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Appendix A “Definitions” 
 

U. S. Department of Transportation 
Hazardous Materials Transportation 

 
Radioactive Materials Definitions Under 49 CFR 171 

 
The following definitions are abstracted from Title 49 of the Code of Federal Regulations, Parts 100 - 185, Section 
171.8. 
 
CARRIER  - A person engaged in the transportation of passengers or property by: 
 
1. Land or water, as a common, contract, or private carrier, or 
2. Civil aircraft. 
 
CLASS - Means hazard class.  See hazard class. 
 
Class 1. See 173.50 of this subchapter. 
Class 2. See 173.115 of this subchapter. 
Class 3. See 173.120 of this subchapter. 
Class 4. See 173.124 of this subchapter. 
Class 5. See 173.128 of this subchapter. 
Class 6. See 173.132 of this subchapter. 
Class 7. See 173.403 of this subchapter.   

(Definition of Radioactive Material) 
Class 8. See 173.136 of this subchapter. 
Class 9. See 173.140 of this subchapter. 

 
GENERAL PUBLIC - For purposes of subpart I of Part 172, and subpart I of Part 173 of this subchapter, any 
person other than an occupationally exposed hazmat employee. 
 
HAZARD CLASS - The category of hazard assigned to a hazardous material under the definitional criteria of Part 
173 of this subchapter and the provisions of the 172.101 Table.  A material may meet the defining criteria for more 
than one hazard class but is assigned to only one hazard class.   
 
HAZMAT EMPLOYEE - A person who is employed by a hazmat employer and who, in the course of employment, 
directly affects hazardous materials transportation safety.  This term includes an owner-operator of a motor vehicle 
which transports hazardous materials in commerce.  This term includes an individual, including a self-employed 
individual, employed by a hazmat employer who, during the course of employment: 
 
1. Loads, unloads, or handles hazardous materials; 
 
2. Manufactures, tests, reconditions, repairs, modifies, marks, or otherwise represents containers, drums, or 

packagings as qualified for use in the transportation of hazardous materials;  
 

3. Prepares hazardous materials for transportation; 
 

4. Is responsible for safety or transporting hazardous materials; or 
 

5. Operates a vehicle used to transport hazardous materials. 
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HAZMAT EMPLOYER - A person who uses one or more of its employees in connection with:  Transporting 
hazardous materials in commerce; causing hazardous materials to be transported or shipped in commerce; or 
representing, marking, certifying, selling, offering, manufacturing, reconditioning, testing, repairing, or modifying 
containers, drums, or packagings as qualified for use in the transportation of hazardous materials.  This term 
includes an owner-operator of a motor vehicle that transports hazardous materials in commerce.  This term also 
includes any department, agency, or instrumentality of the United States, a State, a political subdivision of a State, 
or an Indian tribe engaged in an activity described in the first sentence of this definition. 
 
LIMITED QUANTITY - When specified as such in a section applicable to a particular material, means the 
maximum amount of a hazardous material for which there is a specific labeling or packaging exception. 
 
NAME OF CONTENTS - The proper shipping name as specified in 172.101 of this subchapter.   
 
N.O.S. - Means not otherwise specified. 
 
N.O.S. DESCRIPTION - A shipping description from the 172.101 table which includes the abbreviation n.o.s., and 
as contained in the lists in 172.203(k)(3) of this subchapter, regarding additional description requirements. 
 
OCCUPATIONALLY EXPOSED HAZMAT EMPLOYEE - A hazmat employee whose duties involve exposure to 
ionizing radiation. 
 
PREFERRED ROUTE or PREFERRED HIGHWAY - A highway for shipment of highway route controlled 
quantities of radioactive materials so designated by a State routing agency, and any Interstate System highway for 
which an alternative highway has not been designated by such State agency as provided by 177.825(b) of this 
subchapter. 
 
PROPER SHIPPING NAME - The name of the hazardous material shown in Roman print (not italics) in 172.101 of 
this subchapter.   
 
RADIOACTIVE MATERIALS - See 173.403 of this subchapter for definitions relating to radioactive materials. 
 
REPORTABLE QUANTITY (RQ) - For the purposes of this subchapter means the quantity specified in Column 3 
of the appendix to 172.101 for any material identified in Column 1 of the appendix.   
 
SHIPPING PAPER - A shipping order, bill of lading, manifest or other shipping document serving a similar 
purpose and containing the information required by 172.202, 172.203 and 172.204. 
 
TRANSPORT VEHICLE - A cargo-carrying vehicle such as an automobile, van, tractor, truck, semi-trailer, tank 
car or rail car used for the transportation of cargo by any mode.  Each cargo-carrying body (trailer, rail car, etc.) is a 
separate transport vehicle. 
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Appendix A “Definitions” (continued) 
 

U. S. Department of Transportation 
Hazardous Materials Transportation 

 
Radioactive Materials Definitions Under 49 CFR 173 

 
 
The following definitions are abstracted from Title 49 of the Code of Federal Regulations, Parts 100 - 185, Section 
173.403. 
 
For purposes of this subpart ----- 
 
A1 - The maximum activity of special form Class 7 (radioactive) material permitted in a Type A package.  
 
A2 - The maximum activity of Class 7 (radioactive) material, other than special form, LSA or SCO, permitted in a 
Type A package.  These values are either listed in 173.435 or derived in accordance with the procedure prescribed 
in 173.433.   
 
Class 7 (RADIOACTIVE) MATERIAL - See the definition of Radioactive material in this section. 
 
CLOSED TRANSPORT VEHICLE - A transport vehicle or conveyance equipped with a securely attached exterior 
enclosure that during normal transportation restricts the access of unauthorized persons to the cargo space 
containing the Class 7 (radioactive) materials.  The 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 bottom. 
 
CONSIGNMENT – means a package or group of packages or load of radioactive material offered by a person for 
transport in the same shipment. 
 
CONTAINMENT SYSTEM - The assembly of components of the packaging intended to retain the Class 7 
(radioactive) material during transport. 
 
CONTAMINATION -  means the presence of a radioactive substance on a surface in quantities in excess of 0.4 
Bq/cm2 for beta and gamma emitters and low toxicity alpha emitters or 0.04 Bq/cm2 for all other alpha emitters. 
Contamination exists in two phases. 
    (1) Fixed radioactive contamination means radioactive contamination that cannot be removed from a surface 
during normal conditions of transport. 
    (2) Non-fixed radioactive contamination means radioactive contamination that can be removed from a surface 
during normal conditions of transport. 
 
 
CONVEYANCE - means: 
 
1. For transport by public highway or rail:  any transport vehicle or large freight container; 

 
2. For transport by water:  any vessel, or any hold, compartment, or defined deck area of a vessel including 

any transport vehicle on board the vessel; and 
 

3. For transport by aircraft, any aircraft. 
 
 
CRITICALITY SAFETY INDEX (CSI) - means a number (rounded up to the next tenth) which is used to provide 
control over the accumulation of packages, overpacks or freight containers containing fissile material.  
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The CSI for packages containing fissile material is determined in accordance with the instructions provided in 10 
CFR 71.22, 71.23, and 71.59. The CSI for an overpack, freight container, or consignment containing fissile material 
packages is the arithmetic sum of the criticality safety indices of all the fissile material packages contained within 
the overpack, freight container, or consignment. 

 
DESIGN - The description of a special form Class 7 (radioactive) material, a package, packaging, or LSA-III, that 
enables those items to be fully identified.  The description may include specifications, engineering drawings, reports 
showing compliance with regulatory requirements, and other relevant documentation. 
 
EXCLUSIVE USE -  means sole use by a single consignor of a conveyance for which all initial, intermediate, and 
final loading and unloading are carried out in accordance with the direction of the consignor or consignee. The 
consignor and the carrier must ensure that any loading or unloading is performed by personnel having radiological 
training and resources appropriate for safe handling of the consignment. The consignor must provide to the initial 
carrier specific written instructions for maintenance of exclusive use shipment controls, including the vehicle survey 
requirement of Sec. 173.443 (c) as applicable, and include these instructions with the shipping paper information 
provided to the carrier by the consignor. 
 
EXEMPTION VALUE -  means either an exempt material activity concentration or an exempt consignment activity 
limit listed in the table in Sec. 173.436, or determined according to the procedures described in Sec. 173.433, and 
used to determine whether a given physically radioactive material is sufficiently radioactive to be subject to the 
HMR (see definition of radioactive material). An exemption value is different from an exemption, as defined in Sec.  
171.8 of this subchapter. 
 
