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Regulations for Transportation
• Regulations for the Shipment of radioactive 

materials in the United States are found in:
– Code of Federal Regulations, Title 10, Part 71 

(10 CFR 71) “Packaging and Transportation of 
Radioactive Material”

• For Transportation in other countries:
– International Atomic Energy Agency (IAEA), 

TS-R-1 "Regulations for the Safe Transport of 
Radioactive Material," 2005 edition  
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General Type B Package Approval Standards

4

Differences Between Regulations
• Normal conditions of transport
• Hypothetical accident conditions
• Package standards for air shipments
• Criticality safety standards
• External contamination limits for packages
• Grandfathering of transportation packages
• Quality assurance requirements
• Use of Codes
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Normal Conditions of Transport
• US and IAEA regulations differ in analyzing a 

package’s ability to withstand 
– ambient pressure differences  
– stacking conditions that might occur during normal 

shipments
• 10 CFR 71.71(c))

– minimum external pressure of 25 kilopascals (kPa) 
• IAEA regulations (Paragraph 643 of TS-R-1)

– packages (excluding those shipped by air) designed 
to withstand a minimum external pressure of 60 kPa
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Normal Conditions of Transport, cont.

• US regulations  
– No special pressure requirement for 

packages shipped by air 
• IAEA requirement has been adopted in 

the International Civil Aviation 
Organization’s Technical Instructions for 
all packages transported by air
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Normal Conditions of Transport, cont.
• For compression (or stacking) of packages during 

transport:
– 10 CFR 71.71(c)(9) requires compression test for packages less 

than 5000 kg 
– IAEA regulations Paragraph 723 of TS-R-1 specify compression 

test not needed for packages where the shape prevents stacking 
• To summarize:

– IAEA regulations: all packages that can be stacked must be 
considered for stacking, regardless of the weight

– US regulations: Type B packages weighing more than 5000 kg 
exempted from the compression test. 

• The difference is based on US experience with package 
design. In general, packages with a weight of over 5000 kg 
would be able to withstand stacking without adverse 
effects.
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Hypothetical Accident Conditions
• The major differences between the two 

sets of regulations for analyzing 
packages under hypothetical accident 
conditions (HAC) are: 
– when a crush test is required, 
– the sequencing of the drop, puncture and 

crush tests, 
– and the initial condition temperature at which 

to conduct the HAC tests. 
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Hypothetical Accident Conditions, cont.

• When the crush is required 
– 10 CFR 71.73(c)(2), requires both a 30 foot drop test 

and a crush test if the package is less than 500 kg 
and has an overall density less than 1000 kg/m3. 

• This applies to all Type A packages of fissile material, and 
to Type B packages containing non-fissile material with total 
activity greater than 1000 A2. 

– In contrast, the IAEA regulations, paragraph 657(b) 
of TS-R-1, replaces the 9 m (30 foot) drop test with 
the a crush test instead of requiring both. 
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Hypothetical Accident Conditions, cont.
• Sequence of drop, puncture, and crush tests 

– 10 CFR 71.73, requires a specific sequence for the HAC tests 
• 30 foot (9 m) free drop
• crush test, if applicable
• puncture test. 

– This sequence is then followed by a thermal test. 
– Paragraph 727 of TS-R-1, specifies:

• Packages be subject to the mechanical tests (drop and 
puncture or crush and puncture) in most damaging order. 

– The package would then be subjected to the thermal test. 
• The differences between the regulations are generally 

based on US experience with package design
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Hypothetical Accident Conditions, cont.

• Initial condition temperatures 
– 10 CFR 71.73(b)

• specifies -29 C (-20°F) as the initial cold-
temperature condition for HAC test sequence. 

– TS-R-1 specifies in Paragraphs 618 and 637
• minimum initial temperature of -40 C (-40°F). 

• This is based on the climate of the US as 
compared with extreme climates 
elsewhere in the world. 
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Hypothetical Accident Conditions, cont.
• Water Immersion Tests 

– Paragraph 729 of TS-R-1 specifies that the 15 meter 
(50 foot) immersion test duration must be at least 8 
hours, 

– 10 CFR 71.73(c)(6) does not specify a minimum test 
duration. 

