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FOREWORD 

The Sixth International Symposium on the Packaging and Transportation of ^ 
Radioactive Materials was held November 10—14, 1980 in Berlin (West), Fede rU 
Republic of Germany, the first In this series of symposia to be held outside the 
United States of America. It was an honour for the "Bundesanstalt fur Material-
prufung (BAM)" to act as organiser. 

PATRAM '80 gave an international scientific and technical circle of experts from 
research institutes, firms and governmental institutions the opportunity to 
exchange their experience in transporting nuclear fuel and other radioactive 
materials together with new developments in packaging and testing techniques 
as well as the use of spent fuel casks for intermediate storage purposes. In addi
tion, we also tried to make those efforts made in the area of transportation more 
understandable to the public. 

In these proceedings you will find 175 papers, the dinner speech, the speeches 
made at the public evening, the panel discussion and of course the discussions 
following the presentations themselves.' 

PATRAM '80 was considered an important step forward in the international 
exchange of ideas, also in view of the 1983 revision of the IAEA Regulations. A 
total of 498 participants registered for the symposium from 21 countries. 

B. Schulz-Forberg R. Neider 
Chairman Chairman 

Scientific Committee International Organizing Commit 
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ENVIRONMENTAL IMPACTS OF THE TRANSPORTATION OF 
RADIOACTIVE MATERIALS IN URBAN AREAS 

N. C. Finley, J. M. Taylor, S. L. Daniel, D. M. Ericson, Jr. 
Sandia National Laboratories, Albuquerque, NM, USA 

PURPOSE OF THIS ASSESSMENT 

The Final Environmental Statement on the Transportation of Radioactive Material 
by Air and Other Modes (NUREG 0170) concluded that the risks associated with such 
transportation are low, although severe accidents in urban areas have the potential 
for large radiological and economic consequences. The present study Investigates 
radioactive material transport In urban areas and addresses the specific urban fea
tures which Influence environmental Impacts. These features Include the geographic 
and demographic make-up, and vehicular, population and transportation patterns In 
the area. 

Previous efforts have not identified a most Important population exposure 
pathway or group. This assessment examines several pathways and a number of urban 
specific population groups to evaluate their relative significance. In addition, 
because different causative events contribute to the overall environmental impacts, 
this assessment addresses four of these: Incident free transport, vehicular acci
dents, human errors, and sabotage or malevolent acts. 

Not only does radioactive material transport produce radiological and economic 
consequences but also it can have social impacts. The objective of this study is 
to examine both the quantitative environmental Impacts of radioactive material trans
port in urban areas and the more subjective social effects of this process. The 
social Impacts assessment was performed by Battelie Human Affairs Research Centers, 
Seattle, Washington and their conclusions are only summarized here. 

METHOD OF APPROACH 

Using previous studies on radioactive material transport In the United States 
as a general foundation, we examined the urban area to determine which population 
groups were most likely to be exposed to materials in transit. After identifying 
these groups we constructed computer simulation models to assess the expected popu
lation exposure, from either incident free transport or vehicular accidents, to each 

< group. The Impacts from human errors or sabotage were examined using adaptations of 
the accident analyses. 

^ ^ ^ ^ A section of New York City encompassing portions of the boroughs of Manhattan, 
^^^^rooklyn, and Queens was selected for the initial application of the computer models. 

Using the results of sensitivity analyses and insights gained from detailed examina
tion of several classes of radioactive materials, the initial results were extended 
to a selected set of the top Standard Metropolitan Statistical Areas (SMSAs) In the 
United States. Twenty sites were selected, ranging from several of the densely 
populated areas on the eastern seaboard to the more spread out, but still heavily 
populated areas on the west coast. 
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In addition, several alternatives to current transport practice were examined. 
These include transport mode changes, increased accident damage resistance for ship
ping packages, rerouting of materials around the urban area, and a series of 
operational alternatives which would affect the population groups within the urban 
area most closely associated with the transport process (warehouse personnel, 
handlers, etc.). 

The assessment contains detailed descriptions of the urban area studied, the 
simulation and health effects models used for evaluating radiological and economic 
impacts, and an evaluation of the social impacts of the transport of radioactive 
materials in urban areas. The material included in this assessment comes from 
a number of different sources, including the Task Group on Radioactive Materia'' 
Transport In Urban Environs, established to assist the Sandia staff In developin 
the scope and details of the study. The results of the analyses are presented 1 
terms of expected numbers of health effects per shipment year. 

RESULTS 

Incident Free Transport 

For the selected New York City study area, the overall population dose from 
incident free transport of radioactive materials was found to be less than ten 
person rem per shipment year. This Is equivalent to an expected number of latent 
cancer fatalities (LCF), for the total population at risk, of the order of 10" 
per shipment year. These estimates of LCF are a measure of the total expected 
additional cancers occurring over the entire period of time following a given year 
of shipping activity, not the number of cancers expected per year. The population 
groups receiving the majority of this dose were handlers, warehouse personnel, 
transport vehicle crew, pedestrians and people in vehicles. Other population groups 
were addressed although they did not contribute significantly (people in buildings, 
people in air terminals, etc.). 

When the analysis was extended to other urban areas, the values for popula
tion dose ranged from 4 person rem (̂  10~ LCF) per shipment year for the San 
Diego area, to a high of ^ 200 person rem (~ 10~' LCF) for Newark. This range 
Is not unexpected since there are widely different population and shipment patterns 
across the nation. 

Vehicular Accidents 

Radioactive materials are shipped in either nondisperslble (or special) form 
(metals or doubly encapsulated sources) or in dlspersible (or normal) form. Both 
types of materials were Included In the shipment model developed for this analysis 
and required different methods for assessing the expected consequences of vehicular 
accidents involving them. When the results of the separate analyses were combined, 
the expected numbers of health effects per shipment year can be obtained. For the 
baseline accident analysis (limited New York City area) results are approximately 
10" early morbidities, 10" latent cancer fatalities, and 10" genetic effects pefl 
shipment year. Economic risks from a year's shipment activity were calculated 
to be - $10°. 

For other urban areas, the expected number of latent cancer fataLLties per 
shipment year (shipment level for each urban area) ranges from ^ 10 for San 
Diego to a high of ^ 0 . 2 for Chicago. These variations arise from several 
different sources including the population and shipment differences referred to 
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earlier. Here an additional factor is the specific character of the shipments 
In each urban area. Interpretation of the results of the generic extension nust 
be made in view of the assumptions required for the analysis. 

Human Errors or Deviations from Accepted Quality Assurance Practices 

Human errors can occur at any stage during the transport sequence and pre-
transport errors can cause impacts during transit. To evaluate these environ
mental impacts, the accident analysis model was altered with accident rates 
replaced by Incident (or occurrence) rates for known Incidents Involving human 
^rrors. From this point the analysis paralleled that for vehicular accidents 
Kisofar as expected numbers of health effects per shipment year were calculated. 
^a this case, no early effects were observed but approximately 10" latent cancer 
fatalities are expected per shipment year for the limited New York City area. 
Economic risk from human errors would total approximately $10 . 

Extension to other urban areas resulted In a range of expected values from 
~ 10~ latent cancer fatalities per shipment year for San Diego to ^0.4 latent 
cancer fatalities per shipment year for Chicago. This overall range is consist
ent with that for vehicular accidents. 

Sabotage or Malevolent Acts 

There are no data available with which to estimate the probability of occur
rence of sabotage or malevolent acts. This precludes calculating risk values. 
Although a successful attack is considered unlikely, we have assumed that one had 
occurred and calculated the consequences in terms of expected numbers of health 

, effects. Several different materials were examined In terms of the numbers of 
health effects to be expected given that the event occurred. Results of this analysis 
indicate that for a range of materials, expected numbers of early fatalities would 
be small, expected numbers of early morbidities would range from I's to lOO's 
and expected numbers of latent cancer fatalities would range from I's to lOOO's 
in the limited area considered. Economic effects are strongly dependent upon the 
amount of radioactive material released. Thus, there is unquestionably a wide range 
of environmental impacts potentially exceeding $1 billion for the largest radioactive 
material release. 

Generic extension of the sabotage calculations is restricted by several factors. 
In general, it can be stated that the results for a particular event could be 
scaled, approximately linearly with population densities. However, the scaling 
must be done with caution since there are several assumptions inherent in the 
calculation which affect the extrapolation. 

Alternatives to Current Transport Practice -, 

^ ^ ^ ^ A number of alternatives to current transport practice are considered and 
^ ^ ^ ^ h e expected values for radiological consequences or risk were determined, by assuming 

that the alternative had been imposed for an entire year of shipment activity. 
In general, the effects of implementing these alternatives ranged from no change 
in the calculated risk to reduction in the expected numbers of early morbidities 
resulting from vehicular accidents. Decreases in the expected numbers of latent 
cancer fatalities by factors of two to five were also observed. In some cases, 
where implementation of the alternative Involved change of shipment time, a range 
of values for expected radiological health effects resulted. In the sabotage cases. 
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a range of expected number of health effects was also observed, depending upon 
the particular alternative. For the alternative Involving changes In transport 
mode, no change in the expected number of health effects was observed for the 
incident free and human errors situations although a significant increase in conse
quences from a sabotage event and a factor of two increase in the accident risk 
were observed. Rerouting materials outside the urban area resulted in decreased 
numbers of expected health effects from vehicular accidents, human errors and sabotage 
because of lower populations and vehicular traffic patterns in these areas. The 
treatment of rerouting involved comparisons of expected consequences of severe 
accidents, for a limited number of shipment types, thus no risk comparisons are 
made. The process of rerouting does not eliminate the environmental Impacts but 
simply transfers them to other geographical areas. 

Social Impacts of the Transport of Radioactive Materials in Urban Areas 

The social Impacts study performed by Battelle Human Affairs Research Centers,"* 
concludes that transportation Issues are a particularly visible component of the 
nuclear energy controversy. Although the number of transportation Incidents which 
have occurred has been small and the consequences slight, the political and legal 
attention given transportation Is likely to increase. These impacts may ultimately 
prove more significant in decisions regarding the transportation of radioactive 
materials than will strictly technical concerns. 
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DISCUSSION 

Question by R. Neider, FR Germany: You stated that the LCF's 
would decrease if the transportation routes went around the densely 
populated areas. But I think that in these cases the lengths of the 
transportation routes would increase and the probability of conven
tional accidents and deaths from these would increase too. Do they 
not compensate for the decrease of LCF's? 

Answer: We have not evaluated this question directly but I 

•

believe your statement is correct. The increased travel distances 
resulting from re-routing materials around urban areas would con
tribute to possibly larger numbers of accidents and deaths from the 
transport itself, independent of the radioactive materials. 

Question by B. W. Emmerson, United Kingdom: When estimating the 
economic risk associated with an accidental release of radioactive 
material, a number of factors must be taken into account. These 
will include the need for decontamination, for which costs in excess 
of $ 100 per m may not be exceptional; and the third party liability 
claims arising from harm to persons for both mortalities and a pos
sibly wide range of morbidities. The costs associated with these 
latter claims can be very high, particularly if, as in the USA, com
pensation claims can be accompanied by a large claim for punitive 
damages. Could you elaborate on the factors you took into account 
in your study for estimating the potential economic risk? 

Answer: The factors considered m estimating potential economic 
risk include: costs for emergency response to the vehicular accidents, 
survey costs, evacuation costs and the costs of permanent land use 
denial. This latter cost includes the security personnel required to 
control the area once the perimeter has been secured by fencing or 
other means. We do not evaluate the legal or governmental costs as
sociated with the accidents since these are essentially impossible 
to quantify. We recognise, however, that these punitive damages, as 
you say, may far outweigh even the very high land use denial costs 
calculated in our study, for severe transportaiton accidents or sab
otage. 

The details of our economic impacts model are available in an 
appendix to NUREG/CR-074 3, the Draft Environmental Assessment of 
Transportation of Radioactive Materials in Urban Environs. 

Question by A. L. Kaplan USA: Have the magnitudes of the health 
effects from the transportation of radioactive materials in urban 
areas, as determined by your study, been compared to the magnitudes 

•

of those same effects normally occurring in the population groups from 
these urban areas? 

Answer: No, we have not directly evaluated or compared the in-
cremental increase in health effects arising from radioactive material 
transport in urban areas as compared with their normal occurrence 
rates m the population. 
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TRANSPORT OF RADIONUCLIDES IN URBAN ENVIRONS 
NORMAN A. EISENBERG 

OFFICE OF STANDARDS DEVELOPMENT 
U.S. NUCLEAR REGULATORY COMMISSION 

PURPOSE AND SCOPE 

The Nuclear Regulatory Commission (NRC) has been preparing a generic envi
ronmental impact statement (GEIS) on the transportation of radioactive material 
near, in, and through a large densely populated area in connection with a re-
evaluation of present regulations regarding transportation of radioactive material. 
This effort is intended to: (1) determine the impacts, (2) identify regulatory 
alternatives and their costs and benefits, and (3) decide whether regulatory 
changes should be pursued further. This effort is not intended by itself to 
evaluate any specific rulemaking action or other regulatory activity. If the 
study indicates that additional regulatory actions may be appropriate, these will 
be pursued by specific studies of those actions. 

Other generic transportation studies have treated urban areas in a general 
manner without detailed consideration of the special features of cities (Ref. 1) or 
have only considered certain types of shipments (Ref. 2). This generic environ
mental impact statement considers such unique facets of the urban setting as: 

o high population densities; 
o shielding effects of buildings under normal and accident conditions; 
o the effect of local meteorology on accident consequences; 
o the convergence of transportation routes in cities; 
o diurnal variations in population; 
o micrometeorological effects in urban areas; 
o heavy pedestrian traffic. 

Emphasis is placed on radiological health effects, but all environmental 
impacts, both radiological and nonradiological, are assessed. The study considers 
shipments through or near cities of all types, except weapons, weapon components, 
and shipments on military vehicles. 

METHOD 

The NRC staff selected Sandia Laboratories, Albuquerque, New Mexico, to perform 
an environmental assessment, upon which the GEIS is largely based. To assist in 
the development of an environmental assessment, Sandia Labs formed an Ad Hoc Task 
Group to supply comments, recommendations, and information. The Task Group meetings 
provided a forum for the interchange of ideas and information, and because the 
meetings were public, provided a vehicle for early public input. The broadly bas 
Task Group is comprised of individuals from Federal, State, and local government, 
well as persons associated with industrial, academic, and environmental activist 
interests. A total of" five Task Group meetings were held in various urban areas in 
the U.S. Table 1 lists dates and locations of these meetings. In addition to 
using the Task Group meetings to inform the public and to involve the public in the 
study, a Working Draft Assessment, SAND 77-1927 (Ref. 3), was issued in June 1978 
to give the public advance knowledge of models and results, while work was still in 
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TABLE 1. Meetings of the Ad Hoc Task Group 

Date Location 

September 20, 1976 

November 16-17, 1976 

March 24-30, 1977 

July 13-14, 1977 

July 24-25, 1978 

New York, New York 

Arlington, Virginia 

Baltimore, Maryland 

Houston, Texas 

New York, New York 

progress. As a result of Task Group and public input, the original scope of the 
environmental assessment has been broadened to include: a methodology decisively 
generic for all cities rather than concentrating mainly on New York City as origi
nally envisioned, consideration of social impacts, an intensive treatment of 
sabotage and security in cities, and detailed consideration of the impacts arising 
from human error. The manner in which the study has been conducted, with a con
certed effort to be open, to involve the public, and to obtain early input from the 
public and concerned parties, has hopefully yielded a more comprehensive, more 
accurate, better understood environmental study. 

The GEIS is an evaluative document. It assembles and coordinates the tech
nical input from the three principal supporting documents, critically evaluates 
their methods and results, and modifies their results when, in the judgment of the 
NRC staff, such modification is warranted. Finally, it identifies those aspects of 
the findings that are significant to regulatory decisionmaking. First, Independent 

* technical assessments of environmental impact were developed under contract to NRC. 
Second, the NRC staff has proceeded to independently evaluate these findings. The 
staff generally has accepted the findings of the independent technical studies. 
However, in some instances, a different view with some impact on regulatory thinking 
is held by the staff. The primary technical data basis was NUREG/CR-0743 (Ref. 4), 
the Draft Environmental Assessment (DEA). Two subcontractors to Sandia Labs pro
duced two studies of social impacts. A team from Rice University and the University 
of Texas (Chad Gordon, principal author) authored NUREG/CR-0742 (Ref. 5). The 
Human Affairs Research Center, Battelle Memorial Institute, authored NUREG/CR-0744 
(Ref. 6). This trio of documents, with most emphasis placed on NUREG/CR-0743, 
comprises the bulk of the technical basis for the GEIS. 

For purposes of analysis, four causative event categories are used: incident-
free transport and the three nonroutine conditions of transport, (1) vehicular 

• . accidents, (2) human error, and (3) malevolent acts. Under each causative event 
category the following radiological health impacts are quantitatively estimated: 
(1) early fatalities, (2) early morbidities, (3) latent cancer fatalities, and 
(4) genetic effects. Also, direct economic impacts are estimated. For incident-
ee transport, vehicular accidents, and human error, radiological risk is estimated, 
addition, for vehicular accidents and malevolent acts, the consequences of 

evere incidents are estimated. Direct nonradiological impacts, e.g., impacts of 
exclusive use vehicles, are estimated. Indirect, i.e., social, impacts are difficult 
to quantify, but are given substantial consideration. They include psychological, 
sociological, organizational, legal, and political impacts. 
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Primary emphasis in the DEA is on presentation of Impact estimates for a limited 
study area in New York City based on detailed modeling and data; however, approxi
mate estimates for other cities (including the entirety of New York City) using 
less detailed data and models (obtained from the sensitivity analysis) provide an 
Important perspective on how typical the limited study area estimate is and what 
the range of Impacts for cities might be. It is believed that this detailed treat
ment of a part of New York City, coupled with an extensive sensitivity analysis, 
provides sufficient generic treatment in order to make regulatory decisions. 

As shown schematically in Figure 1, the shipment of radioactive materials in 
urban environs interacts with the affected environment, namely people and property, 
to produce environmental impacts. The models developed to estimate the impacts 
depend on the causative event category, the population subset or property affect^^^^ 
and the shipment characteristics. The urban features are parameters in the varJ^^^H 
models. For example, the model developed to estimate impacts on people in buildS^s 
from incident-free transport uses Information about the radioactive shipments (type 
of radiation, source strength, frequency, distance traveled, route), about the 
population affected (number of people in buildings, location), and about the urban 
features (average height of buildings, average shielding ability, i.e., wall mate
rial and thickness, average number of buildings per length of shipment travel). The 
model estimates the dose to people in buildings by processing the cited information. 
The resulting health effects are estimated using an additional model of radlatlon-
dose-generated health effects. The Impacts from each type of shipment are summed 
to obtain the overall impact; Impacts are selectively summed to obtain impacts 
from shipping in each end-use category. Since each type of shipment requires a 
slightly different calculation using the same basic set of models, a computer is 
used to keep track of the many variables and parameters and to perform the neces
sary summing up of Impacts. 

The models developed to estimate impacts are quite general. When the data 
describing any particular circumstance are entered into the appropriate models, the 
impact estimate for that circumstance is obtained. Thus the Impacts from a given 
shipment, a given city, and a given route within that city, may all be obtained. 
Total Impacts of a given class are estimated by summing Impacts over the appro
priate variable, e.g., summing over shipments. The goal of this study, however, 
was to assess impacts generlcally, not for a specific set of data. In previous 
studies, the NRC and its predecessor, the Atomic Energy Commission (AEC), used 
the term "generic impact" to mean impacts typical of an activity or facility of a 
given class (e.g., a light water reactor), although a given facility may have special 
features that make its impacts atypical. In this study, the goal was to assess the 
impacts due to radioactive material transport typical of a large city. 

A sensitivity analysis was used to obtain a generic assessment of Impacts from 
the general models and site-specific data (Figure 2). The sensitivity analysis is 
described in detail in Appendix D to the DEA (Ref. 4). The sensitivity analysis is 
performed by (1) establishing an estimate of Impacts using site-specific data 
(data for a portion of New York City was used) and the general models - this is 
designated the "base case," (2) changing the value of various input variables by ^ ^ 
moderate amounts and noting the resultant change in Impacts estimated, (3) compaj^^^ 
Ing the perturbed Impact estimates to the base case estimates to deduce which ^ ^ ^ p 
variables are most Important, and (4) developing simplified expressions (equatio^^^ 
or models) for impacts in terms of the most significant input variables. 

The sensitivity analysis takes a "black-box approach" to the environmental 
Impact process. A set of input variables are related to a set of output variables 
by performing numerical experiments on a computerized set of models. The sensitiv
ity analysis approach has the advantage of being simpler and less costly to use and 
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to gather input data; however, some precision is lost and analysis based on 
fundamentals of physics and biology is replaced by a phenomenological analysis. 

In the DEA, the sensitivity analysis is the primary tool used to obtain results 
in three important areas: (1) alternatives; (2) generic extension, i.e., estimates 
of impacts in cities other than New York; (3) error analysis, i.e., estimates of 
the error in the Impact estimates caused by error in the input data. 

The sensitivity analysis is used as a bridge to go from the base case Impact 
estimate for New York City to a new set of Impact estimates resulting from various 
regulatory changes as they would be felt in New York City and to another new set 

•

of Impact estimates for other cities under current regulatory practices. The DEA 
kpes not look at the combined perturbations of different cities and different regu
lations since the uncertainties in data and modeling would cause too small a degree 
of confidence in estimates for such conditions. 

The success of the sensitivity analysis is not uniform over the four causative 
event categories. Comprehensive and fairly accurate treatment was achieved for 
incident-free Impacts; moderate success was achieved with vehicular accidents and 
human error; but virtually no success was athieved in using the sensitivity anal
ysis for impacts from malevolent attack. 

FINDINGS 

In most cases the estimates of Impacts in this paper are larger than those 
of the DEA. The reasons for Increasing the DEA estimates Include: (1) not employ
ing dose effectiveness factors for low dose rate radiation and (2) representing the 
city by a larger geographical area. 

Radiation exposure of transport workers and of members of the general public 
will result from normal permissible radiation on the outside of packages in incldent-

, free transport. This population exposure is estimated at 58 person-rem for New 
York City, producing no early fatalities or morbidities, but on a statistical 
basis may produce 0.007 latent cancer fatalities and 0.01 genetic effects resulting 
from the shipping activity of a single year. Compared to health effects from other 
causes, these effects from incident-free transport are considered to be small. 

Radiation exposure of the public may occur in the vicinity of transportation 
accidents that involve radioactive material shipments. Looking at a broad spectrum 
of potential accidents and considering the probability and consequences of releases 
of radioactive material in those accidents, the average radiological risk is estim
ated to be small. Expected values of health effects resulting from the shipping 
activity of radioactive materials for a single year are 0.91 latent cancer fatal
ities, 0.4 genetic effects, 2.8 x 10 ^ early morbidities, and no early fatalities 
for New York City. The estimated value of economic risk appears to be large per 
year of shipping activity, but is currently being re-evaluated. In the event of ^ 
a low probability, very severe accident involving truck transport of spent reactor 
fuel, consequences are estimated to be 11 latent cancer fatalities, no early 

•

rbiditles, no early fatalities, and $4 x lO' in decontamination costs. The 
obablllty of occurrence of such a very severe accident is estimated to be 
0 X 10 ^ per shipment or 1.5 x 10 ^ per year (assuming 12 such shipments through 

the urban area per year) for a 63 km path through the densely populated region. 

Excessive radiation exposure and release of radioactive material may result 
from human error and deviations from quality assurance procedures that affect : 
packaging, labeling, handling, and stowage of radioactive materials in transport. 
The health effects resulting from human error are estimated to produce no short-
term fatalities or morbidities, but on a statistical basis may produce 1.5 x 10~^ 

733 



latent cancer fatalities and 2.2 x 10 ^ genetic effects resulting from the shipping 
activity of a single year. 

Radiation exposure of the general public may occur as the result of a male
volent attack on a shipment of radioactive material. It does not appear possible 
to quantify the likelihood of a malevolent act, although such an act is perceived 
as very unlikely. Of course, given that a malevolent act is attempted, the degree 
to which the perpetrators' purposes are served or the amount of public harm result
ing depends on a variety of difficult-to-quantlfy factors such as the skill of the 
attacker, his resources (technical, logistic, etc.), the response of the trans
porters, the response of authorities, the degree of Inherent strength of the package, 
and the nature of the material transported. For shipments currently safeguarded by 
physical protection measures, the urban area appears to slightly enhance the leve^^^ 
of protection offered by the safeguarding measures. At the time the DEA was begi^^^^ 
spent fuel shipments were not safeguarded by special protective measures. Under ^ ^ ^ ^ 
those conditions it is estimated that a successful act of sabotage (perceived as 
difficult but possible to accomplish) using explosives on a truck shipment of spent 
fuel, might result in hundreds to thousands of latent cancer fatalities, tens to 
hundreds of early morbidities, a few of early fatalities, and several billion 
dollars in economic cost. In part because of these estimates of potential impacts, 
the NRC has instituted interim protective measures for certain spent fuel shipments. 

Social impacts are very difficult to quantify. Some of the more significant 
qualitative findings are: 

1. The general public is more concerned with the potential health and safety 
consequences of a tranportatlon incident than with the probability that 
such an incident will occur. 

2. For a given magnitude of physical consequences, nuclear materials trans
portation has greater social impacts than hazardous materials transporta
tion generally. 

3. The potential for causing social Impacts varies with causative event 
category. Malevolent act have the highest potential, vehicular accidents 
and human error have less potential, and incident-free transport has 
the least potential. 

4. Many cities do not have their own radiological emergency response plans in 
place, and most State and Federal formal procedures do not differ with respect 
to the density of an area; thus, the adequacy of emergency response to 
transportation incidents in urban areas is questioned. 

CONCLUSIONS AND RECOMMENDATIONS 

Preliminary findings of this GEIS show that the health risk of transporting 
radioactive materials in cities is small. The economic risks are not necessarily 
small, but the estimates need to be refined. The economic consequences of a severe 
accident in a city could be large; the health consequences of such severe accidents, 
though serious, do not appear to be catastrophic. The risks from human error are 
estimated to be about the same as those from vehicular accidents. The successful 
sabotage of certain large shipments could produce significant health and economi-
consequences. The social impacts of radioactive material transport in cities ar 
significant. Nonradlological Impacts are not significant. 

Because of the high consequences estimated from a successful sabotage attack 
on spent fuel, the NRC has instituted interim protective measures until additional 
research is completed. The NRC staff has not yet reached a consensus on recommenda
tions; however, the staff is considering giving further study to the following sub
ject areas that look promising for improving safety. 
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(1) Economic costs resulting from Incidents involving radioactive mate
rials in transit in cities and potential mitigating measures; 

(2) Impacts due to human error; 
(3) Making packages more accident resistant; 
(4) Rerouting, in the context of alternative or synergistic safety 

improvements; 
(5) Urban-specific features of radiological emergency response planning; 

and 
(6) Contents released from packages subjected to sabotage. 
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DISCUSSION 

Question by C. B. G. Taylor, United Kingdom; Have you been able 
to compare the possibly severe consequences of a sabotage attack on 
a nuclear package with the consequences of attacks on other sensiti^^^^ 
targets, for example large passenger aircraft? ^^^^ 

Answer: The NRC staff has considered making such comparisons 
but no published quantitative comparisons have yet been issued. I 
would like to point out that in my opinion such comparisons are not 
necessarily easy to make, because, although calculations of the public 
consequences of a successful sabotage attack can be compared m a 
rather straight forward fashion, comparisons of other potentially 
significant factors, such as the frequency of shipments, the quanti
ties in a single shipment, the vulnerability of the shipping container 
to sabotage, the degree of concern of the public and government auth
orities regarding an act of sabotage directed at a given material, and 
attractiveness of such shipments to potential saboteurs, cannot be 
made in such a straightforward fashion. Further, the charter of the 
NRC IS to protect public health and safety, regarding nuclear material. 
It is not clear to what degree the comparisons you speak of would be 
useful m fulfilling the NRC mission. 

Question by K. B. Shaw, United Kingdom: Has the involvement of 
environmental groups in your discussions been fruitful? Have they 
been persuaded by technical data and have they produced their own 
studies? 

Answer: Yes, I believe the involvement of persons associated 
with environmental activist groups in the Task Group meetings and 
the development of this study has been quite fruitful. First the 
Task Group meetings were working sessions that did not have the ad
versary nature of hearings or other formal proceedings. In that en
vironment it was possible to engage m productive adversary proceedings. 
I believe that this dialogue has led to a greater understanding of 
different points of view by individuals on the various sides of this 
issue and m some cases has moderated certain points of view. By 
providing an early opportunity to express their views, to try to 
get their concerns addressed, and to follow the development of the 
study, thereby avoiding the undesirable and frequently objected to 
situation of being presented with a fait accompli. In my view this 
openness and accessibility has produced a more credible, better unde 
stood study. A number of environmental activists do appear to have 
been persuaded by technical information, if that information is pre
sented dispassionately and originates from what are perceived to be 
credible sources (i.e. sources with no axe to grind). Some environ
mental activist groups have produced their own studies, but these 
are generally less comprehensive in scope and execution than the 
government sponsored studies and often are based on information pub
lished in government or industry reports. 

736 



PROTECTION AND SECURITY OF TRANSPORTS OF SPECIAL NUCLEAR 
MATERIALS (INCLUDING MEASURES FOR TRANSPORTATION BY RAIL) 

by Or. U. Alter and D. Jungclaus 
Gesellschaft fiir Reaktorsicherheit, GRS, Cologne 

In the Federal Republic of Germany, the "Act on the Peaceful 
Utilization of Atomic Energy and the Protection against its 
Hazards (Atomic Energy Act)" constitutes the legal basis for 
all regulatory measures concerning the protection and security 
of transports of radioactive materials. Sec. 4, para. (2), 
subpara. 5 of this Act requires the provision of the necessary 
protection of nuclear fuels in transit against disturbances and 
other interference by third parties. 
The respective goal of protection and security is 

- the protection of life, health and property against the ' -̂ " . 
hazards of nuclear energy and the adverse effects of 
ionizing radiation " -

In the Federal Republic of Germany, a noticeable increase in 
transports of nuclear fuels is expected during the next few ,J 
years. This is why plans have been made to change the current 
practice by dividing responsibilities within the frame of pro
tection and security between law enforcement agencies (police) 
and licensees. 

' • - " . ^ 

The following division is considered desirable: 

- the licensee will be responsible for the preventive security 
of its transports in accordance with the principle of orlgliMltor 
responsibility; • r 

- police forces will assume the protection of a transport 
in accordance with the principle of originator responsibility^ • 

- police forces will assume the protection of a transport only 
in the event of actual danger. 

The goals of protection and security for transports of nuclear 
fuels are: 

- to prevent any diversion of fissile material for the con- ,. 
struction of nuclear explosives; 

- to prevent any release of radioactive materials on the 
spot or, following a diversion, at any other location. i, 
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The above-mentioned protection against disturbance by third parties 
IS derived from the Atomic Energy Act of the Federal Republic of 
Germany. 

These national requirements are supplemented by international 
recommendations such as 

- INFCIRC 225 and 

- the International Convention for the Physical Protection 
of Nuclear Materials. 

The requirements arising out of the special conditions prevailing 
in the Federal Republic of Germany and the international recommen
dations and conventions were concretized m so-called catalogs of 
security measures. 

These catalogs of security measures are an integral part of the 
national system of directions and regulations. 

The following security philisophy was prepared with respect to 
the specific requirements contained m the catalogs of security 
measures: 

- an attack should be indentified by reliable surveillance 
systems; 

- the law enforcement agencies (police) shall be notified 
through redundant and reliable communication systems; 

- the act should be delayed by means of barriers; 

- protection of the transport will be assumed by the law enforce
ment agencies (police) in order to prevent the act. 

To proceed along the lines of the above-mentioned security 
philosophy, both engineered measures and personnel as well 
as administrative and organizational measures are needed. 

The different characteristics and requirements of the various 
types of transports have to be taken into account with respect 
to the transportation of nuclear fuels. 

In principles, these various types include transport by road, 
rail, air and water. 

As transports of nuclear fuels in the Federal Republic of Germany 
have so far been effected almost exclusively by road or rail, the 
following discussion will be restricted to transports by road and/ 
or rail. 

The different types of transport also involve different require
ments with respect to both engineered measures and personnel, 
administrative and organizational measures which have therefore 
been laid down in special catalogs of security measures relating 
to the respective type of transport. 
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Detailed further requirements are contained in relevant specifi
cations. Such specifications may e.g. deal ,with the requirements 
relating to the cask for nuclear fuels. 

At present, work on the catalogs of security measures for transports 
by road and rail has advanced farthest. The catalog for road trans
port is being revised, whereas that for rail transport has been sub
mitted as a draft version. 

% 

These catalogs of measures are intended to serve both regulatory 
bodies and applicants as a basis for the measures to be taken. 

.der these aspects, the current catalog of measures is applied 
o transports of nuclear fuels by road. 

Up to now, road transport has accounted for a greater amount of 
nuclear fuel shipments than rail transport. This has been due to 
the greater flexibility of trucks as compared with trains and to 
the relatively small weights - up to a maximum of 35 tons - of the 
fuel element transport casks for nuclear power plants of the class 
up to 1000 MW. 

In the near future, however, greater numbers of transports of spent 
fuel elements have to be anticipated between 1300 MW nuclear power 
plants and the intermediate storage facilities to be established 
and/or the reprocessing plant at home or abroad. As fuel element 
casks of a total weight of 80 to 105 tons are provided for these 
transports, transport by rail will gam m importance. 

In accordance with the respective catalog of measures to be applied, 
the transportation of nuclear fuels by rail and road requires 
surveillance measures ensuring the timely detection of possible 
attempts to divert or release nuclear fuels. 

t 

These surveillance measures include: 

- surveillance of all transports by a transport control . • •-̂  . 
center; • \i\-

-It 
- communication between the transport control center and 
the transport vehicle (and vice versa) at any time and 
from any place; 

- times of transportation shall be as short as possible. 

# 

As far as transport by rail is concerned, it has been planned to 
transfer the functions of a transport control center to the district 
ontrol office of the responsible directorate of the German Rail-
oads. 

The district control office is m charge of 

- ensuring optimal railroad operation on the main lines of the 
railroad network; this is achieved by station masters at stations 
and signal towers along the lines who report the times of passage 
or stay of the individual trains to their district control office. 
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Thus, the district control office has a survey enabling it to 
provide for economical rail traffic involving high traveling 
speeds. 

This means that when nuclear fuels are shipped by rail the district 
control office will have permanent information as to the section 
and/or station where the tram under surveillance is. 

For transports of nuclear fuels by road, a transport control 
center is being planned which is to be established and operated 
by the carriers. 

Surveillance of the transport vehicle will be ensured by regular 
reports stating time and location of the vehicle via radio. 

For the transportation of nuclear fuels by rail, the two-way 
railroad radio system of the German Railroads can be used as a 
means of communication. The technical characteristics of this 
two-way railroad radio system are as follows: 

- Radio link characteristic from a transmitter/receiver mast 
along the line to the transmitter/receiver on the traction 
vehicle; otherwise, telephone lines to the district control 
office; 

- Frequency of 470 mops (corresponding to approx. 0.7 m wave 
length); as this frequency involves a quasi-optical propagation 
of the electromagnetic waves, antenna installations along the 
lines are provided at intervals of 2 - 10 km, depending on the 
prevailing topographic features. 

Tunnel sections are equipped with additional antennas. 

- The radio communication will not be affected by the operation 
of electric traction vehicles. 

For reasons of security, a communication system is required to 
provide communication with the transport control center from any 
place and at any time. 

The two-way railroad system meets this requirement to a far-reaching 
degree, as its time and local availability is better than 95 %. 
In addition, it should be noted that a priority emergency call 
feature can be provided whose time and local availability can be 
assumed to be almost loo %. 

For transportation by rail, communication systems are being tested 
which will ensure a voice communication from the transDort vehicle i 
to the transport control center from any point along the route. ' 

For both transport by rail and transport by road, the motorcar 
telephone system has been provided as a redundant communication 
system for the time being. 
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Short times of transport are desirable for all transports of nuc
lear fuels. In this context, the ma^or aim is not an increase m 
maximum traveling speeds, but a minimization of operational stopping 
times such as they are needed to change an engine or the crew or 
escorts of a tram. 

In the case of rail transports, this means that special trains will 
have to be used which will run directly from a nuclear power plant 
sidmg to an intermediate storage facility, a renrocessmg plant 
or a border station of the neighboring railroad administration thus 
avoiding the stays at switchyards which would be necessary for nor
mal freight trains. 

bus, as m the case of door-to-door truck transports by road, short 
traveling times can also be reached by special trains on direct 
routes from consignors to consignees. 

DISCUSSION 

Question by R. Schuler, FR Germany: How can it be guaranteed 
that the communication system (relay stations) along railways in the 
FR Germany will not be rendered unoperational by sabotage during trans
portation? 

Answer: The railway radio system can be made unoperational by 
external influence, e.g. by sabotage. Defects are signalled to the 
competent rail official. In case of defects, a redundant communi
cation system must be available, e.g. a car telephone. 

Puestion by K. Schneider, FR Germany: 1. You mentioned that 
you take into account economical considerations concerning rail trans
port. I think that this would be desirable for road transport too. 
But that IS not at present the state of the art? 2. Will special 
trains be prescribed in the future and do they really enhance the 
security level? 

Answer: 1. We do not take into account economical consider
ations, we only mentioned that the district control office has 
supervisory powers enabling it to provide economical rail traffic. 
2. For the railway management the use of special trains will be the 
^best way to optimise short travelling times. 

Question by W. Heudorfer, FR Germany: Are two communication 
systems provided in the case of rail transport, i.e. radio system and 
car telephone system so that redundancy is provided? 

Answer: Redundancy is assured by two communication systems pre
scribed in the security measures catalogue. For rail transport these 
are the tram radio system and the car telephone. 
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INTERNATIONAL SHIPPING EXPERIENCE WITH SPECIAL NUCLEAR MATERIAL 
DEMONSTRATED ON A SPECIFIC TRANSPORT BETWEEN THE FEDERAL REPUBLIC 
OF GERMANY AND JAPAN 

R. Schuler 
J. Muskovszky 

TRANSNUKLEAR GmbH , Hanau 

One aspect of Transnuklear's worldwide activities is shipping 
special nuclear material (non irradiated high enriched uranium 
and Plutonium). Because of this the Transnuklear company operates 
with a number of offices and correspondents etc. all over the 
world. This widespread organisation is necessary in order to be 
in a position to move these materials according to today's 
daily changing requirements, restrictions, local political 
aspects and physical protection measures. 

It goes without saying that nobody can handle this job without 
knowing the international transport regulations such as Imco, 
ADR, lATA - RAR (Restricted Article Regulations) and IAEA regu
lations both the 1973 edition for Germany and Japan and the 1967 
edition for the US, as required in our case. In addition to the 
above quite a number of restrictions are imposed by national 
laws and regulations such as customs laws in the countries of 
export, origin, transit and final destination plus the normal 
terms of an international business transaction, export license 
etc. Last but not least there is the Infcirc recommendation for 
physical protection for this kind of shipment and the resulting 
modifications to suit the needs of the countries involved. 

The example chosen for this paper is based on a case where 
45 kgs of high enriched uranium metal had to be shipped from 
Germany to Japan. On Sep. 6th, 1976 Transnuklear received the 
first information about this transport to Japan. 1976, 1977 and 
1978 were needed to settle license problems and technical matters 
like purchase of the necessary containers. 

At the initial stage of the project it was planned to do the job 
in the best way possible with a minimum of transfers one ship
ment by truck from Hanau to the nearby Frankfurt airport and 
by air directly to Tokyo. 

Due to immense difficulties between buyer, seller, intermediates, 
the Nuclear Regulatory Commision (NRC) requirements, the necessary 
"end use statement" and the M/B 10 form as well as physical 
protection the transport had to be delayed for month after month. 
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Finally at the beginning of 1979 Transnuklear received the o.k 
to proceed with the shipment. 

The following facts then influenced the transport-schedules, 
routes etc.: 

1.) air shipment from Frankfurt to Tokyo was not accepted by 
the Japanese authorities due to local problems at Narita 
airport Tokyo. All subsequent problems arose from this 
decision such as: 

2.) Nine part shipments of 5 kgs uranium metal each instead of 
one shipment of 45 kgs due to security requirements imposed 
by Nuclear Regulatory Commision (NRC) regardless whether or 
not shipments crossed US territory on the way from the FRG 
to Japan. 

3.) Neither the consignee nor the US authorities wanted shipments 
to go through communist countries. 

4.) The consignee needed to have the material in Tokyo before 
31.06.79 (the export license expiring date). 

5.) The Nuclear Regulatory Commision (NRC) insisted that a second 
shipment can only leave after the first has arrived. Put more 
precisely this means shipping everything by sea the whole 
campaign would have lasted about 18 months based on the fact 
that all countries and ports in transit accept radioactive 
cargoes, the Suez Canal is open and ships are always in 
position. In other words entire shipments by sea are not 
feasible. 

6.) Several US-airports were closed to high enriched uranium 
and Plutonium shipments including New York and Chicago. 

Therefore the first route had to be a combination of various 
transport systems and was planned as follows: ' 

Frankfurt - Anchorage - Lufthansa airfreight 

Anchorage - Los Angeles - Flying Tiger airfreight 

Los Angeles - Tokyo - Ship (NYK-line, Japanese carrier) 

Two shipments worked almost smoothly. The 3rd failed to leave 
Los Angeles on the scheduled ship due to the late arrival of the 
aircraft from Anchorage (bad weather). The ship left for Tokyo 
and the material had to be stored with a special permit. As the 
Japanese Ministry of Transport (MOT) requires 4 weeks prior 
notification of the shipment including information about the 
material, containers, ship and the captains name and his 
acceptance etc. the next ship could not take the cargo. The 
shipment had to wait for the next authorized ship. This automatically 
delayed the 4th shipment. 

On preparing the 5th shipment, one of the 2 weekly "cargo only" 
flights to Anchorage was cancelled due to lack of fuel. 
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other airlines flying directly to Tokyo rejected the cargo 
because according to the lATA-rules they had no cargo rights in 
Anchorage which means they are not allowed to handle cargo in 
Alaska en route from Europe to Japan. The shipping schedule had 
to be renewed. The 5th and 6th shipments arrived in Tokyo. 
Shortly after that all cargo flights to Anchorage were cancelled. 

All investigations had to start afresh. We tried to fly the 
material directly to the US east coast from the Federal Republic 
of Germany - then by an internal American flight to the west 
coast and by sea from Los Angeles to Tokyo. 

The only airport to accept material on the east coast which 
handled transatlantic cargo only flights from Germany was 
Boston, Mass. But there were no direct cargo flights from Boston 
to Los Angeles; only via Chicago but Chicago airport is closed 
to shipments of nuclear material (SNM). 

It was theoretically possible, but how could we put the ends 
together? The Lufthansa cargo flight flies first New York and 
then to Boston, the truck needs four days from coast to coast, 
the vessel has a fixed schedule and will not wait for 5 kg 
shipments which no carrier is interested in transporting anyway. 

The result: Lufthansa rerouted at extra cost the Boeing 747 
(payload 100 t) for the 5 kgs to Boston first and then to New 
York. The truck then went coast to coast non stop (approx. 3 000 
miles) in four days. The ship accepted the cargo and set sail 
from Los Angeles in time. 6th shipment left and arrived at Tokyo. 

Shortly before the 7th shipment,Lufthansa cancelled the booking 
because of rerouting the Boeing 747 Boston - New York - Boston 
instead of New York - Boston. The crew claimed excess working 
hours which they are not allowed to do (30 min. in Boston). 
Fullstop. 

The client is upset and nervous. Willing to pay for 2 cargo 
flights using a Boeing 707 (payload approx. 30 t) from Frankfurt 
to Los Angeles at 50 000 $ each. 
We try to ship material to Los Angeles. 

- via Canada - not possible 
- via Mexico - not possible 
- via Brazil - !!! not possible 
- via Hong Kong by air and from Hong Kong to Tokyo by ship - not 

possible 
- to go to Boston by sea from Bremerhaven. This would suit the 

7th and 8th shipments but not the last (9th) if it is to arrive 
in Tokyo in time. 
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One last try with Lufthansa. The suggestion was made: would 
LufLhasa agree to Transnuklear hiring an extra crew to take 
over the Boeing 747 Jumbo at Boston airport and fly to New 
York and back to Boston to meet the working hours regulation? 
Lufthansa agreed, the client accepted the extra cost - which was 
in any case better than two charters for 2 shipments of 5 kgs 
to Los Angeles. 

The 7th shipment runs "smoothly". The 8th shipment hit tremendous 
schedule problems. To catch the vessel in Los Angeles in time and 
to avoid storage during transit which was not allowed. The 
material had to leave on Friday from Frankfurt to Boston. 
Lufthansa accepted the booking and 5 minutes later cancelled 
it again. A much more important cargo had to go first (according 
to lATA regulations). 'iJhat could be more important than a shipment 
of uranium metal? Live elephants from South Africa to Boston 
via Frankfurt - off goes the whole schedule. One last chance 
- a day later - Saturday, Lufthansa flew the same route but only 
to New York. The same procedure - would Lufthansa accept an 
extra stop at Boston and on what conditions. Result: Lufthansa 
accepted - the client accepted an off went the 8th shipment — 
stop the aircraft operator is ill at Boston airport - no go? 
ridiculous - problem solved. 

Off goes the 3th shipment - no! No police escort available for 
the transport between Hanau and Frankfurt airport due to a 
traffic accident. Problem settled - all regulations met. 

•>'•? 

The 9th shipment was also run the same way, problems? Of 
course not, just the same as the others! 

You think the companies mentioned here were uncooperative, or 
the authorities problematical? - totally wrong. If it was not 
due to tremendous efforts by all parties involved and a good 
communication flow between the offices, the authorities and 
Transnuklear group nothing could have been moved. An enormous 
amount of all kinds of regulations make these transports "almost" 
irapossiole. 

In isolated case - no! Possibly one of the most complicated but 
there are others with similar results. It becomes evident from 
this case that international shipments of special nuclear material 
become increasingly complicated - increase in safety and security? 
It is up to you to judge! 

The only thing, and please allow to make this remark, which 
all parties and countries involved do still have in common is 
the use of the English language. 
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DISCUSSION 

Question by B. W. Emmerson, United Kingdom: Can you say whether 
the difficulties you have encountered in the international transport 
of radioactive materials could have been reduced if all countries 
involved had been working to the same edition (presumably the 1973 
edition) of the IAEA Transport Regulations? 

It may be that a number of your difficulties have stemmed from 
the need to provide against potential third party liability claims 
associated with such shipments. Do you consider that there may be 
some substantial benefit in having an international third party 
liability convention for application in the field of transport of 
radioactive materials, on similar lines to the Pans Convention on 
Third Party Liability in the Field of Nuclear Energy? 

Answer: Difficulties could have been reduced if all countries 
had been working to this same edition of the IAEA Transport Regulations. 
Problems did not arise from potential third party liability claims, 
but regarding your suggestion for a third party liability convention, 
yes there would be benefit from this if all countries which accepted 
the IAEA 1973 Regulations have an international third party liability 
without any supplementary national request. For example, the Pans 
convention is ratified by many countries but some of them require m 
any case national insurance company backing. 

Question by C. B. G. Taylor, United Kingdom: You have described 
your problems very clearly but you have not suggested any solutions. 
What needs to be done, and who by? 

Answer: We do not have any solutions. 
r 

Question by J. A. Andersen, USA: What package was the "- ''r ur
anium earned in, by air, from the FR Germany to Japan? 

Answer: It was a USA type B container D0T-6M, 15 gal. size. 
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SECURITY MEASURES FOR THE TRANSPORTATION OF RADIOACTIVE MATERIALS 
ON THE ROAD 

Dr. P. Erlenwein 
Gesellschaft fur Reaktorsicherheit (GRS) mbH 

Glockengasse 2 
5000 Koln 1 

Pursuant to the German "Act on the Peaceful Utilization of Atomic 
Energy (Atomic Energy Act)", transports of radioactive materials 
have to be protected against disturbance and other interference by 
third parties. 

The individual security measures to be taken and to ensure the re
quired protection depend on the hazard potential of the materials 
transported. Transports will be classified into different security 
categories as a function of the size of the hazard potential in
volved. 

Thus, the hazard potential of each transport has to be determined 
first. This determination of the hazard potential proceeds from the 
basis of the unsecured transport which is nevertheless provided 
with all necessary safety equipments. 

The hazard potential is investigated under two separate and diffe
rent aspects with a view to disturbance and other interference by 
third parties: 

(1) The diversion of radioactive materials , 
(2) The release of radioactive materials on the spot. j 

The hazard potential with respect to diversion depends on the effects 
which can be achieved by an abuse of the material that has been 
diverted. Accordingly, the hazard potential is quantified, and the 
transport allocated to one of the security categories, under the 
aspect of diversion from the inventory of nuclear fuel. This classi
fication IS a function of the limits with respect to kind, amount 
and degree of enrichment of the nuclear fuel,and these limits, m 
turn, depend on the respective IAEA recommendations (Infcirc 225). 

^^feUie hazard potential with respect to release depends on the possible 
^^Hffects of a release of radioactive materials of a transport to the 
^^^nvironment as a result of an act of sabotage. The quantification 

of the hazard potential starts out from the identification of the 
sabotage scenario that may result in the maximum release of radio
active materials. This is followed by a calculation of the long-
term and short-term radiation exposure of persons m the environ
ment which may be caused by the dispersion of the released radio
active materials m the environment. Finally, the security category 
IS determined on the basis of given limits. 
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Allocation of the transport will be to the highest security cate
gory determined under the aspects of diversion and release. 

The requirements for the security measures to be applied within the 
individual categories are contained in a socalled catalog of securi
ty measures. The security requirements were selected in such a way 
that the effects of possible disturbances or other interference by 
third parties will be reduced to a measure that is comparable to 
that achieved by safety measures with respect to possible accidents 
in transit. 

Considering these boundary conditions and the aims of protection 
termed 

- prevention of the diversion of radioactive materials and 
- prevention of release, 

two requirements are bound to result with respect to engineered 
security measures which must be met by any type of transport that 
needs to be secured: 

- the materials transported will have to be surrounded by barriers 
which will impede any potential attacker's access to the cargo; 

- there must be a reliable surveillance and communication system 
that will ensure a sufficiently fast notification of the respon
sible agencies (e.g. transport control center) of any unauthorized 
interference with the transport. 

The following is a description of engineered security requirements 
for such transports of nuclear fuels which belong to the highest 
security category. 

P . 

-a . 
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Fig. 1 provides a survey of these requirements: 

Major System Elements in Transportation Protection / Road 
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BARRIERS 

The nuclear fuel to be transported must be provided with enclosures 
which, in their entirety, possess sufficient resistance (barrier 
function) against hidden or forcible attacks or attempts aiming at 
a diversion. These enclosures may be the container itself or 
suitable transport casks. In any case, the enclosures must be de
signed as mechanical barriers against chemical, thermal and mecha
nical devices as well as blasting charges. It must be ensured in 
this context that the time required to overcome these barriers 
(time of resistance) is longer than the time required to bring up 
security forces (delay time). 

TRANSPORTER 

The catalog of security measures requires the transporter to be 
designed and constructed in such a way that the essential equipment 
needed for protection of personnel and material is sufficiently pro
tected against interference by third parties. 

The driver's cab shall consist of two compartments: the cab as such 
for driver and co-driver and a separate and lockable compartment for 
the transport officer who has to escort the transport. The whole 
driver's cab shall be designed so as to be intrusion-retardant, 
bullet-retardant, fire-retardant and gas-tight. In addition, the 
vehicle shall be equipped with a feature enabling its complete 
immobilization in the event of an attack. It shall be impossible to 
lift this immobility during the delay time. 

Any manipulation on security equipment shall cause an automatic 
alarm at the transport control center. This requirement alone justl* 
fies the necessity of a reliable communication and surveillance 
system. 

SURVEILLANCE AND COMMUNICATION SYSTEMS 

Apart from a particularly protected vehicle for escorts and cargo, 
the major components of a system for the protection of transports 
of radioactive materials are suitable equipments for the surveillan
ce of the transport as well as for communication between escorts 
and transport control center. 

These equipments are characterized by two functions: 

(1) They must be capable of detecting and automatically reporting 
to the transport control center any disturbance or other 
interference by third parties; this is necessary as the 1 
of the escorts has to be taken into account. 

(2) They must enable reliable communication of escorts (trans
porter and escorting vehicle) among themselves and between 
escorts and the transport control center and vice versa. 

The capability to perform both functions must be ensured at any 
time and any location where the transporter may be. 
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This means that the system must be reliable and efficient over the 
entire territory of the Federal Republic of Germany. 

A possibility of using existing facilities is the 
motorcar telephone. 
The motorcar telephone enables communication between stationary 
or mobile subscribers m the entire territory of the Federal Re-
publik of Germany, with the exception of ]ust a few areas, and 
offers the same transmission band-with as the conventional tele
phone nfetwork. Thus, this system is capable of transmitting not only 
voice signals but also digitized signals such as they are required 

•

when using digital speech inverters or data telegrarr.s. The rela
tively good coverage of the system is achieved by a great number 
of land and relay stations. The mobile party's connection with the 
telephone network is established by the responsible land station 
withm the respective radio traffic area. However, if the mobile 
party leaves the area of a land station or if the connection is 
interrupted for more than 9 seconds, e.g. as a result of radio 
pockets, the connection has to be established anew. 

To establish a connection between the telephone network and a 
mobile subscriber, the approximate position of the mobile subscriber 
must be known so that the land station can be dialed m whose range 
the mobile subscriber is. Otherwise, no connection will be esta
blished. 

The system's advantage of relatively good coverage conflicts with 
a low time availability which depends on time and place, as the 
number of available channels is very limited. Unpredictable waiting 
times may occur particularly m densely populated areas during peak 
hours. Because of the equal treatment of all telephone subscribers, 
the available channels are distributed in accordance with the 
competition principle. Although priority connections or reservations 
of exclusive channels are feasible m the existing system as far as 
the engineering aspects are concerned, they are impossible from an 
organizational point of view, since the available channels are al
ready overcrowded. 

As the present number of channels is inadequate for all subscribers, 
the Post Office attempts to extend the existing network until the 
end of 198o and intends to make available another 148 channels in 
an additional network by the end of 19 84. 

Of all the available mobile radio services, the motorcar telephone 
will involve minimum expenditures and best meet the requirement 
for mobile communication between a stationary transport control 
center and the transports under surveillance. 

•
The integration of the system into the communication system would 
be a low-cost solution of the communication problem and could be 
realized at short notice under the following boundary conditions: 

- allocation of connections which cannot be blocked by third 
parties; 

- concession of a higher priority to the transport connection than 
to other subscribers or provision of exclusive channels for 
certain subscribers. 
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As such a solution will involve the exchange of security-related 
information through a public communication system, special measures 
must be taken to protect such information against evaluation by 
third parties.^ For radiotelephony connections, speech deception 
and/or speech inverter facilities may be used. 

The transmission of information containing only status and position 
reports, i.e. routine information, might be effected by means of 
digitally coded short data telegrams. This method is characterized 
by the following advantages: the information content is hardly 
accessible to third parties; such reports can be transmitted auto
matically; and channel occupancy times are reduced considerably as 
compared with transmission by telephone. Under these conditions it 
may still be acceptable to share an exclusive channel with other 
parties for data transmission purposes. The additional effect that 
short channel occupancy times m the order of magnitude of seconds 
will reduce charges should not be neglected m this context. 

Although the above-mentioned boundary conditions have not yet been 
realized, the motorcar telephone ist used at present as one of 
the communications systems between transporter and transport con
trol center. 

The establishment of a redundant communication system meeting the 
high standards of reliability and range is certainly a sophisticated 
project in terms of both time and money. The possibilities for the 
establishment of an independant radio system are presently under 
examination. 

It seems to be favourable to establish a system which operates 
in the high-frequency-range. This would imply only a few additional 
relay stations because of the high range of such systems. 

The dependance of the propagation of electromagnetic waves on the 
time of day requires several frequencies to ensure an optimum of 
operational reliability. 

Such a system has already been established m the U.S. for the 
purpose of surveillance of transports of governmental radioactive ' 
material. This system is used for the transmission of data tele
grams m normal operation mode, but is also capable of transmitting 
voice signals. 

A further possibility of a communication system redundant to the 
motorcar telephone is the possibility of sharing the radio systems 
of the public utility companies. But to be able to meet the require
ment for radio coverage of the entire territory of the Federal 
Republic of Germany, the radio coverage areas would have to be 
extended by the installation of additional relay stations. 
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DISCUSSION 

Question by H.-U. Berqer, FR Germany; What security measures 
are planned for other radioactive materials, e.g. for use in nuclear 
medicine? 

Answer: Graded measures corresponding to the endangering pot
ential which is lower than for nuclear fuel, establishment of a 
special security measures catalogue. 

•
Question by A. R. Baker, United Kingdom: You did not distinguish 

tween the security requirements of different types of radioactive 
material. Could you comment on whether the same standard of physical 
protection of the vehicle and so on should be required for spent as 
for fresh fuel? In particular, are high-specification lock systems 
required? 

Answer: In the framework of categorisation both aspects (theft, 
release) and therefore also the different material properties were no 
longer taken into consideration. The measures for one category do 
not distinguish between radiated and non-irradiated material. 

Comment by R. Schuler, FR Germany: Depending, on experience with 
car telephones, it must be stated that an emergency call could take 
30 minutes to send! I am sure that this will not be changed in the 
future. 

Answer: The present relatively small availability, with regard 
to time and place, of the car telephone is well-known. Therefore, use 
of the car telephone is only a temporary solution under the present 
parameters. 

Question by W. Heudorfer, FR Germany: You mentioned that, with 
regard to the delay time, it is required that the time taken for 
security forces to arrive on the scene should be small in relation 
to the time in which events occur. If security forces have to be 
called, this will not be possible in every case? 

Answer: It must in every case be assured that the delay time 
is smaller than the resistance time. The availability of security 
forces must be assured by organisational and administrative agree
ments between the competent authorities. The relationship between 
both times influences the barrier measures. 



IT'S A MAD, MAD, MAD WORLD 

John Mangusi 
Transnuclear, Inc. 

Transnuclear, Inc. is a nuclear fuel cycle service 
company specializing, among other areas, in operations 
relating to all aspects of the transportation of radioactive 
materials, including spent fuel and strategic special nuclear 
materials. 

Since the implementation on March 6, 1974 of 10 CFR 73 
regulations for the protection of strategic special nuclear 
materials in transit, we have made numerous export and 
import shipments of highly enriched uranium, plutonium 
oxide and plutonium nitrate. 

The majority of international shipments of strategic 
special nuclear materials are between the U.S. and Europe. 
The high unit value of these materials and the high degree 
of security required makes air shipment most desirable. 

I presented a paper in 1975 at the Annual Meeting of 
the Institute of Nuclear Material Managers on this subject 
and, at that time, I thought the world of transportation 
safeguards was a mad world. Now, five years later, the 
transportation safeguards world has added a few more mad 
mads to it and now is definitely at least a mad, mad, mad 
world. 

During the 1975 presentation I detailed several examples 
illustrating the conditions which prevailed at the time. 

One of the first actions which affected our transports 
was the airline pilots embargo on hazardous materials. 
Pilots had experienced many cases of persons shipping hazardous 
materials under improper names to obtain lower freight 
rates. What is a pilot supposed to do when flying at 35,000 
feet, a box allegedly containing assorted bolts starts to 
leak, fizz or smoke? Understandably, the pilots felt they 
had to take some action and did so by embargoing all hazardous 
materials for a period of time. This embargo was felt 
primarily on domestic U.S. shipments, as the foreign carriers 
and the international portion of the U.S. pilots did not 
react as strongly. 

At that time I had spoken to a representative of the 
pilots' organization and was told that radioactive material 
shipments were not a major concern to the pilots since most 
radioactive material shippers had a very good record. However, 
in order to bring their point home, the pilots felt that an 
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overall embargo was necessary. At that time we replaced 
the domestic air legs of our HEU shipments with land routes. 

In early 1975, Section 108 of the Transportation Safety 
Act was implemented limiting the carriage of radioactive 
materials on passenger carrying aircraft to those intended 
for use in, or incident to, research, medical diagnosis or 
treatment. This has been unofficially extended to cargo 
flights, and today a shipper may find that although the 
airline accepts the cargo for transport a particular pilot 
may refuse to fly the aircraft. 

Accordingly, it is not uncommon to find that no precise 
booking will be given for the cargo and that the shipper 
will be told that his material will be shipped on a space 
available basis. This particular situation will vary from 
airline to airline, and again the situation is more applicable 
to domestic U.S. airlines rather than to foreign carriers 
or international flights of U.S. carriers. 