FISSILE MATERIAL - Plutonium-238, plutonium-239, plutonium-241, uranium-233, uranium-235, or any 
combination of these radionuclides.  The definition does not apply to unirradiated natural uranium and depleted 
uranium, and natural uranium or depleted uranium that has been irradiated in a thermal reactor.  Certain additional 
exceptions are provided in 173.453. 
 
FISSILE MATERIAL - CONTROLLED SHIPMENT - Any shipment that contains one or more packages that have 
been assigned, in accordance with 173.457, nuclear criticality control transport indices greater than 10. 
 
FREIGHT CONTAINER - A reusable container having a volume of 1.81 cubic meters (64 cubic feet) or more, 
designed and constructed to permit its being lifted with its contents intact and intended 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 internal volume of not more than 3.0 cubic meters (106 cubic feet).  
All other freight containers are designated as “large freight containers.” 
 
HIGHWAY ROUTE CONTROLLED QUANTITY - A quantity within a single package which exceeds: 
 
1. 3,000 times the A1 value of the radionuclides as specified in 173.435 for special form Class 7 (radioactive) 

material; 
 

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

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

LIMITED QUANTITY OF CLASS 7 (RADIOACTIVE) MATERIAL - A quantity of Class 7 (radioactive) material 
not exceeding the materials package limits specified in 173.425 and conforming with requirements specified in 
173.421. 
 
LOW SPECIFIC ACTIVITY (LSA) MATERIAL - Class 7 (radioactive) material with limited specific activity that 
satisfies the descriptions and limits set forth below.  Shielding materials surrounding the LSA material may not be 
considered in determining the estimated average specific activity of the package contents.  LSA material must be in 
one of three groups: 
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1. LSA I 

 
 (i)  Ores containing only naturally occurring radionuclides (e.g., uranium, thorium) and uranium or thorium 

concentrates of such ores; or 
 

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

 (iii)  Class 7 (radioactive) material, other than fissile material, for which the A2 value is unlimited; or 
 

 (iv)  Mill tailings, contaminated earth, concrete, rubble, other debris, and activated material in which the 
Class 7 (radioactive) material is essentially uniformly distributed and the average specific activity does not 
exceed  10-6A2/g.   
 

2. LSA-II 
 

 (i)  Water with tritium concentration up to 0.8 TBq/liter (20.0 Ci/liter); or 
 

 (ii)  Material in which the Class 7 (radioactive) material is essentially uniformly distributed and the average 
specific activity does not exceed 10-4 A2/g for solids and gases, and 10-5A2/g for liquids. 
 

3. LSA-III 
 

 Solids (e.g. consolidated wastes, activated materials) that meet the requirements of 173.468 and which: 
 (i)  The Class 7 (radioactive) material is essentially uniformly distributed throughout a solid or a collection 

of solid objects, or is essentially uniformly distributed in a solid compact binding agent (such as concrete, 
bitumen, ceramic, etc.); and 
 

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

 (iii)  The average specific activity of the solid does not exceed 2 x 10-3A2/g. 
 
LOW TOXICITY ALPHA EMITTERS - are: 
 
1. Natural uranium, depleted uranium, and natural thorium; 
 
2. Ores, concentrates or tailings containing uranium-235, uranium-238, thorium-232, thorium-228 and 

thorium-230; or 
 
3. Alpha emitters with a half-life of less than 10 days. 
 
MAXIMUM NORMAL OPERATING PRESSURE - The maximum gauge pressure that would develop in a 
receptacle in a period of one year, in the absence of venting or cooling, under the head conditions specified in 10 
CFR 71.71(c)(1). 
 
MULTILATERAL APPROVAL - Approval of a package or shipment by the relevant competent authority of the 
country of origin and of each country through or into which the package or shipment is to be transported.  This 
definition does not include approval from a country over which Class 7 (radioactive) materials are carried in 
aircraft, if there is no scheduled stop in that country. 
 
NATURAL THORIUM - Thorium with the naturally occurring distribution of thorium isotopes (essentially 100 
percent by weight of thorium-232). 
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NON-FIXED RADIOACTIVE CONTAMINATION - Radioactive contamination that can be readily removed from 
a surface by wiping with an absorbent material.  Non-fixed (removable) radioactive contamination is not significant 
if it does not exceed the limits specified in 173.443. 
 
NORMAL FORM CLASS 7 (RADIOACTIVE) MATERIAL - means Class 7 (radioactive) material which has not 
been demonstrated to qualify as “special form Class 7 (radioactive) material.” 
 
PACKAGE - means the packaging together with its radioactive contents as presented for transport. 
    (1) ``Excepted package'' means a packaging together with its excepted Class 7 (radioactive) materials as specified 
in Sec.Sec. 173.421-173.426 and 173.428. 
    (2) ``Industrial package'' means a packaging that, together with its low specific activity (LSA) material or surface 
contaminated object (SCO) contents, meets the requirements of Sec.Sec. 173.410 and 173.411. Industrial packages 
are categorized in Sec. 173.411 as either: 
    (i) ``Industrial package Type 1 (IP-1)''; 
    (ii) ``Industrial package Type 2 (IP-2)''; or 
    (iii) ``Industrial package Type 3 (IP-3)''. 
    (3) ``Type A package'' means a packaging that, together with its radioactive contents limited to A1 or A2 as  
appropriate, meets the requirements of Sec.Sec. 173.410 and 173.412 and is designed to retain the integrity of 
containment and shielding required by this part under normal conditions of transport as demonstrated by the tests set 
forth in Sec. 173.465 or Sec. 173.466, as appropriate. A Type A package does not require Competent Authority 
approval. 
    (4) ``Type B package'' means a packaging designed to transport greater than an A1 or A2 quantity of radioactive  
material that, together with its radioactive contents, is designed to retain the integrity of containment and shielding 
required by this part when subjected to the normal conditions of transport and hypothetical accident test conditions 
set forth in 10 CFR part 71. 
    (i) ``Type B(U) package'' means a Type B packaging that, together with its radioactive contents, for international 
shipments requires unilateral approval only of the package design and of any stowage provisions that may be 
necessary for heat dissipation. 
    (ii) ``Type B(M) package'' means a Type B packaging, together with its radioactive contents, that for international 
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 700 kPa/cm2 (100 lb/in2) gauge or a relief device which would allow the release of Class 7 
(radioactive) material to the environment under the hypothetical accident conditions specified in 10 CFR part 71. 
    (5) ``Fissile material package'' means a packaging, together with its fissile material contents, which meets the 
requirements for fissile material packages described in subpart E of 10 CFR 71. A fissile material package may be a 
Type AF package, a Type B(U)F package, or a Type B(M)F package. 

 
 

PACKAGING - For Class 7 (radioactive) materials, the assembly of components necessary to ensure compliance 
with the packaging requirements of this subpart.  It may consist of one or more receptacles, absorbent materials, 
spacing structures, thermal insulation, radiation shielding, service equipment for filling, emptying, venting and 
pressure relief, and devices for cooling or absorbing mechanical shocks.  The conveyance, tie-down system, and 
auxiliary equipment may sometimes be designated as part of the packaging. 
 
RADIATION LEVEL  - The radiation dose-equivalent rate expressed in millisievert(s) per hour or mSv/h 
(millirem(s) per hour or mrem/h).  Neutron flux densities may be converted into radiation levels according to Table 
1. 
 
RADIOACTIVE CONTENTS - A Class 7 (radioactive) material, together with any contaminated liquids or gases 
within the package. 
 
RADIOACTIVE INSTRUMENT and ARTICLE - Any manufactured instrument and article such as an instrument, 
clock, electronic tube or apparatus, or similar instrument and article having Class 7 (radioactive) material in gaseous 
or non-dispersible solid form as a component part. 
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RADIOACTIVE MATERIAL - means any material containing radionuclides where both the activity concentration 
and the total activity in the consignment exceed the values specified in the table in Sec. 173.436 or values derived 
according to the instructions in Sec. 173.433. 
 