• For the deep (200-meter) water immersion test 
for certain large quantity Type B packages, 
acceptance standards differ 

• 10 CFR 71.61 states “without collapse, buckling, or in-
leakage of water”

• TS-R-1 (Paragraph 658) states “no rupture”. 
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Hypothetical Accident Conditions, cont.
• US requirements are considered more 

restrictive in acceptance standards. 
– USNRC has taken the position that the 

package containment must maintain its 
integrity for the deep immersion test, 

– IAEA acceptance criteria allows for water in-
leakage to the package, and does not 
necessarily address retention of contents in 
the package.
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Air Shipments
• IAEA has “Type C” package standard for 

shipping large quantities of radioactive 
material by air. 
– Standards include all radionuclides that are 

not shown to satisfy the requirements for low 
dispersible radioactive material (LDRM) in 
quantities above the thresholds in paragraph 
417 of TS-R-1: 

• 3,000 A1 or 100,000 A2 if in special form, or 
• 3,000 A2 if other than special form. 
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Air Shipments, cont.
• The US has not adopted “Type C” standards; 

– US has adopted requirements (more stringent than the Type C 
standards) for shipping plutonium by air. 

– 10 CFR 71.88(a)(3)) 
• when quantity of plutonium exceeds an A2 in one package. 
• The US requirements are mandated by law. 

– US is prohibited from adopting Type C package standards for 
plutonium and have therefore chosen not to adopt Type C package 
standards for other radionuclides. 

• The differences between the two regulations are in 
the quantity, the form, and the radionuclides
involved.
– IAEA requirement applies for all radionuclides that are not LDRM, in 

quantities depending upon the form of the material as noted above; 
– USNRC requirement applies only to plutonium in quantities greater 

than A2, independent of form. 
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Criticality Safety
• Some differences between NRC and IAEA  

– classification of fissile-exempt material
– degree of internal moderation assumed for the 

assessment of an individual package in isolation. 
• Fissile material exemption requirements in 10 

CFR 71.15 and Paragraph 672 of TS-R-1 are 
different. 
– In general, the fissile exemptions in Part 71 have 

been developed to ensure subcriticality based on 
mass limits per package as well as fissile material 
concentration limits. 

– The IAEA approach is based on fissile mass limits 
for both the package and the consignment. 
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Criticality Safety, cont.
• 10 CFR 71.55(b) 

– requires water moderation inside the containment 
system of the package to the most reactive extent. 

• 10 CFR 71.55(c) provides an exception to 10 CFR 71.55(b) 
• “special design features” prevent water in-leakage

• Paragraph 677 of TS-R-1 
– approvals without assuming water in-leakage

• Assuming design incorporates special features to prevent 
such in-leakage. 

• Paragraph 677(a) further defines “special features” as 
including “multiple high standard water barriers.”
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External Contamination Limits
• Paragraph 508 of TS-R-1

– External non-fixed contamination (for shipping packages) 
limited

• 4 Bq/cm2 for beta, gamma, and low toxicity alpha emitters (such 
as natural or depleted uranium, and natural thorium) 

• 0.4 Bq/cm2 for all other alpha emitters. 

• US Department of Transportation regulations 
(49CFR173.443)
– contamination limits may increase to 10 times the TS-R-1 

values 
– for exclusive use shipments during transport 
– which are adopted into 10 CFR part 71, 
– lower contamination limits at the start of the shipment. 



10

19

External Contamination Limits, cont.

• 49CFR173.443(b) recognizes the 
potential for “weeping” of contamination 
from package surfaces during transport.

• This requirement addresses a practical 
problem without compromising safety.
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Grandfathering
• Major revisions to IAEA and US regulations:

– include requirements that use of packages 
designed to earlier versions of the regulations 
be phased out. 