One incident which occurred when we were using domestic 
air routes to connect with international routes for the 
transport of strategic special nuclear material involves 
the cancellation of a flight. The domestic flight was the 
only all-cargo flight scheduled that day to the ultimate 
destination. The aircraft which the airline intended to 
use was involved in an on-the-ground mishap which damaged 
one wing severely enough that the aircraft was placed out 
of service with no replacement available. The freight 
therefore had to remain at the airport in excess of 24 
hours until the next flight the following day. 

The regulations required preplanning to avoid in-
transit storage in excess of 24 hours. Because the freight 
was held at the airport for longer than 25 hours, we had to 
explain to the authorities what we would do to preclude the 
same from happening again. We obviously had preplanned to 
avoid storage in excess of 24 hours as required by the 
regulations but, nevertheless, were treated as if it were 
our fault. .1. 

Because of the preplanning and scheduling which must ' 
go into one of these shipments it was felt that the shipment 
was more secure under armed guard in the security cage of 
the airline awaiting the next day's flight than it would 
have been if we hastily attempted to reschedule the move to 
another airport or to transport via land. 

Since the presentation of the 1975 paper, the regulations 
and requirements have changed several times thereby generating 
more situations about which to tell stories. When we first 
began these shipments we were utilizing JFK airport in New 
York City as the exporting or importing terminal point for 
the international portion of HEU shipments. In order to 
comply with the New York City hazardous material regulations. 

755 



we were required to transit the New York City boundaries on 
our way to JFK between the hours of midnight and 6:00 a.m. 

For the shipment I am about to discuss we had made 
our customary notifications to all the proper authorities 
and had made arrangements with the airline personnel to 
accept the shipment. As was customary, also at that time, 
I had planned to be at the airport prior to loading of the 
aircraft to witness loading and departure of the aircraft. 

In this particular incident I was at home at about 
11:30 in the evening when I received a phone call from the 
director of the New York City Radiation Council, who said 
that he had been given orders to go the George Washington 
Bridge to stop our shipment. I couldn't believe what I was 
hearing, and envisioned a very comical situation of this 
individual trying to stop a large tractor semi-trailer at 
the approach of the George Washington Bridge. 

At any rate, this gentleman did go to the George Washington 
Bridge and planned to intercept the truck. When he got to 
the bridge, he was unable to convince the police officer on 
duty that this truck should be stopped. The police officer 
had his orders to permit this vehicle to go through. 

The ironic part of this whole thing was that the New 
York City Radiation Office had earlier that day given the 
permission to the police department to allow this material 
to go through, so when the director tried to thwart the 
shipment he was unsuccessful in changing his own order, 
because the latest official order the police at the bridge 
had received was that the shipment could pass. The truck 
did go through with the Director following in his car. 

I, later in the morning, met the director of the New 
York City Radiation Council at JFK airport and we stood 
side-by-side as the freight was unloaded from the truck, 
loaded aboard the aircraft and flown away. 

Shortly thereafter the New York City authorities published 
their now infamous regulations which effectively amount to 
a ban of this type of material going through New York City. 
The regulation actually states that a Certificate of Emergency 
Transport must be obtained, and such certificates will be 
issued only for the most compelling reasons involving urgent 
public policy or national security interest transcending 
public health and safety concerns, and that economic consideration 
alone will be not acceptable for the justification for the 
issuance of such certificate. The New York City regulation 
went into effect in January of 1976 and while many, many 
claimed that it was illegal, the ruling effectively stood. 

At that point we had two choices: to openly defy the 
New York regulation on the basis that the New York regulation 
was in violation of Federal rules and risk a chance of 
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getting arrested, or to switch our operations to another 
airport. At that time we chose to switch our operations to 
Chicago. 

We performed many shipments out of Chicago after meeting 
with the proper authorities in setting up our guard require
ments and communications with police. One of these sticks 
in my mind as particularly interesting. 

The episode occurred in the airline cargo building 
while the drums were awaiting palletizing and loading aboard 
the aircraft. The regulations required continuous visual 
surveillance of the drums. We had the proper number of 
armed guards in attendance with radio contact to another 
guard stationed in the airport police office. The cargo 
storage room was a little larger than this room, and certainly 
the guards had no trouble seeing all parts of the room. At 
least one of the guards was stationed at an elevated point 
for better surveillance. 

However, the inspectors who were there stated that the 
line of sight of the guards was obstructed by a pillar 
which was holding up the roof; and, therefore, continuous 
visual surveillance was not maintained. They hypothesized 
that someone could enter the building unnoticed, very carefully 
take one of these drums which weigh 300 lbs and slowly back 
it out of the pile while remaining completely behind this 
pillar such that the guards could never see him, stow this 
drum, return later and take it elsewhere. We maintained 
this scenario was absolutely ridiculous and lodged a rather 
severe protest with the authorities, which generated a well 
attended meeting in Chicago, in order to try to rectify 
this kind of thinking. 

I believe as a result of this meeting, the interpretation 
of the phrase continous visual surveillance has been given 
a more realistic interpretation by the authorities. Also, 
at this same shipment, the various governmental agencies 
involved had a total of 18 people in attendance, all of 
whom had their identification checked by our guards. 

We complained bitterly when we were taken to task 
because one governmental group complained that people went 
on the aircraft and were taking pictures aboard the aircraft 
without challenge from our guards. These people were repre
sentatives of one of the agencies and had been previously 
checked by our guards. ? 

For a while after that we restricted attendance to 
three people whose names, serial numbers, etc. would be 
given to us ahead of time. There was no other way we coul^ . 
operate. We still maintain similar controls and the authorities 
have been very cooperative. . ' 

Because of the press coverage devoted to this episode^ > 
eventually the Chicago authorities banned shipments of HEU "̂  
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via Chicago's O'Hare field. NRC had several meetings with 
the Chicago authorities to no avail. NRC then told us as 
far as they were concerned, we could ship via Chicago, and 
the Chicago authorities said if we did the driver would be 
arrested. 

The authorities in Washington thought this would be a 
good way to test the rule. However, we could find no one 
who really cared to get himself arrested. In the interim, 
between the continuous visual surveillance episode and the 
closing of O'Hare, we were first requested to use military 
aircraft for these shipments. 

The next incident that comes to mind was just prior to 
the first shipment that we were going to do utilizing the 
French airforce and flying out of Columbus, Ohio, to France. 
Obviously, since this was the first time, it took us several 
weeks to get everything worked out. It was about two days 
before the shipment was to take place that we received a 
call from NRC stating that they wished us to change the 
departure from Columbus back to Chicago. We told NRC that 
it took too long to set this thing up and that we could not 
just switch back to Chicago. 

We requested to know the reason why they wanted us to 
go back to Chicago. NRC's reason for asking us to switch 
from Columbus back to Chicago was that since there had 
already been a fair amount of adverse publicity at Chicago 
and none yet out of the Columbus area they felt it safer 
from a publicity standpoint to depart from Chicago. We 
thought the whole thing was absolutely ridiculous, and I 
requested official confirmation of the request. Several 
hours later they called back to say we could proceed via 
Chicago. 

The mad, mad, mad world of safeguards has now extended 
itself into the spent fuel shipping area primarily to thwart 
any attempts to hijack a spent fuel cask, transport it to 
a highly populated area and blow it up. Although the jury 
is still out as to the proper level of safeguards required 
for spent fuel shipments, NRC felt that it should institute 
requirements which have since, naturally, been upgraded. 

At this time, Transnuclear was in the process of bringing 
into the United States irradiated fuel from research and 
test reactors in Europe. This fuel was entering an east 
coast port of the United States and being transported to 
Savannah River for reprocessing under DOE contracts. 

NRC held a meeting in Richmond, Virginia, to discuss 
the potential increase in safeguards on spent fuel shipments. 
It was pointed out to us that some safeguards would have to 
be instituted while studies were being conducted to determine 
need and proper level; and that if the studies proved that 
safeguards weren't needed or didn't need to be so stringent, 
the requirements that were being placed upon us would be 
removed or be changed. 
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We mentioned, at that time, that it probably was not a 
good idea to put these new requirements in the form of 
regulations because once they were placed as regulations 
they would become etched in concrete and never get changed. 
It was NRC's intention, and they so stated at that time, 
that they would issue the requirements in a form less permanent 
than a regulation such that they could be more easily changed. 
We still had our doubts that any requirements would be 
lessened as time went on. 

The safeguard requirements were published shortly 

•

thereafter as a regulation. As a matter of fact they were 
published very shortly after the TMI episode. We questioned 
this procedure ad asked why the change from the intended 
plan. We were informed that in order for the rule to come 
out in a form less permanent than a regulation, the signatures 
of three men who were at Three-Mile Island were required. 
Since they were unavailable and it was desired that the 
rules be implemented as soon as possible, the only way was 
to issue them as a regulation. We were very, very upset by 
this course of action. We feel that regardless of the 
results of any ongoing studies, the present level of safeguards 
will never be reduced. 

, During the meeting in Richmond, mention was made of 
requiring safeguards based on the population density. No 
numbers were given at that time as to the population density 
which would trigger the requirement for safeguards. Shortly 
thereafter the requirement was defined and boils down essentially 
to areas over 100,000 people. The port through which we 
were coming with the shipments fell into that category and, 
therefore, we then had to demonstrate that there was no 
practicable alternative to using that port or else we would 
have to switch to another place. 

As we started to investigate other seaports and our , ' 
investigation became known, the people in these areas raised 
objections to the shipments ciming through their areas and 
they started passing restrictions and ordinances. We were 
ultimately able to demonstrate to NRC that we had no other 
practicable alternative to our present method and we were 
given permission to continue utilizing our original port. 

As I reflect on this whole issue, it wasn't the safeguards 
per se which caused the problems but rather the definition 
of the urban area being 100,000 population. Maybe more 

•

time should have been given to setting the threshold level. 
Once it is out, how do you then redefine it and say, "Well 
I'm sorry I didn't mean that - the population trigger 
level is now 500,000." Very careful thought must be given 
before any of these rules come out. in this case I think 
the rule came out much, much too fast and it came out as a 
regulation. 

Since then I believe the staff at NRC, and others 
have seen that this may not have been one of their best 
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judgments and have worked with us in trying to live within 
the requirements of this rule, but the regulation still 
stands. 

The Department of Transportation in the U.S. has now 
proposed a highway routing rule which is supposed to eliminate 
the local jurisdictions from passing requirements against 
the transport of radioactive materials such as were being 
passed to keep us from changing our port of entry; but as 
I understand it, this rule does not automatically rescind 
all the local laws. It just provides the hammer for one 
who wishes to legally challenge any local law. 

Back on HEU shipments for a minute. At one point 
Transnuclear wrote a letter trying to give these shipments 
to the Federal Government. Our basis was that military 
level security (which seemed to be what we were being led 
toward) could not be achieved in the private sector. 

We suggested that the U.S. Government perform the HEU 
shipments from the U.S. to the foreign country, at random 
unannounced times, in large quantities. The material would 
then be stored in U.S. military installations overseas. 
When the export license is issued, the recipient of the 
material would use the license as his ticket to claim the 
material. 

This suggestion was refused because apparently it 
violated some rules of the Department of Defense with regard 
to government involvement in commercial endeavors, and also 
the plan could compromise some of the security surrounding 
weapons storage and transport. 

In closing I request - urge - beg our legislators and 
those involved in writing and promulgating our rules, require
ments and regulations to very carefully assess the ramifications 
of a particular rule before acting. To have to back peddle 
at a later date and start patching up the rule contributes 
only to making a mad, mad, mad world turn into a mad, mad, 
mad, mad world. 
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DISCUSSION 

Question by A. L. Kaplan, USA: What alternatives to the use of 
commercial carriers, in the manners that you have described, have 
you investigated, for the transportation of strategic special nuclear 
materials to or from foreign countries? 

Answer; We have proposed that DOE perform the shipments at 
random unannounced times. These shipments would probably be only 
once or twice per year in rather large quantities. The material 

I
would then be stored at an overseas military base. When the overseas 
jpustomer receives his export license, he would be able to claim his 
liaterial at the US base by presenting his licence. 

This proposal apparently is not acceptable to Department of 
Defense personnel due to possible compromise of weapons security pro
cedures and use of US government personnel in private commercial 
enterprises. , i , , 



FUEL RESPONSE TO SEVERE TRANSPORTATION ACCIDENTS 

M. E. Balmert, K. D. Kok, P. Baybutt, S. Raghuram, 
L. M. Lowry, and A. R. Rosenfield 
BATTELLE'S COLUMBUS LABORATORIES 

Columbus, Ohio U.S.A. 

INTRODUCTION 

Although the safety record of transportation of radioactive materials has 
been an impressive one, it is still important to determine the overall risk to 
the public from this portion of the nuclear fuel cycle. As the first step in 
defining risk, the consequences of transportation accidents must be determined. 
The response of shipping packages to normal and regulatory-defined accident 
conditions is comparatively well understood. What is missing is the response 
to more extreme conditions—those that establish a failure threshold and beyond. 

The Transportation Technology Center of the U.S. Energy Department at Sandia 
Laboratories is supporting research to determine the consequences of spent fuel 
failure due to severe environments. Battelle's Columbus Laboratories (BCL) has 
been selected to quantify the response of spent light water reactor fuel to 
extreme accidents. This paper will present the activities of the past year, which 
consist of an investigation of fuel failure mechanisms and the development of a 
radionuclide transport model. 

The overall interaction between the radioactive contents of shipping 
packages and the internal and external cask environments is illustrated in 
Figure 1. This diagram shows how the various Initial conditions and component 
responses are factored into the transport code. The action of a severe external 
environment, coupled with the cask's initial state, produces a cask response. 
For example, a sudden deceleration of a cask may be severe enough to fail the 
primary seal, thus breaching containment. In response to this extreme external 
environment, an internal cask environment i*s produced. The radioactive contents 
(e.g., spent fuel) characterized by its own initial state, reacts to this con
dition to produce a response. An example of this response might be a deceleration 
of a spent fuel assembly severe enough to generate and release respirable particles 
into the cask containment. 

The content^s inventory, under the action of the internal environment, creates 
a source term which is input to the transport model. In Figure 1, this model has 
been defined as the TRACK computer program. This code, using as input the cask 
response, internal environment, and radionuclide source term, models the trans
port of the radionuclides released from the fuel, through the cask interior, and 
to the environment via the cask breach. At this point, an environmental conse
quence code, adapted to radioactive materials, can be used to predict the health 
effects of these events. 

The lower half of Figure 1 highlights the area of this past yearns activity: 
the response of spent fuel to an internal cask environment and the transport of 
fuel material through the cask to the external environment. The emphasis of our 
research has been on literature surveys and development of analytical models to 
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FIGURE 1. FLOW DIAGRAM DEPICTING FUEL/CASK/ENVIRONMENT INTERACTION 

identify those conditions within the cask that produce fuel failure and to und«» 
stand radionuclide transport and release to the environment, assuming a cask 
breach. 

FAILURE MECHANISMS 

A literature survey was made of available experimental and analytical data 
concerning fuel and cladding material behavior. Results of this survey indicate: 

(1) Irradiated Material: Most of the tests were performed on unirradiated 
material. In some respects, highly stressed cladding does react much 
like irradiated cladding, but in many important areas, they act differently. 
In addition, comparison between irradiated and unirradiated fuel rod cladding 
test results are very limited. Most of the data available are Intended for 
material characterization only; hence, failure threshold information is 
sorely lacking. 

(2) Clad/Fuel Coupling: In the majority of cladding tests, the fuel pellets 
are removed and the rod is tested as a hollow tube, as specimens (tensile, 
Charpy, etc.) which are irradiated in a reactor prior to testing, or as 
samples machined from a spent fuel rod. These results do yield the 
properties of the irradiated cladding, but do not account for clad/fuel 
coupling that may affect the response of a "filled" fuel rod in a trans
portation environment. 

(3) Strain Rate Effects: Fuel failure environments are expected to involve 
little test data for Irradiated 

It is anticipated that 
relatively high strain rates. However, 
cladding exist for strain rates above 0.05/sec. 
strain rates on the order of lO^/sec will be required for fuel failure. 

Based on this survey, an investigation of fuel failure mechanisms was 
initiated. For purposes of our research, and in the context of Figure 1, fuel 
failure is defined as a release of fission products, actinides, or radioactive 
structural material (e.g., cladding fragments) to the cask inner cavity. A 
failure mechanism is defined as the action of a particular environmental parameter 
or combination of parameters acting through a particular failure mode to produce 
a particular failure event. Table 1 gives some examples of failure-inducing 
environments including deceleration (impact) and extremes in temperature and 
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TABLE 1 

EXAMPLES OF FAILURE MECHANISMS 

FAILURE 
ENVIRONMENT 

TEMPERATURE 
PRESSURE 
DECELERATION 
CORROSION 

FAILURE 
MODES 

BUCKLING 
RUPTURE 
BRITTLE FRACTURE 
FATIGUE 
PCI 
MELTING 
RATCHETING 
EUTECTIC 

FAILURE 
EVENT 

CRACKING 
FRAGMENTATION 
VAPORIZATION 
LEACHING 

pressure as a function of time. Various fuel failure modes have been identified 
from the literature. Chief among them are: buckling, ductile and brittle 
fracture, fatigue, and pellet-clad interaction. Also included are thermal modes 
of failure, such as melting, ratcheting, and eutectic formation. The combination 
of a severe environment and a failure mode produces a failure event, such as 
circumferential and longitudinal cracking of cladding, fuel fragmentation, 
vaporization, and leaching. 

Table 2 illustrates the relation between failure environment, mechanical 
failure mode, and failure event. Note that all possible combinations are not 
reasonable. For instance, pressure would not cause a failure event by melting. 

TABLE 2 

EXAMPLES OF LWR FUEL FAILURE MECHANISMS: FAILURE EVENTS 
IN TERMS OF FAILURE MODES AND FAILURE ENVIRONMENTS 

Failura 
Environmant 

Tarn par atura 

Dacalaration 
or 
Accalafation 

Corrosiva 
Vapor 

FAILURE MODES 

Ouctila 
Fradura 

C Cracking* 
Of 

Vaporization 

Thinning 

C Cracking 

Brittia 
Fractura 

Fragman 
tation 

C Cracking 

C Cracking 

Ductila 
Ruptura 

L Cracking* 
or 

Thinning 

* 

L Cracking 

~ 

Bnttia 
Ruptura Buckling Malting 

C Cracking Thinning or 
— or Vaporixatlon 

Thinnmg 

L Cracking — — 

— C Cracking --
or 

Thiimmg 

Corroaion 

Thinning 

~ 

C. Cracking 
Of 

L. Cracking 
or 

Fragman-
tMion 

Craap 

L Cracking 
or 

C Cracking 
or 

Fragnwn 
tMion 

L Cracking 
or 

Thinning 
or 

Fragman-
tation 

~ 

*C " Circumfarantial 
L - Longitudinal 
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However, not all of the failure environments act independently on sealed fuel 
rods. For example, as the temperature rises, the fuel rod internal pressure will 
increase and, depending on the rate of strain and physical constraints, failure 
may occur in a ductile or brittle mode causing a thinning or cracking event, 
respectively. However, the effect on the cladding and on the fuel will certainly 
be quite different and a separate matrix of events may be required for each. 

As mentioned before, available test data were surveyed to provide a perspec
tive on fuel failure. Of these, several mechanical tests were identified, 
including tensile, burst, bending, torsion, and compression. In terms of failure 
mechanisms, these tests and the data generated comprise only a small part of the 
able. However, these are related to the most common failure modes. Table 3 shows 
e correspondence between three of these tests and the most common failure events 
r cladding. It should be noted that, except for burst tests, the fuel is re

moved prior to testing. The "X's" in the matrix indicate that the particular test 
involved the corresponding failure event. Our FY-80 report includes further 
discussion of these test data, many of which were obtained in Battelle's Hot Cells 
in Columbus, Ohio. 

TABLE 3 

CLADDING FAILURE EVENTS 

TEST 
CIRCUMFERENTIAL LONGITUDINAL 

CRACKING CRACKING THINNING 

BURST 

TENSILE 

BEND 

For thermal failure mechanisms. Table 4 shows the types of failure events 
0i8t result from various failure modes as related to the nature of the temperature 
« ^ g e . 

TABLE 4 

THERMAL FAILURE MECHANISMS 

ENVIRONMENTAL 
LOADING 

RATE 

CYCLIC 

RAMP 

IMPULSE 

FAILURE MODE 

MELTING 

-

CLADDING 
LOSS 

-

EUTECTIC 

-

CLADDING 
LOSS. 

THINNING 

-

OXIDATION 

-

CLADDING 
LOSS, 

THINNING 

-

BURSTING 

-

CRACKING 

CRACKING 

RATCHETING 

CRACKING. 
THINNING 

-
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As an example of the data that are available. Figure 2 illustrates the 
relation between burst (most probable thermal failure mode) temperature and stress 
as a function of heating rate (ramp loading). In this figure, bursting failure 
curves are shown for irradiated cladding. Superimposed on these curves is a curve 
relating the Internal pressure, and hence the stress in the cladding, to the 
temperature for a typical LWR fuel rod. The Intersection of the latter curve with 
the burst curves determines the cladding burst stress as a function of internal 
pressure, and therefore, temperatures at which clad failure will occur from 
Internal pressure. From this figure, one can see that the burst temperatures are 
lower for the lower heating rates and that at the lowest heating rate, a typical 
rod would not burst below about 880 C. It has been estimated that, for a typical 
cask, a fire temperature of about 820 C would be necessary to achieve this fuel 

FIGURE 2 

PWR CLADDING HOOP STRESS FROM 
INTERNAL PRESSURE COMPARED TO 

CLADDING BURST CURVES 
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pin temperature. Although this is only slightly greater than the regulatory 
(IAEA) condition, it should be noted that for typical cask deiigns the fire must 
endure several hours In order to raise the fuel to the temperatures indicated. 
This indicates that a fire lasting only a half hour would need to be much hotter 
than the IAEA specification to cause rod burst. 
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The results of the failure mechanism study indicate that much data needs to 
be generated to quantify fuel failure thresholds. Meanwhile, available data will 
be used as input to the source term model in the radionuclide transport code. 

SOURCE TERM 

The fuel failure mechanisms described earlier were used as bases for source 
terra (TRACK-input) model development. These models have been divided into 
mechanical and physico-chemical in origin. Mechanical source term generation 
mechanisms are typified by fragmentation and pulverization processes. Physico-
chemical mechanisms investigated this year were limited to leaching. The results 
of this source term investigation will be incorporated in the cask radionuclide 
transport code, TRACK. 

It is important to characterize fragmentation of spent reactor fuel for two 
reasons: 

(1) The pellets contain trapped fission products which may be '' 
released because of the creation of new surfaces. 

(2) Respirable particles of UO2 may be formed. 

In order to determine the extent to which these processes can occur, it is neces
sary to characterize fragmentation. To do so, the concept of an equivalent fragment 
diameter (Dg), shown in Table 5, has been Invoked and applied to both normal and 
accident conditions. From these diameters, values can be calculated for other 
system parameters, such as number of fragments formed and total new surface area 
formed. 

TABLE 5 .; • , 

'_'., SUMMARY OF TYPICAL PARTICLE DIAMETERS ' " ' 

EVENT 

NORMAL OPERATION AND 
REMOVAL FROM REACTOR 

I I 

De (EQUIVALENT 
FRAGMENT DIAMETER) 

l i s 

72 

10 

mm 

fjm 

fjm 

SEVERE IMPACT 

' ' " ' ' • ' " ' THERMAL SHOCK 

Based on a literature review of the fracture behavior of UO2 under impact 
and thermal loadings, conservative estimates of Dg have been made for normal , 
reactor end-of-life and for transportation accident conditions. It must be 
strongly emphasized that these estimates rely on an extremely limited data base 
and that some of the inputs have had to be drawn from experiments on brittle 
materials other than UO2. 

Table 5 lists the values of Dg assumed in our calculations. In addition to 
estimating the equivalent fragment diameter, the distribution of fragment sizes 
was also determined. As an initial estimate, a Schuhmann distribution was assumed. 
(Details of this calculation will appear in our FY-80 report.) The important point 

-• f = 0.81 (D/D )°-^^^ ''•' I , -n' L' 
• '̂̂ î. ' where •""' ^ ' -•> ' 

•' • D = Particle Diameter ''' ' ''' ' • •• 
" ' f = Fraction smaller than D ' ••>'•' •' '- '''• 
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regarding this analysis is that the results are based on as yet insufficient data, 
but do give conservative estimates of what fuel particle sizes can be expected 
from extreme events. 

A number of mechanisms for the release of radionuclides from fuel are 
possible In cask accident conditions. Examples include: phase changes, aerosol 
agglomeration, particle and vapor deposition, leaching, and chemical reaction. 
Of these, phase changes and vapor/particle deposition are incorporated into the 
TRACK code. Deposition mechanisms are intended to account for radionuclide trans
fer onto fuel assembly and cask structural components, or onto other particles. 
Present models assume constant rates or velocities of deposition for radionuclides 
considered. Current models are being developed to account for effects of temper
ature, flow rate, particle size, etc. The other mechanisms will be developed as 
part of the continued code development effort. 

During the past year, efforts have concentrated on leaching mechanisms. 
Available experimental data for radionuclide leaching from spent fuel and waste 
glass forms have been used to develop a preliminary leaching model. Large un
certainties could be associated with the values calculated using the model. 

TRANSPORT CODE 

TRACK (originally developed for the U.S. Nuclear Regulatory Commission) 
performs calculations of radionuclide transport and deposition within a spent 
fuel shipping cask. The code accepts, as input, the source rates of the various 
radionuclides being considered, the thermal hydraulic conditions, such as temper
ature and pressure, within the cask, and geometrical data describing the cask 
and the locations of the breaches and/or leaks. It calculates the depletion of 
the radionuclides during their transport through the cask interior and computes 
a release rate to the environment. This environmental source term may then be 
used to calculate the health effects of the accidents analyzed. An environmental 
consequence code, such as CRAG, may be utilized for this purpose. 

TRACK models the transport and deposition of radionuclides in both vapor 
and aerosol (particulate) form. The transport of both vapor and particulate 
radionuclides is assumed to take place with the ambient fluid flow. This trans
port is Imposed on the code by the time-dependent thermal-hydraulic data read 
into the code. Deposition of radionuclides within the cask is modeled as a first 
order rate process. The cask itself is treated as a series of interconnected 
compartments within each of which the fluid is well mixed. Under these assumptions, 
the transport and deposition models can be cast into a set of linear first-order 
differential equations which account for particle or vapor generation, deposition, 
and flow between control volumes. This set is solved numerically under appropriate 
Initial conditions, to provide the radionuclide concentrations as functions of 
time. 

TRACK output consists of inventories of material released to the environ
ment, as well as that remaining in the cask. The environmental component is in 
the form of isotopic compositions and masses as a function of time, as well as 
the physical or chemical form of each species. A similar inventory is produced 
within the cask, for each control volume, as a function of time. 

Although TRACK is an operating code, several features have been and will 
continue to be in a state of development. The input source term development 
described above is an example. Models for particle deposition rates as functions 
of particle parameters have already been incorporated into the code. Other 
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processes such as particle agglomeration, fragmentation, and chemical reactions 
are to be included in the code at a later date. This will allow more realistic 
analyses of cask accidents. 

The results of the first year's analytical effort are being used to guide 
the planning of future experiments. Future research objectives encompass further 
development, including experimental benchmarking, of the TRACK code, as well as 
the initiation of an experimental program to provide confirmatory data on failure 
mechanisms, input source term generation, and radionuclide transport. A series 
of experiments are being planned to start in FY-81, which will involve tests of 
single and multi-rod assemblies, using irradiated and surrogate materials. Other 
research activities related to response of radioactive materials to extreme 
^|vironments will involve high-level waste forms. Finally, once fuel failure and 
H A C K input source term have been specified in terms of the cask internal environ
ment, a concentrated effort needs to be made to correlate cask behavior with 
these factors. This area of study represents the upper portion of Figure 1. By 
determining the failure thresholds of package contents (i.e., fuel) in response 
to internal cask environments first, one can then determine what external environ
ment is required to produce the necessary cask response. In this way, the cask 
response can be coupled to that of the contents. The eventual development of 
this entire scenario will permit a risk assessment of spent fuel shipments 
during severe transportation environments. 

CONCLUSION 

Battelle-Columbus' research activities for FY-80 have been described above. 
Failure mechanisms were developed, to the limit of the available data, for frag
mentation and leaching processes. These mechanisms, along with others to be 
developed, can be used to benchmark the TRACK code with experiments, as well as 
provide guidance for experimental planning. 

Preliminary input source term models were developed from these mechanisms, 
for typical spent fuel materials. These models will eventually be inserted into 
TRACK. 

The TRACK transport code was updated to include some of these improved 
source term models. In addition, other features have been revised. Updating of 
the code is planned to continue in FY-81. 

The response of fuel to extreme thermal environments was assessed in light 
of available data. The most probable failure mechanism is expected to be bursting, 
in environments more severe than currently required for safety analysis. 

Finally, this research has demonstrated a clear need for further analysis, 
and especially, for experiments that will fill the gaps In the available data 
base. 



DISCUSSION 

Question by S. Williamson, United Kingdom: You referred to a 
temperature of about 800 C as being a failure temperature of fuel 
cladding m a transport flask. What was the cladding that you con
sidered? Was It Zircaloy or stainless steel and is there a temp
erature difference between these two materials for failure to occur? 

Answer: The data are for Zircaloy. There is a difference be
tween stainless steel and Zircaloy, but I do not have any stainless 
steel data available. ^^k 

Question by N. A. Eisenberq, USA: The model described m you^B 
paper appears to treat only gaseous, volatile, and solid fission 
products from the fuel itself. However, some US and British liter
ature suggests that corrosion products deposited on the spent fuel 
cladding may be an important part of the source term for spent fuel 
m severe environments. Could you comment, please? 

Answer: We are not currently looking at the crud. However, 
we expect to carry out experiments on actual spent fuel. If the crud 
IS an important contributer to the radiological source term it will 
show up in our sampling equipment. We will not treat the crud ana
lytically until our experiments show that it is important. 

Question by G. Kaspar, FR Germany: You have stressed the lack 
of relevant data about the characteristics of spent fuel elements. 
Have you only taken published data into account or have you also 
tried to obtain data from manufacturers and nuclear power plant and 
reprocessing plant operators? It must be possible, for example in 
reprocessing plants, to make use of experience gained about the 
mechanical properties of spent fuel elements m the case of heavy 
mechanical load (mechanical reduction of the fuel element). It must 
be possible m this way, for example, to obtain information about 
behaviour under strong impact stresses by examining some fuel ele
ments which were dropped during handling m the reactor pool. I re
peat the question. Do you only take published data into account or 
do you try to systematically make use of the large amount of unpub
lished data for your study? 

Answer: The data are only the data available m the published 
literature. We have not obtained any data from fuel handlers or any 
unpublished data. 
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Transportation of Nuclear Material by sea and inland vessels 

considered under security asoects 

Dipl,~Ing. Gemot Baler 

DORNIER SYSTEIl GRBK 

In the FRG transports of nuclear material by various traffic means 

•

have been carried through. The basis for the security of these 

pransports are featured in the security measurement catalogues v 

published by the ministry of the interior. . i. • {>'• 

Corresponding to the frequency of already performed transports 

measurement catalogues are presently valid, e.g. for the transport 

of nuclear material on roads. For the up to now seldom resp. not 

yet performed transports such as sea- and inland-vessel transports, 

corresponding catalogues are in preparation. The examinations, 

carried through by Dernier System, will be the basis for its elab

oration. 

In this lecture it shall be reported on examinations - which were 

carried through within the frame of an order of the ministry of 

the interior - on the security of transportation of nuclear materials. 

The two essential points of view, to be considered for the secure 

transportation of nuclear materials, are 

- the endangering of the environment by disperging of radioactive 

material due to accidents or violent attacks, j 

- the general endangering due to robbery and misuse of highly 

enriched nuclear material. 

^ ^ ^ I t must be assumed that sabotage as well as violent robbery of third 

persons may lead to this target. Following this procedure, it may 

be differed in internal as well as external delinquents, whereas 

the target of the attack may be the same. Internal delinquents are 

such persons, which are involved in some way or the other with the 

transportation procedure (e. g. orderor, sender, expedient, receiver 

etc.) 
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External delinquents are correspondingly such ones, attacking 

from outside, this means, attack during the transportation proce

dure. 

Transportation Practices 

In order to make a statement on the security-measurements to be 

carried through for sea- and inland-vessel transports, the present

ly employed transport practices are considered. Subsequently a 

future-present-comparison has to be carried through. 

The relevant security-measurements for relevant transports are 

divided in various security categories resp. endangering degrees. 

For the existing examination only the two most important were 

considered. 

A summary of essential points of view for the transportation 

of nuclear material resulted in the following ranges: 

- existing laws and determinations, 

- transported goods (number and kind), 

- employed transport containers, 

-, 1;ransport means and corresponding infra s t ruc tu re 

- transport ways 

- transport practices 

- frequency of accidents and reasons 

- communication 

- navigation. 
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With the knowledge of these ranges belonging to each transport 

of nuclear material a complete transport procedure may be 

elaborated starting from the proposal up to the procedure. 

Because of control reasons this transport procedure had to 

be divided in three trcinsport phases. These are 

- planning and approval procedure 

•

- transshipment on the port premises 

- travel. 

This arrangement has been chosen as for sea-going vessels 

has mostly to be dealt with broken transports and therefore 

a transshipment on the port premises will be necessary. 

The individual transport phases were examined with the help 

of a future-present analysis.The basis for this analysis was the ' ' 

security level described in the safety measurement catalogue 

for road transport. 

Corresponding to this requirements for the safety against 

disperging of robbery of nuclear material during a transport 

measurements resp. proposals were made . Some of them are 

for short-term others for long-term realization. i •; 

Because of the possibility of transporting specially heavy 

and huge containers, the ship-transport offers itself primarily 

for the transportation of radiated nuclear material, where 

huge containers are employed. 

With regard to the transports of nuclear material by ship 

executed in the past years it must be significantly differed ia 

•

inland- and sea-going vessel transports considcrinr; the past 

employment, ""hus the transport statistics of the Physikalisch-

Tochnischo Qundosanstalt - auproval authority for such tranf.porta -

shows that up to now with inland-vessels,no transports 
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corresponding to the categorization mentioned above , will be 

carried through with inland-vessels. 

The possibility exists, to employ this kind of transportation 

system for the transport of spent nuclear fuel. 

As you surely know, a proposal has been put in, to first carry 

through this kind of transport for the nuclear plant Grafenrhein-

feld. In the field of our examination a nuclear transport concept 

has been elaborated for all nuclear plants in Germany v/hich are 

situated near a shipable water way. It has been proceeded from 

the consumption that Gorleben will be the recycling plant. This 

point must be taken in closer consideration. 

Most of the nuclear transports carried through by ship transports 

from or to overseas will be executed via Bremerhaven. Therefore 

the practices for this port for transshipment and transport of 

nuclear material may be considered as representative for the 

FRG. A large number of this transports will be carried through 

in containers and by the RoRo-line. 

An evaluation of the existing accident statitics of shipment 

accidents has led zu results, which are also very important 

for future security measurements. 

Subsequently,some examples concerning the security will be 

explained by means of solution proposals. 

Thus it was found out, that in the starting phase of the transport, 

that means during the planning and approval phase - a great number 

of persons will be involved with the exact data of transportation 

goods, the date of transport and the transport procedure. This 

could possibly give an idea to an internal delinquent, to get 

e.xact transportation data (c. g. internal postage, discussions 

with collCingues, open letters etc.). 
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This could be avoided by a number of coordinated measurements 

in order to reach a corresponding confidential degree. This 

means also, that the circle of persons involved in the individ

ual transportation planning institutes, should be kept as small 

as possible and that the persons involved m.ust be credible. 

In addition to this, the transport papers have to be confidential 

and the exact transportation date is only to be passed by code 

the directly involved persons. 

A critical point for sea- as well as for inland-vessel transports 

is the authorized shipment company. As the kind of shipment-company 

is extremely important for the secure transport it must be ascert

ained, that only reliable shipment-com.panies will be authorized. 

It is expected from the shipment-company, that only ships with 

highest technical standard and well-educated personnel will be 

employed. This excludes the employment for transports with so-called 

"substandard-ships" as they are well known for fuel-transports. 

It is well known, that port-premises are difficult to observe 

because of their bad arrangement. This fact is even hardened by 

the hardly controllable access from the water side. 

It is therefore suggested, that the nuclear material to be trans

ported in the port premises, must undergo a gapless control. This 

is also valid for the transport procedure, as for possibly essential 

intermediate stockage on the port premises and also during the 

lay-days of the loaded ship. The kind of control should be such, 

as it corresponds to the confidential level of road transports. 

For the transport of nuclear material, perhaps being carried through 

J.n future with inland-vessels, a number of security measurements 

hould bo employed. Here, only some of them are mentioned. 



This includes a convoy first of all - regarding the past security 

measurements for road transports - which possibly may be executed 

by the water police. Besides a secure communication between ship 

and transportation central, this means,the transport-arranging 

company, as well as between ship and convory must be ascertained. 

The Rheinfunk-Service alone, practiced on the Rhine, would not 

be suitable because of high overcharge at only 12 channels and 

the facile interception. 

As the waterways on German inland-waters is often interrupted 

by locks, a significant marking of nuclear material transporting 

ships should be demanded (e. g. by corresponding flags, lock-pass 

privilege etc.). 

The evaluation of accident statistics on ship accidents has deliver

ed several ideas for improvement-proposals. Thus it is considered 

efficient to support measurements for a traffic surveillance system 

as well as to settle the communication ship-ship. Of great signific

ance, not only for the security of nuclear transports, is the de

velopment and employment of route surveillance procedures (look 

container ship "Miinchen")and anti-clash device. 

The convention ratified by the EG-commission and dismissed in Oct.79 

by the lAEO on the protection of nuclear materials means a great 

step towards the international security of nuclear material. 

A basic problem, already discussed during the 5. PATRAM 19 78 at 

Las Vegas, is the transport container. The usual test conditions 

for the approval of transport containers following the IAEA, do 

not comprise the possible basic stresses for ship accidents. Correspond

ing measurements and procedures for the expansion of test criteria 

for transport containers employed in shipping, should further be ^ ^ ^ 

supported. ^ ^ ^ 

Summed up it can be stated, that the transport of spent nuclear 

material v;ith inland-vessels could be considered as an unbroken 

transport following the existing security condi-'-ions . It really 

could be a sensible alternative to the present transport possibilit

ies . 
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DISCUSSION 

Question by R. Schiiler, FR Germany: How do you intend to ensure 
that information remains confidential when, in the case of sea trans
port, up to 15 authorities must be informed up to 4 weeks before 
shipment? 

Answer: As security checks are carried out on civil servants, 
it may be assumed that all information remains confidential. 

•

Question by K. Schneider: Security measures have to be carried 
(it and each country has its own philosophy. I fear that if all your 
roposals were introduced by the BMI (Federal Ministry of the Interior 
in the Federal Republic of Germany) this kind of transport cannot be 
established in the future? 

Answer: As the BMI wants to assimilate where possible the safety 
levels of all systems of transport for shipment of nuclear fuel, the 
proposed measures are only a consequent continuation of what is al
ready successfully practised in the case of road transport. 

Comment by J. Jahn, FR Germany: 1. Marking and labelling of 
cargo ships and police escort of these ships will cause public con-

' cern as it is not very common that ships are escorted by police. 
2. Cargo handling personnel in the harbour have to be security checked 
and I think this will be impossible. 3. Information about nuclear 
shipments is still quite considerable inside fuel fabrication facili
ties etc. as the fuel has to be handled inside the facility (handling 
personnel) and fabrication has to be planned. 

Answer: 1. Marking of radioactive packages is laid down by law. 
When it can be assured that the exact shipment date can be fixed at 
relatively short notice, this would be a possible way of making the 
possibility of seizure considerably more difficult. A police escort 
is not unusual and can contribute to preventing seizure. 2. Security 
checks on the harbour personnel are in fact hardly feasible. This 
is exactly the reason why administrative measures should ensure a 
sufficient level of security. 3. For this very reason, personnel 
should be kept to a minimum. When this is not possible, only inform
ation about the exact date of transport would be advantageous for 
attackers. 
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Transport of Nuclear Material by Air Carriers 

Dr. Volker Behrendt 

Dormer System GmbH 

Introduction 

Nuclear Material (NM)-transports by air may principally 

be carried through by two different kinds of air carriers: 

- Rigid-wing airplanes 

- Rotating wing airplanes (helicopters). 

As for a long time transports with rigid wing airplanes 

(subsequently called: airplanes) have already been executed; 

for the helicopter transport of nuclear material in the FRG 

merely a concept proposal exists. 

For the air-transport following reasons are important: 

- Great transport speeds 

- bridging of medium/large distance without interstop 

- nearly gapless,from the transport means almost independent 

surveillance during a flight 

- extraordinarily small seizure possibility of unallowed 

third persons to the transport means during the flight. 

For the helicopter additionally exists the possibility of 

- transports without transshipment from one nuclear plant 

to the other 

778 



2. State of the Art of Air transports (1975 - 1978) 

In fig. 1 the civil air transports of nuclear material 

(NM) for the years 1975 - Sept. 1978 from and to the 

FRG are summarized, divided in European and overseas 

transports. Fig. 2 shows a rough summary of all kinds 

of NM and mentiones the quantities. 

As far as exclusively uranium was transported, it could 

be assumed, that type-A-containers have been employed. 

But in the case of plutonium transports, nearly exclusively 

type-B-containers have been used. 

NM with various frequencies and quantities has been 

transported on the following routes: 

Within Germany: 

- Frankfurt - Berlin ' "; " "" ''• • ̂'"' 

Within Europe: "' •*' •'""' "' 

- Frankfurt - London ^'^ ' ' '. •••"'• ^ ' • •' •)•;>-
- Frankfurt - Bornemouth ^ ' . ̂ i •• . .». f-. ff..",, • __. 

- Frankfurt - Manchester • , ' 

- Frankfurt - Briissel *' 

- Frankfurt - Paris 

- Frankfurt - Kopenhagen ' ' ' "̂~ ." - '• 
- K51n - London .. . > . - . , , » . -

' •- t . • . - • ' . ' - J.. 

, „ !• • i \ r -1-1 m .̂ - . I , 

Out of Europe: 

- Frankfurt - Bombay (Transit 

- Frankfurt - Now York 

- Frankfurt - Chikago ' 

- Frankfurt - Toronto ' *• •'* ' ^ ' '' ' ' 

- Frankfurt - Boston 

'i* 

y • 

'to. 
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- Frankfurt - Washington 

- Frankfurt - San Francisco 

- Frankfurt - Los Angeles 

- Frankfurt - San Diego 

- Frankfurt - Seattle. 

Since 1978 all NM-air transports in the FRG were 

carried through exclusively via airport Frankfurt. 

National NM-air transports have not been carried 

through except for the mentioned case. 

The most different types of airplanes were employed, 

concerning dimensions (e.g. B 737, B 747) as well as 

application (passenger aircrafts with additional freight, 

mere freight carriers, mixed-version-aircrafts) and the 

technical data (function of air routes). 

Except for large radio active sources, which may only 

be transported in freight carriers, transports of nuclear 

material are principally permitted for passenger aircrafts, 

too. A permission regarding various national and inter

national regulations for airplances must be in hand. 

Helicopter-transports of NM have not yet been carried 

through. The employment of an helicopter is interesting 

for distances of about 100 km - 400 km. Various types 

of helicopters are known, whicn may be applicable for this 

purpose. But it is essential t!-.at the type belongs to 

category A of commercial helicopters (FAR Part 29), that 

means 

- bimotor design 

- higher safety level specially regarding flight performance 

- IFR-equipmcnt. 
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The payload and the loading-volumina of the helicopter 

must be determined dependent on the kind of freight, 

the frequency of the transports and the transport distances. 

Helicopter flights in the FRG must be authorized by the 

air surveillance of the Bundesanstalt fur Flugsicherung, J' 

like all other flights. 

^ ^ B The following regulations for air transports regarding liu.i': 

^ ^ the FRG are to be considered: „ 

- Law on the peaceful use of nuclear energy and the ..., , . 

protection from its dangers (atomic law) 

- regulation on the protection of damages by ionisizing ,, _ 

rays (ray-protection regulation) ;.-..;• • 

- regulation on the covering protection following the , -

atomic law ,t i . ••£.-

- law on the transport of dangerous goods 

- recommendations for the safe transport of radio active 

goods (lAEO, 1973) :̂ . 

- air traffic law , .. . 

- Announcement of the ministry of traffic on thf̂  au^or|.zatAon 

of transporting dangerous goods in airplanes ;, . ̂  

- lATA-restricted articles regulation _ '. ,.r : 

^^m - air traffic authorization -regulation „ 
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- nonproliferation treaty, transfer authorization from 
EURATOM 

- and others. 

Generalized Transport Procedure 

The transport procedure may be divided in the following 

phases: 

- authorization 

- planning 

- transport to the take-off airport and transshipment 

in the airplane 

- flight 

- transshipment at the homing airport. 

A short, more than trivial description of the transport 

procedure is not possible because of the many conditions 

to be regarded, considering the atomic and traffic laws. 

Relevant features of the individual phases are regarding 

safety and security items: 

A great number of persons of the various institutions 

is involved in the authorization and planning procedure 

of the transport. They all know, which material must be 

transported under which circumstances. But the exact 

transport date is mostly secret. 

The transport from the take-off airport and the loading 

of the airplane will be executed by specialists with 

special devices. 
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The first section of the transport procedure will be 

executed by attendance of anarmed convoy. The trans

mission of the radio active material to the air service 

will be carried through at the air port frontier. Due 

to activities in the forefield of the airport a great 

number of persons may reach the radio active material. 

^^^During the passenger flight the radio active material 

is placed unsurveyed in the hold. The crew knows of 

the kind of freight. The flight will externally be 

surveyed by radar by the air traffic control. The visi

bility range of the radar reaches only up to 250 km 

per device. ' " 

The transshipment at the homing airport will be perforiMSa' 

similarly to the take-off airport. "'" 

The most relevant difference in the transport procedure 

for helicopter transports besides the small maximal "''' 

payload and the small flight height and -speed is that '' 

the helicopter has not to start from an air-traffic ' 

controlled specifically equipped area and not to land 

there either. Further only few experiences with regular 

helicopter freight services are in hand. 

If '^•^ . '-••' 

• ' I " • ,. I. • " , ^ i' J " 
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Safety Problems 

The part of the whole freight for airplanes lies up to 

now unter 1 % for NM. This statement qualifies the 

statements on accident statistics of commercial airplanes 

No statistic is known which ranges accidents resp. the 

significance of accidents and the whole flown routes-

and ton-kilometers per type of airplane. Regarding this 

statement the following survey, which is based on the 

evaluation of 449 accidents in the USA from 1970 - 1975, 

may only show a relative picture (fig.3). 

Reasons for accidents were in 47 % of all cases human 

failure, in 22 % the airplane itself, in 4,5 % the 

airport and navigatory grounds, in 20,5 % the weather 

and in 6 % other reasons. 

For helicopters there exists no comparative statistic 

material. Here, only the statement can be given that 

the accident possibility for helicopters is generally 

higher than for airplanes. 

In case of an accident the transport container is the 

most relevant barrier against a release of radioactive 

material. Besides, it must be resistable against rough 

handling during the transshipment procedure. Type-A- as 

well as type-B-Container meet the latter requirement. In 

case of an accident it must be thought of failure of 

type-A-Containers. The type-B-package is therefore much 

more resistable as it is laid out for higher stresses. 

In spite of this the air transport of plutonium was 

prohibited in the USA in 1975 in containers used up to 

then. The development of a container has been rcconmiondod 
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which resists any stress possibly occuring at crash and 

following crash-fire of an airplane designed for flying 

in great height. These stresses are partly far above the 

presently executed and internationally accepted container 

tests of the IAEA transport regulations (free fall test 

out 9 m height; fall test out of 1 m height on to bolt 

with 15 cm diameter; heating tests in fire of 800 C for 

|0,5 hrs; dipping test 0,9 m). The expenditure for the 

development of such resistant transport container must 

be seen regarding the background of the low transport fre

quency and the slight accident frequency of the airplanes 

per flown kilometer. Nevertheless, container tests should 

correspond to the most important stresses occuring in case 

of an accident of a specific transport mean. 

The external surveillance of the transport procedure with 

airplanes should be the best due to the safety requirements 

in air transport and the technical means for surveillance 

radio radar etc.), compared with the different transport 

systems. Over the continents it may be considered as gapless 

(even without cooperation of the pilot), but over the oceans 

it must be counted on the cooperation of the pilot. The air 

traffic control directs the air transport in such way, that 

at less expense a relative minimum of danger exists for 

the individual plane. 

An improvement of the safety of transports of nuclear 

material by air with the objective of minimizing the possi

bility of release of nuclear material in an accident may 

specially bo seen in the procurement of containers proved 

to resist any stresses in accidents. Furthermore, an improve

ment could bo made in the take-off and landing please, whore 

the guidance of the airplane could further reduce the accident 
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risks (e.g. take-roff and landing out of rush-hours; 

anticyclic flying times; flying outside the airways 

with inertia navigation; employment of experiences air 

controllers and special regulations for the air traffic 

control). 

The mentioned statements are also valid for flights 

with helicopters, as far as they don't concern exclusively 

long range flights. 

Security Problems 

The objective of the secured transport of NM by air would 

be to avoid the loss of control over the load during the 

transport. This loss may be the consequence of 

- robbery in all transport phases 

- violent robbery during the loading and deloading-procedure 

- sabotage on the transport means 

- attack from in- or outside the transport means 

- kidnapping of the transport means and the load. 

In order to reach this objective, various measurements are 

necessary. These are partly already executed due to the 

technique of common air transportation, partly they must 

still be considered as recommendation. 

Planning and authorization procedure: 

Due to the largo number of persons, which are involved 

in the planning and authorization procedure of nuclear 

material transports, the information about the transport 

concerning load, procedure, date of the transport is 

widely scattered. This information could be misused. 

786 



When increasing the transport of NM is has to be aimed 

at a very small number of persons to be involved in the 

transport procedure. The announcement of the transport 

date should only be made known to a small circle of persons. 

The use of passenger aircrafts for nuclear material trans

ports includes the danger of kidnapping the airplane. There

fore it should be thought of only employing freight-carriers 

for nuclear transports. Opposite to this, the trand in air-

transportation removes from the mere freight-carrier to .••'•. 

the mixed-version aircraft. Mere freight carriers will be •-:; 

employed only for few profitable routes. In case of using ,_; 

a mixed-version aircraft the examination of the plane and ._ T 

the passengers has to be carried through by suitable .̂ -

measuremtns. Besides that, all transports should steadily r,-• 

be surveyed by well trained and examined escorts (couriers). ; 

In case of incidents due to unforeseen traffic-conditions , , 

(e.g. intermediate landings, technical defects) these couriers . 

can also arrange further measurements for the security of 

the transport. For this reason they must be authorized by 

exact, generally accepted regulations. y- . ' ' .- i 

. i OS ^ , 

Transshipment: .- i- = -

On transshipment a sufficient surveillance of the trans- •-,•' ' 

shipment procedure and the airplane itself (as well as •t'̂,̂  T . 

an eventually necessary intermediate landing) has to be i ir ̂  

guaranteed. The transshipment-times must be kept as short .j£j „ i . 

as possible by exact planning. The personnel should also ,;ofci i 

be confidentially tested. The NM has to be transshipped 

only in hardly accessible parts of the hold. '•• ,^ .? 1 < .'îr v . i 

i :;.T i 'i • ^ . . I . . ' i I V . ;, i . i^.; f ' i '!.' 

.:rtr:li -'./iL. V , • i'- !-.'i/.'C .H • • • . • M I ' . ;'I "'-' •'. .. :, i. 
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Take-off and landing; 

For aircrafts with NM as load part special take-off and 

landing procedures can be arranged if the possibility of 

a danger for the plane from the ground exists. These 

procedures prescribe another flight path than usual. During 

all flight phases it is aimed at an employment of experi

enced and tested air controllers, who are informed on the 

special load of the airplane. 

Flight: 

Measurement can also be taken against a crew who intends 

to kidnap the airplane with nuclear material load. 

This is restricted to the employment of couriers, short-

term selection of crew and transport date and similar 

administrative measurements. Besides that, it must be 

thought of the possibility of special technicak measurements 

released by confidential persons (courier) which avoid or 

complicate the unloading of NM without great technical 

expenditure. 

Similar problems occur for the employment of helicopters. 

Due to the extreme lift and dropping speed the possibilities 

of an attack from outside in the take-off and landing phase 

are reduced. Besides that, a small helicopter can be much 

easier be checked through before the take-off than a 

large airplane. An endangering by unknown passengers is 

not possible, as in case of helicopter transport unknown 

persons (passengers) will not be taken on board. 

In case of tried kidnapping by the helicopter crew some 

difficulties will occur for the external flight control 

because of the extreme manoeuvrability and deep flight 

possibiliteis of a helicopter. 
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DISCUSSION 

Comment by R. Schuler, PR Germany: First I would like to point 
out that no hardships should occur because of the statements. Never
theless this proves how much theory and practice diverge. Secondly, 
in my view helicopter transport is not a miracle solution for air 
transport. There are no flight devices which are approved and the 
establishment of landing facilities is more expensive as shown. 

Answer: Indeed, helicopter transport is no miracle solution. 
In my opinion it is a proposal to be discussed which really has re 
alistic foundations. There are enough helicopter prototypes which 
are feasible for transport; an application for permission for such 
transport has not yet been made. 

Comment by. J. Jahn, FR Germany: By using a helicopter for 
nuclear transport each facility has to be able to withstand aircraft 
crashes. As far as I remember, not every facility has to be able 
to withstand such an event at present. The other fact is that the 
risk of aircraft crashes will increase. 

Answer; By introducing special flight procedures and specially 
situated landing sites m the nuclear facility one could avoid in
creasing the risk mentioned. The weight and velocity of a helicopter 
IS considerably less than the weight and velocity of a fixed-wing 
aircraft, against which some nuclear facilities are constructed. 

Questicnby J. A. Andersen, USA; Since air travel routes that 
have been established and approved by federal aviation authorities 
are deemed safe for the air transport of the public, why would special 
flight paths be suggested for the air transport of nuclear material? 
Non-standard routes could produce aviation problems that may not be 
as satisfactory as established methods. 

Since air traffic controllers are trained safety specialists 
whose primary duty and goal is the safe passage of aircraft, why 
would specially-selected controllers be suggested? Both of the 
above unusual procedures could be counter-productive by drawing spe
cial attention to nuclear transport. 

Answer: The air traffic density in Europe is the highest m the 
world, so sometimes dangerous goods or very important people are 
flown on non-standard routes to further reduce the risk of an acci
dent. Corresponding to that practice this suggestion has been made 

Specially selected controllers could be used to minimise the 
number of people who know about these special flights. 
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EXPERIENCE IN SHIPPING A RADIOACTIVELY CONTAMINATED 
PWR STEAM GENERATOR BY OCEAN BARGE 

J. M. Taylor and V. F. FitzPatrick 
Pacific Northwest Laboratory* 

^ H INTRODUCTION 

This paper describes the shipment of a portion of a contaminated, pressurized 
water reactor (PWR) steam generator from Surry, Virginia to Richland, Washington. . 

1 The shipment of the 200 metric ton steam generator was a first of a kind 
shipment. Prior to this shipment, no contaminated steam generator had ever been 
removed from a power station site. 

The generator that was shipped was removed from operation because of defects, 
• and was transported by ocean barge some 11,000 kilometers (6000 miles) from the 

Surry Power Station to Richland, Washington. 

The availability of the generator presented a unique opportunity to invest
igate the behavioral characteristics of defected generator tubing, to gain 
valuable information related to PWR primary system integrity and degradation wi cb 

) time, and to validate nondestructive testing techniques. 

The research work that will be done with the generator is associated with the 
Steam Generator Tube Integrity Program and is sponsored by the Metallurgy and 

(, Materials Branch, Reactor Safety Research Division of the Nuclear Regulatory 
' Commission (NRC). 

DESCRIPTION OF GENERATOR 

The steam generator shown in Figure 1 is a vertical shell and U-tube evapor
ator with integral moisture-separating equipment. The reactor coolant flows 
through the inverted U-tubes, entering and leaving through the nozzles located in 
the hemispherical channel head of the steam generator. The head is divided into 
inlet and outlet chambers by a vertical partition plate extending from the head 
to the tube sheet. Steam is generated on the shell (primary) side and flows up
ward through the moisture separators to the outlet nozzle at the top of the vessel. 
The primary system of a reactor operates at temperatures in excess of 316°C (600°F) 
and at pressures of about 2.07 x 10'' Pa (3000 psi). These extreme conditions con-
^ibute to the formation of corrosion products, some of which are circulated through 
^ K reactor core and become radioactive. The corrosion products over a period of 
W m e plate-out on the inside of the Inconel U-tubes. Essentially, all of the 
radioactive material that is associated with the generator is contained inside the 
U-tubes. The radioactive material, which is principally Co-60, is contained in a 
thin oxide layer. Figure 2, and is tenaciously attached to the Inconel tube wall. 

•Prepared for the U.S. Department of Energy under contract DE-AC06-76RL0-1830. 
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FIGURE 1 . SECTION VIEW OF STEAM GENERATOR 

FIGURE 2 . CROSS SECTION OF STEAM GENERATOR TUBING 
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The radioactive material is about 1 w/o of the corrosion product film. The 
radioactive material is distributed throughout the tubing and is about 3 micro-
curies per square centimeter. The total activity inside the generator is estimated 
to be between 120 and 180 curies. The estimate was made from dose rate measurements 
taken on the generator. 

The part of the steam generator assembly that was moved to Richland was the 
bottom two-thirds of the generator, from the transition cone to the channel head. 
Figure 1. After the lower shell was separated from the upper shell a two inch 
steel shielding cap was placed over the open end of the generator. 

^ PROGRAM ELEMENTS FOR TRANSPORT OF STEAM GENERATOR 

^^ The complexity of shipping the generator required a multidisciplinary approach. 
The various elements are shown in Figure 3. The principal elements involved in 
shipping the generator were: feasibility studies, program management and transport 
tasks. The block entitled other elements refers to tasks that will be associated 
with construction of afacility to house the generator for future research studies. 
This paper will deal only with the principal elements involved in shipping the 
generator. 

Feasibility Study 

The feasibility studies included determining whether a failed generator could 
be obtained, how it could be transported and where it could be located. It was 
determined that the NRC was very much interested in doing research on a full scale 
generator that had been removed from service. The studies also indicated that it 
would be possible to transport the generator to a number of sites where the 
generator could be examined and tested. Various ways were studied to ship the 
generator, these included: rail, barge, and rail plus barge. The conclusion of 
these studies based on cost, site support facilities, technical competence and a 
company's desire to take on the program was that the generator should be shipped 
to Richland, Washington by ocean barge. 

Program Management ' " • • .. 

The program management for the project required a concerted effort to organize 
and administer the various tasks that were necessary to ship the generator. The 
various tasks involved: negotiation with Virginia Electric Power Company to obtain 
the retired generator, issuing the carrier contract and the contract to load and 
unload the generator on the barge, writing an environmental impact assessment, 
writing a management plan for DOE, issuing marine consultant contracts and obtain
ing approvals to ship the generator. 

To accomplish these various tasks required the services of several support 
^ ^ ^ u p s such as: the legal office, subcontracts personnel, engineering, health 
^^^^sics and transportation safety. 

A significant task was obtaining a exemption to ship the generator. Because 
of the size (13.4 m long by 3.7 m diameter) and weight (200 ton) of the steam 
generator, it was not practical to package it in a container. The only reasonable 
way to ship the generator was to ship it as a Low Specific Activity (LSA) package. 
The generator shell would have to serve as the container for the contaminated tub
ing. The generator shell could be classified as a strong-tight container since 
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it was 1̂ 7.62 cm (3 inches) thick and designed to withstand pressures up to 
2.07 X 10^ Pa (3000 psi) at temperatures of 316°C (600°F). 

United States regulations state that in order to qualify as an unpackaged bulk 
shipment of LSA material, the object that is externally contaminated with radioactive 
material must not exceed 1 microcurie per square centimeter. This pertains to the 
kind of radionuclides that were associated with the steam generator. The contami
nate concentration inside the heat exchanger tubing exceeded this contamination 
level by three times. Consequently, it became necessary to obtain an exemption 
from the Department of Transportation (DOT) in order to ship the generator as a 
LSA package. 

•
ransport Tasks 

' " • 

The transport tasks included: engineering activities, handling of the 
generator at Surry, river and ocean transport and handling the generator at 
Washington. 

Engineering Activities 

It was necessary to do a hazard analysis that assessed the radiological impact 
to the environment in the event the generator was involved in accidents during 
loading, unloading, shore transport and water transport. The accidents assessed 
were dropping, sinking, fire and sabatoge. The results of the analysis showed that 
for_the accident cases analyzed, the population dose would be significantly less 
(10 '' to 10 ^) than the annual dose received from natural occurring sources. The 
hazard analysis became part of the environmental assessment for the Steam Generator 
Tube Integrity Program. 