SPECIAL FORM CLASS 7 (RADIOACTIVE) MATERIAL -  means either an indispersible solid radioactive 
material or a sealed capsule containing radioactive material which satisfies the following conditions: 
    (1) It is either a single solid piece or a sealed capsule containing radioactive material that can be opened only by 
destroying the capsule; 
    (2) The piece or capsule has at least one dimension not less than 5 mm (0.2 in); and 
    (3) It satisfies the test requirements of Sec. 173.469. Special form encapsulations designed in accordance with the 
requirements of Sec. 173.389(g) in effect on June 30, 1983 (see 49 CFR part 173, revised as of October 1, 1982), 
and constructed prior to July 1, 1985 and special form encapsulations designed in accordance with the requirements 
of Sec. 173.403 in effect on March 31, 1996 (see 49 CFR part 173, revised as of October 1, 1995), and constructed 
prior to April 1, 1997, may continue to be used. Any other special formencapsulation must meet the requirements of 
this paragraph (3). 

 
SPECIFIC ACTIVITY - The specific activity of a radionuclide means the activity of the radionuclide per unit mass 
of that nuclide.  The specific activity of a material in which the radionuclide is essentially uniformly distributed is 
the activity per unit mass of the material. 
 
SURFACE CONTAMINATED OBJECT (SCO) - A solid object that is not itself radioactive but which has Class 7 
(radioactive) material distributed on any of its surfaces.  SCO must be in one of two groups with surface activity not 
exceeding the following limits: 
 
1. SCO-I:  A solid object on which: 
 
 (i)  The non-fixed contamination on the accessible surface averaged over 300 cm2  (or the area of the 

surface if less than 300 cm2) does not exceed 4 Bq/cm2  for beta and gamma and low toxicity alpha 
emitters, or 0.4 Bq/cm2 for alpha emitters; 

 
 (ii)  The fixed contamination on the accessible surface averaged over 300 cm2 does not exceed   4 x 104 

Bq/cm2 for beta and gamma and low toxicity alpha emitters, or 4 x 103 Bq/cm2 for all other alpha emitters; 
and 

 
 (iii)  The non-fixed contamination plus the fixed contamination on the inaccessible surface averaged over 

300 cm2  does not exceed 4 x 104 Bq/cm2 for beta and gamma and low toxicity alpha emitters, or 4 x 103 
Bq/cm2 for all other alpha emitters. 

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

(i)  The non-fixed contamination on the accessible surface averaged over 300 cm2 does not exceed 400 
Bq/cm2 for beta and gamma and low toxicity alpha emitters or 40 Bq/cm2 for all other alpha emitters; 
 
(ii)  The fixed contamination on the accessible surface averaged over 300 cm2 does not exceed   8 x 105 
Bq/cm2 for beta and gamma and low toxicity alpha emitters, or 8 x 104 Bq/cm2 for all other alpha emitters; 
and 
 
(iii)  The non-fixed contamination plus the fixed contamination on the inaccessible surface averaged over 
300 cm2 does not exceed 8 x 105 Bq/cm2 for beta and gamma and low toxicity alpha emitters, or 8 x 104 
Bq/cm2 for all other alpha emitters. 
 

TRANSPORT INDEX (TI) -  means the dimensionless number (rounded up to the next tenth) placed on the label of 
a package, to designate the degree of control to be exercised by the carrier during transportation. The transport 
index is determined by multiplying the maximum radiation level in millisieverts (mSv) per hour at 1 m (3.3 ft) from 
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the external surface of the package by 100 (equivalent to the maximum radiation level in millirem per hour at 1 m 
(3.3 ft)). 
 
TYPE A QUANTITY - means a quantity of Class 7 (radioactive) material, the aggregate radioactivity which does 
not exceed A1 for special form Class 7 (radioactive) material of A2 for normal form Class 7 (radioactive) material, 
where A1 and A2 values are given in Sec.173.435 or are determined in accordance with Sec.173.433. 
 
TYPE B QUANTITY - A quantity of material greater than a Type A quantity. 
 
UNILATERAL APPROVAL -  Approval of a package solely by the competent authority of the country of origin. 
 
UNIRRADIATED THORIUM - Thorium containing not more than 10-7 grams uranium-233 per gram of thorium-
232. 
 
UNIRRADIATED URANIUM - Uranium containing not more than 10-6 grams plutonium per gram of uranium-235 
and a fission product activity of not more than 9 MBq of fission products per gram of uranium-235. 
 
URANIUM - NATURAL, DEPLETED OR ENRICHED -  
 
1. “Natural uranium” means uranium with the naturally occurring distribution of uranium isotopes. 
 
2. “Depleted uranium” means uranium containing less uranium-235 than the naturally occurring distribution 

of uranium isotopes. 
 
3. “Enriched uranium” means uranium containing more uranium-235 than the naturally occurring 

distribution of uranium isotopes. 
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Appendix B 
 

TRAINING REQUIREMENTS FOR HAZARDOUS MATERIAL EMPLOYEES 
(Ref. 49 CFR 172 Subpart H) 

 
A. Who needs training? 
 
 Each hazmat employee who assists in the preparation and delivery of radioactive material packages needs 

training. 
 
B. The training program shall ensure that a hazmat employee is (Ref. 49 CFR 172.700(b)): 
 

⇒ Familiar with the general provisions of the DOT regulations, 49 CFR Parts 171-180 
⇒ Able to recognize and identify hazardous materials 
⇒ Knowledgeable of DOT requirements applicable to functions performed by the hazmat employee 
⇒ Knowledgeable in emergency self-protection measures and accident prevention methods and 

procedures  
 
C. Applicability and Responsibility for Training and Testing (Ref. 172.702) 
 

⇒ Employer shall ensure that each hazmat employee is trained 
⇒ Employee may not perform any function subject to DOT regulations without training 
⇒ Training may be provided by anyone 
⇒ Testing by appropriate means on the training subjects in 172.704 

 
D. Training Requirements (172.704) 
 
 Training shall include: 
 

⇒ General awareness/familiarization training 
⇒ Function-specific training 

 
 For example, a hazmat employee job requires him/her to block and brace packages so they cannot change 

position during conditions normally incident to transportation as required by 177.842(d). 
 

⇒ Safety training 
 
 Emergency response information measures to protect employee methods and procedures to avoid 

accidents. 
 

⇒ Other training may be used to satisfy the training requirements but must address the training in 
172.704(a).  

 
E. Training Frequency 
 

1. Initial Training 
 
 a) If employed after 7/2/93, complete training within 90 days after employment, or 
  

b) Complete training within 90 days after changing hazardous materials job functions. 
 
c) Hazmat employee should be supervised when performing new hazardous materials job 

functions if training is not completed. 
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2. Recurrent Training 
 
 Hazmat employee shall receive training once every three (3) years. 
 
3. Previous employer training may be used, if a record of the training is obtained. 
 
4. Maintain training records as long as employee is employed and for 90 days thereafter. 
 
5. Training record shall include: 
 
 - Hazmat employee name 
 - Most recent training completion date 
 - Description, copy, or the location of training materials 
 - Name and address of the person providing training; and 
 - Certification that the hazmat employee has been trained and tested. 
 

F. 49 CFR 177.800 (c) prohibits private, common or contract carriers from transporting a hazardous material 
by motor vehicle unless each of its hazmat employees involved in that transportation is trained as required 
by 49 CFR 172 Subpart H. 
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Appendix C  
Packaging, Marking and Labeling 

 
PACKAGING REQUIREMENTS 

 
A. Package Limits 
 
 1. Excepted Packages 
 

a. Class 7 (radioactive) materials for limited quantities, instruments, and articles shall not 
exceed the materials package limits specified in 173.425 (see below). 

 
§ 173.425   Table of activity limits—excepted quantities and articles. 

The limits applicable to instruments, articles, and limited quantities subject to exceptions under §§173.421 and 
173.424 are set forth in table 4 as follows: 

Table 4—Activity Limits for Limited Quantities, Instruments, and Articles 

Instruments and articles 
Nature of contents Limits for each 

instrument or article1 
Package 
limits1 

Limited quantity 
package limits1 

Solids:    
Special form 10−2A1 A1 10−3A1 
Normal form 10−2A2 A2 10−3A2 

Liquids:    
Tritiated water:    
<0.0037 TBq/L (0.1 Ci/L)   37 TBq (1,000 Ci) 
0.0037 TBq to 0.037 TBq/L (0.1 
Ci to 1.0 Ci/L)   3.7 TBq (100 Ci) 

>0.037 TBq/L (1.0 Ci/L)   0.037 TBq (1.0Ci) 
Other Liquids 10−3A2 10−1A2 10−4A2 

Gases:    
Tritium2 2 × 10−2A2 2 × 10−1A2 2 × 10−2A2 
Special form 10−3A1 10−2A1 10−3A1 
Normal form 10−3A2 10−2A2 10−3A2 

1For mixtures of radionuclides see §173.433(d). 

