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INTRODUCTION

The Radioactive Materials Incident Report (RMIR) database contains information on 
transportation-related accidents and incidents involving radioactive materials that have 
occurred in the United States. The RMIR was developed at Sandia National Laboratories 
(SNL) to support its research and development program efforts for the U.S. Department of 
Energy (DOE).

This paper will address the following topics; background information on the regulations and 
process for reporting a hazardous materials transportation incident, overview data of 
radioactive materials transportation accidents and incidents, and additional information and 
summary data on how packagings have performed in accident conditions.

REPORTING REQUIREMENTS FOR TRANSPORTATION INCIDENTS INVOLVING 
RADIOACTIVE MATERIALS

The two federal agencies with primary responsibility for developing and promulgating 
regulations for the transport of radioactive materials in the United States are the U.S. 
Department of Transportation (DOT) and the U.S. Nuclear Regulatory Commission (NRG).
The reporting requirements for these two agencies differ. The DOT regulations for reporting 
a hazardous materials incident (of which radioactive material is a subset) are specified in the 
Code of Federal Regulations (49 CFR 171.15). The DOT requires that a report be filed after 
each incident that occurs during the course of radioactive materials transportation (including 
loading, unloading, handling, and temporary storage) in which one of the following directly 
results: (1) a person dies; (2) a person is injured and requires hospitalization; (3) estimated 
carrier or other property damage exceeds $50,000; (4) fire, breakage, spillage, or suspected 
contamination involving radioactive materials; or (5) a situation that the carrier believes 
should be reported. The NRC regulations are also outlined in the Code of Federal 
Regulations (10 CFR 20.402 and 20.403) and require that the theft or loss of radioactive 
materials, exposure to radiation, or release of radioactive materials be reported.

•This work performed at Sandia National Laboratories, Albuquerque, New Mexico, 
supported by the United States Department of Energy under Contract No. 
DE-AC04-76DP00789.

• • a  United States Department of Energy facility.
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In addition to the reports received from the E>OT and NRC, the RMIR contains data 
obtained from state radiation control offices, the DOE Unusual Occurrence Report database, 
and media coverage o f radioactive materials transportation incidents.

ANALYSIS OF U.S. RADIOACnVE MATERIALS TRANSPORTATION 
ACCIDENT/INCIDENT DATA

To evaluate the history of transporting radioactive materials, it is helpful to obtain a 
perspective by viewing the hazardous materials shipment record. According to the Final 
Environmental Statement on the Transportation of Radioactive Material bv Air and Other 
Modes (1977), it is estimated that during a given year, approximately 500 billion packages of 
all commodities are transported by all modes throughout the United States. Of those 500 
billion packages, approximately 100 million packages are classified as hazardous materials 
(flammables, explosives, poisons, and radioactive materials). The most recent study of the 
transport o f radioactive materials (Javitz, et al., 1985) indicates that approximately 2 million 
shipments o f radioactive materials are made each year which constitutes about 2.79 million 
packages. Thus, radioactive materials are only 2% of the total number of hazardous materials 
transported each year.

When the RMIR database was established in 1981, it was designed primarily to accommodate 
the information on the DOT Form 5800 (Hazardous Materials Incident Report) for the 
recording o f transportation accidents and incidents. The RMIR makes a definite distinction 
between an accident and a reported incident. The three kinds of reported events classified in 
the RMIR are defined as follows:

Transportation Accident: A transportation accident is any accident that involves the 
vehicle which is transporting radioactive material.

Handling Accident: Damage to a shipping container during loading, handling, or 
unloading operations; e.g., a forklift puncturing a package at an air terminal.

Reported Incident: This is a very broad term which includes transportation 
occurrences where there is an actual or suspected release or surface contamination of 
radioactive materials exceeding the regulatory requirements from either the package or 
transport vehicle.

