. Upon 
registration as a user of the certificate the shipper will be furnished 
with a copy of it. The shipper shall then submit a copy of the U.S. 
Competent Authority Certificate applying to that package design to 
the national competent authority of each country into or through 
which the package will be transported, unless a copy has already 
been furnished; 

(e) [Reserved] 
(f) Each request for a U.S. Competent Authority Certificate as 

required by the IAEA regulations shall be submitted in writing to 
the address set forth in paragraph (e) of this section. The re uest 
shall be in duplicate and include copies of the applicable US R RC 
approval and a reproducible drawing showing the make-up of the 
package. Each request is considered in the order in which it is 
received. To allow sufficient consideration by the Associate Ad- 
ministrator for Hazardous Materials Safety, requests should be re- 
ceived at least 45 days before the requested effective date; and 

(g) import and export shipments may be made in accordance 
with $j 171.12 of this subchapter. 

(The information collection requirements contained in paragraph (a) were approved by 
the Office 01 Management and Budget under control number 2137-0512 The informatlor 
collection requirements contained in paragraph (d) wwe approved under control number 
2137-0515 

Sec. 173.472 Requirements for exporting DOT Specification 
Type B and fissiie packages. (a) Any shipper who exports a 
DOT Specification Type B or fissile material packa e 

a 
authorizea 

by 18 173.416 or 173.417 shall comply with paragrap s (b) through 
(fj ofthis section. 

(b) The shipper shall register with the U.S. Competent AuthoriQ 
as a user of the appropriate U.S. Competent Authority Certificate 
and the shipment shall be made in accordance with the certificate: 

(c) The outside of each package must be durably and legibl) 
marked with the package identification marking indicated in th.e 
U.S. Competent Author&’ Certificate; 

(d) Each shipping paper related to the shipment of the package 

nust bear the package identification marking indicated in the U.S. 
:ompetent Authority Certificate; 

(e) Before the first export shi 
nust submit a copy of the U. 8 

ment of the package, the shipper 
. Competent Authority Certificate 

applying to that package design to the national competent authority 
)f each country into or through which the packa 
lotted, unless a copy has already been furnishe If 

e will be trans- 
, and 

(f) Import and export shipments may be made in accordance 
vith 5 171.12 of this subchapter. 

(The information wllection requirements contained in paragraphs (b) and (e) were 
ippmved by the Office of Management and Budget under control number 2137-0515) 

Sec. 173.473 Re uirements for foreign-made 
addition to other app icable requirements of this 7, Isi 

ackages. In 
su chapter, each 

shipper of a foreign-made Type B, Type B(U), Type B(M), or fissile 
naterial packa 
luired by the 

e for which a competent authority certificate is re- 
I w  EA “Regulations for the Safe Transport of Radio- 

active Materials, Safety Series No. 6,” shall also comply with the 
ollowing requirements: 

(a) Prior to the first shipment of such a package of radioactive 
naterials into or from the U.S., the shipper shall: 

(1) Have the foreign competent authority certificate revalidated 
my the U.S. Competent Authority, unless this has been done pre- 
,iously. The request must be in duplicate and contain all the in- 
‘ormation required by Section VIII of the IAEA regulations. Each 
‘equest is considered in the order in which it is received. To allow 
sufficient consideration by the Associate Administrator for Hazard- 
XJS Materials Safety, requests should be received at least 45 days 
Defore the requested effective date. 

(2) Submit a copy in English of the foreign competent authority 
Zerftificate with the request-for revalidation; 

(3) Resister its identitv in writina with the U.S. Competent Au- 
thdriiy asa user of the pickage covered by the foreign competent 
authority certificate and its revalidation. if the shipper is requesting 
the revalidation, this automatically done by the Associate Admin- 
istrator for Hazardous Materials Safety; and 

(4) Supply to the carrier, upon request, the applicable corn 
.I! 

etent 
authority certificates. However, the competent authority cerli icates 
are not required to accompany the packa 

(b) The outside of each package shal a 
es to which the apply. 
be durably an J 91. le ably 

marked with the same competent authority identification mar ing 
indicated on the competent authority certificate and revalidation; 

(c) Each shipping paper for a shipment of radioactive materials 
shall bear a notation of the package identification marking indicated 
on the competent authority certificate or revalidation; 

(d) All requirements of <he foreign competent authority certificate 
and the U.S. Competent Authority revalidation shall be fulfilled; and 

(e) Import and export shipments may be made in accordance 
with Q  171.12 of this subchapter. 

(The information collection requirements contained in paragraph (a) were approved by 
the Office of Management and Budget under control number 2137-0517) 

Sec. 173.474 Qualtty control for construction of packag- 
ing. (a) Prior to the first use of any packaging for the shipment 
of radioactive material, the shipper shall determine, that: 

(1) The packaging meets the quality of design and construction 
requirements as specified in this subchapter; and 

(2) The effectiveness of the shielding, containment, and, when 
required, the heat transfer characteristics of the package, are within 
the limits specified for ihe package design. 

Sec. 173.475 Quattiy control requirements prior to each 
shipment of radioactive materials. Before each shipment of any 
radioactive materials package, the shipper shall ensure by exam- 
ination or appropriate tests, that: 

a) 
b) 

The packaging is proper for the contents to be shipped; 
The packaging is in unimpaired physical condition, except 

for suoetficial marks: 
(c) ‘Each closure device of the packaging, including any required 

gasket, is properly installed, secured, and free of defects; 
(d) For fissile material, each moderator and neutron absorber, 

if required, is present and in proper condition; 
(e) Each special instruction for filling, closing, and preparation 

of the packaging for shipment has been followed; 
(f) Each closure, valve, or other opening of the containment 

system through which the radioactive content might escape is prop 
erl 

r 
closed and sealed; 

g) Each packaging containing liquid in excess of an A, quanti 
Y and intended for air shipment has been tested to show that it WI I 

not leak under an ambient atmospheric pressure of not more than 
0.25 atmosphere, absolute, (0.25 kilograms per square centimeter 
or 3.6 psia). The test must be conducted on the entire containment 
system, or on any receptacle or vessel within the containment 
system, to determine compliance with this requirement; 
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(h) The internal pressure of the containment system will not 
exceed the design pressure during transportation; and 

(I) External radiation and contamination levels are within the 
allowable limits specified in this subchapter. 

Sec. 173.476 Approval of special form radioactlve materi- 
als. (a) Each shipper of special form radioactive materials shall 
maintain on file for at least one year after the latest shipmen!, and 
provide to the RSPA on request, a complete safety analysis, ln- 
eluding documentation of any tests, demonstrating that the s eciai 
form material meets the requirements of 5 173.469. An IAE Al Cer- 
tificate of Competent Authority issued for the special form material 
ma be used to satisfy this requirement. 

(&) Prior to the first export shipment of a special form radioactive 
material from the United States, each shipper shall obtain a Com- 
petent Authority Certificate for the specific material. For special 
form material manufactured outside the United States an IAEA 
Certificate of Component Authority from the country of origin may 
be used to meet this requirement. For special form materials man- 
ufactured in the United States each shipper shall obtain a U.S. 
Competent Authority Certificate for the specific material. Each pe- 
tition for a U.S. Competent Authority Certificate shall be submitted 
in accordance with Q  173.471(e) and must include the following 
information: 

(1) A detailed description of the material or if a capsule, a de- 
tailed description of the contents. Particular reference must be made 
to both physical and chemical states; 

(2) if a capsule is to be used, a detailed statement of its design 
and dimensions, includin 
schedules of material, an 8 

complete engineering drawings and 
methods of construction; and 

(3) A statement of the tests that have been made and their 
results; evidence based on calculative methods to show that the 
material is able to pass the tests; or other evidence that the special 
form radioactive material complies with 5 173.469. 

(c) Paragraphs (a) and (b) of this section do not apply in those 
cases where A, equals A2 and the material is not described on the 
shipping papers as “Radioactive Material, Special Form, n.o.s.” 

(The information collection requirements contained in paragraph (a) were approved b) 
the Office of Manaaement and Budget under control number 2137-0516. The informatior 
collection requirenks contained in paragraph (b) were approved under control numb0 
2137-0516) 

Sec. 173.477 Approval for export shi ments. (a) Each e% 
port shipment of a package for which an AEA certificate of corn, f 
petent authority has been issued or revaiidated in accordance wltt 
5s 173.471, 173.472, or 173.473 shall have multilateral approval 
if the shipment includes: 

A vented T 
A Type B( hx 

pe B(M) package; 
) packaging containing radioactive materials with 

an activity greater than 3 x 103A,, or 3 x 103A2, as appropriate, or 
3 x 1 O4 curies, whichever is less; 

(3 A Fissile Class ill shipment; or 
(4 Transportation by special arrangement. 

April 1993 

Each application for shipment approval shall contain: 
The period of time for which the approval is sought; 
A description of the contents, the expected modes of trans- 

Iortation, the type of conveyance to be used, and the proposed 
Dute; and 

(3) An explanation of how the special precautions and special 
administrative and operational controls referred to in the package 
design certificates are to be put into effect. 

(c) The packaging and shipment approvals may be combined 
nto a single approval issued in accordance with (is 173.471, 173.472 
3r 173.473. 

(d) Approval by competent authorities is not required for pack- 
agin s designed for materials covered by 55 173.421 through 173.427 
nor or Type A packagings designed for non-fissile radioactive ma- P 
terials. 

(The information collection requirements contained in paragraph (b) were approved by 
the Oflice of Management and Budget under wntrol number 2137-0532) 

Sec. 173.476 Notification to competent authorities for ex- 
port shipments. (a) Before the first export shipment of any pack- 
aging with contents exceeding A, or AZ, the shipper shall ensure 
that copies of each applicable competent authority certificate issued 
in accordance with 5s 173.471, 173.472, or 173.473 have been 
submitted to the competent authority of each country through which 
or into which it is to be transported. The shipper is not required to 
await an acknowledgment from the competent authority prior to 
shipping the radioactive material, nor is the competent authority 
required to acknowledge receipt of the certificate. 

(b) For each of the shipments described in this paragraph, the 
shipper shall notify the competent authority of each count through 
which or into which the shipment is to be transported. T IS notli- 1. 
cation must be received by each competent authority at least 15 
da 

r 
s before the shipment starts for the following: 

1) Type B(U) packagings containing radioactive materials with 
an activity greater than 3 x 103A,, 3 X 103Az, as appropriate, or 
3 x lo4 curies, whichever is the least; 

marks: and 
(2) information as to the date of shipment, the expected date of 

arrival, and the proposed routing. 
(d) The shipper is not required to send a separate notification if 

the required information has been included in the application for 
shipment approval. 

(The lnfonation collection requirements contained in paragraph (a) were approved by 
Ihe Office of Management and Budget under control number 2137-0615 The information 
wllection requirements contained in paragraphs (b) and (c) were approved under wntrol 
number 2137-0532) 

Subpart J - [RESERVED] 

Subpart K - [RESERVED] 

Subpart L - [RESERVED] 
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ldom from a group 
ed at the same time 
r oil contamination 
I Specification RR- 
4.4.2.3 and meet the 
ness specified there- 

R 52669, Dec. 21, 19901 

nexafluoride. 
fluoride must be 
ttion 3A, 3AA, 3BN, 
78.37, 178.39, 178.42 
r 1 cylinders. Cylin- 
tipped with a valve 
re packed in a strong 
complying with the 
3.40. Outlets of any 
pped or plugged. As 
ie cylinder opening 

the use of a metal 
I 3E cylinders must 
overpack that com- 

visions of Q 173.40. 
‘R 52669, Dec. 21, 19901 

devices. 

for tear gas devices 
ed prior to initial 
J the Associate Ad- 
Hazardous Materials 

vices may not be as- 
packed in the same 

mechanically- or 
d firing, igniting, 
ler functioning ele- 

a type and design 
pproved by the Asso- 
or for Hazardous Ma- 

enades, tear gas can- 
devices must be pack- 
he following packag- 
to the requirements 

lis subchapter at the 
; performance level: 
4C2, 4D, or 4F metal- 
1 boxes. Functioning 
embled in grenades Or 
:n a separate compart- 
3oxes, or in inner or 
boxes, UN 4C1, 4C2, 
nust be so packed and 
.hey may not come in 
ch other or with the 
during transportation. 

Research and Special Programs Administration, DOT 0 173.403 
Not more than 50 tear gas devices and 
50 functioning elements must be 
packed in one box, and the gross 
weight of the outer box may not 
exceed 35 kg (‘77 pounds). 

(2) In a UN lA2 metal drum. Func- 
tioning elements must be packed in a 
separate inner packaging or compart- 
ment. Not more than 24 tear gas de- 
vices and 24 functioning elements 
must be packed in one outer drum, 
and the gross weight of the drum may 
not exceed 35 kg (77 pounds). 

(3) In a UN 4G fiberboard box with 
inside tear gas devices meeting Specifi- 
cations 2P or 2Q. Each inside packag- 
ing must be placed in fiberboard tubes 
fitted with metal ends or a fiber box 
with suitable padding. Not more than 
30 inner packagings must be packed in 
one outer box, and the gross weight of 
the outer box may not exceed 16 kg 
(35 pounds). 

(4) In other packagings of a type or 
design which has been approved by 
the Associate Administrator for Haz- 
ardous Materials Safety. 

(d) Tear gas devices may be shipped 
completely assembled when offered by 
or consigned to the U.S. Department 
of Defense, provided the functioning 
elements are so packed that they 
cannot accidentally function. Outer 
packagings must be UN 4C1, 4C2, 4D. 
or 4F metal-strapped wooden boxes. 
CAmdt. 1’73-224, 55 FR 52669, Dec. 21. 19901 

Subpart H-[Reserved] 

Subpart I-Radioactive Materials 

AUTHORITY: 49 U.S.C. 1803, 1804. 1808; 49 
CFR 1.53, app. A to part 1. 

SOURCE: Amdt. 173-162. 48 FR 10226, Mar. 
10, 1983, unless otherwise noted. 

3 173.401 Scope. 
(a) This subpart sets forth require- 

ments for the transportation of radio- 
active materials by carriers and ship- 
Pers subject to this subchapter. The 
requirements prescribed in this sub- 
Part are in addition to, but not in lieu 
of, other requirements set forth in this 
subchapter and in 10 CFR part 71 for 
the packaging and transportation of 
radioactive materials. 

(b) This subpart does not apply to: 

(1) Radioactive materials produced, 
used, transported, or stored within an 
establishment other than during the 
course of transportation. 

(2) Radioactive materials contained 
in a medical device, such as a heart 
pacemaker, which is implanted in a 
human being or live animal. 

(3) Radiopharmaceuticals that have 
been injected into, or ingested by, and 
are still in human beings or live ani- 
mals. 

§ 173.403 Definitions. 
In this subpart: 
(a) A1 means the maximum activity 

of special form radioactive material 
permitted in a Type A package. 

(bl AZ means the maximum activity 
of radioactive material, other than 
special form or low specific activity ra- 
dioactive material, permitted in a. 
Type A package. These values are 
either listed in 0 173.435 or may be de- 
rived in accordance with the procedure 
prescribed in 0 173.433. 

(cl Closed tratiport vehicle means a 
transport vehicle equipped with a se- 
curely attached exterior enclosure 
that during normal transportation re- 
stricts the access of unauthorized per- 
sons to the cargo space containing the 
radioactive materials. The enclosure 
may be either temporary or perma- 
nent, and in the case of packaged ma- 
terials may be of the “see-through” 
type, and must limit access from top, 
sides, and ends. 

(d) Containment system means the 
components of the packaging intended 
to retain the radioactive contents 
during transportation. 

( e 1 Conveyance means: 
(1) For transport by public highway 

or rail: any transport vehicle or large 
freight container; 

(2) For transport by vessel: any 
vessel, or any hold, compartment, or 
defined deck area of a vessel; and 

(31 For transport by aircraft: any air- 
craft. 

(f) Depleted uranium means urani- 
um containing less uranium-235 than 
the naturally occurring distribution of 
uranium isotopes. 

(g) Design means the description of 
a special form material, a package, or 
a packaging, that enables those items 
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to be fully identified. The description 
may include specifications, engineer- 
ing drawings, reports showing compli- 
ance with regulatory requirements, 
and other relevent documentation. 

(h) Enriched uranium  means urani- 
um containing more uranium -235 than 
the naturally occurring distribution of 
uranium  isotopes. 

(0 Exclusive use (also referred to in 
other regulations ;ts sole use or full 
load’) means the sole use of a convey- 
ance by a single consignor and for 
which all initial, intermediate, and 
final loading and unloading are carried 
out in accordance with the direction of 
the consignor or consignee. Any load- 
ing or unloading must be performed 
by personnel having radiological trnin- 
ing and resources appropriate for safe 
handling of the consignment. Specific 
instructions for maintenance of exclu- 
sive use shipment controls must be 
issued in writing and included with the 
shipping paper information provided 
to the carrier by the consignor. 

(j> Fissile material means any mate- 
rial consisting of or containing one or 
more fissile radionuclides. Fissile ra- 
dionuclides are plutonium -236, pluto- 
nium -239, plutonium -241, uranium -233 
and uranium -235. Neither natural nor 
depleted uranium  are fissile material. 
Fissile materials are classif ied accord- 
ing to the controls needed to provide 
nuclear criticality safety during trans- 
portation, as provided in 5 173.455. 
Certain exclusions are provided in 
9 173.453. 

(k) Freight container means a reus- 
able container having a volume of 1.81 
cubic meters (64 cubic feet) or more, 
designed and constructed to perm it 
being lifted with its contents intact 
and intended primarily for contain- 
ment of packages in unit form  during 
transportation. A  small freight con- 
tainer is one which has either one 
outer dimension less than 1.5 meters 
(4.9 feet) or an internal volume of not 
more than 3.0 cubic meters (106 cubic 
feet). All other are designated as large 
freight containers. 

(1) Highway route controlled quanti- 
ty means a quantity within a single 
package which exceeds: 

(1) 3000 times the A1 value of the ra- 
dionuclides as specified in 5 173.433 for 
special form  radioactive material; 

49 CFR Ch. I(12-31-91 hdith) 

(2) 3opO times the A, value of the It 
dionuchdes as specified in 0 173.433 ,or 
normal form  radioactive material, or 

(3) 30,?0? curies, whichever is leant 
On) Lamated quantity of radiOactfn 

matenal means a quantity Of radIoma 
tive material not exceeding the n,ak. 
rials package lim its specified 
8 173.423 and which conform  with rt 
quirements specified in Q 173.421. 

tn) LOW specific activity material 
(LSA) means any of the following: 

(1) Uranium  or thorium  orps and 
physical or chemical concentrates of 
those ores. 

(2) Unirradiated natural or depleted 
uranium  or unirradiated natural thori 
urn. 

(3) Tritium  oxide in aqueous SO!U- 
t,ions provided the concentration does 
not exceed 5.0 m illicuries per m illili. 
ter. 

(4) Material in which the radioactiv- 
ity is essentially uniform ly distributed 
and in which the estimated average 
concentration of contents does not 
exceed: 

(i) 0.0001 m illicurie per gram  of ra- 
dionuclides for which the A2 quantity 
is not more than .05 curie; 

(ii) 0.005 m illicurie per gram  of ra- 
dionuclides for which the A2 quantity 
is more than .05 curie, but not more 
than 1 curie; or 

(iii) 0.3 m illicurie per gram  of ra- 
dionuclides for which the AZ quantity 
is more than 1 curie. 

(5) Objects of nonradioactive materi- 
al externally contam inated with radio- 
active material, provided that the ra- 
dioactive material is not readily dis- 
persible and the surface contam ina- 
tion, when averaged over an area of 1 
square meter, does not exceed 0.0001 
m illicurie (220.000 disintegrations Per 
m inute) per square centimeter of ra- 
dionuclides for which the Az quantity 
is not more than 65 curie, or 0.001 m il- 
licurie (2,200,OOO disintegrations Per 
m inute) per square centimeter for 
other radionuclides. 