2These values also apply to tritium in activated luminous paint and tritium adsorbed on solid carriers. 
 
Example:  What is the material package limit for a special form and a normal form 
excepted package of solid Cs-137?  From Appendix C, Page 35, the A1 (Special Form) 
and A2 (Normal Form) values are 54.1 Curies and 13.5 Curies, respectively. 
 
Answer: Special Form = (10-3)(54.1 Ci) = 0.0541 Ci or 54.1 mCi 

 
  Normal Form = (10-3)(13.5 Ci) = 0.0135 Ci or 13.5 mCi 
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b. If the calculated activity exceeds the package limits from Table 7 of 173.425, the 
radioactive material cannot be shipped in an excepted package and therefore, must be 
shipped in a Type A or Type B package. 

 
2. Type A Package Limits 
 

a. Class 7 (radioactive) material that does not exceed the A1 (special form) or A2 (normal 
form) activity limits, as appropriate.  

 
b. A1 and A2 activity limits may be determined in accordance with 173.433. 
 
c. If the A1 or A2 activity value is exceeded the radioactive material cannot be shipped in a 

Type A package and therefore, must be shipped in a Type B package. 
 

3. Type B Package Limits 
 

a. A quantity of Class 7 (radioactive) material greater than a Type A quantity. 
 

4. Industrial Package Limits 
 

a. Class 7 (radioactive material) with limited specific activity defined as LSA-I, LSA-II, 
and/or LSA-III. 

 
b. Surface Contaminated Objects (SCO) defined as SCO-I and SCO-II. 
 

B. Packaging Design 
 

1. Excepted Packages must meet the following criteria: 
 

a. Meet the general design requirements in 173.410. 
 

1) Package can be easily handled and properly secured in or on a conveyance; 
 
2) Package lifting attachments must be designed with a minimum safety factor; 
 
3) External surfaces will be free of protruding features; 
 
4) Outer packaging layer will avoid pockets and crevices; 
 
5) Package must be capable of withstanding the effects of any acceleration, 

vibration, or vibration resonance (see 49 CFR 178.608); and 
 
6) Construction materials shall be physically and chemically compatible with each 

other and the contents; 
7) Values protected against unauthorized operations. 
 
8) Additional requirements in subpart A and B of 49 CFR 173. 

b. Meet the requirements of 49 CFR 173.421 (Limited Quantities). 
 
 Please note that some of the following requirements will defer for radioactive materials 

shipped as instruments and articles (173.424), articles containing natural uranium or 
thorium (173.426) or empty class 7 radioactive material (173.428). 

 
1) Radiation level at any point on the external surface of the package does not 

exceed 0.005 mSv/hr (0.5 mR/hr); 
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2) Non-fixed (removable) radioactive surface contamination on the external 

surface of the package does not exceed the limits specified in 173.443(a).  
 
3) The outside of the inner package or; if there is no inner package, the outside of 

the package itself bears the marking “Radioactive”. 
 
4) Package shall not contain more than 15 grams of U-235 except as provided in 

173.426; and 
 

c. Additional Requirements in 173.422 for Excepted Packages: 
 

1) 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 one of the statements in 173.422(a) 1-4, as 
appropriate.  

 
 Example:  “This package conforms to the conditions and limitations specified in 

49 CFR 173.421 for radioactive material, excepted package-limited quantity of 
material, UN2910.” 

 
2) Must follow the reporting of incidents and decontamination in 49 CFR 171.15, 

171.16, 174.750, 175.45, 175.700(b), 176.710, and 177.861. 
 

2. Type A Package Design 
 

a. The package performance requirements and tests shall prevent loss or dispersal of 
contents and significant increase in the radiation levels if subject to normal conditions of 
transport including rough handling. 

 
b. Must meet the general design requirements in 49 CFR 173.410 and 173.412. 
 
c. Packaging with contents must be capable of withstanding the following tests from 

173.465.  (Note:  Additional tests for Type A packagings designed for liquids and gases 
are in 173.466.) 
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TYPE A PACKAGE TESTS INCLUDE: 
 

1. Water Spray Test:  The water 
spray test must precede each 
test or test sequence prescribed 
in this section.  The water spray 
test must simulate exposure to 
rainfall of approximately 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 must 
be such that the water has 
soaked in to the maximum 
extent without appreciable 
drying of the exterior of the 
specimen.  In the absence of 
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 consecutively. 
 
2. Free Drop:  Onto a flat 
unyielding horizontal surface, 
striking in a position expected 

to do the most damage.  Distance varies from 1 to 4 feet based upon package weight (as if a package fell from a 
loading dock or back of a truck). 
 
Corner Drop:  Onto each corner in succession (or each quarter of a cylindrical rim) from a height of 1 foot onto a 
flat unyielding surface (for all fissile Class II packaging - and packaging weighing less than 110 lbs). 
 
3. Stacking Test:  The specimen must be subjected for a period of at least 24 hours to a compressive load equivalent 
to the greater of the following:  (1) Five times the mass of the actual package; or (2) The equivalent of 13 
kilopascals (1.9 pounds per square inch) multiplied by the vertically projected area of the package.  The 
compressive load must be applied uniformly to two opposite sides of the specimen, one of which must be the base 
on which the package would normally rest. 
 
4. Penetration Test: A bar of 3.2 centimeters (1.3 inches) in diameter (note revised measurement) with a 
hemispherical end and a mass of 6 kilograms (13.2 pounds) must be dropped from a height of 1 meter (3.3 feet) or 
greater onto the center of the weakest part of the packaging. 
 

d. Type A packages approved and documented as meeting the design specifications and test 
requirements may be used.  NOTE:  Obtain a copy of the Type A package certification 
for your records and maintain for inspection purposes. 
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3. Type B Packaging Design 
 
a. Must provide an application to the NRC for Type B packaging approval.  The application shall 

contain (10 CFR 71.31): 
 

1) Package description 10 CFR 71.33; 
2) Package evaluation 10 CFR 71.35; 
3) Quality Assurance Program 10 CFR 71.37; 
4) Modifications to a package must satisfy standards in effect at the time of application 

filing;  
5) Identify any established codes and standards proposed for use. 
 

b. The standards in 10 CFR 71 Subpart E “Package Approval Standards” and Subpart F “Package 
Special Form, and LSA-III Tests” must be followed for Type B packaging. 

 
c. In addition to passing the test requirements in 10 CFR 71.71 “Normal Conditions of Transport” 

the Type B package must pass the test requirements in 10 CFR 71.73 “Hypothetical Accident 
Conditions.”  The tests under 71.73 include: 
 

 Crush:  Subjection of the specimen to a dynamic crush test by positioning the specimen on a flat, 
essentially unyielding, horizontal surface so as to suffer maximum damage by the drop of a 500 
kg (1100 pound) mass from 9 m (30 ft.) onto the specimen.  The mass must consist of a solid mild 
steel plate 1 m (40 inch) by 1 m and must fall in a horizontal attitude.  The crush test is required 
only when the specimen has a mass not greater than 500 kg (1100 lbs), an overall density not 
greater than 1000 kg/m3 (62.4 lbs/ft3) based on external dimensions, and radioactive contents 
greater than 1000 A2 not as special form radioactive material.  (No illustration available.) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Impact test by a 9-meter (30 foot) drop onto a 
flat, unyielding* surface so that the package’s 
weakest point is struck. 
 

* Using an unyielding surface ensures 
that any impact will be absorbed by the 
package rather than the surface. 

Puncture test by performing a 1-meter (40 inch) free 
drop onto a 15 centimeter (6-8 inch) diameter steel 
rod at least 20 centimeters (8 inches) long, striking 
the package at its most vulnerable spot. 
 
For some low-density, lightweight packages, a 
dynamic crush test is required, consisting of dropping 
a 500-kilogram (1,100 pound) mass from 9 meters 
(30 feet) onto the package resting on an unyielding 
target. 
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Immersion of the package under 15 meters (50 
feet) of water. 
 

For fissile materials, packages are also 
immersed under 0.9 meters (3 feet) of 
water for at least 8 hours. 

Heat test by exposure of the entire package to 
800 degrees C (1,475 degrees F) for 30 minutes 
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PACKAGE LABELING, MARKING AND PLACARDING 
 
 
A. Subpart D of 49 CFR 172 states that each person who offers a hazardous material for transportation and 

each carrier that transports a hazardous material shall mark each package, freight container, and transport 
vehicle containing hazardous material in the manner required by Subpart D. 