Table 1 tabulates the transportation accidents, handling, accidents and incidents that have 
occurred for the 21-year time frame of 1971 through 1991. Accidents comprise 22% of the 
events compiled for the United States; a slight increase over the 19% tabulated for the 
period 1971-1988. This percentage increase is the result of two factors: (1) the inclusion in 
the database o f accidents that occurred in 1991 and (2) the accident information for prior 
years from contact with state radiation control offices. Further, 61% of all transportation 
occurrences tabulated in Table 1 are classified as reported transportation incidents.

TABLE 1

U.S. RADIOACTIVE MATERIALS TRANSPORTATION EVENTS
(1971-1991)

Transportation Accidents 329

Handling Accidents 253

Transportation Incidents 924

TOTAL 1506
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Most radioactive materials are transported on the highway; these shipments generally include 
industrial gauges, radioactive material tised in or as a result o f the nuclear fuel cycle, low- 
level radioactive materials or waste, and teletherapy sources. Radioactive materials that are 
shipped by air are generally isotopes with short half-lives that are being shipped over 500 
miles from the shipper’s location. Upon arrival at an airport, these radioisotopes are 
generally delivered to their consignees by a courier service. Radioactive materials 
transported by modes other than aircraft are usually those that do not require immediate 
delivery. Most radioactive materials traveling by highway are those involving industrial 
gauges, radioactive material used in or as a result of the nuclear fuel cycle, low-level 
radioactive materials or waste, and teletherapy sources.

Table 2 shows the RMIR breakdown for accidents, incidents, and handling accidents by 
transportation mode. As Table 2 illustrates, radioactive material packages transported on 
highways account for about 79% of all the incidents that have occurred and 88% of all 
accidents. Over one-half (54%) of all handling accidents recorded in the RMIR database 
have occurred with low-level materials at air terminals. Most of these handling accidents 
occurred during loading and unloading operations.

TABLE 2

TRANSPORTATION ACCIDENTS/INCIDENTS BY MODE
(1971-1991)

Mode Accidents Incidents
Handling
Accidents Total

Air 18 150 137 305
Courier 2 4 2 8
Freight Forwarder 0 12 5 17
Highway 288 731 100 1119
Rail 20 14 2 36
Warehouse 0 3 1 4
Water 1 5 4 10
Other, unidentified _ 2 _ 1 2 7

TOTALS 329 924 253 1506

PACKAGING PERFORMANCE IN TRANSPORTATION ACCIDENTS

Generally, an accident condition will be the most severe occurrence that a package will be 
subjected to during the course of transportation. Between the years 1971 and 1991, 3506 
radioactive material packages, as documented in Table 3, were involved in transportation 
accidents. Of that total, only 223 (6%) were classified as having been damaged with no loss 
of contents or failed (package damaged with loss of radioactive contents). Industrial 
packages, or those that are classified as strong and tight, have been involved in 44 accidents. 
Of the 1342 strong and tight packages involved in those accidents, only 18 were damaged 
without loss o f contents and 65 were damaged to the extent that they sustained loss of 
contents. These industrial packages are designed to withstand normal transport conditions; 
they are not designed nor tested to withstand accident conditions. Type A packages 
accounted for the majority (62%) of the package damages/failures in accident conditions. 
However, like industrial packages. Type A packagings are designed and tested for the rigors 
of normal transport conditions, not accidents.

157



TABLE 3

PACKAGE BEHAVIOR DURING TRANSPORTATION ACCIDENTS
(1971-1991)

Package
Category

Industrial 
(Strong & Tight) 
Type A 
Type B
Accidents with 
package category 
unknown 1

Accidents with 2 
package types

No. of 
Accidents

44
175
53

62

334

329

No. of 
Packages 

In Accidents

1342
2079

85

No. of No. of 
Packages Packages 
Damaged Failed

18
83

2

65
55
0

3506 103 120

^These are mainly accidents that occurred in 1970’s and early 
1980’s. Every attempt is being made to determine the package 
category type.