(01 Multilateral approval means ap- 
proval by both the appropriate compe- 
tent authority of the country of origin 
and of each country through or into 
which the shipment is to be transport- 
ed. This definition does not imply ap- 
proval from  countries over which ra- 
dioactive materials are carried in air- 
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&t, if there is no 
that country- 

tp) Natural thori: 
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tlon of thorium  is 
160 weight percent : 

cq) Natural urarzi 
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(r) Non-f&ed rat 
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if it does not excef 
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for transport. 
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materials, the asser! 
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TABLE ~-NEUTRON F 
REGARDED AS EOUIL 
LEVEL OF 1 MILLIREM 

Energy of neutral 

Thermal _. . . . . . . . . . . . . . . . . . 
5 keV . . . . . . . . . . . . . . . 
20keV . . . . . . . . . . . .._ . . . . . . ,. 
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d ,! there is no scheduled stop in 
3 wmtry. 
rp~ Natural thorium me.= thorium 

M, the naturally occurmg distribu- 
$b(r~l of thorium isotopes (essentially 

j weight percent thorium-232). 
Natural uranium me.- uranium 
the naturally occurmg distribu- 

t&n of uramum isotopes (approxi- 
mately 0.711 weight percent uranium- 

and the remainder essentially ura- 

, 
A 

6 

sum-238). 
I r 1 Non- fixed radioactive contami- 

&$. means radioactive contamina- 
tin that can be readily removed from 
4 surface by wiping with an absorbent 
mnteriat. Non-fixed (removable) radio- 
&ye contamination is not simificant 
11 it does r.ot exceed the limits speci- 
(jcd in 5 173.443. 

(~1 Normal form radioactive materi- 
al means radioactive material which 
tt[L’; not been demonstrated to qualify 
.XS ygt’cial form radioactive material. 

(t) Package means, for radioactive 
materials, the packaging together with 
Its radioactive contents as presented 
for transport. 

(u) Packaging means, for radioactive 
materials, the assembly of components 
necessary to ensure compliance with 

i* the packaging requirements of this 
i subpart. It may consist of one or more 
t! receptacles, absorbent materials, spac- 

ing structures, thermal insulation, ra- 
diation shielding, and devices for cool- 
ing or absorbing mechanical shocks. 
The conveyance, tie-down system, and 
auxiliary equipment may sometimes 
be designated as part of the packaging. 

(v) Radiation level means the radi- 
ation dose-equivalent rate expressed in 

: millirem per hour (mrem/h). Neutron 
flux densities may be converted into 

B radiation levels according to Table 1: 

TABCE ~-NEUTRON FLUX DENSITIES To BE 
REGARDED AS EQUIVALENT TO A RADIATION 
LEVEL OF 1 MILLIREM PER HOUR (tvlFiEM/~)~ 

I Flux density 
eyv~~iv;o 

Energy of neutron 

Thermal . __ __ . __ _. ..__... ..__ 268.0 
5 keV __ __ : : .._ _. _.. _. _. . _.. . . . . . . 228.0 
‘JOkeV . . ._ . . . . . _..._ . . . . . . . . . . . . . . . . . . . 1120 

TABLE ~---NEUTRON FLUX DENSITIES To BE 
REGARDED AS EWVALENT TO A RADIATION 
LEVEL OF 1 MILLIREM PER HOUR (MREM/ 
H) l--Continued 

Energy of neutron (Neutrons per 
square 

centimeter per 
second)(nl 

cm*/s) 

100 keV . . 
5OOkeV ._.__ .. ‘. .: : “...‘: 
1 MeV . . . . . . . . . . 
5 MeV _. . .._ . . . . . . 
$0 MeV.. _. _. . 

320 
120 

72 
72 
68 

* Flux densities equivalent for energies between fhose 
listed above may be obtained by linear interpolation 

(WI Radioactive article means any 
marrufactured instruments and arti- 
cles such as an instrument, clock, elec- 
tronic tube or apparatus, or similar in- 
struments and articles having radioac- 
tive material as a component part. 

(xl Radioactive contents means the 
radioactive material, together with 
any contaminated liquids or gases, 
within the package. 

(y) Radioactive material means any 
material having a specific activity 
greater than 0.002 microcuries per 
marn (uCi/gXsee definition of specific 
activity). 

(~1 Special form radioactive material 
means radioactive material which sat- 
isfies the following conditions: 

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

(2) The piece or capsule has at least 
one dimension not less than 5 millime- 
ters (0.197 inch); and 

(3) It satisfies the test requirements 
of 4 173.469. Special form encapsula- 
tions designed in accordance with the 
requirements of 0 173.389(g) in effect 
on June 30, 1983, and constructed 
prior to July 1, 1985 may continue to 
be used. Special form encapsulations 
either designed or constructed after 
June 30, 1985 must meet the require- 
ments of this paragraph. 

taa) Specific activity of a radionu- 
elide, means the activity of the radio- 
nuclide per unit mass of that nuclide. 
The specific activity of a material in 
which the radionuclide is essentially 
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uniformly distributed is the activity 
per unit mass of the material. 

(bb) Transport index means the di- 
mensionless number (rounded up to 
the first decimal place) 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 determined as fol- 
lows: 

( 1) The number expressing the max- 
imum radiation level in millirem per 
hour at one meter (3.3 feet) from the 
external surface of the package: or 

(2) For Fissile Class II packages or 
packages in a Fissile Class III ship- 
ment, the number expressing the max- 
imum radiation level at one meter (3.3 
feet) from the external surface of the 
package, or the number obtained by 
dividing 50 by the allowable number of 
packages which may be transported 
together, whichever is larger. 

(cc) Type A package means a Type A 
packaging together with its limited ra- 
dioactive contents. A Type A package 
does not require competent authority 
approval, since its contents are limited 
to A, or A,. 

(dd) Type B package means a Type B 
packaging together with its radioac- 
tive contents. 

tee) Type B(M) package means a 
Type B packaging, together with its 
radioactive contents, that for interna- 
tional shipments requires multilateral 
approval of the package design, and 
may require approval of the conditions 
of shipment. Type B(M) packages are 
those Type B package designs which 
have a maximum normal operating 
pressure of more than 7 kilograms per 
square centimeter (100 pounds per 
square inch) gauge or a relief device 
which would allow the release of ra- 
dioactive material to the environment 
under the hypothetical accident condi- 
tions specified in 10 CFR part 71. 

( ff) Type B( II) package means a 
Type B packaging, together with its 
radioactive contents, that for interna- 
tional shipments, requires unilateral 
approval only of the package design 
and of any stowage provisions that 
may be necessary for heat dissipation. 

(gg) Type A packaging means a pack- 
aging designed to retain the integrity 
of containment and shielding required 
by this part under normal conditions 

49 CFR Ch.1 (12-31-91 Edition) 

of transport as demonstrated by th 
teStS set forth in 5 173.485 or 3 173 4; 
as appropriate. - * 

(hh) . Type B packaging meallS 
packaging designed to retain the in&g: 
rity of containment and shielding rc. 
wired by this Part when subjected to 
the normal conditions of trar,sporr 
and hypothetical accident test condi. 
tions set forth in 10 CFR part 71. 

(ii) Uncompressed gas means, for tbc 
purposes of this subpart, gas at a pres. 
sure not exceeding the ambient atmos. 
pheric pressure at the time and loca. 
tiOn the Containment system is closed 
All other radioactive gases are consid: 
ered to be compressed. 

(jj) Unilateral approval means ap- 
m-oval by the competent 
the country of origin only. 

authority of 

(kk) &irradiated thorium means 
thorium containing not more than 
10e7 grams uranium-233 per gram of 
thorium-232. 

(11) Unirradiated uranium means 
uranium containing not more than 
1O-6 grams plutonium per gram of ura- 
nium-235 and a fission product activity 
of not more than 0.25 millicuries of 
fission products per gram of uranium- 
235. 
CAmdt. 1‘73-162, 48 FR 10226. Mar. 10, 1983; 
48 FR 13431, Mar. 31, 1983, as amended at 
48 FR 31217, July 7, 1983; Amdt. 173-193, 59 
FR 41898. Oct. 16, 1985; Amdt. 173-207, 53 
FR 38274, Sept. 29, 1988; Amdt. 173-219. 54 
FR 40069, Sept. 29, 19891 

§ 173.411 General design requirements. 
Except for a package that contains a 

limited quantity or excepted instru- 
ment or article under $8 173.421 
through 173.424, each package used 
for shipment of radioactive materials 
shall be designed so that: 

(a) The package can be easily han- 
dled and properly secured in or on a 
conveyance during transport; 

(b) A package with a gross weight 
exceeding 10 kilograms (22 pounds) 
and up to 50 kilograms (110 pounds) 
has a means for manual handling; 

(c) A package with a gross weight of 
50 kilograms (110 pounds) or more can 
be safely handled by mechanical 
means; 

(d) Each lifting attachment on the 
package, when used in the intended 
manner, with a minimum safety factor 
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of three, does not impose an unsafe 
stress on the structure of the package. 
In addition, the lifting attachment 
shall be so designed that failure under 
excessive load would not impair the 
ability of the package to meet all 
other requirements of this subpart. 
Each attachment or other feature on 
the outer surface of the packaging 
that could be used to lift the package 
must be removable or otherwise capa- 
ble of being made inoperable for trans- 
port, or shall be designed with 
strength equivalent to that required 
for lifting attachments; 

te) The external surface, as far as 
practicable, may be easily decontami- 
nated; 

(f) The outer layer of packaging will 
avoid, as far as practicable, pockets or 
crevices where water might collect; 
and 

(g) Each feature that is added to the 
package at the time of transport, and 
that is not a part of the package, will 
not reduce the safety of the package. 
CAmdt. 173-162, 48 F’Ft 10226, Mar. 10, 1983, 
as amended at 48 F’R 31218, July 7.19831 

0 173.412 Additional design requirements 
for Type A packages. 

In addition to meeting the general 
design requirements prescribed in 
I 173.411, each Type A packaging shall 
be designed so that: 

(a) The smallest overall external di- 
mension of the package is not less 
than 10 centimeters (4 inches); 

(b) The outside of the packaging in- 
corporates a feature, such as a seal, 
that is not readily breakable, and that, 
while intact, is evidence that the pack- 
age has not been opened. In the case 
of packages shipped in exclusive use 
Closed transport vehicles, the cargo 
compartment may be sealed instead of 
the individual packages; 

(cl As far as practicable, the exter- 
nal surfaces are free from protrusions 
and are designed and finished so that 
they can be easily decontaminated; 

(d) Containment and shielding 
would be maintained during transpor- 
tation and storage in a temperature 
range of -40°C (-40°F) to 70°C 
(158°F) with account being taken of 
the Possibility of brittle fracture; 

(el It is able to withstand the effects 
of any acceleration, vibration, or vibra- 

6 173.412 

tion resonance that may arise during 
normal transportation, without any 
deterioration of the effectiveness of 
closing devices or of the integrity of 
the package as a whole and without 
loosening or unintentional release of 
nuts, bolts, or other securing devices 
even after repeated use: 

(f) It includes a containment system 
securely closed by a positive fastening 
device that cannot be opened uninten- 
tionally or by pressure that may arise 
within the package during normal 
transport. Special form, as demon- 
strated in accordance with 8 173.469 
may be considered as a component of 
the containment system; 

(g) The materials of the packaging 
and any components or structures are 
physically and chemically compatible 
with each other and with the contents, 
taking into account the behavior of 
each under irradiation; 

(h) For each component of the con- 
tainment system account is taken, 
where applicable, of radiolytic decom- 
position of materials and the genera- 
tion of gas by chemical reaction and 
radiolysis; 

(0 The containment system will 
retain its radioactive contents under 
the reduction of ambient pressure to 
.25 kilograms per square centimeter 
(3.5 pounds per square inch); 

(j> Each valve through which the ra- 
dioactive contents could otherwise 
escape is protected against damage 
and unauthorized operation and, 
except for a pressure relief device, has 
an enclosure to retain any leakage; 

(k) Any radiation shield that en- 
closes a component of the packaging 
specified as part of the containment 
system will prevent the unintentional 
escape of that component from the 
shield; 

(1) Failure of any tie down attach- 
ment on the packaging under exces- 
sive load will not impair the ability of 
the package to meet other require- 
ments of this subpart; 

(m) When subjected to the tests 
specified in Q 1’73.465 or evaluated 
against these tests by any of the meth- 
ods authorized by 0 1’73.46lta1, the 
packaging will prevent: 

(1) Loss or dispersal of the radioac- 
tive contents; and 
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(2) Any significant increase in the 
radiation levels recorded or calculated 
at the external surfaces for the condi- 
tion before the test; 

(n) Each packaging designed for liq- 
uids will: 

( 1) Meet the conditions prescribed in 
paragraph (ml of this section when 
subjected to the tests specified in 
g 173.466 or evaluated against these 
tests by any of the methods author- 
ized by 8 173.461(a); 

(2) For any package with a liquid 
volume not exceeding 50 cubic centi- 
meters (1.7 fluid ounces), have suffi- 
cient suitable absorbent material to 
absorb twice the volume of the liquid 
contents. The absorbent material shall 
be compatible with the package con- 
tents and suitably positioned to con- 
tact the liquid in the event of leakage; 
and 

(3) For any package with a liquid 
volume exceeding 50 cubic centimeters 
(1.7 fluid ounces), either: 

(i) Have sufficient absorbent materi- 
al as prescribed in paragraph (n)(2) of 
this section; or 

(ii) Have a containment system com- 
posed of primary inner and secondary 
outer containment components de- 
signed to assure retention of the liquid 
contents within the secondary outer 
components in the event that the pri- 
mary inner components leak; and 

(0) Each package designed for com- 
pressed or uncompressed gases other 
than tritium or argon-37 not exceeding 
200 curies will be able to prevent loss 
of contents when the package is sub- 
jected to the tests prescribed in 
8 173.466 or evaluated against these 
tests by any of the methods author- 
ized by 8 173.461(a). 
CAmdt. 173-162, 48 FlX 10226, Mar. 10, 1983, 
as amended at 48 FR 31218. July 7, 19831 

8 173.413 Requirements for Type B pack- 
ages. 

Each Type B(U) or Type B(M) pack- 
age must be designed and constructed 
to meet the applicable requirements in 
10 CFR part 71. 

0 173.415 Authorized Type A packages. 
The following packages are author- 

ized for shipment, if they do not con- 
tain quantities exceeding A, or AZ as 
appropriate: 

49 CFR Ch. I (1231-91 Edition) 

(a) U.S. Department of Transporta- 
tion (DOT) Specification ?A (8 178.350 
of this subchapter) Type A general 
packaging. Each shipper of a Specifi- 
cation 7A package must maintain on 
file for at least one year after the 
latest shipment, and shall provide to 
DOT on request, a complete documen- 
tation of tests and an engineering eval- 
uation or comparative data showing 
that the construction methods, pack- 
aging design, and materials of con- 
struction comply with that specifica- 
tion. Specification 7A packagings de- 
signed in accordance with the require- 
ments of 5 178.350 in effect on June 
30, 1933, and constructed prior to July 
1.1985, may continue to be used. Pack- 
agings either designed or constructed 
after June 30, 1985, must meet the re- 
quirements of 8 178.350 applicable at 
the time of their design or construc- 
tion. 

(b) DOT Specification 55 metal-en- 
cased shielded packaging constructed 
before April 1, 1975. Such packaging 
constructed after March 31, 1975 is 
not authorized unless it is requalified 
under DOT Specification 7A. Each 
packaging designed for liquids must 
also meet the requirements of 
0 173.412 tm) and (n). Use of this pack- 
aging as DOT Specification 55 is not 
authorized after June 30, 1985. 

(cl Any Type B, B(U) or B(M) pack- 
aging pursuant to p 173.416. 

(d) Any foreign made packaging that 
bears the marking “Type A” and 
which was used for the import of ra- 
dioactive materials. Such packagings 
may be subsequently used for domes- 
tic and export shipments of radioac- 
tive materials. These packagings shall 
conform with requirements of the 
country of origin (as indicated by the 
packaging marking) applicable to 
Type A packagings. 
(The information collection requirements 
contained in paragraph (a) were approved 
by the Office of Management and Budget 
under control number 213’7-0533) 
[Amdt. 173-162, 48 mt 10226, Mar. 10, 1983, 
as amended at 48 FR 31218, July 7, 1983; 
Arndt. 173-197.51 F’R 34987, Oct. 1, 19861 

Research an 

0 173.416 Au1 
Each of th 

thorized for 
ceeding A, 01 

(a) DOT : 
cased shield 
before April 
ments only ( 
materials of 
packaging cc 
1975 may n 
Specificatior- 
is not authc 
unless appr 
paragraph (t 

(b) Any T: 
B(M) packac 
cable requir. 
of the U.S. 
mission (10 ( 
been approl 
may be ship 

Cc) Any T) 
ing that met 
ments of the 
national A 
(IAEA) in 
Safe Transp, 
als, Safety S 
the foreign 
tificate has 
pursuant to 
is authorize 
import shipn 

cd) DOT E 
of this subc 
only for sol 
materials th 
sure generat 
peratures UI 
that do not 
watts of radi 

te) For co 
cial form; I3 
(5 178.362 of 
protective j; 
single, snug- 
cation 2R (; 
ter), or a D 
tainer const 
1975. Such 
after March 
ignated as I 
liquid conte 
must compl: 
(n). 

(f) For con 
DOT Specif i 
this subcha 

566 

50-191 o-9: 



9 173.416 Authorized Type B packages. 
Each of the following packages is au- 

thorized for shipment of quantities ex- 
ceeding A, or AZ, as appropriate: 

(a) DOT Specification 55 metal-en- 
cased shielded packaging constructed 
before April 1, 1975, for domestic ship- 
ments only of special form radioactive 
materials of 300 curies or less. Such 
packaging constructed after March 31, 
1975 may not be designated as DOT 
Specification 55. Use of this packaging 
is not authorized after June 30, 1985 
unless approved in accordance with 
paragraph (b) of this section. 

(b) Any Type B, Type B(U) or Type 
B(M) packaging that meets the appli- 
cable requirements in the regulations 
of the U.S. Nuclear Regulatory Com- 
mission (10 CFR part 71) and that has 
been approved by that Commission 
may be shipped pursuant to 0 173.471. 

(c) Any Type B(U) or B(M) packag- 
ing that meets the applicable require- 
ments of the regulations of the Inter- 
national Atomic Energy Agency 
(IAEA) in its “Regulations for the 
Safe Transport of Radioactive Materi- 
als, Safety Series No. 6” and for which 
the foreign competent authority cer- 
tificate has been revalidated by DOT 
pursuant to p 173.473. This packaging 
is authorized only for export and 
import shipments. 

(d) DOT Specification 6M <Q 178.354 
of this subchapter) metal packaging, 
only for solid or gaseous radioactive 
materials that will not undergo pres- 
sure generating decomposition at tem- 
peratures up to 121°C (250” F) and 
that do not generate more than 10 
watts of radioactive decay heat. 

(e) For contents in other than spe- 
cial form; DOT Specification 20 WC 
(D 178.362 of this subchapter), wooden 
Protective jacket, when used with a 
single, snug-fitting inner DOT Specifi- 
cation 2R Cp 178.360 of this subchap- 
ter), or a DOT Specification 55 con- 
tainer constructed prior to April 1, 
1975. Such packagings constructed 
after March 31, 1975, may not be des- 
ignated as DOT Specification 55. For 
liquid contents, the inner packaging 
must comply with 9 173.412 (m) and 
(n). 