 
B. Subpart E of 49 CFR 172 states that each person who offers for transportation or transports a hazardous 

material in any of the packages or containment devices shall label the package or containment device with 
labels specified for the material in the 172.101 Table and in Subpart E. 

 
C. Package Marking Requirements 
 

1. General Marking Requirements for Non-bulk Packagings (172.301) 
 
 a. Proper Shipping Name and Identification Number  

(Reference Table in 172.101, Column 2) 
 

b. Consignee’s or Consignor’s name and address, except when transported by highway only 
and will not be transferred from one motor carrier to another or part of a carload lot, 
truckload lot, or freight container load, and the entire contents of the rail car, truck, or 
freight container are shipped from one consignor to one consignee. 

 
c. Marking Exemptions - Identification numbers are not required on packages which 

contain only limited quantities. 
 

2. General Marking Requirements for Bulk Packagings (172.302) 
 

a. Identification Numbers 
 

1) On each side and each end, if packaging capacity is 3785 L (1000 gallons) or 
more; 

 
2) On two opposing sides, if the packaging capacity is less than 3785 L (1000 

gallons); or 
 
3) For cylinders permanently installed on a tube trailer motor vehicle on each side 

and each end of the motor vehicle. 
 

b. Exemption Packagings - Durably marked “DOT-E” followed by the exemption number 
assigned. 

 
3. Prohibited Marking (172.303) 
 
 Cannot transport a package marked with the proper shipping name or identification number unless 

the package contains the identified hazardous material or its residue. 
 

              4.           Sec. 173.422  Additional requirements for excepted packages containing Class 7 (radioactive)  
 

An excepted package of Class 7 (radioactive) material that is prepared for shipment under the 
provisions of Sec. 173.421, Sec. 173.424, Sec. 173.426, or Sec. 173.428 is not subject to any 
additional requirements of this subchapter, except for the following: 

    (a) The outside of each package must be marked with the four digit UN identification number for the material 
preceded by the letters UN, as shown in column (4) of the Hazardous Materials Table in Sec. 172.101 of this 
subchapter; 
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    (b) Sections 171.15 and 171.16 of this subchapter, pertaining to the reporting of incidents; 
    (c) Sections 174.750, 175.700(b), and 176.710 of this subchapter (depending on the mode of transportation), 
pertaining to the reporting of decontamination; 
    (d) The training requirements of subpart H of part 172 of this subchapter; and 
    (e) For materials that meet the definition of a hazardous substance or a hazardous waste, the shipping paper 
requirements of subpart C of part 172 of this subchapter. 

 
 

D. Package Labeling Requirements 
 

1. The labeling requirements pertain to non-bulk packaging and bulk packaging unless otherwise 
stated in 172.400. 

 
2.  There are certain exemptions for labeling a package of low specific activity (LSA) radioactive 

material when transported under 173.427 and limited quantities when the package and contents 
meet the requirements in 173.421 through 173.426. 

 
3. No person or carrier may transport a package bearing a hazard material label unless the package 

contains a material that is a hazardous material and the label represents a hazard of the hazardous 
material in the package. 

 
4. Label Specifications (172.407) 
 

a. Durability 
b. Design 
c. Size 
d. Color 
e. Form Identification 
f. Exceptions 
g. Trefoil Symbol 
 
  Radioactive White I 
  Radioactive Yellow II 
  Radioactive Yellow III 
  

5. Labeling of Class 7 Radioactive Material (172.403). 
 

a. Proper label is based on the radiation level at the surface of the package (highest reading 
from all six sides) and the transport index (TI) (exposure rate at one meter from the 
package surface). 

 
b. The label to be applied is determined by the following exposure rates for each label 

category: 
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RADIOACTIVE MATERIAL LABELS 
 
 

 
 

 
 

 
 
 

 
 

 

Radioactive White I 
TI:  02 
Maximum radiation level at any point  
on the external surface:   
<0.005 mSv/hr (0.5 mR/hr) 

 
Radioactive Yellow II 
TI:  More than 0 but not more than 1 
Maximum radiation level at any point 
on the external surface: 
>0.005 mSv/hr (0.5 mR/hr) but 
<0.5 mSv/hr (50 mR/hr) 

 
Radioactive Yellow III 
TI:  More than 1 but not more than 10 
Maximum radiation level at any point  
on the external surface: 
>0.5 mSv/hr (50 mR/hr) but 
<2 mSv/hr (200 mR/hr) 
NOTE:  TI:  More than 10 or; 
Maximum radiation level at any point  
on the external surface: 
>2 mSv/hr (200 mR/hr) but 
<10 mSv/hr (1000 mR/hr). 
Must be shipped under exclusive use  
provisions in 173.441(b). 

 White

 White

 Yellow

 White

 Yellow

 White
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E. Placarding of Shipments (Subpart F of 49 CFR 172) 
 
 Vehicle placarding is required on all four sides (front, back, and two sides) of the vehicle for Class 7 

radioactive material shipments of Radioactive Yellow III labeled packages and for exclusive use shipments 
of low specific activity material and surface contaminated objects. 

 



A Seminar on Radiation Safety and Management                                                                                Page 23 

Appendix D 
 

SHIPPING PAPERS AND SHIPPER CERTIFICATION 
 
A. Subpart C of 49 CFR 172 states that each person who offers a hazardous material for transportation shall 

describe the hazardous material on the shipping paper in the manner required. 
 
B. General Entries on Shipping Papers (172.201) 
 

1. Contents:  The hazardous material description entries required by 172.202 and 172.203 must be 
entered first, or entered in color, or must be identified by the entry of an “X” placed before the 
proper shipping name in a column captioned “HM” (The “X” may be replaced by “RQ” if it is a 
Reportable Quantity; see limits in Appendix B, Page 33.  The following describes the contents: 

 
a. The identification number (UN) in Column 2 of the 172.201 Table. Proper shipping 

name prescribed for the material in Column 2 of the 172.101 Table (see Appendix A, 
Page 32). 

 
b. Proper shipping name presribed for the material in Column 3 of the 172.101 Table (See 

Appendix A, Page 32. 
 
c. The Hazard Class or Division prescribed for the material shown in Column 4 of the 

172.101 Table. 
 
d. The basic description for Items a, b, and c above must be shown in sequence. 
 
e. The total quantity (e.g., “800 lbs.”, “55 gal.”, “3629 kg”, or “208 L”). 
 
f. “RQ” (Reportable Quantity) shall be entered before or after the basic description. 
 
g. The name of the radionuclide(s) comprising 95% of the contents (abbreviations are 

authorized). 
 
h. Description of physical or chemical form if not in special form. 
 
i. Activity in each package in terms of the appropriate SI units (e.g. Becquerel) or in terms 

of the appropriate SI units followed by the customary units (e.g. Curies). 
 
j. The category label affixed to the package (e.g. Radioactive Yellow II). 
 
k. The transport index  (TI) assigned to each package in the shipment bearing Radioactive 

Yellow II or Radioactive Yellow III labels.  (NOTE:  Radioactive White I transport index 
of 02 is not required). 

 
l. Other requirements for fissile materials. 
 
m. A notation of the package identification marking (e.g. Type A, Type B). 
 
n. Export shipment or a shipment in a foreign made package specific requirements. 
 
o. “Exclusive Use Shipment” statement for exclusive use. 
 
p. Appropriate group notation for LSA-I, LSA-II, LSA-III, SCO-I or SCO-II. 
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q. Other requirements for transportation by air, rail, and water. 
 
2. Name of shipper. 
 
3. Emergency response telephone number. 
 

a. 24 hour number that is monitored at all times the hazardous material is in transit and in 
storage incidental to transit. 

 
b. Number of a person who is knowledgeable of the shipment or has immediate access to a 

knowledgeable person of the shipment. 
 
c. The number shall be located immediately following the description of the hazardous 

material or entered once on the shipping paper in a clearly visible location. 
 
d. May use the number of an agency, or organization capable of and accepting 

responsibility, if you provide them with the current information on the mateiral being 
transported. 

 
C. Shippers Certification (172.204) 
 
 Each person who offers hazardous material for transportation shall certify that the material is properly 

classified, described, packaged, marked, labeled and in the proper condition for transportation according to 
the applicable regulations of the DOT. 

 
1. The following language is approved: 
 

a. “This is to clarify that the above-named materials are properly classified, described, 
packaged, marked and labeled, and are in proper condition for transportation according 
to the applicable regulations of the Department of Transportation” or;  

 
b. “I hereby declare that the contents of this consignment are fully and accurately described 

above by the proper shipping name, and are classified, packaged, marked and 
labeled/placarded, and are in all respects in proper condition for transport according to 
applicable international and national governmental regulations.” 