Detailed operational plans were written covering the handling, loading, ship
ping and unloading of the generator. These plans were reviewed by DOT, the U.S. 
Coast Guard and the NRC before the exemption was granted. The plans included 
emergency procedures to cover remedial action in the case of fire, loss of shielding 
and operational problems with the tug or barge. 

The radiation dose rate at the surface of the generator (highest reading 
750 mR/hr) required that shielding be used to reduce the dose rate to meet the 
requirements for an exclusive use shipment. Based on the shielding analysis and 
other considerations, the generator was placed between two concrete walls that 
were each 25.4 cm (10 inches) thick. This type of shielding proved to be the most 
cost effective. 

In addition to the concrete shield walls, a 2" steel plate was added to the 
capped end of the generator. This provided a total of 4" of steel shielding on 
the capped end of the generator. The highest dose rate at the edge of the barge 
with the generator inside the shield walls was 0.5 mR/hr. The dose rate was about 
20 times less than the allowable 10 mR/hr at 1.83 m (6 feet) from the edge of the 
barge. 

Handling the Generator at Surry 

The bulk of the work associated with the actual shipping of the generator took 
place at Surry, Virginia. Complete radiation surveys were made of the generator to 
assess surface contamination and radiation dose prior to removing it from an onsite 
storage vault. After the surveys were completed the generator was removed from the 
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storage vault and loaded onto a multi-wheeled trailer. The generator was unloaded 
onto the barge. The generator was tied down and secured between the concrete 
shield walls as shown in Figure 4. 

FIGURE 4. STEAM GENERATOR ON BARGE INSIDE 
CONCRETE SHIELD WALLS 

After the generator was secured to the barge, a thorough inspection was made 
by the Coast Guard and by state inspectors. After the inspection was completed, 
approval was given to ship the generator. On April 20, the tug and barge proceeded 
down the James River to the Atlantic Ocean. The start of an 11,000 kilometer 
voyage. Figure 5, that would go through the windward passage to the Panama Canal 
and then up the West Coast to the Columbia River. 

'HANFORD 

FIGURE 5. STEAM GENERATOR TRANSPORTATION ROUTE 
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After 35 days the generator arrived on May 25 at the Port of Benton unloading 
site near Richland, Washington. The entire voyage was made without incident. 

Unloading the Generator at Port of Benton 

Unloading the generator from the barge was similar to the loading operation. 
Two large capacity cranes (200 ton each) were used to load the generator onto an 
awaiting trailer. The generator was then transported about a mile and a half to a 
temporary storage facility. Eventually, the generator will be housed in a permanent 
building where research studies will continue for three to five years. 
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DISCUSSION 

Question by A. A. Anselmo, USA: Did you consider or make a 
study of transporting the steam aenerator on the transporter to 
eliminate the unloading at barge plus the reloading at destination? 
Possible time and cost savings? What was the deciding factor to 
remove and double the handle? 

Answer: The possibility of leaving the steam generator on the 
transporter and tying the generator and transporter to the barge 
as considered. However, because of the 1.5 g tie down requirement 
uggested in the proposed ANSI standard N-14-N552 it was not prac
tical to leave the generator attached to the transporter. The ex
tra structural attachments and modifications to the baroa and trans
porter were not cost effective compared to lifting the generator off 
the transporter and tying the generator to the deck of the barge. 
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PACKAGING AND TRANSPORT OF BULKY 
HASTE FROM NUCLEAR POWER PLANTS 

H.-G. Knackstedt 
R. Christ 
K. Schneider 

TRANSNUKLEAR GMBH 

1. Introduction 

Reactor operation and backfitting will result in voluminous and heavy 
parts which have to be shipped off-site in shielded containers. Depen
ding on weight and dimensions as well as on the strategy of disposal 
the parts may be transported in one piece or after size reduction. 

Typical examples for the preparation and transport of such components 
will be given below. 

2. Transport of a contaminated BWR steam dryer 

The steam dryer is a stainless steel structure composed of several 
sheets and pipings. Dimensions: 5140 mm diameter, 5230 mm hight. Total 
weight: 35 t. The component had to be put out of service and was tempo
rarily stored inside the plant. 

Due to contamination the dose rate at contact was about 800 mr/h. The 
contamination revealed to be very adherent. An analysis of activity in
ventory and contamination showed that the component complied with the 
regulatory definition of LSA material for which a strong industrial 
package was to be used. 

The utility decided to dispose the component by shipping it to a re
search center with installations for final conditioning. Transnuklear 
got in charge for preparation and transport. 

2.1 Shipment of the complete component 

In an early stage of the project the possibility of shipping without 
prior size reduction was investigated in detail. A shielding container 
was designed and the use of different shielding materials including con
crete was studied (fig. 1). Container 
weight was about 110 t resulting in a total package weight of 150 t. For 
the transport itself, a combination of road and barge shipment was the 
preferred solution. Limiting factors such as bridge loads for the total 
vehicle weight of around 250 t had to be taken into account (fig. 2). 

Though the investigation showed the project of shipping to be techni
cally feasable, it had to be deleted primarily for financial reasons. 
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Shipment after size reduction 

It was finally decided to cut the component prior to shipment into several 
pieces each smaller than 5 t. A lead shielded container with a weight of 
25 t was designed and built in order to make several shipments by road 
under close to "legal weight" conditions (fig. 3). 

The size reduction at the reactor site was done by means of the oxygen 
lance method. A special working area was set up. In that area the compo
nent was placed on a rotating table and cut according to a plan which 
was taking into account the useful dimensions of the container. Prior to 
loading the parts are placed in plastic bags. 

The first shipments have already been performed successfully in compliance 
with German regulations for the road transport of dangerous goods and a 
relevant shipping licence for nonfissile radioactive material. 

Size reduction, conditioning and transport 
of activated core components 

Core components are stainless steel or zircalloy structures which have to 
be removed or replaced after a certain service time. Typical examples are 
poison curtains and shroud tubes. They are activated, the specific acti
vity depending on initial Co-content, irradiation history and decay time. 

Though it would be possible to ship such components in existing casks -
for example spent fuel casks - without size reduction it is sometimes 
preferred to condition them on site into packages ready for disposal. 

For this purpose Transnuklear has developped and applied an appropriate , 
system. In the given example 169 shroud tubes had to be disposed of in 
compliance with the acceptance criteria of the Asse Salt Mine. The 
material was sufficiently decayed to be in accordance with the defi
nition of low level solid material (LLS). The following procedure was 
applied. 

In the first step the components were cut into pieces by a special 
pressing and cutting unit ("UNDINE") operated under water by means of a 
hydraulic system. Still under water the pieces were placed into lead 
shield drums equipped with connections for the filling with concrete. 
Concrete filling was done outside the pool. Finally the drums were 
placed into so called lost concrete containers (one way specification 
container for salt mine disposal). Package weight was about 5 t. More 
than 50 packages were prepared in that way and shipped to the disposal 
site by truck. 
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DISCUSSION 

Question by H.-J. Enqelmann, FR Germany: Have you optimised 
the size reduction due to the conditions of road transport or have 
you made an analysis of costs? 

Answer: The size reduction of the parts was adapted to con
ditions of road transport. 

m Question by Mr. Schmidt, FR Germany: Concerning costs for 
ckages and transport, what would have been the cost for alternative 

'? What was the cost for the chosen alternative 2. 

Answer: The analysis and conditioning of the steam dryer was 
part of a customer order. We are therefore under obligation to keep 
this information confidential. 
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ROCKWELL INTERNATIONAL'S 
PACKAGING AND SHIPPING PROGRAM 

AT THE ROCKY FLATS PLANT 

J. D. McCarthy 
D. M. Krieg 

Rockwell International 
Rocky Flats Plant 
P. 0. Box 464 

Golden, Colorado 80401 

INTRODUCTION 

Rockwell International operates the Rocky Flats Plant under 
contract to the Department of Energy. The plant has been in 
operation since 1952, and has been engaged in handling many forms 
of radioactive material, including large quantities of fissile 
material. Operations principally involve plutonium and uranium 
in the form of metal, solution, oxide, and other compounds. General 
operations consist of metallurgical processes and chemical proces
sing and recovery operations. Support services are provided in 
the areas of quality, laboratory facilities, waste management, 
research and development, and health, safety, and environment 
protection. 

Associated with these operations is the packaging and shipping 
of radioactive material. Through the years, thousands of shipments 
have been made from Rocky Flats without incident. Many forms of 
radioactive materials, including waste material, have been included 
in these shipments. 

In order to assure compliance with Company, DOT, and DOE 
requirements, an extensive system was established that encompasses 
all essential aspects of packaging and shipping. This integrated 
system is defined by a Material Packaging, Shipping, and Transpor
tation Plan that dictates not only the development, initial use, 
and reinspection of containers for subsequent shipments, but also 
the required documentation, procedures, training, and management 
responsibilities. Imperative to this program is the certification 
of operating personnel to assure extensive training and knowledge 
in all pertinent aspects relating to packaging and transporting 
radioactive material. In addition, the evaluation of the package 
is an essential element to insure the Integrity of the container 
and confinement of the contents and to assure compliance with 
health, safety, and environment commitments. 

A Quality Program Plan has also been established which defines 
the responsibilities, authorities, and controls in effect at Rocky 
Flats. This plan supplements the Material Packaging, Shipping, 
and Transportation Plan. 
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MATERIAL PACKAGING. SHIPPING. AND TRANSPORTATION PLAN 

This plan documents the overall system and the corresponding 
compliance with regulations governing the packaging, shipping, and 
transportation of material. The plan is controlled by the General 
Manager, and responsibility for implementation and compliance is 
delegated to the Traffic Manager. 

The plan applies to all aspects of the packaging, shipping, 
and transportation of material to and from the Rocky Flats Plant. 
Radioactive material, hazardous material, classified nonhazardous 
material, and contaminated waste generated during normal plant 
Operations are included within the scope of the plan. 

Requirements apply to inbound and outbound movement of material. 
These requirements provide the means of control and verification 
whereby those responsible for the packaging, shipping, and trans
portation of material can assure that the operations are completed 
in a safe, environmentally-sound, and economical manner. 

The plan also contains information of a general nature relevant 
to packaging, shipping, and transportation of material, as well as 
specific details of well-defined activities. 

Emphasis is placed on those activities which require interface 
between plant personnel and regulatory and advisory agencies, 
which include the Department of Transportation (DOT), the Department 
of Energy (DOE), the Nuclear Regulatory Commission (NRC), the 
Federal Aviation Administration (FAA), the International Air 
Transport Association (lATA), the General Accounting Office, the 
State of Colorado Department of Health, and the Rocky Flats 
Monitoring Committee. 

In addition to the above agencies, the Traffic Department 
interfaces with the DOE Albuquerque Operations Office and the ; i- , 
Rocky Flats Area Office, NRC licensees, other DOE contractors, 
the DOE contractor air carrier, airport authorities, and common 
carriers. 

Internal responsibilities as delineated in the Material 
Packaging, Shipping, and Transportation Plan include the following: 

Finance and Administration: 

Traffic: Approves all packaging procedures; plans shipments; 
notifies authorities; interprets regulations and require
ments; obtains approvals and exemptions; certifies all 
off-site shipments; maintains the Transportation Plan. 

Product and General Warehouse: Stores and issues shipping 
containers and components; receives, verifies, and 
issues material; packages and ships material as required; 

.'. certifies correct preparation of packages by Warehouse 
'« personnel. 

Health. Safety, and Environment: Reviews packaging procedures; 
provides radiation monitoring support; reviews requests for 
shipment of nonweapons-related radioactive and hazardous 
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material; maintains source and isotope registry; determines 
nuclear materials safety limits and calculates transport 
indices. 

Personnel: Trains or qualifies plant personnel; maintains 
training and qualification records. 

Safeguards and Security: Controls security of inbound and out
bound shipments; provides accountability control for source 
and special material; obtains authorization which assures 
compatibility of incoming materials from other contractors. 

Operations: 

Material Handling and Packaging: Prepares and approves 
applicable procedures for support of packaging and 
related activities for all material covered by the plan 
except waste; packages material; certifies correct 
preparation of packages. 

Waste Processing: Final packaging and loading; certifies 
correct preparation of packages; prepares and approves 
applicable procedures for support of waste packaging and 
related activities; provides design criteria for Waste 
Processing shipping containers and components. 

Quality Engineering and Control: Implements and maintains 
Quality Program Plan; audits compliance to Quality 
Program Plan; verifies container qualification tests; 
inspects and certifies shipping containers and components; 
analyzes proposed packaging materials; provides standards 
and calibrations; reviews all packaging procedures. 

Research and Engineering: 

Product Definition: Designs, develops, and tests shipping 
containers and components; approves packaging procedures; 
provides configuration control for shipping containers 
and components; specifies packaging, marking, and 
labeling requirements for off-site shipments. 

Component Development: Evaluates and tests proposed packaging 
materials. 

The following is a summary of activities that are controlled 
to assure compliance with requirements specified in 10 CFR 50, 
49 CFR, DOE Manual Chapters 0529 and 5201, and DOE Order Number 
AL 5610.1. 

Container Development 

All containers and corresponding packaging configurations are 
designed to meet DOT and DOE regulations and appropriate standards. 
Included are Type A, Type B, Special Form, LSA, and limited and 
large quantities as specified in 10 CFR 71, 49 CFR 173, DOE Manual 
Chapter 0529, and DOE Order AL 5610.1. During this phase, the 
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test packages are designed, fabricated, and tested. The testing, 
where appropriate, considers both normal and abnormal conditions. 

Health, safety, and environment protection evaluations, based . 
on the design and the results of the testing, are also performed. 
This data is included in the Safety Analysis Report for Packaging 
(SARP), which is submitted to the appropriate government agency for 
approval. The packages primarily in use for fissile material are 
DOT specification or have approved DOE Certificates of Compliance. 

Initial Use and Reuse 

•

k An essential part of this program is the preparation and 
lontrol of the drawings, specifications, and associated inspection 
check lists to assure the package meets requirements initially and 
for reuse. This function is controlled by an integrated system 
for both incoming and outgoing shipments. Included are activities 
• pertaining to verification of package conditions, marking, labeling^ 
monitoring for radiation, material identification, etc. 

Personnel Training 

In order to assure quality operations, personnel involved in 
packaging and transportation activities (material handlers, 
packagers, security personnel involved in transfer vehicle 
functions) must fulfill training, qualification, and certification 
requirements. This program includes indoctrination, on-the-job 
training, and formal classroom instruction. Proficiency must be 
demonstrated in all aspects pertaining to a particular position 
prior to certification. The substance of the training is 
dependent on the complexity of the operations, the expectations, 
and the consequences of an error. 

Documentation 

Imperative to the effective functioning of the overall system 
is completion of the necessary documents, forms, and reports to 
monitor and verify fulfillment of the control activities. The 
system has been established to assure that activities do not 
proceed until the previous control point activity has been 
completed and verified. These documents are maintained in a 
manner whereby they are readily accessible for monitoring, veri
fication, and auditing purposes. 

These functions associated with the overall packaging and 
transportation plan are implemented through individual procedures 
that define the responsibilities and the performance of the 

^ ^ operations in detail. In addition, the plan designates the 
^^^^ppropriate signature authority responsible for the various 
^^^functions. Rockwell departments that participate in this program 
^^^and that have a vested interest in its success are varied and 

include Product Definition, Nuclear Materials Control, Traffic, 
Safeguards and Security, Health Sciences, Radiation Monitoring, 
Quality, Nuclear and Facilities Safety, Operations, Warehouse, 
and Material Handling and Packaging. 
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QUALITY PROGRAM PLAN 

An oversight of the program is provided by periodic auditing 
by Rockwell and DOE personnel. These reports provide management 
with a means for assessing the effectiveness and implementing 
modifications where necessary to meet requirements. 

An overview is provided by the Quality Program Plan that is 
controlled by the General Manager and which delineates responsi
bilities for development, implementation, and auditing activities 
involved with packaging and transportation of hazardous materials, 
including radioactive material. Management, guided by various DOE 
and DOT regulations, establishes the requisite policies and approv 
the implementation procedures. The Quality Program Plan defines 
the appropriate control points to assure that the packaging and 
transportation activities are performed in a manner that does not 
present a hazard to the public, employees, or the environment. 
Although the plan provides the necessary guidance and control, 
the packaging and transportation system at Rocky Flats functions 
effectively because of the close cooperation of all departments. 

SUMMARY 

The public continually needs to be made aware that radioactive 
material can be handled safely, especially in an area as sensitive 
as shipping. Therefore, Rockwell International monitors the 
program carefully to minimize risks to the public, employees, and 
the environment. This program has functioned effectively in 
meeting present requirements, and provides a framework that can 
be extended to accommodate future modifications. 
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A REVIEW OF US ACCIDENT/INCIDENT EXPERIENCE 
INVOLVING THE TRANSPORTATION OF RADIOACTIVE MATERIAL (RAM) 1971-1980* 

J . D. McClure and E. L. Emerson 
Sandia National Laboratories, Albuquerque, NM 87185 USA 

W This paper analyzes the transportation accidents and incidents which have 
occurred in the United States in the period 1971-1980 based upon the information 
in the Radioactive Material Transportation Accident/Incident Data Base developed 
by the Transportation Technology Center (TTC) at Sandia National Laboratories. The 
accident/incident database incorporates the f i l e s of the Hazardous Material I nc i 
dent Report (HMIR) system operated by the Material Transportation Bureau of the 
US Department of Transportation (DOT) with additional information obtained from 
the f i l e s of the US Nuclear Regulatory Commission (NRC). A principal objective 
of th is paper is to summarize US accident/ incident experience for the past ten 
years,^ providing a concise statement of radioactive material (RAM) package fa i lu re 
description for the transport modes of t ruck, r a i l and a i r . 

Operated for the US Department of Energy (DOE) by Sandia National Laboratories, 
the TTC acquires hazardous material incident reports from the (DOT) on a continuing 
basis. This in fomat ion, plus simi lar information acquired fromtheNRC, provides 
a radioactive material accident/incident database which presently (June 1980) con
s is ts of 659 data entr ies. The present holdings of the HMIR system approximate 
86,500 entries for a l l classes of hazardous materials, including 524 radioactive 
material entr ies, or 0.6 percent of the tota l incidents reported to DOT. This 
information represents US transportation experience for radioactive materials dat
ing from 1971 to the present. The accident/ incident data base is stored on TTC's 
on-l ine data base management system for rapid storage, re t r i eva l , edit ing and 
analysis. 

The DOT regulatory requirements for reporting a hazardous material incident 
are specif ied by the Code of Federal Regulations (49 CFR, Para. 171.15). These 
regulations specify reporting after each incident that occurs during the course 
of transportation (including loading, unloading and temporary storage) in which 
as a d i rect result of moving hazardous mater ia l : (a) a person is k i l l e d , (b) a 
person receives in jur ies requiring hospital i za t ion , (c) estimated carr ier or other 
property damage exceeds $50,000, (d) in the case of radioactive material there 
is suspected contamination, (e) f i r e , breakage or spi l lage occurs involving e t i o -
logic agents, ( f ) continued danger of l i f e exists at the accident scene. From 
th is summary of the requirements for reporting a hazardous material incident, one 
^an conclude that the requirements for reporting an incident vary widely. The659 
B t a entries in the accident/incident database are events which meet the regul a-
Pbry requirements for no t i f i ca t ion of DOT and NRC of the event occurrence. The 
main theme of th is presentation w i l l be that a detailed examination of the reports 
in the data base w i l l reveal that some of the events can be c lassi f ied as transport 
accidents, some events involvehandl ing accident conditions and others are simply 
incidents which meet the regulatory requirement for reporting the event and do 
not Involve accident conditions. Sucha c lass i f i ca t ion of events is shown inTable 
I and i s necessary to produce, for example, accurate accident rate estimates for 

•Work sponsored by the US Department of Energy under Contract DE-AC04-76DP00789. 
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risk assessment studies. Table I represents an up-to-date representation of US 
radioactive material transportation experience. 

TABLE I 

US Radioactive Material Accident/Incident Experience 
(1971-1980) 

Transportation Accidents 85 
Handling Accidents 110 
Reported Incidents 464 

Total 659 

In the interpret ive analysis of the basic DOT and NRC information, ad is t inc -
t ion is made between an accident and a reported incident. Two types of accidents 
are categorized, as shown in Table I . For the purposes of th is analysis, a reported 
incident is c lass i f ied as a transportation accident i f there is a vehicular accident 
involving the vehicle transporting the radioactive material . Other incidents are 
c lass i f ied as handling accidents i f during the course of handling, loading, e tc . , 
an accident occurs, for example, a package is dropped or run over by a vehicle. 

The remaining c lass i f i ca t ion , the reported incident, excludes transportation 
accident conditions. An example of a reported incident typ ica l ly involves the 
detection of surface contamination on a radioactive material package or on a trans
port vehicle. These observations are often noted during loading or unloading opera
t ions. Such events generally involve no package fa i l u re , no release of radio
active contents and the absence of any accident conditions during transport. For 
th is type of event the terminology "reported incident" has been used to c lassi fy 
the event. For the US experience to date, i t can be observed from Table I that 
the tota l reported events include 85 transportation accidents and 110 handling 
accidents. 

The 85 transportation accidents l i s ted in Table I were c lass i f ied by trans
portation mode as shown in Table I I . 

TABLE I I 

Radioactive Material Transportation Accidents by Mode 

1 Transport Mode 

1 Air 
1 Rail 
1 Highway 

Number of Accidents 

5 
5 

75 

85 

Number of Packaging Failures 1 

1 Type A 1 
1 Type A 1 

39 Type A 1 

41 Packaging Failures 1 
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Table III summarizes some of the information that can be retrieved from the 
accident/incident database. For example, the 85 transportation accidents involved 
a total of 711 radioactive material packages. Some accidents had only a single 
package onboard the transport vehicle. Other accidents involved a single transport 
vehicle with a number of packages on board. Table III traces an analysis of 
the radioactive material packaging failures in the 85 accidents. 

t 
TABLE I I I 

Transportation Accident Analysis Summary 

I R A M Packages 
T Involved in 
1 Accidents 

1 Packaging 
1 Failures* 
1 (with release) 

1 Packaging 
1 Failures* 
1 (no release) 

1 Packagings in 
1 Accident with 
1 No Failures 

1 TOTAL 

1 

Package 
Description 

38 Type A -

3 Type A 

660 Type A 
10 Type B 

711 packages 

1 
1 * The 41 packaging fa i lures 
1 active mater ial . 
1 

Description 

-> 5 Release --> 
Events 

• - > ? . ' 

Involved In 85 ac 

involved 38 Type A 

of Events 

~3 Urban 

_2 Non-Urban 

•) 1 

c idents ' 

--> 

--> 

Description 1 
of Material 1 

Released 1 

"uranium Ore 1 
•Sand (LSA) 1 
•RAM (not 1 
otherwise 1 

_specif ied) 1 

_;Uran1ura Oxide 1 

1 

1 
paekages wh4ch-released radio- 1 

1 
1 

Multiple numbers of packages can be carr ied on a single vehicle and f i ve 
separate and d is t inc t release events involving these packages have been defined. 
Three of the release events occurred in-an urban area. Two of the release events 
occurred in a non-urban area. For example, the Spr ingf ie ld, Colorado, accident 

^"nvolved 29 packaging fa i lures which released approximately 5400 kg of uranium 
%xide; th is was defined as a single release event. For the f ive release events, 

Ihe material released was described as uranium ore, radioactive sand (low specif ic 
' ' a c t i v i t y ) , uranium oxide and radioactive material (RAM-- not otherwise speci f ied) . 

I t is interest ing to note that an examination of the accident data reveals that 
ten Type B accident resistant packagings were Included in the set of packagings 
which were subjected to accident condit ions, but produced no packaging fa i l u re 
and, consequently, no release of radioactive contents. 

Tables, IV, V and VI present a chronological summary of the data base with 
respect to the number of reported events, transportat ion accidents, handling accidents, 
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TABLE IV 

Accident/Incident Data Base Chronological Summary 

1 
1 Annua! No 
1 Year 

1 1971 
1 1972 
1 1973 
1 1974 
1 1975 
1 1976 
1 1977 
1 1978 
1 1979 
1 1980 
1 (through 
1 5/8/80) 

1 *Reported 
1 **Reported 

Releases 

5 
4 
7 
9 

11 
14 
16 
18 
25 

5 

114 

events 
events 

. Annual No. 
Events 

10 
19 
24 
59 
44 
59 

112 
140 
170 
22 

659 

received 
received 

from 
from 

HMIR* 
Events 

10 
19 
24 
59 
44 
57 
96 
85 

120 
10 

524 

NRC** 
Events 

N/A 
N/A 
N/A 
N/A 
N/A 

2 
16 
55 
50 
12 

135 

HMIR system, DOT 
NRC. 

Transportation 
Accidents 

5 
1 
0 
5 
5 
2 

10 
19 
29 
9 

85 

Handling i 
Accidents 1 

0 1 
2 1 

11 1 
14 1 
23 1 

6 1 
16 1 
14 1 
23 1 

1 1 

110 1 

TABLE V 

RAM Transportation Accident Summary 

1 Year 

1 1971 
1 1972 
1 1973 
1 1974 
1 1975 
1 1976 
1 1977 
1 1978 
1 1979 
1 1980 

1 (through 
1 5/8/80) 

Transportation 
Accident Total 

5 
1 
0 
5 
5 
2 

10 
19 
29 
9 

, 
85 

Transport Mode 
Rail 

1 
0 
0 
1 
0 
0 
1 
0 
2 
0 

_ 
5 

Highway 

4 
1 
0 
4 
5 
2 
9 

18 
23 
8 

.^— 
74 

Air 

0 
0 
0 
0 
0 
0 
0 
1 
4 
0 

5 

Other 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

(Courier 
Service) 

1 

1 

1 
1 
1 
1 

5 

Releases 1 

Release-1971-Hwy 1 

Release-1977-Hwy 1 
Release-1979-Air k 
Release-1979-Rail f 
Release-1979-Hwy 1 

Release Events 1 

• 
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TABLE VI 

RAM Handling Accident Summary 

1 Year 

1 1971 
1 1972 
1 1973 
1 1974 
1 1975 

1 1976 

1 1977 

1 1978 
1 1979 

1 1980 

Handling 
Accident 
Total 

0 
2 

11 
14 
23 

6 

16 

14 
23 

1 

110 

Rail 

0 
0 
0 
0 
0 

0 

1 

0 
0 

0 

1 

Highwai 

0 
0 
2 
1 
6 

2 

4 

7 
9 

0 

31 

Transport 
Air 

0 
2 
9 

13 
14 

4 

9 

7 
13 

1 

72 

0 
0 
0 
0 
2, 
1 , 

0 

1, 
1 , 

0 
1, 

0 

6 

Mode 
Other 

Freight Forwarder 
Marine 

Freight Forwarder 
Warehouse 

Courier Service 

Rel 

0 
1 , 
2, 
2, 

3, 
3, 
0 

26 

eases 1 

Air 1 
Air 1 
Air 1 
Hwy 1 
Air 1 
Frt Frd 1 
Marine 1 
Air 1 
Hwy 1 
Hwy 1 
Warehouse | 
Rail 1 
Air 1 
Hwy 1 
Air 1 
Hwy 1 

# 

release of radioactive contents and accident occurrences by transport mode. The 
following observations apply to Table IV. The accident/incident database receives 
most of i t s data entries from the HMIR system of the DOT. The other pr incipal 
data source is the NRC. The HMIR data originated in 1971 and the NRC data 
originated in 1976. Any calculat ion of rate of occurrence of accidents and 
incidents should be performed with caution since the overall accident/incident 
data base consists of elements with d i f fe r ing chronological or ig inat ion dates. 

The most representative view of accident and incident rates is to express 
the i r occurrence as fractions (or percent) of tota l shipping volume. The most ^ 
recent estimate of tota l shipping ac t i v i t y in the US was performed in 1975.^ -
Estimates of present shipping ac t i v i t y are presently being investigated and are j 
the subject of another paper at PATRAM 80 (see PATRAM paper 185). Until new .. 
estimates of shipping ac t i v i t y are available i t i s not possible to gain an accurate, 
ssessraent of the percentage of accidents and Incidents based upon numbers of T 
adioactive material shipments. 

To conclude, i t Is important to note that the accident/ incident data base 
described in th is paper represents the accumulation and organization of exist ing 
data sources available in the United States. This data acquisi t ion is followed 
by in terpret ive analysis of the information, and th is analysis and data can be 
shared with several government agencies such as the DOE, NRC, DOT, Environmental 
Protection Agency (EPA), Federal Emergency Management Agency (FEMA) and the Inter
national Atomic Energy Agency (IAEA), as well as other interested state and 
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local governments and public interest groups. One important fact that has come 
from the preparation of th is report i s the importance of performing a detailed 
study of the incident reports and any attached documentation. I t is recognized 
that af ter such an examination of radioactive material transportation incident data 
that a l l of the reported events are not transport accidents, hence the s t ra t i f i ca t i on 
of the accident/incident data as shown i n T a b l e l . Sucha c lass i f ica t ion as shown 
in Table I is necessary because the varying requirements for reporting hazardous 
material incidents allow a broad spectrum of data entries which must necessarily 
be sub-classif ied ( i . e . , transport accidents, handling accidents and reported 
incidents). 

The information presented above represents an analysis of a transportation 
accident/incident data base for radioactive materials. The results of such a 
analysis can be used to provide information about the environmental impacts asso 
da ted with the transportation of radioactive materials. In addit ion, such an 
analysis can provide information which Is useful in the formulation of the regula
t ions governing the safe transportation of radioactive materials. 
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DISCUSSION 

Question by D. H. Lohmann, United Kingdom: Could you comment 
please on the type A packages from which activity was released? Have 
any steps been taken to improve packaging as a result? 

Answer: I do not recall the exact description of each of the 
packages (type A). However, in the Colorado yellowcake incident the 
packages were 55 gal. drums. For specific improvements, perhaps 
closures of such drums could be redesigned. However, it is important 
to note that from the health hazard point of view, the Colorado 
yellowcake spill, while it did occur (and released 12000 lbs. of 
yellowcake), there were no injuries due to the radioactive material 
Thus, from an engineering viewpoint the packages performed properly 
We must realise, however, that it is our technical and professional 
responsibility to make needed packaging improvements when that need is 
observed. 

Question by Y. Sousselier, France: Which criteria do you use 
to distinguish between accident with package failure and accident 
without failure? 
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Answer: The HMIR system uses a form called Form 5800. We 
simply examine the entries on the form and use the information in 
the failure type entry information to make the judgement that there 
was a packaging failure. Sometimes, however, the information is not 
clear so we must exercise engineering judgement to ascertain failure 
occurrence. 
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TRANSPORT OF RADIOACTIVE MATERIALS 

A REVIEW OF THE DAMAGE TO PACKAGES 
FROM THE RADIOCHEMICAL CENTRE DURING TRANSPORT 

D.H. Lohmann 
The Radiochemical Centre, Amersham, England 

INTRODUCTION 

The Radiochemical Centre, Araersham, is one of the world's largest producers 
of radioisotopes for use in medicine, research and industry. 

Its products are delivered to all parts of the world, with approximately 
80 per cent of the products being exported, mostly by air, from the United 
Klngdcm. The quantities of activity packed and transported vary from fractions 
of a microcurle - eg for in vitro diagnostic kits - to hundreds of thousands of 
curies - eg for cobalt-60 for industrial sterilization. 

This is the first full report of damage that has occurred to packages being 
transported from The Radiochemical Centre though the subject has been briefly 
covered in two earlier papers dealing with the packaging and transport of 
radioactive materials (1,2). 

This paper summarizes the results of our experience of the transport of 
radioactive materials from The Radiochemical Centre. Those occurring in the 
period 1975 to date are covered in detail. 

PACKAGING 

The packaging of radioisotopes produced at The Radiochemical Centre is in 
accord with the IAEA regulations for the safe transport of radioactive material 
(3). Exempt and Type A packages are designed, tested and approved at The 
Radiochemical Centre. Type B packages are designed and tested at The Radio
chemical Centre and are approved by the U.K. competent authority. 

Exempt Packages 

The basic pack for most exempt packages consists of a number of vials con
taining inactive and small quantities of active materials packed into a moulded 
polystyrene support and this then packed in a rigid cardboard case. 

Type A Packages 

A typical Type A package consists of a vial containing a solution of a 
radiopharmaceutical or radiochemical. This is packed into a secondary container 
that provides containment and radioactive screening as appropriate - either a 
plastic container providing purely containment or a lead pot with wall thickness 
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varying from 3 - 36mm for routine shipments. The vial is held in the secondary 
container by small pieces of absorbent material. The secondary container is then 
supported - usually by expanded polystyrene mouldings - and sealed into a metal can. 
The metal can is sealed inside a rigid cardboard case and this labelled with the 
appropriate warning label. 

Increasingly, Exempt and Type A packages are being grouped together in 
multipacks (or overpacks). This minimises the number of final packages 
transported and hence reduces the risk of loss or damage. 

Type B Packages 

•
I Type B packages vary in size and composition from basic Type A assemblies 

ealed inside simple heat resisting shields to large, bolt-down containers with 
cooling systems used for transporting hundreds of kilocurles of activity. 

" DAMAGE OF TRC PACKAGES DURING TRANSPORT 

Road 

In the period under review, there have been a number of minor accidents to 
vehicles carrying TRC's products. These have resulted in no more than superficial 
damage to the packages. 

There have been two major accidents to vehicles carrying TRC products. 
(1) In December 1978, a contractor's vehicle carrying four caesium-137 sources 
(total 30mCi) in standard Type A containers was involved in an accident that 
completely destroyed the vehicle and resulted in the driver being killed. The 
outer packages were severely dented but there was no damage to the inner containera 
(lead pots with wall thickness of 12mm) or any loss of activity. This Incident • 
was monitored under the scheme known as the National Arrangement for Incidents 
involving Radioactivity (NAIR) and the damaged packages were returned to TRC for 
detailed examination. They were despatched again after replacing only the outer 
containers. (2) In January of this year, a TRC van making a regular delivery 
of materials to the continent skidded off of a motorway on the outskirts of 
Brussels down on to an embankment with a vertical drop of approximately 5 metres. 
This resulted in the vehicle being damaged beyond repair. At the time, the 
vehicle was carrying a load of 116 packages (made up of 17 inactive, 36 exempt, 
61 Type A (1 Category I, 15 Category II and 45 Category III) and 2 Type B packages, 
Three of the Exempt packages were damaged superficially and the outer wooden casing 
of one of the Type B packages suffered severe damage. In no case was there any 
damage to the inner container or loss of activity. This incident was monitored 
by Controlatom (the organisation for physical control of radioactivity In Belgium). 
Again, the whole consignment was transported on to its final destination after 
reloading on to other vehicles. 

^^Rir 

Each year we despatch approximately 70,000 packages by air from London Airport 
to all parts of the world. During the period under review, there was one major 
accident to an aircraft carrying radioactive materials for TRC. This was at 
Athens Airport in December 1979; this is reported in detail in another paper (4). 
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Airport Handling 

The largest proportion of accidents to packages containing radioactive 
materials from TRC has occurred during handling at London Airport. The damage 
has usually been the result of careless handling of the package and it's being 
crushed by a vehicle. The most common type of accident is when a package falls 
from a pallet of a fork lift truck and is subsequently run over. If accidents 
of this type occur, the package is Isolated, checked by local control, NAIR 
assistance requested if necessary, the package sealed into a PVC bag or metal 
drum and then returned to TRC for detailed examination. 

The number of packages transported and those reported damaged are summari: 
in Table 1. m 

TABLE 1 

Survey of Packages Damaged at London Airport during Transport 1975 to date 

Total 
individual 
packages 
from TRC 
(xlOOO) 

200 

214 

236 

255 

263 

263 

Total 
final 
packages 
(xlOOO) 

124 

138 

154 

147 

155 

124 

Total 
final 
packages 
through 
London 
Airport 
(xlOOO) 

61 

73 

86 

77 

67 

51 

Damaged 
Packages 

13 

22 

20 

16 

12 

6 

1975 

1975 

1977 

1978 

1979 

1980 (Jan-Sept) 

1,431 842 415 

These may be further subdivided into categories as follows:-

89 
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-

2 

1 

-

10 

-

-

5 

6 

-

10 

1 

1 

8 

3 

-

8 

-

1 

5 

3 

-

7 

-

(to da te) 

-

3 4 

2 

1 

7 1 

-

2 

27 

15 

1 

43 

1 

TABLE 2 

Summary of Damage to Packages by Transport Category 

1975 1976 1977 1978 19̂ 79 1980 Total 

Inactive 

Exempt 

I 

II 

III 

B 

Total 13 22 20 16 12 6 89 

The damage experienced by a package can vary from a slight surface scuffing to 
a complete crushing of the package with loss of activity. The severity of 
damage may be summarized as follows:- ^ 

TABLE 3 

[ . Summary of Damage to Packages by Severity of Damage , , 

1975 1976 1977 1978 1979 1980 Totjd.' 
(to date) 

A. Slight damage to . ^ • 
outer - 4 6 3 1 I ' l S 

J * - I -

B. Extensive damage to 

outer , - 8 6 ' 3 4 \ , 3 24 

C . Slight damage to can 2 3 3 ^ 4 3 '. - ,15 

D. Extensive damage to 

can • 10 7 5 4 2 1 29 
E. Damage to shielding 

pot _ _ _ _ 1 _ 1 

F. Vials broken , 1 - - 2 1 1 5 

G. Loss of activity • _ _ _ _ _ _ 

Total 13 22 20 16 12 6 89 
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On some earlier occasions, packages -that had been reported as leaking were 
subsequently found to be free from external contamination. This was due to 
Incorrect use of monitors. With close liaison and a period of training, London 
Airport staff now have a good appreciation of the handling of radioactive 
materials and the use of monitors. 

In only one Instance (in 1974) has there been any confirmed leakage of 
activity. This was when a shipment of 50mCl Yttrixjm (̂ Ŷ) Silicate colloid -
used for internal therapy - in a standard Type A container was crushed, the vial 
broken and activity spread. 

DISCUSSION i 

The object of this review has been twofold - to summarize data on accidents 
that have occurred and to try to reduce the numbers of accidents occurring. 

The very low incidence of leakage from damaged packages is a reflection of 
the standards of packaging that are employed for the transport of radioactive 
materials by TRC. Even the comparatively flimsy packaging used for the exempt 
packages has withstood most of the Incidents. With the Type A packages, the 
containment system of inner vial, secondary container and metal can has proved 
to be perfectly satisfactory in most cases. In those instances where lead 
shielding pots have been used, further protection is provided by the lead 
(hardened by alloying with 4 per cent antimony). Tests with an 8 ton road 
roller (5) have revealed no apparent deformation of lead pots of 18mm wall 
thickness or greater and only slight deformation with thinner pots. Even in 
those cases where the vial was broken inside the lead pot, liquid was retained 
by use of a suitable securing tape. 

From an early stage, it became apparent that the majority of incidents 
occurred with the smaller Exempt and Type A packages (up to 500 cu.in.). These 
packages could easily fall off a pallet and be run over by the wheels of a fork 
lift truck. Means of reducing the number of smaller packages and of containing 
others was sought. A twofold approach was followed:-

(1) Reduction of number of small packages 

The numbers of individual packages transported has been reduced by a wider 
use of multipacks (or overpacks). This had had the twofold effect of 
reducing the nxjmber of final packages transported - Table 4 - and at the 
same time made those that are being transported larger and less vulnerable 
to damage. 
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TABLE 4 

Reduction in nuBbers of small packages despatched 

Small Type A 

Small Exempt 

J1978 J1979 J1980 

Closer liaison with Shippers 

In contrast to the situation in the United States, (6), TRC has the advantage 
of being the only major shipper of radioactive materials out of the U.K. 
This advantage is strengthened by the fact that we are shipping principally 
through one major airport - Heathrow. As a consequence, we are able to 
maintain a close liaison with the major airlines and transport materials 
with the minimum of problems. 

By maintaining close liaison with shippers, we have given them a greater 
awareness of the packaging and handling of radioactive materials and 
encouraged them to use, for example, cages rather than open pallets when 
transporting radioactive materials. 

The overall effect of these actions has been a decrease in the number of 
incidents involving radioactive packages - Table 1. This decrease is at a 
time when there is a greater awareness of the transport of restricted 
articles and more stringent acceptance standards by airlines. 
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There has also been a change in type of damage reported from that involving 
a complete crushing of the package to that involving largely superficial 
damage to outer packaging. 

CONCLUSIONS 

Since the beginning of 1975, approximately 1.5 million packages have been 
shipped by The Radiochemical Centre. By far the largest number of reported 
incidents to these packages has occurred in handling at airports. In these 
incidents, a total of 89 have been damaged but no leakage of activity has occurred. 

The damage that has occurred has been largely to Exempt and Type A package^ 
that have been subjected to stresses in excess of the design requirements. The 
very low incidence of release of activity serves to give us confidence in the 
adequacy of our present containment systems and in the IAEA regulations. The 
preventative measures taken during the period ijnder review have served to reduce 
both the numbers of incidents occurring and the severity of the damage. 
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DISCUSSION 

Question by T. Musialowicz, Poland: 1. How do you apply activity 
limits for type A packages in the case of overpacks? To a single 
package in the overpack or to a whole overpack? 2. In your table you 
show us the number of damaged packages according to the transport 
category. What is the category of the type B package in the last 
line? 

^ ^ ^ Answer: Each individual pack is within type A limits. The 
^^^/erpack is limited so that the sum of individual A2 fractions is less 
^^^^lan unity. In practice sums are mostly of the order of 10~ x A2. 

2. Category III. 

Question by K. Kirchhoff, FR Germany: What experience have you 
had with damage to RAM packages during handling at transit and dest
ination airports? 

Answer; We have had no experience of damage at destination or 
transit airports. The most widely used transit airport is Frankfurt. 

' At Frankfurt, either a direct plane to plane transfer is made or 
packages are handled in cases of the type described in my presentation. . 

Question by A. W. Grella, USA: In using overpacks, how do you 
limit the aggregate activity of the material contained within the 
overpack? 

Answer: The answer on the limit on activity has already been 
given to Dr. Musialowicz. The transport index given to the overpack 
is the sum of the individual transport indexes. This is of course 
always higher than the measured transport index due to shielding of 
other packages. • ,., 
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THE PERFORMANCE OF TYPE A PACKAGING UNDER 
AIR CRASH AND FIRE ACCIDENT CONDITIONS 

A.Had]iantoniou, J.Armiriotis and A.Zannos 
Health Physics Division 
"Deraocritos" N.R.C. 
Greek Atomic Energy Commission 

Preface 

The type A packaging provides a means for shipping intermediate 
quantities of radioactive materials, as compared to small quantities 
m excempt category and large quantities m type B packaging. 

In this paper the performance of type A packaging is presented 
and discussed under an air crash and fire accident. 
It IS known that type A packaging should meet certain performance 
standards. However it is recognised that under accident conditions 
the packages are liable to be damaged. This fact is reflected m the 
activity limit of the content. The content limits are prescribed so 
that in the event of a release m a severe accident the consequent 
hazard is not unacceptable. These activity limits are tabulated for 
each individual radionuclide (1,5). 
When a radionuclide is m "special form" that is in a state which 
would be virtually non dispersible after the release from its package, 
the activity limit Ai applies which is greater than A2. 

The packages carried by the aircraft were either of Type A or 
m the Exempt category containing radioisotopes for medical, research 
and industrial applications (Tables 1,2). 
All the Type A packages contained a sealed metal fruit can, mside a 
cardboard box. Inside the fruit can the radioactive material was in 
one or more small glass bottles, sometimes in a closely-fittmg plastic 
container, sometimes m a small lead pot. 
All the packages came from the Radiochemical Centre, Amersham, exept 
one of exempt category which came from C.I.S. France. The radionu
clides, their form and activity , transported by the aircraft are 
presented in Table 1. 

Accident Conditions 

On October the 8th,1979, around 10 pm,a DC-8 passenger aircraft 
during its landing procedure at the Athens airport failed to stop ^l^B 
the end of the runway and crashed on a public road passing parallel^^B 
to the airport fence and at a level 5 meters lower than the runway.^B 
The crash was followed by fire without explosion. The fire was spread 
quickly mside the aircraft. 

As soon as the airport authorities v;ere notified that the aircraft 
was carrying radioactive materials, they informed the Health Physics 
Division of the Greek Atomic Energy Commission according to the exist
ing emergency plan. This call came about 5 hours after the accident. 
The first information concerning the radioisotopes on board (type, 
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form, activity) was very poor. Complete information was received 
during next day. 

The Health Physics emergency group reached the accident scene 
in less than an hour from the moment of notification. 
Although the fire was not completely put out, the group approached 
the aircraft and located the area where the radioisotopes were 
stored taking immediately the necessary measures. Using proper 
portable radiation detection instruments, the rescue workers, the 
policemen, the firemen e.t.c. were checked for contamination. No 
such contamination was detected. 

Bindings 

As soon as the fire was completely extinguished the Health Phy
sics group entered the cargo compartment and started the work of lo
cating and collecting the packages of radioactive materials, the bro
ken vials, the open fruitcan containers and also all other materials 
which either were part of the destroyed packaging or other contamina
ted material (fire trash e.t.c). 
A total of about 5 cubic meters of such material was collected in 
metalic barrels and transfered to Democritos N.R.C. 

A detailed radiation survey was carried out inside and outside 
the aircraft. The exposure rate in that compartment did not exceed 
1mr/h and the y-ray spectroscopic analysis of the contaminated trash 
showed that this was mainly due to the presence of Na-22. 
No detectable contamination was found outside the storage compartment. 

From the type of the accident, the overall picture of the crashed 
aircraft and also from the fact that none of the fruitcan containers 
was found squeezed, it is concluded that the packages did not experi
ence any external mechanical stress. On the contrary most of fruit
can containers were found in a swelling condition and/or ruptured 
violently. This was caused by the increased presure of the air in
side the cans due to the rise of the ambient temperature (3). 
For the same reason most of the vials were found broken or without 
their rubber seals. Observations on the external appearance of the 
fruitcans and on other materials in that compartment which were found 
partly burnt or unaffected and also on packages still containing dry 
ice, indicate that the fire did not have the same intensity and did 
not last for the same time everywhere. 
None of the lead containers inside the fruitcans were found to be 
intact. In some cases the lead melted completely and it was traped 
inside the ruptured fruitcan container (Fig.1) and in other cases 
the lead container found itself outside the can where the lead melted 
and so the fruitcans were found empty. Only in one case the lead 
container was found partially melted (Fig.2). 

" All these observations and also the presence of melted Aluminum 
alloy lead to the conclusion that the maximum temperature at the 
hotest points of that compartment must have exceeded 640°C (melting 
point of the aluminum alloy) and the average temperature must have 
exceeded the melting point of lead and it lasted long enough as to 
cause the melting of the lead containers (3,4). 
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In the laboratory the main concern was to locate and recover 
the Pu-238 sources which were in the form of pellets with total acti
vity of 3 Ci (100 sources, 30 mCi each, special form). There were 5 
separate fruitcans packed together in a single overpack, each in 
its own small carton, containing 20 such sources inside a thin lead 
container. Each pellet consisted of plutonium adsorbed in ceramic 
material and was sealed by monel metal with a beryllium window from 
one side and with dimensions 11 mm in diameter and 5 mm thick (2). 

The results of this effort were the following : 

Three Pu fruitcans were found partly opened at one end and the 
Pu pellets were trapped inside the melted lead container. 

The two last fruitcans were found with one end burst open. 
Their content was missing and only a few pellets were stuck on the 
lid. 

The total number of pellets collected this way was 74. 18 more 
pellets were found in the trash either stuck inside the melted lead 
or as individual ones. The small number of missing pellets (about 8) 
is believed to be within the rest of the collected trash. 

So far no attempt has been made to evaluate the damages to the 
pellets from the fire. Macroscopic observations show that a large 
number of the plutonium pellets have undergone extensive damage and 
also in some of them alpha transferable contamination was detected. 
Smear test from two pellets gave 420 c/min and 65 c/min which correspond 
approximately to 630 and 100 pCi of alpha activity. 

Discussion 

Fire is always an inevitable fact in any aircraft crash. This 
particular accident did not exhibit any unusual caracteristics, on 
the contrary because the crash was not very violent and occured to 
a place where it was easily accessible, almost in the airport, the 
various emergency teams reached the accident scene very quickly. 
The fire was soon under control" this prevented the explosion of the 
fuel tanks and limited the radiological consequences of the accident 
(possible dispersion of the damaged Pu pellets within a populated 
area). 
From the above we can state that in this particular accident the 
radioactive packagings have not suffered any severe mechanical shock 
or squeeze and all the damage is attributed to fire. 

In table 3 an attempt is made to classify the damages. From 
this table it is apparent that most of the packages were extensively 
or heavily damaged and their content remained within the cargo com
partment only because of the fact that explosion did not take place^^ 

Probably, in case of an accidental release, one would assume ^ B 
that a high degree of dispersion is an advantage from the radiation 
protection point of view. But still there remains the question what 
the situation would be if, as a result of an explosion, the 3 Ci of 
Pu contained in 100 damaged special form sources were dispersed within 
a large populated area with no possibility of recovery. 
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Afterall the question arises* should the transportation in type 
A packaging of high radiotoxicity isotopes like plutonium in this 
case, even in special form, be reconsidered taking into account the 
conditions encountered in real accidents ? 

T A B L E 1 

Packages carried by the aircraft 

Number of 
Packages Category Label Index Radioisotopes and Activities 

III Yellow 2.2 

Pu-238 3 Ci Special form (Disc. 
Sources) 

Na-22 2 mCi Injection 

Pm-147 10 mCi Solution 

1-125 63.5 uCi) Labeled Comp. 
TRITIUM 37.76 mCi) and 
C-14 100 uCi) RIA kits 

26 White 
1-125 
TRITIUM 
C-14 

10 
33.4 
180 

UCi) 
mCi) 
UCi) 

Labeled Comp. 
and 

RIA kits 

11 XMPT 
1-125 220 uCi) Labeled Comp. 
TRITIUM 322 uCi) and RIA kits 

C-14 1.9 uCi Liquid Scint.Std 

T A B L E 2 

Radioisotopes and activities carried by the aircraft 

Total 

Pu-238 

Na-22 

Pm-147 

TRITIUM 

1-125 

C-14 

Act ivities 

3 Ci 

2 mCi 

10 mCi 

71.5 mCi 

293.5 UCi 

281.9 uCi 



T A B L E 3 

Fruitcan damage classification 

(approximate estimation) 

Damage 

Fruitcans without any loss 
of their content 

Fruitcans with partial 
loss of their content 

Fruitcans with total loss 
of their content 

% of the total number 

40 

14 

46 

•Fig.1. Fruitcan with Pu pellets traped m the melted lead container. 
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Fig.2. Na-22 inside its partially melted lead container. 

Fig.3. A group of Pu sources affected by the fire. 
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ON THE DOMESTIC TRANSPORTATION BY "HINOURA MARU" 
THE SHIP FOR THE EXCLUSIVE USE FOR SPENT NUCLEAR FUEL 

KEISUKE KAGE 
KANEOMI KUWASHIMA 
HIROMI KAJISHIMA 

NUCLEAR TRANSPORT SERVICES CO., LTD. 

1. INTRODUCTION 

There are totally 21 nuclear reactors in operation in Japan. Spent fuel 
discharged from 8 reactors (total electric generation capacity: 4,200 MW) among 
them is transported by "Hinoura-Maru", the ship exclusively used for transporta
tion of spent fuel, to the reprocessing plant of the Power Reactor and Nuclear 
Fuel Development Corporation located at Tokai Village in Ibaraki Prefecture. 
Since the reprocessing plant does not have it's own port, spent fuel is to be un
loaded at the port belonging to the Tokai Power Station of the Japan Atomic Power 
Company, 4 kilometers apart from the reprocessing plant, and then transported to 
the plant by trailers. The reprocessing plant is now in trial operation with 
design capacity of 0.7 tons of uranium per day and 210 tons/year. The aforemen
tioned 8 reactors belong to 6 different power stations, each of which is operat
ed by respective electric power companies. 5 nuclear power stations out of these 
6 have their own port for shipping spent fuel within the station site, and the 
rest uses the general-purpose port 12 kilometers apart from the station. 

2. GEOGRAPHICAL EXPLANATION OF JAPAN'S MARINE TRANSPORTATION 

1) Locations of Nuclear Facilities i, 

Locations of Japan's nuclear power stations, the Tokai port, (the port of 
delivery) and the reprocessing plant are located as shown in Fig. 1. 

Spent fuel coming from Mlhama and Shimane power stations is transported via 
Tsugaru straits and that from Genkai power station via Ohsumi Peninsula. 

2) Distances and Required Hours of Navigation 

•

Distances and Required Hours of Navigation from the each power station to 
the Tokai port are shown in Table 1. The longest navigation is from Genkal power 
station and it takes about 86 hours. The shortest is from Fukushima power sta
tion and it takes 7 hours. ... . . . 

3) Distribution of Water Depths ^ , i u/ 

The distribution of water depths on navigatiMt.xeuSr-iB summex4sA4i^B Table 
2. Accumulatively, 54% of the navigation route bam &» Water deptUa lass than 
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200 meter, and 75% less than 500 meters. The maximum depth is 2,700 meters. 

4) Meteorological Features 

On the Japan Sea side generally strongly northwest wind blows in winter, so 
transportations from the 3 power stations facing on the Japan Sea are seldom 
executed in this season. In addition, the ship navigation is sometimes inter
fered by typhoon which attacks the Japan Islands or near places between August 
and October. 

3. OUTLINE OF "HINOURA MARU" ^ 

As presented in detail in the last symposium in Las Vegas, "Hinoura Maru" V 
has the double hull structure to ensure the collision-resistance, and horizon
tal beams are provided in order to absorb the collision energy in event of being 
crashed on the sides as illustrated in Fig. 2. The ship is also provided with 
the front bulkhead of the hold as a countermeasure for collision and the double 
bottom structure for stranding-resistance. 

The ship has the hold cooling equipment to keep the cask surface temperature 
below 82°C and the hold inside temperature below 38°C, as well as the cooling 
devices to cool down the water cooling type cask. The devices pouring sea water 
into the holds are also equipped in order to cope with hold fire or another acci
dents due to abnormal increase of temperature. 

In order to keep radiation exposure to the crew below 0.18 mrem/h, the 
shield water tanks are placed around the holds and the cask covers and hutch 
covers on the top of the holds. 

The main specifications of "Hinoura Maru" are shown in Table 3, 

4. TRANSPORTATION CASKS 

Casks used for light water reactor fuel in Japan are Excellox-3A, HZ-75T 
and NH-25. Their main specifications are listed in Table 4. As to the cask 
HZ-75T made in Japan, the capacities for PWR assemblies and for BWR assemblies 
are 7 and 17 respectively, and its transportation weight reaches about 90 tons. 

5. OUTLINE OF TRANSPORTATION PROCESS 

The transportation process of casks charged with spent fuel from a nuclear 
power station to the reprocessing plant are as follows; 
(1) Prior to shipping out from a power station, the casks undergo the air leak 
tests and the measurements of radiation dose rate, surface contamination density 
and surface temperature by the inspector of the Government (The Science and Tech
nology Agency) to be certified that they do not exceed the regulatory limits. M 
(2) The casks are transported by trailers to the pier. ^ 
(3) Cask radiation dose rate, surface contamination density and surface tempera
ture are again measured by the Inspector of Ministry of Transport, Ship Bureau or 
its agency at the pier. 
(4) After loading onto the ship hold by crane, the stowage inspection such as 
fixing of casks, radiation dose rate in accommodation areas are conducted by the 
same inspector as in the 3rd step. 
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(5) During the navigation to the Tokai port, surveillance of radiation dose 
rates of the casks and the accommodation areas, and temperatures of the casks and 
the holds are made by the radiation supervisor on board. 
(6) Arriving at the Tokai port, the casks are unloaded and stowed on trailers, 
after being measured their surface contamination densities on board. In this 
step, the cask fixing check and the radiation measurement concerning the vehicles 
are conducted by the inspector of the Road Transport Bureau of Ministry of Trans
port. 
(7) Then they are transported by road to the reprocessing plant. 

6. OPERATION MANUAL OF "HINOURA MARU" 

More consideration has naturally been given to the safe operation of the 
ship than in the case of ships for general use. "Manual for Dangerous Goods 
Handling" has been set up in accordance with "Regulations for Carriage and Stor
age of Dangerous Goods in Ships", stipulated by the Government. 

Some specific features of this Manual are as follows: 

(1) In order to ensure, the safe operation of the ship and to prevent dangers 
and accidents, an "Operation Supervisor" has an exclusive responsibility for 
handling the operational problems in constant communication with the ship. 
(2) During handling and transporting the spent fuel casks, a "Radiation Super
visor" is on board to conduct constant surveillance on radiation, and to give the 
captain the necessary advices concerning radiation control and accident preven
tion. 
(3) At the entry into and departure from a port, a harbor pilot and tug boat are 
employed in principle. 
(4) Entry into and departure from a port by night is not permitted. 
(5) The ship must harbor in case of wind speed more than 23 m/s or wave height 
more than 4 meters. 

THE EXPERIENCE OF DOMESTIC SEA TRANSPORTATION 

1) Amounts of Spent Fuel Transported 

Since her first domestic transportation of spent fuel from Fukushima No. 1 
Nuclear Power Station to the Tokai port in January 1978, Hinoura Maru has carried 
50 casks containing 121 tons of uranium in total by 23 navigation services from 
6 power stations until the middle of October of this year. Transported quanti
ties year by year and cask by cask are summerized in Table 5. 

Remaining quantities of fuel scheduled to be transported within this year 
are 11 tons, and about 100 tons of fuel are expected to be transported annually 
from the next year. 

2) Radiation Data 

Radiation Dose Rates of Casks 
Table 6 shows the maxima radiation dose rates observed until now for 3 types 

of casks used for the transportation of BWR and PWR fuel. This indicates that 
radiation levels were much below the IAEA limitations. The spent fuel conditions 
such as burn-up and cooling times were not so severe as far as fuel handled until 
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now concerned. 

Surface Contamination Densities of Casks 
The casks HZ-75T are ensured not to contact with spent fuel pool water by a 

protective bag while charging fuel into them, so that their surface contamination 
densities have scarcely been detectable until now. 

Space Radiation Dose Rates 
Space radiation dose rates in the accommodation areas of the ship were most

ly within the range from 0.001 to 0.003 mrem/h, satisfying the national limita
tion of 0.18 mrem/h. 

8. SAFETY ASSESSMENT OF SEA TRANSPORTATION 

According to the report on safety assessment of the sea transportation con
ducted by the Advisory Committee on Nuclear Fuel Safety of Japan Atomic Energy 
Commission; 
(1) Submersion probability of the ship is no more than 7.6 x 10 ^ a year. 
(2) With present-day Japanese salvage technique, it is possible to do salvage 
work at a dept of up to 200 meters. 
(3) Although the deformation of the casks used in Japan would become conspicuous 
at a depth of 2,300 meters, no serious deformation enough to influence the fuel 
body and lead to leakage of radioactive materials would not produced. Fuel rod 
could withstand depth of about 5,000 meters. 
(4) Local corrosion might be produced between the cask lid and the flange sur
face of the cask, and the tightness of that part might be lost in about 20 years. 
(5) Consequently, cask would not deform so seriously as to affect fuel at the 
maximum water depth of 2,700 meters on route of the ship. 
(6) In order to assess individual exposure dose to the general public, however, 
two cases of leakage model have been set up. 

The case I is that a cask is submerged to the 200 meters water depth and 
radioactive materials are leached from fuel twenty years later. 

The case II is that radioactive materials are leaked from the whole fuel 
immediately after submerged at the 2,000 meters water depth. 

For both cases it is assumed that radioactive inventory inside each cask is 
2,1 X 10^ Ci and numbers of casks are four. 

The resulting individual whole body dose are estimated to be 12 mrem/y and 
6 mrem/y respectively for the case I and the case II. 

Therefore it would be concluded from the above results that sea transporta
tion of spent fuel would be fully safe. 
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Reprocessl^l P l an t 
Tokai Port 

Paci f ic 0ce«S" 

Osumi Peninsula 

Fig 1 Locations mt Nucle«f Facilities 

\ Front shield 

Upper shield 

Stranding-resisting structure Partition water-filling 
(Double bottom structure) equipment 

Fig 2 Structure of "HINOURA MARU" 
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Table 1. Navigation Distances and Required Hours 

Fukushima Power Station 
The Tokyo Electric Power Co. 

Hamaoka Power Station 
(Omaezaki Port) 
The Chubu Electric Power Co. 

Mihama Power Station 
The Kansai Electric Power Co. 