(f) For contents in special form only; 
DOT Specification 20WC (Q 178.362 of 
this subchapter), wooden protective 

jacket, with a single snug-fitting inner 
Type A packaging that has a metal 
outer wall and conforms to p 178.350 
of this subchapter, or an inner DOT 
Specification 55 packaging constructed 
prior to April 1, 1975. Such packagings 
constructed after March 31, 1975, may 
not be designated as DOT Specifica- 
tion 55. Radioactive decay heat may 
not exceed 100 watts. 

(g) For contents in special form only; 
DOT Specification 21WC (9 178.364 of 
this subchapter), wooden protective 
overpack, with a single inner DOT 
Specification 2R (9 178.360 of this sub- 
chapter) or an inner DOT Specifica- 
tion 55 container constructed prior to 
April 1, 1975. Such packagings con- 
structed after March 31, 1975, may not 
be designated as DOT Specification 55. 
Contents shall be loaded within the 
inner packaging in such a manner as 
to prevent loose movement during 
transportation. The inner packaging 
shall be securely pos’tioned and cen- 
tered within the olcrpack so that 
there will be no significant displace- 
ment of the inner packaging if subject- 
ed to the 9 meter (30 feet) drop test 
described in 10 CFR part 71. 
CAmdt. 173-162, 48 FR 10226, Mar. 10, 1983, 
as amended at 48 FR 31218, Juiy 7, 1983; 
Amdt. 173-224, 55 FR 52670 Dec. 21, 19901 

§ 173.417 Authorized 
materials. 

packaging-fissile 

(a) Except as provided in Q 173.453, 
fissile materials containing not more 
than A1 or A2 as appropriate, shall be 
packaged in one of the following pack- 
agings: 

(1) DOT Specification 6L (8 178.352 
of this subchapter), metal packaging, 
for materials prescribed in paragraph 
(b)(l) of this section. 

(2) DOT Specificatjion 6M (§ 178.354 
of this subchapter), metal packaging, 
for materials prescribed in paragraph 
(b)(2) of this section. 

(3) Any packaging listed in 0 173.415, 
limited to the following radioactive 
materials: 

(i) 500 grams of uranium-235 in a 
single shipment as Fissile Class III or 
not more than 40 grams of uranium- 
235 per package as Fissile Class II. For 
Fissile Class II shipments, the trans- 
port index assigned to each package 
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shall not be less than 0.4 for each holes shall be provided on the sides of 
gram of uranium-235 above 15 grams the drum near the top, each covered 
up to the maximum of 40 grams with weatherproof tape; or equivalent 
(transport index of 10). device. 

(ii) 320 grams of plutonium-239 as 
plutonium-beryllium neutron sources 
in special form. Total radioactivity 
content may not exceed 20 curies. The 
transport index to be assigned to each 
package must be 0.5 for each 20 grams, 
or fraction thereof, of fissile plutoni- 
um. 

(4) Any other Type A or Type B, 
Type B(U), or Type B(M) packaging 
for fissile radioactive materials that 
also meets the applicable standards 
for fissile materials in the regulations 
of the U.S. Nuclear Regulatory Com- 
mission (10 CFR part 71), and is used 
in accordance with I 173.471. 

(5) Any other Type A or Type B, 
Type B(U), or Type B(M) packaging 
that also meets the applicable require- 
ments for fissile material packaging in 
Section V of the International Atomic 
Energy Agency “Regulations for the 
Safe Transport of Radioactive Materi- 
als, Safety Series No. 6,” and for 
which the foreign competent author- 
ity certificate has been revalidated by 
the U.S. Competent Authority, in ac- 
cordance with 0 173.473. These pack- 
ages are authorbed only for export 
and import shipments. 

(6) A 55-gallon lA2 steel drum, sub- 
ject to the following conditions: 

(0 The quantity may not exceed 350 
grams of uranium-235 in any non-py- 
rophoric form, enriched to any degree 
in the uranium-235 isotope. 

(ii) Each drum must have a mini- 
mum 18 gauge body and bottom head 
and 16 gauge removable top head with 
one or more corrugations in the cover 
near the periphery. 

(iii) Closure must conform to 
Q 178.352 of this subchapter. 

(iv) At least four equally spaced 12 
millimeter (0.5 inch) diameter vent 

(v) Appropriate primary inner con- 
tainment of the contents and suffi- 
cient packaging material, such as plas- 
tic or metal jars or cans shall be pro- 
vided such that Specification 7A 
(5 178.350 of this subchapter) provi- 
sions are satisfied by the inner packag- 
ing. 

(vi) Each inner container shall be ca- 
pable of venting if subjected to the 
thermal test described in 10 CFR part 
71. 

(vii) Liquid contents shall be pack- 
aged in accordance with 0 173.412(m) 
and (n). 

(viii) The maximum weight of con- 
tents including internal packaging 
may not exceed 91 kilograms (200 
pounds) with fissile material content 
limited as shown in Table 2: 

TABLE 2-FISSILE MATERIAL CONTENT AND 
TRANSPORT INDEX FOR SPECIFICATION 6J OR 
17H PACKAGES 

Maximum U-235 Minimum transport Maximum 

per package index per package packages per 

(grams) as Fissile Class II transport vehicie 
as Fissile Class Ill 

350 16 
300 10 

~ 

250 05 
200 03 

/ 

150 01 
100 01 
50 (‘1 

I Fissile Class I 

72 
129 
256 
500 
500 
500 
(‘1 

(7) Any metal cylinder that meets 
the performance requirements of 
§p 173.415 and 178.350 of this subchap- 
ter for Specification 7A Type A pack- 
aging may be used as a Fissile Class I 
package for the transport of residual 
“heels” of enriched solid uranium hex- 
afluoride without a protective over- 
pack in accordance with Table 3: 
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TABLE Q-ALLOWABLE CONTENT OF URANIUM HEXAFLUORIDE (UFJ “HEELS” IN A SPECIFICATION 
7A CYLINDER 

Maximum cylinder Cylinder volume Maximum 
diameter 

Maximum “heel” weight per cylinder 
Uranium-235 
enrichment UF. Uranium-235 

I 
(weight 

Inches Centi- Cubic Feet Liters percent) 
menters kg (lb) kg (lb) 

5 127 0.311 . . . . . ,.. . . . . 88 to00 c.045 01 0 031 
6 

co7 
20 3 1 359 . . . . . . . 39 i 2.5 0 227 05 019 
305 2.410.. . . . . . . . . ‘.. . 

I 1 

004 
12 68 5.0 0 454 10 015 
30 

0.03 
76 25 64. . . . . . . . 725 5.0 

-l 

11.3 25 0 363 
46 

0.84 
122 1089 (IO ton). . 3064 4.5 22 7 50 .690 1 52 

. . . , . . . . . 142.7 (14 ton). . . 4041 45 22.7 50 690 1.52 

(81 Packagings as prescribed in paragraph (b)(5) of this section, for materials, 
quantities and conditions as authorized and prescribed therein. 

(b) Fissile radioactive materials with radioactive content exceeding A, or Aa 
shall be packaged in one of the following packagings: 

(11 DOT Specification 6L (§ 178.352 of this subchapter), metal packaging. Au- 
thorized only for uranium-235, plutonium-239 or plutonium-241, as metal, oxide, 
or compounds that do not decompose at temperatures up to 149°C (300°F). Ra- 
dioactive decay heat output may not exceed 5 watts. Radioactive materials in 
normal form shall be packaged in one or more tightly sealed metal cans or poly- 
ethylene bottles within a DOT Specification 2R (9 178.360 of this subchapter) 
containment vessel. Packages are authorized as Fissile Class II and III with ma- 

/ 
terials limited in accordance with Table 4: 

TABLE 4-AUTHORIZED CONTENTS IN KILOGRAMS (KG) AND CONDITIONS FOR SPECIFICATION 6L 
PACKAGES 

Uranium-235 Plutonium r Fissile class Ill 
- Fissite class II maximum number 

I 

H/X<3 * 3&/2<20 H/X<10 lO<HfX<20 transport index of packages per 
transport vehicle 

14 = 3.6 - - 13 80 
- - 25 2.4 18 50 

1 Plutonium solutions are not authorized 
*H/X is the ratio of hydrogen to fissile atoms in the inner containment with all sources of hydrogen in the containment 

considered 
I 3 Volume not to exceed 3.6 liters 

(2) DOT Specification 6M <Q 178.354 of this subchapter), metal packaging. Au- 
thorized only for solid radioactive materials that will not decompose at tempera- 
tures up to 121”C!(250”F). Radioactive decay heat output may not exceed 10 
watts. Radioactive materials in other than special form shall be packaged in one 
or more tightly sealed metal cans or polyethylene bottles within a DOT Specifi- 

I cation 2R (4 178.360 of this subchapter) containment vessel. For fissile materi- 
als: 

(i) Fissile Class I packages are limited to the following amounts of fissile radio- 
active materials: 1.6 kilograms of uranium-235; 0.9 kilograms of plutonium 
(except that due to the lo-watt thermal decay heat limitation, the limit for plu- 
tonium-238 is 0.02 kilograms); and 0.5 kilograms of uranium-233. The maximum 

I 
ratio of hydrogen to fissile material must not exceed three, including all of the 
sources of hydrogen within the DOT Specification 2R containment vessel. 

(ii) Maximum quantities of fissile material for Fissile Class II and Fissile Class 
III, and other restrictions are given in Table 5. For a Fissile Class II package, 
the minimum transport index to be assigned is shown in Table 5 and for a Fis- 
sile Class III shipment, the allowable number of similar packages per convey- 
ance and per transport vehicle is shown. Each Fissile Class III shipment is also 
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subject to the requirements in Q 173.457. Where a maximum ratio of hydrogen 
to fissile material is specified in Table 5, only the hydrogen interspersed with 
the fissile material need be considered. For a uranium-233 shipment, the maxi- 
mum inside diameter of the inner containment vessel must not exceed 12.1 cen- 
timeters (4.75 inches). Where necessary, a tight fitting steel insert shall be used 
to reduce a larger diameter inner containment vessel specified in 8 178.104-3(b) 
of this subchapter to the 12 centimeter (4.75 inch) limit. 

TABLE ~-AUTHORIZED CONTENTS FOR SPECIFICATION 6M PACKAGES’ 

Uranium-2335 

- 
Uranium-239 7 Plutonium2 3 ’ 

36 44 2.9 72 76 53 31 41 34 0.1 
842 52 3.5 67 96 64 34 4.5 41 02 
652 68 4.5 112 13.9 63 42 . . 45 05 

. . . . 135 160 10 1 

- . . 260 16 1 . . . 32 0 195 45j . . ,. : ,a: 
I -.___ 

1 Quantity in kilograms _... 

Fissile 
class Ill 

maxi- 
mum 

number 

p:k- 
ages per 
transport 

vehicle 
~- 

t ,250 
625 
250 
125 

25 
12 

z Mlnlmum percentage of plutonium-240 is 5 weight perent. 
J 4 5 kilogram limitation of plutonium due to 10 watt decay heat limitation. 
* For a mixture of uranium-235 and plutonium an equal amount of uranium-235 may be substituted for any portion of 

plutonium authorized 
5 Maximum inside diameter of Specification 2R containment vessel not to exceed 12 centimeter (4.75 inch) (see par (b)(2)(ii) 

of this section). 
8 Granulated or powdered metal with any particle less than 6 millimeter (0 25 inch) in the smallest dimension is not 

authorized. 
7 Maximum permitted uranium-235 enrichment is 93.5 percent 
8 H/X is the ratio of hydrogen to fissile atoms in the inner containment. 

(3) Type B, or .Type B(U) or B(M) packaging that meets the standards for 
packaging of fissile materials in 10 CFR part 71. and is approved by the U.S. Nu- 
clear Regulatory Commission in accordance with p 173.471. 

(4) Type B(U) or B(M) packaging that meets the applicable requirements for 
fissile radioactive materials in Section V of the IAEA “Regulations for the Safe 
Transport of Radioactive Materials, Safety Series No. 6” and for which the for- 
eign competent authority certificate has been revalidated by the U.S. Compe- 
tent Authority in accordance with 8 173.473. These packagings are authorized 
only for import and export shipments. 

(5) DOT Specifications 2OPF-1, 20PF-2, or 2OPF-3 (8 178.356 of this subchap- 
ter), or Specifications 21PF-1, 21PF-LA, 21PF-lB, or 21PF-2 (0 178.358 of this 
subchapter) phenolic-foam insulated overpack with snug fitting inner metal cyl- 
inders, meeting all requirements of $9 173.24, 173.411, and 173.412, and the fol- 
lowing: 

0) Handling procedures and packaging criteria must be in accordance with 
DOE Report ORO-651 or ANSI N14.1. 

(ii) DOT Specification 21PF-1 overpacks in use or under construction before 
April 1, 1989, must be modified to DOT Specification BlPF-1A before April 1, 
1991. Use of unmodified DOT 21PF-1 overpacks is prohibited after March 31, 
1991. All new construction to DOT Specification 21PF-1 beginning after March 
31, 1989, must meet DOT Specification SlPF-1B. 

(iii) Quantities of uranium hexafluoride are authorized as shown in Table 6, 
with each package to be shipped as Fissile Class II, and assigned a minimum 
transport index as also shown: 
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TABLE ~-AUTHORIZED QUANTITIES OF URANIUM HEXAFLUORIDE (UFS) AS FISSILE CLASS II i 

I 

i 

Maximum inner 
cylinder diameter 

Protective overpack specification number 

/,,,: 

2OPF-1 . . . . . . . 5 
2OPF-2 . . . . . . . . . ._: . . : 6 
2OPF-3 . . . . . . _... . . . 305 12 
2lPF-IL’. . . 2 _. . . . . . * 76 30 

3 76 = 30 
21PF-2’. . * . . = 76 30 

576 1 = 30 
I I 

Maximum weight of 
UFO contents 

Kilograms 

25 
116 
209 

2,247 
2,279 
2,247 
2,279 

Pounds 

55 
255 
460 

4,950 
5,020 
4.950 
5,020 

Maximum 
U-235 
enrich- 
ment 

(weight 
percent) 

1000 
125 

50 
50 
5.0 
50 
50 

Fissile 
Class II 

transport 
index 

01 
40 
1.1 
5.0 
5.0 
50 
5.0 

1 For 76 centimeter cylinders. the maximum permitted H/U a!omic ratio is 0 066. 
* Model 30A inner cylinder (Reference: OHO-651) 
3 Model 308 inner cfiinder (fieference: ORO-651) 
* 2lPF-1 series includes the 2lPF-1, PlPF-I A, and PlPF-1B. Allowable quantities are identical for all three overpacks See 

the limitations on usage in paragraph (b)(5) d this section 

CAmdt. 173-162. 48 FR 10226, Mar. 10. 1983, as amended at 48 FR 13432, Mar. 31, 1983: 48 
FR 31218, July 7. 1983; Amdt. 173-185, 50 FR 11055, Mar. 19, 1985; Amdt. 173-196, 51 FR 
5973, Feb. 18, 1986, Amdt. 173-206, 53 F’R 36551, Sept. 20, 1988; Amdt. 173-216, 54 FR 38796, 
Sept. 20,1989; Amdt. 173-224, 55 FR 52670 Dec. 21, 19901 

8 173.418 Authorized packaging-pyro- 
phoric radioactive materials. 

(a) Pyrophoric radioactive materials, 
as referenced in Q 172.101 of this sub- 
chapter, in quantities not exceeding A2 
per package shall be packaged in Type 
A packagings which are constructed of 
materials which will not react nor be 
decomposed by the contents. Contents 
must be: 

(1) In solid form and must not be fis- 
sile unless excepted by 8 173.453; 

(2) Contained in sealed and corro- 
sion resistant receptacles with positive 
closures (friction or slip-fit covers or 
stoppers are not authorized); 

(3) Free of water and any contami- 
nants which would increase the reac- 
tivity of the material; and 

(4) Made inert to prevent self-igni- 
tion during transport by either: 

0) Mixing with large volumes of in- 
erting materials such as graphite or 
dry sand, or other suitable inerting 
material, or blended into a matrix of 
hardened concrete; or 

(ii) By filling the innermost recepta- 
cle with an appropriate inert gas. 

cb) In addition to the applicable re- 
quirements of 8 173.24 each package 
must be capable of passing the test 
conditions of p 173.465 without leak- 
age of contents. 

0 173.419 Authorized packaging-oxidizing 
radioactive materials. 

Certain oxidizing radioactive materi- 
als, as referenced in Q 172.101 of this 
subchapter, and which are not fissile 
materials and not in quantities exceed- 
ing AZ, shall be packed in suitable 
inside packagings of glass, metal or 
compatible plastic and suitably cush- 
ioned with a material which will not 
react with the contents. Inner packag- 
ing and cushioning shall be enclosed 
within an outside packaging of wood, 
metal, or plastic. The package shall be 
capable of meeting the applicable test 
requirements of 9 173.465 without 
leakage of contents. For shipment by 
air, the maximum quantity in any 
package may not exceed 11.3 kilo- 
grams (25 pounds). 

8 173.420 Uranium hexafluoride (fissile 
and low specific activity). 

(a) In addition to any other applica- 
ble requirements of this subchapter, 
uranium hexafluoride, fissile or low 
specific activity, must be offered for 
transportation as follows: 

(1) Before initial filling and during 
periodic inspection and test, packag- 
ings must be cleaned in accordance 
with American National Standard 
N14.1. 

1 ; 

, ./ 
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(2) Packagings must be designed, 
fabricated, inspected, tested and 
rnarked in accordance with- 

(i) American National Standard 
N14.1 (1987, 1982 or 1971 edition) in 
effect at the time the packaging was 
manufactured; 

CAmdt. 173-214, 54 FR 35652, Aug. 29, 19891 

0 173.421 Limited quantities of radioactive 
materials. 

(ii) Specifications for Class DOT- 
106A multi-unit tank car tanks 
($8 179.300 and 179.301 of this sub- 
chapter); or 

(iii) Section VIII, Division I of the 
ASME Code, provided the packaging- 

(A) Was manufactured on or before 
June 30.1987; 

Radioactive materials whose activity 
per package does not exceed the limits 
specified in 8 173.423 are excepted 
from the specification packaging, ship- 
ping paper and certification, marking, 
and labeling requirements of this sub- 
chapter and requirements of this sub- 
part if: 

(B) Conforms to the edition of the 
ASME Code in effect at the time the 
packaging was manufactured; 

(C) Is used within its original design 
limitations; and 

CD) Has shell and head thicknesses 
that have not decreased below the 
minimum value specified in the follow- 
ing table- 

Packaging model 
Minimum 
thickness 

millimeters 
(inches) 

1s. 2s.. . . . . . . . . . . 
5A. 5B. 6A ..___..... . ._ . . . . . . . . . :. :...:..: 

1 56 (0 062) 
3.17 (0 125) 

VA. 128 . . ._. ._.. ___ . . . __ . . . . _. . . . . . 
308 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . 
48A. F. X, and Y . . . . .__ _ . . . ._. . . . . . . . . . . . 
46T. 0. OM. OM Allied, HX, Ii. and G . 
- 

476(0167) 
7 93 (0 312) 

12.70 (0 500) 
6 35 (0 250) 

(a) The materials are packaged in 
strong, tight packages that will not 
leak any of the radioactive materials 
during conditions normally incident to 
transportation; 

(b) The radiation level at any point 
on the externai surface of the package 
does not exceed 0.5 millirem per hour; 

tc) The nonfixed (removable) radio- 
active surface contamination on the 
external surface of the package does 
not exceed the limits specified in 
0 173.443(a); 

(d) The outside of the inner packag- 
ing or if there is no inner packaging, 
the outside of the packaging itself 
bears the marking “Radioactive”; 

(e) Except as provided in Q 173.424, 
the package does not contain more 
than 15 grams of uranium-235; and 

(f) The material is otherwise pre- 
pared for shipment as specified in 
$ 173.421-1. 