 
2. Exceptions 
 
3. Transportation by Air 
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Appendix E 
 

EMERGENCY RESPONSE INFORMATION 
(49 CFR 172 SUBPART G) 

 
 

A. Other than having the emergency telephone number on the shipping papers, the following emergency 
response information as a minimum shall be available: 

 
1. The basic description and technical name of the hazardous material; 
 
2. Immediate hazards to health; 
 
3. Risks of fire or explosion; 
 
4. Immediate precautions to be taken in the event of an accident or incident; 
 
5. Immediate methods for handling; 
 
6. Initial methods for handling spills or leaks in the absence of fire; and 
 
7. Preliminary first aid measures. 
 

B. The above information must be immediately available to any person who, as a representative of a federal, 
State or local government agency, responds to an incident involving a hazardous material, or is conducting 
an investigation that involves a hazardous material. 

 
C. The emergency response information must be printed legibly in English. 

 
 

EMERGENCY PROCEDURES (Sample) 
 

Potential Hazards 
 
Health Hazards 
 External radiation hazard from unshielded radioactive material. 
 Internal radiation hazard from inhalation, ingestion or breaks in skin. 

Radioactive material; degree of hazards will vary greatly, depending on type and quantity of radioactive 
material and type of packaging. 
Materials in Special Form or in Type B packaging are not expected to cause contamination in accidents. 

  Some radioactive materials cannot be detected by commonly available instruments. 
 Runoff from fire control or dilution water may cause pollution. 
Fire or Explosion 
 Some of these materials may burn, but none of them ignites readily. 
 Radioactivity does not change flammability or other properties of the materials. 
 

Emergency Action 
 

Keep unnecessary people clear and upwind of spill; greater distances may be necessary for people 
downwind, or if advised by Radiation Authority. 

 Isolate hazard area and deny entry. 
Response actions may be performed prior to any measurement of radiation; limit entry to shortest possible 
time. 
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Positive pressure self-contained breathing apparatus (SCBA) and structural firefighters' protective clothing 
will provide limited protection. 

 Notify Radiation Authority of accident conditions. 
Detain uninjured persons, isolate equipment with suspected contamination, and delay cleanup until 
instruction of Radiation Authority. 

 Call James A. Smith, Radiation Safety Officer (800)555-1111 or (312)555-8888 or 
John A. Brown at (800) 555-1111 or (815) 555-4444. 

 If water pollution occurs, notify the appropriate authorities. 
Fire 
 Do not move damaged containers; move undamaged containers out of the fire zone. 
 Small Fires: Dry chemical, CO2, water spray or regular foam. 
 Large Fires: Water spray, fog (flooding amounts).  
 For massive fire in cargo area, use unmanned hose holder or monitor nozzles. 
Spill or Leak 
 Do not touch damaged containers or spilled material. 
 Damage to outer container may not affect primary inner container. 
 Small Liquid Spills: Take up with sand, earth or other noncombustible absorbent material. 
 Large Liquid Spills: Dike far ahead to collect runoff water. 
First Aid 
 Use first aid treatment according to nature of the injury. 

If not affecting injury, remove and isolate suspected contaminated clothing and shoes; wrap victim in sheet 
or blanket before transporting. 
If there is no injury, remove and isolate suspected contaminated clothing and shoes; assist person to shower 
with soap and water and notify Radiation Authority of action. 

 Advise medical personnel that victim may be contaminated with radioactive material. 
 
 
In the event an accident would occur involving radioactive material during transport, the following procedure shall 
be followed: 
 
1. Immediately clear the area of individuals to avoid contamination and maintain surveillance of the area. 
 
2. Notify the Radiation Safety Officer (James A. Smith) at the following numbers: 

 
Work  (800) 555-1111   
Home (312) 555-8888  

 
3. If not available, notify John A. Brown at the following numbers: 
 

Work (800) 555-1111   
Home (815) 555-4444 
 

4. Notify other authorities as needed.  Radiation Safety Officer or John Brown will contact the IDNS (or 
other appropriate agency), as needed. 

 
5. Maintain surveillance of the area until assistance arrives and the area is cleaned. 
 
6. A copy of this procedure must be maintained in the vehicle during transport of radioactive material. 
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Appendix F 
Miscellaneous Supplemental Information 

 
STOWAGE LIMITS, BLOCKING, BRACING, AND SECURITY 

 
 
A. Stowage Limits 
 

1. Do not place packages with a total transport index greater than 50 in a single transport vehicle or 
storage location. 

 
2. Ensure that “Radioactive Yellow” labeled packages are not placed in a transport vehicle, storage 

location, or in any other location closer than the distances shown in the Table in 49 CFR 177.842 
where any passenger, employee, or animal may occupy.  Also, maintain distance in Table for 
undeveloped film. 

 
3. Observe the prohibitions on loading, transporting or stowing different kinds of hazardous 

materials together. 
 
4. Observe the loading, transporting or stowing requirements for Class 7 Radioactive Material by rail 

(49 CFR 174), aircraft (49 CFR 175) and vessel (49 CFR 176). 
 
5. The total transport index for packages containing fissile material may not exceed 100.  Also, in 

loading and storage areas, each fissile material, controlled shipment must be segregated by a 
distance of at least six (6) meters (20 feet) from any other package bearing a radioactive DOT 
label. 

 
B. Blocking, Bracing and Security 
 

1. Any tank, barrel, drum, cylinder, or other packaging, not permanently attached to a motor vehicle 
which contains Class 7 (radioactive) material must be secured against movement within the 
vehicle. 

 
2. Shipments of low specific activity materials and surface contaminated objects, must be loaded to 

avoid spillage and scattering of loose materials. 
 
3. Packages must be blocked and braced so they cannot change position. 
 
4. Persons should not remain unnecessarily in a vehicle containing Class 7 (radioactive) materials. 
 
5. The dose rate may not exceed 0.02 mSv/hr (2 mR/hr) in any position normally occupied in the 

motor vehicle transporting a shipment under exclusive use conditions. 
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PACKAGE RADIATION LEVELS AND CONTAMINATION CONTROL 
(49 CFR 173) 

 
 

A. Package Radiation Levels 
 

1. The radiation level shall not exceed 200 mR/hr at any point on the external surface of the package 
and the transport index shall not exceed 10 except as described in Number 2. 

 
2. If a package exceeds the radiation limits in Number 1, the package must be transported by 

exclusive use shipment only and must meet the following: 
 

a. The limit is 1000 mR/hr (10 mSv/hr) as long as the following conditions are met: 
 

1) Shipment is made in a closed transport vehicle; 
 
2) Package is secured (fixed in position) within the vehicle; 
 
3) No loading or unloading of package from beginning to end of transportation. 
 

b. The exposure rate at any point on the outer surface of the vehicle is not more than 200 
mR/hr (2 mSv/hr); 

 
c. The exposure rate at any point 2 meters (6.6 feet) from the outer lateral surfaces of the 

vehicle is not more than 10 mR/hr (0.1 mSv/hr); 
 
d. The exposure rate in any normally occupied space does not exceed 2 mR/hr              (0.02 

mSv/hr) unless private carrier is monitored. 
 
e. Specific written instructions are provided for maintenance of the exclusive use shipment 

controls to the carrier. 
 

B. Contamination Control 
 

1. Non-fixed (removable) radioactive contamination on the external surfaces of each package shall 
be kept as low as practicable; 

 
2. Contamination may be determined by wiping an area of 300 cm2 of the surface concerned with an 

absorbent material, using moderate pressure, and measuring the activity on the wiping material. 
 
3. Sufficient measurements shall be taken. 
 
4. The amount of radioactivity measured on any single wiping material when averaged over the 

surface wiped shall not exceed the limits in the following table at any time during transport: 
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Removable External Radioactive Contamination Wipe Limits 
 

Maximum Permissible Limits   
Contaminant         uCi/cm2    dpm/cm2  

Beta-gamma emitting radionuclides; all  
radionuclides with half-lives less than  
10 days; natural uranium; natural thorium;  
U-235; U-238; Th-232, Th-238 and Th-230  
when contained in ores or physical concentrates.       10-5     22 

 
All other alpha emitting radionuclides.        10-6     2.2 
 

5. No shipment may exceed ten times the limits listed above.  (See 49 CFR 173.443 for exceptions 
for exclusive use shipments.) 