Most o f the industrial and Type A packages included in the columns labeled "Damaged" and 
"Failed" in Table 3 were packages that were damaged without a loss of contents. For 
packages classified as being strong and tight, only 4.8% of those packages that were involved 
in accidents sustained a release. Only 2% of the Type A packages involved in accidents were 
damaged to the extent that there was a release, and in most of those accidents, the release 
was minor.

The most notable transportation accident that has occurred in the United States over the last 
3 years involved the shipment of 12 containers, each o f which contained 2 unirradiated 
nuclear fuel assemblies destined for the Vermont Yankee Nuclear Power Plant. The accident 
occurred on December 16, 1991, at 3:15 a.m. on Interstate 91 in downtown Springfield, 
Massachusetts. A car was traveling on the wrong side of the interstate, and although the 
truck driver swerved to avoid a collision, the car struck the tractor-trailer on the right side 
near the right fuel tank. The truck continued northbound and hit the center guardrail then 
rebounded and continued northbound striking the curb and guardrail on the opposite side of 
the road. After striking the outside guardrail, the truck skidded across the highway and 
came to rest against the center guardrail.

A fire started in the engine compartment of the tractor and spread to the entire tractor and 
then the trailer. The NRC’s report on the accident (Carlson and Fischer, 1992) indicated that 
the fire burned for at least three-quarters o f an hour before the cargo was affected. At that 
time, the entire payload was entirely intact. However, since the fire was not extinguished, 
the flatbed trailer and the payload also burned. The entire fire lasted approximately 3 hours.

The tractor-trailer was completely destroyed by the fire and there was significant damage to 
several of the Type A containers and their contents. Eight containers fell off the trailer and 
sustained minor damage from the impact. The wooden outer containers were burned and the 
inner metal containers sustained damage ranging from minor to severe.
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Table 4 provides a tabulation of the S3 accidents involving Type B packages. Of these 
accidents, seven involved spent nuclear fuel (three of them occurred during rail transport 
and four occurred on the highway). There has been only one spent nuclear fuel accident 
which resulted in more than trivial damage to the cask. This accident, which is probably the 
most well known nuclear transportation accident, occurred on December 8, 1971, on U.S. 25 
in Tennessee. The cask was thrown from the trailer and was embedded in the ground. The 
radiation surveys taken at the accident scene indicated that the structural integrity o f the 
cask was intact and there was no release o f contents. Almost one-half of the other accidents 
involving Type B packages have involved Iridium-192 sources.

TABLE 4

SUMMARY OF ACCIDENTS INVOLVING TYPE B PACKAGES
(1971 -1991)

Date of 
Accident Mode

Package
Descrlntlon

RAM
Involved

Packages
Shipped/
Damaeed

Accident
Conditions

07/10/71 Highway Lead container Co-60 1/0 Collision
12/05/71 Highway Radiography camera Ir-192 1/0 Truck left road 

and overturned
12/08/71 Highway Cask, spent fuel Spent fuel 1/1 Truck left road; 

cask thrown off
03/10/74 Highway Container Ir-192 1/0 Trailer involved
03/29/74 Rail Cask, spent fuel Spent fuel 1/0 Derailment
08/09/75 Highway Cask U-235, U-238, 

Pu-239
1/0 Trailer ran o ff  

road & overturned
05/06/77 Highway Radiography camera Ir-192 1/0 Collision
08/11/77 Highway Radiography camera Ir-192 1/0 Collision with gas 

truck
08/25/77 Rail Cylinders UF6 4/0 Derailment
10/03/77 Highway Radiography source Ir-192 1/0 1 vehicle accident
02/09/78 Highway Cask, spent fuel Spent fuel 1/0 Trailer buckled 

from truck weight
04/10/78 Highway Radiography camera Ir-192 1/0 1 vehicle accident
07/07/78 Highway Cask Mixed fission 1/0 Collision
07/26/78 Highway Steel cask, lead 