Shimane Power Station 
The Chugoku Electric Power Co. 

Ikata Power Station 
The Shikoku Electric Power Co. 

Genkai Power Station 
The Kyushu Electric Power Co. 

Distance 
(mile) 

70 

230 

820 

930 

590 

940 

Required 
Hours (H) 

7 

21 

75 

85 

54 

86 

Route 

Via 
Tsugaru 

Via 
Tsugaru 

Via 
Osumi 

Table 2. Distribution of Sea Water Depth 

r 
depth (m) 

0 -

100 -

200 -

500 -

1000 -

1500 -

2000 < 

100 

200 

500 

1000 

1500 

2000 

22.1 

31.9 

21.2 

14.5 

8.8 

0.5 

1.0 

22.1 

54.0 

75.0 

89.7 

98.5 

99.0 

100.0 
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Table 3. Main Specifications of "Hlnoura-Maru" 

V 

Gross Tonnage 1,290 Tons 

Length Overall 78.25 M 

Depth (to upper deck) 5.85 M 

Full Load Service Speed abt 11 Knots 

Main Engine 2,500 P.S. 

Loaded Casks .- 4 Casks 

Table A. Outline of Casks Used in Japan 

Dimension 
Length (in) 
Diameter (m) 

Weight (t)*2 

Loading Capacity 
BWR No. of Assemblies 

Weight (.MTU) 
PWR No. of Assemblies 

Weight (MTU) 

Cooling '' 

' 1 

Excellox-3A 

• •' 

5.8 
2.2 
71 

12 
2.4 
5 
2.3 • 

Natural 

HZ-

5.9 
2.3 

91 

17 
3.3 
7 
3.2 

Natut 
Force 
Force 

75T 

' . 
' 

^y 

fS 

al, '• 
d Air or 
d Water 

NH-25 ' 

5.8 
1.5 

33 

2 
0.4 
1 
0.4 

Natural 

*1 The Cask for the Spent Fuel Testing Laboratory 
'<2 Including Fuel and Skid 
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Table 5. Amounts of Fuel Transported, 1978-1980 

1978 

1979 

1980 

Total 

HZ-

No. of 
Casks 

— 

10 

16 

26 

75T 

Fuel 
(MTU) 

— 

28.0 

47.4 

75.4 

Excellox-3A 

No. of Fuel 
Casks (MTU) 

14 30.1 

4 9.2 

2 4.6 

20 43.9 

NH-

No. of 
Casks 

— 

2 

2 

4 

25 

Fuel 
(MTU) 

— 

0.8 

0.9 

1.7 

Total 

No. of Fuel 
Casks (MTU) 

14 30.1 

16 38.0 

20 52.9 

50 121.0 

Table 6. Radiation Dose Rate of Casks 

Fuel 
Type 
Weight (MTU) 

Burn up (^^^) 

Cooling Time (Day) 
Radioactivity (CI) 

Cask Model 

Radiation Dose Rate 
on Cask Surface 

Case 1 

BWR 
2.4 

9,451 

1,722 
6.85x10^ 

Excellox 
-3A 

Case 2 

PWR 
2.0 

19,300 

1,145 
1.5x106 

Excellox 
-3A 

Case 3 

BWR 
3.3 

15,100 

965 
1.6x10^^ 

HZ-75T 

Case 4 

PWR 
2.8 

27,400 

576 
4.7x10'' 

HZ-75T 

Case 5 

BWR 
0.4 

5,972 

450 
2.5x10^ 

NH-25 

on Surface (mrem/h) 1.4-0.08 4.6-0.2 1.49-0.09 1.00-0.12 2.66-0.48 
at Im from Surface 

(mrem/h) 0.12-0.03 1.25-0.08 0.57-0.07 0.75-0.09 0.76-0.11 
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DISCUSSION 

Question by S. F. Johnson Sweden: 1. In table 1 of your com
pact you show two different capacities for the casks. Both are for 
BWR assemblies. How do you explain this? Is this a misprint? 
2. What are the total weights of the casks? 

Answer; 1. This is a misprint m the compact page 369. Please 
correct the second BWR to PWR in table 1. 2. The total weights of 

•

he casks are as follows: Excellox 3A - 71 ton HZ-75T - 91 ton, 
^-25 - 33 ton. 

Question by P. Blum France: I would like to know if peak or 
mean G loads experienced by casks during actual sea transport have 
been recorded? '' 

Answer: We have never measured or recorded G loads received by 
casks during actual sea transportation. 

Question by E. G. Tomachevskv, France: What preparatory meas
ures are taken to recover casks in case of sinking'' 

Answer; In order to minimise the probability of accident at sea 
the captain obtains a confirmation of transportation method from the 
Ministry of Transport and instructions from the Regional Maritime 
Safety Headquarters for safety navigation. He also consults with 
the Operational Supervisor who has exclusive responsibility for the 
ship at head office. On recovering the casks submerged, a salvage 
company reported to us that they had a salvage technique which could 
be carried out at a depth up to 200 m using floating cranes. For 
the behaviour of casks not to be salvaged please refer to article 7 
on page 368 of the Compacts. 

Comment by S. Aoki, Japan to question by Mr. Tomachevskv; When 
an accident occurs at sea and if the casks sink to the bottom sal
vage IS generally possible if the depth is less than 200 m not pos
sible if the depth is greater. 

However, we have already carried out a risk assessment for the 
case of "not less than 200 m and recognised that the effect of all 
F.P. release is negligibly low. The pressure resistance test is re
quired for an external pressure under 500 bar which corresponds to 
the pressure at the bottom of the sea at a depth of 5000 m. This 
test result confirms the integrity of the cask at the bottom of the 
sea. 

^^^B In addition the design criterion for sea-gomg vessels carrying 
^^^)ent fuel has been developed in order to make the probability of 

collision and submerging accidents as small as possible. 

I ' I -. - U ̂  i I 
) • I 
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FABRICATION EXPERIENCE OF HZ-T5T SPENT FUEL SHIPPIMG CASK 

Nagao Niomura, Akira Onodera 
Akira Nishikawa, Ryoji Asano 
Masayoshi Yamashita, Susumu Ozaki 
Yoichi Kara 

Hitachi Shipbuilding and Engineering Co., Ltd. 

SUMMARY 

Four units of the HZ-T5T Spent Fuel Shipping Cask have been fabricated to 
the design which was presented at the last Symposium and some of the experiences 
obtained in the course of fabrication are described: (l) shrinkage of lead bonded 
stainless steel cylinder was quantitatively obtained by numerical analysis and a 
mock-up test, (2) gamma probe test was applied to all over the lead shield to 
detect defects, (3) heat dissipation test was performed with electric heaters in 
the cask cavity as a part of the performance test and temperature distribution in 
and around the cask was obtained and evaluated. The HZ-75T Spent Fuel Shipping 
Casks are in operation for transporting LWR spent fuel in Japan. 

SHRINKAGE OF LEAD BONDED STAINLESS STEEL CYLINDERS 

The design of the HZ-75T Spent Fuel Shipping Cask specifies that both inner 
and outer cylinders of lead shield shall be lead bonded to meet the thermal con
duction requirements through lead and cylinder walls. It was foreseen that the 
lead bonding process would cause considerable amount of shrinkage in axial 
direction, as the bonding was to be applied in axial direction and the part being 
bonded would be locally heated and plastic compression would occur therein. To 
obtain the amount of shrinkage quantitatively, a niomerical analysis was applied 
using finite element method, which was to be proved by a mock-up test. 

The numerical analysis was carried out on the assumption that lead is bonded 
to Type 304 Stainless Steel. Bonding is applied in axial direction as shown in 
Fig. 1 in the order of E-1, E-2 and so forth. 

First the part E-1 of the cylinder is heated to approximately 320°C while 
the cylinder remains at room temperature. E-2 is then heated while E-1 has cool-^ 
ed down to approximately 170°C. E-3 is then heated while E-1 and E-2 are appro-J 
ximately 70°C and 170°C respectively. The temperature transient at each bonding^ 
step is shown in Fig. 2. From Fig. 2 and the material properties of Type 30U 
Stainless Steel, a hysteresis curve is obtained as shown in Fig. 3. 

Compression yielding occurs by local heating. However, compression stress 
decreases as the temperature rises, because the yield stress decreases as the 
temperature rises. After the temperature has reached 320°C (Point A ) , E-1 cools 
down and the stress changes from compression to tension, maximum tensile stress 
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is observed around 70°C (Point B). Subsequently, E-2 and other elements gene
rate residual tensile stress, then change to compression stress as the cylinder 
undergoes shrinkage, and when bonding is completed (Point C), coH^jression yield
ing is about to be reached. The element being reheated, plastic compression 
(strain) is generated. 

For the initial heating, compression starts at zero stress, while for the 
second heating, compression starts at near-yield compression. Therefore plastic 
compression strain becomes greater than that from initial heating and accumulative 
strain increases as shown in Fig. 1*. 

The calculated shrinkage thus obtained was approximately 0.6 per cent of the 
^total length, that is, Zk mm for the length of 3,939 i™-

A mock-up test was performed using half length cylinder and the shrinkage 
obtained was approximately 0.5 per cent, which was in good agreement with that 
obtained by the analysis. Thus the niimerical analysis was verified and applied 
to the fabrication. The cylinders of the HZ-75T Cask were measured of their 
length after bonding and the rate of shrinkage was approximately 0.6 per cent. 

dLcact lon of bondinq 

C-1 t-2 C-3 E-4 E-5 E-6 E-T E-B E^9 i t o p s 

Fig . 1 Lead bonding; j jpplied t o 
lead sh ie ld Cjjiiinders 

, Fig. 2 Temperature transient of 
lead bonded elements 

niMib«r of steps 

^ g . 3 Stress-strain hysteresis 
curve of lead bonded 
stainless steel (E-l) 

Fig. h Process of shrinkage of 
lead bonded stainless 
steel 
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GAMMA PROBE TEST FOR LEAD SHIELDING 

The gamma probe test is one of the unique inspection items which was applied 
to the lead shielding after lead pour. For this test a special device was 
developed to provide full remote controlled probing and high detectability of 
defects and/or reduction in shield thickness. 

A machined probing yoke and turning rollers were driven by pulse controlled 
motors to keep geometric position of scanning mechanism at any points. About 10 
curies of Cobolt 60 source was used as radiation source. The detector consists 
of scintillation type Nal (Tl) crystal, photo-multiplier tube and pre-amplifier. 
For counting and data recording, single channel and multichannel pulse height 
analyzer, count rate meter and chart recorder were used. To collimate scattere 
radiation, lead collimaters were provided on both radiation source and detector 
The layout of testing equipment and instrumentation are shown in Figure 5. 

A standard mock-up with specified minimum lead thickness was used for prior 
test calibration of maximum acceptable counting rates. The photo-peaks of 
Cobolt-60, 1.17 and 1.33 MeV were adjusted by discriminating window width and 
monitoring check of peak drift was periodically carried out by means of multi
channel pulse height analyzer. 

Ganina probing was applied to all over the lead shield by moving the set of 
the Cobolt 60 soiirce and the scintillation counter in axial direction and then 
turning the cask body so that the scintillation counter can cover the whole 
surface. 

Figure 6 shows an example of the result of gamma probing in an axial 
direction. The count rates measured were below the preset acceptance level which 
corresponds to minimum specified thickness of lead for the HZ-75T Spent Fuel 
Shipping Cask, i.e. l80 mm for the cylindrical part. 

With the development of the special devise and testing procedures, the full 
remote controlled gamma probe test proved practicable with the detectability of 
0.5 per cent of reduction in lead thickness, which correspond 1 mm of defects 
and/or reduction in lead thickness. 

Fig. 5 Layoiit of gamma probe test and instrumentation 
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Figure 6 An exaiqile of t he r e s u l t of the Gamma Probe Test 

HEAT DISSIPATION TEST 
• * 

Upon completion of fabrication, a series of heat dissipation test was 
performed for evaluation of the accessible surface temperature and of the heat 
dissipation performance. 

The Cask is designed to be forced cooled over 1*0 KW by either air or 
water and it was assumed in the analysis that forced cooling devise becomes 
inoperative under test conditions for Type A Package at specified maximum heat 
load, that is, &k KW. 

Therefore, tests were performed under the following conditions and 

sequence; 

Case 1 
Case 2 
Case 3 
Case h 

Bh KW and natural air cooling 
8h KW and forced air cooling 
1(0 KW and natural air cooling 
8U iCW and forced water cooling 

The arrangement of the test equipment is shown in Figure 7 . 
The cask was mounted on the skid and placed on the floor of the factory. 

Electric heaters simulating irradiated fuel assemblies were inserted 
'into the cask cavity and temperature measured at the external surface, cavity 
water, fin tip and ambient air by thermocouples and contact pyrometer. 

The thermocouples were fixed at the points shown in Figure 7 and were 
connected to automatic recorders. Contact pyrometers were used to measitfe the 
surface temperature of the cask. 
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The results of the test are shown in Figure 8. Figure 8 shows the 
temperatures at the middle section of the cask for each test condition and the 
temperatures at the accessible surface of the cask under the conditions of Oases 
1 through 4. 

The thermal analysis was performed to verify the safety of the cask and 
to predict the test condition before the actual test by the use of a heat 
transfer coniputer program "TRUMP". In the thermal analysis, the cask temperature 
was assumed to be circtmiferentially uniform. The results of the analysis are 
shown in Fig. 8 with the actual test results. 

In the evaluation of the test results, the temperatures measured were 
modified taking account of the difference between the measured and stipulated 
ambient temperatures. Following relation is used to correct maximum surface 
temperature on actual ambient temperature and thermal power. 

Tso = (TS - Ta) X -^ + Ta + (Tao - Ta) 

where Tso : Surface temperature for the specified ambient temperature in the 
regulation (°C) 

Tao : Specified ambient temperature in the regulation, i.e. 38°C 
Ts : Measured surface temperature (°C) 
Ta : Measured atmospheric temperature (°C) 
QN : Design thermal power (KW) 
Q : Net thermal power (KW) 

Then, the temperatures modified were evaluated. It was found that the 
accessible surface temperature would not exceed 82°C under the ambient 
temperature of 38°C. 

Then, the temperature modified were compared with the analytical 
results and evaluated. 

It was found that although there was a considerable difference in 
temperatures at different parts of the surface, the accessible surface 
temperature would not exceed 82°C under the ambient temperature of 38°C. 

The temperature gradient at each part of cask was evaluated in comparison 
with those measured and calculated from the view point of heat dissipation 
performance. 

It was concluded from these evaluations that the heat dissipation 
ability of the cask between cavity water and outer shell was almost equal to the 
value expected from the analysis and that of fin on the outer shell exceeded the 
analytical value. The heat dissipation by the test is about 10 to 25 percent 
greater than the expected value as a whole. 

It was confirmed that the cask had greater heat dissipation ability 
than design value and that the thermal analysis method gave conservative and 
adequate results. 
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F i g u r e 9 HZ-75T SPENT FUEL SHIPPING CASK 

Main P a r t i c u l a r s o f t h e HZ-75T SPENT FUEL SHIPPING CASK 

1. 

2. 

3. 

h. 

5. 

Classificat 

Dimension 

Weight 

Capacity 

ion 

Length (including 
Outside Diameter 
Cavity Diameter 
Cavity Length 

Lifting Weight in 
Cask on Transport 

PWR Fuel 
BWH Fuel 

Design Parameter of Fuel 

Fuel 
Cladding 
Enrichment, U235 
Average 
U Weight 
Cooling 

Burn-up (max.) 
per Assembly 
Time (min.) 

Assembly Length 

Impact Limiter) 

Reactor Building 
er 

PWR 
UO2 
Zlrcaloy 
3.1* % 
33,000 MWD/MTU 
'»50 kg 
120 days 
1*,203 mm 

Type B (M) 

5.91 m 
2.27 m 
0.95 m 
l*.5lt m 

approx. 75 ton 
approx. 80 ton 

7 assemblies 
17 assemblies 

BWR 
UOg 
Zircaloy 
2.8 % 
27,500 MWD/MTU 
195 kg • 
120 days 
It,1*70 mm 
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DISCUSSION 

Question by T. Musialowicz, Poland; What is the activity of the 
gamma source Co-60 used for testing? 

Answer: About 10 curies. 

Question by J. Kerjean, France; For the test conditions des-
-ibed in Fig. 6, is natural cooling consistent with the regulations, 
\e. ambient 38°C, external side 82 C? 

Answer: For the test conditions described in Fig. 5, the ac
cessible surface temperature of the HZ-75t cask was evaluated to be 
below 82 C for natural cooling under the ambient temperature of 38 C. 
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CONTAMINATION STUDIES ON POND-LOADED FLASKS 

W.D. CURREN and R.D. BOND 
UKAEA, ATOMIC ENERGY ESTABLISHMENT WINFRITH 

1. INTRODUCTION 

It has been known for some years that flasks which are handled in fuel ponds 
absorb contamination which is subsequently released, especially if the flask is ̂ fl 
exposed to humid conditions or to rain. This problem has been encountered at ^ | 
Winfrith with a 50-ton flask which is loaded with spent fuel from the SGHW ReactH 
and is shipped by rail to Windscale for reprocessing. The IAEA regulations demand 
that, before shipment, the flask surface should be cleaned until the contamination 
detectable by smear-testing is less than 1 derived working level, defined as: 

I d.w.l. = 100 pCi/cm^, averaged over 300 cm^ 

It has been noted on many occasions that the level of surface contamination, 
detected by smear, increases during a journey - sometimes to above 1 d.w.l. on 
arrival at the destination. To avoid any possible release of contamination during 
transit, a metal cover has been fitted to the rail wagon. This protects the flask 
from rain, and prevents access to the flask by unauthorised staff. The flask, 
with its cover, is shown in fig. 1 

fig. 1 
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An undertaking was given to the Competent Authority that no relaxation in 
surface contamination levels would be permitted, and the flask is cleaned to below 
1 d.w.l. before each shipment. 

The flask cover effectively solves the operational problem by protecting the 
public from contact with a possibly contaminated flask. Nevertheless, it is not 
possible to arrange for all flasks to be covered in transit, and it was felt de
sirable to study the phenomenon of growth of smearable contamination with time, 
which has become known colloquially as "flask sweating". 

The Winfrith flask is painted according to CEGB System 6, which is formulated 
to provide 

•
minimum absorption of contamination 
maximum ease of decontamination 
maximum resistance to abrasion, weathering and ultra-violet light 

The paint is applied in 4 coats, 2 of epoxy-based resin, followed by 2 coats 
of polyurethane. Each paint contains 15% by volume of titanium dioxide pigment. 
The total paint thickness is 250 um (ref 1). 

The ponds in which the Winfrith flask is handled contain radiocaesium in 
solution in the concentration range 0.1 to 1.0 uCi/1. Chemically, the ponds have 
low conductivity and a neutral pH. 

When the study began, the Winfrith flask had been coated with several layers 
of paint during an operational life of about 5 years. Samples of paint were re
moved in order to assess the total activity burden of the paint, which was found 
to be 1.2 mCi of radiocaesium. Dividing this figure by the surface area of the 
flask gave a result of 2000 pCi/cm^, which is capable potentially of releasing 20 
d.w.l.'s. At the outset, therefore, flask sweating was seen to depend on absorp
tion of radioactive species from the fuel pond into the flask coating, with sub
sequent release of some of this material to provide smearable contamination on the 
surface. 

. '• 2. EXPERIMENTAL PROGRAMME 

A programme was set up at Winfrith with the following objectives: 

1. To quantify the absorption of radiocaesium by paints, and to 
' investigate methods to limit this absorption. 

2. To demonstrate the release of radiocaesium from paints, and 
to investigate accelerated decontamination. 

Metal coupons 50 mm square, coated with the paint system under test, are used 
for laboratory experiments. Preliminary tests with samples of water taken from 
the Winfrith pond showed that the activity absorbed was too low for accurate 

•

unting. Therefore, samples of simulated pond waters have been prepared, con-
ining '^^cs in the concentration range 5 - 100 uCi/1, for this work. 

2.1 Absorption of Radiocaesium 

Fig. 2 shows the absorption of radiocaesium into standard pigmented poly
urethane paint as a function of time. 
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e 20 12 16 
IMMERSION TIME (DAYS) 

ABSORPTION OF RADIOCAESIUM FROM SIMULATED POND 
WATERS 

fig. 2 
The curves show, for each pond water concentration, a rapid initial uptake 

followed by a slower uptake which increases linearly with time. Once the linear 
part of the curve has been reached, the total caesium absorbed after a defined 
number of days of immersion is proportional to the pond concentration. This is 
illustrated in fig. 3. 

70r 
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POND WATER CONCENTRATION ( ^ C i / e ) 

5 10 15 20 25 
ABSORPTION LEVELS IN PIGMENTED PAINT AFTER 5 DAY 
IMMERSION 

fig. 3 

852 

SO 



The samples used in this experiment were removed from the pond-water samples 
for counting after 5 days' immersion. 

When paints were first formulated for pond-loaded flasks, it was realised 
that absorption of radioactive species from ponds would be favoured by presence of 
pigment in the paint. This has been confirmed by experiment, and is illustrated 
in fig. 4, which shows that polyurethane containing 15% volume loading of Ti02 
absorbs about 5 times as much radiocaesium as do several pigment-free polyure,-
thanes. 

STANDARDjCMtNTEDWlNT'-

,;̂  '̂ 

1 4 5 8 lO 12 
IMMERSION TIME (DAYS) 

ABSORPTION OF RADIOCAESIUM INTO PIGMENTED AND PIGMENT-
FREE PAINTS 

f i g . 4 

Clearly, caesium absorption in the paint must exceed 100 pCi/cm^ before re
lease of activity can produce smearable contamination above 1 d.w.l. The results 
shown in fig. 4 are based on a pond water concentration of 100 uCi/1, but absorp
tion of caesium did not reach 100 pCi/cm^. The Winfrith flask is loaded and unloaded 
in ponds containing not more than I pCi/1 of radiocaesium, yet contamination levels 
detectable by smear frequently exceed 1 d.w.l. Therefore theremust be some change 
in the paint structure, with time, which increases absorption of radioactivity by 
at least 2 orders of magnitude. An attempt has been made to simulate weathering 
of paint by abrading it with silicon carbide paper. The results are shown in fig. 

for absorption from water containing 100 uCi/1. 

It should be noted that the vertical axis of the graph has a logarithmic 
scale. The figure shows that caesium absorption by pigmented paint is increased 
by more than an order of magnitude by abrading the surface; this must be due to 
exposure of the pigment, which absorbs radiocaesium strongly. Abrasion of pigment-
free paint increases caesium absorption by a factor of only 2, presumably simply 
by increasing the exposed surface area. Operationally, it has been observed that 
absorption of caesium increases as the paint on the flask ages. Painted specimens 
have been exposed outdoors to produce a weathered surface for further experiments. 
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PirMFNTED / ABRADED 

lOOO 

I 2 3 4 
IMMERSION TIME (DAYS) 

EFFECT OF ABRASION O N ABSORPTION OF RADOCAESIU'-
INTO POLYURETHANE PAINTS 

fig. 5 

2.2 Release of Caesium 

After loading or unloading a flask in a pond, it is decontaminated before 
shipment, usually by swabbing. Swabbing has been simulated in the laboratory, and 
the results are summarised in fig. 6. 

lOO' 

80 

i to 

I 40 
o 
UJ 

!̂  20 

z 
UJ 
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SWAB NUMBER 

DECONTAMINATION BY SWABBING 

WTER 

1% SDG 3 
DECON 90 47% 

lO 

fig. 6 
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The swabs used are pre-soaked either in water, in detergent, or in a complex-
ing reagent. Whilst swabbing is effective in removing smearable activity from the 
surface, the total activity burden of the paint is hardly reduced, and the effects 
are only temporary. 

A much better method is to wash the flask in a suitable reagent, either by 
immersion or by the use of a shower. Laboratory results are summarised in fig. 7. 

lOO-

8 12 16 , 
IMMERSION TIME (HOURS) 

20 24 

DECONTAMINATION BY IMMERSION AT ROOM TEMPERATURE 

fig. 7 

DISCUSSION AND PLANS FOR FURTHER CORK 

^ ^ j r i 

The absorption of radiocaesium from 
studied in the laboratory, and this work 
phenomenon of "flask sweating". Absorpti 
than absorption by abraded or weathered p 
is very low, even after abrasion, and it 
thane should be used as the top-coat on t 
that paint degradation by ultra-violet li 
on the other hand, many flasks avoid expo 
Winfrith 50 Te flask has been repainted r 
rethane; half of the flask area has had 
lyurethane. 

pond waters into paint films has been 
has provided an explanation for the 
on by a newly painted surface is lower 
aint. Absorption by pigment-free paint 
can be argued that pigment-free polyure-
ransport flasks. It is known of course 
ght is enhanced in the absence of pigment; 
sure to U.V. by the use of covers. The 
ecently using standard pigmented poly-
an additional coating of pigment-free 

A decontamination process which can 
less than 100 pCi/cm^ would avoid operati 
Effective methods have been identified in 
full-size flasks. 

reduce total absorption of caesium to 
onal problems due to flask sweating, 
the laboratory, and will be tested using 

Ref 1: D.A. BAYLISS, P. 
Nuclear Plants. 

WALKER: Some aspects of the Surface Protection of 
Energia Nucleare, Vol. 22, 1975. 
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DISCUSSION 

Question by P.-J. Pohlitz, FR Germany: During your tests on 
spent fuel element transport casks did you find any contamination 
during transport on any other areas besides painted ones, e.g. on 
joints, gaskets, etc? 

Answer: Dissolved contamination such as caesium is absorbed 
into paints as I have described, and more strongly absorbed into non-
pamted surfaces. ^ ^ 

Suspended crud can lodge in lid joints, and can collect inside^^B 
flasks, causing problems when maintenance is to be carried out. ^ ^ 

Question by A. Onodera, Japan:1.Does your figure indicate that 
immersion of the flask m the water decreases the surface contamin
ation level? 2. What kind of methods do you have in mind for inter
nal decontamination? 

Answer: 1. Although contamination is reduced by immersion in 
water, the rate of removal is too slow to use this as a method of 
decontamination. For example, only 20 % of the contamination is re
moved by immersion m cold water for 24 hours. 2. We have developed 
special reagents to dissolve crud formed m BWR's, and decontaminated 
a 30 Te flask by circulating a reagent, at 90 C, through the flask 
for 8 hours, A decontamination factor of 80 was achieved. 

Question by S. Williamson, United Kingdom: Your improved method 
of decontamination appears to be by total immersion of a flask. Is 
there a relationship between the volume of the liquor to be used and 
the flask and also the immersion time? 

Answer: In the laboratory, using newly-painted coupons, we 
have established the rate of decontamination. For example, using 
a complexing reagent 90 % of absorbed activity can be removed after 
4 hours immersion. As far as volume of liquor is concerned, this is 
not very important in the laboratory, but with a full-size flask we 
would avoid the cost of immersion in large tanks, and would set up 
a "shower-bath" system using recirculated liquor. 

Question by A. Sihvola, Finland: What is the average time needed 
for decontamination operations of the outer surface of a cask after 
wet loading or unloading? 

Answer: About 8 to 16 hours. 
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SESSION XIII 
NEUTRONICS AND CRITICALITY 





m 

THE USE OF THE MONTE CARLO NEUTRONICS CODE MONK 
FOR THE CRITICALTTY SAFETY ASSESSMENT OF TRANSPORT PACKAGES 

by 

G Walker 
Safety and Reliability Directorate 

UKAEA 

INTRODUCTION 

In the early 1960's the Monte Carlo neutronics Code GEM'"" was developed 
withm the UKAEA for the Cnticality safety assessment of arrays of transport 
packages and was subsequently extended to enable it to deal with more complex 
systems. About ten years ago GEM was replaced by the MONK'^) code which, whilst 
fulfilling the same basic role, is more versatile and enables a wider range of 
problems to be treated with fewer approximations in the geometry. In some types 
of systems the specification of the problem is also simpler with MONK than it was 
with GEM. Since its introduction MONK has been continuously developed and is, m 
principle, capable of dealing with any configuration and virtually any material. 

BRIEF DESCRIPTION OF THE CODE 

MONK uses point nuclear data derived from the UK Nuclear Data File although 
"experimental" versions of the code have been produced using group cross sections 
e.g. from the WIMS library. 

The geometrical description of a system such as a transport package is built 
up of Types each consisting of one or more Regions generally comprising a single 
material. Types may be spherical, cylindrical or cuboidal. Regions may enclose 
one another to form a Nest or a number of discrete Regions may be enclosed within 
an outer boundary to fonii a Cluster. Types may be arranged as a Cluster, or as 
an Array like an arrangement of blocks. 

A distinctive feature of MONK is the concept of Hole Routines. This 
technique allows certain types of geometry to be described in a fairly simple way. 
Some examples of geometrical arrangements which can be described by this method 
are square or triangular arrays of fuel pins, sets of parallel plates, concentric 
ylinders, concentric rings of fuel pins, sections of cylinders or spheres and 
nes. The versatility of this approach is further increased by the ability to 
e one Hole Routine as a "material" in another. By this means one can, for 

example, describe lattices of fuel pins in which the pins are hollow and in which 
there is a gap between the fuel and cladding. Thus in addition to allowing non
standard shapes to be described Hole Routines permit a Region to contain more than 
one material. These features make geometry specification with MONK very flexible 
and relatively simple. 

Two types of neutron tracking are used in MONK, namely fission-to-fission 
and boundary-to-boundary and the user chooses the one most relevant to the problem 

857 



being considered. 

In fission-to-fission tracking neutrons are tracked from birth m fission 
until they escape, are absorbed or cause further fission. In boundary-to-boundary 
tracking neutrons are tracked from a specified core/reflector boundary into the 
core, back across the boundary into the reflector and back to the boundary. 
Fission tracking calculates kg^f directly whilst boundary tracking calculates two 
parameters, M and R. The surface multiplication, M, is the ratio of the number 
of neutrons leaving the core to the number entering. Similarly, the reflection, 
R, IS the ratio of the number of neutrons reaching the boundary from the reflector 
to the number entering the reflector from the boundary. The condition for 
cnticality is that MR = 1. The program also derives a value of kg^^ from MR 
but this IS somewhat problem dependent and if kgf?f is required it is preferable 
to calculate it directly using fission tracking. 

An albedo may be specified at any or all of the outer surfaces of a system. 
If the outer boundary is cuboidal the use of an albedo of unity on appropriate 
faces will simulate an array of units which is infinite m one, two or three 
dimensions. 

APPLICATION TO PACKAGE ASSESSMENT 

The IAEA Regulations for the Safe Transport of Radioactive Materials require 
that a transport package shall be safe from cnticality in the undamage stage 
(i.e. as presented for transport) and when damaged to the maximum forseeable 
extent. 

An area of major interest at the present time is the transport of irradiated 
LWR fuel. This type of package typically comprises a heavy metal flask composed 
of steel and lead containing a number of fuel p m Clusters separated by water 
gaps and, m many instances, neutron absorber plates. 

The geometrical flexibility of MONK allows such a package to be specified m 
detail and with little or no approximation. 

The fuel pin clusters can be represented by a Hole Routine and individual 
fuel pins can be omitted or replaced by poison pins where appropriate. The 
basket or frame which keeps the fuel elements m place can also be represented 
together with any absorber plates and the flask body can be described m as much 
detail as is deemed necessary. 

The "accident case" presents rather more problems, not so much m performing 
the calculations as m deciding the model on which to make the calculations. 
Tests on the flask (or a scale model of it) will establish what happens to the 
packaging under accident conditions but the extent of damage (if any) to the fuel 
is largely unknown. 

It has been the practice in the UK to assume that under accident condition^ 
10% of the fuel m a flask breaks up into particles sufficiently small to allov^B 
them to mix with water and then settle to form a slurry of UO2 and water at the 
most reactive concentration - namely around 1.5 g'm U/cc. It is appreciated that 
this assumption, which is quite arbitrary, is very pessimistic and some recent 
work has indicated that the upper limit of fuel break-up is between 3 and 4%. 

Following an accident of sufficient seventy to cause fuel to disintegrate 
one cannot assume that the flask will still be m its normal transport attitude. 
It may, for example, have rotated about its longitudinal axis or be on its end 
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at some angle to the vertical or a combination of both conditions. The U02/water 
slurry will obviously settle in the bottom of the flask whichever section this 
happens to be. Hence m making calculations on the damaged package it is 
necessary to investigate a number of configurations with the layer of slurry in 
different positions relative to the fuel clusters. It is found that different 
configurations do vary m reactivity due to the variations in interaction between 
the fuel pins and the layer of slurry. To a rather rough approximation, the 
worst, that is, most reactive, damaged configuration has a value of kgff which 
can be up to about 0.06 greater than that of the corresponding undamaged package. 
Some typical values (although with somewhat narrower range of k^ff values) are 
given m Table 1.(3) 

TABLE 1 

CONFIGURATION 

Undamaged Normal transport position 

Damaged Normal transport position 

Damaged Rotated through 45 

Damaged Rotated through 90° 

Damaged Rotated through 135 

Damaged Rotated through 180 

keff 

0.8712 

0.8611 

0.8852 

0.9069 

0.8819 

0 8931 

It should perhaps, be made clear that normal practice withm the UK when 
making assessments of irradiated fuel packages is to assume fresh fuel composition 
and to ignore the presence of any boron in the flask water. This approach imposes 
quite a severe penalty m terms of increased reactivity and hence reduced payload. 
For example, the concentration of boron normally present m the water in a PWR 
fuel flask will more than counterbalance the increased reactivity from the assumed 
disintegration of fuel under accident conditions. For example, the results m a 
typical case were:-

unboronated water 

water containing 1000 ppm boron 

water containing 1600 ppm boron 

l̂ eff 

0.9722 

0.7810 

0.7112 
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In making cnticality safety assessments one generally uses the Fission 
Tracking option of MONK which yields a value of kgff for the package which can be 
compared, if desired, with the results obtained using other codes. 

The Boundary Tracking option is useful in some cases. If the Boundary is 
placed on the outer surface of a package the surface multiplication of the package 
can be found and this can be used m some interaction calculations such as the 
Interaction Parameter method. Also, provided that the outer boundary of the 
system is cuboidal the critical number of packages can be estimated from a cal
culation on one package by using the PQR method.f'The requirement of a cuboidal 
boundary can be met for a cylindrical package by enclosing it in a cuboid of air. 

Because MONK is a Monte Carlo code the results of calculations made with it 
are subject to statistical uncertainties and the output from MONK includes an ^ H 
estimate of the standard deviation associated with kgff (or MR). The criterion ^ H 
for accepting a package as safe which is generally used m the UK is that kgff + ^ * 
3 S.d IS not greater than 0.95 after allowing for any bias. This criterion is 
applied to the damaged case - the undamaged case m general then has a value of 
k + 3 S.d of about 0.9 (after allowing for the bias). 

It will be evident that the standard deviation referred to above applies only 
to the numerical value calculated by MONK and takes no account of modelling errors, 
manufacturing tolerances or possible errors m the code or its nuclear data. 
Modelling errors are overcome by specifying the geometry as accurately as possible 
and ensuring that all necessary approximations are pessimistic i.e. err on the 
side of safety. Similarly, one selects the most reactive combination of tolerances 
such as the highest enrichment and the thinnest p m cladding. Any errors which 
may exist m the code (there is no reason to believe that there are any signifi
cant errors) or the nuclear data should be revealed during code validation and 
either corrected or allowed for m the bias. 

CODE VALIDATION 

MONK has been extensively validated by making calculations on a wide range of 
critical experiments. The experimental systems of particular relevance to trans
port packages are:-

(a) lattices of low enriched UO2 fuel pins in water 

(b) lattices of mixed (U,Pu) O2 fuel pins 

(c) Arrays of MTR type fuel elements m water 

Experiments with low enriched UO2 fuel clusters in simulated flask configu
rations have been made recently by the Experimental Cnticality Group at 
Battelle's Pacific Northwest Laboratories'^''^) and by a CEA group at Valduc '6). 
Some of these experiments included neutron absorbing plates between fuel p m 
clusters and others included lead or natural uranium reflecting walls. The 
Battelle group have also made experiments on mixed oxide lattices (̂ '. 

Experiments with arrays of MTR type fuel elements m water were made some 
time ago at Oak Ridge '8). 

The results of calculations on some of these experiments are given in Table 
2. It will be seen from these results that MONK tends generally to over-estimate 
keff of these systems although in three cases the reactivity was under-estimated 
by 1 or 2%. For the uranium fuelled lattices the agreement with experiment was 
withm 2-3% in kgff but for the mixed oxide lattices the agreement was not so good 
and keff was over-estimated by almost 5% in some instances. 

860 



Uran ium 
Enrichment 

2.35 

2.35 

2.35 

2.35 

2.35 

2.35 

2.35 

4.75 

4.75 

4.75 

4.75 

4.31 

4.31 

4.31 

UO2 

UO2 

UO2 

Fuel Type 

Clusters 
(1 

" 
tt 

H 

ft 

" 

pin lattices 
ti 

ti 

II 

Clusters 

" 
M 

Mixed oxide 
(22.5% Pu O2) Pin Lattices 

93.2 U/Al alloy plates 

93.2 

93.2 

93.2 

Poison 
Plates 

None 

" 
II 

*l 

Boral 

" 
ti 

None 
II 

" 
II 

None 
t* 

II 

" 
" 
II 

None 
II 

II 

II 

TABLE 2 

Reflector 

Water 
II 

II 

II 

II 

" 
II 

II 

II 

" 
" 

leeid & water 
II 

M 

Water 

'• 
" 

Water 

" 
" 
II 

^ 

Neutron 
Tracked 

10,000 

10,000 

10,000 

10,000 

12,000 

12,000 

12,000 

12,000 

12,000 

12,000 

12,000 

13,000 

13,000 

13,000 

12,000 

12,000 

12,000 

12,000 

12,000 

12,000 

12,000 

^ 

k_ 

0.9939 

1.0265 

0.9820 

1.0028 

1.0107 

1.0215 

1.0141 

1.0132 

1.0213 

0.9931 

1.0110 

1.0249 

1.0193 

1.0301 

1.0436 

1.0341 

1.0358 

1.0136 

1.0015 

1.0213 

1.0003 

S.d. 

0.0120 

0.0129 

0.0134 

0.0123 

0.0114 

0.0107 

0.0116 

0.0119 

0.0117 

0.0117 

0.0112 

0.0111 

0.0110 

0.0107 

0.0110 

0.0107 

0.0118 

0.0104 

0.0109 

0.0118 

0.0108 

Ref 

4 

4 

4 

4 

4 

4 
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6 

6 

6 
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5 
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FIG. 1 BASIC TYPES USED IN MONK 
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FIG. 2 BOUNDARY TO BOUNDARY TRACKING 
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DISCUSSION 

Question by A. Olivieri, Italy: What water densities were con
sidered m your criticality calculations? 

Answer: The water inside the flask was assumed to be at full 
density (i.e. 0.998 g/ml). Previous calculations to assess the effect 
of reduced water density corresponding to increased temperature 
showed that such reduction of the water density gave slightly lower 
values of k ,,. 

^ ^ ^ When considering arrays with water outside the packages we as-
^^^Pne that the water is at full density if the packages do not have 
^^Rgnificant spaces between them since m such cases the water acts 

as a reflector. Where there are appreciable spaces between packages 
(other than heavily shielded irradiated fuel flasks) the effect of 
variation of water density on the reactivity of the array is invest
igated and the assessment is based on the most reactive configuration. 

Question by M. S. T. Price: A modern LWR transport flask 
carrying, say, 12 PWR fuel elements if calculated by the methods 
described m your paper would have a high k -̂  value. Should there 
be any trend to the use of higher initial enrichment in PWR fuel 
I anticipate that the k ,, would be unacceptable using your stated 
criterion 

k ^^ + 3a- « 0.95 ef f 
Can you comment therefore on the need to develop burn-up or fissile 
content monitors for use at reactors during loading. 

Answer: Yes, you are right. Indeed the conservative assump
tions described in the paper have led already to the limit being 
reached m some cases. The IAEA Regulations recognise the effect of 
burn-up in reducing reactivity and MONK calculations can readily take 
the specific isotopic composition of the fuel into account. The 
problem is the difficulty experienced by a consignor in being certain 
of the burn-up of the fuel. As we know, it varies with the location 
of the fuel m the reactor and varies even along the length of a fuel 
element. 

It really is a question for the reactor operator to solve. I 
believe that the development of a reliable on-line burn-up measuring 
system would be invaluable if it enabled a consignor to ensure com
pliance with a cnticality clearance based on a specified burn-up. 
In that way, package designs would be approved on a less conservative 
and hence more realistic basis. 
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THE HANDLING OF CRITICALITY PROBLEMS DURING 

THE APPROVAL OF FISSILE CLASS PACKAGE DESIGN 

BY THE PHYSIKALISCH-TECHNISCHE BUNDESANSTALT 

(PTB) 

H.-H. Schweer 
Physi kal i sch-Techmsche Bundesanstal t 
Ref. SE 3.1 
Postfach 33 45 
3300 Braunschweig 

In the Federal Republic of Germany the PTB is the competent authority for the 

approval of packages for radioactive materials. Close contact exists between 

the PTB and the "Bundesanstalt fur Matenalprufung" (BAM), which studies the 

mechanical and thermal behaviour of the packages. The PTB deals primarily with 

cnticality and shielding problems. 

This paper deals with the usual procedure for the approval of fissile class 

package design. According to the transport regulations, the applicant has to 

make a safety report in which he shows that the design meets the relevant 
€ 

requirements 

In general the applicant starts the cnticality calculations simultaneously 

with the provision of the package or a model of the package for testing. This 

procedure implies the risk that some assumptions (leak tightness, deformation 

of the package after the tests) must be modified when the tests have been 

finished In most cases cnticality safety is proved by means of computer pro

grammes. This IS caused by the fact that great difficulties arise when simula

ting by experiments the same hypothetical conditions which must be supposed 

according to the transport regulations. Since experimental data are often not 

available, it is very important to check the calculation method and the cross 

section data sets used for the calculations. The applicant must supply all ne

cessary information in this field Of course, it is helpful if the applicant 
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can show that the method of his calculation and the basic data are applicable 

to similar known, critical systems. 

As an example, a modern package is taken to show by which methods and which 

basic data the safety report is controlled regarding cnticality aspects. A 

short description of the package is given (Table 1). The package is intended 

for the transport of four irradiated fuel elements for the PWR-Reactor "Bilhis". 

The main features of this type element are shown in table 2. The cnticality 

^safety report of the applicant was written by the "GeselIschaft fur Reaktorsi-

Iherheit". With the well-known code "Gamtec" (1) and the cross-section data 

""which belong to this code, 16 group constants were produced for the different 

materials. These group constants were given in the Monte Carlo-Code "KENO" (2) 

to calculate the effective neutron multiplication factor (̂ .rf) of the flooded 

package. The results of these calculations show that an infinite number of floo

ded packages is subcntical This arrangement was simulated by placing a perfect 

reflector at the outside of the package in the Monte Carlo calculation. 

Table 1: Main data of the package "Castor lA" 

Outer container- dimensions: length 6530 mm 
width 1730 mm 
height 1730 mm 

mater ia l : cast iron 

weight: about 70 t 

Inner container: length about 5000 mm 
width 600 mm 
height 600 mm 

number of elements 2 x 2 (quadratic) 

neutron absorber: boron steel (0.8 % Boron) 

thickness of absorber 2 x 10 mm between neighbouring 
elements 

spacing between absorber plates 70 mm 
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Table 2: Description of fuel element 

type: DWR-Element Reactor "BIBLIS" 

fuel material: 

fuel density: 

fuel mass (UO^): 

enrichment: 

number of rods: 

active length: 

diameter of rods: 

outer diameter: 

cladding material: 

pitch: 

UOg 

10.35 g/cm^ 

605 kg 

3.2 % 

236 = 16 X 16 (-

3900 mm 

9.08 mm 

10.75 mm 

Zircaloy-4 

14.3 mm 

20 control rods) 

arrangement of rods: quadratic 

Some further aspects were studied, namely 

- the reactivity effect of higher temperature 

- the influence of changing the moderation condition by reducing 

the number of rods in the fuel lattice. 

In order to check the criticality calculations, the PTB asked for the complete 

listing of the computer programmes for the case which resulted in the highest 

reactivity. All input data for the two codes were checked and could be verified. 

Calculations with the "GAMTEC" code were repeated by the PTB and by another 

Monte Carlo code "MORSE-K" (3) - a revised version of the "MORSE" (4) code -

the k j;^-value of the flooded and fully water-reflected package was determined. 

The k^f result of the KENO calculation was about 1 % lower than the result of 

the PTB calculation (0.9351 against 0.9445). Since the statistical standard 

deviation of the two calculations was 0.6 % and 0.8 % this difference seems to 

be acceptable. 

In order to avoid systematic errors of the cross section data sets, it was 

found necessary to use other cross section data and calculation methods. We 

used the modular programme system "RSYST" (5) which we received from the 

"Institut fUr Kernenergetik" of the Stuttgart University. This system is well-

tested against benchmarks problems and can be used for reactor and shielding 
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problems. Fast and thermal cross-section l ib rar ies are based on ENDF/B-IV 

data. The fol lowing steps must be taken in order to generate problem-dependent 

few-group constants: 

- two zero-dimensional spectrum calculations are made in the fast and the 

thermal range by the B, method. The f l ux in the resonance domain is calcu

lated by the Nordheim or NR approximation (code GGC-IV) 

- by means of a special series of modules the 99 fast energy groups (Gam-II-

structure) and the 125 thermal energy groups are collapsed in order to gene

rate microscopic group constants with 60 energy groups 

- by one dimensional transport calculations using the S method or the c o l l i 

sion probabi l i ty method, problem-dependent macroscopic grOUp constants (60 

energy groups) can be produced 

- these group constants are collapsed to a lower group number (e.g. 16 or 20) 

using the corresponding f lux in each region of the one-dimensional S calcu

lat ion and are inserted into the Monte Carlo code. 

The calculations made for a number of 186 rods for each element yielded the 

following resul t : k ^^ = 0.9022 + 0.007. This result is about 3.5 % lower thalt 

the resul t of the calculat ion with GAMTEC cross-sections and the KENO code. 

Changing the number of rods per element reduces the k ,^ volue which also 

confirms the c n t i c a l i t y safety report of the GRS. The MORSE-K calculations 

confirm that the conclusions of th is report are acceptable. Regarding the 

c n t i c a l i t y aspects i t was therefore decided to give the approval for the 

package in the f i s s i l e class I according to the transport regulat ions. 

The examples given here show the principles which w i l l be observed by the 

PTB when approving the f i s s i l e class package design: 

1) The c n t i c a l i t y safety report is to be prepared by the applicant who must 

consider the c r i t e r i a of the relevant transport regulations 

2) The PTB may require the complete l i s t i n g of computer calculations in order 

to check the input data and to control the conformity of th is data with the 

structure of the package including the f i s s i l e content 

3) Parts of the calculations w i l l be repeated in order to ensure that the ca l 

culation method (e.g. the Monte Carlo Method) available in the PTB used 

with the same cross-sections is applicable 
viafifiL^ 

4) Independent calculations using newer cross-section data based on ENDF B IV\ 
w i l l be carried out to avoid systematical errors of the basic data 
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By means of a one-dimensional S Programm, i t is possible to take into account 

the special structure of the package when reducing the number of energy groups. 

These principles ensure an adequate control of the c r i t i c a l i t y calculations 

given by any applicant. Thus the public safety requirements involved in 

transport of f i s s i l e material are duly f u l f i l l e d . 
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DISCUSSION 

Question by D. Haon, France: What is the neutronic material 
employed in CASTOR casks, as this cask is accepted in class I? 

Answer: The CASTOR casks have Boralsteel (0.8 % Bor) between 
the elements. In the outer part of the cask there are additional 
holes filled with polyethylene. 

f^ Question by A. R. Baker, United Kingdom: Is it intended to es-
llish a library of nuclear data which can be used in the Federal 
public for calculations of criticality and also for design calcul

ations for fast and thermal reactor? 

Answer: Up to now there are no activities to be seen in this 
field. Mr. W. Thomas from the "Gesellschaft fiir Reaktorsicherheit" 
can probably make some remarks on this problem. 

One additional remark is that the programme system "RSYST" 
mentioned in my paper seems to be one which is used increasingly in 
the FR Germany. The cross-section data used in this system may serve 
as the basis of a "norm" in the near future. 

Comment by W. Thomas: As Mr. Schweer mentioned, there are no 
efforts to establish such a cross-section library suitable for all 
types of criticality problems. It seems better to us to use different 
cross-section data for specific problems, cross-section data, which 
have been verified for specific or similar problems. In some cases 
it seems a good approach to use different calculational procedures 
and data for comparison. In this procedure one should always be 
aware of the limitation of the various data sets. So a high degree 
of reliability can be reached. 
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VALIDATION OF THE APOLLO-MORET NEUTRONIC CODES ON CRITICAL 
EXPERIMENTAL CONFIGURATIONS SIMULATING THE SHIPPING CASKS 

FOR LIGHT WATER FUELS 

D. HAON, J.C. MANARANCHE, D. MANGIN, L. MAUBERT, G. POULLOT 
Commissariat a I'Energie Atomique 

The present development of electronuclear power in France is based 
light water reactors and requires to design and to build large capacit 
shipping casks for the corresponding fuels. In the design of such casks, the 
cnticality safety aspect is extremely important and imposes some limitations. 
The planned shipping casks have a complex geometry and particularly include 
neutron absorber shields in order to achieve a maximum compactness. The 
cnticality safety of a shipping cask or of an arrangement of casks can only be 
based on calculation results obtained by sophisticated neutronic codes which 
have to be validated by critical experiments simulating as closely as possible 
the true configurations 

# 

In this purpose, critical approaches have been performed in the cnticality 
facility of Valduc (Commissariat a I'Energie Atomique) with four U[4.75)02 
fuel rods clusters These experiments consisted m determining the critical 
water heights of the various assemblies by extrapolating the inverses of the 
counting rates recorded during a progressive rise of the water around the rods, 
this water acting at the same time as moderator and reflector. 

DESCRIPTION OF EXPERIMENTAL ASSEMBLIES 

figure 1. 
The characteristics of U[4.75]02 rods are presented table I and 

Table I - Characteristics of fuel rods 

FUEL CLADDING 

Material UO, 
Pellet diameter (mm) : 7.9 
Height of fuel (mm) : 900 
Exact enrichment : A.742 % ^^^U 
Oxide density (g/cm^) : 10.38 
Sum of impurities m Boron 
equivalent (g/cm^) : 5.19 10-^ 

Material : Aluminium alloy 
I. Diam. X 0. Diam. (mm) 8.2 x 
Composition (wt %) : 

9.4 

Al 
Mg 
Si 
Fe 
Zn 

98.85 
0.47 
0.43 
0.22 
0.03 

The studied assemblies include four rods clusters with square disposition ; 
each cluster is composed of 18 x 18 rods (320 fuel rods and 4 stainless steel 
rods) disposed according to a 16 mm square pitch (print 1). Each cluster is 
lateraly surrounded by Boral shields (250 rag Boron/cm^) (prints 2 and 3). The 
bottom IS reflected by water and the sides are reflected either by water only 
or by 10 cm of lead plus water or by 15 cm of steel plus water (print 4 shows 
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the lead reflected assembly, outside the experimental pool). Two variables have 
been studied : space (A) between two clusters and distance (S) from the outside 
of the shields to the lead or steel reflecting wall. The dimensioned diagram 
of a quarter of the studied assemblies is presented figure 1. 

EXPERIMENTAL RESULTS 

The experimental results are given in table II and plotted figure 2. 

Table II - Experimental data and results 

: Reflecting 

i f Material 

: Water 

: Lead 
: + 

: Water 

: Steel 
: + 
: Water 

walls 
E 

(mm) 

0 

n 

100 

150 

A 

(mm) 

3 
5 
10 
15 
20 
25 
30 

20 
20 
20 

20 
20 

S 

(mm) 

-
-
-
-
-

• 

2.3 
25 
50 

2.3 
25 

Critical 
Height HC 

(mm) 

507.4 
530.1 
574.3 
661.5 • 
729,6 
841.4 
> 900 

539.8 
638.5 
694.0 

515.5 
618.4 

keff ± 3a : 

1.011 ± 0.014 : 

: 
: 

1.001 ± 0.014 : 
1.016 ± 0.014 : 
1.004 + 0.014 : 

; 

1.019 ± 0.014 : 
1.008 + 0.014 : 
1.005 ± 0 014 : 

1.008 ± 0.014 
1.006 ± 0.014 

In order to use these critical experimental data as benchmarks, the 
composition (in 10^* atoms/cm^) of all the mixtures is specified in table III. 

Analysis of experimental results leads to state the following informations : 

- Water contained between clusters increases the neutronic absorption of 
the Boral plates and the general reactivity is lowered. 

- A fairly thin (25 mm) gap of water in front of lead or steel walls 
noticeably decreases their reflecting effect. 

- The reflection due to a 10 cm thick lead wall + water is nearly the same 
than the reflection due to a 15 cm thick steel wall + water. 

DATA ANALYSIS BY CALCULATION CODES 

Calculations are carried out m two phases using the APOLLO [1] and 
MORET [2] codes. 

APOLLO code solves the multigroup form of the neutron transport equation 
in one dimensional plane, cylindrical or spherical geometry and uses the 
collision probability with one of the following approximations : "transport 
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correction", Bl approximation Here, APOLLO is used with the "transport 
correction" option, in order to calculate the macroscopic cross-sections of the 
homogeneous mixture which is equivalent to UOj rods infinite lattice in ambiant 
medium (water or air) Cross sections are collapsed in 16 energy groups (group 
structure of Hansen and Roach). The cell is assumed to be cylindrical 

Critical experimental configurations are exactly described by MORET code 
For the lattice it uses APOLLO calculated cross-sections, for the other 
materials it uses Hansen and Roach 16 groups cross-sections 

CALCULATION RESULTS 

In table II, are given the average calculated keff (keff) with 
statistical dispersion equal to three times the standard deviation . 3a (99 73 
confidence interval, assuming a normal law). 

The calculation methods, which are used, bring very satisfying keff values, 
close to one (keff is between 1.001 and 1.019) but slightly higher, what is 
leading to more security. 

SUBCRITICALITY CRITERIA 

Choosing the lowest value among the keff - 3a derived from table II, that 
IS 0 987 (1.001 - 0 0014), it can be said that there is a probability higher 
than 0.9987 for the subcriticality to be certified according to a calculated 
keff lower than 0.987. Concerning the calculation of assemblies very close to 
those experimentaly studied, the following subcriticality criteria could be 
retained : 

keff + 3a < 0.987 

(The probability corresponding to this criteria is # (0.9987)^ = 0.9974) 

But, for the calculation of assemblies near those experimentaly studied 
(this IS the case of shipping casks), it is necessary to take an additional 
safety margin that we arbitrarily appoint about 0.02 ; then, we may keep the 
following subcriticality criteria . 

keff + 3a < 0 97 

(keff calculated with the preceding method) 

It IS to be noted that this criteria is only valuable for calculation 
results ; nevertheless m the event that a conservative set of data would be 
introduced in the calculations, this last criteria may be used 

CONCLUSIONS 

The presented experimental data provide benchmarks. 

The practical lessons drawn from the experiments and the good agreement o^ 
calculation results (APOLLO + MORET) with experimental determinations give us 
confidence in achieving nuclear cnticality safety studies of shipping casks 
for light water reactors fuel elements 
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TABLE III COMPOSITION 

(atomic concentrations in lO^^/rm-') 

oa 

air 

s ta inless 
s teel 

Z3CN18/10 

botlora p lug 
+ 

water ( b ) 

lower g r id 
water + p lug + 

s ta in less s teel ( b ) water 

boral plale 

clad : boral 

ref lect ing walls 

lead s teel 

fuel rods 

fuel ( c ) : clad ( a ) 

dens i ty : 0.001293 : 7.90 1.2989 6.2394 0.99820 • 2.651 : 2.6189 11.34 7 .8 10.38 2.70 

element 

Al 

B 

C 

Cr 

Fe 

H 

Mg 

Ni 

N 

0 

Pb 

Si 

235U 

238U 

0.00004325 

0.0000108 

0.016467 

0.061341 

0.008107 

0.01068 

0.054872 

0.027436 

0.01626 

0.01141 

0.042520 

0.002380 

0.00562 

0.001190 

0.066742 

0.033371 

0.059177 : 0.041858 

: 0.032375 

• 0.008089 

0.032965 

0.000548 

0.083831 

0.0003348 

0.00000029 

0.046406 

0.0011118 

0.022051 

0.059535 

0.000064 

0.000334 

0.00024 

(a) wt % : Al 98-85 - Mg 0.5 
(b) average atomic concentrations 
(c) exact enrichment : 4.742 % 

Si 0.43 Fe 0.022 Remark : upper plugs, upper grid and spring may be neglected 
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Figure 2 
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Print 3:.. surrounded with boral shield Print 4. .and with lead reflecting walls 
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DISCUSSION 

Question by A. R. Baker, United Kingdom: The Hansen and Roach 
data set was established at Los Alamos 20 years ago for the calcul
ation primarily of highly enriched systems. The agreement with the 
experiments is nevertheless excellent. Have you found it necessary 
to improve the Hansen and Roach set to obtain agreement? Could you 
also comment on its usefulness for systems containing so much hydro
gen moderator? 

Answer: I would like to point out that using the APOLLO pro
gramme (which has its own library, at present without official ref 
erence), the average macroscopic cross-sections of the homogeneous 
environment equivalent to the infinite lattice of UOj rods m water 
or air have been determined. 

For all other materials, the cross-sections based on the 16 
energy groups of Hansen and Roach were used; in all cases the total 
microscopic cross-section of the 16th group of the table relative 
to hydrogen was modified, taken from 7.2 to 29.29 Barn. (This value 
IS justified by the fact that it enables the experimental value of 
0.160 cm of the diffusion coefficient D of water to be recovered. 
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UEDTRON ISOLATION OF PACKAGINGS WITH A BORATED COMPOUND USUALLY USED IN FRANCE 

D. HAON* - L. MAUBERT* - C. BOCHARD** 
* Commissariat a I'Energie Atomique 

** Societe ROBATEL-SLPI 

^ ^ ^ B For the shipment of new or spent fuels, the packagings manufactured in 
^^^rance contain a layer of berated compound. A packaging so designed satisfies 

the conditions concerning the neutron radiation shielding (Art. 229 of I.A.E.A. 
Regulations). 

In 1968, a patent was taken out for this material by CEA and SLPI Co (now 
Robatel-SLPI Co). It consists of polyethylen, plaster, water and boron. At the 
present time, three compounds called N8, N9 and NIO are utilized. The 
compositions (wt %) are specified in Table I. The densities are of about 1.25, 
what is advantageous for packagings transport. 

TABLE I - Compounds composition 

Compound 

: N 8 

N 9 

N 10 

Polyethylene 

41 

41 

0 

Polypropylene 

0 

0 . 

40 

Plaster 

28 

31 

32 

Colemanite 

6 

8 

8 

(1) Water 

25 

20 

20 

(1) Colemanite is a mineral which composition (wt %) is : 

B2O3 = 43.3 - CaO = 24.5 - HjO = 20 - SiOz = 3.7 - others = 8.5 

The compounds preparation process includes the following steps : dry 
incorporation of colemanite in plaster, mixing with water, mixture 
homogeneization, polyethylene or polypropylene granules incorporation, pouring 
into the packaging. 

_ PROPERTIES OF THESE COMPOUNDS 

^ ^ ^ H . The fire behaviour, owing to the presence of plaster, is satisfying. For 
^^^instance, a thermal test has been performed with a packaging FS 33 agreed with 

n° F/134/B(U)-F. This one destined to the transport of new fuels of the fast 
neutrons reactor PHENIX contains a layer of borated compound (thickness : 
84 mm), between two walls of steel. Thermocouples are situated in different 
points of the packaging : 

- in connection with the external wall , . 
- at the interface external wall-compound 
- at 15 mm and 20 mm within the compound 
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The temperatures registered at the end of the test (30 minutes) are 
respectively 1030° C - 650° C - 105° C et 40° C. 40 minutes after the 
extinction of the fire, the temperatures are 147° C - 107° C - 104° C and 74° C 
The two last temperatures are much lower than those leading to the dessication 
of the compound. An examination performed after the test shows that only the 
first millimeters of the superficial layer were calcinated and that the 
interior layer was preserved. The withstanding to fire is ameliorated if the 
compound is surrounded with a thermal protection, for example N2 which 
composition (wt %) is : 

AI2O3 = 48 - Cement = 18 - Plaster = 8 - Water = 26 

2. The mecanical properties are very near these of building wet plaster 

3. An integrated flux of 1.8 . 10^^ neutrons . cm-^ has not degraded this 
material (which only looks a greyish colour) 

4. After dessication, the contents in Hydrogen and Boron are respectively 
0.078 g/cm^ and 0.010 g/cm^. This is a necessary condition for an effective 
neutron shielding. The fission neutrons being fast, they must be slowed down 
by light atomic mass nuclides (H and C) before their absorption by neutron 
thermal poisons (B and H). 