 
 

RADIATION PROTECTION PROGRAM 
(49 CFR SUBPART I) 

 
 
A. Each person who offers for transportation, accepts for transportation, or transports Class 7 (radioactive) 

materials must develop, implement and maintain a written radiation protection program.  The radiation 
protection program must: 

 
1. Maintain radiation exposures ALARA with economic and social factors being taken into account; 
 
2. Control radiation exposures such that: 
 

a. Hazmat employee’s annual occupational effective dose equivalent does not exceed 12.5 
mSv (1.25 Rem) in any 3 month period or 50 mSv (5 Rem) in any 12 month period.  
Under the age of 18 years old the limits are 1/10 of the adult limit; 

 
b. Radiation exposures to members of the general public are less than 0.02 mSv (2 mRem) 

per hour.  If an occurrence causes the dose to equal or exceed 2 mRem in one hour, the 
program limits will prevent an individual from receiving cumulative doses totaling 1.0 
mSv (100 mRem) in any week or 5.0 mSv (500 mRem) in any 12 month period; 

 
c. Embryo-fetus in a pregnant female occupationally exposed hazmat employee, who has 

declared pregnancy to her employer must not exceed 5.0 mSv (500 mRem) during the 
pregnancy; 

 
d. The radiation doses received by occupationally exposed hazmat employees must be 

monitored by radiation dosimetry devices. 
 

3. The Radiation Protection Program requirements do not apply to: 
 

a. Persons who offer for transportation or transport less than 200 TI of packages in a 12 
month period; or 

 
b. Persons whose operations will not result in a hazmat employee receiving an exposure of 

5.0 mSv (500 mRem) or more per year. 
 

4. If an appropriate federal or state agency has approved a Radiation Protection Program, the DOT 
program requirement is satisfied. 
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5. For guidance in establishing and maintaining a program review the following: 
 

a. NCRP Report No. 59 “Operational Radiation Protection Program (1978)” and 
 
b. NCRP Report No. 116 “Limitation of exposure to Ionizing Radiation (1993).” 
 

6. Record Requirements of Hazmat Employer 
 

a. Document their radiation protection program and maintain written records of activities, 
including dosimetry records.  Provide in written form within seven days of a written 
request. 

 
b. Keep a record of the radiation dose to each hazmat employee.  Provide exposure data to 

employee, if requested and provide exposure data no more than three months after end of 
employment. 

 
c. Notify the Associate Administrator for Hazardous Materials Safety, in writing, if a 

hazmat employee receives a dose exceeding 12.5 mSv (1250 mRem) in any calendar 
quarter or 50 mSv (5000 mRem) in one year, or if a member of the general public is 
likely to receive a dose exceeding 5 mSv (500 mRem) in one year as a result of the 
hazmat employer’s transportation activities.  Notification shall be made as soon as 
practicable. 

 
d. If not required to maintain a Radiation Protection Program, a HAZMAT 
  employer must develop and keep records that demonstrate why a program is not required. 



A Seminar on Radiation Safety and Management                                                                                Page 31 

Appendix G 
 

 SEPARATION DISTANCES FOR MODES OTHER THAN HIGHWAY 
 
 
 

Separation Distances: Aircraft 
 

175.701(a) (a) No person may carry in a passenger-carrying aircraft any package required to be labeled 
RADIOACTIVE YELLOW-II or RADIOACTIVE YELLOW-III unless the package is 
placed in the aircraft in accordance with the minimum separation distances prescribed in 
paragraph (b) or (c) below. 

 (b) Separation 
distances: 

 

173.701(b)  (1) Except as provided in paragraph (c) of this section, the minimum 
separation distances prescribed in paragraphs (b)(2) and (b)(3) of this 
section are determined by measuring the shortest distance between the 
surfaces of the Class 7 materials package and the surfaces bounding the 
space occupied by passengers or animals.  If more than one package of 
Class 7 materials is placed in a passenger-carrying aircraft, the 
minimum separation distance for these packages must be determined in 
accordance with paragraphs (b)(2) and (b)(3) of this section on the basis 
of the sum of the transport index numbers of the individual packages or 
overpacks. 

173.701(b)  (2) The table below prescribes minimum separation distances that must be 
maintained in passenger-carrying aircraft between Class 7 materials 
labeled RADIOACTIVE YELLOW-II or RADIOACTIVE YELLOW-
III and passengers and crew. 

  (3) Class 7 materials in packages, overpacks or freight containers labeled 
RADIOACTIVE YELLOW-II or RADIOACTIVE YELLOW-III must 
be separated from live animals by a distance of at least 0.5 meters (20 
inches) for journeys not exceeding 24 hours, and by a distance of at 
least 1.0 meters (39 inches) for journeys longer than 24 hours. 
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Minimum separation distances Transport index or sum of 

transport indexes of all packages 
in the aircraft or predesignated 

area 

 
Centimeters 

 
Inches 

0.1 – 1.0 30 12 
1.1 – 2.0 50 20 
2.1 – 3.0 70 28 
3.1 – 4.0 85 34 
4.1 – 5.0 100 40 
5.1 – 6.0 115 46 
6.1 – 7.0 130 52 
7.1 – 8.0 145 57 
8.1 – 9.0 155 61 

9.1 – 10.0 165 65 
10.1 – 11.0 175 69 
11.1 – 12.0 185 73 
12.1 – 13.0 195 77 
13.1 – 14.0 205 81 
14.1 – 15.0 215 85 
15.1 – 16.0 225 89 
16.1 – 17.0 235 93 
17.1 – 18.0 245 97 
18.1 – 20.0 260 102 
20.1 – 25.0 290 114 
25.1 – 30.0 320 126 
30.1 – 35.0 350 138 
35.1 – 40.0 375 148 
40.1 – 45.0 400 157 
45.1 – 50.0 425 167 

 
 

173.701 (c) (c) Predesignated areas.  A package required to be labeled RADIOACTIVE YELLOW-II or 
RADIOACTIVE YELLOW-III may be carried in a passenger-carrying aircraft in 
accordance with a system of predesignated areas established by the aircraft operator.  
Each aircraft operator that elects to use a system of predesignated areas must submit a 
detailed description of the proposed system to the Associate Administrator for Hazardous 
Materials Safety for approval prior to implementation of the system.  A proposed system 
of predesignated areas is approved if the Associate Administrator for Hazardous Materials 
Safety determines that it is designed to assure that: 

  (1) The packages can be placed in each predesignated area in accordance 
with the minimum separation distances prescribed in paragraph (b)(2) of 
this section; and 

  (2) The predesignated areas are separated from each other by a minimum 
distance equal to at least four times the distances required by paragraph 
(b)(1) and (b)(2) of this section for the predesignated area containing 
packages with the largest sum of transport indices. 
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Separation Distances: Railroad 
 

174.701(c) (a) Each package of Class 7 materials bearing RADIAOCTIVE YELLOW-II or 
RADIOACTIVE YELLOW-III labels may not be placed closer than 0.9 meter (3 feet) to 
an area (or dividing partition between areas) which may be continuously occupied by any 
passenger, rail employee, or shipment of one or more animals, nor closer than 4.5 meters 
(15 feet) to any package containing undeveloped film (if so marked).  If more than one 
package of Class 7 materials is present, the distance must be computed from the table 
below on the basis of the total transport index number (determined by adding together the 
transport index numbers on the labels of the individual packers) of packages in the rail car 
or storage area. 

 
 
Total Transport Index 

 
Minimum separation distance to 

nearest undeveloped film 

Minimum distance to area of persons or 
minimum distance from dividing 

partition of a combination car 
 Meters Feet Meters Feet 
None 0 0 0 0 
0.1 to 10.0 4.5 15 0.9 3 
10.1 to 20.0 6.7 22 1.2 4 
20.1 to 30.0 7.7 29 1.5 5 
30.1 to 40.0 10.0 33 1.8 6 
40.1 to 50.0 10.9 36 2.1 7 

 
Note: The distance in this table must be measured from the nearest point on the nearest packages of Class 7 
materials. 
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Separation Distances: Water vessel 
 

176.708(a) (a) The table below provides  the segregation distances which apply to the stowage of 
packages of Class 7 materials on board  a vessel. 