(3) Uranium hexafluoride must be in 
solid form. 

(4) The volume of solid uranium 
hexafluoride. except solid depleted 
uranium hexafluoride, at 20 “C (68 “F.) 
must not exceed 61% of the certified 
volumetric capacity of the packaging. 
The volume of solid depleted uranium 
hexafluoride at 20 “C (68 OF.1 must not 
exceed 62% of the certified volumetric 
capacity of the packaging. 

CAmdt. 173-162, 48 FEZ 10226, Mar. 10, 1983, 
as amended by Amdt. 173-167, 48 FR 30137, 
June 30. 19831 

(5) The pressure in the package at 20 
“C (68 “F 1 must be less than 101.3 kPa 
(14.8 psia). 

(b) Packagings of uranium hexa- 
fluoride must be periodically inspect- 
ed, tested, marked and otherwise con- 
form with the American National 
Standard N14.1-1987. 

tc) Each repair to a packaging for 
uranium hexafluoride must be per- 
formed in accordance with American 
National Standard N14.1-1987. 

8 173.421-I Additional requirements for 
excepted packages containing Class 7 
(radioactive) materials. 

(a) Excepted packages prepared for 
shipment under the provisions of 
OP 173.421, 173.422, 173.424, or 173.427 
of this subpart must be certified as 
being acceptable for transportation by 
having a notice enclosed in or on the 
package, included with the packing 
list, or otherwise forwarded with the 
package. This notice must include the 
name of the consignor or consignee 
and the statement “This package con- 
forms to the conditions and limita- 
tions specified in 49 CFR 173.421 for 
radioactive material, excepted pack- 
age-limited quantity of material, 
UN2910; 49 CFR 173.422 for radioac- 
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tive material, excepted package-in- 
struments or articles, UN2910; 49 CFR 
173.424 for radioactive material, ex- 
cept.ed package-articles manuf ac- 
tured from natural or depleted urani- 
um or natural thorium, UN2910; or 49 
CPR 173.427 for radioactive material, 
excepted package-empty packaging, 
UN2910,” as appropriate. 

(b) An excepted radioactive material 
classed radioactive material and pre- 
pared for shipment under the provi- 
sions of 8 173.421, 0 173.422, $ 173.424, 
8 173.427 or 0 173.421-2 is not subject 
to the requirements of this subchap- 
ter, except for: 

(1) Sections 171.15, 171.16, 174.750, 
176.710 and 177.861 of this subchapter 
pertaining to the reporting of inci- 
dents and decontamination when 
transported by a mode other than air; 
or 

(2) Sections 171.15, 171.16, 175.45, 
and 175.700(b) of this subchapter per- 
taining to the reporting of incidents 
and decontamination if transported by 
aircraft. 
(Approved by the Office of Management 
and Budget under control number 2137- 
0039) 
CAmdt. 173-167, 48 FB 30137, June 30, 1983, 
as amended by Amdt. 173-187, 50 FR 18667, 
May 2, 1985; Amdt. 173-196, 51 FB 5973, 
Feb. 18. 1986; Amdt. 173-202. 52 FB 15949, 
May 1, 1987; Amdt. 173-209. 54 FB 14814, 
Apr. 13, 1989; Amdt. 173-226, 56 FR 8624, 
Feb. 28, 1991; Amdt. 173-224, 56 FB 66279, 
Dec. 20.19911 

8 173.421-2 Requirements for multiple 
hazard limited quantity radioactive 
materials. 

(al Except as provided in paragraph 
(b) of this section or in 8 173.4 of this 
subchapter, when a limited quantity 
Class 7 material meets the definition 
of another hazard class or division, it 
shall be: 

(1) Classed for the additional 
hazard; 

(2) Packaged to conform with the re- 
quirements specified in 6 173.421 (a) 
through te) or 8 173.422 (a) through 
(g), aS appropriate; and 

(3) Offered for transportation in ac- 
cordance with the requirements appli- 
cable to the hazard for which it is 
classed. 

(b) When a limited quantity Class 7 
material meets the definition of Class 

9 or is a combustible liquid in a non- 
bulk packaging, it shall be: 

( 1) Classed as a Class 7 material if: 
(i) The material is not a hazardous 

waste or hazardous substance; and 
(ii> The material is offered for trans- 

portation in a mode to which require- 
ments of this subchapter pertaining to 
the specific material do not apply; 

(21 Classed combustible liquid or 
Class 9, as appropriate, if: 

0) The material is a hazardous waste 
or hazardous substance; or 

(ii) The material is offered for trans- 
portation in a mode to which require- 
ments of this subchapter pertaining to 
the specific material do apply; 

(3) Packaged to conform with re- 
quirements specified in 8 173.421 (a) 
through te) or 5 173.422 (a) through 
(g), as appropriate; and 

(4) Offered for transportation in ac- 
cordance with requirements applicable 
to the hazard for which it is classed. 

tc> A limited quantity Class 7 materi- 
al which is classed other than Class 7 
under the provisions of paragraph (a) 
or (b) of this section is excepted from 
the requirements of 88 173.421-1(a), 
172.203(d), and 172.204(c)(4) of this 
subchapter if the entry “Limited 
quantity radioactive material” appears 
on the shipping paper in association 
with the basic description. 
CAmdt. 173-224, 55 FR 52670, Dec. 21, 1990, 
as amended by Amdt. 173-226, 56 FR 8624, 
Feb. 28, 1991; Amdt. 173-224. 56 FB 66279, 
Dec. 20.19911 

0 173.422 Exceptions for instruments and 
articles. 

Instruments and manufactured arti- 
cles (including clocks, electronic tubes 
or apparatus) or similar devices having 
radioactive materials in gaseous or 
non-dispersible solid form as a compo- 
nent part are excepted from the speci- 
fication packaging, shipping paper and 
certification, marking and labeling re- 
quirements of this subchapter and re- 
quirements of this subpart, if: 

(a) The activity of the instrument or 
article does not exceed the relevant 
limit listed in Table 7 in 8 173.423; 

(b) The total activity per package 
does not exceed the relevant limit 
listed in Table 7 in 3 173.423; 
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(c) The radiation level at 10 centime- 
ters (4 inches) from any point on the 
external surface of any unpackaged in- 
strument or article does not exceed 10 
millirem per hour; 

(d) The radiation level at any point 
on the external surface of a package 
bearing the article or instrument does 
not exceed 0.5 millirem per hour, or, 
for exclusive use domestic shipments, 
2 millirem per hour; 

(el The nonfixed (removable) radio- 
active surface contamination on the 
external surface of the package does 
not exceed the limits specified in 
0 173.443(a); 

(fl Except as provided in 0 173.424, 
the package does not contain more 
than 15 grams of uranium-235; and 

(g) [Reserved] 
(h) The instrument or article is oth- 

erwise prepared for shipment as speci- 
fied in 5 173.421-1. 
CAmdt. 173-162, 48 FR 10226, Mar. 10, 1983. 
as amended by Amdt. 173-167, 48 FR 30138. 
June 30, 1983; Amdt. 173-162, 48 FR 31218, 
July 7, 1983; Amdt. 173-16, 48 FR 50460, 
Nov. 1. 19831 

0 173.423 Table of activity limits-except- 
ed quantities and articles. 

The limits applicable to instruments, 
articles, and limited quantities subject 
to exceptions under 00 173.421 and 
173.422 are shown in Table 7: 

TABLE ~-ACTIVITY LIMITS FOR LIMITED QUANTITIES, INSTRUMENTS, AND ARTICLES 

Nature of contents 
Instruments and articles 

Instrument and article limits I Package limits 
I 

Materials package 
limits 

Gases: 

Solids: 

Triiium * _. 

Special form . . 

. . . . . . . . . . . 

. . 

. . 

10-2A, 

20 Curies.. . . . . . . . . . 

. . . . . . . . . . . . .. 

Special form . ._ __ . 

Other forms 

10-3A, 

lO-?Ax 
Liquids: 

Tritiated water: 
CO.1 Ci/litei .._._ 

Other forms 

. . . . . . . . . . . . . 

10-3Az 

. . . .._..... . . . . ._.. 

. : . 

. . . . 
0.1 ci to 1.0 Ci/l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
> 1 0 Ci/liter . . . . . . . . . . . . . . . . . . . ..__ . . . . . . . . . . . . . . . . . 
Other liauids.. _. . . . . . . . . . . 10-3A2 . . . . .__ . . . . . . . 

A1 
Az ::. 

. lo-=A, 
. lo-‘A, 

. . . . . . . . . . 

200 Curies . 

1000 Curies 
. 

. 20 Curies 

. . . . . . . . . . . . . . ., . . 

lo-*A, 

100 curies. 
. 

. . . 

. . . . . . . . 

1 0-3A, 

lo-‘A,. . _.__ . ..I... . .:.. 

10‘ZAz 

1 Curie. 

. 10-3Az 

lo-‘Aa 

r For mixture of radionuclides see 5 173 433(b). 
2 These values also apply to tritium in activated luminous paint and tntium adsorbed on solid carriers 

CAmdt. 173-162, 48 F’R 10226, Mar. 10. 1983, as amended at 48 FR 13432, Mar. 31, 1983; 48 
FR 31218. July 7.19831 

0 173.424 Excepted articles containing nat- 
ural uranium or thorium. 

Manufactured articles in which the 
sole radioactive material content is 
natural or depleted uranium or natu- 
ral thorium are excepted from the 
specification packaging, shipping 
paper and certification, marking and 
labeling requirements of this subchap- 
ter and requirements of this subpart 
if: 

(al The outer surface of the uranium 
or thorium is enclosed in an inactive 
sheath made of metal or other durable 
protective material; 

(bl The conditions specified in 
5 173.421 (b), Cc), and Cd) are met; and 

Cc) The article is otherwise prepared 
for shipment as specified in 8 173.421- 
1. 
CAmdt. 173-162. 48 FR 10226, Mar. 10, 1983, 
as amended by Amdt. 173-167, 48 FR 30138, 
June 30, 1983; Amdt. 173-162. 48 FR 31218, 
July 7.19831 

§ 173.425 Transport requirements for low 
specific activity (LSA) radioactive ma- 
terials. 

In addition to other applicable re- 
quirements specified in this subchap- 
ter, low specific activity GSA) materi- 
als shall be transported in accordance 
with paragraph (a) of this section, or 
if transported as exclusive-use may be 
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(9) Specific ins 
nance of exclusil 
trols must be pro 
to the carrier. Su 
be included with 
information. 

(10) Transport: 
Prohibited. 

Cc) Unpackaged 
ISA materials s 
only in exclusive 
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transported in accordance with para- 
graph (b) or (cl of this section. 

(a) DOT Specification 7A (0 178.350 
of this subchapter) Type A package. 
The requirements of 0 173.412 (a), lb), 
(d), and tn) do not apply. 

(b) Packaged shipments of LSA ma- 
terial consigned as exclusive use shall 
either be in accordance with para- 
graph (a) of this section or sha.li 
comply with the following in which 
case they are excepted from specifica- 
tion packaging, marking and labeling: 

(1) Materials must be packaged in 
strong, tight, packages so that there 
will be no leakage of radioactive mate- 
rial under conditions normally inci- 
dent to transportation. 

(2) Packages must not have any sig- 
nificant removable surface contamina- 
tion (see 0 173.443). 

(3) External radiation levels must 
comply with 8 173.441. 

(4) Shipments must be loaded by 
consignor and unloaded by consignee 
from the conveyance or freight con- 
tained in which originally loaded. 

(5) There must be no loose radioac- 
tive material in the conveyance. 

(6) Shipment must be braced so ‘as to 
prevent shifting of lading under condi- 
tions normally incident to transporta- 
tion. 

(7) Except for shipments of uncon- 
centrated uranium or thorium ores, 
the transport vehicle must be placard- 
ed with the placards prescribed in ac- 
cordance with subpart F of part 172 of 
this subchapter, as appropriate. 

(8) The exterior of each package 
must be stenciled or otherwise marked 
“Radioactive-LSA”. Packages, with a 
capacity of 110 gallons or less, that 
Contain a hazardous substance, must 
be stenciled or otherwise marked with 
the letters “RQ” in association with 
the above description. 

(9) Specific instructions for mainte- 
nance of exclusive use shipment con- 
trols must be provided by the shipper 
to the carrier. Such instructions must 
be included with the shipping paper 
information. 

(10) Transportation by aircraft is 
Prohibited. 

(c) Unpackaged (bulk) shipments of 
UA materials shall be transported 
only in exclusive use closed transport 

vehicles and shall comply with the fol- 
lowing: 

(1) Authorized materials are limited 
to the following: 

(i) Uranium or thorium ores and 
physical or chemical concentrates of 
those ores. 

(ii) Uranium metal or natural thori- 
um metal, or alloys of these materials. 

(iii) Materials of low radioactive con- 
centration, if the average estimated 
radioactivity concentration does not 
exceed 0.001 millicurie per gram and 
the contribution from materials with 
an AZ value (see 0 173.435) of less than 
0.05 curie does not exceed one percent 
of the total radioactivity. 

(iv) Objects of nonradioactive mate- 
rial externally contaminated with ra- 
dioactive material, if the radioactive 
material is not readily dispersible and 
the surface contamination, when aver- 
aged over one square meter, does not 
exceed 0.0001 millicurie per square 
centimeter of radionuclides for which 
the A, value is less than 0.05 or 0.001 
millicurie per square centimeter of 
other radionuclides. Such objects must 
be suitably wrapped or enclosed. 

(2) Bulk liquids must be transported 
in the following: (i) Specification 
103cw, l l lA60W7 (4 p 179.200, 
179.201, 179.202 of this subchapter) 
tank cars. Bottom openings in tanks 
prohibited. 

(ii) Specification MC 310, MC 311, 
MC 312, or MC 331 (!j 178.343 or 
Q 178.337 of this subchapter) cargo 
tanks. Authorized only where the ra- 
dioactivity concentration does not 
exceed 10 percent of the specified low 
specific activity levels (see 
0 173.403(n)). The requirements of 
9 173.412(n) do not apply to these 
cargo tanks. Bottom fittings and 
valves are not authorized. Trailer-on- 
flat-car service is not authorized. 

(3) External radiation levels must 
comply with 8 173.441(b). 

(4) Shipments must be loaded by the 
consignor, and unloaded by the con- 
signee from the conveyance or freight 
container in which originally loaded. 

(5) Except for shipments of uncon- 
centrated uranium or thorium ores, 
the transport vehicle must be placard- 
ed with the placards prescribed in sub- 
part F of part 172 of this subchapter, 
as appropriate. 

575 



5 173.427 

(6) There must be no leakage of ra- 
dioactive materials from the vehicle. 

(7) Specific instructions for mainte- 
nance of exclusive use shipment con- 
trols must be provided by the shipper 
to the carrier. Such instructions must 
be included with the shipping paper 
information. 

(8) Transportation by aircraft is pro- 
hibited. 

(dl Except for transportation by air- 
craft, low specific activity material 
that conforms with the provisions 
specified in 10 CFR 20.306 is excepted 
from all requirements of this subchap- 
ter pertaining to radio-active materials 
when offered for transportation for 
disposal or recovery. A material which 
meets the definition of another hazard 
class is subject to the provisions of 
this subchapter relating to that 
hazard class. 
(The information collection requirements 
contained in paragraph (b)(9) were ap- 
proved by the Office of Management and 
Budget under control number 2137-0536. 
The information collection requirements 
contained in paragraph (c)(7) were approved 
by the Office of Management and Budget 
under control number 2137-0534) 
(49 U.S.C. 1803, 1804, 1808; 49 CFR 1.53, 
app. A to part 1) 
IAmdt. 173-162, 48 FR 10226, Mar. 10, 1983, 
as amended by Amdt. 173-162, 48 FR 31218, 
July 7, 1983; Amdt. 173-178, 49 FR 38134, 
Sept. 27, 1984; Amdt. 173-188, 50 FR 23813, 
June 6. 1985; Amdt. 172-119, 54 FR 39506. 
Sept. 26.19891 

§ 173.427 Empty radioactive materials 
packaging. 

A packaging which previously con- 
tained radioactive materials and has 
been emptied of contents as far as 
practical, is excepted from the ship- 
ping paper and certification, marking 
and labeling requirements of this sub- 
chapter, and from requirements of 
this subpart, provided that: 

(a) It complies with the require- 
ments of 0 173.421 (b), (cl, and te); 

(b) The packaging is in unimpaired 
condition and is securely closed so 
that there will be no leakage of radio- 
active material under conditions nor- 
mally incident to transportation; 

tc) Internal contamination does not 
exceed 100 times the limits in 
p 173.443; 

49 CFR Ch. I ( 12-31-91 Edition) 

(d) Any labels previously applied in 
conformance with Subpart E of Part 
172 of this subchapter are removed, 
obliterated or covered and the 
“Empty” label prescribed in 8 172.450 
is affixed to the packaging: and 

te) The packaging is prepared for 
shipment as specified in Q 173.421-1. 
CAmdt. 173-162, 48 FR 10226. Mar. 10. 1983, 
as amended by Amdt. 173-196. 51 FR 5973, 
Feb. 18, 1986; Amdt. 173-204, 52 FR 36672, 
Sept. 30. 19871 

8 173.431 Activity limits for Type A and 
Type B packages. 

(a) A Type A package shall not con- 
tain a quantity of radioactivity greater 
than A, (for special form radioactive 
material) cx A, (for normal. form radio- 
active material) as listed in Q 173.435, 
or for radioactive materials not listed 
in $ 173.435, as determined in accord- 
ance with P 173.433. 

(b) The limits on activity contained 
in a Type B, Type B(U), or Type B(M) 
package are those prescribed in 
§ 173.416 or in the applicable approval 
certificate under § 173.471 or p 173.473. 
CAmdt. 173-162, 48 FR 31218, July 7, 19831 

§ 173.433 Requirements for determination 
of A1 and Al values for radionuclides. 

(a) Single radionuclides. (1) For 
single radionuclides of known identity, 
the values of A, and Az are those given 
in the table in 0 173.435. The values of 
A, and A2 are also applicable for ra- 
dionuclides contained in (an) or (y,n) 
neutron sources. 

(2) For any single radionuclide of 
known identity, which is not listed in 
8 173.435, the values of A, and Aa shall 
be determined in accordance with the 
following: 

(i) If the radionuclide emits only one 
type of radiation, A, is determined in 
accordance with paragraphs (a)(2)(i) 
(A), (B), (Cl, and (D) of this section. 
For radionuclides emitting different 
kinds of radiation, A, is the most re- 
strictive value of those determined for 
each kind of radiation. However, in 
both cases, A, is restricted to a maxi- 
mum of 1000 curies. If a parent nu- 
elide decays into a shorter lived 
daughter, of a half-life not greater 
than 10 days, A, is calculated for both 
the parent and the daughter, and the 
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more limiting of the two values is as- 
signed to the parent nuclide. 

(A) For gamma emitters, A, is deter- 
mined by the expression: A, = 9/r 
curie 
where r is the gamma-ray constant, corre- 
sponding to the dose in roentgens per hour 
at 1 meter per curie; the number 9 results 
from the choice of 1 rem per hour at a dis- 
tance of 3 meters as the reference dose- 
equivalent rate. 