CALCULATION RESULTS 

1. The first study has been performed to evaluate the reflection and 
isolation effects of compound N8, with the transport code DTF IV using the 
Hansen and Roach 16 group cross sections. Keff are calculated for two 
configurations : 

- an infinite slab reflected by a variable thickness of compound 
- an infinite array of slabs separated by a variable thickness of compound. 
This geometric shape was chosen because it leads to the maximal effect of 

reflection and neutron interaction. 
The fissile material is : 

- metallic uranium highly enriched m ^^^U, the thickness of the slab is 
1.5 cm ; 

- Plutonium nitrate aqueous solution (300 g/1 Pu). 
Both considered fissile systems were chosen on account of their different 

neutron spectra, fast in the case of metallic uranium and thermal in the case 
of plutonium nitrate 

The compositions of materials introduced m the calculations are given m 
the table II. 

TABLE II 

Material '. Density Atomic concentrations ( m 10^* atoms cm-'^) 

Initial 
Compound 
N 8 

1.244 
Carbon 
Hydrogen 
Oxygen 

0.0220078 
0.0673644 
0.0186126 

Calcium 
Boron 
Silicon 

0.0016503 
0.0005617 
0.0016884 
(S + Si) 

Compound N8 
after 

dessication 
0 932 

Carbon 
Hydrogen 
Oxygen 

0.0220078 
0.0464691 
0.0081826 

Calcium 
Boron 
Silicon 

0.0016503 
0.0005617 
0.0016884 
(S + Si) 

Metallic 
uranium 18.8 0 048184 

Plutonium I 
nitrate aqueous: 

solution : 
1 438 

239pu 

Nitrogen 
0 0007560 
0.003024 

Oxygen 
Hydrogen 

0.03671 
0.05527 
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The calculation results are plotted on fig. 1, curves 1 and 1' for metallic 
uranium, curves 2 and 2' for plutonium nitrate aqueous solution. On fig 1, we 
see ; 

- for both fissile materials considered, the thickness of compound N8 
saturating the reflection effect is about 15 cm and the thickness 
isolating IS about 30 cm (double thickness) , 

- for a thickness less than 30 cm, the upper limit of interaction is given 
by keff(l) - keff(l'). For instance this value is about 0,06 for a 20 cm 
thickness. 

- The coumpound N8 is a poor reflector since the keff of metallic uranium 
slab, reflected by compound, is 0.715 while reflected by water, keff = 1 
The critical thickness of a slab containing plutoniujn nitrate aqueous 
solution (300 g/1 Pu) reflected by compound is 10 cm while reflected by 
water, this thickness is 6.1 cm. 

2. The second study has been performed with cylindrical configurations more 
like these of packagings. The calculations have been derived from the Moret 
code that is a Monte Carlo code using the same Hansen and Roach 16 group cross 
sections. The fissile materials are the same as in the first study. The 
cylinder diameters are respectively 7 6 cm for mettallic uranium and 15.4 cm 
for plutonium nitrate aqueous solution, these values would be critical with a 
water reflector. The results are given in table III and plotted on figure 2. 

CASE 

A single 
cylinder 

(infinite height) 
reflected by 
a variable 
thickness of 

compound 

Infinite number 
of cylinders 
disposed in 
triangular 

I pattern array 
1 surrounded by 

a variable 
thickness of 

compound 

Initial 
compound 

Compound 
after 

dessication 

Initial 
compound 

Compound 
after 

dessication 

TABLE II] 

Compound 
thickness 

(cm) 

2 
5 
7.5 
10 

2 
5 
7 5 
10 

2 
5 
7.5 
10 

2 
5 
7.5 
10 

_ 

MetJ 

0.815 
0.881 
0.904 
0.905 

0 776 
0.845 
0.873 
0.873 

1.631 
1.074 
0.998 
0.941 

1.799 
1.213 
1.034 
0 952 

1] 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
± 
+ 
+ 

± 
+ 
+ 
+ 

keff 

ic U 

• 

0.012 
0.014 
0.017 
0.017 

0.011 
0.013 
0.015 
0.016 

0.023 
0.030 
0.028 
0 022 

0 020 
0.027 
0.025 
0.024 

± 30 (a) 

Plutonium nitrate: 
solution : 

0.750 
0.822 
0.822 
0.822 

0.703 
0.780 
0 785 
0 798 

1 258 
0.935 
0.874 
0 847 

1.365 
1 002 
0.901 
0.852 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

0.019 : 
0.019 . 
0.019 : 
0.020 : 

0.019 : 
0.017 : 
0.019 : 
0.020 : 

0.020 : 
0.022 : 
0.021 : 
0.022 : 

0.016 : 
0.020 : 
0.021 : 
0.023 : 

(a) standard deviation 
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From this results it is possible to say that 

- in the safety study of individual package considered in isolation, it is 
necessary to consider the initial compound because it is a better 
reflector 

- in the study of an arrangment of "damaged" packages, it is necessary to 
consider the compound after dessication because the interaction is higher 

- the thickness of compound making subcritical an infinite arrangment of 
packagings is inferior or equal to 10 cm 

EXAMPLES 

Packaging FS47 It is cylindrical and its dimensions are diameter 710 m m H 
height 2055 mm - a layer of compound 157 5 mm thick (necessary value for th? 
neutronic shielding) surrounds the internal cavity which diameter is 143 mm 
This package contents 17 kg Pu in the form of oxide powder at any moderation 
(H/Pu), contained in a cylinder which diameter is 130 mm The number of 
packages in transport is not limited This is very interesting It is scheduled 
to take the place of the package FS52 which dimensions are comparable, 
600 X 600 X 1705 mm, actually agreed in fissile class II, if its content is 
12 kg of Pu in the form of oxide powder at limited moderation (H/Pu ^ 2) The 
number of packages in transport is 38 

Packaging FS55 It is cylindrical and its dimensions are diameter 360 mm -
height 1140 mm, positionned in an undercarriage 600 x 600 mm section A layer 
of compound, 78 3 mm thick surrounds the internal cavity which diameter is 
138 mm This package contents 3 kg of ^^^U m the form of U-HjO mixture at any 
moderation The keff of an infinite arrangmeut is only 0 8 and the weight of 
uranium could be increased It is very interesting It is scheduled to take 
the place of the package FS51 which dimensions are 600 x 600 x 1255 mm, agreed 
in fissile class II with the same content but with a number of packages in 
transport lower than 34 

COHCLUSIOSS 

This compound has two properties which make its use attractive m transport 
or in storage poor neutron reflection and very good neutron isolation 

A package with a layer of compound, 100 mm thick, can be agreed m fissile 
class I or fissile class II with a very large allowable number. 
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THE DOSE RATE SURVEY OF SPENT FUEL PACKflSES 

P.T. HOJH and P. MORIN 
TRANSNUCLEAIRE 

S. lAZAREVITCH 
NOCIEAR TRANSPORT LIMITED 

1. INTRODUCTION 

This paper concerns methods proposed for the routine or periodical surveys 
of packagings used for the transport of spent fuel assemblies, methods irtiich are 
based upon radiological measurements and which can be implemented with minimum 
perturbation of normal operations. 

These surveys concern mainly the efficiency of the flasks gamma and neutron 
shieldings but, as indicated hereafter, they may also be extended to their nuclear 
safety as they permit follow up of the condition of the built-in neutron poisons, 
provided to control their criticality. 

Furthermore, we should recall that one single radiological measurement allows 
instantaneous checking that the power of the contents does not exceed the allowed 
limit. 

2. CONTINUOUS GRAPHIC RECORDING OF DOSE RATES AROUND CASKS 

The survey of dose rates in the vicinity of casks loaded with spent fuel is 
generaly performed by means of hand counters (ionisation chamber, Rem-meter), as 
for any packaging containing radioactive materials. 

For large casks, this punctual survey may be replaced by a continuous 
recording of the counter outputs during handling, a method already experimented 
for the periodical control of shield efficiency. 

Method Principle 

^ ^ ^ p i 
This consists of moving the cask at even speed in front of fixed counters 

.ected to a recorder. 

Indeed, equivalent records may be obtained by moving the counters (at even 
speed) along or around a stationary cask in a vertical or horizontal position. 

Fig. 1 represents a typical set-up experimented at different sites. The gamma 
monitor is a scintillation counter and the neutron one, a He3 counter surrounded 
by a parafine moderator. The counter outputs are recorded on the paper which gives 
a continuous record of dose rates as a function of the position of counters with 
respect to the cask. 

•' / -* . 8 8 7 



Above instrumentation may be adapted according to requirements: 

for a routine dose rate survey, it is sufficient to use standard counters 
(ionisation chamber and Rem-meter) which have just to be calibrated and 
installed at regulatory distance (2 meters) from cask surface. 

for a periodical control of shield integrity it seems preferable to use a 
gamma probe with adjustable energy threshold (scintillation counter) and to 
equip it with a collimator, both precautions to reduce the effect of 
scattered gamma radiations. 

- this type of instrumentation will also be preferred for measurements us 
as bench marks for qualification of shielding calculation codes, or for 
determination of the radioactive sources in a cask. 

Exemples of recording and interpretation 

ise^^ 

Fig. 2 concerns the results of measurements performed on 25 april 1979, with 
a collimated gamma monitor, along a TN 8 cask loaded with 3 PWR fuel assemblies 
having following characteristics: 

Active length 
Uranium mass 
U5 enrichment 
Av. specific power 

2985 ram Burn-up : 35000, 32000, 
338 kg 32000 MWd/tU 
3.18 ^ Irradiation time : 990 d 
38.5 Mtf/tU Cooling time : 390 d 

As shown on Pig. 1, this cask has 3 fuel compartments forming a T, a lead 
gamma shield of variable thickness (150 to 185 mm), a steel outer shell (20 mm 
thick) and a neutron shield consisting of a 150 ram thick resin layer, crossed by 
copper cooling fins. 

The ^imma monitor (type SPP3 of SAPHYMO-STEL) was a scintillation counter 
(Nal-Tl) surrounded by a 10 cm thick collimator with a rectangular slot 
(3 X 50 mm) perpendicular to the direction of the movement. 

This counter was connected through an integrator/energy discriminator to a 
potentiometric recorder. 

The cask was moved at a speed equal to 0.5 m/mn and the maximum saitima. dose 
rate at counter level was 22 mRem/h. 

One can check that records are well centered with respect to the active part 
of the fuel assemblies and that irradiation decreases rapidely beyond the limits 
of this active part. 

The effect of Cobalt impurities in the stainless steel parts (end pieces, 
plenum springs) is visible on records corresponding to energy thresholds lower 
than 1500 keV. 

i ] ^ ^ ^ 
On Pig. 1 , one can also see (after its transformation into po 

co-ordinates) the record of gamma dose rates obtained on 7 June 1979 whi 
rotating the TN 8 cask at 1 rpm speed. The monitor was bare and located in front 
of fuel assembly at mid height. The fuel burn-up was about 15 000 MWd/tU. 

The irregularities of this graph (3§^ = 1 .45) seem due to the fact that cal

culated Build-up factors were merely approximative for such a complex 

geccnetry (shielding and radioactive source). 
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3. CHECKING OF EFFICIENCY OF CASK NEUTRON POISONS BY NEOTRON DOSE MEASUREMENTS 

The neutron dose rates at proximity of a cask loaded with spent LWR fuel may
be usei to check its multiplication coefficient and therefore the integrity of the 
built-in neutron poisons that control its criticality. 

The method consists of ccmpiring the neutron dose rates at a given point at 
the external surface of the loaded cask, with or without water in its cavity. 

Therefore it is especially interesting for the periodical control of casks of 
the dry type, as the measurements may be easily performed before and after their 
filling with water (required before their unloading in a pool). 

^«.-
Por a periodic control, it is generaly sufficient to verify that the cask 

Itiplication coefficient does not chan^ significantHy fran one transport 
campaign to the next one from the same reactor. But, it is also possible to derive 
fran neutron measurements the actual multiplication coefficient and to use this 
method to establish a Bench Mark for the control of the codes used for criticality 
calculations when the package characteristics are well defined. 

Method principle <1> 

The U238 contained in the low enrichment oxyde used as the fuel of LWR-' 
reactors, generates by irradiation neutron emitting iso-topes such as Cm 242 and 
Cm 244. 

The amovint of these isotopes is sufficient, even after a single irradiation 
cycle (15000 MWd/tU) to require a transport cask provided with a neutron shield. 

The neutron dose rate (M) at a given point P at cask surface depends upon the 
intensity (So) of this source. It also depends upon: 

- the cask multiplication coefficient (k) 
- the neutron transmission coefficient from the fuel to the point P 

M = ̂ x T (1) 

The value of the multiplication coefficient for the package filled with water 
ifi derived from 2 neutron dose rate measurements at a same point P: 

- a first measurement (M. ) when the package cavi-ty is dry (transport 
conditions) 

- a second one (M^) after its filling with pure, cold -water (cooling before 
pool unloading). 

The ratio be-fcween these measurements gives : 

M^ l-kj T, , " • ' . • -

n^ ^ "Mc^ " T^ •- J.. '̂ ^ 

where subscripts 1 and 2 refer respectively to the |ff#̂ e«» -^thout and with 
water. - ^ " • .1 



For a given packa^, the ratio T./T, is a constant lAieh can be cialculated 
accurately by neutron transport codes. Therefore Eq. (2) enables us to derive kp 
from k., using the formula: 

"l h 
kj = 1 - jf •< T 7 X (1 -i^i) (5) 

M 
As for a package containing LWR fuel, k. is close to o.20 (comprised between 

0.15 and 0.30 according to the number (assemblies) and not s ign i f ican t ly 
influenced by the conditions by buil t- in neutron poisons, one may assimie, in f i r s t 
approximation that Tp/T.. (1-k.) is a constant (A) for a given package "type. 

" l 
k2 = 1-A X j j ^ 

Eq. (4) may be used to asses the multiplication coefficient of the package 
and therefore to check the integri-ty of its built-in neutron poisons. 

Calculation of A 

Eq. (3) indicates that k, is not significantly sensitive to variations of k. 
around its mean value. 

Therefore, for an approximative calculation, one may assume that k, equal to 
A(1-k,) 

0.20 as this corresponds to a relative error -• T-— of 6.25 ̂  
1 - k̂  

For more accuracy, it is always possible to calculate k. by code calculations 
of the MONTE-CARIO or' Transport type, as indicated later. 

The ratio of neutron transmission coefficients (T./Tp) essentially depends 
on: 

- attenuation of fast neutrons by water in case 2 

- differences between spectra and spectral distributions of neutron sources 
due to different levels of induced fission neutrons in the 2 cases. 

On the other hand, this ratio is not affected by possible uncertainties in 
material compositions, neutron cross sections and detector reponse function. 

This ratio may be accurately calculated, using for instance the DOT-III 
discrete-ordinates transport code <2>. 

A sensitivity analysis indicated that the assumptions concerning spectra and 
spatial distribution of neutrons have no significant influence on caloulati 
results. In particular, the assumption of a homogeneoijs neutron distribution 
U 235 spectrum, does not cause more than 2 ̂  error on the calculated value of A 

Using above simplified assumptions, one obtains for the TN 8 cask: 

Tp 
=— = 0.347 (0.354 for actual spectrum and neutron distribution) 
-̂1 

and A = 0.278 (8.25 ̂  precision) 

ife 
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Comparison between experimental and code calculation resul-ts 

Neutron measurement at surface of TN 8 cask loaded wi-th PWR fuel irradiated 
at 30 400 Mtfd/tU gave : 

57^= 1.26 

Introducing this value K./Mp and that of A previously calculated in Eq. 3, 
one obtains: 

kj = 1 - 1.26 X 0.278 = 0.65 ± 0.03 

The above result should be compared to that obtained using the fuel and cask 
characteristics to calcula-te the multiplication coefficient by means of usual 
codes. 

The table 1 indicates the results using a MONTE-CARLO code (MORET <3>) and a 
2 dimensional transport Code (DOT-III). 

These code calculations used the HANSEN and ROACH cross sections for 
materials and assumed infinite length and homogeneous sources, the homogeneisation 
being performed by the transport code APOLLO <4>. 

The conservation of this model (infinite length, absence of grids, perfect 
pin array, etc.) could explain the differences bê tween experimental and code 
results. 

The -table 1 also indicates experimental multiplication coefficients (kp) 
obtained: 

1. Using the results of the simplified calculation of A, previously exposed 
(arbitrary value of k. , transmission coefficients calculated with 
simplified assumptions). 

2. Using more accurate values for k. and Tp and T. obtained by code DOT-III 
1; (k̂  = 0.159, T2/T^ = 0.354). ^ 

Medium in cask cavity 

water (kp) 

air (k^) 

Code MORET 

0.674 ± 0,07 

0.159 ± 0,05 

Code DOT-III 

0.6465 

0.159 

Neutron Measurements 

1 

0.65 ± 0,03 

2 1 

0.62 

Table 1 - TN 8 Package - Multiplication coefficient when loaded with 3 PWR fuel 
assemblies irradiated at 30 400 MWd/tU 



4. CHECKING OF POWER GEHmATED BY CASK COWEHTS 

The transport regulation for radioactive materials requires a checking of any 
package before its expedition. 

For that reason casks are often provided with means to measure their 
tempera-ture and their operation procedure provides for long immobilisation before 
depar-ture. 

In fact, to verify that a spent fuel cask will remain at acceptable 
temperature during transport, one just has to assure that its power does not 
exceed the allowed limit. 

Now, the fission product activities and fuel power are both monoton functio 
that decrease with longer cooling time and/or shorter irradiation time. 

In practice, to assure that package tempera-ture will remain acceptable during 
transport, one has just to check that gamma dose rate at a given point at cask 
surface (preferably at mid length) does not exceed a given limit which may be 
calculated or preferably derived from the measured gamma dose rate at that point 
corresponding to fuel assemblies of known characteristics. 
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DISCUSSION 

Question by Mr. Ottati, Italy: I would like to know if you have 
performed v and neutron dose rate measurements along the axis of 
the container, and what the results are compared to the calculations? 

^nel 

Answer: The dose rates that we measured m axial direction at 
extremities of containers generally differ significantly from that 
predicted by code calculations. This may be due to the simplifications 

source model used in these calculations. 

Question by H.-H. Schweer, FR Germany: Do you think that your 
ethod is exact enough to test criticality calculations? 

Answer: This method may be used to test criticality calculations 
as well as more classical critical experiments which also generally 
require corrections. A potential problem concerns the difficulty 
of introducing, in calculations, all actual conditions which influence 
test results (actual geometry, crud deposit on fuel rods . . . ) . 
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AIR TRANSPORT PACKAGE FOR PLUTONIUM SAFEGUARDS SAMPLES 
SAND80-1735 

John A. Andersen 
Sandia National Laboratories, Albuquerque, NM, USA 

BACKGROUND AND CURRENT STATUS 

Radioactive materials safeguards samples, particularly pluto-

•

um and enriched uranium, are obtained in numerous countries that 
cticipate in the Non-proliferation Treaty (NPT) and are then 
ansported to an IAEA (International Atomic Energy Agency) or 

other safeguards analytical laboratory. Air transport is nec
essary to meet the objective of timeliness of detection (of a 
safeguards problem), especially for over-water routes and long
distance routes, and also to enhance physical protection and 
security in transit. 

Legislative and regulatory events in the United States, com
mencing late in 1975, resulted in very stringent crashworthiness 
requirements being placed on packages for the air transport of 
plutonium. The PAT-1 package, for up to 2 kg of uranium oxide or 
plutonium oxide in any isotopic composition, limited to 25 watts 
thermal activity, was developed to meet the criteria of NUREG-0360 
and was licensed by the US NRC in 1978. 

The U.S. rulings have also affected the operational policies '̂ 
in other countries, resulting in the consideration of the PAT-1 
package for the international movement of safeguards samples. 

The certificate of compliance (license) for the PAT-1 included , 
a stipulation that conflicted, at the time of issuance, with an- / 
other U.S. regulation concerning aircrew access to hazardous mate- , 
rials; and, the PAT-1 license included specific limitations on 
contents, which affected the accommodation of a grouping of -
individually-packaged safeguards samples. The regulatory problems., 
have recently been resolved, with a revision to 49 CFR (aircrew, 
access to radioactive material is deleted) and by a revision to 
the PAT-1 certificate of compliance (safeguards samples, including^ 
traditional packaging methods, are accommodated). However, the_ 
PAT-1 is licensed only for the oxides of uranium and/or plutonium; ' 
the PAT-1 SAR (Safety Analysis Report, NUREG-0361) stipulates the' 
use of a welded can inside the containment vessel for radioactive ̂  
material exceeding 20 curies; and, the PAT-1 license restricts the.. 

^^n-board location of the package on an aircraft to an aft posi-_̂  
^B^on. These regulations, in conjunction with the relatively large" 
^^B.ze (62 cm diameter, 108 cm length, 227 kg mass) of the PAT-1 , 
^^package for safeguards samples (which are typically a few grama , 

This work sponsored by the DOE Office of Safeguards and Security, 
International Support Branch. 
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each), caused an interest in the development of a smaller, light
weight safeguards sample shipping package that would satisfy the 
same stringent requirements that the PAT-1 package survives, and 
that would have fewer regulatory limitations on usage. 

The lightweight air-transportable accident resistant container 
(LAARC), to be designated the PAT-2 package (plutonium air trans
portable model 2), is now in development to better meet specific 
U.S. and IAEA needs for the air shipment of plutonium samples 
under very stringent accident-modelling conditions. 

PACKAGE CONTENTS AND DESIGN M 

The LAARC package has been designed to meet the stringen? 
requirements of NUREG-0360, to accommodate approximately 40 grams 
of mixed oxide (PUO2/UO2) powders, or approximately 100 grams 
of fuel pellets containing plutonium and/or uranium, or small 
quantities of anhydrous salts of plutonium. A typical safeguards 
payload would be less than 8 grams of plutonium, in various chem
ical and physical forms and in several individual internal pack
agings. LAARC is sufficiently minimized in size and weight to be 
accepted by small-package air freight services, as well as to be 
one-man portable when necessary. 

The essence of the LAARC design problem was to provide a 
virtually unassailable sealed pressure vessel in the NUREG-0360 
sequential test environment: a high-speed impact (129 m/s) per
pendicular to an unyielding target (an environment comparable to a 
supersonic collision with hard earth); followed by a 32-tonne 
crush test; followed by a puncture test (3 m drop of a 227 kg 
steel probe); followed by a double slash test consisting of two 46 
m guided drops of a 45 kg steel angle beam onto two locations on 
the package (the package being propped up at a 45° angle to en
hance the damage potential, and rotated between drops of the steel 
beam, to make two holes in the package) ; followed by a one-hour 
(minimum) JP-4 aviation jet fuel pool fire that extends from 1 to 
3 m beyond the package in every direction (the fire attains a 
minimum temperature of 1010°C); followed by underwater submers
ion. Each test is directed at the weak point resulting from the 
previous test(s), all on the same package. Also, the requirements 
of 10 CFR 71 (less severe tests, but, adds a requirement for 
double containment and defines post-accident shielding and crit
icality requirements) and 49 CFR 173 (defines normal transport 
shielding requirements) must be satisfied. These requirements 
were then synthesized with the design challenge to keep the 
resulting package reasonably small and reasonably simple to use 
while still retaining a payload space that is useful for various^ 
chemical and physical forms of plutonium, all of which must mee« 
various State (national) requirements of health physics protec" 
tion in glove-box bagouts and initial packaging. 

"LAARC" is the development project that resulted in the PAT-2 
(Plutonium Air Transportable Model 2) Package (see cutaway illus
tration. Fig. 1). The total package mass is 31 kg (70 lbs); the 
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height is 356 mm (14 inches); and the diameter is 381 mm (15 
inches, not including the protruding handles) . The PAT-2 package 
comprises the AQ-2 (Air Qualified Model 2) overpack, the TB-2 
spherical containment vessel, the C-1 capsule, and various brass 
(or other metal) canisters. 

MAPLEWOOO 

PAYLOW 1001 P u M P u O ] 

TOTUHASS 12 k| ( 7 0 « * ) 

HEHiHT 35Cimn I 14 In.) 

DtMIETER M l mm ( ISH. ) 

L A A R C (PAT-2) 
Lightweight Air-Transportable Accident Resistant Container 

(Plutonium Air Transportable Model 2) 

The AQ-2 overpack consists of a double-walled outer drum of 
0.9 mm (0.035 inch) 304 stainless steel sheet metal, an outer 
region of 91 mm(3.6 inch) thick grain-oriented redwood within the 
drum, a 6.35 mm (0.25 inch) thick titanium load spreader (190 mm 
in diameter) with ceramic felt backface insulation, and an inner 
region of grain-oriented maplewood, 40 iiim(1.6 inch) thick. Red
wood was chosen for high specific energy absorption on a volu
metric and mass basis and for good char performance (fire pro
tection). Maplewood was chosen for high ultimate crush strength 
within the smaller region of the load spreader. Titanium was 
chosen for its high strength-weight ratio and for its high 
""^quidus temperature. 

The TBr2 spherical containment vessel. Figure 2, is made of 
A-286 ironbase superalloy and is bolted shut with twenty bolts, 
also made of A-286. The bolts are installed to a specified torque 
and the vessel is sealed by a copper gasket formed in place be
tween knife-edge sealing beads which are in each hemisphere. An 
integral shear shoulder is included in the joint. This is a very 
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t o u g h s e a l e d h i g h - t e m p e r a t u r e and h i g h - p r e s s u r e c o n t a i n m e n t . The 
TB-2 r e m a i n s l e a k t i g h t i n a l l n o r m a l e n v i r o n m e n t s and has p r o v e n 
t o be l e a k t i g h t a f t e r t h e s e v e r e a c c i d e n t - m o d e l l i n g t e s t s of 
NUREG-0360. 

The C-1 c a p s u l e i s f a b r i c a t e d from N i t r o n i c 60 s t a i n l e s s s t e e l 
and u t i l i z e s a t o r q u e d s c r e w - t h r e a d ] o i n t w i t h a s e a l a n t . The C-1 
c a p s u l e s a t i s f i e s t h e d o u b l e c o n t a i n m e n t r e q u i r e m e n t ( fo r RAM > 20 
Ci) of 10 CFR 7 1 , r e m a i n i n g s e a l e d i n a l l n o r m a l e n v i r o n m e n t s a 
a f t e r t h e a c c i d e n t - m o d e l l i n g t e s t s of 10 CFR 71 A p p e n d i x B . 

The c a n i s t e r s , i n t e r n a l t o t h e C-1 c a p s u l e , accommodate v a r i 
o u s s i z e s of r e a c t o r f u e l p e l l e t s and v a r i o u s t y p e s of u r a n i u m 
a n d / o r p l u t o n i u m s a l t s and p o w d e r s . The c a n i s t e r s may be e q u i p p e d 
w i t h q u a r t z (S1O2) v i a l s or l i n e r s so t h a t s a f e g u a r d s s a m p l e s 
e x t r a c t e d a s l i q u i d s ( e . g . , p l u t o n i u m n i t r a t e ) c a n be e v a p o r a t e d 
t o d r y n e s s , and t h e n c a l c i n e d ( f i r e d ) t o t h e o x i d e s t a t e . The 
c a n i s t e r s have a PVC g a s k e t i n s i d e t h e t h r e a d e d c a p ; t h i s g a s k e t 
s e a l s t h e c a n i s t e r and a l s o s e a l s t h e q u a r t z l i n e r , i f u s e d , t o 
mee t h e a l t h p h y s i c s r e q u i r e m e n t s f o r h a n d l i n g and p a c k a g i n g i n t o 
t h e s e a l e d C-1 c a p s u l e . 

CERTIFICATION TEST PROGRAM 

A c e r t i f i c a t i o n t e s t p r o g r a m was c o n d u c t e d on a g r o u p of 
f i n a l - d e s i g n PAT-2 p a c k a g e s . S i x p a c k a g e s were s u b j e c t e d t o t h e 
s e q u e n t i a l q u a l i f i c a t i o n c r i t e r i a f o r a i r t r a n s p o r t of p l u t o n i u m 
in t h e U . S . , NUREG-0306. T h e s e p a c k a g e s , l i s t e d in T a b l e 1 , were 
a s s e m b l e d i n a h e l i u m a t m o s p h e r e , w i t h v a r i o u s s u r r o g a t e u r a n i u m 
p a y l o a d s r e p r e s e n t i n g t h e e n t i r e s p e c t r u m of p l u t o n i u m s a f e g u a r d s 
s a m p l e s t h a t would be u t i l i z e d by t h e IAEA. The a t t i t u d e ( t o p , 
b o t t o m , s i d e , e t c . ) of each p a c k a g e was v a r i e d , and t h e h i g h 
(104°C; 220°F) and low ( - 4 0 ° C ; - 4 0 ° F ) t e m p e r a t u r e c o n d i 
t i o n s were t e s t e d , i n t h e f i r s t s e q u e n t i a l t e s t , which i s t h e 
h i g h - s p e e d r o c k e t - p u l l d o w n i m p a c t p e r p e n d i c u l a r t o an u n y i e l d i n g 
t a r g e t . T h e s e c o n d i t i o n s a r e i n d i c a t e d m T a b l e 1 . F o l l o w i n g t h e 
i m p a c t t e s t , t h e s e q u e n t i a l t e s t s of c r u s h , p u n c t u r e , d o u b l e 
s l a s h , f i r e , and u n d e r w a t e r s u b m e r s i o n were p e r f o r m e d in a s i m i l a r 
manner on a l l of t h e p a c k a g e s . F i g u r e 3 i n d i c a t e s t h e c o n d i t i o n 
o f f i v e o f t h e p a c k a g e s f o l l o w i n g i m p a c t , c r u s h , p u n c t u r e , and 
d o u b l e s l a s h . The bu rn or f i r e t e s t was c o n d u c t e d u s i n g J P - 4 
a v i a t i o n ] e t f u e l for one hour a t 1010°C (1850°F) or m o r e , i n 
a n e w l y - d e v e l o p e d b u r n s t a n d ( f i g u r e 4 ) . F o l l o w i n g t h e b u r n t e s t , 
t h e p a c k a g e s were p e r m i t t e d t o c h a r and r e a c h a m b i e n t t e m p e r a t u r e , 
and were t h e n s u b m e r g e d u n d e r w a t e r ( > 1 m) f o r 8 h o u r s or l o n g e 
The p a c k a g e s were t h e n d i s a s s e m b l e d ( f i g u r e 5) and t h e TB 
s p h e r i c a l c o n t a i n m e n t v e s s e l was r e c o v e r e d , e x a m i n e d , c l e a n e d , a 
l e a k - r a t e - t e s t e d m a h e l i u m - t y p e mass s p e c t r o m e t e r . F i v e of t h e 
c o n t a i n m e n t v e s s e l s e x h i b i t e d no d e t e c t a b l e l e a k , w i t h a t e s t 
s e n s i t i v i t y of 1 x 1 0 - 1 ° c m 3 / s ; o n e TB-2 e x h i b i t e d a l e a k i n t h e 
1 0 " ° cm-^/s r a n g e . T h e n , t h e c o n t a i n m e n t v e s s e l s were o p e n e d 
( u n b o l t e d and d i s a s s e m b l e d ) m t h e p r e s e n c e o f a h e l i u m d e t e c t o r ; 
s t r o n g i n d i c a t i o n s of h e l i u m were d e t e c t e d . 
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One package was subjected to the normal and accident-modelling 
conditions of 10 CFR 71 Appendix A and B (which is also similar to 
the package t e s t requirements of IAEA Safety Series No. 6) . Fol
lowing these tes ts the TB-2 containment vessel was leakt ight 
( < IxlO"-'-'' cm-^/s) and the C-1 capsule, which is required to 
provide secondary containment, in the U.S. , for contents > 20 
cur ies , was found to be sealed. 

•

individual (non-sequential) t e s t or analysis requirements of 
minal velocity and hydrostatic pressure (deep underwater), 
uired by NUREG-0360, were also passed. 

CONFIRMING ANALYSES 

Both t e s t and a n a l y s i s are appl ied t o confirm t h a t the PAT-2 
package meets the va r ious s t a t u t o r y and r e g u l a t o r y r e q u i r e m e n t s . 
S t r u c t u r a l ana lyses address a l l of the s t a t e d r e q u i r e m e n t s , and 
a d d i t i o n a l l y t r e a t the TB-2 containment v e s s e l by f i n i t e e lement 
a n a l y s i s , and the AQ-2 overpack by an energy ba lance a n a l y s i s . 

Thermal ana lyses t r e a t maximum normal o p e r a t i n g t e m p e r a t u r e , wi th 
t h e r m a l l y - a c t i v e r a d i o i s o t o p i c c o n t e n t s , and maximum c r e d i b l e 
acc iden t temperature of the conta inment . 

Plutonium containment a n a l y s i s t r e a t s the problem of plutonium 
t r a n s p o r t through very small a p e r t u r e s or c r a c k s , for v a r i o u s 
c o n d i t i o n s inc lud ing those measured on the TB-2 containment v e s s e l 
and the C-1 c a p s u l e . Plutonium containment i s confirmed to be 
o rde r s of magnitude in excess of IAEA requ i remen t s ( e s s e n t i a l l y , 
t he r e is no plutonium r e l e a s e ) . 

Nuclear c r i t i c a l i t y a n a l y s i s w i l l confirm through the use of 
benchmarked codes , t h a t the PAT-2 package q u a l i f i e s as a F i s s i l e 
Class I package, meaning t h a t i n f i n i t e a r r a y s of damaged packages , 
with the most f i s s i o n a b l e c o n t e n t s p e r m i t t e d , and with water 
s h i e l d i n g , remain s u b c r i t i c a l . 

Nuclear s h i e l d i n g ana lyses confirm the r equ i r ed p r o t e c t i o n for 
b i o t a from the e f f e c t s of i on i z ing r a d i a t i o n , in both the normal 
and p o s t - a c c i d e n t c o n d i t i o n s , c o n s e r v a t i v e l y s a t i s f y i n g a l l r e g 
u l a t o r y c o n d i t i o n s . Al l of these ana lyses w i l l be p re sen ted in 
the PAT-2 Safe ty Analys i s Report (SAR). 

CONCLUSION 

f l I t i s concluded, by the deve loper , t h a t the LAARC/PAT-2 w i l l 
I t the requi rements of the va r ious a p p l i c a b l e r e g u l a t i o n s and 
at a Safe ty Analys i s Report (SAR) w i l l be i s s u e d . This SAR w i l l 

be the b a s i s for an a p p l i c a t i o n to the US Nuclear Regula tory Com
mission for a c e r t i f i c a t e of compl iance , or l i c e n s e . I t i s then 
expected t h a t t h i s US l i c e n s e , wi th the s u p p o r t i v e evidence of the 
Safety Analys i s Repor t , w i l l be the ba s i s for the i s suance of l i 
censes needed from the IAEA Competent Au tho r i t y in us ing S t a t e s 
( n a t i o n s ) . Then, t imely a i r shipment of plutonium safeguards 
samples w i l l be f e a s i b l e on an i n t e r n a t i o n a l b a s i s . 

901 



TB 2 SPHERICAL CONTAINMENT VESSEL 

SPANNER 
WRENCH HOLE 
IN CAPSULE ALUMINUM FAIRING 

CHAMFERED 
STAINLESS STEEL 
WASHERS 

FIGURE 2 

INSniUMENT 

CAST INSULATtON 

LAARC BURN STAND 

COMBUSTIOM AIR CONTROL 

URE4 

FIGURE 3 

FIGURE 



LAARC/PAT-2 * 4 TEST PROGRAM 
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11236 g D-38, 10 g PVC, 31.4 g BRASSI .' 

AQ.2 TB-2. 

XIO BOTTOM CORNER EQUATOR 

C-1 2 ea BC-2 S 1 ea. BC-3 CANISTERS 

3 g m P u ( S 0 4 ) .4H20(SURROGATE) 

13 g UO 2 , 10 g PVC, 47.4 g BRASS, 19 g SiO 2 . 

066m, ' H2SO4,066mt' H j O ] 

) n n 

| C D 5 | 

„ L 

50° F 
126 m/s (413 Ips) 
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DISCUSSION 

Question by R. Brissier, France: Why are all the PAT-2 approval 
tests so rigorous? Do these tests correspond to actual conditions? 
What are they based on? In other words, don't you think you are 
being too severe m the approval tests for transport casks for ship
ment of plutonium by air? 

Answer: PAT-2 package tests are defined by regulation in the 
United States. This regulation is NUREG-0360, qualification critei^^ 
to certify a package for air transport of plutonium. NUREG-0360 |^^^ 
worst case criteria, combining very severe levels for each mdivi^^^P 
element of an air transport accident, all in sequence on the same 
package, even if such a combination is very unlikely, if not prac
tically impossible, m a real accident. The document includes the 
rationale used by the US Nuclear Regulatory Commission m defining 
the criteria. 

Question by W. Heudorfer, FR Germany: Can the cask concept pre
sented be used for larger containers ? In this case, would there be 
scaling problems? 

Answer: In regard to scaling the cask concept of LAARC/PAT-1 
to larger containers, we have had success m scaling the energy bal
ance design for impact protection alone, and we have had success in 
applying the redwood char and temperature performance data to larger 
casks, for fire protection alone. We have had problems in scaling 
when all tests are done m sequence including the very arbitrary punc
ture and slash tests of NUREG-0360. 

However, we believe that these effects are mitigated, not wors
ened, on larger casks, our current applicable experience and problems 
have come from scaling down from the PARC-PAT-1 design, to the smaller 
LAARC/PAT-2 design. Our older work with larger accident-resistant con
tainers has been to different criteria which were more amenable to 
scaling than the NUREG-0360 criteria. 

Question by G. Cohendy, France: I would like to ask you if you 
think that this marvellous package corresponds in practice to the 
interdiction of the transport by air of significant industrial quan
tities of plutonium oxide. 

Answer: The NUREG-0360 criteria for the air Transport of plu
tonium only apply within the USA, and then only apply to air trans
port. IAEA Safety Series No. 6 requirements still apply for other 
international air shipments, unless the originating nation or stat^H 
desires to emulate the US regulation. Thoseof us associated with ^ B 
this new work are sympathetic to the possible affect on the air sh^P 
ment of commercial or bulky quantities of plutonium; but, we have 
no choice but to conform to the US government's authority m these 
matters , the US NRG. 
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ANALYSIS OF THE ACCIDENT ENVIRONMENT AND 
CONTAINER RESPONSE FOE THE AIR TRANSPORT OF 

SMALL TYPE B PACKAGES 

M L BROWN 
UNITED KINGDOM ATOMIC ENERGY AUTHORITY 

Safety and Reliability Directorate 
Wigshaw Lane 
Culcheth 

Warrington WA3 ^NE 
United Kingdom r 

SUMMARY 

Potential accidents m the transport by airplane of small (i^JOOkg) type B 
packages are considered, with plutonium carrying containers especially m mind. 
Impact and fire are the major threats. Probabilities are derived for encountering 
an impact of above any given speed, and a fire of above any given duration. The 
crash of typical jet cargo aircraft against a rigid normal surface is considered, 
and cargo hold decelerations are derived from a 1 dimensional model. The response 
of a cargo load of typical containers to such decelerations is calculated and 
related to the velocity of impact onto a hard target necessary to produce similar 
damage in single containers. Free fall of containers and the effect of surface 
struck are briefly discussed. Cumulative probabilities of exceeding an equivalent 
hard target impact velocity are derived. The consequences of plutonium releases 
are estimated and the implications for container testing and safety assessment 
discussed. 

1. INTRODUCTION 

The transport of radioactive materials has an extremely good safety record. 
However, it has been suggested that for some substances, notably plutonium, con
tainers built to satisfy existing standards may not give adequate protection m 
the very severe environment of an aeroplane crash. US law m particular has 
required the development of a more rigorously qualified container for the air 
transport of plutonium (1). 

•

Within Europe recycling thermal reactor fuel could give a significant economic 
dvantage. It has been estimated (2) that for this reason up to IJte of plutonium 
er year might be transported by T990; air transport is a possible mode. The work 
uesoribed here was performed against this background, under contract to the 
Commission of the European Communities, as part of their programme to assess the 
environmental impact of light water reactors. 

Past work is not reviewed here because of lack of space. We note however that 
an American risk study has been performed (3), that qualification criteria have 
been discussed (k) and that many basic data used there and elsewhere come from an 
extensive and thorough study of the accident environment for US conditions (5). 
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Here we concentrate on defining the accident environment and indicating 
typical container responses. We estimate accident consequences m order to be 
able to make some judgements on test criteria and safety. The work is described 
m more detail in reference (6). Impact and fire are the primary threats to 
package integrity. 

AIRCRAFT IMPACT STATISTICS 

We have surveyed (6) recent civilian aircraft accidents involving modern jet 
cargo aeroplanes. Most information came from the World Airline Accident Summary of 
the UK Civil Aviation Authority, and the International Civil Aviation Organisation's 
computerised accident data base. Information on impact angle, attitude, and fire 
duration (if any) is sparse. Impact speed information is available m some case, 
mostly for near airport accidents. It is known however, in what phase of opera
tion an accident occurred. We have used this to construct more comprehensive 
speed distributions. For approach accidents we have inferred a normalised velocity 
distribution characteristic of this phase of flight, using data directly. For 
landing and take off we have assumed reasonable distributions consistent with the 
more limited data. For climb-to-cruise and in-flight phases direct data are 
almost entirely lacking. We have relied on an analysis of military accident data 
published by Clarke et al Ct). Finally we arrive at distributions of cumulative 
probability (given an accident) vs impact speed as shown m figure 1 denormalised 
for two aircraft, a BAC-111 and a B-V07. 

.•- a 

-t; > 

— c 
XI I/) 

o a 
Q. O 

1.0i 

0,5' 

a> 
a. 
(/) 

100 200 

B 707 
BAC 111 

velocity 
300 V ms-1 

Figure 1. Cumulative Probability Curves for Impact Speed 

The definition of an accident associated with these distributions is one 
destroying the airframe and killing at least 1 person. The associated rate for 
Western Europe is about 1.3 x 10" per flight (The in-flight fraction of accidents 
IS small, * 17%, so it is more reasonable to express the probabilities "per 
flight" than "per km"). 

3. AIRFRAME COLLAPSE 

Airframe collapse is extremely complex. We present here the results of a 1 
dimensional analysis using simplified computer code modelling (6) similar to that 
of Drittler and Gruner (7) (The method has been validated against experimental 
test data on simple missiles). Impact on a rigid surface normal to the aircraft 
IS assumed. This is artificial but of some interest since it is the attitude m 
which cargo interaction effects are likely to be greatest. Figure 2 illustrates 
typical results; the velocity of the forward cargo bulkhead is plotted as a 
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function of time for the two typical aircraft chosen in section 1. 
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Figure 2. Cargo Bulkhead Velocity Versus Time 

time 
0,2 sec 

The additional weight of the larger aircraft is important at lower veloci
ties - sudden decelerations occur for the B-707 even in a stall speed crash. At 
cruising speed in both cases the airframe has only a slight influence on the 
velocity of impact of the cargo bulkhead. 

h. THE CARGO IN AN AIRCRAFT ACCIDENT 

For container testing it is convenient to use a hard rigid target and to test 
a single container. But to relate this to safety in a real accident the container 
damage under test conditions must be related to damage under real conditions. As 
an aid in this, we have defined two simplified, but structurally typical containers: 
a type I which resembles an SL-10; and a type II which resembles a PAT-1. (Both 
these are type B fissile material containers). We consider the behaviour of a 
single container on a rigid target, and a full cargo load in the aircraft of 
section 3. , ••-» • i 

't.1 Single Container 

TllS' 

Both typical containers consist of an outer vessel, insulant/shock absorber, 
,d an inner vessel. By a combination of finite element analysis and knowledge of 
iulant crush strengths we may construct a force/displacement relation for Con
ner crushing (6). Integration gives (from initial energy) a relation between 

isplacement (damage) and velocity of impact on an unyielding target. Typical 
curves are shown in figure 3 for side on impact. 

Although the model is simple there is good agreement between predicted and 
measured (l) deformations for a PAT-1 container. For side impact at 132 ms~ : 
predicted - 0.195m; measured 0.21m. For end impact at 135 and items" : pre
dicted 0.178 and 0.203m; measured O.188 and 0.208m. 
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k.Z A Cargo of Containers 

Having specified a force displacement curve, a row of containers may be 
modelled. We consider one container as a mass/spring and solve the system 
numerically. The cargo hold decelerations of section 3 may be used as a boundary 
condition. Typical results of such a calculation are shown m Table 1. This is 
for a type I container m side on orientation, stowed to the full capacity of each 
aircraft - Ik m line for a BAC111, 32 m line for a B7O7. 

Aeroplane Velocity 
ms"' 

B A C - 1 1 1 

-707 

Table 1. Cargo Deformations 

Number so Equivalent Hard 

50 
90 
120 

5't 

Approx. 
Deformation 

.015 

.05 

.07 

.192 
extreme 

Damaged Target Velocity ms 

3 
1 
1 
8 

several 

20 
138 

200 
310 

The last column compares the velocity necessary to produce the same damage m 
impact on a hard target for the most damaged container. The differences are wide. 
For the lighter aircraft, cushioning by the airframe outweighs mertial crush at 
stall speed and the hard target velocity is lower. At higher speeds inertial crush 
predominates. For the larger aircraft cushioning is less and the payload greater 
so inertial crush always aggravates the damage. 

5. FREE FALL OF CONTAINERS 

Indications are that cargo carried on the main cargo deck of an aircraft only 
rarely leaves the airframe before impact in an accident (6). Nevertheless we have 
evaluated impact velocity for a number of containers m use, released at different 
heights. This is shown m figure k. 

Variations in air density and local Mach number with altitude are allowed for. 
All the containers are considered in the fastest falling (end on) attitude, 
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except for the 0675 where a tumbling attitude is also shown. The theoretically 
stable attitude for some of these containers is side on but there is some evidence 
that tumbling occurs in practice (8). 
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Free Fall Impact Velocity for Various Containers 

6. EQUIVALENT DAMAGE PROBABILITIES 

Figure 1 gives impact speed probabilities only; to assess equivalent damage 
allowance must be made for angle of impact and surface struck. There are inade
quate data on angle of impact. From accident reports however it is fairly closely 
(but not uniquely) related to the degree of control exercised just prior to impact. 
Take-off and landing accidents generally involve shallower impact angles; and 
these also occur at lower velocities. We relate impact angle to velocity in an 
arbitrary way that we believe reasonable (6), associating high impact angles with 
a greater proportion of high speed impacts. For high impact angles we associate 
cargo and airframe crush effects with the accident. To allow for hardness of 
surface we review (6) limited data on enhanced severity container testing and 
deduce that a factor of between 2.5 and 7 in velocity is needed to relate states 
of equal damage in going from hard to soft surfaces. We choose 3 here, and esti
mate the probability of striking a hard surface from geographical considerations 
(6). Finally we adjust the distributions of figure 1 as outlined above for angle 
and surface of impact, airframe and cargo crush, and arrive at figure 5 for the pro
bability of exceeding an "equivalent hard target" velocity, given an accident. 
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Figure 5- Cumulative Probabilities for Equivalent Damage 
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The 2 curves shown are for a BAC-111 with full cargo (type II) and for a single 
container with allowance for angle and surface of impact but no allowance for air
frame or cargo crush. The airframe has an effect at low velocities and cargo 
inertia at high velocities but the difference between the curves is not great. 
This IS important when considering operational restrictions. Assumptions on 
angle and surface of impact provide the major uncertainties m the absolute values 
of probabilities shown. 

7. AIRCRAFT CRASH FIRES 

Crash is the major cause of aircraft fires. For plutonium containers the air
craft fuel is the only combustible of real hazard. The temperature of such fires _ 
IS relatively well known (5), (6) (1000 - 1010°C is typical of the hottest part) 
and so is the burning rate. Burn time is not reliably documented however and mus^ 
be estimated. We illustrate the possible uncertainties in this by taking 2 assum
ptions for fuel spread area: "light", wingspanxlength; and "severe", -J wing 
area. (This is not impossibly severe for it gives an approximately correct burn 
time for at least 1 recorded case). We divide accident statistics by operation and 
associate appropriate fuel loads. We derive the dashed curves m figure 6. These 
are for a weighted average of jets m service. To illustrate variation by aircraft 
type we show spot values for the most severe fire m a BAC-111 and a B-7't7. As a 
reference curve we propose the solid line m figure 6. This is arbitrary but it 
has the features of medium severity with some allowance for extreme fires at low 
probability. 
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Figure 6. Cumulative Probability for Fire Duration, 
Given an Accident Involving Fire 

The response of our typical containers to fire has been calculated, allowing 
for insulation charring, but that is the subject of another presentation to this 
conference (9). We note here only that plutonium nitrate containers are vulnerable 
to rupture by overpressurisation due to heating by fire. This would not occur 
normally in their virgin state but could after the sort of damage to insulation 
possible m an air crash. 

TEST CRITERIA AND RISK 

It IS not the purpose of this work to perform a risk analysis. Nonetheless, 
we believe such an approach (iO) is the only way of making rational judgements on 
test criteria. In the absence of such an analysis, we make some arbitrary but 
reasonable assumptions to construct approximate risk spectra. This is done to 
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illustrate our general conclusions only and no exact use of our figures should be 
made. 

We assume 15te per year of plutonium shipped as dioxide powder. Taking a 
crude 2 group population density division, a 2 group weather conditions division, 
and "threshold" assumptions for container failure with a fractional release as 
respirable dust, we arrive at the risk spectra of figure 7. 
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Figure 7. Approximate Risk Spectra 

The two curves shown are for two failure thresholds in hard target equivalent 
velocities. They do not differ greatly; particularly in the low probability/high 
consequence region where containers qualified to either threshold are assumed 
effectively failed. This is not realistic since in general containers will fail 
progressively and only gradually release more material as accident severities 
increase. This will yield risk spectra substantially below those of figure 7- We 
conclude therefore that the failure threshold is of less importance for the overall 
risk than the container's ability to restrict releases in the failed condition. 
Current designs are likely to have this ability but it will not be tested by current 
regulatory procedures. We feel any change to international regulations would be 
premature; more work is needed on release and consequences in extreme accidents 
before rational decisions on changes could be made. 

However, in the meanwhile it is obviously useful for designers to have a per
formance target in mind. For this purpose we think for fire a 30 minute hydrocarbon 
fire is appropriate; but that slashing and compaction of insulation must be con
sidered. For impact we suggest 100 ms"^ impact onto a hard target. But we empha
sise that a satisfactory performance under these conditions would be a limited 
release of say 1% of payload. This is of course a current opinion and could be 
modified by further work. 
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DISCUSSION 

Q u e s t i o n by W. K. M u l l e r , FR Germany: When i t comes t o f i n d i n g 
a s o l u t i o n t o p r e s s u r e f a i l u r e m t h e i n n e r c o n t a i n e r d u r i n g t r a n s p o r t 
of p l u t o n i u m n i t r a t e , how much b r e a t h a b l e a e r o s o l do you s u p p o s e i s 
r e l e a s e d ? 

Answer : Our s t u d y a d d r e s s e d t h e a c c i d e n t c o n d i t i o n s and c o n 
t a i n e r r e s p o n s e r a t h e r t h a n t h e r e l e a s e s and c o n s e q u e n c e s . I showed 
an a p p r o x i m a t e r i s k s p e c t r u m o n l y t o i l l u s t r a t e my p o i n t t h a t t e s t i n g 
t o a " t h r e s h o l d " ( w i t h no l e a k a g e ) o n l y g i v e s you l i m i t e d i n f o r m a t i o n 
- you can e n v e l o p e t h e " r e a l " r i s k s p e c t r u m b u t you c a n n o t g e t c l o s e ^ 
t o I t . 

I n g e n e r a t i n g t h a t a p p r o x i m a t e r i s k s p e c t r u m we c o n s i d e r e d o n l y 
p l u t o n i u m a s d i o x i d e powder , n o t n i t r a t e . Our r e l e a s e a s s u m p t i o n was 
1 % of p a y l o a d a s a i r b o r n e powder when t h e c o n t a i n e r " t h r e s h o l d " 
i m p a c t was e x c e e d e d . I i m a g i n e n i t r a t e r e l e a s e s c o u l d b e h i g h i f 
d r i v e n by a f i r e . T h i s c o u l d o v e r p r e s s u r i s e t h e i n n e r c o n t a i n e r 
( l e f t v u l n e r a b l e by t h e i m p a c t ) and s p r a y o u t a e r o s o l . 
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Question by R. Brissier, France: What is the corrective factor 
between the speed on a rigid target and a natural target? 

Answer: It is difficult to generalise. Container damage is a 
function of both container and target; a flimsy container will see 
most surfaces as hard. Our studies indicate that a corrective factor 
of between 3 and 7 (on velocity) is appropriate in going from a normal, 
unfilled, soil surface to a rigid target. 

Question by R. S. Butterfield, United Kingdom: Could you please 
give your views on the intensity and duration of a severe fire on a 
ntainer after a severe impact. I would expect a severe impact to 
se great dispersion of the aircraft wreckage and fuel, and there-
e the fire to be dispersed? 

Answer: I would expect it too. Unfortunately we know from 
accident reports that a severe fire has occurred after a severe im
pact - so the two cannot be completely divorced. But if the prob
ability of a severe impact is low and the probability of a severe 
fire is low then the probability of seeing both in one accident is 
very low. 

Comment by C. B. G. Taylor, United Kingdom: You spoke of the ', 
need for more severe test conditions, together with less severe "pasg" 
criteria, in type B packages which may get into severe accidents. 
The same applies also to type A packages, which can be very badly 
crushed by mishandling at an airport, for example, but still retain 
nearly all their contents. Present packaging is fortunately better 
than the Regulations require but it would be wrong to stiffen the 
Regulations without relaxing the pass criteria. 

Answer: I entirely agree. Existing containers qualified to 
present standards may well have the capacity to restrict releases in 
the failed conditions; this could mean that the risk posed by their 
use is quite acceptable. I personally think that is so. However, 
the fact remains that we do not know it is so unless we do some 
testing beyond regulatory requirements. 

Your central point is worth emphasising, however. It is not 
sensible to associate severe test conditions with a requirement for 
no leakage at all. The event corresponding to these conditions is 
so very unlikely. 

^ 1 • 
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SUMMARY OF THE RISK ASSESSMENT MADE OF THE 
TRANSPORT OF PLUTONIUM NITRATE 

J C Chicken 

I. INTRODUCTION 

T h i s p a p e r p r e s e n t s a n o v e r a l l v iew of t h e a s s e s s m e n t of t h e s i g n i f i c a n c e of 
t h e r i s k s i n v o l v e d i n t r a n s p o r t i n g p l u t o n i u m n i t r a t e from Dounreay t o W m d s c a l e . 
The a s s e s s m e n t was made a t t h e s p e c i a l r e q u e s t of t h e S e c r e t a r y of S t a t e f^M 
Energy and was m a d d i t i o n t o t h e e v i d e n c e s u b m i t t e d t o t h e competen t a u t h o r i t y ^ H 
d e m o n s t r a t e t h a t a l l t h e r e l e v a n t r e g u l a t i o n s had been s a t i s f i e d . ^ H 

The o r i g i n a l a s s e s s m e n t was made by a team c o n s i s t i n g of J T D a n i e l s , 
J R S e a t t l e , M L Brown, S F H a l l , J J o w e t t , C W h e a t l e y , R L D Young, L E L o c k e t t , 
P L H o l d e n , R J W i l l i a m s , P J C o o p e r , G D K a i s e r , A R T a i g , J J C l i f t o n , 
A N K m k e a d and J C Chicken . The i n t e r p r e t a t i o n t h a t t h i s paper g i v e s of t h e i r 
o r i g i n a l and d e t a i l e d c o n t r i b u t i o n s i n no way d e t r a c t s from t h e i m p o r t a n c e of 
t h e i r work . 

The d i s c u s s i o n i n t h i s pape r i s d i v i d e d i n t o seven d i s t i n c t p a r t s which a r e 
movement, c r i t e r i a , p r o b a b i l i t y of r u p t u r e , consequences of r e l e a s e , m o n i t o r i n g , 
d e c o n t a m i n a t i o n and c o n c l u s i o n s . 

2 . MOVEMENT 

The movement c o n s i s t s of moving p l u t o n i u m n i t r a t e s o l u t i o n i n s p e c i a l l y 
d e s i g n e d p a c k a g e s from Dounreay t o W i n d s c a l e . The packages w i l l be t a k e n by road 
from Dounreay t o t h e nea rby p o r t of S c r a b s t e r . From S c r a b s t e r t h e p a c k a g e s w i l l 
be conveyed t o Work ing ton by sea on a r o l l - o n r o l l - o f f s h i p , t h i s w i l l a l l o w t h e 
packages t o r ema in on the a r t i c u l a t e d v e h i c l e s they t r a v e l from Dounreay t o 
S c r a b s t e r on . The s h i p used w i l l be one t h a t was s p e c i a l l y d e s i g n e d f o r c a r r y i n g 
heavy g e n e r a t i n g p l a n t f o r t h e C e n t r a l E l e c t r i c i t y G e n e r a t i n g Board . Among t h e 
s p e c i a l f e a t u r e s of t h e s h i p a r e s h a l l o w d r a f t (12 f t ) , tw in e n g i n e s , t w i n s c r e w s , 
tw in r u d d e r s , bow t h r u s t e r , and comprehens ive n a v i g a t i o n and communica t ions 
e q u i p m e n t . For t h e j o u r n e y from S c r a b s t e r t o Workington t h e p l u t o n i u m n i t r a t e 
packages and t h e v e h i c l e s t h e y a r e mounted on w i l l be t h e on ly c a r g o t h e s h i p 
c a r r i e s . From Working ton docks t h e packages w i l l go by r o a d t o B r i t i s h Nuc lea r 
F u e l s L i m i t e d ' s Windsca l e works . 

3 . CRITERIA 

In t h e p r a c t i c a l s ense p r o v i d e d t h e o p e r a t i o n s a t i s f i e s IAEA r e g u l a t i o n s 
t h e r e i s u n i v e r s a l a g r e e m e n t , among t h o s e i n v o l v e d i n t h e s a f e t r a n s p o r t of 
r a d i o a c t i v e m a t e r i a l , t h a t t h e o p e r a t i o n w i l l be a c c e p t a b l y s a f e . But f o r t h e 
p u r p o s e of t h i s e x e r c i s e i t was c o n s i d e r e d d e s i r a b l e t o make a d i f f e r e n t a p p r o a c h ^ 
and t o o v e r t l y q u a n t i f y t h e r i s k s i n v o l v e d so t h a t t h e y c o u l d be compared e a s i M 
and r a t i o n a l l y w i t h o t h e r a c c e p t a b l e r i s k s . ™ 

Advice on t h e a c c e p t a b l e l e v e l of r i s k has been g i v e n i n many p u b l i c a t i o n s 
i n c l u d i n g ICRP P u b l i c a t i o n 26 , t h e 6 t h Repor t of t h e Royal Commission on E n v i r o n 
m e n t a l P o l l u t i o n , t h e Rasmussen R e a c t o r S a f e t y Study (WASH-1400), and t h e F i r s t 
Repor t of t h e A d v i s o r y Committee on Major H a z a r d s . The f o l l o w i n g e x t r a c t s , from 
t h e r e p o r t s j u s t m e n t i o n e d , show t h e r e i s a c o n s i d e r a b l e measure of ag reement 
a b o u t wha t c o n s t i t u t e s an a c c e p t a b l e l e v e l of r i s k . 
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ICRP Publicat ion 26, paragraph 118, published January 1977 s t a t e s : -

"The acceptable l eve l of r i s k for members of the general publ ic may 
be inferred from considerat ion of r i sks tha t an individual can modify to 
only a small deg ree and which may be r e g u l a t e d by n a t i o n a l o r d i 
nance From a review of ava i lab le information re la ted to r i s k s regu
l a r l y accepted In everyday l i f e , i t can be ca lcula ted that the l e v e l of 
accep tab i l i t y for f a t a l r i sk to the general public i s an order of magnitude 
lower than for occupational r i s k s . On th i s b a s i s , a r i s k in the range 10~" 
to 10"-̂  per year would be l i k e l y to be acceptable to any individual member of 
the pub l ic . " 

•

e 6th Report of the Royal Commission on Environmental Po l lu t ion - Sir Brian 
owers (1976), shows in Figure 13 for a programme of 100 nuclear r eac to r s on 
mi-urban s i t e s in the UK that an accident causing 10 f a t a l i t i e s can be expected 

once in 2000 years , and one causing 100 f a t a l i t i e s once in 10,000 years . In the 
report a t t en t ion i s drawn to the fac t tha t such r i sks are considerably lower than 
many of the widely accep ted man-made r i s k s such as dam f a i l u r e s , c h l o r i n e 
re leases and a i r c r a f t c rashes . 