– US regulations have adopted a different 
timetable than IAEA in phasing out or upgrading 
package designs, based on minimizing the 
burden on US shippers. 
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Quality Assurance
• USNRC requirements for quality 

assurance (QA):
– found in 10 CFR 71, Subpart H (10CFR 

71.101 – 137). 
• US has chosen to adopt QA regulations 

far more extensive than IAEA’s
– For package design and fabrication
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Use of Codes
• 10 CFR 71.31(c) 

– applicants “shall identify any established codes and 
standards proposed for use in package design, 
fabrication, assembly, testing, maintenance, and 
use”. 

– applicants may choose to use accepted codes such 
as the applicable sections of the ASME Code (e.g. 
Section III, Division 1; Section III, Division 3; and 
Section VIII, Division 1). 

• The IAEA regulations do not specify use of any 
national codes or standards, but do cite 
international codes as applicable (e.g. ISO 
1496/1, ISO 2919, ISO 7195, and ISO 9978.) 
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Conclusions
• US regulations (10 CFR 71) are an adoption of the IAEA 

regulations in TS-R-1, 
• Differences exist in the areas of:

– normal conditions of transport, 
– hypothetical accident conditions, 
– external contamination limits, 
– grandfathering of transportation packages, 
– quality assurance, 
– use of codes 

• USNRC’s implementation of US laws, experiences with 
package design, addressing of practical problems related 
to transportation, and desire to minimize burden on US 
shippers while maintaining safety. 
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Review of Rail Accidents
• As part of the investigation of Baltimore tunnel fire of 

2001 a detailed survey of rail transportation accidents in 
the United States was completed. 

• The staff reviewed accident reports, historical media 
accounts, and data from:
– Federal Railroad Administration (FRA) safety database, 
– Association of American Railroads (AAR). 
– National Transportation Safety Board (NTSB) 

• Review demonstrated that severe rail fires, either in 
tunnels or open environments, are extremely infrequent 
events on the order of approximately 1 such event for 
every 3 billion miles of rail transport. 
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Risk Perspective on Rail Accidents
• For US rail accidents the risk from severe 

fires is very low.
• From 1975 through 2005

– a total of 20,790,273,841 train miles have been 
logged on U.S. railways.

– there have been 131,875 reported incidents.
– there have been 1,726 reported releases of 

hazardous materials.
– 8 of these accidents involved severe, long 

duration fires.
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Risk Perspective on Rail Accidents 
(continued)

• Of these accidents, most were 
derailments of a single train

• Of the accidents reviewed more than 
half occurred in rail yards. 

• One occurred in a tunnel.
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Rail Accidents by Type
1975 - 2005
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Fire Risk for Spent Fuel Shipments
• For all of these accidents reviewed, a 

spent fuel cask would not have been in a 
fully engulfing long-term fire because:
– the placement of the spent fuel cask 

(proximity) 
– the nature of the combustible material 

(fuel)
– emergency response (response time)
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Proximity
• Staff reviewed diagrams of the rail car 

configurations in the seven accidents, as given 
in the NTSB reports

• An SNF package, had one been involved, 
would not have been positioned near enough to 
the burning flammable material in these 
accidents to be fully engulfed.
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Fuel
• Accidents involving flammable material

– gasses resulting in localized pressure fires
– no pooling of flammable liquids. 

• Accidents involving flammable liquids
– pooling did not occur 

• track beds elevated over porous media. 
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Response Time
• Emergency response times considered rapid 

– within 1-2 hours 
• Responses included:

– cooling tank cars with water, effectively 
minimizing fire intensity and duration. 

• Response time (in general) exceeds the 10 
CFR Part 71 HAC fire 
– the fires examined would not have been fully 

engulfing as specified in the HAC fire. 
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Lowering the Risk?

• DOE shipments
– bulk via dedicated rail

• FRA regulations
– requiring use of dedicated trains for the shipment 

of SNF and HLW  considered
• AAR Circular No. OT-55-I

– At the recommendation of the NRC, a “no-pass”
rule for single bore dual-track rail tunnels is 
included 
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Conclusions
• Accidents involving hazardous materials and long 

duration fires on railroads in general and in rail tunnels 
in particular occur with extremely low frequency. 