(B) For x-ray emitters, A, is deter- 
mined by the atomic number (Z) of 
the nuclide: 
z < 55 A, = 1000 curies 
for Z > 55 A, = 900 curies 

(C) For beta emitters, A, is deter- 
mined by the maximum beta energy 
(E,,) according to Table 8: 

TABLE a--A1 FOR BETA EMKTERS 

LWW A,(curies) 

<05 1000 
OS<10 300 
l.O-<I.5 100 
15-<20 30 

2 2.0 10 

(D) For alpha emitters, Al is deter- 
mined by the expression: 
A, = 1000 As 
where AS is the value listed in Table 9: 

TABLE g--A3 VALUES 

A, 
I I 

Atomic Half-life less Half-life 1,000 
number than 1,000 days days to 10’ 

years 

~~ 
2 millicunes _...._. . 2 mlllicunes . . . 

Half-life 
greater 

than 10’ 
years 

3 curies. 
3 curies. 

(ii) For assignment of A2 values, A, is 
the more restrictive of the following 
values: 

(Al The corresponding A,. 
(B) The value & obtained from 

Table 8. 

I 
(3) For any single radionuclide 

whose identity is unknown, the value 
of A, is 2 curies and the value of Az is 
0.002 curies. However, if the atomic 
number of the radionuclide is less 
than 82, the value of A, is 10 curies 

t and the value of A, is 0.4 curies. 

(b) Mixture of radionuclides, includ- 
ing radioactive decay chains. (1) For 
mixed fission products, where a de- 
tailed analysis of the mixture is not 
carried out, the following activity 
limits apply: 

Ci) A, = 10 curies. 
(ii1 Az=0.4 curies. 
(2) A single radioactive decay chain 

is considered to be a single radionu- 
elide when the radionuclides are 
present in their naturally occurring 
portions and no daughter nuclide has 
a half-life either longer than 10 days 
or longer than that of the parent nu- 
elide. The activity to be taken into ac- 
count and the A, or Aa value to be ap- 
plied are those corresponding to the 
parent nuclide of that chain. When 
calculating A, or Az values, radiation 
emitted by daughters must be taken 
into account. However, 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 daughter nuclides are considered 
to be mixtures of different nuclides. 

(31 In the case of a mixture of differ- 
ent radionuclides, where the identity 
and activity of each radionuclide is 
known, the permissible activity of 
each radionuclide R,, RP, . . . R, must 
be such that F, + Fz + . . . F, is not 
greater than unity, when- 

Total activitv of 
R, ~” 

F, = ---_---___ 
A,(R, 1 

Total aktivity of 
4 Ft = ------- 

A&R*) 
Total activity of 

R” 
F, = ------___ 

A&R,) 

Where A, (RI, Rz . . . R,) is the value of Al 
or A2 as appropriate for the nuclide R1. 
Rz . . . RI. 

(4) When the identity of each radio- 
nuclide is known but the individual ac- 
tivities of some of the radionuclides 
are not known, the formula given in 
subparagraph (3) of this paragraph 
must be applied to establish the values 
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of A1 or Az as appropriate. All the ra- 0 173.435 
dionuclides whose individual activities 

Table of A1 and AZ values for ra- 
dionuclides. 

-- I-ZT 
j and ar 

num 

. . . . . . 
Curium 

. . . 

. . . . 

Cobalt 
. 

. . . . . 

. . .,.. 
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Chromic 
(24 
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tadionoclk 

If 
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( 
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I( 
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. 
. 
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. 
Copper I 

Dyspros. 
w 

Erbium (t 
. . . . 

Ki 
. . . . . . 

. . 
Clourine r 
Iron (26) 

. . . . . . 
. . 

Gallium (: 
. . . . . . 

. 
;adoliniu: 

(64) 

Sermaniu 
(32) 

. . 
iydrogen 

(1) See 
T-Tritiun 

iafnium 
(72). 

Aercur-y 
(80). 

. . 
. . . 

lolmium 
(67). 

xline (53) 
. . . . . 
. . . . 

. . . . . . . 
. . . . . . . 
. . . . . . 

are not kmown (but whose total activi- 
ty is known) must be classed in a 
single group and the most restrictive 
value of At or AZ applicable to any one 
of them shall be used as the value of 
A, and Al in the denominator of the 
fraction. \ 

(5) When the identity of each radio- 

36c, . . 
242,, . . 
243=,,, . 
244c.t . 
24So ._. 

ial --I Element 
and atomic 

number 

nuclide is known but the individual ac- 
tivity of the radionuclides is not 
known, the most restrictive value of A, 
or AZ applicable to any one of the ra- 
dionuclides present is the applicable 
value. 

(6) When the identity of the radion- 
u&ides is not known, the value of A, is 
2 curies and the value of Aa is 0.002 
curies. However, if alpha emitters are 
known to be absent, the value of A, is 
0.4 curies. 

Symbol 0 
radionuclid 

246c, . 
56, 
57,. . . . . . 
56m, ._. 

10 

I’ 

101 

; 

IOC 
2 
1 

30 
20 

20 
3 
4 

20 
41 
41 
21 

301 

/ 

I( 
lO( 

f 
1001 

7f 

e 
2c 

IOOC 

0003 

4 
40 

7 
20 

0006 

0 006 
1000 

20 

1 

400 
20 
10 
20 

7 

200 
30 
20 
25 
40 
IO 
20 

300 

5 

10 
4 
6 
1 

25 

6 
20 
60 
25 

20 
1006 

20 
70 

30 30 
80 20 

100 100 
300 25 

60 20 
10 7 

2 0.002 

7 
2 

300 

0.007 
0009 

IO 

227,, . . Actinium 
(69) 

. . . 
Silver (47) 

. . . . . . . . . . . . 

. I . . . . . 
Americium 

(95) 1. 

Argon (t8) 

Arsenic (33) 
. . 

. . . . . 
I.. . 

Astatine 
(65) 

Gold (79) . . . 
. . . . . . . . . . . 

. . . . . . . . 
. . . . . . . 

3ahum (56) 

3eryllium 
(4) 

3ismuth ’ 
(63) 

. . . . . 

2% 
105,, . . 
llOm, 
111,. 
24~ 

56, . . . . 
60,, . 
51, . . . 

’ 2%. 
131,. . 
134m,. 
134,. . 
135, 
136,. . 
137,. . 
64c. . . . 
67~. 
165, 

156DY 
169,,. 
171,, _. _.. 
152m,, . 

152,. . . 
1 %u 
155E” . 
16f . . . . 
52F. . . . . 
55F. . . . . 
59, . . . . . . . 
67,. . . ._ 
66,. . . . . . . 
72,. . . __ 
153a 

159, 
we 

243*,,, 
37,r 

(com- 
pressed 
or 
uncom- 
pressed) 

41*, 
(uncom- 
pressed) 

dl.,r 

IAmdt. 1’73-162, 48 FR 10226, Mar. 10. 1983; 
48 FR 13432, Mar. 31, 1983, as amended at 
48 FR 31218, July ‘7, 1983; Amdt. 173-185, 50 
FR 11055, Mar. 19, 19851 

0 173.434 Activity-mass relationships for 
uranium and natural thorium.1 

pressed) 
73,. . 
74,.. 
76,. 
77, . . . 
211,,. . 

. . 
. . 

. . . . . . . 
lndium (49) 

. . . . . . 
Iridium (77) 
. . . . . 

1%. 
196," . .: 

196A, . 
199,” . . 
131,. _. 
133, 
1408, . 
7, 

206s, 

207,~ 
210., bE). 

212,, . . , 
249,, . 

778, . . . . . . 

62,. . . . 
11, . . . . 
14c.. 
45,. 

47,. . . . . . 
log,, . . . . . 

115m, . . . . 
115r&. . . 
139c* . . . . . . 
141,. . . . . . . . 
143,, . . . . . . . 
144c* . . . . 
249a.... . . 

250, . . . . . . . . 
252, . . . . . . . . . 
36a . . . . . . . . . _. 

..’ 
. . . 

I 

I 
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E 

. . E 

; 
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. . . 

. C 

. . . 
C 
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. ,. 
. . 
C 

: ‘dl 

Radioactive material Curies per Grams per 
gram curie 

Uramum-(Wt% 23s U present): 
0 45 50 x lo-’ 20 x 106 
0 72 (natural) . . 7 06 x lo-’ 142 x lo6 
10 . . , . . . 76 x lo-' 13 x 106 
15 10 x 10-s 10 x 10’ 
5 0 . . . . . . . 

.: .‘. 
I . . 27 x 10-s 37 x 105 

100 . . . . ..:.. 48 x 10-s 2 1 x 10s 
20.0 
350 . . . . I.. . .: . .:: . . . :x ; :i:: 

10 x 105 
. 50 x 10' 

50 0 . . . . . . . . . . . . 
. :... 

25 x 10-s 40 x 10' 
900.. . . . . . . . . . _. 56 x 1O-5 17 x 10’ 
93 0. . . . . . 
95.0 . t.. ..:- Y...’ _: 

70 x 10-s 14 x 10’ 
91 x 10-s 1.1 x 10’ 

Natural thorium. ._ ., . . 2.2 x lo-’ 46 x106 

1 The figures for uranium include representative values for 
the activity of uranium-234 which is concentrated during the 
enrichment process. The activity for thorturn includes the 
equilibrium concentration of thorium-229 
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19% . . . 
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Symbol of 
radionuclide 
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7 

30 
8 

10 
30 
60 
30 

100 
10 
20 

Symbol of 
radionuckde 

0 01 4:1, 
0 006 
a 006 

85m,, 
(uncom- 

5 Pressed) 
!H) 35m,, 

1l’W  (com- 
20 Pressed) 

I =J”. 
600 Wncom- 

Pressed) 
40 H5,, 

1000 (com- 
IO Pressed) 
IO ‘II”, 
7!, (tmcom- 

I Pmsseff) 
IO ‘II,. 
7!, (com- 
7, I)ross@d) 
20 140,. Lanrhanum 

(57) 
Low specific 

activity 
material- 
see 
5 173403 

Lutetium 
(71) 

MIxed 
fission 
producls 

Wagnesium 
(12) 

Wanganese 
(2% 

. . 
. . . 

Uolybde- 
num (42) 

Vllrogen (7) 
Sodium (11) 

Niobium 
(41) 

Neodymium 
(6’3) 

Nickel (26) 
. . . 

Neptunium 
(93) 

Osmium 
(76) 

. . . 
Phosphorus 

(15) 
Protactinium 

(9’) 
. . 

, 
Lead (82) 

,i 

~__ 
Element 

and atomic 
number 

. . 
‘otassium 

1’9) 

Gypton (36) 

. . 

. . . 

4,(G) special 
form 

3 

1000 

5 

OG 

30 

300 

10 

6 

2c 
2c 

IOC 

3c 
1ooc 
IOOC 

IC 
L 

2oc 
2c 

60C 
2oc 
1oc 

3C 

A&)o;;mal 

_-__ 

10 
10 

10 
100 

3 

1000 

5 

06 

25 

04 

6 

10 
8 
5 

200 

25 
20 

08 
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Symbol 
radionucl 

212pb . 
103, 

109, . . 
147, 

149, 
ZlOp, . 

142, 

143, . 
191, 

193m, . 
197m, 
197,, 
238, . 

23gm 
249, 
241, 
242R, 
223, 
22411. 
226, 
220, 
81Rb . . . . . 

wlb . 
t37kb . . . . 
Rb (natura 
186,, 

187, 
188k, . 
Re (naluri 
103m., 

1%th 
222., 
97,. 

103k” . . 
105,” 
106k” 
35s . 
122Sb . 

1 24sb 
125Sb . 
46, . . . . . . . . 

47, . 
48% 
75,. 

31Si. 
147s, . 

151$., . . 
153$,.. . . 
1135. . 
119m,.. 
125%,, . 
85m,, . . . . 

es,,.. . . . 
07msr . . . 
89,, . . . . . 
94,~ . . . . . 

.I 

. 
. . . 

qadium (W 

Nbidium 
(37) 

. . . 
.,. . . 

Ffhenium 
(75) 

. 
. . . . 
. . 
Rhodium 

(45) 

iadon (86) 
Ruthenium 

i44) 

Sulphur (16 
4ntimony 

(51) 
. .., 
. . . 
icandium 

(21) 
. . . 

Nenium 
(34) 

Glicon (14) 
iamarium 

(62) 
. . 
. . . . 

-in (50) . . 
. . . . 

. . . . . . . 

(38) 
. .., . 

. . . . . . . . 

. . . . . . . . 
. . . . . . . 

Element 
and atomi 

number 

t.. . . 
Palladium. 

(46). 
I . . . 

Prome’hiur 
(61) ’ 
. 

Polonium 
(64) 

urn (59). 
. . . . . . 

Platinum 
(78) 

ii- 

. . 

t. 
. 

Plutonium 
(94)’ 

. . 

0 

. . . 

. . 

;, 

. . 

. 
. . . 

ic 

i 
. . 

n 

. . 

6 5 
0 700 loo 

10 
100 

10 
20 

1: 

301 
1Ol 

2ot 
301 
30( 

100; 

5t 
f 

1c 
1c 
3c 

3c 
Unlimitec 
Unlimiteo 

1OC 

0 
0 

0 
0 

3 

D 
3 

3 
3 
1 
3 

> 
> 
1 
3 
1 
i 
1 
) 
) 

I 
I 
I 

J 

3 
3 
3 
1 

I 
1 
1 

1 
1 
1 
1 
1 

i 
1 
I 

I 
1 
I 

, 
I 

, 

Unlimitei 
I( 

Unlimitec 
lOO( 

20( 
I( 
8( 

3f 
2t 
it 

1 OO( 
3c 

E 
4c 

e 

2oc 
5 

40 

100 
Unlimited 

1000 
300 

60 
100 

10 
80 

30 
50 

! no 
i (I 

I A,(C;)o;;mal 

20 
25 

20 
02 

10 

20 
100 

200 
20 
20 

0 003 

0 002 
0 002 

01 
0 003 

02 
05 

005 
0 05 

25 

30 
Unlimited 
Unlimited 

20 

Unlimited 
10 

Unlimited 
1000 

25 
2 

80 

25 
20 

7 
60 
30 

5 
25 

8 

20 
5 

40 

20 
Unlimited 

90 
20 
60 

100 
10 
80 

30 
50 
10 

04 

Symbol 0 
radionuclic 

91,, . . . 
92+ . . . . 
T 

(uncom- 
pressed) 

T 
(com- 
pressed) 

T (activate 

paint). 
T (adsorbe 

on solid 
carrier). 

T (Mated 
water). 

T (other 
forms) 

‘82,. 

160,. . 

96% 

9% 
gm,. 
97TC . . 
9-n 
9%. 
125mr, 

j 

d . . 

i 

1 

127mrc. _. 
127,~ 
129mr, . . . 
1291. . 
131rnr. ..__ 
132r. 
227,, 

2=rh 
230,, 
231,, . 
232rh 
234, 

(Gtural) 
Th 

(irradiat- 
ed) ? 

2007, . 

201T, 
20&I 
204r, 
174, . 

. . 

. 7 

. 

; 

L 

. . 

. . . . 
. . 
. . . . 

232c.. 
233,:. _, 
234,.. . .__ 
235,r. . . . 
236” . 
238” . . . 

(rYatural) 

(&riched) 

Element 
and atomi’ 

number 

f 
le 

i 

. . . . 
. . . 

Tritium (1): 

. . . . . 

. . . . . 

. . I.. . . 

Tantalum 
(73) 

rerbium 
(65) 

rechnetium 
(43) 

. . . 
. . . . 

-ellurium 
(52) 

. . 

Thorium 
(90) 

-haIlium 
(81) 
. . . 

‘huiium 
(6% 

. . . . . 
iranium 

(92). 
. . . 
. . 

. . . 
. . . . . . . 

. . . . . . . . . 
. . . . . 

. . . 

I 
1 

100 

10 
10 

1000 

100 1000 

100 1000 

1000 

loo! 1000 

2t 20 

2f 20 

2t 10 

1 OOf 1000 

t 
1 oat 
1 ooc 

1oc 
iooc 
1ooc 

6 
200 
400 
100 

25 
100 

201 

20 
20 
10 
20 
10 

7 
02 

f 
\ 

lOO( 
Unlimitec 

I( 
Unlimitec 

0 038 
0 003 

25 
Unlimited 

10 
Unlimi!ed 

2c 20 

2oc 
4c 

3oc 
3oc 

200 
40 
10 
10 

1000 
100 

100 
01 

30 003 
100 01 
100 01 
100 02 
200 02 

Unlimited Unlimited 
Unlimited Unlimited 

Symbol 01 
radionuclid 

1 
e 

<20% 

20% or 
grea!er. 

(Lpieted 

(gadiat- 
ed) ? 

48v . . . . . . . 

181W.. __ 

16% . . 
?07w . . . 
127,. 

(uncom- 
pressed) 

I 27,. 
(com- 
pressed). 

131m,. 
(com- 
pressed) 

13lm,. 
(uncom- 
pressed). 

133x, 
(uncom- 
r-W) 

133x. 
(com- 
pressed) 

135x, 
(uncom- 
pressed). 

135x. 
(com- 
pressed) 

87, . . . . . 
9oy . . 
91 my.. 
91,.. . . . . 
92y.. . . . 
93y . . . . 
f69y, . . . . . . . 

175y,..... . 
65z, . . . . . .__ , 
69m,, . . . . . . . 
69, . . . . . . . . . . 
9% . . . 

95,,.. . . . 
97%. . . . . . 

. 
. . . . ! 

Eleme 
and ato, 

numb 

. . 
. . . 

. . . . 

. . . . . . 

Vanadiun 
(23). 

Tungsten 
(74) 

. . 

Xenon (5. 

. . . . 

. . . . . 

,. . . . . . . 

. . . . . . 

Yttrium (39 
. 

. . 
. , 

. . . ,. 
. . . . . 

Ytterbium 
VW. 
. . . . . . 

Zinc (30) . 
. . . . . ,. . 
. . . . . . . . . 
Zirconium 

(40). 
. . . . 

. . . . . . 

* For shipments solely 
value is 20 curies for amc 
Am-Be or Pu-Be neutror 
pacemakers 

‘The values of A1 and 
me with the procedure 
subchapter, taking into as 
Products and of the urani 
thorium, 

‘The values of A, and 
am3 with the procedure 
subchapter, taking into ac 
products and plutonium is 
uranium. 

[Amit. 173-162. 48 
48 F’R 13432, Mar. 
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Symbol of 
radionuclide 

Element 
and atomic 

number 
A,(Ci) special 

form 
A&~i)mal 

48 FR 31219, July 7, 1983; Amdt. 173-207, 53 
F’R 38274, Sept. 29, 19881 

0 173.441 Radiation level limitations. 
<20% . . . . . 

. . . . . . . 
Unlimitec 

lot O.? 
20% or 
greater 

(duepleted) 
” 

(inadiat- 
ed) ? 

46v . . . . . 

. . . . . . 

. . . . 

Unlimitec Unlimited 

16lw . 

16&q . . . . 
t07w 1 . . . 
1~7~. 

(uncom- 
pressed) 

1 27xc 
(com- 
pressed). 

13lm,, 
(com- 
pressed) 

131mx. 
(uncom- 
pressed) 

t33xc 
(uncom- 
pressed). 

133x. 
(com- 
pressed) 

‘35x. 
(uncom- 
pressed). 

135x. 
(com- 
pressed) 

87v . . . . . . .._ 
soy . . . . . . 
Slm, 
91, . 
92, . 
93, . 
‘69,,,. . 

Vanadium 
(23). 

Tungsten 
(74) 

. . . . . . . 
Xenon (54) 

: . . . . 
I . . . 
. . 

. . . . . . . . . . . . . . . 

6 

200 

1000 
40 
70 

5 

10 

100 

1000 

5 

70 

2 

20 
10 
30 
3c 
1c 
1c 
8C 

400 
3c 
40 

309 
1009 

20 
20 

6 

100 

25 
20 
70 

(a) Except as provided in paragraph 
(b) of this section, each package of ra- 
dioactive materials offered for trans- 
portation shall be designed and pre- 
pared for shipment so that under con- 
ditions normally incident to transpor- 
tation the radiation level does not 
exceed 200 millirem per hour at any 
point on the external surface of the 
package, and the transport index does 
not exceed 10. 