The Rasmussen "Reactor Safety Study" (WASH 1400) in Table 5-7 of the Main Report, 
l i s t s the consequences to accidents from 100 reac to rs in the USA, the fol lowing:-

"At a p robab i l i ty of once in a mi l l ion years 900 ear ly f a t a l i t i e s 14000 
I l l ne s se s and other damages." 

The F i r s t Report of the Advisory Committee on Major Hazards (published by HSE) 
considering non-nuclear industry postula tes in paragraph 19 that "a ser ious 
accident . . . more than once in 10,000 . . . might perhaps be regarded as j u s t on the 
borderl ine of a c c e p t a b i l i t y ; " and goes on In paragraph 44 to ident i fy a major 
accident as one causing ca sua l t i e s in the range from l e s s than 10 to over 1,000. 

More recently Lord Ashby, the f i r s t Chairman of the Royal Commission on 
Environmental Po l lu t ion , brought the whole issue i n to perspect ive with his sugges
t ion tha t there i s a scale of r e l a t i v e values tha t can be used as a ru le of thumb 
for p o l i t i c a l d e c i s l o n s ( l ) . Four points i den t i f i ed on t h i s scale a r e : r i s k s of 
one in a mil l ion are of no concern to the average person, r i sks of one In 100,000 
e l i c i t warnings, when r i sks r i s e to one in 10,000 people are wi l l ing to pay to 
have the r i sks reduced, and r i sks of one in 1,000 are unacceptable to the public 
and there would be s t rong pressure t o have them reduced. 

From these views the c r i t e r i o n for the acceptable l eve l of r i sk of an i n d i 
vidual becoming a casual ty of 10~5-10~6/year appears to be defens ib le . 

4. PROBABILITY OF RUPTURE 

Assessments were made of the probabi l i ty of the package being ruptured as a 
r e su l t of being involved in e i t h e r a road or ship acc iden t , a l so the p robab i l i ty 

# the package being ruptured by a f i r e during e i t h e r road or sea phases of the 
r a t i on was assumed. 

For the p a r t i c u l a r road routes i t i s proposed to use , and allowing for the 
number of journeys to be made, i t was predicted tha t the p robab i l i ty of a package 
fa i l ing during the road phase of the journey was 6.2 x 10~' per annum. 

Similarly i t was predicted tha t during the sea part of the operat ion the 
p robab i l i ty of the ship being involved in a c o l l i s i o n severe enough to damage the 
package would be about 2.2 x 10~° per year. The chance of the ship simply being 

915 



lost IS naturally higher and is predicted to be of the order of 2 x 10"^ per year. 
In some ways the loss of the package at sea can be regarded as a fail safe type of 
accident, as will be shown later, it Is unlikely to impose any significant hazard 
on the population. 

In the assessment of the possibility of the package being ruptured as a 
result of being engulfed in a fire, consideration was given to the plutonium 
nitrate solution being raised to such a temperature that the resulting vapour 
pressure would be sufficient to cause failure of the containment vessel. An 
additional risk consisdered was the neutron shielding built into the package being 
burned away to give rise to a radiation risk to the public and recovery workers. 
It was estimated that the pressure vessel holding the plutonium nitrate would fail 
as Its temperature approached 300°C. Calculations suggest that the temperature^J 
the contents of the package would not rise significantly for the first two hours ^ H 
any fire then the temperature would rise fairly steadily and reach the criti<5B 
value of 300°C m 5 hours, if the fire lasts so long. 

For the road part of the journey it was estimated that the probability of a 
fire occurring was 3.4 x 10"°/year. The probability of a fire lasting more than 
90 minutes, is naturally lower and was conservatively estimated to be 1 x 10"'/ 
year. The only real source of sufficient flammable material to support such a 
long fire is the oil stored in a tank farm near Scrabster harbour. The total 
probability of a fire at that point in the journey was estimated to be 8.7 x 
10"'/year. 

While the package is on the ship there is a possibility that it could be 
involved in fire, ship fires are quite common (probability 0.1/year). It was 
estimated that the probability of a fire that would threaten the package was of 
the order of 10~°/year. It was concluded that it was unlikely that there could be 
a ship fire lasting long enough to threaten the package, as a fire of long dura
tion was likely to lead to the loss of the ship. Sinking of the ship leaves the 
package relatively safe, and salvage is a practical proposition. 

If the package is involved in a fire it was estimated that it would take 1 
hour 52 minutes to char all the neutron shielding. Complete charring of the shield 
to charcoal would reduce its shielding properties to about 9% of its pre-fire 
value. Such a reduction in shielding could result in the need to establish an 
exlusion area around the package that might hamper recovery. The general conclu
sion was reached that the mechanical failure, due to a transport accident, was 
likely to be the dominant cause of rupture, and that the probability of such 
failure was conservatively about 6 x 10"' per annum, 

5. CONSEQUENCE OF RELEASE 

If the container holding the plutonium nitrate fails by some mechanism it is 
assumed that only 10"^ of the leakage would be in the form of a respirable aero
sol. On this basis an assessment using the computer program TIRION was made of 
the consequences m terms of individual and societal risks. 

In the assessment of the risk to individuals it was assumed that the in 
vidual most at risk would be no closer than 500m from the source, and that any 
closer would have been evacuated upwind. The assessment showed that along the 
shole route the risk to the individual (10~^-10~1'- yr"l) always lies several 
orders of magnitude below the generally accepted level of 10"5-10"6 yr~l. 

The assessment of the societal risk identified the chance of an accident 
causing the death due to cancer of one or more people being of the order of one in 
about five million years, and the chance of an accident causing the deaths of ten 
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or more people might occur once in ten million years. Serious accidents causing 
the deaths of more than a hundred people might occur once in 10^ years. The 
assessed risk is clearly well below 10-1000 deaths per 10^ years mentioned by the 
Advisory Committee on Major Hazards as being the borderline of acceptability. 

An assessment was also made of the consequences of losing a package at sea. 
From this assessment it was concluded that neither consumption of sea-food con
taminated by any plutonium released, or exposure resulting from plutonium being 
washed ashore and contaminating the shore line constituted an unacceptable level 
of risk. 

6. MONITORING 

•
I To ensure that the position of the ship is known throughout the operation and 
t communication with the ship is possible at all times additional navigation 

and communication systems will be installed. These will include Satellite navi
gation and communication systems. At all times during the operation the position 
of the ship will be monitored automatically so that any deviation can be checked 
and corrective action initiated. To help locate the packages in the unlikely 
event of the ship sinking the package will be fittd with transponders and pingers. 

An assessment has also been made of the problems of salvaging the package, 
and no reason has been found to doubt the ability of salvors to recover the cargo 
without damage within the safe life of the package on the sea bottom. 

7. DECONTAMINATION 

The ground contamination that could follow from an accident in which the 
package leaks would at worst contaminate a few Km^. In reality the contaminated 
area is likely to be much less than IKm*̂ . Once the contaminated area has been 
identified there should be no problem in decontaminating down to an acceptable 
level using well tried and proven techniques. 

8. CONCLUSIONS 

The findings of the assessment are sumarised in Fig 1 and the risks identi
fied are compared with acceptance criteria In Fig 2. 

Two main conclusions are drawn from the work. First the proposed operation 
presents risks substantially lower than those common in industrial operations, 
transport and everyday life"). Secondly when a package is designed, tested and 
approved to the standards by the IAEA Regulations a standard of protection of the 
public Is achieved that is wholly acceptable when measured against other risks. 
This confirms the overall adequacy of the IAEA regulations and further indicates 
that there is a large measure of conservatism incorporated in the current stan
dards. 
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DISCUSSION 

Comment by G. Wehner, FR Germany: The value of 10~ to 10" 
per year given m ICRP 26 as "acceptable risk" for members of the 
general public is derived for all activities in conjunction with 
radiation protection. That means not only for the transport of RAM 
but also for the use of RAM m consumer products, for activities m 
the nuclear fuel cycle and so on. It is therefore m my opinion a 
little dangerous to use this value as a justification for a very 
special transport arrangement. ^ ^ ^ 

Answer: I appreciate the point you are making as it is at ^ ^ B 
the heart of all applications of quantified risk assessments. Some 
years ago, I took up this question with a number of organisations 
that could be broadly classified as trade unions, trade associations 
and professional bodies. The concept of quantified risk was accepted 
by a number of these organisations; airline pilots being particularly 
au fait with the argument and considered they knew m quantified terms 
exactly the level of the risk they accepted. Details of the response 
to my questions are published m "Hazard Control Ruling m Britain", 
J. C. Chicken, Pergamon Press, 1975. My views seem to be endorsed 
by the reference I cited to Lord Ashly's views m my paper. 

Finally I agree we should be concerned to keep the total risk 
the human race is exposed to as low as reasonable achievable, but 
this involves the assessment of many manifestations of technolgy. 
Any such assessment would have to take account of the benefit of 
technology. 
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Presented by J. Draulans 

A transport package for large quantities of plutonium oxide raw materials 
has been studied in the frame of C.E.C. contract, ref. 041-78-12 RPu B, between^, 
the Commission of the European Communities on the one hand and BELGONUCLEAIRE-
TRANSNUBEL on the other hand. 

The C.E.C. prescriptions for the new package require, beside others : 

- a concept corresponding to the test specifications, provided in the I.A.E.A. 
regulations for type B (u) packages, 

- a composition in 3 main parts : an outer container, an inner container and a 
primary one, 

- the possibility of remote mechanical opening and closing of both the outer and 
the inner container and of the new primary container vessel, 

- the ability to transport several tens of kg of a reference plutonium having a 
, theoretical composition of : 2.1 w/o Pu 238, 51 w/o Pu 239, 26.7 w/o Pu 240, -. 

13 w/o Pu 241, 7.2 w/o Pu 242; 0.7 w/o Am 241; 8 mCi/kg fission products and • 
a maximum of 6% moisture. The plutonium will be transported either as pure ' 
Pu02 or as a mixed oxide with a content of 407. Pu02, both can be in the form 
of powder, Sol-Gel kernels, granules, etc. 

The main problems, encountered during the conception, resulted from the re* 
quirements related to the remote filling and emptying operations of the product 
holder, the criticality aspects, dose rates, plutonium heat generation, impact 
and fire damage limitations. 

The concept has been based upon : ''[ 

a limitation of all damages to the shock-absorbers and the outer shell, resul*' 
ting from a drop followed by a fire, 
a complete separation of the energy absorbing function and the leak-tight 

closing function, 
a doubling of the leak-tight barriers, 
a limitation of the gamma and neutron dose rates at the outside of the inner 

and of the outer container, , , , 
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- a solution for remote filling and emptying of the product holder without the 
need for expensive and in most cases insufficient decontamination work. 

Specifications have been drafted m order to obtain basic data for the con
cept These specifications cover not only the product to be transported but al
so the package concept and the package components. 

The general specifications cover the nature of the product and some of its 
physical properties . the product will be m the form of powder, granules or ker
nels of Pu02 or mixed oxide {MO2), with a humidity content below 6 w/o, a Pu con
tent in the mixed oxide below 40 w/o, a density between 1.5 and 6.0 g/cm3, a heat 
generation limited to 20 W/kg Pu, and a thermal conductivity between 0.20.10"3 t ^ ^ ^ 
0.26.10"3 cal/sec cm°C. The quantity of Pu, transported per package is limited ^ ^ ^ B 
45 kg and the quantity of Pu per product holder is limited to 15 kg ^^^F 

The basic specifications for the package concept include amongst others 

- the conformity to the I.A.E.A. regulations, 

- an obligation to store at least one product holder containing 15 kg of Pu m 
any of the provided forms and as pure or as mixed oxide, 

- a limitation of the maximum allowable weight per length or height to 0.50 kgPu/cm , 
- a limitation of the maximum allowed heat generation per storage cavity length or 
height to 10 W/cm, 

- a limitation of the maximiim allowed temperature in the centre of the powder to 
550° C for normal transport conditions. 

Furthermore prescriptions are given concerning the package concept that will be 
composed in 3 main parts 

- an outer shell, capable of absorbing any damage resulting from different and 
successive I.A.E.A. tests, 

- an inner container, suitable to be used as a storage container, and build m 
such a way that manipulation of the full loaded inner container is possible, 
even in case of a complete destruction of the outer shell, 

- a transit can as product holder. 

Two leak-tight barriers have to be provided namely one barrier on the transit 
can and one barrier on the inner container. The outer dimensions will be limited 
to a length of 3 0 m and a height of 1.75 m, the package weight will not exceed 
3000 kg. 

The detailed specifications cover the package components The transit can 
will be constructed m stainless steel, leak-tightness will be obtained by means 
of a hollow metal gasket, the construction will resist to an inner pressure of 
40 kg/cm2 and an outer pressure of 20 kg/cm^. The opening and closing operations 
and the introduction in the inner container have to be possible by remote operations. 

The inner container will be constructed as a solid metal cask, equipped wit 
the required heat resisting and neutron thermalizmg and absorbing layer. Leak-
tight closing will be obtained by means of a hollow metal gasket. Opening and c. 
sing operations of the inner container and introducing and removing of the inner 
container m or out the outer shell must be feasible by remote operations Final
ly a sampling device has to be provided for sampling the inside of the inner con
tainer. 

The inner container will be protected by an outer shell. The latter will be 
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constructed as a metal cask, equipped with a heat and energy absorption layer. 
This heat and energy absorption layer will be made from high quality dry redwood 
parts, each of them covered with a fiberglass layer. Degassing plugs and lifting 
devices have to be provided on each separate part of the outer container. Opening 
and closing operations of the outer shell will be possible by remote handling. 

The proposed concept, called EuPuC II from European Plutonium Container is a 
package into which 2 new type transit cans can be loaded. It is normally trans
ported in the horizontal position. Such a container is shown on fig. n° 1. Each 
transit can is able to receive up to 15 kg of Pu in the form of oxide. The con
cept can be divided into 4 main parts : 

- the sealed powder bag as primary containment, 
- the transit can as first leak-tight barrier, 
- the inner container into which 2 transit cans can be loaded, 
- the outer container with its shock-absorbers. 

Each of these 4 main parts will be described in more detail hereafter. 

1) The sealed powder bag as primary containment 

The first idea of connecting the transit can onto a glove-box and to fill the 
powder directly into the can has not been maintained. Indeed no satisfactory pro
cess has been found for a quick, cheap and safe decontamination. An attempt has 
been made to maintain the concept of the plastic bag welding technique. 

The following solution is proposed : instead of filling the powder directly in
to the transit can, which is a rather expensive construction, the powder will be 
introduced into an inexpensive stainless steel "powder bag", provided with a fil
ling piece made from a thinwalled stainless steel tube (0.5 ram wall thickness). 
The thinwalled tube will be fixed onto a ring which can be connected in a leak-
tight way on a glove-box wall. 

The successive operations of connecting the powder bag onto the glove-box, 

filling the powder bag, welding and cutting the thinwalled tube, are shown on 

fig. 2. 

The whole unit "powder bag - filling piece - connecting ring" is installed below 
the filling station of the powder filling glove-box. The push-through lock in the 
bottom of the filling glove-box is closed by the remaining parts of the previous 
filling operation. The powder bag is now pushed into the push-through lock, during 
this operation the remaining parts of the previous operations are forced into the 
glove-box from where they can be evacuated as waste. As soon as the powder bag 
is in position, the powder filling operation can start. The amount of dust, set
ting on the inner wall of the filling tube, can be reduced by using concentric 
tubing, one for the powder supply and one for the air evacuation. After the pow
der filling operation, a part of the thinwalled filling tube will be mechanically 
compressed to a flat piece on which a resistance weld will be made on 3 places. 
The middle weld will then be cut, as it normally is done during bagging-in or 
bagging-out operations. 

Preliminary tests have shown the feasibility of the project. 

The closed powder bag has been tested up to 5 kg/cm*^. This value certainly 

can be increased by using the optimized welding parameters. 
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The closed powder bag can then be introduced in the transit can without a com
plicate and expensive decontamination operation. 

2) The transit can as the first leak-tight barrier 

The transit can forms the first leak-tight barrier. The can consists of a 
stainless steel container provided with a leak-tight cover and an energy absorbing 
cover to keep the inner load in position during transport. The required connec
ting devices are foreseen on the vessel itself and on the two covers for remote 
operations. The energy absorbing cover closes with a bayonet catch system and is 
held by a locking bolt. The transit can will be hermetically closed by means of 
the cover, a hollow metal gasket and fixing bolts. Two transit cans can be locj^^^ 
ted inside the inner container. ^^^H 

Transit cans with different internal diameters can be used depending upon the 
type of material to be transported (pure Pu02 or MO2). Transit cans with different 
dimensions may be present in one package. Fig. 1 shows the EuPuC II container with 
2 different transit cans, the smaller one for pure Pu02, the larger one for MO2. 

3) The inner container 

The inner container consists of a double-walled stainless steel vessel, an ener-
by absorbing cover and 2 successive leak-tight covers. 

The double wall is filled with a sandwich composed of a first 0.5 mm thick cad
mium layer, a 50 mm thick graphite layer and a second 0.5 mm thick cadmium layer. 
The sandwich is foreseen for heat transmission, neutron moderation and capturing. 
The energy absorbing cover closes with a bayonet catch system. A spring loaded 
pushing device is provided for pressing the transit cans against each other and 
against the bottom of the inner container and for linear expansion of the transit 
cans. A first leak-tight barrier is formed by the inner cover closing hermetical
ly by means of a hollow metallic 0-ring and bolts. Atmosphere sampling in the in
ner container can be performed through a tube with a metal gasket and a plug, 
mounted in the cover. A verification of the leak-tightness of the closed inner 
container can be performed by means of a second cover with metal gasket and bolts 
and also equipped with a sampling tube. Once the leak-tightness of the inner con
tainer and the first cover are verified and found as prescribed, this second cover 
can be used as an energy transmitting system to the outer container. The first 
leak-tight closing cover is provided with the same sandwich as foreseen in the 
double wall of the inner container. 

4) The outer container 

The outer container consists of a double-walled stainless steel vessel with a 
bottom. It is closed on one side by means of a removable cover and equipped with 
a shock-absorber on both ends and with a pair of supporting skis. The double wall 
of the outer container and the cover is filled with a layer of redwood as energ^^B 
absorbing material and as a thermal insulation of the inner container against f^^| 
damage. Solar radiation is reflected by a highly reflecting outer skin. All p o ^ ^ 
sible damage, resulting from standard I.A.E.A. tests for type B(U) package, name
ly a drop from a height of 9 m, followed by a fire during 1/2 h at 800° C (1 h is 
taken into account), will be limited to the shock-absorbers and the layer of red
wood in the outer container. Lifting of the container or of a shock-absorber 
can be accomplished by means of the provided eye-screws. 
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Calculations concerning impact, mechanical test, heat transfer, criticality 
safety and dose rates have been performed for the proposed design and have shown 
that such a package meets the I.A.E.A. regulations. 

rir 

^^^na 

Three different impact possibilities namely side-on, corner and end-on im
pact have been studied. The redwood m the shock-absorbers will be deformed over 
a thickness of 40 mm m case of the side-on impact The stress in the outer metal
lic cask has been verified by means of the STABtDYNE computing model; for a weight 
of 21238 N of the package the highest stress obtained m the outer metal cask is 
266 N/mm2 for a bow of 3 mm. The corner-impact can be divided into 2 impacts, 
first a corner impact followed by a side-on impact with a rotation speed equal to 

e initial speed at the moment of the first shock. In the first phase the red-
d of the shock-absorber is deformed over a thickness of 80 mm, in the second 

ase a redwood deformation of 41 mm is obtained. For the end-on impact special 
parts in the form of a crown are provided at both shock-absorbers, for a given de
celeration of 100 g one obtains a deformed redwood height of 143 mm. 

In case of the mechanical test calculations give a redwood penetration of 
32 mm when the presence of the metal cask is omitted, one may estimate the real 
deformation comparable to the metal cask thickness. 

Heat transfer calculations have been performed to define the temperature m 
the different layers of the package for a case as defined by the I.A.E.A. regula
tions for a type B package and for a heat output of 20 W/kg Pu. For an outside 
temperature of the package of 50° C the following temperatures have been calcula
ted by a simplified evaluation and by the finite element calculations. 

Temperature distribution m the container 

Package components 

Outer surface 
Inner redwood wall 
Outer graphite wall 
Inner graphite wall 
Outer transit can wall 
Axis of Pu powder 

Simplified 

evaluation 
°C 

50 
86 
122 
122 
209 
341 

(1) evaluated, using a linear energy release. 
account the reduced inner exchange surfac 

°C Finite element calculations | 

Top 

49 
84 
95 
95 
127 (1 

259 

Side 

50 
86 
96 
96 
127 (1) 
259 

properly increased to t 

e of the inner containei 

Bottom 

49 
98 
98 
98 
127 (1 

259 

-ake into 

Criticality safety calculations have been performed with regard to the I.A.E.A. 
regulations, giving the specific provisions to fissile class II packages for an 
individual package, considered as isolated, and for one or more packages The 
imputing codes NUSYS and DIXY, set up by Kernforschungszentrum Karlsruhe, have 

en used for these calculations. 

A load of 15 kg Pu in the form of Pu02 is considered per powder bag. The Pii 
has a fissile isotopic composition of 90 w/o, contains 6 w/o of water and has a 
density of 4.5 g/cm3 

Assumptions have been made for one or more isolated bags. 

In the case of an isolated bag, surrounded by a reflecting water screen of 
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50 cm, one obtains a keff = 0.703. If a group of 3 Pu powder bags is considered 
standing upright in water in such a way that an equilateral triangle is formed, a 
maximum kpff of 0.944 is obtained. If the bags are placed one against each other 
in air the keff decreases to 0.24. 

Assumptions have been made for an Infinite number of undamaged packages. 

If an infinite number of undamaged packages, each loaded with 2 x 15 kg Pu as 
Pu02, are stacked together and a radial water reflection of 6 cm and an axial one 
of 30 cm is considered, a k^ff = 0.33 is obtained. 

Furthermore several assumptions have been made for damaged packages. 

If a waterleak into the transit can is assumed a keff = 0.67 is obtained, 
furthermore an axial volume reduction, equal to 7% of the inner container, is as
sumed a kpff = 0.71 is obtained (corresponding to a kpff increase of 0.04). If 
finally a variation of the water density is assumed from 1 to 0.15 g/cm3 a kpff = 
0.49 is obtained. 

Increasing the thickness of the waterlayer between packages from 6 to 24 cm 
does not affect the keff value. 

Remark 

The multiplication factor has also been computed for packages in which each 
primary powder containment bag has been filled with 22.4 kg instead of 15 kg Pu in 
U02 + 40 w/o Pu02 kernels at a density of 9.0 g/cm3. A keff = 0.66 has been ob
tained. 

Conclusion 

These calculations show that an infinite number of packages remains largely 
sub-critical in normal and accidental conditions. 

Dose rate calculations have been performed on the base of a BN calculation 
model. Gamma and neutron emissions out of the EuPuC II package have been defined. 
These calculations demonstrate that for a load of Pu from LWR origin, the dose 
rate at the surface of the package is lower than 35 mrem/h or 350 jaSv/h. At 1 
meter of the package, the dose rate is reduced to 5 mrem/h or 50 /jSv/h. 

The dose rate emitted by the naked inner container is lower than 80 mrem/h 
or 800 laSv/h at the surface and 12 mrem/h or 120 juSv/h at 1 m of the container. 

A general conclusion may be drawn from the results of these calculations : 
the EuPuC II package fulfills the standard I.A.E.A. regulations. 
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DISCUSSION 

Question by J. A. Andersen, USA: The design work is most Inter
esting and appears to be very appropriate. What now are the plans 
for fabricating and testing the EuPuC II package, what might be its 
cost, and will there be a design drawing published in the proceedings? 

Answer: The CEC contract no. 041-78-12-RPu-B between the Com
mission of the European Communities and BELGONUCLEAIRE-TRANSNUBEL 
concerns only the elaboration of specifications and preliminary de-

•

n for a transport package for large Pu quantities. The contract 
s not include any further development in the field of fabrication 
tests. However, we hope that a follow-up of this primary design 

will be possible in the future. The cost of such a package, fabricated 
in a series of 5 pieces is estimated at $ 80,00.00. The paper includes 
a design drawing. 
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storage of Spent Fuel in Transport/Storage casks 
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1. Introduction 

Of the various ad-reactor (AR) and away-from-reactor (AFR) 
storage techniques which have been studied the intermediate 
storage in type B casks seems to be an interesting and viable 
solution to the problem. 

The casks in such intermediate storage system have equally 
transport and storage functions. Therefore, they obviously 
must fulfil the IAEA-regulations as type B transport casks. 
In addition, however, they have to ensure safe storage of 
spent fuel and to maintain their integrity under long-term 
conditions. This requires inherently safe casks without fragil* 
auxiliary systems, but requires also their adaptation to 
specific storage conditions. 

For more than \0 years Transnuklear and its foreign partner 
companies have strictly followed the line of inherently 
safe "dry" transport casks filled with gas or air and operating 
with the passive cooling system, i.e. heat dissipation by 
natural air convection. These casks have been successfully 
operated for the shipment of spent fuel from European nuclear 
power plants. The new generation of forged steel casks type 
TN 12 and TN 17, 39 of which are actually ready for operation, 
in production or on order, will be used for shipments of 
European and Japanese fuel elements to the COGEMA reprocessing 
plant at La Hague. 

2. Transport/Storage Cask TN 1300 

Based upon the experience gained by development and operation 

•

of its casks, Transnuklear has designed a series of casks 
especially dedicated to medium and long-term storage of various 
types of spent fuel. The dimensions of these casks were chosen 
in such a way as to ensure maximum compatibility with the TN 12 
and TN 17 transport casks and exchangeability of single 
components, if possible. 
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The largest of this group of casks, the TN 1300, is designed 
for transport and storage of spent fuel elements from the 
1300 ilW class of light water reactors. It has a maxinum 
capacity of 12 PWR and 33 BWR fuel elements, respectively. 
The maximum heat dissipation (by natural convection) amounts 
to about 50 kW corresponding to a cooling oeriod of 1,5 to 
2,4 years for the fuel elements. This range is a compromise 
of different parameters. 

Principle dimensions of the packaging are given in figure 1. 
The weight of the laden cask in transport and storage 
conditions is about 115 t. 

The cask is ouilt as follows 

- The cask body is made of ductile cast iron (German standard 
GGG 40.3) with cast fins. 

- The cylindrical cavity is completely covered oy a stainless 
steel liner, 8 mm thick. 

- The cask comprises a double lid system with a shielding lid 
(inside) and a sealing lid (outside). Both lids are equipped 
with metal double 0-ring sealings with extremely low leak 
rates of 10-8 to 10-9 mbar x 1/sec. Those metal sealings 
remain fully functional even under impact conditions. 

This high quality sealing system together with an under
pressure of about 0.5 bar in the cavity insures safe and 
tight containment of the radioactive content over an 
extended period of time. There will be no activity release. 
It goes without saying that the lids can be equipoed with 
Viton 0-rings under transport conditions. 

- Much emphasis is put on containment control and repetative 
testing. Therefore all sealings are, as iientioned oefore, 
of the netal douole-O-ring type and can oe terted independently 
from the cavity and in addition to interspace testing between 
barriers. These tests can be performed by means of different 
methods . 

The orifice connections through which the container is filled 
or emptied, pass through the shielding lid and are protected 
and sealed independently. One of those tubes leads through 
the basket to the lowest point of the cask. This design 
avoids any passage through the cask body and thus contribute^B 
to safety and low cost production. ^ H 

The shielding of cast nodular iron/hydrogeneous material test 
models was measured. Californium 252 v,as used as a neutron 
source as its spectrum is conparaole to the neutron source of 
the irradiated fuel. Based upon those test results oositions 
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and dimensions of the incapsulated neutron shielding were 
designed between the fins, at the cask base and on top of 
the shielding lid. Thus the cask body kept its full integrity 
(fig. 2 ) . 
The container is so designed that the total dose rate 
(gamma and neutrons) at the surface does not exceed 20 mrem/h, 
with the neutron dose rate less than 10 mrem/h. 

The TN 12 basket will be used for short cooled fuel. This 
basket consists of 4 x 3 segments of an aluminium stainless 
steel structure. CUB4C sintered plates serve as neutron 
poi son. 

A simplified basket of boronated stainless steel is being 
developed for longer cooled fuel. 

The choice of different baskets always allow storage of fuel 
at a maximum fuel rod temperature of less than 400°C, a value 
which is generally considered tolerable. Recently new test 
programs were initiated in the US and in the Federal Republic 
of Germany in order to gain additional data about the 
maximum allowable temperature and the long term behaviour of 
spent fuel or rods. 

3, Manufacturing J 

The first TN 1300 was cast Hay 31st, 1980 at Thyssen-GieBerei AG • 
in Mijl heim/Ruhr. The cask body was removed from the mould after 
3 weeks and was ready for quality control after another 2 weeks. • 
The quality control tests which were performed in close 
cooperation with TOV and BAM gave very good results for mechanical 

. properties and integrity of the casting of body and fins. This is, 
among others, due to the fact that the cask body was produced by 

. means of a novel casting technique which results in above-
standard properties normally only reached with thin walled castings. 

4.- Licensing 

Two 1:3 cask models and several normal size test pieces were 
. i produced for the type B tests. These cask models had to undergo J 

a series of type B qualification tests under BAM surveillance. 
In addition to normal drop tests the casks were drop-tested at 
minus 40°C and with an artificially damaged wall, namely with 
a cut of 1/3 of the wall thickness. These qualification tests 
and all quality control investigations were successful and were 
confirmed by a BAM-letter of November 5, 1980. 

The firetest will be performed soon. We know, however, from the 
development of the TN 12/TN 17 that a steel cask heats very 
slowly due to its high heat capacity. The transient computer 
calculations which have been performed for the TN 1300 therefore 

m 



show satisfactory results in case of Viton sealings and very 
good results in case of metal sealings with which the TN 1300 
will be equipped. Thus we are confident that the TN 1300 will 
be Type B(U) licensed. 

Additional calculations and tests for demonstration of 
compliance with storage requirements are presently under way. 

Range of application 

The TN 1300 is the first and largest type of a group of casks 
which have been designed to meet specific requirements given 
by the type of fuel and/or reactor handling limitations. 
The TN 900 for reactors of the 600 - 900 Megawatt class and 
the TN 300 for nuclear power plants up to 300 Megawatt are 
being developed. The basic design of the TN 1300 is scaled down 
to these smaller versions without principle design modifications 
and with a minimum of additional licensing effort (fig. 3 ) . 

The application of the incapsulated demountable and replaceable 
neutron shielding between the fins also allows an optimal 
adaptation of the cask to the storage of uranium/plutonium 
mixed oxi de fuel. 

The basic cask concept which allows short production time and 
efficient low cost machining leads to a delivery time of only 
6 to 8 months per cask. 
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DISCUSSION 

Question by B. Voqel, FR Germany: Are there such things as 
flawless castings? Is this rejection of the term"flawless" not also 
valid for competitive materials? 

Answer: I am of the opinion that the term "flawless" may be used 
but I would like to add that this is "flawlessness" only m the sense 
of the given specifications. When, for example, we have defined a 
flaw m a component as a value which is greater than the permissible 
value, then the component can be considered "flawless", when the es
tablished material value is less than the permissible maximum valuj^^^ 

Question by B. Balmer, Switzerland: In the case of type TN-13^^F 
casks, IS the neutron shielding fixed to the outside? If a serious 
fire occurs, there could be loss of shielding. In such an event, 
how will the surface dose rate be influenced? 

Answer: In order to establish how much loss of shielding would 
occur m the event of fire, we will carry out relevant tests. Pre
vious experience with TN casks leads us to expect that part of the 
shielding will remain intact. Ifwe, however, assume that in the case 
of unfavourable conditions, there is total loss of neutron shielding, 
then the total dose rate which is designed at 20 mrem/h will be in
creased by a factor of 5. This is well below the factor of lOO al
lowed by the IAEA in the case of incidents. 

Question by M. Komurka, Austria: What would be the cost of 
storage of spent fuel elements in such casks as TN12 or TN17 in com
parison to wet storage? 

Answer: Based upon publications of a IAEA meeting in Madrid 
in 1978 and data from the INFCE subgroup 6, we determined that cask 
storage which we expect to cost about 300 DM/kgU would be cheaper 
than wet storage and most probably also cheaper than dry storage. 
Since there is, however, a remarkable depression m specific invest
ment cost for wet and dry storage facilities of higher capacities, 
the cost advantages of cask storage may be limited to storage capa
cities of up to 1000 tU. 

In the US, however, where less stringent safety requirements 
(no air crash for instance) than m Europe and particularly in Germany 
are applied, wet and dry storage shows much lower specific investment 
costs, and today a cost advantage of cask storage does not exist. 
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LONG-TERM STORAGE BEHAVIOUR OF 
SPENT LWR-FUEL 

M.Peehs, G.Kaspar, W.Jung, F.Schlemmer 
KRAFTVIERK UNION AKTIENGESELLSCHAFT 
P.O. Box 3220, D-8520 Erlangen/FRG 

^^^TRACT 

Theoretical estimation indicated that no systematic failure 
should occur under wet storage of spent fuel. The theoretical re
sults are confirmed by the results of the experimental investiga
tion of the storage behaviour of spent fuel at the KVO-pool. The 
fission product release from defective spent fuel rods is mostly 
related to Cs isotopes Cs-13^ and Cs-137. The release approaches 
zero when the Cs-concentration approaches certain equilibrium va
lues. The effective G(H2) value for theP/^-radiolysis of storage 
pool water by a spent fuel assembly is lower than 10"3 Kp mole
cules/100 eV. Thus the H2 production in a spent fuel pool is very . 
low. 

Theoretical investigations of spent fuel behaviour under dry 
- storage conditions show that hoop strain due to fuel rod internal , 
• pressure is the insertion temperatures limiting process. Experimenlls 
are performed with non-fueled cladding samples to look for other 
possible degradation mechanismes. Also storage experiments with 
complete fuel bundles and with single rods are initiated to assess 
the results from the theoretical study. .1' 

-' 1. INDRODUCTION 

The management of the backend of the fuel oycle starts with 
the interim storage in the nuclear power plant. There'̂ fter' the 
spent fuel assemblies are transported in special fuel shipping 
casks for subsequent processing and/or storage. Before further 
processing in the fuel reprocessing plant the fuel assemblies are 
stored in the receiving store which serves also as a buffer store 

' between delivery and further processing. If suitable size, the 
> receiving store may also serve as an interim store for longer-term 

fuel storage. The same results can be obtained when there is an ade-
_quate interim storage capacity outside the fuel reprocessing plant. 

^Bbree concepts of away from reactor storage (AFR) are pursued world-
^^Hde: wet storage in large spent fuel pools, dry storage in caskes 
^^md dry storage in large storages facilities. 

The interim storage of fuel assemblies can extend over periods 
of 20 years and more. An effort must be made to prove the integrity 
of the fuel assemblies and their proper handling capability through
out the storage period and during the discharge of the fuel assem
blies from the storage position and the transfer to the fuel repro-
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cessing plant as well. The following contribution is to provide a 
suiamary of the most essential results of this R+D-work. 

THE L0NG-TII:E ST0R.\GE BE.W1.VIOUR OF SPENT FUEL ASSEI>IBLISS 
UIJDEn. iffiT STORAGE CONDITIONS 

Estimate of the Long-Time Storage Behaviour of Spent Fuel 
Assemblies on the Basis of Available Material Data 

Liie 

The uost severe mechanical stress imposed on cladding tubes 
during Irng-tiiae storage results from the internal pressure of the_ 
fuel rods. The very conservative estimate of the internal pressu:̂  
in case of a pressurized water reactor as related to an average 
bundle burnup of 37 ir.'.'d/kgU has a result of 100 bar. 50 bar are 
resulting in case of a boiling vrater reactor vith equivalent con
ditions. A fuel rod for pressurized water reectors has been taken 
as a basis for the follov/ing reflection, with an internal pressui'e 
of the fuel rod of 120 bar rt operating temperature. This gives an 
internal pressure under storage conditions of appi'oximately 63 bar, p 
corresponding to a tangential stress in the cladding tube of 43 N/mm . 
The S'o 2 strength amounts to 440 N/mm , thus yielding a tenfold safe
ty margin of the internal pressure stress as compared to the design 
limit. Creep processes at temperatures of 40 °C and the stresses 
stated before can practically be ruled out. 

The average hydrogen concentration ot the end of the operating 
period as conservatively calculated by the fuel rod design at 2;0 ppn 
I 1_7» Kmpiric3l values which lie at 30 to ''50 ppm are distinctly be-
low~this value. If tlie -̂ uel rod is cooled do\m to approximately 40 °C 
after the end of operating, most of the hydrogen '..C-ich was adsorbed 
by the cladding tube is precipitated in the form of finely dispersed 
hĵ dride precipitates, Into~rity-controlling properties of the clad
ding such as yield stress, i-upture stress, uniforn elongation :ind 
elongation at rupture however, depend on the hydrogen conte;it of the 
Zircaloy cladding tube. Yield stress and rupture stress fre increased, 
the ductility decreapes r̂ ue to hydrogen absorption. The lon^-time sto
rage tei.iperptur-c of ^0 OQ lies belov; the ductile/brittle tr?nsition 
temperature for hydrided Zirconium, i.e. in this case the cladding 
tubes can witas Lrnd elastic def orn-'̂ tions up to the raised yields 
strc's, ';ut only negligible plrstic deformations. However, plastic 
deform.atlon does not occur durin~ handling of fuel asserab-lies since 
boi/ing is not possible due to guidance of the fuel rods by the fuel 
assembly -.keleton. Therefore the hydrogen absorption in the clad
ding tube shoulo not exert any negative influence on the handling 
and storage capacity of the fuel assemblies. As mentioned befo^'e, 
the hydrogen is contained in the cladding tube as a finely di.spersed 
and axislly uniform precipitate. The formation of so-ca^"ed hy^rice_ 
pits by an 0ss\,'"ldt ripening process cannot be e""peoterl st '-'' ^Z 
Due to the snail heatin^-up r^ngc of the coolant -."'ter in the stol 
rage pool 0 redistribution of the hydrogen by the-'Li>l diffusion CL? 
be ruled out. The root of the average displacement square after 
period of I? ye".rs rmount to ?.3 en. 

The corrosion behaviour of Zirconiua alloys in pressurized wa
ter and in water vapour has been sufficiently Imown for temperatures 
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above 200 C. Comparative investigations at other temperatures show 
that the temperature dependence of the corrosion rate complies with 
an Arrhenius law in the linear post-transition corrosion area. If 
the corrosion under storage conditions is compared with the corro
sion under operating conditions [_ 2_7, the result shov/s that the 
corrosion rate in the pool water is by 10"'"-' inferior to the value 
at operating temperature in the reactor, i.e. the corrosion pheno
mena of a fullpower day correspond to those which may occur over a 
period of 27 million storage years. This allows the conclusion that 
Zircaloy is practically immune against oxidative attack by water 
under long-time storage conditions. The structural parts of the 
^uel assemblies consist of Inconel and austenitic steels. It must 
^^pointed out in this context that in the Federal Republic of 
^Prmany only niobium-stabilized austenic steels are used. Stress 
xorrosion phenomena due to different carbon activity [_ ~ij can 
therefore be ruled out. Electrochemical corrosion attacks are pre
vented by suitable control of the storage pool water quality. The 
correctness of this reflection can be inferred from the inspection 
of high-grade steel component parts which were exposed to the ope
rating conditions mentioned above in various reactor spent fuel 
pools for a period of 10 years and longer. Any degradation of the ^ 
component parts could be observed in no case. 

2.2 Long-Time Storage Tests for Experimental Confirmation of 
the Positive Long-Time Storage Properties to be Expected 

Relatively little systematically recorded long-time storage 
experience is available at present with regard to spent fuel assem
blies for light water reactors with typical target irradiation. The 
performance of a fuel-rod storage tost in the fuel pool was initia
ted in the Obrigheim nuclear power plant in 1977 in order to gain a 
broader data basis. For storage 18 intact and 10 defective fuel rods 
were selected from four fuel assemblies of the Obrigheim plant with 
different levels of burn-up. The condition of these fuel rods is 
being documented over a three year period. Fig.1 shows an overview 
of the status of this storage test. Eddy cui'rent examinations, di
mensional measurement and measurements of oxide layer thic]"ne'!«̂  
are carried out and evaluated to characterize the original condi
tions and any change during storage. A detailed visual inspection 
by television camera and documentation of the takes by video tapes 
are performed in addition. New defect signals on the fuel rods in
vestigated could not be detected by means of eddy current examina
tions. This applies to Intact as well as to defective rods in the 
test program. The average fuel rod diameter did not change within 
the scope of measuring accuracy. An exact comparison within the 
program did not show an essential change in the defects over the 
_storage period under observation. Therefore the investigations per-

^^^rmed emphasize in an impressive way the long-term storage stabi-
^^Hty of fuel assemblies foi' light water reactors. The investigations 
^^^11 be continued. 

2,3 Investigation of Activity Release from Defective Fuel Rods 

In the case of intermediate storage it must be assumed that 
even fuel assemblies with operational cladding defects are stored. 
Fission products are released by defective fuel assemblies during 
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the storage period. Therefore it becomes necessary to investigate 
the fission product release of individual defective fuel rods. It 
is especially desirable in this context to clarify the dependence 
of the release rate on time, the environmental activity, tempera
ture, age, and the type of damage of the defective fuel rod. 

Fig. 2 and 3 show the tesb results which were obtained until 
now. Primarily the investigations confirm the experience gained 
during storage in the reactor storage pool i.e. that the activity 
01 the pool water depends nearly complete on the fission isotopes 
Cesium 134 and 137. The activity contribution of all other fissioo^ 
products can practically be neglected. The measurements on two di^H 
ferent defective rods show common characteristic features, A rela^B 
tively high activity release rate arises at the beginning of the 
test, which approaches zero after some time. This means that the 
total activity in the capsule water first increases steeply and 
then approaches an asymtotic limit value. The activity limit con
centrations in the capsule water resulting in this context are the 
same for both test fuel rods. The time pattern of the activity re
lease is dif"eront in both tests. This result underlines the influ
ence of the t̂ Tpe of defect and possibly also of the location of de
fects. Fig, 3 illustrates ilie results of tests during which inactive 
esiun n'as added to the cpsule water at th.e beginning of the test. 

The results sho\; dictinctl/ that the equilibrium conceuti-c-tion of 
the Cestiim activity is determined by the total content of Cesium in 
the capsule vrater. This allows the conclusion that ê ĉhange mecha
nisms play a certain part in the activity release from defective 
fuel rods bosindo other mechansims. It can be recognized as well 
that the activity release of individual and defective fuel rods 
v/hich stand in r>. spent fuel pool cannot be regarded independently 
of each other. It is also interesting in this context that the acti
vity release rate depends on the activity concentration in the sour-
rounding water. The investigations show that an analysis of the re
lease mechanisms from data measured at the reactor fuel pool where 
several defective fuel rods are possibly present, is extremely dif
ficult and nay even lead to misinterpretations. 

2,4 Investigation of the Pool Water Radiolysis with Wet Storage 
of Irradiated Fuel Assemblies 

The question of hydrogen formation due to the radiolysis of the 
water plays an important part for the design of a wet storage faci
lity as a v;hole as well as for spent fuel pools and shipping casks. 
The value to be taken as a basis for hydrogen formation according 
to the guidelines of the RSK for pressurized water reactors is con
sidered as excessive. Therefore orienting tests with an irradiate'^ 
fuel assembly in the spent fuel pool were carried out in the Obri 
helm nuclear powei' plant, A fuel assembly with an average cluster 
irradiation of 30 î v'd/kg and with an burnup increase in the last 
cycle of 10,3 H/d/kgU was selected for this purpose. The investi
gations resulted in an upper estimate of the G(H2) value. This va
lue is GCHO) ^ 10-5 H, molecules per 100 eV. This refers to the hy
drogen quantity released from the water and contains the real test 
parameters used in the enieriment, such as gas/water ratio, test 
geometry, pK value of the water, content of typical additives of 
the water, v/ater temperature, system pressure, and radiation spec-
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tnim. Therefore the measured value only applies to n t Hg-produc-
tion from a spent fuel bundle In wet storage. 

3. STUDIES CONCERNING THE BEHAVIOUR OF SPETJT FUEL ASSEMBLIES 
UNDEli DRY STORAGE CONDITIONS 

3.1 Estimate of the Long-Time Storage Behaviour of Spent Fuel 
Assemblies on the Basis of Present Material Data 

^ ^ H Comparable to the objective of the studies of fuel assembly 
^Binaviour under wet storage conditions, the objective of the stu
dies conducted was to identify and to evaluate mechanisms endange
ring the integrity. Starting from the condition on the light-water 
reactor fuel assemblies after discharge from the reactor, the fol
lowing mechanisms are potentially endangering the integrity under 
dry storage conditions: corrosion of the cladding tubes inside and 
outside, hydrogen pickup, crack propagation and creep deformation 
due to internal pressure. Here, too, considerations are based on 
a PVfR prepressurized fuel rod, because in this case the higher 
stresses under dry storage conditions are to be e;rpected in compa
rison to B'./R-fuel rods. All studies are based parametrically on 
the two temperature/time-patterns during dry storage, because the , 
assessment of the idividual mechanisms under isothermal conditions 
would be too conservative. 

With the anticipated dry-storage concept the fuel assemblies 
area sourrounded by air or by an inert gas. The determination of , ' 
the maximum possible outside corrosion has I'een based on the 
oxidation kinetics of Zircaloy in water steam. Expecting the so-cal
led "post-transition"-oxidation rate of Zircaloy in water vapour ,n 
based on the temperature/time pattern shown in Figure 4, the wall 
thickness reductions shovm in Fig. 5 as a function of the insertion 
temperature can be er^iected. Consequently the oxidative outer corro
sion should by no means be a factor which limits ̂ the temperature in 
case of dry storage. 

To assess corrosion from the inside, we can assume that all 
fission products having exhalated the fuel during operation have 
reached their chemical equilibrium state. Further reaction is not 
possible during storage. The low average temperature of the fuel 
under storage conditions compared with the temperature under reac-

^ ^ r conditions precludes a further fission cxhalotion. Consequently 
^^Misiderable damage to the cladding from inside may not be e>cpected 
^^PFen under dry storage conditions. This is true especially for 

iodine, which initiates stress corrosion. To corroborate this 
statement a long-term experimental program has been started (table 1), 
dealing with the different influence parameters such as material 
state, surface finish, oxidation condition and degree of hydriding. 
Within the framework of this e>'perimental work no damage to the 
specimens inserted could be proved for the periods of more than 
one years available at present. 
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The hydrogen displacement caused by thermodiffusion is unpro-
blematic even under dry storage conditions, although the average 
temperatures Te higher and the expected temperature gradients are 
greater than at wet storage. Figure 6 shows the estimate of the ma
ximum local concentration of hydrogen by thermodiffusion in a Zir
caloy cladding tube after 20 years at constant storage tenpei-ature. 
The allov/able concentration of 500 ppm hydrogen is based in K'l.TJ's 
erqjerience thft integrity and handling capability of fuel assem
blies is ensured. The results show that thermodiffusion causes no 
problems in dry storage of spent LV/It-fuel. 

p ^ ^ 

Fig. 7 shows the result of an estimate of the maximum craci' 
length after 20 years of dry storage of Zircaloy cladding assumir' 
that the cracks at the beginning of the storage period have a dep 
of 50/um and the critical stress intensitjr value is very low. This 
assumption, however, is extremely conservative, because the evalu
ation of the performance of fuel assemlilies has shown that such 
cracks inititated by power ramp will lead to fuel assembly defects 
within a relativelj' short time. Thus, fuel rods, which were still 
intact at the end of operation shoulcl have no cracks ^t all or much 
smaller cracks than anticipated. The described results showi that 
the crack problem is only of importance for initial storage tempe
ratures above 350 OC if at ell, if however Kj-values of Cubicciotti 
or Smith are taken into consideration, the cracb propagation mecha
nism under drj' storage conditions should not be any problem. 

The stress <3 i i , £• ) resulting from the internal fuel rod pres
sure depends on the instantaneous temperature and slightly on the 
diameter increase that ' as already taken place. M l known creep 
laws having the form £ (T, S*, t) resulted from experiments under 
temporally constant stress. For their application in this context 
the creep curve must be divided into time periods of approximately 
constant stress; the creep over such s time period is determined by 
the follo\iflng equation: , 

AE = E(T(y,t*/it)-E(T,er,-i) 

This procec'ure is perLissible, as repeated primary creep is not to 
be expected with the stress falling over time. 

The results of this calculation on the basis of two different 
creep l=iv's are shov/n in Figs. 8 and 9. Consequently- the circunfe-
rential creep expansion of t>ie cladding tu'jes r-t rn internel pres
sure at t.ie beginning of storage of "0? b.-r (refeî ence v?3ue '"ela
ted to 350 °C) rcnains 'rclow '' ,J, if the initial storage temperature 
is limited to Ôi"̂  ̂ C; this corresponds to a decy ti-..ie of about one_ 
year. The t"tal time in dry storage is of less importance for thai 
integ'.'-al creep deformation, because the creep rate gets negligibl^ 
after one year. 

Evaluating the results on creep deformation one must consider 
th't the car.culations are based on a experimental data base gained 
from out-of-pile creep investigation. The material st-'te of the 
Zry-cladding is changed during reactor operation. A better analysis 
could be done if creep data on post-pile creep would be available. 
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Because of the lack of those data, the maximum allowable fuel rod 
temperature has to be reduced by an adequate safety margin. Thus 
temperatures in the range of 350 - 370 '-'C should be reliable. 

3.2 Experimental Work to Confirm the Positiv Long Term Dry 
Storage 

A fully instrumented KWO fuel bundle will be stored for 1 to 
1.5 years under dry conditions to demonstrate the overall storage 
_performance and to confirm the predicted temperature limits for the 

^Hhcy storage insertion temperature. This experiments includes also 
^^Bcareful pre- and post-experimental characterization of the test 
^^Kindle, In order to complete and to assure the results from the 

integral storage experiment additional experiments will be perfor
med with single rods: 

- experimental study of the post-pile creep behaviour of irra
diated Zry-cladding 

- experimental study of the steady state fission product release 
from operational defected fuel rods under dry storage condi
tions 

- experimental study of the transient fission product release 
during defection in the dry storage. 

The evaluation of this experimental vrork v/ill assess the result of 
the theoretical v/ork already performed. In parallel to this more or 
less basic research demonstration test storages will be performed 
using C.'-STOK /~4 / shipping and storage caskes. The first demon
stration test~wi^h B\/R fuel assemblies from the WUrgassen reactor 
will already start in December 1980. 

4. CONCLUSIONS , .:' ' ' ' ' 

In wet storage the fuel assemblies pre stored under water at 
a temperature of 40 °C, The internal pressure load of the cladding 
tubes is only 10 !?i of the yield point. Cladding tube v/eakening due 
to corrosion may be practically precluded as well as the corrosion 
of the structural components of the fuel assembly which are made 
from high-grade steel and Inconel. The cladding tube loads arising 
during the handling of spent fuel assemblies -ilso present no pro
blems for Zircaloy aged during operation. The micro- and macro-dis
tribution of the hydrogen in the fuel rods is adequately stable. 
ihe long-tei'm storage experience available to date underlines the 
Ivourable storage behaviour of LwT. fuel assemblies which may be 
Ftrapolated from the material behaviour. 

A storage experiment has started in the Obrigheiu! nuclear 
power plant reactor to systematically determine the fuel assembly 
storage behaviour under wet storage conditions. ''8 intact and 
10 defective fuel rods from Obrigheim fuel assemblies with diffe
rent levels of burnup v.'ere selected for storage. The first measu
rements \/ithin the scope of the storage experiments were performed 
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in December 1977. It v/as partially possible to compare them with 
earlier results gained v/ith other aspects in mind. The eddy current 
test produced no nev/ defect indications in the intact and defective 
fuel rods. The average fuel rod diameter remained unchanged v/ithin 
the scope of measuring accuracy. The visible cladding tube damage 
showed no essential changes as far as it was possible to see from 
TV-recording. A further examination of the stored fuel rods will 
be done in 1980. The examinations v/ill be supplemented by measuring 
the oxide coating thickness. 

Experiments v/ere perfonned to determine the activity releas^^^k 
form operational defective Llffi-fuel rods during storage. The <̂̂ '̂ ^̂ P̂ 
vitj' released originated almost completely from Cs-134 and Cs-137^^^ 
The release rate depends first and foremost on the degree of clad
ding tube damage. The release rate of activity approaches to zero 
after s certain time. Total leaching my be affected by changing 
the ambient concentration of the fission products in the pool water. 
Further experiments are necessary for a better understanding of the 
mechanismes of fission products release. 

Experiments were performed in the spent fuel pool of the Obrig
heim nuclear pov/er plant to measure the form?tion of hydrogen due 
to (i/)r -radiolysis by a spent fuel assembly during wet storage. The 
test device was not the best possible due to the restrictions at 
the test site. Thus it is only possible to give an upper limit 
value for hydrogen formation, i.e. G(H2) ̂  10-3 H2 molecules/100 eV, 
as a first test result. Nevertheless, this serves to emphasis that 
the official G(H2) value is too high for its use to claculate H2-ge-
neration during wet storage of spent fuel. 

The following mechanisms potentially endangering the integrity 
of fuel bundles during dry storage v/ere considered in the estima
tion for periods up to 20 years long: corrosion of the Zircaloy 
cladding tubes from the outside and from the inside, n2-absorption 
and thermal diffusion, stress corrosion cracking, cracR propagation 
and creep deformation under internal pressure. For dry storage the 
insertion temperature limiting mechanisms is first and foremost the 
creep deformation of the cladding tubes as a result of their in
ternal pressure. If one calculates assiiming realistically decreasing 
storage temperatures, the insertion temperature should be in the range 
of 350 - 370 OC. 

Long-term tests are being performed on unfueled cladding tube 
conditions at 100 °C and 300 ^C and internal pressure loading. T 
specihiens have different iodine concentration. Some of the sped 
were additionally hydrogenated. Test periods up to 1500 days are 
envisaged. The specimens ei'-e helium leak-tested to check for fai
lure after various test periods. After 400 days no defect occured. 
Storage e--periments with complete spent fuel bundles and with single 
rods will assess tlie results of the theoretical studies performed. 
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DISCUSSION 

Question by W. Heudorfer, FR Germany: Due to the use of fuel 
elements in the nuclear reactor, the pellets show a certain gram 
size distribution. Is this gram size distribution changed by storage? 
Are measurements carried out? 

Answer: In the dry storage conditions expected the fuel does 
not affect the intact fuel rods. To answer your specific question, 
I would like to say that the fuel temperature is so low that there 

•

no change in gram size. An increase in ggam size is only ex-
ted m the case of temperatures above 1000 C. 

Comment by J. Fleisch, FR Germany; Commissioned by the US DOE, 
high temperature fuel rod tests were carried out at the Battelle 
Columbus Laboratory at 500 C, to finally verify model calculations. , 
It was found that even m the case of longer dry storage under iso-
thermic storage conditions (500 C) there were no fuel rod defects. 
The integral creep rate is 1.5-2 % and amounts to only a small part 
of the estimated 8-10 %. 

Question by J. Fleisch, FR Germany: What conservative and pessi
mistic assumptions are taken as a basis for the KWU model calculations 
and how can it be explained that the experimental results are dec
idedly more favourable - and therefore higher storage temperatures 
will be permitted - than the existing calculations predict. 

Answer: The creep of Zircaloy rods depends on many factors. 
For example, a very decisive factor is the heat treatment of the 
Zircaloy rods at the end of the fabrication process. It is possible 
that in the experiment you mentioned, rods were used which had not 
been finally annealed at low temperatures, which then hardly re-
crystallised and are then very creep tight. Furthermore, evaluation 
requires, for example, that the inner pressure of the fuel rods and 
their wall thickness is known. 

Our assumptions are explicitly given. The calculations are 
carried out for fuel rods with KWU-DWR standard dimensions (in each 
case the more unfavourable tolerance value) with a cold inner pres
sure of 47bar (up to now a maximum of 35 bar measured for standard 
fuel rods) and using both creep formulae mentioned. These are gauged 
to experimental data obtained, in particular, the KWU creep model to 
all published creep data of Zircaloy of different manufacture. 

In so far it is obvious that, depending on material type, some of 
the irradiated fuel rods will survive a higher temperature than 400 c 

•

ring dry storage. Our aim is to find a temperature limit where 
bctically all LWR fuel rods - irrelevant of raanufdcturing differenes 
remain intact during dry storage. 

We do not think that it should be attempted to start the dry 
storage procedure with a maximum storage temperature. A possible 
large amount of damage would seriously affect the dry storage. We 
suggest that only when more experience about dry storage is named 
should the temperature limit be tested. This seems to the way which 
IS most favourable to the project of dry intermediate and long-term 
storage. 
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Question by J. D. Hart, United Kingdom: We heard from Dr. 
Klmgensmith of the oxidation of UO, resulting from the transport of 
damaged fuel in dry air. From your studies can you put a temperature 
limit on the fuel for transport when it is damaged and exposing UO.? 

Answer: One aim of our study was to find a temperature limit at 
which, for all types of LWR fuel elements with Zircaloy rods, the fuel 
rods would remain leaktight during dry transport or dry storage. Our 
results show that this value is about 400 C as mentioned m the paper. 

However, no temperature threshold is given whereby exceeding 
this threshold would lead to defects. Only in the case of particu^l^y 
unfavourable parameter combinations, e.g. DWR fuel rod with almost^^^ 
total fusion gas reltase particularly high pre-corrosion, wall th^^^^ 
nesses at the lower tolerance limit, etc., could defects occur by ex-
ceedi ig the temperature threshold. 

As I said, it was our aim to find a temperature limit below 
which under all circumstances intact fuel rods remain intact during 
transport. If already damaged fuel rods are being transported, oxi
dation of the free UO. occurs sometimes. Dr. Klmgensmith has re
ported on oxidation due to ambient air - not dry air. By filling 
the transport cask with inert gas, for example, this can be excluded. 
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1500 t-U SPENT FUEL ELEMENT STORAGE PLANT AHAUS 

H. Malmstrom, G. Schroeder / H. Klopper, A. Luhrmann 
STEAG Kernenergie GmbH / Deutsche Gesellschaft fur Wieder-

aufarbeitung von Kernbrennstoffen 

1. INTRODUCTION 

•
I On September 28, 1979 the Federal and States Governments in 
ermany have passed a resolution on spent fuel management. As a 
result the: "Grundsatze zur Entsorgungsvorsorge fur Kernkraftwerke" 
(Principles of spent fuel management for nuclear power plants) of 
May 6, 1977, have been revised, effective since February 29, 1980. 
The revision takes into account the developments of the german 
integrated spent fuel management center concept. In this context 
the intermediate storage of irradiated fuel elements is regarded 
as an independent step of spent fuel management. 

Since 1977 "Deutsche Gesellschaft fur Wiederaufarbeitung von 
Kernbrennstoffen" (DWK) and STEAG Kernenergie GmbH (STEAG) jointly 
prepared the construction of a 1500 t-U spent fuel element storage 
plant m Ahaus, Northrhine-Westfalia. In January 1978 both companies 
submitted an application to the competent authority, the Physika-
lisch-Technische Bundesanstalt (PTB), Brunswick, according to the 
regulations of § 6, Atomic Law, At that time the concept was based 
on the wet technology, i.e. storage m water filled pools, pro
tected by a thick wall concrete building. 

2. CONCEPT DEVELOPMENT 

Since 1977 DWK and STEAG jointly in cooperation with their 
affiliate "Gesellschaft fur Nuklear-Service" (GNS) developed a new 
type of spent fuel shipping cask using nodular cast iron as a new 
cask material. This development, in the meantime completed to a 
large extent, has lead to various cask types called CASTOR. This 
concept allows for a reduction of the manufacturing time for large 
shipping casks by more than one half compared to those casks based 
on the technology in use so far. 

Furthermore it is possible to manufacture these casks m series 
with a high quality standard, thus reducing considerably the manu
facturing costs. As a result of these specifics the development of 
these casks has been extended towards meeting the requirements for 

•

pent fuel element storage. In 1979 the site-independent planning 
ork for a spent fuel storage plant based on storage in shipping 
asks was completed. 

The german Reactor Safety Commission has examined this concept 
and has summarized its position during a session on September 19, 
1979 by the statement, "that the safety requirements for transport 
and dry storage of spent fuel elements m shipping casks can be 
fulfilled, and therefore dry storage is representing one possible j 
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form of interim storage of spent fuel elements. By this, two alter
natives realizeable to meet the safety standards (dry storage and 
conventional wet storage) are available for interim storage of 
spent fuel elements." 