• DOE, FRA, and AAR are considering or have already 
taken steps to further preclude the possibility of such an 
accident involving SNF or HLW and other hazardous 
(flammable or combustible) materials in a rail tunnel. 

• Consequently, the frequency of any rail accident 
involving an SNF or HLW shipment in conjunction with 
a long duration fire in a rail tunnel essentially 
approaches zero. 

• The risk to public health and safety posed specifically 
by a long duration fire in a rail tunnel is close to 
nonexistent under current transportation regulations 
and practices and considering the available accident 
data. 
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Outline
• Accident Descriptions

– Newhall Pass
– MacArthur Maze

• Post Accident Analysis
• Background on Collected Samples
• Sample Analysis Results
• Thermal Exposure Tests
• Analysis of Tanker Truck Materials  
• Future Work
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Newhall Pass (I-5) Fire 
October 12, 2007

– 24 Tractor trailer rigs and 1 car involved
– Severe fire lasting several hours
– 3 deaths
– 1/10 mile (550 ft) tunnel (truck bypass)

• NRC Actions
– Met with CHP MAIT team to review accident 

information and data
– Developing fire model to asses cask 

performance

4
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MacArthur Maze Accident
• 3:45 AM Sunday morning, April 29, 2007
• Gasoline tanker truck 

– 32,500 liters [8,600 gallons] capacity 
• The tanker truck was heading south along 

Interstate 880 in Oakland, California
• Accident and fire occurred in the MacArthur Maze

– interchange connecting I-80, I-580, and I-880  
• The I-580 overpass directly above I-880 roadway 

collapsed approximately 17 minutes after the fire 
started
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Accident Location

10

Fire Damage
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Post Accident Analysis
• NRC and SwRI staff collected samples to 

determine temperature witnessed by the 
girders during the fire 
– Samples were collected after demolition and 

reconstruction 
• Caltrans tested structural steel and 

concrete to determine mechanical 
properties

• Fire damage to the concrete structures 
was documented by CalTrans
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Overpass Demolition

Girder cutting after concrete 
removal

Remnants of tanker truck

28

Fire Damaged Girders
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Samples Collected

Box # 8

Plate # 12

Plate # 10

Box # 8

Box # 8

Box # 7

Plate # 5

Plate # 5

Plate # 4

Plate # 3

Plate # 3

Girder

19

18

20

19

19

19

18 – 19

18 – 19

18 – 19

19

19

Location 
(Bent)

No

Yes

Yes

No

No

Yes

Yes

Yes

Yes

Yes

No

Weld 
Metal?

Paint FlakesNRC 10

Plate Girder with stiffenerNRC 9

Plate Girder Web and plate with weld NRC 8

Rivet headNRC 7

Plate Girder segment attached to Box Girder NRC 6

Box Girder lower plate with side and weldNRC 5

Plate Girder stiffener - medium distortion NRC 4

Plate Girder with stiffener - heavy distortion  NRC 3

Plate Girder with butt weldNRC 2

Plate Girder with stiffenerNRC 1S

Plate Girder with rivet holesNRC 1H

DescriptionSample 
Number
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Sample Location 

34

Iron - Carbon Phase Diagram
• Weld and base 

metal contain 
approximately 0.2 
percent carbon

• As deposited weld 
metal expected to 
be mostly ferrite 
dendritic and 
equiaxed grains 

• Welds containing 
Pearlite and Ferrite 
were likely heated 
above 725 oC
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Possible Microstructures

As deposited weld metal 
– dendritic and equiaxed 
ferrite with some 
carbides

Equilibrium microstructure 
– ferrite (light gray) and 
pearlite (dark gray)
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Sample NRC 9

• Sample NRC 9
• Originally part of 

Plate Girder 12 at 
located away from 
the fire

• Microstructure of fillet 
weld showing as-
welded appearance

• No evidence of ferrite 
and pearlite 

• Porosity apparent 
and was likely due to 
contamination or 
moisture during 
fabrication 

Plate and weld

Plate Weld

Plate sample with stiffener
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Samples NRC 3 and NRC 4