(b) A package which exceeds the ra- 
diation level limits specified in para- 
graph (a) of this section shall be trans- 
ported by exclusive use shipment only 
and the radiation levels for such ship- 
ment must not exceed the following 
during transportation: 

(1) 200 millirem per hour (2 millisie- 
vert per hour) on the external surface 
of the package unless the following 
conditions are met, in which case the 
limit is 1000 millirem per hour (10 
millisievert per hour). 

0) The shipment is made in a closed 
transport vehicle; 

(ii) The package is secured within 
the vehicle so that its position remains 
fixed during transportation; and 

(iii) There are no loading or unload- 
ing operations between the beginning 
and end of the transportation; 

(2) 200 millirem per hour (2 millisie- 
vert per hour) at any point on the 
outer surfaces of the vehicle, including 
the top and underside of the vehicle; 
or in the case of a flat-bed style vehi- 
cle, at any point on the vertical planes 
projected from the outer edges of the 
vehicle, on the upper surface of the 
load (or enclosure is used), and on the 
lower external surface of the vehicle; 

(3 1 10 millirem per hour (0.1 millisie- 
vert per hour) at any point 2 meters 
(6.6 feet) from the outer lateral sur- 
faces of the vehicle (excluding the top 
and underside of the vehicle); or in the 
case of a flat-bed style vehicle, at any 
point 2 meters (6.6 feet) from the ver- 
tical planes projected by the outer 
edges of the vehicle (excluding the top 
and underside of the vehicle); and 

(4) 2 millirem per hour (0.02 millisie- 
vert per hour) in any normally occu- 
pied space, except that this provision 

175%. 
6%. . . . ‘. .: 
69m,, . . . . . 
69, . . . . . . . 
93z, . . . ..,.. 

95zr . . . . . . 
ST,, . . . . . 

. ..( . . 
I . . 

. . . 

. . 

,. 

. . . . . 

. . . 

. . . . . . 

. . . . . 

Yttrium (39) 
. . . 
. . . 

. . 
. 

. . . 
Ytterbium 

(70) 

Zinc (30) . 
. . . . . . . . . . . . 
. . . . . . . . . 

Zirconium 
(40) 

. . . . . . . . . 
I . . . . . . . . 

. . 

. 

. . . . . . . 

5 

10 

166 

1000 

5 

70 

2 

20 
10 
30 
30 
10 
10 
80 

25 
30 
20 
20 

200 

20 
20 

’ For shipments solely within the United States the At 
value is 20 curies for americium and plutonium contained in 
Am-Be or Pu-Be neutron sources or in nuclear-powered 
Pacemakers. 

‘The values of A, and A, must be calculated in accord- 
ance with the procedure specified in 5 173.433 of this 
subchapter, taking into account the activity of the fission 
products and of the uranium-233 in addition to that of the 
thorium. 

‘The values of A, and AI must be calculated in accord- 
ance with the procedure specified in 0 173433 of this 
subchapter, taking into account the activity of the fission 
products and plutonium isotopes in addition to that of the 
uranium. 

[hdt. 173-162, 48 FR 10226, Mar. 10. 1983; 
48 FTX 13432, Mar. 31, 1983, as amended at 
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does not apply to private carriers if ex- 
posed personnel under their control 
wear radiation dosimetry devices and 
operate under provisions of a State or 
Federally regulated radiation protec- 
tion program. 

tc) For shipments made under the 
provisions of paragraph (b) of this sec- 
tion, the shipper shall provide specific 
written instructions for maintenance 
of the exclusive use shipment controls 
to the carrier. The instructions shall 
be included with the shipping paper 
informat,ion. 

(d) Packages exceeding the radiation 
level or transport index prescribed in 
paragraph (a) of this section shall not 
be transported by aircraft. 

(e) The written instructions required 
for exclusive use shipments must be 
sufficient so that, when followed, they 
will cause the carrier to avoid actions 
which will unnecessarily delay deliv- 
ery or unnecessarily result in in- 
creased radiation levels or radiation 
exposures. 
(The information collection requirements 
contained in paragraph Cc) were approved 
by the Office of Management and Budget 
under control number 2137-0536) 
CAmdt. 173-162, 48 I?% 10226, Mar. 10, 1983. 
as amended at 48 F’R 31219, July 7, 1983; 
Amdt. 173-193, 50 F’R 41898, Oct. 16, 19851 

§ 173.442 Thermal limitations. 
Each package of radioactive material 

shall be designed, constructed, and 
loaded so that: 

(a) The heat generated within the 
package because of the radioactive 
contents will not, at any time during 
transportation, affect the integrity of 
the package under conditions normal- 
ly incident to transportation; and 

(b) The temperature of the accessi- 
ble external surfaces of the loaded 
package will not, assuming still air in 
the shade at an ambient temperature 
of 38” C (100” F), exceed either: 

(1) 50°C (122°F) in other than an ex- 
clusive use shipment; or 

(2) 82°C ( 180°F) in an exclusive use 
shipment. 

0 173.443 Contamination control. 
(a) The level of non-fixed (remov- 

able) radioactive contamination on the 
external surfaces of each package of- 
fered for shipment shall be kept as low 

49 CFR Ch. I (12-31-91 Edition) 

as practicable. The level of non-fixed 
radioactive contamination may be de- 
termined by wiping an area of 300 
square centimeters of the surface con- 
cerned with an absorbent material, 
using moderate pressure, and measur- 
ing the activity on the wiping materi- 
al. Sufficient measurements shall be 
taken in the most appropriate loca- 
tions to yield a representative assess- 
ment of the non-fixed contamination 
levels. Except as provided in para- 
graph (b) of this section, the amount 
of radioactivity measured on any 
single wiping material when averaged 
over the surface wiped shall not 
exceed the limits given in Table 10 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 shall be 
taken into account and in no case shall 
the non-fixed contamination on the 
external surfaces of the package 
exceed ten times the limits listed in 
Table 10. 

TABLE 1 O-REMOVABLE EXTERNAL 
RADIOACTIVE CONTAMINATION-WIPE LIMITS 

Contaminant 

Beta-gamma emitting radionuclides; all 
radronuclides with half-lives less than 
ten days: nalural uranium; natural 
thorium; uranium-235; uranium-238; 
thorium-232; thorium-228 and thori- 
um-230 when contained in ores or 
physical concentrates . . . . . . . 

All other alpha emitting radionuclides. . 

Maximum 
permissible limits 

(b) Except as provided in paragraph 
(d) of this section, in the case of pack- 
ages transported as exclusive use ship- 
ments by rail or public highway only, 
the removable (non-fixed) radioactive 
contamination on any package at any 
time during transport shall not exceed 
ten times the levels prescribed in para- 
graph (a) of this section. The levels at 
the beginning of transport shall not 
exceed the levels prescribed in para- 
graph (a) of this section. 

(c) Except as provided in paragraph 
(d) of this section, each transport vehi- 
cle used for transporting radioactive 

Research a 

materials a: 
which utili; 
graph (b) o 
veyed with 
tection inst. 
vehicle sha.1. 
until the ra 
accessible SI 
hour or les 
cant remova 
surface cant 
paragraph (a 

(d) Paragrs 
tion do not a 
port vehicle 
portation by 
active materi; 
nation levels 
times the les 
graph (a) of tl 

(1) A survey 
of the empty 
radiation dose 
not exceed 10 
surface or 2 
meter (3.3. fee 

(2) Each veh 
words “For Ra 
Only” in letter 
(3 inches) high 
on both sides o 
hicle; and 

(3) Each vt 
except for loadi 
CAmdt. 173-162, 4 
as amended at 48 

5 173.444 Labelir 

Each package 
als, unless ex 
8 173.422, 8 173 
B 173.427 shall t 
in subpart E of 
chapter. 

9 173.446 Placard 
See subpart F ( 

chapter, 

§ 173.447 Storage 
tion-general r 

1 The following I 
temPorary storag 
Of transportatior 
Regulatory Corm 
State licensed fa 
ement owned 

0 ties. 
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materials as an exclusive use shipment 
which utilizes the provisions of para- 
graph (b) of this section shall be sur- 
veyed with appropriate radiation de- 
tection instruments after each use. A 
vehicle shall not be returned to service 
until the radiation dose rate at each 
accessible surface is 0.5 millirem per 
hour or less, and there is no signifi- 
cant removable (non-fixed) radioactive 
surface contamination as specified in 
paragraph (a) of this section. 

(d) Paragraph (b) and tc) of this sec- 
tion do not apply to any closed trans- 
port vehicle used solely for the trans- 
portation by public highway of radio- 
active material packages with contami- 
nation levels that do not exceed 10 
times the levels prescribed in para- 
graph (a) of this section if: 

(1) A survey of the interior surfaces 
of the empty vehicle shows that the 
radiation dose rate at any point does 
not exceed 10 millirem per hour at the 
surface or 2 millirem per hour at 1 
meter (3.3. feet) from the surface; 

(2) Each vehicle is stenciled with the 
words “For Radioactive Materials Use 
Only” in letters at least 76 millimeters 
(3 inches) high in a conspicuous place 
on both sides of the exterior of the ve- 
hicle; and 

(31 Each vehicle is kept closed 
except for loading or unloading. 
IAmdt. 1’73-162, 48 FR 10226, Mar. 10, 1963, 
s amended at 48 FR 31219, July 7,19831 

5 173.444 Labeling requirements. 
Each package of radioactive materi- 

als, unless excepted by Q 173.421, 
8 173.422, 8 173.424, 8 173.425(b), or 
t 173.427 shall be labeled as provided 
in subpart E of part 172 of this sub- 
chapter. 

(I 173.446 Placarding requirements. 
See subpart F of part 172 of this sub- 

chapter. 

’ 173.447 Storage incident to transporta- 
uon-general requirements. 

The following requirements apply to 
temporarY storage during the course 
Of transPortation but not to Nuclear 
Regu1atorY Commission or Agreement 
State licensed facilities or U.S. Gov- 
ernment o 
ties. wned or contracted facili- 

(al The number of packages bearing 
Radioactive Yellow II or Radioactive 
Yellow III labels stored in any one 
storage area, such as a transit area, 
terminal building, store-room, or as- 
sembly yard, shall be limited so that 
the sum of the transport indexes in 
any individual group of packages does 
not exceed 50. Groups of these pack- 
ages must be stored so as to maintain 
a spacing of at least 6 meters (20 feet) 
from other groups of packages con- 
taining radioactive materials. 

(b) Mixing of different kinds of 
packages, including Fissile Class I 
packages with Fissile Class II pack- 
ages, is authorized in accordance with 
H 173.459 of this subchapter. 

S 173.448 General transportation require- 
ments. 

(al Each shipment of radioactive ma- 
terials shall be secured in order to pre- 
vent shifting during normal transpor- 
tation conditions. 

(b) Except as may be specifically re- 
quired by the competent authority in 
the applicable certificate, a package of 
radioactive materials may be carried 
among packaged general cargo with- 
out special stowage provisions, if: 

(1) The heat output in watts does 
not exceed 0.1 times the minimum 
package dimension in centimeters; or 

(2) The average surface heat flux of 
the package does not exceed 15 watts 
per square meter and the immediately 
surrounding cargo is not in sacks or 
bags or otherwise in a form that would 
seriously impede air circulation for 
heat removal. 

(c) Packages bearing labels pre- 
scribed in 9 172.403 of this subchapter 
may not be carried in compartments 
occupied by passengers, except in 
those compartments exclusively re- 
served for couriers accompanying 
those packages. 

(dl Mixing of different kinds of 
packages, including Fissile Class I 
packages with Fissile Class II pack- 
ages, is authorized in accordance with 
8 173.459. 

te) No person shall offer for trans- 
portation aboard a passenger-carrying 
aircraft any single package with a 
transport index greater than 3.0 or an 
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overpack with a transport index great- 
er than 3.0. 

(fl No person shall offer for trans- 
portation aboard a passenger-carrying 
aircraft any radioactive material 
unless that material is intended for 
use in, or incident to, research, medi- 
cal diagnosis or treatment. 

(g) If an overpack is used to consoli- 
date individual packages of radioactive 
materials, the packages shall comply 
with the packaging, marking, and la- 
beling requirements of this subchap- 
ter, and the following: 

(1) The overpack shall be labeled as 
prescribed in 0 172.403 of this subchap- 
ter except as follows: 

(0 The “contents” entry on the label 
may state “mixed” unless each inside 
package contains the same 
radionuclide(s1. 

(ii) The “activity” entry on the label 
must be determined by adding togeth- 
er the number of curies of the radioac- 
tive materials packages contained 
therein. 

(iii) For a non-rigid overpack, the re- 
quired label together with required 
package markings shall be affixed to 
the overpack by means of a securely 
attached, durable tag. The transport 
index shall be determined by adding 
together the transport indexes of the 
radioactive materials packages con- 
tained therein. 

(iv) For a rigid overpack, the trans- 
port index shall be determined by: 

(A) Adding together the transport 
indexes of the radioactive materials 
packages contained in the overpack; or 

(I31 Except for fissile radioactive ma- 
terials, direct measurements as pre- 
scribed in 5 173.403tbb) which have 
been taken by the person initially of- 
fering the packages contained within 
the overpack for shipment. 

(2) The overpack shall be marked as 
prescribed in subpart D of part 172 of 
this subchapter and 0 173.25(a). 

(3) The transport index of the over- 
pack shall not exceed 3.0 for passen- 
ger-carrying aircraft shipments, or 
10.0 for cargo-aircraft only shipments. 
CAmdt. 173-162, 48 F’R 10226, Mar. 10, 1983, 
as amended by Amdt. 173-167, 48 FR 30138, 
June 30, 1983; Amdt. 173-162, 48 FR 31219, 
July 7, 1983; Amdt. 1’73-16, 48 FR 50461, 
Nov. 1, 1983; Amdt. 173-18’7, 50 FR 21051. 
May 22,19851 
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0 173.451 Fissile materials-general re- 
quirements. 

(a) Except as provided in 9 173.453, 
each package containing fissile radio- 
active materials must comply with 
gg 173.451 through 173.459. 

0 173.453 Fissile materials-exceptions. 
The requirements of $0 173.451 

through 173.459 do not apply to: 
(a) A package containing not more 

than 15 grams of fissile radionuclides. 
If the material is transported in bulk, 
the quantity limitation applies to the 
conveyance; 

(b) A package containing irradiated 
natural or depleted uranium including 
the products of irradiation if the irra- 
diation has taken place only in the 
thermal reactor; 

cc> A package containing homogene- 
ous solutions or mixtures where: 

(1) The minimum ratio of the 
number of hydrogen atoms to the 
number of atoms of fissile radionu- 
elides (H/X) is 5200; 

(21 The maximum concentration of 
fissile radionuclides is 5 grams per 
liter; and 

(3) The maximum mass of fissile ra- 
dionuclides in the package is 500 
grams, except for a mixture where the 
total mass of plutonium and uranium- 
233 does not exceed 1% of the mass of 
uranium-235 the limit is 800 grams. If 
the material is transported in bulk, 
the quantity limitations apply to the 
conveyance; 

(dl A package containing uranium 
enriched in uranium-235 to a maxi- 
mum of 1% by weight, and with a total 
plutonium and uranium-233 content of 
up to 1% of the mass of uranium-235, 
if the fissile radionuclides are distrib- 
uted homogeneously throughout the 
package contents, and do not form a 
lattice arrangement within the pack- 
age; 

te) A package containing any fissile 
material if it does not contain more 
than 5 grams of fissile radionuclides in 
any lo-liter volume, and if the materi- 
al is packaged so as to maintain this 
limit of fissile radionuclide concentra- 
tion during normal transport; 

(f) A package containing not more 
than one kilogram of plutonium of 
which not more than 20% by mass 
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may consist of plutonium-239, plutoni- 
um-241, or any combination of those 
radionuclides; 

(g) A package containing liquid solu- 
tions of many1 nitrate enriched in ura- 
nium-235 to a maximum of 2% by 
weight, with total plutonium and ura- 
nium-233 not more than 0.1% of the 
mass of uranium-235; or 

(hl A package containing thorium or 
uranium with not more than 0.72% by 
weight of fissile material used for 
shipment solely within the United 
States. 
[Amdt. 1’73-162, 48 FR 10226, Mar. 10, 1983, 
as amended at 48 FR 31219. July 7.19831 

0 173.455 Classification of fissile materials 
packages. 

tal Except as provided in 0 173.453, 
each package of fissile materials shall 
be classified as follows: 

(1) Fissile Class I. Packages that 
may be transported in unlimited 
number, and in any arrangement, and 
that require no nuclear criticality 
safety controls during transportation. 
A transport index is not assigned to 
Fissile Class I packages for the pur- 
poses of nuclear criticality safety con- 
trol, although, the external radiation 
levels may require a transport index 
number. 

(2) Fissile Class II. Packages that 
may be transported together in any ar- 
rangement but in numbers that do not 
exceed an aggregate transport index 
of 50. For the purposes of nuclear 
criticality safety control, individual 
packages may have a transport index 
of not less than 0.1 and not more than 
10. However, the external radiation 
levels may require a higher transport 
index number. These shipments re- 
quire no nuclear criticality safety con- 
trol by the shipper during transporta- 
tion. 

(3) Fissile Class IIL Shipments of 
packages of fissile materials that do 
not meet the requirements of Fissile 
Class I or Fissile Class II and that are 
controlled in transportation as pre- 
scribed in p 173.457 by appropriate ar- 
rangements between the shipper and 
the carrier. 

(b) The numerical values for pack- 
age assignments as Fissile Class I, the 
transport indexes for Fissile Class II 
Packages, and the conveyance and ve- 

hicle limitations for Fissile Class III 
shipments shall be determined in ac- 
cordance with 10 CFR, part 71. 
CAmdt. 1’73-162, 48 FR 10226. Mar. 10. 1983, 
a..~ amended at 48 FR 31219, July 7.19831 

0 173.457 Transportation of Fissile Class 
III shipments-specific: requirements. 

(a) Fissile Class III shipments shall 
incorporate transportation controls 
which are performed by the shipper or 
carrier, as appropriate, and which: 

(1) Provide nuclear criticality safety: 
(21 Protect against loading, storing, 

or transporting that shipment with 
any other fissile material; and 

(3) Include in the shipping papers 
the description required by 
8 172.203(d) of this subchapter. 

(b) Fissile Class III shipments shall 
be transported: 

(1) In a conveyance (transport vehi- 
cle if transported by public highway or 
rail) assigned to the exclusive use of 
the shipper with a specific restriction 
for the exclusive use to be provided in 
the appropriate arrangements between 
shipper and carrier and with instruc- 
tions to that effect issued with the 
shipping papers; 

(2) Except for shipments by aircraft, 
with an escort in a vehicle having the 
capability, equipment, authority, and 
instructions to provide administrative 
controls necessary to assure compli- 
ance with this section; 

(3) In a conveyance (transport vehi- 
cle if transported by public highway or 
rail) containing no other packages of 
radioactive material that are required 
to bear one of the labels prescribed in 
0 172.403 of this subchapter. Specific 
arrangements must be made between 
the shipper and the carrier, with in- 
structions to that effect issued with 
the shipping papers; or 

(4) Under any other procedure spe- 
cifically authorized by the Associate 
Administrator for Hazardous Materi- 
als Safety in accordance with part 107 
of this subchapter. 
(The information collection requirements 
contained in paragraph (b) were approved 
by the Office of Management and Budget 
under control number 2137-0535) 
CAmdt. 173-162, 48 FR 10226, Mar. 10, 1983. 
as amended at 48 FR 31219, July 7, 1983. 
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and amended by Amdt. 173-224, 56 FR 
66279, Dec. 20, 19911 

9 173.459 Mixing of fissile material pack- 
ages. 