As a result of the successfully accomplished development, DWK 
and STEAG have decided to use this technology for their joint fuel 
storage project m Ahaus. Therefore the license application with 
PTB for the Ahaus project originally based only on the wet storage 
concept has been supplemented m October 1979 by dry storage. DWK 
and STEAG, however, have declared that only one of both concepts 
will be realized, and have asked the licensing authorities to give 
first priority to dry storage. This priority is a result of the 
following specific properties of this concept: 

- Storage unit is the cask; due to its short manufacturing time the 
storage capacity can be adjusted to actual requirements. 

- The fuel elements are safely confined m a type-B-package. No 
radioactive material will be released. 

- Short construction time of the plant (about one year; considerably 
less than with wet storage). 

- Easy plant decommissioning as no contaminated systems or parts 
will have to be removed. 

3. SAFETY CONCEPT 

The main characteristic of cask storage is that all essential 
safety functions are assured by the cask itself. It warrants that 
during normal operation and accident situations 

- safe retention of the radioactive materials will be maintained, 
- criticality will not occur, 
- the decay heat can be transferred to the environment, and 
- radiation shielding will be assured. 

The suitability of the casks to meet these requirements has 
already been thoroughly examined during the licensing process for 
transportation. As other papers deal with the cask technology, this 
paper will only discuss storage-specific aspects. 

An interim fuel element storage facility is a stationary 
nuclear facility and subject to the relevant licensing specifica
tions and guidelines. The cask as a storage module of the nuclear 
facility IS subject to the following additional safety requirements 
exceeding the IAEA regulations: 

a. A two-barrier containment with monitoring of the interspace 
has to be foreseen, and 

b. the resistance against those external impacts as foreseen fo 
nuclear reactors has to be assured. 

Ad a: The two-barrier containment is warranted by a multiple 
plug system with continuous leak tightness monitoring. The massive 
cask body itself represents a safe barrier due to its wall thick
ness (over 400 mm), material properties and quality assurance. This 
has been confirmed by the Reactor Safety Commission. 
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Ad b: Aircraft crash is the only external impact not covered 
by the tests for the transport license. The casks are specially 
designed to withstand aircraft crashs. This has been confirmed by 
tests in which a 1000 kg missile has been impacted onto full-size 
cask models at about sound velocity. 

# 

Furthermore long term aspects for the cask and its components 
- e.g. the seal rings - have to be considered. The fuel element be
haviour does not mean any limiting factor to the storage period, as 
the casks remain leak tight under all circumstances. Nevertheless 
t is of interest with regard to unloading conditions. Taking into 
count the decay time of a minimum of one year the fuel cladding 
mperature will be limited to data which do not lead to additional 
amage. 

4. STORAGE FACILITY 
2 

The size of the site at Ahaus is about 180,000 m . The casks 
normally will be transported to the site by rail. The capacity of 
the storage facility will be 1500 t-U. The storage building will 
have positions for 420 casks. 60 % of the fuel will be from PWRs, 
40 % from BWRs. As shown in the following layout the facility com
prises various buildings. 

Plant Layout 

1. Storage building 
2. Auxiliary building 
3. Workshop building 

4. Administration baiMiljf 
5. Guard house 
8. Parking area 
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The storage building will be about 38 m wide, 200 m long, 20 m 
high. It comprises the receiving and the storage areas. In the 
maintenance room of the receiving area the casks will be prepared 
for storage by testing the seal system and installation of the 
leak tightness monitoring transducer. Furthermore m the mainte
nance room m case of a leak-signal the necessary measures will be 
taken on the casks m order to reassure the two-barrier containment. 
Also in such a case no release of radioactivity occurs. 

Each of the 420 storage positions in the storage areas will be 
linked to the leak tightness monitoring system. A 140 t crane will 
cover the total building area. The building does not have a safety^ 
function, however, it contributes to further reduce the external 
radiation dose. 

5. HEAT REMOVAL 

Under conservative design assumptions, and after complete 
loading of the storage facility within three years, a maximum decay 
heat of about 8 MW will have to be removed. Heat removal from the 
cask surfaces and from the storage building will take place by 
natural convection without technical equipment. Air heated up by 
the cask surfaces will leave the building through openings m the 
roof, cool air will flow into the building through openings in the 
side-walls. The cross section figure below shows the principle of 
the heat removal from the building. 

air outlet 

air 
inlet 

Storage building (cross section) 

The flow pattern and the temperature distribution within the 
building will be different from those around a free-standing cask. 
As the flow and temperature profile cannot be determined by calcu
lation, experimental tests have been undertaken at the STEAG affi
liate Kessler & Luch at GielSen. 
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The experiments were done on a 1 : 5 scale part of the buil
ding with electrically heated cask models. The experiments showed 
that the flow reached all casks almost uniformly leading to surface 
temperature differences between equally heated casks of a maximum 
of 6 K. This is mainly due to the fact, that the air flow returns 
from the central gangway, thereby cooling the inner casks. This can 
be seen on the figure below. 

•••=./•-•• I -• Air Flow Pattern -' ' ^ 't , •' ••. 

The cask surface temperature inside the fully loaded building 
in the worst case is 10 K higher than on a free-standing cask. The 
air will be heated up by about 16 K. 

A disturbance of the heat removal can occur if, in case of an 
external event, the storage building will be destroyed and natural 
convection will be prevented by debris covering the casks. The 

^^fcffects of such an event have been determined by simulation tests, 
^^^H which the debris-coverage of a cask-section has been simulated 
^B|^ thermal insulation. Due to the large heat capacity of the system 

the temperature increased very slowly and reached a new stable state 
after a few days. In the worst case the temperature inside the cask 
increased by 50 K, which will not lead to damage of the cask or its 
contents. 



DISCUSSION 

Question by B. G. Pettersson, Sweden: Based on assessments of 
occupational exposure for the two spent fuel storage options - wet 
and dry - which option would you prefer? I am also interested in 
the reasons for preferring one particular option. 

Answer: Both storage concepts have to meet the requirements 
of the radiation protection regulations. In both cases the major part 
of the radiation load during storage and discharging of the casks 
results in no major difference in the personal dose rate. Becaus 
of this, neither of the concepts is particularly preferred. The 
reasons why we prefer the concept of dry storage m casks are given 
in the paper. 

Question by H. Pirk, FR Germany: The Ahaus dry storage facility 
IS designed for a certain cask type and has applied for the approval 
procedure for this configuration. Do you see any problems concerning 
approval should you, at a later date, want to store larger storage 
containers at Ahaus? 

Answer: Basically the storage of cask types which are not part 
of this approval procedure has also been taken into account. We 
therefore do not expect any approval problems, if for such containers 
at least the same safety properties can be proved as m the case of 
the types which are now foreseen, and if the containers are compatible 
with the technical equipment m the storage facility. 

Question by D. Haon, France: Have you carried out a study of 
this storage to take into account the case where an earth tremor would 
cause two stored casks to collide? 

Answer: The effects of an earthquake are examined as part of 
incident investigations. The mechanical loads due to earthquakes 
are considerably smaller than those due to drop tests for type B 
approval. Moreover, the casks are stable with regard to the estab
lished earthquake accelerations for this site. 

With regard to the criticality it can be ascertained that even 
in the case of an unlimited number of casks stored very closely to
gether, a chain reaction is prevented. Heat dissipation could for 
a certain time be reduced by an earthquake which leads to destruction 
of the storage facility and burial under rubble. This type of in
cident has been specially investigated and is mentioned in the paper. 

Question by E. Schlich, FR Germany: Do you have, and if yes 
kind of, supervision of radiation and contamination of spent air f 
the storage facility? 

Answer: Because of the cask construction, release of radioactive 
aerosols or gases is not possible. Therefore continual supervision 
of the spent air with regard to radiation and contamination is not 
foreseen. For routine inspections, mobile measuring equipment is 
available. 
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TYPE B CASKS FOR THE INTERMEDIATE STORAGE OP SPENT 
FUEL ELEMENTS IN THE FEDERAL REPUBLIC OF GERMANY 

J.-P. Masslowski, R. Trapp 
Bundesans t a l t fiir Mater ia lpr i i fung (BAM) 
Unter den Eichen 87, D-IOOO Berlin 45 

T^y 
Owing to the growing number of spent fuel elements and the de-

ayed decision to build a national decommissioning centre in the 
Federal Republic of Germany, planning experts are being forced to 
look for a medium and long term solution to the problem of decommis
sioning spent nuclear fuel. 

The various possibilities for decommissioning can be seen in 
the following table. 

SOLUTIONS TO THE PROBLEM OF DECOMMISSIONING 

1) Short term deconrniissioning froin Tiuclear power p lants 

a. b . 

Reprocessing 
contracts 

Wet storage pools with 
compact storage facility 
in nuclear power plants 

Small 
lity 
power 

dry storage 
on the 
plant 

faci- 1 
nuclear 
site 1 

2) Medium term decommissioning up to 30 years 

Construction of intermediate storage facilities 

a. b. 

Wet storage pools dry storage facilities 
(cask storage) 

3) Long term storage of spent fuel elements up to 50 years 

Large long term intermediate storage facility 
(dry storage) 

4) Final processing of spent fuel elements 

a. b. 

t 
Reprocessing in a de
commissioning centre 

Final storage 

Reprocessing in a de
monstration plant 

Conditioning of the 
fuel elements without 
reprocessing 

Low and medium 
level waste 

High level waste Direct final 
storage of spent 
fuel elements 
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Point 1 shows the possibilities for short term decommissioning 
of spent fuel from nuclear power plants. These are: 

a) Reprocessing of spent fuel elements m appropriate facilities 

b) Wet storage in compact storage facilities in nuclear power 
plants 

c) Dry storage m casks on nuclear power plant sites 

Point 2 shows the possibilities for medium term decommissioning. 
Intermediate storage of the spent fuel elements 

a) in conventional wet storage pools ^ H 

b) dry storage in casks. 

If reprocessing is not possible by the end of the medium storage 
term, then a long term storage facility may be used in order to 
vacate the medium term facility (point 3). 

Final processing of the spent fuel elements should be carried 
out at the latest at the end of the long term storage period, as 
can be seen under points 4 and 5. 

This paper concerns itself with point 2, intermediate storage, 
and, following a short description of methods, transport and/or 
storage casks will be dealt with m more detail. 

Intermediate storage m wet storage pools means that the spent 
fuel elements are positioned m water-filled pools. The water acts 
as a shield agamst neutron and gamma radiation and as a coolant 
whereby the decay heat is fed through a secondary circuit cooling 
tower. To protect against the effects of earthquakes, explosions, 
fire and aircraft crashes, the safety-relevant parts, for example the 
building and the pool must be appropriately proof and the reliability 
of all safety installations redundantly ensured. 

Intermediate dry storage provides for the loading of the spent 
fuel elements into transportation casks, after the required decay 
period of about one year in the nuclear power plant, and shipment to 
storage facilities. While m storage the fuel elements remain m 
the casks which then assume the function of storage casks. The stor
age building itself acts as a protection only against the weather. 
Each individual cask for operational loads must then be designed to 
protect against both natural incidents and those of man-made origin. 

Both concepts, intermediate wet storage and dry storage, have 
been studied by the "Reaktor-Sicherheitskommission" (Reactor Safeti^B 
Commission) and, with regard to their safety-technical aspects, ha^^| 
both been found to be possible. ^ W 

CASK DESCRIPTION 

During the last few years a new generation of casks for radio
active materials has been developed, which are intended on the one 
hand for transportation purposes and on the other for use m dry 
storage. 
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These casks have wall structures which, contrary to usual construc
tion principles such as steel-shrouding, lead shielding and special 
heat insulation layers, are made of ferritic nodular cast iron. Wall 
thicknesses of more than 400 mm ensure integrity, even m the event 
of extreme mechanical loads. A considerable decrease in radioactive 
radiation is likewise achieved, especially as the cask is equipped 
with neutron-absorbmg material in the wall, base and lid regions. 

The cask cavity and also the seal surfaces in the lid region 
are protected against corrosion by rust-proof metallic coatings. 

# 
^nd 

Metal gaskets seal the multiple lid system according to the 
o barrier principle". During the storage period continual mon-
rmg of the excess pressure between the primary and secondary 

Id takes place with the help of a pressure box, so that failure of 
one or both of the barriers can be quickly detected. 

If leaktightness of the secondary lid fails, the lid is restored 
to its former condition by changing the seal. In the event, however, 
of the primary or primary and secondary lid not being leaktight, leak-
tightness is doubly ensured by inserting an additional so-called 
welded lid. 

The decay heat is released into the environment by natural con
vection via numerous integrated cooling fins. 

CASK CONCEPT REQUIREMENT ' • -••'f'-

Transportation and storage both make various types of demands 
on the cask design. The cask must therefore pass numerous tests in 
order to demonstrate fulfilment of cast design requirements. 

r 

As far as transportation is concerned, it is necessary to dem
onstrate that the cask is capable of withstanding accidents during 
shipment. 

As far as storage is concerned, it must be shown that fixed 
threshold values are adhered to during normal operation and that in 
the case of incidents, there is no release of the radioactive con
tents of the cask so that further operation of the storage facility 
is possible. 

In other words this means that m each case 

- integrity of the cask must be guaranteed 

kthe radioactive radiation must remain sufficiently shielded 

ehe decay heat must be dissipated from the cask cavity 

- subcriticality must be guaranteed. 
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TESTS 

In the Federal Republic of Germany, the "Bundesanstalt fur 
Materialprufung (BAM)" is the competent authority responsible for 
testing the type B characteristics of packagmgs. In the BAM, testing 
facilities are available which enable full-scale casks of up to 100 t 
mass to be tested. 

In more detail, testing a cask to demonstrate its suitability 
for shipment purposes includes the well-known 9 m drop tests on to an 
unyielding target laid down in the regulations, the 1 m drop test on 
to a mild steel cylinder and an accident fire test of half-hour dur-^^ 
ation at a temperature of 800 C. The cask must withstand the dif- ^ H 
ferent loads involved. At least one barrier must remain leaktight .^^B 
The shielding must not be below certain defined threshold values. ^ ^ 

The testing of casks for storage purposes is not explicitly laid 
down m regulations to the same extent as for shipment as yet. As a 
starting point, possible damaging incidents which could take place 
in a storage facility form a basis for test requirements. 

The following can be regarded as incidents: earthquakes, fires, 
aircraft crashes, burial of the cask under rubble, crashes during 
transportation withm the storage facility, effects of harmful sub
stances, chemical reactions, radiation embrittlement and corrosion. 

Incidents such as earthquakes, fire, as well as crashes during 
transportation within the storage facility are assumed to be covered 
by the type B tests. 

Resistance to corrosion, radiation embrittlement and chemical 
reactions, together with the effects of harmful substances, must be 
included m quality assurance and/or QA-planning which will be men
tioned again later. It therefore remains to be established whether 
the protecting function of the cask is maintained in the event of an 
aircraft crash or burial under rubble. 

An aircraft crash on to a cask can be sufficiently simulated by 
a bombardment test using a projectile. Dimensions, mass and speed 
of the projectile must simulate the actual conditions during the im
pact of an aircraft. The most endangered cask region must be taken 
as the impact point. 

Burial of the cask under rubble, for example in the event of 
the storage building collapsing, can be simulated by a thermal test. 
I.e. preventing heat dissipation using insulating material, whereby 
the source heat must be determined by the maximum possible heat load. 
The temperatures must be in equilibrium by the end of the test. ^ ^ 

The results of the accident simulations described should not ^^| 
affect the protective function of the cask to such an extent that t n ^ 
criteria already mentioned such as integrity, shielding, sub-criti-
cality or decay heat dissipation are not fulfilled. 

A further, important aspect of the casks described, both for 
shipment and storage, is quality assurance. 
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Quality assurance must accompany the cask concept during design, 
during production of the serial model, when the cask is put into use 
and further during maintenance and recurrent testing. 

Mechanical and thermal resistancy, leaktightness and long term 
behaviour of materials used must fulfill the safety criteria. 

An inventory and record of the production and test sequence pro
cedure should then be established which forms a basis for all material 
cask component requirements, their production and assembly. 

In an operation and maintenance guide, the handling procedure 

•

fined in the regulations, such as loading and unloading, sealing 
d renewal of the seals, must be recorded. 

Recurrent testing of transport casks and monitoring measures m 
the storage facility should ensure at all times the necessary safety-
technical conditions (type B(U) characteristics), necessary for the 
casks to survive incidents and accidents. 

In conclusion, it should be pointed out once again that the op
eration of nuclear power plants in the future can only be assured 
if the problem of decommissioning is satisfactorily solved. In this 
respect the intermediate storage of spent fuel elements in shipment/ 
storage casks can make a decisive contribution. 

- msm^im 

Question by A. Olivieri, Italy: I would like to know the max
imum pressure and the minimum temperature expected to occur during 
the storage period? 

Answer: The inner pressure of the cask is normally 0.8 bar. 
The area between the primary and secondary lid has a pressure of 
6 bar. According to regulations the temperature of the accessible 
cask surfaces should not exceed 82°C during transport. During stor
age temperatures of up to 110 C are expected, under unfavourable 
parameters. This only applies to newly stored casks containing fuel 
elements with maximum permissible decay heat. 

^ ^ ^ Question by E. Schlich, FR Germany; Is there a difference m 
^^Vie definition of integrity of a cask for the type B (U) approved 

cask and for a cask approved for storage? 

Answer; There could be some differing definitions of integrity. 
On the one hand, release frog a type B(U) cask is, according to traf
fic law, limited to A, x 10~ /h (per radionuclide) and to threshold 
values for surface and 1 m dose rate. On the other hand, for a 
storage cask, the threshold values of the whole facility are given 
in the appropriate paragraphs of the German radiation protection or
dinance. 
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The U.S. Department of Energy's Nuclear Materials 
Transportation Technology Development Program 

Richard B. Chitwood 
U.S. Department of Energy, Washington, D.C., U.S.A. 

INTRODUCTION 

Shortly before the previous PATRAM Conference in early 1978, the Department 
of Energy (DOE) established a new transportat ion program to provide for the 
coordination and direct ion of nuclear materials transport-related ac t i v i t i e s 
in the U.S. Existing nuclear transport ac t i v i t i es within DOE were merged into 

^ ^ h i s program to provide a nuclear materials transport focal point within the 
^ ^ H } a r t m e n t . Since i t s inception th is program has been functioning we l l . In 
^ ^ p F c t , one manifestation of i t s success is the extent of par t ic ipat ion by U.S. 

authors at th is Symposium. There are 37 papers being presented here which are 
a d i rect outgrowth of the DOE program, and there are lU more which have derived 
at least part ia l technical support from the program. Thus approximately 30% of 
the total presentations at PATRAM 80 derived technical support from the current 
DOE transportation program. '"' 

As s ign i f icant as the program output has been, much work remains in forging 
that v i ta l l ink in the nuclear energy option--transportat ion of nuclear mater ia ls. 
I t IS the view of the Department of Energy that under present conditions of 
uncertainty in regulatory constraints, and of uncertain economic incentive in 
the private sector, the government must provide the leadership and the support 
necessary to assure that transportation capabi l i ty and safety needs w i l l be 
sat is f ied in the United States. The responsibi l i ty for overall planning and 
direct ion of transport functions has been assigned to the Transportation Division 
in the Office of Transportation and Fuel Storage, under the Assistant Secretary 
for Nuclear Energy. ' 

In order to meet the need to develop a national level capabi l i ty to • , 
transport a l l forms of nuclear materials in a safe, re l iab le and economic manner 
and cope with the growing complexities of regulation in a l l i t s forms, the Sandia 
National Laboratories were designated as the lead contractor for detailed imple
mentation of the Department's nuclear materials transport program. 

This organizational structure, providing both a Headquarters Transportation 
•, Division and a national laboratory as the lead transportation center, now const i 

tutes a single focal point for DOE nuclear materials transportat ion. Manifest 
in th is structure is the acknowledgment that transport of nuclear materials is 
an indispensable part of the nuclear power option and other nuclear materials 
appl icat ions, both under government aegis and in the private sector. Further, 
despite the expanding need for transporting nuclear materials over the past 
several decades, we now approach a period of even more rapid expansion in the 
198US. 

•

In th is paper I shall discuss nuclear materials transportation ac t i v i t i es in 
e U.S., the issues confronting us, and how the DOE program is designed to meet 
e challenge of today and the fu ture. 

Radioactive Materials Transported 
I 

Nuclear transport within the U.S. can be broadly divided into three 
categories. By far the largest of these, by number of packages involved, i s 
the shipment of medical isotopes, industr ia l sources, and radioactive research ' 
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materials, and the waste associated with these a c t i v i t i e s . The second largest 
involves the movement of radioactive materials in the commercial nuclear power 
cycle. At present these shipments involve such materials as uranium ore, yellow 
cake, UF,, contaminated c loth ing, demineralizer resins, evaporator bottoms, and 
new and spent reactor f u e l . 

The th i rd broad category of radioactive materials to be transported are 
those wastes associated with the U.S. government nuclear programs. These 
currently represent a very small f ract ion of the tota l and d i f f e r from those 
generated by the f i r s t two categories in that they contain transuranic nuclides. 
They range from contact-handled transuranics to so l id i f i ed high level materials. 
Because some government produced wastes are currently being stored in locations 
considered unsuitable for long-term confinement, the need to transport these ^ ^ ^ 
materials from thei r exist ing locations to interim or f ina l storage exists and ^ ^ ^ 
is independent of any commitment to use specific waste repository locations. ^ ^ ^ 
In addit ion to these wastes, the decision to defer reprocessing has developed 
a need to move spent fuel from reactor stations to either intermediate (away-
frora-reactor) storage f a c i l i t i e s or to other storage pools at other reactor 
s i tes . Since--as many of you know--President Carter has offered to accept 
l imi ted amounts of spent fuel generated outside of the U.S., our transportation 
requirements w i l l intensi fy accordingly. 

Program Organization 

As mentioned ear l i e r , the U.S. Department of Energy (DOE) established in the 
f a l l of 1978 the Transportation Technology Center (TTC) at the Sandia National 
Laboratories (SNL) in Albuquerque, New Mexico. Figure 1 shows the Organizational 
relationships within the Department of Energy as well as the TTC. The charter of 
th is technology center was "to establish a DOE organization for nuclear materials 
transportation technology and systems development, operations, and planning, that 
w i l l develop a national level DOE capabi l i ty to cope with the growing complexities 
of transporting a l l forms of nuclear material in a safe, re l iab le , and economic 
manner consistent with national policy and needs." 

This very broad charter embodies a number of judgments made during the early 
stages of program planning. The most important of these was the judgment that 
industry within the U.S. and elsewhere is able to solve the technological 
problems Involved in the movement of nuclear materials. A second judgment was 
that private Industry's capabi l i ty Is not now being f u l l y u t i l i zed within the 
U.S. because of uncertainties in the marketplace and In regulat ion. The DOE 
Program is therefore aimed at fostering technological and regulatory s t a b i l i t y in 
the transport industry. The th i rd judgment was that there needs to be a dialogue 
established between the DOE and the nuclear and transport industries to allow for 
the exchange of ideas and complementary solutions of problems, with a cooperative 
e f f o r t on the part of both part ies. 

We Intend that any program developed should provide the necessary Incentive 
to the industry without the need for subsidies while at the same time avoiding 
infringement upon I ts prerogatives. The DOE I t s e l f has a s igni f icant Interest I J B ^ 
certain program a c t i v i t i e s , such as the National Waste Terminal Storage Program^^B 
and spent fuel storage, which involve transport. So the TTC should provide s o m ^ ^ ^ 
contingency capabi l i ty for the Department to have transport service for radio
active materials available should commercial suppliers be unwil l ing or unable to 
meet DOE needs. 

In order to meet the goals contained in the charter and to bui ld a program 
around the pr inciples j us t covered, the program at the TTC is divided into four 
pr incip le areas as shown in Figure 2. 
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Systems Development Area 

The program i s most easily understood when one views the Systems Development 
area as the focal point. The Systems Development area covers ac t i v i t i es organ
ized In a manner corresponding closely to the nuclear waste management program 
ac t i v i t i es within the U.S. DOE. Funding for the transport work comes from each 
of the programs being served. 

The Defense Waste ac t i v i t y encompasses the development of systems for 
transporting contact-handled and remote-handled transuranics, m i l i ta ry spent 
f u e l , and the high level wastes from reprocessing spent f ue l . 

•

The Domestic Fuel Cycle spec i f ica l ly addresses those transport systems for 
ing radioactive wastes which are ident i f ied with the current domestic fuel 
le within the U.S. These would include systems for transporting spent fuel to 

away-from-reactor (AFR) storage sites and eventually include systems for trans
porting low-level wastes to shallow disposal s i tes . There is close cooperation 
between Domestic Fuel Cycle Transportation Systems a c t i v i t i e s . Systems Develop
ment, and the programs of the Office of Nuclear Waste Isolat ion coordinated by 
Batte l le Memorial I ns t i t u te . 

In the advanced reactor area there are Systems Development ac t i v i t i es under 
way to provide for spent fuel from the FFTF and the proposed commercial breeder. 
Although not an active program at th is time, i t is th is area which would address 
transport related to alternate fuel cycles, such as the pro l i fe ra t ion resistant ' 
cycles investigated by INFCE. 

The International Fuel Cycle ac t i v i t y includes many d i f fe rent interests. 
The most obvious of these interests is President Carter's announced program to 
receive spent fuel of American or ig in from reactors in other countries in support 
of nonprol i ferat ion objectives. The International Fuel Cycle area also addresses 
ac t i v i t i e s such as the transport systems for possible seabed disposal. 

Supporting these four specif ic systems areas is a Logistic Assessments 
ac t i v i t y designed to optimize transport system design for maximum operational 
economy and ava i lab i l i t y and thereby serve as a long-range planning tool on a 
National scale. 

In addit ion to the Systems Development work areas described above and shown 
in Figure 2, two other systems development ac t i v i t i es were recently undertaken by 
the TTC to support programs assigned to DOE by Congressional I n i t i a t i v e . One 
pertains to safety research associated with the Three Mile Island recovery 
ac t i v i t i e s and the other to the high level waste disposit ion ac t i v i t i es at West • 
Valley, New York. 

Regarding the Three Mile Island (TMI) recovery research, DOE has recently 
i n i t i a ted a program to examine the management of h igh-act iv i ty dewatered resins » 
ar is ing from nuclear plant operations. This work w i l l have an Immediate applic-

•

l l i t y to the handling of h igh-act iv i ty dewatered resins being produced by 
|» EPICOR I I system at TMI. The TTC has been assisting in the program In 
nnection with the transportation of the resins o f f TMI to a storage/disposal 

s i t e . Key Issues in th is TTC work are whether spent resins In thei r l iners 
should undergo any treatment, processing, or modif ication (such as spent resin 
so l id i f i ca t ion ) pr ior to being transported, and whether the package or overpack ' 
to be used In transport w i l l also be used 1n storage or disposal. The possible * 
options for spent resins management are under investigation and the TTC Is -i 
supporting th is work regarding transport aspects. ' 
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Relative to the West Valley Waste Disposal a c t i v i t i e s , DOE has ins t i tu ted 
a program to examine the prospect of so l id i fy ing the high level l iqu id waste 
(HLLW) at West Valley. In connection with th is e f f o r t the Department has 
assigned to SNL-TTC the responsibi l i ty of providing for the nuclear materials 
transport needs of th is program. The i n i t i a l task of th is transportation work 
IS the evaluation of the Fort St. Vrain cask for transporting samples of waste 
from West Valley to Hanford for characterization. After th is i n i t i a l work i s 
completed, the TTC w i l l proceed, through a subcontract with beneral Atomics in 
San Diego, with the design, approval and fabr icat ion of casks to transport West 
Valley so l i d i f i ed HLLW. The GA work i s also being coordinated by the TTC for 
app l i cab i l i t y to other DOE high level waste and spent fuel transportation needs. 

Technology Areas ^ 

The remaining three areas shown on Figure 2 are intended to either suppo r t ^ 
the Systems Development areas or to communicate the results produced in that 
a c t i v i t y . By far the easiest association among these ac t i v i t i es to understand is 
the connection between Technology and Systems Development. The TTC's technology 
a c t i v i t y involves programs directed toward the understanding and un i f ica t ion of 
methodologies used for the development of specific systems. This includes the 
benchmarking of thermal analysis and structural analysis codes, the investiga
t ion of packaging interfaces and the ef fect that such interfaces have on system 
operations, and the investigation of the uses of codes and standards. A second 
technology ac t i v i t y involves the development of information such as materials 
property data that might be useful in forming the basis for package approvals. A 
t h i r d ac t i v i t y results from past work and involves the u t i l i za t i on of structural 
and thermal codes to analyze the behavior of transport systems and the subsequent 
test ing of these systems at either f u l l scale or subscale in order to val idate 
the accuracy of such code work. I t i s th is f u l l scale test program that has 
attracted the most public attent ion to the TTC program. A fourth Technology 
ac t i v i t y involves the investigation of the effects of intentional attack on 
packages while in t rans i t . I t is in th is area that hard technical information 
IS needed most urgently since most analyses of the results of intentional attacks 
upon nuclear shipments have been based on conservative assumptions which have 
been made to compensate for uncertaint ies. This leads to over estimates of the 
environmental impacts of such attacks. 

Institutional Issues 

We believe that the technology base for the design and development of 
packagings for radioactive materials transport can be developed to a point 
adequate to sat isfy the needs of Systems Development a c t i v i t i e s . The Systems 
Development ac t i v i t i es can produce competent packagings for transporting radio
active materials. However, the a b i l i t y to actually move these materials is 
s t i l l dependent upon other factors as we l l . These other factors have been 
ident i f ied in the structure of the TTC as Inst i tu t iona l Issues and have been 
broken down into four categories. 

The i n i t i a l goal of the Ins t i tu t iona l Issue ac t i v i t y is to ident i fy those 
instances where public pol icy, regulat ion, or the actions of public groups stan 
in the way of successfully transporting radioactive materials. A second factor 
in the Inst i tu t iona l Issues area is the accommodation of divergent social and 
organizational viewpoints. These dissenting views are not always capable of 
being resolved but do need to be considered and therefore iden t i f i ed . A t h i r d 
ac t i v i t y under the Inst i tu t iona l Issues areas which is receiving additional 
emphasis is that of r isk assessment. Efforts are under way to develop compre
hensive, and yet understandable, methodologies for calculat ing r isk to man and 
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communicating the results to the general public and policymakers. Under U.S. 
law, i t is required that each major ac t i v i t y of the society be evaluated for 
i t s possible environmental impact. This ac t i v i t y hypothesizes the release of 
radioactive materials during transport, usually independently of the probabi l i 
t ies involved, and then investigates the possible impact upon the publ ic. Unti l 
recently there was l i t t l e consistency in these environmental impact assessments 
involving transportat ion. The e f fo r t has now been consolidated at the TTC. 

Public and Technical Information 

The fourth main ac t i v i t y under the TTC involves disseminating a l l of the 
information generated in the previous categories to the publ ic, to the pol icy-

r
kers and to the technical portions of the industry. In order to f a c i l i t a t e 
p dissemination, th is information is cataloged or otherwise stored in usable 
ocks through the use of computers and other techniques. The Public Information 

ac t i v i t y approaches th is problem by preparing factual statements on part icular 
segments of the transport of radioactive materials which w i l l then be sent to 
anyone seeking such information. When such pre-prepared packages are unavail
able, specific replies to inquir ies are made. In the policy area, the data 
available within the program is used to evaluate various governmental actions at 
the Federal and State level and to project the impact of these actions upon the 
transport of radioactive materials, the safety of the publ ic, and the nuclear 
industry in general. The Technical information ac t i v i t y i s intended to dissemi
nate to the industry that technology which has been developed within the program 
using public monies. This is essent ial ly a technology transfer a c t i v i t y , wi th 
the TTC taking an active role in attempting to disseminate th is information. 
The Computer Data Base ac t i v i t y involves the development of computer systems 
to store, re t r ieve, analyze, and publish information concerning s ta t i s t i cs of 
transporting radioactive materials. In addition to s ta t i s t i ca l information there-
are also computer data bases covering leg is la t i ve a c t i v i t i e s , routing algorithms 
and similar col lect ions of information of interest in an operational sense. 

Since i t s establishment in late 1978, the Department of Energy's 
Transportation Technology Center can point to numerous accomplishments. Some 
of the more s ign i f icant accomplishments are b r i e f l y summarized in Figure 3. 

F inal ly , there is a strong interest on the part of the Department to 
cooperate internat ional ly on transportation safety. This includes a variety 
of cooperative ac t i v i t i es with such organizations as the International Atomic 
Energy Agency and the Organization for Economic Co-operation and Development 
as well as specific information exchange arrangements with individual countries. 
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Figure 1 
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Figure 3 

TRANSPORTATION ACCOMPLISHMENTS 1978 THRU 1980 

SYSTEMS DEVELOPMENT 

0 Type B transuranic waste package (TRUPACT) conceptual design and testing. 

0 Final design of Type A modular box to handle TRU low level waste. 

0 Preconceptual design of high level waste transportation system. 

0 U.S. Nuclear Materials Transportation Industry Survey of capabi l i t ies of 
private Industry. 

0 Logistics model to evaluate transportation requirements for spent fue l . 

0 Rail and truck routing models provide optimal routings for U.S. Radioactive 
shipments. 

0 Economic Analysis of U.S. Radioactive Materials transport for LWR and LMFBR 
fuel cycles. 

0 Projection of 1980-2000 volume of nuclear fuel cycle shipments. 

TECHNOLOGY 

0 Analysis of cask manufacturing methods, materials and quality assurance 
procedures. 

0 Materials research and development: 
- welding of copper to ferrous alloys 
- puncture resistance-measurement methods 
- evaluate neutron shielding materials ' 
- evaluate mechanical behavior of uranium-molybdenum alloys 
- evaluate large metal l ic seals 

0 Testing 
- modified 18B plutonium n i t ra te container 
- HNPF spent fuel shipping container 
- spent fuel cask and ra i l car system 
- TRUPACT overpack system 
- shock loading of zirconium clad uranium dioxide 

- handling/transport damage of LWR fuel 

0 Extreme environment (explosive) test ing of spent fuel casks and spent fuel. 

0 Evaluation of health hazards from shock loading of uranium dioxide. 
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Figure 3 (continued) 

INSTITUTIONAL ISSUES 

0 Continuing study and characterization of ins t i tu t iona l issues affect ing 

•

nuclear materials transportat ion. 

Analysis of ef fects of U.S. federal and state leg is la t ive actions on 

transportation r i sks . 

0 Development of emergency response guidance for nuclear materials 
transportation accidents. 

0 Review of U.S. radioactive accidents/incidents 1971-1980. 

0 Analysis of r isks and consequences of transporting hazardous mater ia l . 

0 Application of ALARA pr inciples to shipment of spent fuel evaluated. 

0 Interface with IAEA, OECD and numerous countr ies. , 

0 Developed generic accident scenarios for environmental Impact statements 
and analyzed un i t - r i sk accidents. 

PUBLIC AND TECHNICAL INFORMATION 

0 Films "Accident Safe?" and "Five Full Scale Cask Tests." Over 1000 copies 
distr ibuted worldwide. 

0 Nuclear Materials Legislat ive Data Base on regulations and Legislation 
Affecting Transportation. 

0 Worldwide Spent Fuel Cask Inventory data base on cask types, ownership, 
capacity and approval status. 

0 Transportation Technology Environmental Information Center Data Base on 
package environments, both normal and accident. 

0 Transportation Bibliographic Reference F i le on radioactive materials 
transportation information. 

^ ^ ^ Truck and water carrier workshops. 
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DISCUSSION 

Question by R. Kortriqht, Canada: Why is risk assessment classi
fied as an institutional issue? 

Answer: This is primarily a feature of the organisation and 
staff capability at the TTC and how the work load has been distributed. 
An additional factor is the utility of information derived from risk 
assessments to support the public information activities. 

Question by G. L. Doolev, Canada: What is the best source o' 
formation available to consignors/consignees to keep updated on t 
magnitude of regulations imposed by state or local municipalities 
Is it mandatory for them to have their regulations published in the 
federal register? 

Answer: Publication of state and local - proposed or enacted -
legislation in the federal register is not done. However, the TTC 
has sponsored the continued development and maintenance of a registry 
of proposed legislation at state, local and federal levels. Work is 
continuing to have this registry up to date. The registry is being 
developed and maintained at the Oakridge National Laboratory. 

Question by J. F. Gustafsson, Sweden: According to some US 
industry people, it is at present considered that the DOE might be 
the future transporter of spent fuel. Could you comment on this? 

Answer: We have heard these concerns and speculations since the 
consolidated DOE Nuclear Material Transportation Technology Develop
ment Program began. From the very start we have emphasised the in
terest m involving the industry and we would take appropriate policy 
actions to provide incentives to encourage industry involvement. In 
this connection our first priority is to assure that spent fuel will 
be transported by the industry. 
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ASSURING PEOPLE SAFETY IK HASDLIHG RADIOACTIVE PACKAGES 

Charles B. Killian and Robert Devlin 
New England Nuclear Corp., U.S.A. 

^ ^ ^ ^ People who are involved with the transport of radioactive materials must have 
^^^^ormation on the packages they are requested to handle. Experience has shown 

HEN that time is well spent going to as many groups as possible and at least intro
ducing them to the safety record, the available assistance, the experience gained 
and the valuable use to society these materials have. The training of people in 
all walks of life who are, or may be, involved with these packages has resulted in 
less concern when problems have arisen. Honesty and rapid response to needs has 
lead to appreciation and mutual respect. It is very important that we constantly 
respond to the need to know that the package is people safe. 

The majority of NEN's products are small in volume and radioactive content 
(1 to 10ml of liquid or milligrams of solids). These materials are loaded into a 
variety of initial containers dependent on the chemical and physical form. The 
multi-dose septum-cap vial is used to package most of these products. This con
tainer was designed to eliminate leakage of solutions during transport, particu
larly by air. Some products are transferred into vials by means of remote tools; ' 
this is due to the isotope characteristics or to pharmaceutical requirements. In ' 
this latter case, there is always a possibility of surface contamination problem. 

Those vials which contain soft energy material are placed into a plastic zip-
seal bag,which is in turn put into a snap-capped cylinder. If liquids are involved, 
absorbent materials are also added. 

Other products require lead shielding. In this case, the vial is placed into 
a lead pig,which contains absorbent for liquid and the pig is placed into the plas
tic snap-cap container. 

The snap-cap container is mounted into a fixed position in a molded styrofoam 
holder which fits into a certified DOT 7A box. 

Some items, such as gaseous Xenon-133, are loaded into small vials which are , 
placed into a lead pipe. The lead pipe is then mounted into a cardboard box. 
Other products are fixed into sources or on to devices which are less vulnerable 
than the vial containing liquid material. 

•

The inner container is designed to keep the product in a convenient, safe, 
ble form for the customer. These products are placed into a transport package, 
ch must hold its integrity through normal transport. The government has written 

laws which require that specific tests be conducted and passed on prototypes of any 
package to be used in the transport of hazardous materials before it can be placed 
into use. 

Even though a package has passed all of the U. S. Department of Transportation 
certification tests many potentially problem situations arise after a number have 
passed through the transportation system. Once these variables surface, the 
shipper must review his package to see if it threatens safety which, would require 
redesign. 
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A review of our history gives a few examples of changes brought about through 
experience. The multi-dose crimp seal vial designed to prevent leaks failed due 
to a few weaknesses. On one occasion the leakage occurred when the mold used by 
the glass manufacturer wore and did not have a satisfactory pressure ridge for the 
septum to compress against. A second failure was due to chipping the ridge when 
the vials went through a pre-washing and storage operation. And thirdly, the 
crimp was either not strong enough or the crimper die wore. Each of these took 
some time to surface and then to determine cause. In these cases the corrections 
were made by more frequent changes in dies and more careful handling. 

In another case involving the shipment of Xenon-133 two problems surfaced. 
In the first case, the lead pipe was mounted in a fixed position in the shippmg^^ 
container by using plastic chips. This type packaging can cause problems durin^H 
accident situations. For example, a box carrying Xenon-133 fell from an airpor-^H 
transport cart and one end was run over by a back wheel. The box, which had pla^' 
tic chips for a filling, lost a portion of these chips. The small lead pipe con
taining the Xenon-133 came out of the box and rolled away from the immediate area 
causing much concern. This packaging was corrected by mounting the lead pipe on 
a cardboard clip mside the box. However, this resolve was good only for a large 
five sample pipe. Smaller pipes were wrapped m packing materials and were vul
nerable to additional discard at the customers receiving room. We recently de
signed a styrofoam package which eliminates these problems. 

The caps at each end of the lead pipe containing Xenon vials presented a 
second problem. If these caps were not placed in position properly or if the 
lead was not added to the cap, a package could pass through the system and have 
a beam of radiation. The error potential was met by conducting 100? visual and 
radiation surveys, in addition to, redesigning the pipe so only one end could 
cause the problem. 

No matter how much the manufacturer does to design a safe package there is 
always something that can go wrong when different circumstances arise. It is most 
difficult to protect against hvunan error. We have found that close, interested, 
non-distracted supervision is the most effective way of reducing human error pro
blems . 

The finished package is measured, labeled, and transferred over to the driver 
for transport to the customer. 

Our drivers handle thousands of packages each year. He is in close proximity 
to them as he travels hundreds of miles each day. Deliveries are made directly 
to the customer, to numerous airline flights, and to other distribution points. 
Smaller quantities are turned over to selected carriers for regional delivery. 
The driver travels out of New England as far south as Florida and as far west as 
Chicago. If one compared these distances traveled from Berlin, our drivers would 
cover an area which is equal to most of Europe, 

The driver loads and unloads his own truck. He spends most of his working ^— 
hours in vehicles transporting radioactive materials. He must be trained in a ^ H 
number of areas in order to assure safety. In addition to safety lectures give^H 
to all employees, he must become aware of equipment, government rules, established 
routes, emergency action and proper handling as it relates to the product. He is 
equipped with personal dosimetry equipment to record radiation exposure to his 
whole body and wrist. His vehicle is equipped with lead shielding when necessary, 
radiation detection instruments, radio communication systems, and emergency gear. 
He is m constant communication with the company, with a ItO kilometer radio range. 
Other equipment and procedures are available to him when at a greater distance. 
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The exposure record for this group is very important. It indicates, both to 
the driver and to outside inspection agencies, that we are packaging properly and 
have control over personnel exposure. 

Figure 1, a five year review of our record, shows that we have dramatically 
increased the number of packages handled by the NEN driver, while at the same time 
we have maintained a low average dose rate. 

Information presented this far in the paper expresses the importance we have 
placed on following the law in assuring compliance to package criteria. It also 
attempts to point out the importance of having the NEN employee truly feel that 
the package he is assembling and transporting is safe. However, no matter what is 

tp in assuring our own employees that a package is safe, a real or suspected 
Ident m the transit system can cause havoc in the public eye. It is, there-
e, very important to get this same information and trust out to the general 

public 

In addition to the NEN employee, there are many other different groups in
volved in the direct transportation of our products. These include the baggage 
handlers who load and unload planes and the pilot who allows the materials on 
board during his flight, A second group directly involved are the drivers for 
the selected carriers who handle our products These people can directly relate 
to our drivers because they do similar work, although with fewer packages. Those 
who are involved in this immediate transportation must be advised on the package, 
its safety and its make-up. It is also good to explain the use of the product 
and the importance of immediate delivery 

Still another group of people become involved with the transportation of 
radioactive packages on a less routine basis, these people respond to a real or 
suspected problem. They include police, firemen, hospitals and local government 
employees. Emergency people must examine the things that could go wrong in the 
transportation of this material. They must receive guidance on the best way to 
Identify and handle the problem, so they can intelligently react to emergencies 
without fear, 

NEN has designed training sessions to meet each persons' specialty. Our 
program is based on slides and simulated experiences. In general, it is divided 
into three sections, with the greatest emphasis placed on that section which is 
most important to the group receiving instruction. 

The basic program is quite flexible and is constantly being updated as new 
experiences unfold. 

Part One is a basic area used for all groups. It covers items about radia
tion common to everyday life. Subjects include the electromagnetic spectrum as 
it applies to radio, the sun, and other causes. We also discuss background radia
tion as It IS found in various materials in nature. The radiation from a radio-

^^^ive package is related to the routine chest X-ray. It is pointed out that 
^^^•Lation IS not new, it is something that we all have and will live with through-
^^^Vour lives. 

Part Two is directed to those people who may handle, or come m contact with, 
the package during normal transport. In this section, the person is shown how 
the package is assembled and he is also given an understanding of the physical 
quantities involved. This area is designed to take the mystery out of the con
tents of the box. He gets a clearer idea of the things that could happen. 
Finally, we interest him in the positive uses of the product and the need to get 
it to the user fast, 
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In this section, we introduce radiation and basic safety steps of time, dis
tance and shielding. We also review the proper use of instrumentation, and the 
rules of thumb to follow to assure good judgment. Special sections are added to 
meet fire or highway accidents. We review the results of real accidents from our 
files and show how durable most of these packages are. A special effort is made 
to supply each geographical audience with the correct name and telephone number of 
the official government response team in the area. 

In Part Three we attempt to put ourselves in the position of the person who 
must react in an emergency or a threatening situation. This section is designed 
for firemen, police, emergency people and those public officials who are first 
to respond. 

When time allows, the training groups will simulate road accidents with 
sample packages. The packages contain vials with colored dyes rather than radio
active materials. This session calls for participation in the crushing and reco
very of the materials. If circumstances don't allow for this time, sample packages 
are distributed and the class is requested to open them by any means they want. 
In either case, people soon realize that the package is people safe. 

The training session ends with an open discussion on any issue. This is 
followed by a review of handout materials. These materials include specific 
booklets on radiation protection; "Team", an NEN inhouse emergency system; Pac Bac, 
an advisory on returning packages; and a slide rule on Transport Index at differ
ent distances. Finally, we also provide a booklet which would include basic terms, 
copies of some key slides that were used in the lecture, and other relative mate
rial. 

The process of assuring package safety is never complete. This paper has 
attempted to point out that simply meeting the requirements of the law is not 
enough to guarantee safety. Every shipper must constantly go beyond this. He 
must test his package, train the non-technical handler, and maintain communications 
with other professionals,with whom he can share his experiences. 
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TRANSPORT OF RADIOACTIVE MATERIALS 

BY NENC TRUCKS AND DRIVERS 

Year 

1975 

1976 

1977 

1978 

1979 

Number 
of 

Drivers 

10 

1 1 

16 

1 8 

•1 8 

Number 
of 

Trucks 

12 

13 

17 

20 

2 4 

Hours per 
Dr iver 
per year 

2 5 0 0 

2 6 0 0 

2 6 0 0 

3 100 

2 8 0 0 

Packages 
per 

Year 

8 3 , 4 8 5 

7 7 , 4 8 5 

1 1 2 , 7 7 2 

186 ,1 13 

2 3 4 , 6 3 7 

Distance 
per year 

(Kilometers) 

6 2 2 , 1 7 8 

71 2 ,142 

8 3 9 , 2 7 2 

1,061,670 

1,244,468 

Drivers 
Annual 
Dose 
(mRem) | 

1071 

1645 

2 0 1 6 

J 341 

1048 

f •=• 

Figure I. 



CENTRALIZED MANAGEMENT OF RADIOACTIVE MATERIALS PACKAGINGS 

J, FRADIN 
Compagnie Generale des Matieres Nucleaires - FRANCE 

For the needs of all the nuclear research centres and nuclear plants included 
in the CEA Group (Commissariat a I'Energie Atomique and sub-companies), there has 
been for 15 years in France, a nuclear packagings and containers park whose mana 
gement is centralized, 

I - SETTLEMENT OF PACKAGINGS PARK, 

^ 

Design : in accordance with the needs of users, the packagings are designed 
according to regulations in force and as far as possible to national and 
international standards, depending on the existing equipments in laboratories 
and nuclear factories, as-the available means of handling. 

Tests : the regular prescribed tests are operated in a special test-station 
which uses important means of measures, especially accelerometric lines and 
thermic measures computer. These tests can be carried out on prototypes of 
packagings or on models at reduced scale, applying the rules of similarity. 
Other types of tests can be regularly made in this test-station on particu
lar packagings and containers. 

Safety file and approval : after design, calculations and tests of the pac
kaging, the safety file is transmitted for approval to the Competent Autho
rity, 

Manufacture : after the establishment of technical specifications and cost-
book, the packaging is manufactured in a factory. Controls are executed du
ring the manufacture as at the final acceptance. The packaging is after then, 
identified, indexed and placed at disposal of the customer with a notice of 
functionning and using. 

Maintenance and repairing : a notice of maintenance which is given to the 
customer, permit him to execute an elementary maintenance (gaskets, O-rings, 
screws, , . , ) , The systematic maintenance and the reparations are made by 
technician specialists, as the regular yearly and pluriyearly retestings. 
A central store make sure the storage of the component parts and the set 
of tools. The stocks are renovated according to the needs, and the corres
ponding card-index ensure the maintenance of the spares. 

Inventory : the inventory of the packagings placed at the disposal of the 
customers of CEA Group is materialized by the edition of an index establis
hed and brought up to date by informatic listings as by catalogues printed 
according to the categories of packagings and containers, and supply the 
principal informations for use and transport of these packagings and spe
cially : 

- approval certificate number of the Competent Authority, 

- diagrams and plans, 

- useful sizes and weight, 

- kind of biological shielding. 
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- list of component parts, 

- notice of use. 

Hota : All that which concerns the design, manufacture and maintenance of the 
packagings, is applied in the same way to the transport equipment : 

- transport frames, 

- devices of stowing and handling, swingle-bars, 

- shocks absorbers, 

- tank vehicles, 

- special vehicles. 

^ ^ B - DISTRIBUTION OF PACKAGINGS PARK. 

The different radioactive materials (Cf. Appendix I) are transported in 
adapted packagings distributed in the 8 following categories : 

FS 

DV 

IL 

lU 

LR 

RD 

SV 

CC 

fissile materials 

tritium, UF4, UF6, natural U, gas 

irradiated fuels (examinations) 

irradiated fuels (reprocessing) 

liquid materials (tanks and tank-vehicles) 

solid wastes 

radiation sources 

protective shells and overpacks (criticality, fire, impacts). 

All the packagings are divided in the following way : 

Categories Number of 
1 types 

FS 

DV 

IL 

lU 

LR 

RD 

SV 

CC 

TOTAL 

24 

12 

28 

5 

13 

12 

21 

14 

129 

Number of packagings 

2903 

1625 , 

79 

12 

181 

143 

346 

135 

5423 

Value 
french francs 1980 

82,000.000 

In addition of 5423 packagings, we have about 6.500 specific inner con
tainers, boxes, cases and devices to pack the radioactive materials in 
the packagings. 

Some containers and packagings which have a specific using (one customer 
only) are managed directly and are not book kept in the central park. 
Its the case specially for the most part of UF6 cylinders and irradiated 
fuel casks to reprocessing plants. 

ES 

1 -
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Ill - MANAGEMENT OF THE PACKAGINGS PARK, 

The management of the packagings is made by the way of an informatic 
card-index, including fixed data and variable data which are registred by 
direct approach of the computer by the way of a terminal. (Cf, Appendix II). 

So it is easy to follow the position of the packagings after each 
transport, and to place them geographically in fifteen research centres 
and nuclear plants distributed on the national area. 

Relevant documents to make up the data. 

The customer fills up a form of hiring of packaging by establishing : 

- whether a telex of packaging placement at his disposal (beginning 
of the hiring), 

- or a packaging transport form, 

The hiring is closed when the customer sends a telex of placing at 
our's disposal (end of the hiring). 

System of management, 

1 - The geographical management is made sure by the way of following rele

vant documents : 

- packaging transport form (forecasted data), 

- telex with the date of packaging expedition (carrying out), 

- consignor's certificate and details of consignment note (correction 
of the forecasted data), 

2 - The commercial management is made sure by additional following relevant 

documents : 

- telex of packaging placement at customer's disposal, 

- telex of placing at our's disposal (end of hiring), 

- hiring price-list including the packaging paying off, maintenance 
charges and management charges. 

The packagings hiring price-list includes two scales : 

, one for the daily hiring, 

, the other, twice lower price, for 6 months hiring. 

Drawing up of the card-index. 

The informatic card-index is formed with : 

1 - Fixed data established of a year which identify each packaging : 

- category and identification number of the packaging, 

- hiring price, 

- way of hiring (daily or annually). 

2 - Variable data introduced at each movement of packaging (Cf.Appendix 

- signer of transportation or hiring form, 

- customer's name and department, 

- command number, 

- transport and hiring form number, 

- beginning date of the hiring. 
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- place of departure, 

- place of arrival, 

- unloading date, 

- end date of the hiring. 

Procedure to work the card-index. 

The card-index is continually kept up to date by : 

1 - The entry, in the computer terminal, of the changes of variable data 
(transactionnal form Cf, Appendix III), 

# 

The entry, in the computer terminal, of the changes of fixed data 
(interactive form Cf, Appendix IV). 
In addition, this second document shows the five last movements of the 
considered packaging. 

Use of the card-index. 

The card-index is used for many purposes : 

1 - Geographical localizations of the packagings and containers which ar* 

scattered, -- . 

• - in the different nuclear research centres and plants, 

- in the storage centre of PARIS area (SACLAY), 

- in the storage centre of SOUTH area (CADARACHE). 
The physical management of packagings of fissile materials is operated, 

and these packagings are placed at the customer's disposal, from the storage 
centre of SOUTH area. 

This storage centre is able to consult the central card-index to know 
the geographical places of the packagings and their availability, but in 
anyone case, it is possible for it to change or to entry new data in this 
central card-index. 

2 - Commercial management of the packagings : 

- edition of documents allowing the invoicing to the customers, either 
by month, either immediatly, 

- possibility of grouping by customer, all the packagings hired during ' 
the month (Cf, Appendix V ) , 

% ~ Technical management of the packagings and containers by edition of diffe
rent data : 

- rate of use, 

- rate of movements of full packagings, 

- rate of movements of empty packagings, 

- opportunity to renew, complete or scrap, ", 

- periodical maintenance and repairs, '^ 

- frequency rate of regular retesting, ' 

- movements rate by geographical places. 

4 — Drawing up of statistic data. '- ' ,^ 



IV - CONCLUSION. 

The centralized management of the packagings and containers park, for 
the needsof CEA Group, is operated by the "Section des Transports Speciaux" 
and shows several advantages : 

- on the safety level at first. The specialized engineers are in charge 
of design, engineering, tests, manufacturing and standadization of pac
kagings. These packagings are indexed, identified, maintained, repaired, 
decontaminated, retested regularly by the way to be always conform to 
the rules and regulations, 

- on the economic level afterwards, A limited number of packagings permit 
to satisfy all of the needs, the different departments of nuclear re
search centres and plants having not to buy their own packagings whicj 
would be then in a great number, and used with a very small average, 

- on the level of customer's aid. The technic departments of research and 
production will have no trouble in design, quality, good conditions of 
maintenance, management, nor of the regular prescribed situation of the 
packaging which is put at their disposal, 

- finally, the available statistic data concerning the packagings, con
tainers and the transports can be used by the safety and security 
Authorities. 



APPEHDIXI 

RADIOACTIVE MATERIALS TO BE TRANSPORTED 

(national area, export, import) 
by road, ferry, air and sea 

1 - Uranium ores. 

2 - Uranium concentrated, uranates, 

-̂ Uranium nitrate (natural, depleted, enriched). 

Uranium tetrafluoride (natural). 

5 - Uranium hexafluoride (natural, depleted, enriched). 

6 - Uranium oxide (natural, depleted, enriched). 

7 - Uranium ingots (metal and alloys). 

8 - Fuels (U nat - Ue - Pu - Mixed). 

9 - Irradiated fuels and irradiated materials to examination laboratories. 

10 - Irradiated fuels to reprocessing plants. 

11 - Nuclear materials (Pu - Pu02 - Ue > 20 % ) . 

12 - Liquid effluents (hight and small activities) and contaminated solvents. 

13 - Solid wastes, 

14 - Radiation Sources (sealed or unsealed), radioactive solutions and different 

radioactive materials, 

15 - Contaminated materials (gloves-box, metallic structures etc . . . ) , 

16 - Samples (by post). 
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CLIENT 09 30-J 
LOCATIONS OCCÂ  

A' 
CASWrejE 

JURATION DE LA LOCATION DES EMDALLAGES S , T , S , MARS 1980 

UR 5TS-CA0 IMPUTATION STS 0 
LLES 

1 NUNERO 
1 DE CDE 

1 0 

1 0 
' 1 ft 

1 tf 
r 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 

1 0 

1 0 
1 0 . 
1 0 
1 0 
1 0 
1 D 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 

1NUMERO DEI NUMERO 
1 D.T.L.E.1 DOSS,STS 

35 

35 
J5 

3372". 

<H<i<i2 
9't 
73 

270C3 
168 
130 

30584 
'il<i9 
338 
300 

- 29022 
236 

177 
67 
22 
17 

1306 
0 
0 
0 

0 
33 

35 
35 
35 
35 
35 

228S2 
0 

35 
35 

•26720 
33111 
32<i09 

35 

3! 
35 
35 

2212 
2212 

0 
"i?! 
637 

0 
0 

2622 
0 
0 

875 
0 
0 
0 

6511 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

791 

0 

0 
0 
20 

37ii 

2831 

0 

0 
0 
0 

1 CODE 
lOEMANOEUR 

99 
99 
99 
99 

99 
99 
99 
99 
99 
99 
99 

99 
99 
99 
99 
99 
99 
97 

99 
99 
99 
99 
99 
99 

99 
9? 
99 
99 
99 
99 
99 

99 

99 
99 
99 
99 
99 
99 

99 

99 
99 
99 

iO'tl', 
3 0 M 1 4 

30'.l<t 
3041'. 
30414 
30414 
30414 
30414 
30414 
30414 
30414 
30414 
30414 
30414 
30414 
30414 

30414 
30414 
304.4 
30414 

30414 
30414 
30414 
30414 
30414 
30414 

30414 
30414 

30414 
30414 
30414 
30414 

30414 

30414 
30414 
30414 
30414 
30414 

30414 

30414 
30414 
30414 

1 EHOALLAGE 
IFAM TYPE 

lU 
lU 
IL 
IL 
IL 
IL 
IL 
IL 
IL 
IL 
IL 
IL 

IL 
IL 
IL 
IL 
IL 
IL 
IL 
IL 
IL 
IL 
IL 
IL 
IL 
FS 

FS 
FS 
FS 
FS 

rs 
FS 

FS 
FS 

FS 
FS 
FS 
FS 

FS 

FS 
FS 
FS 

5 
5 
19 
20 
28 
30 
30 
30 
30 
30 
30 
31 
31 
31 
31 
32 
32 

32 
33 
35 
33 
34 
34 
39 

46 

I 
1 

1 
1 
1" 
1 

1 

1 
1 

1 
1 
1 

1 

1 

1 
1 
I 

HUM 

2 
3 
5 

1 
2 
3 
4 
5 
7 
9 

10 

I 
2 

3 
4 

1 

2 
3 

1 
2 

J 
1 
2 
1 

2 
17 
71 
75 

102 
146 
227 

£70 
280 

292 
306 
313 
327 

338 

390 
496 
582 

2017 

(CODE 
iLOC. 

2 
2 
2 
2 
2 
2 

2 
2 

? 

2 
2 
2 
2 

2 
2 
•, 

2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 

2 

2 
2 
2 

2 
2 
2 

2 

2 
2 
2 

1 PERIODS 
IDEB FIN 

31 
31 
31 
31 
31 
31 
17 
31 
31 
31 

31 
31 
31 
31 
31 
31 

31 
31 
31 

31 
31 
10 
J1 
31 
31 

31 
31 
31 
10 
31 
31 
31 
31 

31 
31 
31 
31 
31 

31 

31 
31 
31 

LOG, 
MOIS 

J 
3 
J 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 

3 
3 
3 

INB.JOURSI BAREMC 
1 LOCATIONIJOURHALIER 

31 
31 
31 
31 
31 
31 
17 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
10 
31 
31 

31 
31 
31 
31 
18 
31 
31 

31 
31 

31 
31 
31 
31 
31 

31 

31 
31 
31 

603.81 
603.81 
83.33 

568,50 
568,58 
153,91 
153,91 
153,91 

153,91 
153,91 
153.91 
351,10 
351.10 
351,10 
351.10 
431,06 

431.06 
431,06 
609.36 
609,36 
609.36 
84,05 
84,05 
97.98 

1142.04 

11.55 
11.55 
11,55 
11.55 
11.55 
11.55 
11.5S 
11.55 
11.55 

11.55 
11,55 
11,55 
11,55 

11.55 

11.55 
11.55 
11.55 

COUT 1 

1 

18,718,11 1 
18,718,11 1 
2.583,23 1 

17,625,93 1 
17,625,98 1 
4,771,21 1 
2,616,47 1 
4,771,21 1 
4.771,21 1 
4.771,21 1 
4,771,21 1 
10.004,10 ! 