 (b) RADIOACTIVE YELLOW-II or YELLOW-III labeled packages may not stowed any 
closer to living accommodations, regularly occupied working spaces, spaces that may be 
continually occupied by any person (except those spaces exclusively reserved for couriers 
specifically authorized to accompany such packages), or undeveloped film than the 
distances specified in the table below. 
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176.708(c) (c) Where only one consignment of a Class 7 material is to be loaded on board a vessel under 

exclusive use conditions, the appropriate segregation distance may be established by 
demonstrating that the direct measurement of the radiation level at regularly occupied 
working spaces and living quarters is less than 0.0075 mSv/h (0.75 mrem/hr). 

176.708(d) (d) More than one consignment may be loaded on board a vessel with the appropriate 
segregation distance established by demonstrating that direct measurement of the radiation 
level at regularly occupied working spaces and living quarters is less than 0.0075 mSv/hr 
(0.75 mrem/hr), provided that: 

  (1) The vessel has been chartered for the exclusive use of a competent person 
specialized in the carriage of Class 7 material, and 

  (2) Stowage arrangements have been predetermined for the entire voyage, 
including any Class 7 material to be loaded at ports of call en route. 

176.708(e) (e) The radiation level must be measured by a responsible person skilled in the use of 
monitoring equipment. 
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Table I 
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                                                                 Table II 
49 CFR 172.101 TABLE II - RADIONUCLIDES (EXCERPTS) 

 
Radionuclide Atomic Number Reportable Quantity  

(RQ) Ci (TBq) 
Americium-241 95 0.01 (.00037) 
Barium-133 56 10 (.37) 
Bismuth-210 83 10 (.37) 
Cadmium-109 48 1 (.037) 
Calcium-45 20 10 (.37) 
Californium-252 98 0.1 (.0037) 
Carbon-14 6 10 (.37) 
Cesium-137 55 1 (.037) 
Chromium-51 24 1000 (37) 
Cobalt-57 27 100 (3.7) 
Cobalt-60 27 10 (.37) 
Fluorine-18 9 1000 (37) 
Galolinium-153 64 10 (.37) 
Gallium-67 31 100 (3.7) 
Gold-195 79 100 (3.7) 
Indium-111 49 100 (3.7) 
Iodine-123 53 10 (.37) 
Iodine-125 53 0.01 (.00037) 
Iodine-129 53 0.001 (.000037) 
Iodine-131 53 0.01 (.00037) 
Iridium-192 77 10 (.37) 
Iron-59 26 10 (.37) 
Krypton-85 36 1000 (37) 
Lead-210 82 0.01 (.00037) 
Molybdenum-99 42 100 (3.7) 
Nickel-63 28 100 (3.7) 
Palladium-103 46 100 (3.7) 
Phosphorus-32 15 0.1 (.0037) 
Phosphorus-33 15 1 (.037) 
Plutonium-239 94 0.01 (.00037) 
Potassium-40 19 1 (.037) 
Promethium-147 61 10 (.37) 
Radium-226** 88 0.1 (.0037) 
Radon-222 86 0.1(.0037) 
Samarium-153 62 100 (3.7) 
Sodium-22 11 10 (.37) 
Strontium-89 38 10 (.37) 
Strontium-90 38 0.1 (0037) 
Sulfur-35 16 1 (.037) 
Technetium-99 43 10 (.37) 
Technetium-99m 43 100 (3.7) 
Thallium-201 81 1000 (37) 
Thallium-204 81 10 (.37) 
Thorium (Irradiated) 90 *** 
Thorium (Natural) 90 ** 
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49 CFR 172.101 TABLE II - RADIONUCLIDES (EXCERPTS) 
 

Radionuclide Atomic Number Reportable Quantity 
(RQ) Ci (TBq) 

Thorium-230 90 0.01 (.00037) 
Thorium-232** 90 0.001 (.000037) 
Thorium-234 90 100 (3.7) 
Uranium (Depleted) 92 *** 
Uranium (Irradiated) 92 *** 
Uranium (Natural) 92 ** 
Uranium Enriched 20% or greater 92 *** 
Uranium Enriched less than 20% 92 *** 
Uranium-235** 92 0.1 (.0037) 
Uranium-238** 92 0.1 (.0037) 
Xenon-133 54 1000 (37) 
Yttrium-90 39 10 (.37) 
   
 
The RQs for all radionuclides apply to chemical compounds containing the radionuclides and elemental forms 
regardless of the diameter of pieces of solid material. 
 
E+  The RQ of one curie applies to all radionuclides not otherwise listed.  Whenever the RQs in TABLE 1-
HAZARDOUS SUBSTANCES OTHER THAN RADIONUCLIDES and this table conflict, the lowest RQ shall 
apply.  For example, uranyl acetate and uranyl nitrate have RQs shown in TABLE 1 of 100 pounds, equivalent to 
about one-tenth the RQ level for uranium-238 in this table. 
 
**  The method to determine the RQs for mixtures or solutions of radionuclides can be found in paragraph 6 of the 
note preceding TABLE 1 of this appendix.  RQs for the following four common radionuclide mixtures are provided:  
Radium-226 in secular equilibrium with its daughters (0.053 curie); natural uranium (0.1 curie); natural uranium in 
secular equilibrium with its daughters (0.052 curie); and natural thorium in secular equilibrium with its daughters 
(0.011 curie). 
 
***  Indicates that the name was added by RSPA because it appears in the list of radionuclides in 49 CFR 173.435.  
The reportable quantity (RQ), if not specifically listed elsewhere in this appendix, shall be determined in accordance 
with the procedures in paragraph 6 of this appendix. 
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TABLE III 
Proper Shipping Names and UN Numbers 

49 CFR 172.101 
(Updated 10/1/2006) 
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Emergency Procedures 
 

In the event an accident would occur involving radioactive material during transport, the following 
procedures shall be followed: 
 
1. Immediately clear the area of individuals to avoid contamination and maintain surveillance of the 

area.   
 
2. Notify the Radiation Safety Officer (                             ) at the following numbers: 
 
  Work  
  Home  
  Cell  
 
3. If not available, notify at the following numbers: 
 
  Work  
  Home   
  Cell  
 
4. Notify other authorities as needed.  Radiation Safety Officer or                        will contact the 

state regulatory agency, if needed.   
 
5. Maintain surveillance of the area until assistance arrives and the area is cleaned. 
 
6. A copy of this procedure must be maintained in the vehicle during transport of radioactive 

material.     
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Emergency Procedures 
 

Potential Hazards 
 

Health Hazards 
 External radiation hazard from unshielded radioactive material. 
 Internal radiation hazard from inhalation, ingestion, or breaks in skin. 
 Radioactive material; degree of hazards will vary greatly, depending on type and quantity of radioactive 

material and type of packaging.   
 Materials in Special Form or in Type B packaging are not expected to cause contamination in accidents.   
 Commonly available instruments cannot detect some radioactive materials.  Runoff from fire control or 

dilution water may cause pollution. 
Fire or Explosion 

Some of these materials may burn, but none of them ignites readily. 
 Radioactivity does not change flammability or other properties of the materials. 
 

Emergency Action 
Keep unnecessary people clear and upwind of spill; greater distances may be necessary for people downwind, or is 
advised by Radiation Authority.   
Isolate hazard area and deny entry. 
Response actions may be performed before any measurement of radiation; limit entry to shortest possible time.  
Positive pressure self-contained breathing apparatus (SCBA) and structural firefighters’ protective clothing will 
provide limited protection.   
Notify Radiation Authority of accident conditions. 
Detain uninjured persons, isolate equipment with suspected contamination, and delay clean up until instruction of 
Radiation Authority. 
  
____________________________________________________________________________________________ 
If water pollution occurs, notify the appropriate authorities.   
 
Fire 

Do not move damaged containers; move undamaged containers out of fire zone. 
Small Fires:  Dry chemical, CO2, water spray, or regular foam 
Large Fires:  Water spray, fog (flooding amounts)   
For massive fire in cargo area, use unmanned hose holder or monitor nozzles.  

 
Spill or Leak 
 Do not touch damaged containers or spilled material 
 Damage to outer container may not affect primary inner container. 
 Small Liquid Spills:  Take up with sand, earth, or other noncombustible absorbent material. 
 Large Liquid Spills:  Dike far ahead to collect runoff water.   
 
First Aid 
 Use first aid treatment according to mature of the injury. 

If not affecting injury, remove and isolate suspected contaminated clothing and shoes; wrap victim in sheet 
or blanket before transporting. 
If there is no injury, remove and isolate suspected contaminated clothing and shoes; assist person to shower 
with soap and water and notify Radiation Authority of action.  
Advise medical personnel that victim may be contaminated with radioactive material. 
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