• Sample NRC 3 
• From Plate Girder 5  

located close to the fire
• Obvious distortion
• Microstructure of fillet 

weld is completely 
transformed to ferrite 
and pearlite 

Plate

Weld

Stiffener

Plate

Weld

Stiffener
• Sample NRC 4 
• From Plate Girder 5  

located close to the fire
• Obvious distortion
• Microstructure of fillet 

weld is completely 
transformed to ferrite 
and pearlite 
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Analysis Results

Plate # 
12

Plate # 
10

Box # 7
Plate # 5
Plate # 5
Plate # 4

Plate # 3

Girder

18

20

19
18 – 19
18 – 19
18 – 19

19

Location 
(Bent)

Yes

Yes

Yes
Yes
Yes
Yes

Yes

Weld 
Metal?

Dendritic Ferrite (as-
deposited weld metal)

NRC 9

Dendritic Ferrite (As-deposited 
weld metal)

NRC 8

Dendritic Ferrite with some 
Pearlite (partial 
transformation)

NRC 5
Pearlite and FerriteNRC 4
Pearlite and FerriteNRC 3
Pearlite and Ferrite NRC 2

Dendritic Ferrite (as-deposited 
weld metal)

NRC 1S

Weld MicrostructureSample 
Number
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Thermal Exposure Tests
• Isothermal exposures of unaltered specimen 

(Sample NRC 9) and determine weld 
transformation temperature 

• Specimens exposed to isothermal 
exposures ranging from 550 to 900 C [1,022 
to 1,652 oF] for 3 hours and allowed to cool 
in laboratory air (i.e. the samples were not 
quenched)

• Metallurgical analysis conducted after 
isothermal exposure 
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Specimens From NRC 9
• Specimens contain material 

from the plate girder, stiffener 
and plate-stiffener weld

• Thermal exposure according 
to prescribed matrix 

• Large specimen collected for 
this purpose
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Thermally Treated Sample Results

Ferrite and Pearlite (complete transformation)900 oC [1,652 oF]NRC 9-9

Ferrite and Pearlite with some dendritic Microstructure 850 oC [1,562 oF]NRC 9-8

Dendritic Ferrite with small regions of pearlite 800 oC [1,472 oF]NRC 9-7

Dendritic Ferrite (as-deposited weld metal)750 oC [1,382 oF]NRC 9-6

Dendritic Ferrite (as-deposited weld metal)700 oC [1,292 oF]NRC 9-5

Dendritic Ferrite (as-deposited weld metal)650 oC [1,202 oF]NRC 9-4

Dendritic Ferrite (as-deposited weld metal)600 oC [1,112 oF]NRC 9-3

Dendritic Ferrite (as-deposited weld metal)550 oC [1,022 oF]NRC 9-2

Dendritic Ferrite (as-deposited weld metal) NoneNRC 9-1

MicrostructureThermal Exposure 
Temperature

Sample 
Number
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Sample Microstructures 

NRC 4

850 oC – 3hrs

800 oC – 3hrs

900 oC – 3hrs
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Tanker Truck Materials

• Staff collected samples from the remains of the truck 
including:
– Copper wire, brass fittings, stainless steel, steel tire cords, partially 

melted aluminum
• Analyses of these materials is ongoing
• Provide an upper bound for fire temperatures
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Preliminary Conclusions
• At the hottest locations, the temperatures 

witnessed by the steel girders were likely close to 
850°C [1,562 °F] based on the microstructure of 
welds obtained from Plate Girder 5 (Samples NRC 
3 and NRC 4)

• Melting of the aluminum components such as the 
tank and the wheels were observed, suggesting a 
temperature of 577 °C [1,070 °F] or higher

• Analysis of tanker truck materials will provide 
additional information to bound fire temperature 
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Future Work
• Modeling of fire 

– National Institute of Standards and 
Technology (NIST) Fire Dynamics Simulator 
(FDS) code 

– Evolution and distribution of fire temperature 
– Heat flux to girders

• Thermal exposure of specimens using 
results from FDS code calculations

• Finite element model of transportation 
cask response to fire 
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