Shipments of fissile materials pack- 
ages and the commingling of fissile 
materials packages with other radioac- 
tive materials packages shall be in ac- 
cordance with the provisions of this 
section. 

(a) Mixing of fissile material pack- 
ages wit.h other types of radioactive 
materials, including Fissile Class 1 
with Fissile Class II packages is au- 
thorized if the total transport index in 
any conveyance (transport vehicle if 
transported by public highway cr rail) 
or storage location does not exceed 50. 

(b> For Fissile Class II packages 
shipped under the exclusive use provi- 
sions of p 173.441(b), the transport 
index number which is calculated for 
nuclear criticality control purposes 
shall not exceed 10 for any single 
package nor a total of 50 for the con- 
veyance (transport vehicle if trans- 
ported by public highway or rail). 

(c) Fissile Class II packages may be 
shipped with an external radiation 
level greater than 10 millirem per 
hour at 1 meter (3.3 feet), and com- 
bined with other packages of the same 
or different designs in a Fissile Class 
III shipment, under the conditions 
prescribed in 0 173.457, if: 

(1) Each package in the shipment 
has been assigned a transport index 
for criticality control purposes in ac- 
cordance with the Fissile Class II cri- 
teria; 

(2) The transport index which has 
been assigned in the package approval 
for nuclear criticality control purposes 
does not exceed 10 for any single pack- 
age; 

(3) The total transport index for nu- 
clear criticality control purposes does 
not exceed 100 for all packages in the 
shipment; 

(4) The shipment complies with 
8 173.441(b); and 

(5) The shipment is not transported 
by vessel. 

(d) A Fissile Class III shipment of 
packages may be combined with other 
packages of the same or different 
design when each package has been as- 
signed a transport index for nuclear 

49 CFR Ch. I (12-31-91 Edition) 

criticality control purposes in accord- 
ance with Fissile Class II criteria, and 
may be combined with Fissile Class II 
packages into a Fissile Class III ship- 
ment under tke conditions prescribed 
in 3 173.457, if: 

(1) The transport index which has 
been assigned in the package approval 
for nuclear criticality control purposes 
does not exceed 50 for any single pack- 
age; 

(2) The total transport index for nu- 
clear criticality control purposes for 
all packages in the shipment does not 
exceed 100; 

(3) The shipment satisfies the provi- 
sions of fi 173.441(b) if any package 
has a radiation level exceeding 10 mil- 
lirem per hour at 1 meter (3.3 feet) 
from any accessible external surface 
of the package; and 

(4) The shipment is not transported 
by vessel. 
IAmdt. 173-162, 48 FR 10226, Mar. 10. 1983. 
as amended at 48 FR 31219, July 7,19831 

§ 173.461 Demonstration of compliance 
with tests. 

(a) Compliance with the test require- 
ments in $0 173.463 through 173.469 
shall be shown by any of the methods 
prescribed in this paragraph, or by a 
combination of these methods appro- 
priate for the particular feature being 
evaluated: 

(11 By performance of tests with 
prototypes or samples of the packag- 
ing or special form material as normal- 
ly presented for transportation, in 
which case the contents of the packag- 
ing for the test shall simulate as close- 
ly as practicable the expected normal 
radioactive contents. The use of non- 
radioactive substitute contents is en- 
couraged provided that the results of 
the testing take into account the ra- 
dioactive characteristics of the con- 
tents for which it is being tested; 

(2) By reference to a previous, satis- 
factory demonstration of compliance 
of a sufficiently similar nature; 

(3) By performance of tests with 
models of appropriate scale incorpo- 
rating those features that are signifi- 
cant with respect to the item under in- 
vestigation, when engineering experi- 
ence has shown results of those tests 
to be suitable for design purposes. 
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model is used, the need 
for adjusting certain test parameters, 
such as the penetrator diameter or the 
compressive load, must be taken into 
account; or 

(4) By engineering evaluation or 
comparative data. 

(b) W ith respect to the initial condi- 
tions for the tests under $0 173.463 
through 173.469, except for the water 
immersion tests, compliance shall be 
based upon the assumption that the 
package is in equilibrium  at an ambi- 
ent temperature of 38°C (100°F). 
[Am&. 173-162, 48 FR 10226. Mar. 10, 1983, 
as amended at 48 FR 31219, July 7. 19831 

9 173.462 Preparation of specimens for 
testing. 

(a) Each specimen (i.e., sample, pro- 
totype or scale model) shall be exam- 
ined before testing to identify and 
record faults or damage, including: 

(1) Divergence from  the specifica- 
tions or drawings; 

(2) Defects in construction; 
(3) Corrosion or other deterioration; 

and 
(4) Distortion of features. 
(b) Any deviation found under para- 

graph (a) of this section from  the 
specified design shall be corrected or 
suitably taken into account in the sub- 
sequent evaluation. 

tc) The containment system of the 
Packaging shall be clearly specified. 

(d) The external features of the 
specimen shall be clearly identified so 
that reference may be made to any 
Part of it. 

5 173.463 Packaging and shielding-test- 
ing for integrity. 

After each of the applicable tests 
specified in $0 173.465 and 113.466, the 
integrity of the packaging, or of the 
Packaging and its shielding, shall be 
retained to the extent required by 
5 173.412(m ) for the packaging being 
tested. 

$173.465 Type A packaging tests. 
(a) The proposed packaging with 

P roposed contents must be capable of 
withstanding the tests prescribed in 
this section. One prototype may be 
used for all tests if the requirements 
Of Paragraph (b) of this section are 
comPlied with. 

(b) Water spray test. The water 
spray test must precede each test or 
test sequence prescribed in this sec- 
tion. The water spray test shall simu- 
late exposure to rainfall of approxi- 
mately 5 centimeters (2 inches) per 
hour for at least one hour. The time 
interval between the end of the water 
spray test and the beginning of the 
next test shall be such that the water 
has soaked-in to the maximum extent 
without appreciable drying of the ex- 
terior of the specimen. In the absence 
of evidence to the contrary, this inter- 
val may be assumed to be two hours if 
the water spray is applied from  four 
different directions simultaneously. 
However, no time interval may elapse 
if the water spray is applied from  each 
of the four directions consecutively. 

(c) Free drop test. The free drop test 
consists of a fall onto the target in a 
manner that causes maximum damage 
to the safety features being tested, 
and: 

(1) For packages weighing 5,000 kilo- 
grams  (11,000) pounds) or less, the dis- 
tance of the fall measured from  the 
lowest point of the packaging to the 
upper surface of the target shall not 
be less than 1.2 meters (4 feet). 

(2) For packages weighing more 
than 5,000 kilograms  (11,000 pounds), 
the distance of the fall shall not be 
less than the distance specified in 
Table 11, for the applicable packaging 
weight: 

TABLE 11 -FREE-FALL DISTANCE FOR PACKAG- 
INGS WEIGHING MORE THAN 5,000 KILO- 
GRAMS 

(3) For Fissile Class II packagings, 
the free drop specified in subpara- 
graph ( 1) or (2 > of this paragraph shall 
be preceded by a free drop from  a 
height of .3 meter (1 foot) on each 
corner. For cylindrical packagings, the 
.3 meter (1 foot) drop shall be onto 
each of the quarters of each rim . 
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(4) For fiberboard or wood rectangu- 
lar packages not exceeding 50 kilo- 
grams  (110 pounds) in weight, a sepa- 
rate specimen of the proposed packag- 
ing shall be subjected to a free drop 
onto each corner from  a height of .3 
meter (1 foot). 

(5) For fiberboard cylindrical pack- 
ages weighing not more than 100 kilo- 
grams  (220 pounds) a separate speci- 
men of the proposed packaging shall 
be subjected to a free drop onto each 
of the quarters of each rim  from  a 
height of .3 meter (1 foot). 

(6) The target shall have a flat, hori- 
zontal surface of such mass and rigidi- 
ty that any increase in its resistance to 
displacement or deformation upon 
impact by the specimen would not sig- 
nificantly increase the damage to the 
specimen. 

(d) Compression test. The compres- 
sion test shall last for a period of at 
least 24 hours and consists of a com- 
pressive load equivalent to the greater 
of the following: 

(1) Five times the weight of the 
actual package; or 

(2) 1300 kilograms  per square meter 
(265 pounds per square foot) multi- 
plied by the vertically projected area 
of the package. The compressive load 
shall be applied uniform ly to two op- 
posite sides of the packaging speci- 
men, one of which must be the base on 
which the Package would normally 
stand. 

(e) Penetration test For the penetra- 
tion t.est the packaging specimen shall 
be placed on a rigid, flat, horizontal 
surface that will not move while the 
test is being performed. The test shall 
consist of: 

(11 A  bar of 3.2 centimeters (1.25 
inches) in diameter with a hemispheri- 
cal end, weighing 6 kilograms  (13.2 
pounds) being dropped with its longi- 
tudinal axis vertical, onto the center 
of the weakest part of the packaging 
specimen, so that, if it penetrates far 
enough, it will hit the containment 
system. The bar must not be deformed 
by the test; and 

(2) The distance of the fall of the 
bar measured from  its lower end to 
the upper surface of the packaging 
specimen shall not be less than 1 
meter (3.3 feet). 
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CAmdt. 173-162. 48 FR 10226, Mar. 10, 1983, 
as amended at 48 FR 31219, July 7, 1983; 
Amdt. 173-16, 48 FR 50461. Nov. 1. 1983; 
Amdt. 1’73-196, 51 FR 5973, Feb. 18, 1986; 
Amdt. 1’73-224, 56 F’R 66279, Dec. 20. 19911 

§ 173.466 Additional tests for Type A 
packagings designed for liquids and 
gases. 

(a) In addition to the tests pre- 
scribed in 0 173.465, Type A  packag- 
ings designed for liquids and gases 
shall be capable of withstanding the 
following tests: 

(1) Free drop test. The packaging 
specimen shall fall onto the target in a 
manner which will cause it to suffer 
the maximum damage to its contain- 
ment. The distance of the fall meas- 
ured from  the lowest part of the pack- 
aging specimen to the upper surface of 
the target shall be not less than 9 
meters (30 feet). 

(2) Penetration test, The specimen 
must be subjected to the test specified 
in Q 173.465(e) except that the dis- 
tance of the fall shall be 1.7 meters 
(5.5 feet). 

8 173.467 Tests for demonstrating the abil- 
ity of Type B and fissile radioactive 
materials packagings to withstand acci- 
dent conditions in transportation. 

Each Type B  packaging or packaging 
for fissile material shall meet the test 
requirements prescribed in 10 CFB 
part 71 for ability to withstand acci- 
dent conditions in transportation. 

0 173.469 Tests for special form radioac- 
tive materials. 

(a) Special form  radioactive materi- 
als must meet the test requirements of 
paragraph (b) of this section. Each 
solid radioactive material or capsule 
specimen to be tested shall be manu- 
factured or fabricated so that it is rep- 
resentative of the actual solid material 
or capsule which will be transported 
with the proposed radioactive content 
duplicated as closely as practicable. 
Any differences between the material 
to be transported and the test materi- 
al such as the use of non-radioactive 
contents shall be taken into account. 
In addition: 

(1) A  different specimen may be 
used for each of the tests; 
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(2) The specimen must not break or 
shatter when subjected to the impact, 
percussion, or bending tests; 

(3) The specimen must not melt or 
disperse when subjected to the heat 
test; and 

(4) After each test, leaktightness or 
indispersibility of the specimen shall 
be determined by a method no less 
sensitive than the leaching assessment 
prescribed in paragraph (cl of this sec- 
tion. For a capsule resistant to corro- 
sion by water, and which has an inter- 
nal void volume greater than 0.1 milli- 
liters, an alternative to the leaching 
assessment is a demonstration of leak- 
tightness of 10T4 torr-l/s (1.3x 10e4 
atm-cm3/s) based on air at 25°C (‘77°F) 
and one atmosphere differential pres- 
sure for solid radioactive content, or 
10-G torr-l/s (1.3x 10e6 atm-cm3/s) for 
liquid or gaseous radioactive content. 

(b) Test methods. (1) Impact Test. 
The specimen must fall onto the 
target from a height of not less than 9 
meter (30 feet>. The target must be as 
specified in 0 1?‘3.465tc)(6); 

(2) Percussion Test. (i) The specimen 
shall be placed on a sheet of lead that 
is supported by a smooth solid surface, 
and be struck by the flat face of a 
steel billet so as to produce an impact 
equivalent to that resulting from a 
free fall of 1.4 kilograms (3 pounds) 
through 1 meter (3.3 feet); 

(ii) The flat face of the billet shall 
be 25 millimeters (1 inch) in diameter 
with the edges rounded off to a radius 
of 3 millimeters -+0.3 millimeters c.12 
inch 2.012 inch); 

(iii) The lead shall be of a hardness 
within 3.5 to 4.5 on the Vickers scale, 
and not more than 25 millimeters (1 
inch) thick, and shall cover an area 
greater than that covered by the speci- 
men; 

(iv) A fresh surface of lead shall be 
used for each impact; and 

(v) The billet must strike the speci- 
men in a manner that causes maxi- 
mum damage. 

(3) Bending test. W  This test applies 
only to long, slender sources with a 
length of 10 centimeters (4 inches) or 
more and with a length at least 10 
times the minimum width; 

(ii) The specimen must be securely 
clamped in a horizontal position so 

that one half of its length protrudes 
from the face of the clamp; 

(iii) The position of the specimen 
must be such that it will suffer maxi- 
mum damage when its free end is 
struck by the flat face of a steel billet: 

(iv) The billet must strike the speci- 
men in a manner that produces an 
impact equivalent to that resulting 
from a free vertical fall of 1.4 kilo- 
grams (3 pounds) through 1 meter (3.3 
feet); and 

tv) The flat face of the billet must 
be 25 millimeters (1 inch) in diameter 
with the edges rounded off to a radius 
of 3 millimeters +0.3 millimeters (.12 
inch k.012 inch). 

(4) Heat test. The specimen shall be 
heated in air t.o a temperature of not 
less than 800°C (14’72°F). heid at that 
temperature for a pericd of 10 min- 
utes, and then allowed to cool. 

(c) Leaching assessment methods. (11 
For indispersible solid material-(i) 
The specimen shall be immersed for 
seven days in water at ambient tem- 
perature. The water must have a pH 
of 6-8 and a maximum conductivity of 
10 micromho per centimeter at 20°C 
(68°F); 

(ii) The water and specimen shall 
then be heated to a temperature of 
5O”C+5” (122”Fr+9”) and maintained at 
this temperature for four hours; 

(iii) The activity of the water shall 
then be determined: 

(iv, The specimen shall then be 
stored for at least seven days in still 
air with humidity not less than 90 per- 
cent at 30°C (86°F); 

(v) The specimen shall then be im- 
mersed in water with the same pH and 
maximum conductivity specifications 
as in subparagraph (l)(i) of this para- 
graph. The water and specimen must 
be heated to 5O”C+5” (122”F+9”) and 
maintained at that temperature for 
four hours; 

(vi) The activity of the water shall 
then be determined. The activities de- 
termined in subparagraph (1Mii) and 
this subparagraph shall not exceed 
0.05 microcuries. 

(2 1 For encapsulated material-(i) 
The specimen shall be immersed in 
water at ambient temperature. The 
water must have a pH of 6-8 and a 
maximum conductivity of 10 micro- 
mho per centimeter. The water and 
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specimen shall be heated to a tempera- 
ture of 5O”C&5” (122”F+9”) and main- 
tained at this temperature for four 
hours; 

(ii) The activity of the water shall 
then be determined; 

(iii) The specimen shall then be 
stored for at least seven days in still 
air at a temperature not less than 30°C 
(86°F); 

(iv) Step (i) shall be repeated; and 
(v) The activity of the water shall be 

determined. The activities determined 
in paragraph tcX2Xii) and this para- 
graph (c)(2)(v) shall not exceed 0.05 
microcuries. 
CAmdt. 1’73-162, 48 FR 10226, Mar. 10, 1983, 
as amended at 48 FR 31219, July 7, 19831 

§ 173.471 Requirements for U.S. Nuclear 
Regulatory Commission approved 
packages. 

In addition to the applicable require- 
ments of the U.S. Nuclear Regulatory 
Commission (USNRC!) and parts 171- 
177 of this subchapter, any shipper of 
a Type B, Type B(U), Type B(M), or 
fissile material package that has been 
approved by the USNRC in accord- 
ance with 10 CFR part 71 shall also 
comply with the following require- 
ments: 

(a) The shipper shall be registered 
with the USNRC as a party to the ap- 
proval, and the shipment must be 
made in compliance with the terms of 
the approval; 

(b) The outside of each package 
shall be durably and legibly marked 
with the package identification mark- 
ing indicated in the USNRC approval; 

tc) Each shipping paper related to 
the shipment of the package shall 
bear the package identification mark- 
ing indicated in the USNRC approval; 

(d) Before the first export shipment 
of the package, the shipper shall 
obtain a U.S. Competent Authority 
Certificate for that package design or 
if one has already been issued, the 
shipper shall register with the U.S. 
Competent Authority as a user of the 
certificate. Upon registration as a user 
of the certificate the shipper will be 
furnished with a copy of it. The ship- 
per shall then submit a copy of the 
U.S. Competent Authority Certificate 
applying to that package design to the 
national competent authority of each 

49 CFR Ch. I (12-31-91 Edition) 

country into or through which the 
package will be transported, unless a 
copy has already been furnished; 

(e) [Reserved] 
(f) Each request for a U.S. Compe- 

tent Authority Certificate as required 
by the IAEA regulations shall be sub- 
mitted in writing to the address set 
forth in paragraph (e) of this section. 
The request shall be in duplicate and 
include copies of the applicable 
USNRC approval and a reproducible 
drawing showing the make-up of the 
package. Each request is considered in 
the order in which it is received. To 
allow sufficient consideration by the 
Associate Administrator for Hazardous 
Materials Safety, requests should be 
received at least 45 days before the re- 
quested effective date; and 

(gl Import and export shipments 
may be made in accordance with 
p 171.12 of this subchapter. 
(The information collection requirements 
contained in paragraph (a) were approved 
by the Office of Management and Budget 
under control number 2137-0512. The infor- 
mation collection requirements contained in 
paragraph Cd) were approved under control 
number 2137-0515.) 
CAmdt. 173-162, 48 FR 10226. Mar. 10, 1983, 
as amended at 48 FR 31219, July 7, 1983; 
Amdt. 173-224, 55 F’R 52670. Dec. 21. 1990; 
56 FR 66279, Dec. 20, 19911 

8 173.472 Requirements for exporting DOT 
Specification Type B and fissile pack- 
ages. 

(a> Any shipper who exports a DOT 
Specification Type B or fissile materi- 
al package authorized by Q 173.416 or 
0 173.417 shall comply with para- 
graphs (b) through (f) of this section. 

(b) The shipper shall register with 
the U.S. Competent Authority as a 
user of the appropriate U.S. Compe- 
tent Authority Certificate and the 
shipment shall be made in accordance 
with the certificate; 

tc) The outside of each package 
must be durably and legibly marked 
with the package identification mark- 
ing indicated in the U.S. Competent 
Authority Certificate; 

(d) Each shipping paper related to 
the shipment of the package must 
bear the package identification mark- 
ing indicated in the U.S. Competent 
Authority Certificate; 
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(e) Before the first export shipment 
of the package, the shipper must 
submit a  copy of the U.S. Competent 
Authority Certificate applying to that 
package design to the national compe- 
tent authority of each country into or 
through which the package will be 
transported, unless a  copy has already 
been furnished; and 

(f) Import and export shipments 
may  be made in accordance with 
8  171.12 of this subchapter. 
(The information collection requirements 
contained in paragraphs (b) and (e) were ap- 
proved by the Office of Management  and 
Budget under control number 2137-0515) 

8 173.473 Requirements for foreign-made 
packages. 