lined
Cs-137 2/0 Jeep overturned

08/13/78 Highway Cask, spent fuel Spent fuel, 
empty

1/0 Empty cask broke 
through trailer bed

08/27/78 Highway Radiography camera Ir-192 1/0 Collision
09/11/78 Highway Radiography camera Ir-192 1/0 Truck overturned
09/15/78 Highway Radiography camera Ir-192 1/0 Truck overturned
11/28/78 Highway Radiography camera Ir-192 1/0 Truck overturned
01/10/79 Highway Cylinder Ir-192 5/0 Vehicle rear-ended 

truck
08/12/79 Highway Cask Empty 2/0 Truck sideswiped
12/11/79 Highway Cylinder UF6 5/0 Truck jackknifed; 

icy roads
01/14/80 Highway Cask, teletherapy Co-60 1/0 Semi struck truck
01/31/80 Highway Cask Low level 

waste
2/0 Semi jackknifed

07/21/80 Highway Source Ir-192 1/0 Collision
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TABLE 4 (Concluded)

D ate o f 
A ccident Mode

P ackage
D escrln tlon

RAM
Involved

P ack ag es
S h ip p e d /
D am aeed

A ccident
C onditions

0 8 /2 2 /8 0 H ighw ay C ylinder, 30B U F 6 5 /0 T ru c k  fo rc e d -o f f  
ro ad

0 9 /0 6 /8 0 R ail C y linder, 30B U F 6 8 /0 T ra in  w reck
0 9 /2 9 /8 0 R ail R ad iog raphy  source S r-9 0 , Y -90 3 /0 R a il acc id en t
0 6 /0 9 /8 1 H ighw ay Source, sh ielded A m -2 4 1 /B e 1/0 P ick u p  acciden t
09 /0 2 /8 1 H ighw ay Source Ir-1 9 2 I/O C ollision
10/26/81 H ighw ay R ad iog raphy  cam era Ir-1 9 2 1 /0 C ollision  &  f ire
1 1 /0 3 /8 2 H ighw ay C ask E m pty  LLW 2 /0 T ru c k  overtu rned ; 

cask  th ro w n  o f f
0 3 /1 1 /8 3 H ighw ay Cask LLW 1 /0 T ru c k  sidesw iped
0 5 /1 0 /8 3 H ighw ay R ad iog raphy  source Ir-1 9 2 1 /0 H e a d -o n  collision
0 7 /1 4 /8 3 A ir Cask Y -9 0 , Ir-1 9 2 2 /0 P lane crashed
12 /0 9 /8 3 H ighw ay C ask, spen t fue l Spent fu e l 1 /0 T ra c to r separated  

fro m  tra ile r
0 7 /1 6 /8 4 A ir C ontainer Ir-1 9 2 1 /0 P lane ra n  o f f  

ru n w ay
0 8 /0 8 /8 4 H ighw ay C on tainer R eac to r w aste 1 /0 T ra ile r  overtu rn ed
0 2 /1 1 /8 5 H ighw ay Steel d rum Ir-1 9 2 1 /0 T ra ile r  jack k n ifed
0 2 /1 3 /8 5 H ighw ay Steel d rum Ir-1 9 2 1/1 V ehicle  overtu rned
12 /04 /85 H ighw ay R adiog raphy  cam era Ir-1 9 2 1 /0 C ollision
0 1 /1 0 /8 6 H ighw ay Source C s-137 1/0 T ru c k  ra n  o f f  road
0 8 /1 5 /8 6 H ighw ay C ylinder, 30B U F 6 3 /0 C ollision
0 3 /2 4 /8 7 R ail C ask, spen t fue l S pent fue l 2 /0 T ra in /a u to  w reck
10 /2 6 /8 7 H ighw ay R adiog raphy  source Ir-1 9 2 1/0 T ru c k  o v ertu rn ed
0 1 /0 9 /8 8 R ail C ask, sp en t fu e l S pent fu e l 1 /0 T ra in  derailed
0 1 /2 3 /8 8 H ighw ay R adiog raphy  cam era Ir-1 9 2 1/0 T ru c k  ran  o f f  road
0 9 /2 3 /8 8 H ighw ay R ad io g rap h y  cam era Ir-1 9 2 1/0 T ru c k  ran  o f f  road
0 3 /2 7 /8 9 H ighw ay R ad iog raphy  cam era Ir-1 9 2 1 /0 C ollision
0 5 /1 9 /8 9 H ighw ay Cask Low  Level 