In addit ion to other applicable re- 
quirements of this subchapter, each 
shipper of a  foreign-made Type B, 
Type B(U), Type B(M), or fissile mate- 
rial package for which a  competent au- 
thority certificate is required by the 
IAEA “Regulat ions for the Safe 
Transport of Radioactive Materials, 
Safety Series No. 6,” shall also comply 
with the following requirements: 

(al Prior to the first shipment of 
such a  package of radioactive materi- 
als into or from the U.S., the shipper 
shall: 

(1) Have the foreign competent au- 
thority certificate revalidated by the 
U.S. Competent Authority, unless this 
has been done previously. The request 
must be in duplicate and contain all 
the information required by Section 
VIII of the IAEA regulations. Each re- 
quest is considered in the order in 
which it is received. To allow suffi- 
cient consideration by the Associate 
Administrator for Hazardous Materi- 
als Safety, requests should be received 
at least 45 days before the requested 
effective date. 

(2) Submit a  copy in English of the 
foreign competent authority certifi- 
cate with the request for revalidation; 

(3) Register its identity in writing 
with the U.S. Competent Authority as 
a  user of the package covered by the 
foreign competent authority certifi- 
cate and its revalidation. If the ship- 
per is requesting the revalidation, this 
Is automatically done by the Associate 
Adnm&trator for Hazardous Materi- 
als Safety; and 

(4) Supply to the carrier, upon re- 
quest, the applicable competent au- 
thority certificates. However, the com- 
petent authority certificates are not 
required to accompany the packages 
to which they apply. 

(bl The outside of each package 
shall be durably and legibly marked 
with the same competent authority 
identification marking indicated on 
the competent authority certificate 
and revalidation; 

(cl Each shipping paper for a  ship- 
ment of radioactive materials shall 
bear a  notation of the package identi- 
fication marking indicated on the com- 
petent authority certificate or revali- 
dation; 

(d) All requirements of the foreign 
competent authority certificate and 
the U.S. Competent Authority revali- 
dation shall be fulfilled; and 

(e) Import and export shipments 
may  be made in accordance with 
p  17 1.12 of this subchapter. 
(The information collection requirements 
contained in paragraph (a) were approved 
by the Office of Management  and Budget 
under control number 213’7-051’7) 
[Amdt. 173-162, 48 F’R 10226, Mar. 10, 1983. 
as amended at 48 ??R 31219. July 7, 1983; 
Amdt. 173-224, 55 FR 52670, Dec. 21, 1990; 
56 F’R 66279, Dec. 20, 19911 

§ 173.474 Quality control for construction 
of packaging. 

(a> Prior to the first use of any pack- 
aging for the shipment of radioactive 
material, the shipper shall determine, 
that: 

(1) The packaging meets the quality 
of design and construction require- 
ments as specif ied in this subchapter; 
and 

(2) The effectiveness of the shield- 
ing, containment, and, when required, 
the heat transfer characteristics of the 
package; are within the lim its speci- 
fied for the package design. 

(bl [Reserved] 

§ 173.475 Quality control requirements 
prior to each shipment of radioactive 
materials. 

Before each shipment of any radio- 
active materials package, the shipper 
shall ensure by examinat ion or appro- 
priate tests, that: 

591 



$ 173.476 

(a) The packaging is proper for the 
contents to be shipped: 

(b) The packaging is in unimpaired 
physical condition, except for superfi- 
cial marks; 

(c) Each closure device of the pack- 
aging. including any required gasket, 
is properly installed, secured, and free 
of defects; 

(di For fissile material, each modera- 
tor and neutron absorber, if required, 
is present and in proper condition; 

te) Each special instruction for fill- 
ing, closing, and preparation of the 
packaging for shipment has been fol- 
lowed; 

(f) Each closure, valve, or other 
opening of the containment system 
through which the radioactive content 
might escape is properly closed and 
sealed; 

(gl Each packaging containing liquid 
in excess of an AZ quantity and intend- 
ed for air shipment has been tested to 
show that it will not leak under an am- 
bient atmospheric pressure of not 
more than 0.25 atmosphere, absolute, 
(0.25 kilograms per square centimeter 
or 3.6 psial. The test must be conduct- 
ed on the entire containment system, 
or on any receptacle or vessel within 
the containment system, to determine 
compliance with this requirement; 

(hl The internal pressure of the con- 
tainment system will not exceed the 
design pressure during transportation; 
and 

(il External radiation and contami- 
nation levels are within the allowable 
limits specified in this subchapter. 
CAmdt. 173-162, 48 FR 10226. Mar. 10, 1983, 
as amended at 48 FR 31219, July ‘7, 19831 

0 173.476 Approval of special form radio- 
active materials. 

(a) Each shipper of special form ra- 
dioactive materials shall maintain on 
file for at least one year after the 
latest shipment, and provide to the 
RSPA on request, a complete safety 
analysis, including documentation of 
any tests, demonstrating that the spe- 
cial form material meets the require- 
ments of Q 173.469. An IAEA Certifi- 
cate of Competent Authority issued 
for the special form material may be 
used to satisfy this requirement. 

(bl Prior to the first export ship- 
ment of a special form radioactive ma- 
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terial from the United States, each 
shipper shall obtain a Competent Au- 
thority Certificate for the specific ma- 
terial. For special form material manu- 
factured outside the United States an 
IAEA Certificate of Component Au- 
thority from the country of origin 
may be used to meet this requirement. 
For special form materials manufac- 
tured in the United States each ship- 
per shall obtain a U.S. Competent Au- 
thority Certificate for the specific ma- 
terial. Each petition for a U.S. Compe- 
tent Authority Certificate shall be 
submitted ’ accordance ’ 
Q 173.471(e) a$ must include thewiAp 
lowing information: 

(11 A detailed description of the ma- 
terial or if a capsule, a detailed de- 
scription of the contents. Particular 
reference must be made to both physi- 
cal and chemical states; 

(2) If a capsule is to be used, a de- 
tailed statement of its design and di- 
mensions, including complete engi- 
neering drawings and schedules of ma- 
terial, and methods of construction; 
and 

(3) A statement of the tests that 
have been made and their results; evi- 
dence based on calculative methods to 
show that the material is able to pass 
the tests; or other evidence that the 
special form radioactive material com- 
plies with 5 173.469. 

(c) Paragraphs (a) and (b) of this 
section do not apply in those cases 
where A, equals Al and the material is 
not described on the shipping papers 
as “Radioactive Material, Special 
Form, n.o.s.” 
(The information collection requirements 
contained in paragraph (a) were approved 
by the Office of Management and Budget 
under control number 2137-0516. The infor- 
mation collection requirements contained in 
paragraph (b) were approved under control 
number 2137-0518) 
IAmdt. 173-162, 48 FR 10226. Mar. 10, 1983, 
as amended at 48 FR 31219, July 7, 19831 

§ 173.477 Approval for export shipments. 
(a) Each export shipment of a pack- 

age for which an IAEA certificate Of 
competent authority has been issued 
or revalidated in accordance with 
$0 173.471, 173.472, or 173.473 shall 
have multilateral approval, if the ship- 
ment includes: 
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(1) A vented Type B(M) package; 
(2) A Type B(M) packaging contain- 

ing radioactive materials with an activ- 
ity greater than 3~10~ A1, or 3x lo3 AZ, 
as appropriate, or 3 x lo4 curies, which- 
ever is less; 

(3) A Fissile Class III shipment; or 
(4) Transportation by special ar- 

rangement. 
(b) Each application for shipment 

approval shall contain: 
(1) The period of time for which the 

approval is sought; 
(2) A description of the contents, the 

expected modes of transportation, the 
type of conveyance to be used, and the 
proposed route; and 

(3) An explanation of how the spe- 
cial precautions and special adminis- 
trative and operational controls re- 
ferred to in the package design certifi- 
cates are to be put into effect. 

tc) The packaging and shipment ap- 
provals may be combined into a single 
approval issued in accordance with 
$8 173.471, 173.472 or 173.473. 

(d) Approval by competent authori- 
ties is not required for packagings de- 
signed for materials covered by 
$4 173.421 through 173.427 nor for 
Type A packagings designed for non- 
fissile radioactive materials. 
(The information collection requirements 
contained in paragraph (b) were approved 
by the Office of Management and Budget 
under control number 2137-0532) 
Mm&. 173-162. 48 FR 10226, Mar. 10. 1983, 
as amended at 48 F’R 31220, July 7, 19831 

9 173.478 Notification to competent au- 
thorities for export shipments. 

(a) Before the first export shipment 
of any packaging with contents ex- 
ceeding A, or A*, the shipper shall 
ensure that copies of each applicable 
competent authority certificate issued 
in accordance with 9 173.471, 0 173.472, 
Or § 173.473 have been submitted to 
the competent authority of each coun- 
trY through which or into which it is 
to be transported. The shipper is not 
required to await an acknowledgment 
from the competent authority prior to 
ShiPPing the radioactive material nor 
is the competent authority requirkd to 
ackWWledge receipt of the certificate. 

(b) For each of the shipments de- 
scribed in this paragraph, the shipper 
‘hall notify the competent authority 

of each country through which or into 
which the shipment is to be transport- 
ed. This notification must be received 
by each competent authority at least 
15 days before the shipment starts for 
the following: 

( 1) Type B(U) packagings containing 
radioactive materials with an activity 
greater than 3x lo3 A,, 3x lo3 A*, as 
appropriate, or 3 x lo4 curies, whichev- 
er is the least; 

(2) Type B(M) packages; 
(3) Fissile Class III shipments under 

Section VIII of the IAEA “Regulations 
for the Safe Transport of Radioactive 
Materials, Safety Series No. 6, 1973 
Revised Edition (as amended)“; or 

(4) Transportation by special ar- 
rangements. 

(c) The shipper notification must in- 
clude: 

(1) Sufficient information to enable 
the packaging to be identified, includ- 
ing all applicable certificate numbers 
and identification marks; and 

(2) Information as to the date of 
shipment, the expected date of arrival, 
and the proposed routing. 

(d) The shipper is not required to 
send a separate notification if the re- 
quired information has been included 
in the application for shipment ap- 
proval. 
(The information collection requirements 
contained in paragraph (a) were approved 
by the Office of Management and Budget 
under control number 2137-0515. The infor- 
mation collection requirements contained in 
paragraphs (b) and (c) were approved under 
control number 2137-0532) 
CAmdt. 173-162, 48 FR, 10226, Mar. 10, 1983, 
as amended at 48 J?R 31220, July 7,19831 

Subparts J-O-[Reserved] 

APPENDIX A TOPART~W-METHODOF 
TESTINGCORROSIONTOSKIN 

1. Corrosion to the skin is measured by 
patch-test technique on the intact skin of 
the albino rabbit, clipped free of hair. A 
minimum of six subjects are to be used in 
this test. 

2. Introduce under a square cloth patch, 
such as surgical gauze measuring not less 
than 1 inch by 1 inch and two single layers 
thick, 0.5 milliliter (in the case of liquids) or 
0.5 gram (in the case of solids and semiso- 
lids) of the substance to be tested. 

593 



Pt. 173, App. 6 

3. Immobilize the animals with patches se- 
cured in place by adhesive tape. 

4. Wrap the entire trunk of each animal 
with an impervious material, such as rub- 
berized cloth, for the 4 hour period of expo- 
sure. This material is to aid in maintaining 
the test patches in position and retards the 
evaporation of volatile substances. It is not 
applied for the purpose of occlusion. 

5. After 4 hours of exposure, the patches 
are to be removed and the resulting reac- 
tions are to be evaluated for corrosion. 

6. Following this initial reading, all test 
sites are washed with an appropriate solvent 
to prevent further exposure. 

7. Readings are again to be made at least 
at the end of a total of 48 hours (44 hours 
after the first reading). 

8. Corrosion will be considered to have re- 
sulted if the substances in contact with the 
rabbit skin have caused destruction or irre- 
versible alteration of the tissue on at least 
two out of each six rabbits tested. Tissue de- 
struction is considered to have occurred if, 
at any of the readings, there is ulceration or 
necrosis. Tissue destruction does not include 
merely sloughing of the epidermis, or ery- 
thema, edema, or fissuring. 
CAmdt. 173-94, 41 FR 16092, Apr. 15, 1976, 
as amended by Amdt. 173-94A, 41 FR 40684, 
Sept. 20, 1976; Amdt. 173-94B, 41 FR 57070. 
Dec. 30, 1976; Amdt. 173-149, 46 FR 49906, 
Oct. 8. 19811 

APPENDIX B TO PART I%%-PROCEDURE 
FOR TESTING CHEMICAL COMPATIBIL- 
ITY AND RATE OF PERMEATION IN 
PLASTIC PACKAGING AND RECEPTA- 
CLES 

1. The purpose of this procedure is to de- 
termine the chemical compatibility and per- 
meability of liquid hazardous materials 
packaged in plastic packaging and recepta- 
cles. Alternatives for this procedure are per- 
mitted as specified in 0 173.24teX3Kiii) of 
this subchapter. 

2. Compatibility and rate of permeation 
are determined by subjecting full size plas- 
tic containers (or smaller containers as per- 
mitted in paragraph 4 of this Appendix) and 
hazardous material lading to one of the fol- 
lowing combinations of time and tempera- 
ture: 

a. Test Method 1: 180 days at a tempera- 
ture no lower than 18°C. (64-F.) 

b. Test Method 2: 28 days at a tempera- 
ture no lower than 50°C. (122°F.) 

c. Test Method 3: 14 days at a tempera- 
ture no lower than 6O’C. (140°F.) 

3. Regardless of which test method is 
used, at least three sample containers shall 
be tested for each combination of hazardous 
material and size and design of container. 
Fill containers to rated capacity with the 
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specific hazardous material (at the concen- 
tration to be transported) and close as for 
shipment. For the first and last 24 hours of 
storage under the selected test method, 
place the containers with closures down- 
ward, except that containers fitted with a 
vent are so placed on each occasion for five 
minutes only. 

4. For testing under Test Method 2 or 3 in 
those instances where it is not practicable to 
use full size containers, smaller containers 
may be used. The small container shall be 
manufactured by the same process as the 
larger container (for example, using the 
same method of molding and processing 
temperatures) and be made of identical 
resins, pigments and additives. 

5. Determine filled container weight or 
net weight of contents both before and after 
storage under the selected test method. 
Rate of permeation is determined from loss 
of hazardous materials contents, during the 
conduct of the test, expressed as a percent- 
age of the original weight. 

6. After storage under the selected test 
method, the container shall be drained, 
rinsed, filled to rated capacity with water 
and, with filled container at ambient tem- 
perature, dropped from a height determined 
in accordance with I 178.603(d) of this sub- 
chapter onto a rigid non-resilient, flat and 
horizontal surface. 

7. Each of the following constitute test 
failure: 

a. Visible evidence of permanent deforma- 
tion due to vapor pressure build-up or col- 
lapse of walls, deterioration, swelling, craz- 
ing, cracking, excessive corrosion, oxidiza- 
tion, embrittlement, leakage, rupture or 
other defects likely to cause premature faii- 
ure or a hazardous condition. 

b. For materials meeting the definition of 
a poison according to this subchapter, a rate 
of permeation in excess of 0.5% determined 
over the test period. For all other hazardous 
materials, a rate of permeation in excess of 
2.0% determined over the test period. 
(49 U.S.C. 1803, 1804. 1808; 49 CFR 1.53, 
App. A to Part 1) 
CAmat. 173-176, 49 FR 24691, June 14, 1984, 
as amended by Amdt. 173-224, 55 FR 52670 
Dec. 21, 1990; 56 FR 66279, Dec. 20, 19911 

APPENDIXCTOPART~~Q-PROCEDURE 
FORBASE-LEVELVIBRATIONTESTING 

Base-level vibration testing shall be con- 
ducted as follows: 

1. Three sample packagings, selected at 
random, must be filled and closed as for 
shipment. A non-hazardous material may be 
used in place of the hazardous material if it 
has essentially the same physical character 
istics. 
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2. The three packages must be placed on a 
vibrating platform that has a vertical 
double-amplitude (peak-to-peak displace- 
ment) of one inch. The packages should be 
constrained horizontally to prevent them 
from falling off the platform, but must be 
left free to move vertical!y, bounce and 
rotate. 

3. The test must be performed continuous- 
ly for one hour at a frequency that causes 
each package to be raised from the vibrat- 
ing platform to such a degree that a piece of 
material of approximately 1.6 mm (0.063 
inch) thickness (such as steel strapping or 
paperboard) can be passed between the 
bottom of any package and the platform. 

4. Immediately following the period of vi- 
bration, each package shall be removed 
from the platform, turned on its side and 
observed for any evidence of leakage. 

5. Rupture or leakage from any of the 
packages constitutes failure of the test. 
[Amdt. 173-224, 55 FR 52671, Dec. 21. 19901 

APPENDIX D TO PART I%%--TEST METH- 
ODS FOR DYNAMITE (EXPLOSIVE, 
BLASTING,.TYPE A) 

I. Test method D-l-Leakage Test 
A wooden stick, 114 mm (4.5 inches) long 

and 4.8 mm (0.2 inch) inch in diameter, with 
a sharpened end is used to punch 5 holes in 
one end of the wrapper of a dynamite car- 
tridge. A cork stopper is placed on the 
bottom of a glass volumetric cylinder. The 
dynamite cartridge is placed, perforated end 
down, resting on the cork stopper in the cyl- 
inder. The entire assembly is placed in an 
oven at 38 “C (100 “F) for 48 hours and then 
examined visually for evidence of leakage. 
2. Test method D-t-Centrifugal Exudation 

Test 
The test apparatus consists of a glass 

tube. 135 mm (5.3 inches) long and one inch 
In diameter, with both ends open, and is as- 
sembled in the following manner: 

(a) Close the bottom with a plastic plug of 
diameter equal to the inner diameter of the 
glass tube: 

(b) Place a small amount of absorbent 
cotton on top of the plug: 

tc) Place a plastic disk that matches the 
inner diameter to the glass tube and has 
seven small perforations on top of the 
cotton; and 

(d) Place 10 g (0.35 ounce) of the dyna- 
mite sample on top of the disk. 
The assembled glass tube is then placed in a 
hand-operated centrifuge and spun for one 
minute at 600 rpm (revolutions per minute). 
The dynamite sample is then removed from 
the glass tube and weighed to determine the 
percent of weight loss. 

3. Test method D-3-Compression 
Exudation Test 

The entire apparatus for this test is 
shown in Figure 1 of this appendix. The test 
is conducted using the following procedures: 

(a) A glass tube, 135 mm (5.3 inches) long 
and one inch in diameter, is held on a 
wooden base; 

(b) A small amount of absorbent cotton is 
placed into the bottom of the glass tube; 

tc) Ten g (0.35 ounce) of dynamite sample 
are placed on top of the cotton in the glass 
tube: 

(d) A small amount of absorbent cotton is 
placed on top of the dynamite sample; 

te) A plastic disk that matches the inner 
diameter of the glass tube and has seven 
small perforations is placed on top of the 
cotton: 

tf) A plastic plug matching the inner di- 
ameter of the glass tube is then placed on 
top of the disk; 

(g) The glass tube assembly is placed 
under the compression rod, and compression 
is applied by means of the weight on the 
metal lever rod. The sample is compressed 
for one minute; and 

(h) The dynamite sample is then removed 
from the glass tube and weighed to deter- 
mine the percent of weight loss. 
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