Waste
1 /0 A u to  s tru ck  

tra c to r tra ile r
06 /0 8 /9 1 H ighw ay R ad iog raphy  cam era Ir-1 9 2 1 /0 T ru c k  o v ertu rn ed
0 9 /1 5 /9 1 H ighw ay R ad io g rap h y  cam era Ir-1 9 2 1/0 T ru c k  cau g h t f ire
11/03/91 H ighw ay R ad iog raphy  cam era Ir-1 9 2 1 /0 C ollision

SUMMARY AND CONCLUSIONS

T he d a ta  p ro v id ed  by  the R ad ioac tive  M ateria ls  In c id en t R ep o rt database  fo r  th is  p ap e r in  
p a r t re flec ts  th e  adequacy  o f  the  tran sp o rta tio n  regu lations th a t a re  in  e f fec t. T h a t is, the  
packages th a t have experienced  releases a re  those th a t con ta in  lim ited  q u an titie s  o f  
rad ioac tive  m ateria ls. T h e  regu lations req u ire  th a t Ty(7e B packagings be  used fo r  the 
tran sp o rt o f  la rger q u an titie s  o f  nuc lea r m ateria ls , thus posing a  p o ten tia lly  g rea te r 
consequence i f  the con ten ts a re  released. H ow ever, the  D O T regu la tions also sp ec ify  th a t 
T ype B packagings be designed  and  tested  to  w ith stan d  "hypothetical” acc id en t cond itions 
w hich  are  o u tlin ed  in  the  N R C  regu la tions (10 C F R  71). T he d a ta  fro m  R M IR  in d ica te  that 
T y p e  B packages have perfo rm ed  ex trem ely  w ell in accidents. T h ere  have been  tw o m inor 
dam ages to  T ype B packages, b u t no re lease o f  rad ioactive  m aterials.

Since its d eve lopm en t in  1981, the R M IR  database  has evolved to  becom e one o f  the  m ost 
co m prehensive  com pilations o f  in fo rm atio n  on tran sp o rta tio n  acciden ts and  inciden ts
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involving rad ioactive  m aterials. E very  a ttem p t is m ade to  rep o rt a transporta tion  in c id en t as 
accurate ly  as possible and  to  augm ent the availab le resources by  estab lish ing  a ne tw o rk  o f  
con tacts in  ad d itio n  to  the  tw o p rim ary  fed era l rep o rtin g  agencies. E ffo rts  a re  cu rren tly  
u n d er w ay to  co n tac t each state  rad ia tion  con tro l o ffic e  to  o b ta in  any  add itional d a ta  they  
m ay have fo r th e ir  respective state  and to  also o b ta in  co n cu rren ce  on the d a ta  a lready  
en tered  fo r th e ir state . A dditionally , each reco rd  is being  rev iew ed  fo r  com pleteness and  
accuracy.

It is im p o rtan t to  p rov ide a c red ib le  and  com plete  h isto ry  o f  rad ioactive  tran sp o rta tio n  
inciden ts since the d a ta  are used in  the fo llow ing ways: tran sp o rta tio n  env ironm enta l 
analyses, safe ty  analyses, regulatory  actions, pub lic  in fo rm atio n  m ateria ls, responses to 
p ub lic  inqu iries, and  in  m itigating  in stitu tio n a l concerns. In  o rd e r to  m ain ta in  and  enhance 
the  database, any  add itional in fo rm ation  o n  tran sp o rt even ts is w elcom ed.
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