10.084,10 ( 
10.084,10 1 
10.884,10 1 
13,362.06 1 

13,362,86 1 
13.362.86 1 
18.890,16 1 
18,890,16 1 
18,090,16 1 
1,527,30 1 
2,630,35 1 
3,037,33 1 
35,403,24 1 

358.05 1 
353,05 1 
358,05 1 
207,90 1 
350.05 1 
358,05 1 
358,05 1 
350,05 1 

358,05 1 
358.05 1 
358.05 1 
350,05 1 
358,05 1 
358,05 1 

353,05 1 
353,05 1 
353,05 1 
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DISCUSSION 

Question by K. Janberg, FR Germany: Do you transport HAW in 
liquid form? 

Answer: Yes, in France we use CENDRILLON packagings to transport 
highly active liquids. However, we seldom transport such liquids in 
France. 

Question by H. Eick, FR Germany: Is it possible to rent COGEMA 
packagings? 

Answer: COGEMA packagings are available to all companies in 
CEA (Coimnissariat a I'Energie Atomique) group. However, it is possible 
to rent them out to private French and foreign companies. 
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PKOGSAM FOR THE TRANSPORTATION OF IRRADIATED CANDU FUEL 

R. Kortright, S.J. Naqvi, D.W. Souther, 
J.P. Tanaka, R.W. Barnes, M.R. Matthias, P.K.M. Rao 

Ontario Hydro Design and Development Division 

This paper outlines the current program in Ontario Hydro for 
development of an efficient system for transportation of irradiated CANDU 
fuel. The place of transportation in future strategies for irradiated 
fuel management in Ontario is reviewed with reference to a recent major 
study. This study evaluated the differences between storing fuel at a 
centralized site and extending storage at reactor sites. i 

1. PROGRAM HISTORY 

In February 1974, Ontario Hydro initiated comprehensive studies on 
various aspects of irradiated fuel management including 
transportation.(1) The transportation study covered restrictions on 
flask weight and the length of the shipping season, costs, and the design 
ot a container to support and protect fuel bundles during storage and 
transportation. This study formed the basis of the existing program 
which has developed within the Canada/Ontario Nuclear Fuel Waste 
Management Program (established in 1978) . In this program Ontario Hydro 
is responsible for developing a system for safe and economic 
transportation of irradiated fuel. 

2. NEED FOR IRRADIATED CANDU FUEL TRANSPORTATION . J 

A recent decision by Ontario Hydro in favour of continued on-site 
storage of irradiated fuel has made it clear that a full scale irradiated 
fuel transportation system will not be required until the fuel is sent 
for disposal or reprocessing. 

The transportation systems currently available for irradiated CANDU 
fuel are not adequate to meet intermediate-scale fuel transportation 

•

needs in the late 1980s. At that time irradiated fuel is required for 
disposal demonstration projects to be carried out by Atomic Energy of 
Canada Limited. Therefore, the program for an off-site irradiated fuel 
transportation system will proceed as rapidly as possible to develop an 
acceptably safe and efficient system for implementation in the late 

•... 1980's. 
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It IS expected that a fully licensed transportation system could 
potentially be in place by 1988 at the present schedule pace. 

3. CANDU FUEL TRANSPORTATION EXPERIENCE 

Ontario Hydro has experience with three irradiated fuel 
transpoitdtion systems: a small (15 Mg) flask for research snipments 
the Pegase flask from Transnucleaire for larger off-site shipments, ana 
the Picketing on-site tlask for transters between storage bays at tne 
Pickering station. None of these systems is suited for large-scale 
of£-site shipment. The Pegase flask has been used for 18 shipments from 
Ontario Hydro. It has a reasonably large capacity (72 CANDU fuel bundles 
- 1.4 Mg uranium), but is not efficient to use because bundles must be 
loaded one at a time. The Pickering on-site flask (Figure 1) is more 
efficient to use tnan the Pegase flask because ot its larger capacity 
(256 bundles) and because it is designed to carry fuel storage 
containers, each holding 32 tuel bundles. However, its use is limited to 
transportation on the Pickering site. Experience with approximately 150 
shipments during 2-1/2 years of operation has been good. Future off-site 
rail flasks will probably be similar in size, shape and handling concept 
to the Pickering on-site fiask. However, tney will carry impact limiters 
as well as moditications to maximize fire resistance. 

4. STArUb OF DEVELOPMENT PROGRAM 

The principal elements of the system under development are: a) the 
module (fuel container tor storage ana transportcttion) ; b) the flask 
(rail, barge or truck); c) the flask tie down anu vehicle; and d) the 
Loading î ystem (̂ et OL uryj . 

4.1 Module Design 

The module (Figure 2) is a stainless steel container for storage and 
transportation of 48 pairs of fuel bundles. It provides high storage 
density (2.25 Mg uranium/m-' of usable storage pool volume), support and 
protection for the fuel bundles, and efficient handling in a single 
container from reactoi discharge to ultimate disposal. Design and 
development effort in the program to date has been focused on the module 
to enable modules to be introduced into existing stoiage bays at 
Pickering Generating Station in the near future. The modules will 
Lepiace an existing type ot storage container which provides lower 
storage density. 

Development piograms tor tne module nave incj.uded tuermal analysis 
and testing, stress analysis, and the shock and vibration program. 
Initial the.mal analysis ot modules in a shipping flask indicated tuat, 
with ruei bheatli tempeiature limited to 200*^ C an air-tillea tlasK 
could transport 3 year cooled fuel. The shock and vioration program to 
assess the ability of CANDU ruel to withstand tne notmai transpoitat ion 
environment is tne suo3ect of anotner paper (oy T, Loewen^^M at tnis 
conference. 
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Steel Expansion Channber 

FIGURE 1 
Pickering On Site Flask 

FIGURE 2 
Shipping and Storage Module 



,2 Flask Design 

The road transport flask will contain one module and weigh 
approximately 30 Mg loaded. For rail or barge transportation the payload 
will be up to four modules in a 70 Mg flask. Larger flasks may be 
developed in the future for use only on first class rail lines. Concepts 
for holding the modules and fuel bundles m the flask, flask shape, lid 
and seal design, and concepts to improve fire resistance (including 
thermal shields and the use of depleted uranium or solid steel in place 
of lead for shielding) are all under investigation. A coolant selection 
study is under way, drawing on the results of the flask thermal analysis 
to assess the relative merits of water, air and inert gas filled flasks. 
The current reference flask concept is of fabricated steel and depleted 
uranium construction with air coolant. Cast steel flasks are also under 
consideration. 

The coolant selection and shock and vibration programs will ensure 
that transportation will have no significant adverse impact on the long 
term integrity of irradiated fuel. 

4.3 Other Elements of the Program 

Vehicle and tie down design has received preliminary attention in the 
shock and vibration analysis. A standard flat car with the flask mounted 
vertically is the reference design for the rail option. Long-stroke 
hydraulic draft gear will probably be specified. 

Dry loading is under development m an effort to reduce flask 
turnaround time by reducing decontamination requirements. Both dry and 
wet loading facilities have been provided for in the design of the 
Darlington generating station. 

A mode selection study has produced a computer program for 
calculating the costs of irradiated fuel transportation to any 
destination from each generating station by rail, truck and/or barge. 
Preliminary data indicate that all three modes will be competitive 
depending on the volume of traffic and the locations of the generating 
stations and irradiated fuel management facilities. This economic 
calculation will be used along with other criteria m selection of the 
mode(s) of transport. 

Public information and licensing programs have begun and are 
integrated with the related programs for irradiated fuel disposal in 
Canada. The licensing program includes safety and environmental impact 
analysis. 

5. CANDU VERSUS LWR FUEL TRANSPORTATION 

The CANDU irradiated fuel transportation system differs significantly 
from that for LWR fuel because of the following distinguishing 
characteristics of CANDU fuel: 



a) no criticality problem) 
b) low burn-up; 
c) small size; 
d) once-through fuel cycle. 

Because a once-through fuel cycle is assumed for planning purposes, 
there is no economic incentive to transport significant quantities of 
fuel less than five years cooled. This and the low burn-up permit 
reduced shielding (25 cm of steel equivalent) and reduce requirements for 
decay heat removel (less than 2 kw). The small size of CANDU fuel 
bundles (103 mm diameter x 495 mm length) permits a package shape which 
maximizes the payload to weight ratio (fuel may comprise over 14% of the 
package weight). Of course the payload to weight ratio will vary with 
package size. Larger packages will have higher payload to weight 
ratios.However, the large number of bundles to be handled (14,000 bundles 
per year from the Pickering station alone) requires that efficient 
material handling systems be used. 

j 6. IRRADIATED FUEL MANAGEMENT: SITING OPTIONS 
i 
^ The impact of transportation on irradiated fuel management strategies 
j in Ontario is significant. Transportation cost is a larger part of 
I irradiated fuel management cost than in the case of LWR fuel because of 
' the larger quantity of fuel irradiated and the relatively low CANDU 
1 storage costs. ^ 

These facts were brought out in a recent major study by Ontario i _» 
: Hydro.(3) Several scenarios (Figure 3) for the siting of irradiated j 

fuel storage facilities were compared in the study: 

a) extension of At Reactor (AR) storage; 
b) various siting options for construction of a Centralized Stocog* 

Facility (CSF) 

For each of the scenarios, the following aspects were investigated! 
a) reference designs for the required facilities and transportation r̂ '̂̂  
systems; b) irradiated fuel flows between the places of origin -i • 
(generating stations), storage bays and the final destination ' ^ 
(repository); c) feasibility; d) public safety, occupational safety, i ' ̂  
environmental quality and communities; and e) cost. f I 

Sensitivity analyses were performed for variation in the size of 
nuclear generation program assumed, the date at which disposal would 
begin, and transportation freight rates. 

A range of average distances (400 km to 1,600 km) was assumed for 
off-site transportation to a disposal site. It was assumed that a CSF, 
if not at the disposal site, would be an average distance of 400 km from 
the generating stations. 
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There are four types of transportation links: a) from primary to 
auxiliary storage bays at a generating station (GS); b) from GSs to a CSF 
m scenarios 2, 3 and 4; c) to immobilization; and d) to disposal. Given 
the large number of storage bays and the many factors to be considered, 
optimization of the shipping strategy to minimize cost was a complex 
process. 

All scenarios were found to be technically feasible. Only minor 
differences among the scenarios were found in the areas of safety and 
effect on the environment. 

•
The cost analysis showed that the cost difference between at reactor 

storage and the best CSF scenario is small and within the uncertainty of 
the cost estimates. Total irradiated fuel management cost was found to 
range between 0.4$/MWh and 0.8$/MWh with transportation constituting 10% 
to 44% of the cost (Figure 4). 

7. CONCLUSIONS 

1. Developments in the transportation program have indicated that 
CANDU fuel can be handled and transported safely and efficiently 

2. An efficient CANDU fuel transportation system could be in place 
by 1988 at the current pace of development. 

3. CANDU irradiated fuel will be stored at reactor sites in Ontario 
until the fuel is sent for disposal or reprocessing. Therefore, 
full-scale transportation will not begin until after the year 
2000. 
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DISCUSSION 

Question by K. Janberg, FR Germany: Do you only consider dis
posal in Canada or is reprocessing still an open question to be dis
cussed? 

Answer: Reprocessing is still an open question. The Canadian 
Nuclear Fuel Waste Management Program is developing technology for 
immobilisation and disposal of both irradiated fuel and reprocessing 
wastes, with priority on fuel. Due to resource limitations our stu 
dies have not considered reprocessing waste. The reason for the lo 
priority on reprocessing is that Ontario Hydro studies show no ec' 
omic incentive for reprocessing of Candu fuel until well after th' 
year 2000. Extended periods of storage of irradiated fuel (more 
50 years) are under consideration. 

lo^^ 
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EVALUATION OF DRY VERSUS WET UNLOADING OF 
SPENT NUCLEAR FUEL SHIPPING CASKS* 

George C. A l len, Jr . 
Sandia National Labortories, Albuquerque, NM, USA 

Ray W. Lambert 
General Electr ic Corporation, San Jose, CA, USA 

Donald J . Larkin 
Exxon Nuclear Company, Inc . , Richland, WA, USA 

The Transportation Technology Center at Sandia National Laboratories completed 
an evaluation of unloading methods for spent fuel by sponsoring technical programs 
at Exxon Nuclear Company, Inc. , (£NC) and General Electr ic Corporation, (GE). The 
purpose of these programs was to provide a comprehensive assessment of the re la
t ive merits, capab i l i t ies , and l imi ta t ions of dry and wet unloading methods. The 
results of th is evaluation, when continued, are expected to impact the development 
of future spent fuel and waste transportation systems. In addit ion, f ina l con
clusions of the evaluation w i l l provide input to designers of future receiving and 
shipping interfaces at away-from-reactor (APR) spent fuel storage f a c i l i t i e s and 
geologic nuclear waste repositories in the United States. The results presented 
here apply to the case where uncanistered spent fuel from l i gh t water reactors 
i s to be handled. The conclusions may be d i f ferent i f uncontaminated canistered 
waste forms are considered in the fu ture. 

Al l U.S. l ight-water-reactor (LWR) power plants in service, and most of those 
planned to go operational in the near fu ture, employ "wet" pool loading of spent 
fuel shipping casks. For th is method, a shipping cask i s placedinto a wa te r - f i l l ed 
pool and loaded using underwater spent fuel handling operations. While a consid
erable amount of operational experience exists with wet loading/unloading methods, 
some f a c i l i t i e s that would ship and receive spent fuel and encapsulated waste in 
the future are planning to use "dry" loading/unloading methods. For th is method, 
a shipping cask would be coupled with a shielded hot cel l for loading/unloading 
operations. Exterior surfaces of the cask are maintained dry and are not in con
tact with the in te r io r environment of the hot c e l l . The cask would be unloaded 
using remote handling techniques and hardware in the hot c e l l . 

The evaluation of alternate unloading methods was accomplished by complet
ing four tasks. These tasks included (1) developing basic assumptions; (2) select
ing reference systems for evaluation; (3) analyzing the reference systems; and 
(4) comparing these systems. Similar basic assumptions were selected for both the 

and ENC evaluations. Sample reference design parameters are shown in Table 1 . 
leement on a l i s t of reference parameters enhances the a b i l i t y to compare output 
Iween the two evaluations. Although there are some quanti tat ive differences 

etween the results obtained by the two evaluations, there is good agreement on 
the trends and conclusions on dry and wet al ternat ives. 

( 4 ) 

6et\ 

There are some differences in the ENC and GE evaluations. The ENC evalu
at ion of alternate unloading methods was completed by comparing an ENC-designed 

*This work sponsored by US Department of Energy under Contract DE-AD04-76-DP00789. 

1001 



dry concept to reference wet unloading concepts found 1n a proposed AFR design 
and a conceptual repository design.^ The design basis fo r the dry unloading 
f a c i l i t i e s was developed from existing concepts'^ and from proposed concepts that 
were generated during the course of the evaluation. The effects of f a c i l i t y 
through-put were assessed by evaluating both "small" plants with a receipt rate 
of about 4 to 8 metric tonne of heavy metal per day (MTHM/day) and "large" plants 
with a receipt rate of about 14 to 16 MTHM/day. For receipt of spent fue l , ENC 
personnel assumed that standardized truck and ra i l shipping casks which had been 
designed for the proposed ENC dry unloading f a c i l i t y were used. This was done in 
order to provide a commonload basis for comparing the throughputs of the f a c i l i t i e s 
evaluated. 

m For the GE evaluation, advanced wet and dry unloading concepts were develo' 
and used. Because Improved wet unloading options were considered, the e f f i c i 
of the wet unloading system used in the GE evaluation was higher than the _ 
erence concepts used by ENC. In addit ion, the GE evaluation was based on the 
assumption that the unloading f a c i l i t y must accept any cask of a design which pres
ent ly exists in the U.S. This reduces the advantage of dry unloading, which would 
tend to be more e f f i c i en t with "standardized" casks. The reference wet and dry 
designs for the cask unloading segments of AFR storage f a c i l i t i e s and waste 
repositories were analyzed based on GE's eight years of experience with unloading 
spent fuel shipping casks. Quantitative differences between the alternatives were 
ident i f ied in f a c i l i t y capital costs, operating costs, turnaround times, and 
personnel radiation exposure. Qualitative differences were reviewed in the areas 
of accidents and accident recovery, expected on-l ine ef f ic iency, maintenance 
requirements, impact on cask technology, and operational safety. These differences 
were evaluated to compare the advantages and disadvantages of wet and dry unloading 
systems and some results are presented in the following sections. 

Table 1 

Reference System Design Parameters 

Average Daily Receiving Rate (MTHM/Day) 
Small Plant 
Large Plant 

Rail/Truck Ratio by Weight 

PWR/BWR Ratio by Weight 

Fuel Weight per Assembly (MTHM) 
PWR 
BWR 

Fuel Age 
Years After Removal From Reactor Core 

Exxon Nuclear 

4-8 
14-16 

70/30 

60/40 

0.46 
0.18 

5 

Cost Basis 1980 US Dollars 

General Electr ic 

7 
15 

70/30 

60/40 

0.46 
0.19 

5 

1980 US Dollars 
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The reference designs for AFR storage f a c i l i t i e s and waste repositories were 
reviewed with respect to the functions performed by each portion of the f a c i l i t y . 
The capital costs associated with the plant and equipment required to handle and 
unload spent fuel shipping casks may range from 10 to 20% of the total AFR cost, 
depending on the specif ic f a c i l i t y features. For a geologic repository, the f rac
t ion is less than 10% and is closer to about 5%. Following the iden t i f i ca t ion of 
f a c i l i t i e s and equipment required for shipping cask handling, capital cost d i f f e r 
ences between unloading alternatives were determined for these parts of the plant 
alone. These aifferences amounted to a 40 to 50% increase in the capital costs 
of a dry unloading portion of a plant over a wet unloading port ion. In the cask 
handling parts of the plant there are features which are common to both dry and 
wet unloading. These common features, which consist of the building structures 

•

basic service u t i l i t i e s , vehicle receipt and preparation area, and cranes and 
sts, account for a higher proportion of the capital cost of the wet unloading 
i l i t y than of the dry unloading f a c i l i t y . However, for a l l ranges of concepts, 

i t appears that the capital cost fo r an ent i re f a c i l i t y that uses a dry unloading 
system w i l l be less than 10% higher than for a f a c i l i t y that uses a comparable 
wet unloading system. 

The steps required to unload spent fuel from a shipping cask are shown in 
Figure 1. These functional steps were divided into operational subtasks for each 
unloading al ternat ive compared for differences in cost, manpower, and radiat ion 
exposure. This comparison showed that from an operational viewpoint, wet and dry 
alternatives di f fered in only two of the seven functional areas. These areas, 
cask unloading and cask decontamination, were then examined in the greatest de ta i l . 

A time-and-motion analysis was made for the process steps of each al ternat ive 
under evaluation. The results showed that the dry unloading shortened the cask 
turnaround time at the storage f a c i l i t y or repository. The expected cask turn
around times are shown in Table 2. The expected benefit from dry unloading is 
more discernible and larger fo r r a i l casks than for truck casks. In i t s eval
uation, ENC used a computer model which not only simulated one cask going 
through the receiving f a c i l i t y , but accounted for the interactions and inter
ferences created by mult iple casks In the system. These interactions which resul t 
from having several casks being handled at the same time increased the required 
turnaround times by 50 to 100%. 

On the average, the cask turnaround time was 10 to 30% less for the dry 
method than for the wet method. Since a cask spends about 15% of I t s service 
l i f e at the unloading f a c i l i t y (assuming continuous demand for casks), th is re
duction in turnaround time could theoret ica l ly resul t in a maximum 5% decrease 

Table 2 ' ' -

Cask Turnaround Times 
(Hours) 

Single Cask Path Multi-Cask Path 

GE Exxon GE Exxon Exxon Exxon 
Truck Truck Rail Rail Truck Rail 
Average Average Average Average Average Average 

Dry Unloading 16 15 33 27 42 52 

Wet Unloading 15 , 19 ' 37 41 48 67 
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in the required cask f lee t s ize. This amount of time savings is within the cask-to-
cask va r i ab i l i t y of turnaround times based on ei ther d i f fe r ing cask designs or 
nonnal scheduling d i f f i c u l t i e s . In the evaluation of the tota l operating costs, 
which includes the effects of turnaround time, the savings in operating cost at the 
f a c i l i t y for dry unloading when compared with wet unloading ranged from negl ig ible 
to 20%. 

Using the time-and-motion studies which were developed to estimate operating 
costs, cumulative worker radiation exposure estimates were generated. The analyses 
indicate that the basic difference between the dry and wet unloading concepts with 
regard to radiation exposure is in the cask preparation, unloading and decontami
nation process steps. For dry and advanced wet unloading methods the majority of 

• p o s u r e is not the resul t of decontaminating an empty cask, but occurs in the 
fcparation of the f u l l cask for unloading. For present wet unloading methods, 
contamination does represent a s ign i f icant addit ion to tota l worker exposure. 

The calculated advantage of dry unloading in reducing exposure appears to be about 
20% but could be less than that when non-standard conditions and dry cel l main
tenance considerations are included. From the GE evaluation, the approximate 
personnel exposure in raillirem per metric tonne of heavy metal unloaded is shown 
in Table 3. 

Table 3 
Approximate Personnel Exposure 

(MR/MTHM Unloaded) 

Rail Cask Truck Cask 

Wet Unloading* • i .'.%• 33 115 

Dry Unloading* ' 25 96 

* Low-Level background contributes 30 to 35% to 
overall personnel 

In summary, as a resul t of assessing the evaluations by Exxon Nuclear and 
general Electr ic the following conclusions can be made: 

Neither the incrementally favorable turnaround times and operating costs 
for dry unloading of spent fuel casks nor the Incrementally favorable 
capital costs of wet unloading consti tute compelling factors since these 
are small parts of the total system costs or turnaround times. 

Reduced personnel exposure is the most a t t ract ive feature of dry unloading, 
but th is decrease could be s ign i f icant ly increased by added exposure re
lated to maintenance of the hot ce l l s . 

Based on the Incremental and trade-off nature of dry handling benefits and 
the uncertainties and programmatic problems of implementing a d i f ferent 
technology, I t is concluded that a sh i f t to dry cask handling is not war
ranted for the case of shipping uncanistered spent fuel i f consideration 
is given to advanced wet unloading concepts. 
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The process of evaluating wet versus dry unloading involves analysis of several 
t rade-of fs. For each case, the perceived advantages gained are accompanied by some 
cost or penalty. No single feature of either system has been determined to con
s t i t u te a compelling case for selection or reject ion of either concept. The 
requirement fo r cask external surface decontamination has a major impact on the 
cask turnaround times and, hence, the economics of spent fuel handling. However, 
these evaluations were based on unloading uncanistered spent fue l . While minimiz
ing the decontamination step is a principal advantage of dry unloading, the 
requirement to handle material with large amounts of crud and contamination makes 
the a b i l i t y to maintain contamination-free operations at a l l times unl ike ly . 

An additional resul t of th is evaluation which has been documented i s that 
for an unloading f a c i l i t y , receipt of ra i l casks Is preferred to truck cas l | ^ ^ ^ 
There is a 300% to 400% decrease in worker exposure per metric tonne of h e ^ ^ H 
metal unloaded when ra i l casks are used instead of truck casks. There is an^^ 
a s ign i f icant decrease in the required hours of turnaround time per MTHM unloaded 
when ra i l casks are substituted for truck casks. 

Dry unloading has the advantage of shorter turnaround times, lower operating 
costs, and lower personnel exposure. Both concepts were judged equal with respect 
to f e a s i b i l i t y , radwaste generation, safety, and plant maintenance. Wet unloading 
has the advantages of lower capital cost, greater f l e x i b i l i t y in accepting numerous 
cask designs, being a known technology, and requiring a lower s k i l l level of per
sonnel . 
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DISCUSSION 

Question by B. G. Pettersson, Sweden: Could you outline the 
radiological protection aspects of hot cell maintenance operations 
(for the "dry" option); in particular whether such maintenace op
erations will significantly influence the conclusion that, for occu
pational exposure reasons, the "dry" option would be preferred? 

•

Answer: The dry unloading method is expected to give a lower 
rsonnel exposure but the reduced exposure may not be significant 
ven the uncertainty in estimates for hot cell maintenance. 

Question by R. Kortright, Canada: What developments in wet 
loading were assumed in the GE study of advanced wet loading systems? 

Answer: The main developments to improve wet unloading in the 
US that were assumed in the GE evaluation included: 1. methods to 
reduce the surface areas of the cask that contact the pool water 
(such as shrouds); 2. methods to reduce the dispersion of contam
inates in the pool water during fuel handling; 3. methods to reduce 
facility contamination from having rigging and handling tools go in 
and out of the pool water (such as using a cask elevator in the fuel 
pool). 

Question by C. R. Davis, USA: In light of all the papers pres
ented during this symposium on dry shipping and storage in the 
Federal Republic of Germany, England and the Fort St. Vrain HTGR 
spent fuel, do you anticipate reconsidering your decision to favor 
wet cask unloading? 

Answer: The results of the GE and EXXON evaluations are based 
on the condition that uncanistered light water reactor fuels must 
be unloaded from a cask that had been previously loaded "wet" in a 
reactor pool. If canistered materials are to be transported or if 
the cask were not loaded using a wet method at the reactor end, then 
the conclusion could be different. 
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SEA TRANSPORT OF SPENT FUEL 

B. Gustafsson 
Swedish Nuclear Fuel Supply Co., Stockholm, Sweden 

T. Milchert 
Sal6n Technologies AB, Stockholm, Sweden 

INTRODUCTION 

The Swedish Nuclear Fuel Supply Company (Svensk KUrnbransleforsorj-
ning AB, SKBF), acting on behalf of its owners, is conducting a 
project aimed at setting up a system for the transportation of spent 
nuclear fuel from Swedish reactor plants. The owners of SKBF are the 
three utilities holding licences for nuclear power plants in Sweden, 
namely: 

Statens Vattenfallsverk (Swedish State Power Board) - SV 
AB Sydkraft (South Power Board) - SK 
Oskarshamnsverkets Kraftgrupp AB - OKG 

Before going igto operation, this transport system should obtain 
approval from the following authorities in Sweden, acting within 
their respective fields of competence: 

The Swedish Nuclear Power Inspectorate 
The National Institute of Radiation Protection 
The National Administration of Shipping and 
Navigation 

SKI 
SSI 

Sjo-
farts-
verket 

To ensure that demands and suggestions made by the authorities can 
be complied with at an early stage, such approvals would, according 
to the present schedule, be needed before the middle of 1980. The 
required approvals were obtained on July ISth, 1980. 

As the transport system will operate between Sweden and France, and 
the vessel may be sailing under the French flag during the initial 
years of operation, the ship concept should also be approved by 
"The Central Safety Commission of the French Maritime Authorities 
and the "Dangerous Goods Commission" of the same authorities. The 
approvals are expected to be granted during the month of November, 
1980. 

SPENT FUEL MANAGEMENT IN SWEDEN 

The Swedish nuclear power plants are all of the light water reactor 
type. The various locations, owners, manufacturers, dates o£ commen-
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cement of operation, net outputs and amounts of fuel disharged are 
listed in Table 1. 

The spent fuel is stored for a period of at least one year in a pool 
adjacent to the reactor. The fuel pools can store discharged spent 
fuel corresponding to several years of operation plus one full core 
in the event that its temporary removal from the reactor is neces
sary. The storage capacity available for spent fuel is at present 
being expanded in the six reactors now in operation. This is being 
done by the installation of new fuel racks with greater capacity, 
thus making it possible to store spent fuel from 5-8 years of opera-

^Ber temporary storage in the reactor pools, the spent fuel will be 
transported away from the power plants. 

In 1976 and 1979, spent fuel was shipped from Oskarshamn to Wind-
scale under the terms of the reprocessing contract between BNFL 
(British Nuclear Fuels Ltd.) and OKG. This contract covers 140 
tonnes of uranium. Additional shipments are scheduled from OKG to 
BNFL for the period 1980-1983. 

Acting on behalf of Sydkraft and the Swedish State Power Board, the 
Swedish Nuclear Fuel Supply Co. has contracted with the French com
pany COGEMA (Compagnie Generale des MatiSres NuclSaires) for a total 
amount of 722 tonnes to be shipped to the reprocessing plant at La 
Hague. According to present plans, these shipments will take place 
during the period 1982-1990. 

Fuel that is not shipped directly abroad for reprocessing will be 
sent to the Central Spent Fuel Storage Facility, CLAB, which is 
under construction at Simpevarp near the Oskarshamn power station. 
The CLAB facility, which is expected to be in operation by January 
1st, 1985, will serve all the Swedish power reactors. 
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SWEDISH NUCLEAR POWER PLANTS 

Table 1 

Site/Unite 

Oskarshamn 
Oskarshamn 
Oskarshamn 

Barseback 
Barseback 

Ringhals 
Ringhals 
Ringhals 
Ringhals 

Forsmark 
Forsmark 
Forsmark 

1 
2 
3 

1 
2 

1 
2 
3 
4 

1 
2 
3 

Owner/ 
Operator 

OGK 
OKG 
OKG 

SK 
SK 

SV 
SV 
SV 
SV 

FKA/SV 
FKA/SV 
FKA/SV 

Type 

BWR 
BWR 
BWR 

BWR 
BWR 

BWR 
PWR 
PWR 
PWR 

BWR 
BWR 
BWR 

Manufacturer 

Asea-Atom 
II 

II 

II 

'1 

II 

West inghouse 
" 
*' 

Asea-Atom 
" 
II 

Start of 
regular 
operation 

1972 
1974 
1986 

1975 
1977 

1976 
1975 
1981 
1982 

1981 
1981 
1985 

TOTAL 

Net 
output 
MW 

440 
580 
1060 

580 
580 

760 
820 
900 
900 

900 
900 
1060 

9480 

Reactor 
core. 
tonnes U 

80 
80 
126 

80 
80 

117 
71 
72 
72 

122 
122 
126 

1148 

Fuel discharged/year 

Assemblies 
1) 

90 
100 
144 

100 
100 

120 
42 
48 
48 

133 
133 
144 

-

Tonnes of 
U 1) 

16 
18 
26 

18 
18 

21 
20 
22 
22 

24 
24 
26 

257 

Spent fuel in 
pools -Oct. 1979 

Tonnes of U 

27 
60 
_ 

47 
37 

39 
34 
0 
0 

0 
0 
-

244 

1) Average 



TRANSPORTATION OF SPENT FUEL FROM SWEDISH POWER PLANTS 

When the Central Spent Fuel Storage Facility, CLAB, is in operation, 
there will be continuous spent fuel transports to it from the power -
plants. For this purpose, a domestic transport system, which will 
operate during the major part of the year, is required. 

As all the power plants are located on the coast, it has been 
deemed expedient that the transports should take place by sea. This 
will allow several flasks to be carried in the same transport, and 
the disadvantages of heavy transports on public roads will be elimi-
ted. [Transport by rail is not possible owing to the lack of rail 
' ks to the plants.) All the sites have harbours. Some improvements 
'd additions will be made to enable roll-on/roll-off handling. • 

The only land transportation required is to and from the harbours 
and from the Oskarshamn power plant to the CLAB facility. 

Thus the transport system, in addition to the flasks themselves, 
will comprise a vessel (or vessels) of approximately 2000 dwt 
(tonnes deadweight) and terminal equipment, i.e. tractors and trai
lers, which carry the flasks on their transport frames. 

The projected ship described in chapter 4 permits cargo handling 
both by vehicles driven on board (roll-on/roll-off, ro/ro) and by 
cranes based on shore (lift-on/lift-off, lo/lo). Normally, the ro/ro 
technique will be used, thus giving faster and safer cargo handling. 

As mentioned in chapter 2, several transports are also scheduled 
from Swedish power plants to locations abroad. For the transports to 
La Hague, scheduled to take place during 1982-1990, the same equip
ment is to be used. The transport system will be put into service in 
1982, two to three years before the first transport to CLAB is 
scheduled to take place. 

The transport system thus serves the following purposes: 

1. Transportation from Swedish reactor plants to La Hague 
2. Domestic transports from reactor plants to CLAB ' ' 
3. Future transports from CLAB to a reprocessing facility 0% 

other facility for further treatment ^ '^^ 

TRANSPORT VESSEL , , 

vu. 

For the purpose of designing a vessel suitable for the transport 
volumes entailed by the Swedish nuclear programme, the Central Spent 
el Storage Facility, CLAB, and for transports to La Hague, design 
|d safety studies have been carried out in several stages since 
77. Comments from the concerned authorities on the earlier layout 

of the vessel, as well as international developments, have been 
taken into account in the current design of the vessel presented 
here. Limitations in Swedish harbours and terminals regarding 
draught and size of the vessel have also been allowed for. A basic 
design requirement has been to permit cargo handling by vehicles 
driven on board (ro/ro) and by shore-based cranes (lo/lo) , the for
mer ensuring faster and safer handling. 
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Hence, the vessel is a combined roll-on/roll-off and lift-on/lift
off vessel with a deadweight of about 2000 tonnes, a length of about 
90 m, a breadth of 18 m and a draught of 4 m. The maximum payload 
when carrying loaded casks' is about 1100 tonnes, equivalent to 10 
transport flasks. 

The vessel has one cargo deck, one hold, an aft ramp and cargo hat
ches forming the top o£ the cargo hold. The hold is surrounded by 
side tanks and a double bottom. The superstructure containing the 
crew's living quarters is located forward. 

Fig. 1 shows a perspective sketch of the vessel. 

Main requirements met by the design include: 

Retained floatability after serious damage 
High reliability of machinery and electrical systems 
Effective fire fighting systems 
Ventilation system in cargo hold 
Bilgewater system for the cargo hold, including holding tank 
Good characteristics with respect to seaworthiness, manoeuv
ring and navigation in ice 
Radiation shielding for living quarters and working areas 
Instrumentation for measurement of radiation 
Modern navigation and communications equipment 
Special means for facilitating search and salvage of a sunken 
vessel 

The vessel will be built for unrestricted worldwide service in comp
liance with applicable national and international rules and recom
mendations, and to the highest classification requirements. 

The same vessel or a vessel of similar design may be used for future 
transportation of radioactive cargo other than spent fuel and spent 
core components, such as vitrified waste from reprocessing or low-
and mediumactive waste from the power plants. The waste products 
will then be placed in transport flasks and specially designed tran
sport containers, respectively. These possibilities have been allo
wed for in the design of the vessel. 

Some of the above requirements go beyond those that normally apply 
for merchant ships and may require some explanation. 

Floatability 

bl^ 

m 
In order to provide protection in the event of accidents such as 
groundings or collisions, the vessel was designed with a deep doub^ 
bottom and side tanks, which are expected to protect the cargo ho 
in virtually all conceivable cases of grounding and in 85-90°6 of 
statistically expected cases of serious collision. Collision cal 
culations have been carried out, showing that the side walls of the 
cargo hold will be penetrated by a vessel colliding at a speed in 
excess of 13-19 knots, depending on the size and shape of the vessel 
However, even if the hull is penetrated, the vessel will remain a-
float due to the subdivision of the hull into watertight compart
ments. This subdivision was devised on the basis of very strict 
international regulations for ships carrying dangerous chemicals in 
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bulk. Extensive floatability calculations were carried out at an 
early stage in the design work. 

Propulsion Machinery and Electrical Systems 

The propulsion machinery consists of two independent geared diesel 
engines with separate auxiliary systems (pumps etc.). The engines 
drive two propellers equipped with controllable pitch blades, which 
means that the engines need not be stopped and reversed during 
manoeuvring. 

e machinery is designed for an unattended machinery space 24 hours 
ay and can be controlled completely from the navigation bridge and 
e engine control room. 

The electrical installations and cables for starbord and port side 
propelling systems will be separated. 

Apart from ordinary authority requirements, an emergency generating 
plant will supply consumers necessary for starting up from "dead 
ship" as well as the following: 

'. : -1 • . ' • ) • ! . • • -

Engine room instrumentation . ^ ' ' . 
International communication system '• ' ' • 
Steering gear 
Cargo hold ventilation -' w . "^ '" ' ' 

• ' . .••]> _ • I <, 

Fire detection and extinguishing system •,'"•' ' 

An extensive system will be installed, as Ifce ̂ ll^l^Sj^ tt^lM ^Radi
cates : • ' • ' ' ' ' • ' . ' 

Space 

Cargo hold 

^ain engine 
woms and 
Bumprooms 

Main generator 
room 

Engine control 
room 

Laboratory 

Systems provided 

- Fire detection 
- Water spray 
- Water hydrants 
on deck outside 

- Foam hydrants 
inside 

- Fire detection 

- Halon 1303 systen 

- Water hydrants 

- Extinguishers 

Detection/ 
Alarm on 
bridge 

X 

X 

; 

i 

Activation of extin
guishing system | 
Autom. Bridge 

X 

X 

', 

Local 1 

X 

X 

X 

X 

X 

m 
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Space 

Deck house 
1 

Cabins, mess-
rooms, dayrooms, 
offices 

Corridors, 
staircase, 
galley, 
wheel house 

Systems provided 

- Water sprinkler 

- Fire detection 

- Water hydrants 

- Extinguishers 

Detection/ 
Alarm on 
bridge 

X 

X 

Activation of extin
guishing system 
Autom. 

X 

Bridge Local 

: < 

Ventilation system in cargo hold 

The flasks for spent fuel are designed for a maximum heat emission 
of 40 kW each. In order to keep the temperature in the hold at an 
acceptable level, a ventilation system will be installed. The system 
will also be used for venting exhaust gases from the diesel-driven 
vehicles during cargo handling. 

The ventilation system is designed for a maximum heat emission in 
the cargo hold of 400 kW. With 30 air changes per hour in the cargo 
hold, the increase in the temperature of the ventilation air bet
ween intake and exhaust is calculated to be 15° C at maximum heat 
emission. 

In the case of lower heat emission, which will often be the case, 
ventilation may be reduced accordingly. 

The air intakes will be equipped with fine filters to remove dust 
and salt particles from the air. Two centrifugal fans will be in
stalled, each of which is designed for full ventilation capacity. 
Exhaust fans will be installed in ventilators situated in the aft 
part of the cargo hold. 

The air temperature at the exhaust fans is measured and recorded on 
the safety console on the bridge, from which the ventilation system 
is controlled. 

Radiation shielding and instrumentation for radiation measurement 

In order to limit exposure of the personnel on board to radiation 
max. 500 mrem/year as an average, the vessel will be equipped with 
radiation shields consisting of water-filled tanks and concrete 
walls. The shields are located between the cargo hold and the living 
and working spaces, i.e. the deckhouse and the machinery rooms 

m 
Instrumentation for gamma and neutron measurement will be permanent
ly installed in the cargo hold and main engine rooms. Furthermore, 
a laboratory space on board will contain equipment for measurement 
of radioactivity in liquid and air samples. Portable instruments for 
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Special installations facilitating search and salvage 

In order to facilitate search for the sunken vessel, a special 
signal system will be installed. 

Two line buoys will be fitted on the vessel, each with a line 
length of 500 m. These buoys will float up to the surface and mark 
the vessel's position if it should sink. 

^BR 
addition, two acoustic transmitters (pingers) will be installed, 

^se transmitters are activated by water when submerged. The 
signals can be received by passive hydrophones. 

For easy connection of lifting cables, eight lifting fittings will 
be installed in suitable positions along the vessel's sides. 

The possibility of lifting the vessel from the sea bottom has been 
carefully studied. 

ACCIDENTS DURING SEA TRANSPORT 

The probabilities of various mishaps damaging the transport vessel 
- such as vessel sinks after collision or grounding, large hole in 
cargo hold results from collision, flasks exposed to impact forces 
due to collision and fire accidents - have been analyzed. The poten-. 
tial hazards to the transport flasks resulting from such accidents 
have also been analyzed. Table 2 summarizes the various cases that 
have been analyzed. It can be concluded from table 2 that cases la 
(serious collision causing the ship to founder) and 2a (serious 
grounding causing the ship to founder)will under no circumstances 
cause failure of the integrity of the flask. 

Cases lb (serious collision involving deep penetration of cargo 
hold) and Ic (loss of flask through hole in hold wall) also have 
large failure margins, although leakage cannot be completely ruled 
our by strictly theoretical methods. The gaskets or penetrating 
sleeves may be damaged, thus permitting a slow transfer of material 
from the flask interior to the ambient water (or air). Total rupture 
of the flask body is not possible. 

In order to obtain an upper limit for the total probability of such 
leaks per year, let us assume that a leak occurs in lO'o of the 
^ases lb and Ic. Bearing in mind the fact that the different cases 

table 2 are not independent, we can conclude that the probability 
1 leakage will not exceed 10"^ per year. 

Case Id, fire of long duration, is more difficult to evaluate be
cause of the several unlikely conditions that have to be fulfilled. 
The possible leakage pathway in the event of fire would be through 
damaged gaskets. The term "long duration" means a fire lasting more 
than 30 minutes and directly involving the cargo hold. It is obvious 
that the upper probability limit (10" ) is assumed, only a fraction 
of such fires will actually cause the flasks to leak. If this frac-
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tion is assumed to be as high as 10%, the total probability of a 
fire that leads to failure of flask integrity is on the order of 
10" per year. 
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Table 2 

PROBABILITY OF SERIOUS ACCIDENTS WITH VESSEL CARRYING LOADED CASKS 

Case Primary event Probability 
per year 

Alternative 
consequences 

Total proba
bility per year 

Description 

i, 

la 

lb 

Ic 

Serious ship 
collisions 

1.5'10 -3 

Id 

2a 

-.1.'..- - I' 

Serious 
groundings 

'̂ t 

2.5"10 

U •'' 

Vessel sinks 
due to 
penetration 
by ramming 
vessel. 

Deep penetra
tion of cargo 
hold. 

Cargo lost to 
sea bottom 
through hole 
in hold wall. 

Fire of long 
duration. 

Vessel sinks 
due to pene
tration, 
cargo un
damaged. 

2"10 

1"10 

I'lO 

10 ^-10"^ 

4'10 -4 

No leaks caused by 
corrosion for a period 
of several years. 

Impact forces not greater 
than the casks can with
stand. Leakage not likely. 

Impact forces not greater 
than the casks can with
stand. Leakage not likely. 

Leakage not likely but will 
occur if very unfavourable 
conditions are assumed. 

Same as case la. 



Fig 1 

MAIN DATA 

Length over all 87,00 m 
Length pp 80,00 m 
Breadth 18,00 m 
Depth 6,00 m 
Draft 3,95 m 
Deadwight abt 1.900 tons 
Payload abt 1.100 tons 
Engine Power 2 x 1.000 hp 
Speed 11 knots 



DISCUSSION 

Question by K. Janberg, FR Germany; What happens to the ship's 
hull if a cask falls on to it during the unloading process? 

Answer: The case with a cask falling on to the cargo deck is 
not a serious accident with respect to release of activity, as the 
cask would withstand the mechanical impact. A penetration of the 
deck or hull structure would not affect the floatability of our vessel. 

•
I Comment by M. S. T. Price, United Kingdom: I believe that the 
fety record of ro/ro ships is not as good as for more conventional 

ships and that as a result you have had to take extra measures to 
provide a ship which is acceptable. Can you please comment. 

Answer: It is true that m general terms the damage floatability 
of ro/ro ships is not as good as for some other types. As explained 
this special vessel was designed with respect to very strict IMCO 
criteria of floatability m damaged condition which means a sub
division of the vessel's hull below the cargo deck into watertight 
sections. Floatability calculations were made before the design was 
fixed. 

Question by H.-J. Moller, FR Germany: What is the weight of the 
units including support? What is used for securing? Are your cal
culations regarding collisions at sea carried out theoretically only? 
I refer to the collisions which have taken place during the last 2 
years near the light vessel "Deutsche Bucht." The ships concerned 
(200 to 250 m length) were hidden to the side, side shells were op
ened over an area of 30 m length (above water) and 10 x 8 m (below 
water line). In my opinion a ro/ro vessel of 80 m length will not 
withstand such a collision. 

Answer: The weight of each cask including the transport frame 
IS about 90 tons. The units will be fixed to the^vessel's deck 
during voyage, probably by bolts. 

The interaction between colliding vessels is relatively com
plicated and m a calculation masses, speeds and types of structures 
must be considered. Where a little ship is struck, the collision 
energy will be relatively small which compensates for the weaker 
structure of the smaller ship. In our case their are two mam ad
ditional factors to be considered, namely that the ship has a double 
hull and that it will be strengthened for naviagation m ice. Col
lision calculations made for this vessel indicate that the ship will 

^^fcurvive even very serious accidents with large collision partners. 
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SUBSEABED DISPOSAL TRANSPORTATION SYSTEM* 

G. C. Al len, J r . , M. E. Vernon, D. R. Anderson 
Sandia National Laboratories, Albuquerque, NM, USA 

The emplacement of so l id i f ied high-level waste and/or spent fuel in geold^B 
formations beneath the sea f loor (an al ternat ive to land-based geologic d ispos^P 
is an option being considered by several nations, including the U.S., as a perma
nent solution to the disposal problem of nuclear wastes.•'• The oceans cover more 
than 70 percent of the earth's surface; while they contain many valuable resources, 
they also cover some of the most inaccessible and unproductive areas of the planet. 
I t appears that certain oceanic regions (the mid-plate/mid-gyre regions) may of fer 
pract ical s i tes fo r disposal of high-level radioactive wastes and/or spent f ue l . 

The transportation of th is high-level radioactive waste and/or spent fuel 
from or ig inat ing sites such as reactors, reprocessors, or storage sites to f ina l 
subseabed emplacement w i l l involve four major areas: (1) land transportation 
systems, (2) port handling f a c i l i t i e s , (3) interim storage, and (4) sea transpor
ta t ion systems. The relationship of these areas is shown in Figure 1. Land 
transportation systems w i l l cover the transportation from or iginat ing sites to 
receiving stations of the port handling f a c i l i t i e s . Port handling f a c i l i t i e s w i l l 
prepare the shipments for transfer to the sea transportation systems. Interim 
storage w i l l accommodate the short-term accumulation of waste result ing from 

Figure 1. Subseabed Disposal Transportation System 

'^ork sponsored by the U.S. Department of Energy under Contract DE-AC04-76DP00789. 
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dissimi lar delivery and shipping schedules. The sea transportation systems w i l l 
be used for movement of the waste material fromthe port f a c i l i t i e s to the f ina l 
disposal s i tes. This paper covers the programmatic ac t i v i t i e s of the Subseabed 
Disposal Transportation (SDT) task, reviews s i te selection c r i t e r i a , discusses 
transoceanic route densit ies, and describes oceanic cl imatic factors which could 
af fect SDT a c t i v i t y . 

The Subseabed Disposal Transportation task, which is being coordinated by 
Sandia National Laboratories (SNL) in Albuquerque, NM, has been divided into three 
major a c t i v i t i e s : Technical Direction and Planning, Transportation Interfaces, 
and Systems Development. Respective objectives of these ac t i v i t i es are to provide 
technical direct ion and to plan for SDT a c t i v i t i e s , to establish and coordinate 

^ ^ ^ s p o r t a t i o n information between subseabed tasks, and to ensure the development 
^ ^ B n a j o r transportation systems. 

Future work in the Technical Direction and Planning task w i l l be aimed at 
maintaining a proper perspective on SDT ac t i v i t i es to ensure the ava i l ab i l i t y of 
transportation hardware i f or when this disposal option is shown to be technically 
and p o l i t i c a l l y feasible. The present time horizons for planning purposes of the 
subseabed disposal transportation program are shown in Table 1. This table assumes 
that the SDT ac t i v i t y is continued into a system operation phase. 

Tasks in the Transportation Interface ac t i v i t y include establishing trans
portation interfaces, assembling information to ident i fy ins t i tu t iona l issues 
relat ing to transportat ion, establishing a transportation system design descript ion, 
and assessing the environmental impact resul t ing from various subseabed transpor
ta t ion systems. For present planning and environmental assessment a c t i v i t i e s , i t 
is estimated that the risks and environmental impacts of dock f a c i l i t i e s would be 
no greater than those associated with surface storage and transfer f a c i l i t i e s to 
be used with a reprocessing plant or spent fuel overpacking f a c i l i t y . 

For the penetrometer system of emplacing wastes in the subseabed, i t is ant ic
ipated that the waste would be packaged in a special ly designed penetrometer or 
overpack. While being loaded onto the ship, waste overpacks would be f i t t e d with 
locating devices and recovery mechanisms. The locat ion devices would be designed 
for a 5-year operational l i f e and would, upon act ivat ion, continuously ident i fy 
the posit ion of the waste container. Once placed in storage aboard the combination 
transport/emplacement ship, the waste woul d be transported to the disposal area 

Table 1 

Subseabed Disposal Transportation Planning Time Horizons 

Technical and Ins t i tu t iona l Issues Ident i f ied • 
Concept Alternatives Evaluated vlr ' ' ' 
Site Selection Cr i te r ia Established 

, , f> i ' 

Conceptual Ship and Dock Design • -"^ > • '<; 
,1 '. 1' ) y 

Detail Ship and Dock Design ••'• •• -•-< J ' ; . . 

Construction .. • [ .* , 

Operational Tests >'.; /. ' • v f . 

System Operation . . • : • i 

•••• r 

1 

1 
T< 

• • 

• 1 ' -14. 

. -l.i 

1980 - 1985 

1985 - 1987 

1987 - 1994 

1994 - 1999 

1999 - 2000 

2000 . .'• 

1021 



by a route designed to minimize r isks to the general population and environment, 
with minimal interference to other ocean ac t i v i t i es ( f i sh ing , shipping, recreation, 
e tc ) . I t is expected that acceptable sites can be ident i f ied in both the North 
Pacif ic and North A t lan t i c . 

To date, a task which supports s i te selection c r i t e r i a development has been 
the major focus of the Transportation Interface a c t i v i t y . In selecting acceptable 
s i tes , the subseabed disposal program must establish s i te su i t ab i l i t y guidelines. 
The fol lowing technical guidelines^ are currently taken into consideration in the 
U.S. during the s i te evaluation process unt i l c r i t e r i a are established for the U.S. 
by the Environmental Protection Agency. 

1) Sites should be between 40°N and 50°S la t i tudes. 
2) Water Depth at the s i te should be 4000 meters or greater. 
3) Sites should be remote from continental margins. 
4) Sites should be away from areas of potential seabed resources. 
5) Sites should be away from transoceanic cables in use. 
6) Sites should be aw£̂ y from areas that might be subject to catastrophic 

natural phenomena, such as submarine sl ides, volcanoes and earthquakes, 
that would decrease a s i te ' s environmental p red ic tab i l i t y . 

7) The area of a s i te should be defined by precise coordinates, with an 
area as small as practicable, but no larger than 10* km'. 

8) Sites should preferably be in areas covered by precise navigational 
aids. 

9) Sites should be away from areas, such as submarine canyons, which may 
unpredictably af fect rates of exchange of deep waters and organisms with 
surface waters near the continental shelf. 

10) Sites should be chosen for convenient conduct of operations and to avoid, 
so far as possible, the r isk of co l l i s ion with other t r a f f i c and undue 
navigational d i f f i c u l t i e s . 

11) Ocean bottom current shear stress should not exceed c r i t i ca l erosional 
shear stress. 

By developing some s i te selection c r i t e r i a at the present time, not only 
would the eventual selection of a disposal s i te be based on well established in fo r 
mation, but the areas of the sea which are currently being used for experimental 
explorations would have a high probabi l i ty of being similar to the actual disposal 
s i tes . The transportation of nuclear waste is one factor which affects the choice 
of subseabed disposal s i tes . Guideline number 10 spec i f ica l ly addresses some trans
portat ion issues. 

During the operational period (through emplacement) of subseabed disposal, 
probable accidents are primari ly transportat ion-related. Potential r isks during 
ocean transport chief ly concern the release of waste to the water column and hence 
to the biology of the ocean. The maximum risk would be posed by the sinking of 
the transporting ship orby loss of waste canisters overboard. To minimize hazards 
to transport and emplacement, subseabed disposal operations should be carried out 
in areas of the ocean which are not heavily t raveled. Therefore, transoceanic 
t r a f f i c lane information-' '* is being evaluated to assist in ident i fy ing ocean t r ^ f l 
f i e densit ies. Traf f ic densities are affected by weather, seasons, and volumd^^ 
cargo (inclement weather tends to reduce t r a f f i c densit ies, winter tends ^ P 
supress t r a f f i c from the pole areas, and the increasing volume of cargo tends to 
increase t r a f f i c densi t ies). The information assembled to date is being used to 
develop t r a f f i c density d is t r ibut ions for the ocean areas under consideration. 

Site selection w i l l also be influenced by cl imat ic effects on the sea-
transportat ion system. Climatic ef fect considerations w i l l include potential 
weather damage to transport ships and handling rest r ic t ions during transportation 
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and emplacement. Climatic information has been gathered for a substantial period 
of time (eg, information on surface winds has been recorded for over 200 years). 
SNL has incorporated th is infonnation onto computer f i l e tapes and has processed 
i t using a computer graphics routine" to present isobars on global projections of 
pert inent cl imatic data for monthly, seasonal, or yearly averages. Marine cl imat ic 
information on cyclones, wave heights, wind speeds, and v i s i b i l i t y res t r ic t ions 
have been placed in the f i l e s . Figure 2 i l l us t ra tes the output using the graphics 
program when the data base is used to define the percentage of time that the mean 
surface wind speed w i l l be less than 5.7 meters/sec. Examples of other means of 
using the data are shown in Figures 3, 4 , 5, and 6. These figures show seasonal 
and location variations in wind veloc i t ies and wave heights. However, th is in fo r 
mation on cl imatic conditions is but one step in the development of transportat ion 
^ ^ selection c r i t e r i a . Additional evaluations are s t i l l required to determine how 
^ H e cl imatic factors af fect the overall disposal risk and operational e f f ic iency. 

In the System Development a c t i v i t y , future work includes assessing the 
capabi l i ty of exist ing port and transport systems to sat isfy subseabed disposal 
transportation requirements and developing ship and port concepts. Evaluations 
addressing the generic questions of transporter and emplacement ships have recently 
been started. These i n i t i a l evaluations w i l l be carried out at the Massachusetts 
Ins t i tu te of Technology in Cambridge, Massachusetts, and w i l l review and analyze 
present concepts used in ocean going spent fuel carr iers to determine app l icab i l i t y 
to subseabed disposal transport systems. Ship concepts are being developed that 
w i l l be used as a baseline for future assessments. Evaluations of port f a c i l i t i e s 
have not yet been i n i t i a t e d . They w i l l be started when technical and environmental 
f e a s i b i l i t y of the basic disposal concept has been assured. 

In summary, transportation requirements and interfaces are being considered 
in the evaluation of the subseabed disposal option. Factors which af fect the r isk 
and effectiveness of transportation are being included in s i te selection c r i t e r i a . 
However, detai l development of port f a c i l i t i e s and transport/emplacement equipment 
i s s t i l l several years into the fu ture. 
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Figure 2. Percentage of Time That the Mean Surface Winds 
Are Less Than 20.4 km/h for the Month of April 
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PERCENTAGE OF TIME WIND SPEED EXCEEDS 15 METERS/SEC 
IN THE PACIFIC OCEAN DURING THE FALL MONTHS (SEP.OGT.NOV) 

o WIND SPEED EXCEEDS 15 M/S 
FOR LESS THAN 5% OF THE TIME 

WIND SPEED EXCEEDS 15 M/S 
FOR MORE THAN 5% OF THE TIME 

WIND SPEED EXCEEDS 15 M/S 
FOR MORE THAN 10% OF THE TrME \^-

Figure 3. Percentage of Time Wind Speed Exceeds 
15 Meters/Sec in the Pacific Ocean 
During the Fall Months (Sept,Oct,Nov). 

PERCENTAGE OF TIME WIND SPEED EXCEED 15 METERS/SEC IN THE 
PACIFIC OCEAN DURING THE SUMMER MONTHS (JUN.JUL.AUG) 

O " ' " ' 0 SPEED EXCEEDS 16 M/S FOR LESS THAN 5% OF THE TIME 

^ WIND SPEED EXCEEDS 15 M/S FOR MORE THAN 5 * OF THE TIME 

® WIND SPEED EXCEEDS 15 M/S FOR MORE THAN 10% OF THE TIME 

Figure 4. Percentage of Time Wind Speed Exceeds 
15 Meters/Sec in the Pacific Ocean 
During the Summer Months (Jun.Jul ,/Uig) 



PERCENTAGE OF TIME WAVE HEIGHTS EXCEED 6 METERS IN THE 
PACIFIC OCEAN DURING THE FALL MONTHS (SEP.OCT.NOV) 

o WAVE HEIGHTS EXCEED 5 METERS FOR LESS THAN 5* OF THE TIME 
WAVE HEIGHTS EXCEED 5 METERS 

FOR MORE THAN 5% OF THE TIME 

WAVE HEIGHTS EXCEED 5 METERS 
FOR MORE THAN 10% OF THE TIME 

Figure 5. Percentage of Time Wave Heights Exceed 
5 Meters in the Pacific Ocean During 
t h ^ ^ ^ ^ Months (Sep,Oct,Nov) 
Meters 

] 

PERCENTAGE OF TIME WAVE HEIGHTS EXCEEDS 5 METERS IN 
THE ATLANTIC OCEAN DURING THE FALL MONTHS <SEP.OCT,NOV) 

o WAVE HEIGHTS EXCEED 6 METERS 
FOR LESS THAN 5% OF THE TIME 

WAVE HEIGHTS EXCEED 5 METERS 
FOR MORE THAN 5% OF THE TIME 

WAVE HEIGHTS EXCEED 5 METERS 
FOR MORE THAN 10% OF THE TIME 

Figure 6. Percentage of Time Wave Heights Exceed 
5 Meters 1n the Atlantic Ocean During 
the Fa11 Months (Sej^ifc^Nov) 
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THE ARCHIPELAGO OF NUCLEAR MATERIAL EXPORT LICENSING 

Mrs. Diane Wright Harmon 
Edlow International Co. 
Washington, D.C., U.S.A. 

The title of this paper, "The Archipelago of Nuclear Material 
Export Licensing", should be taken literally rather than figura
tively, for export cases must pass through six separate government 
^£encies, each which works independently under their own guidelines 
H D perspectives. 

^^ The short history of legislative licensing actions which have 
brought us to the present maze can be traced to the 1974 Energy 
Reorganization Act. This Act abolished the Atomic Energy Commis
sion and created two new government agencies, the Nuclear Regula
tory Commission (part of the legislative branch of government) and 
the Energy Research and Development Agency (part of the executive 
branch). It was enacted on October 11, 1974, five months after the 
explosion of a device by the Government of India. 

Prior to 1974, export licenses and retransfer approvals were 
issued by the Atomic Energy Commission. The AEC verified that the 
quantity, enrichment and end use fell within the negotiated and 
approved guidelines of bilateral agreements for cooperation. After 
this assurance was checked, an export license was issued, or the 
government to government approval was signed. This exercise took 
from a few hours to a few days. 

The first export license ever issued was on February 1, 1968 
for the General Electric Co. to ship .002 KGs of U235 contained In 
a fission chamber to Magnetic AB of Bromma, Sweden. 

In 1975 the NRC found themselves in the untenable position of 
having to exercise foreign policy and act to ensure for the common 
defense and security of the U.S. by issuing, holding or denying an 
export license for nuclear materials and components. Because of 
this, the NRC commissioners stopped issuing licenses for a pain
fully long time until this situation could be clarified. On 
February 2, 1976 President Gerald R. Ford issued Executive Order 
11902 which designated the Department of State as the lead agency 
and the Secretary of State as head of that agency to confer with 
"the Secretary of Defense, the Secretary of Commerce, the Adminis
trator of the Energy Research and Development Agency, the Director 
of the Arms Control and Disarmament Agency and the head of any 

Bther department or agency which may have an interest therein" 
fcput their views on whether and under what conditions licenses 
pbuld be issued. 

Obviously, it Is hard for anyone, given an opportunity to 
exert some authority, not to exercise that authority by at the 
least raising questions to be answered, and at the most concurring 
In an action only if it is handled in the manner that they think is 
right. Human nature is what we are really dealing with in the form 
of Executive Orders and Public Laws. 

1027 



The 1976 Executive Order assisted applicants in getting 
stalled export licenses moving through the approval machinery 
again, even if at a slow pace. Each agency newly invited into "the 
nuclear export club" had to create staffs to deal with their new 
responsibilities and we all waited while they were educated in the 
complexities of the worldwide nuclear industry. 

With Jimmy Carter as President, the Department of Energy (DOE) 
was established in August 1977 by the Energy Organization Act. DOE 
took over all aspects of energy and the functions of the Energy 
Research and Development Agency became the Office of Energy 
Research within the DOE. 

This brings us to the year that graced us with the quote 
Act to provide for more efficient and effective control over 
proliferation of nuclear explosive capability," better known as the 
"Nuclear Non-Proliferation Act of 1978." The opening statements of 
policy and purpose of the NNPA were to actively pursue through 
international initiatives a mechanism for fuel supply assurances 
and to establish more effective international controls over the 
transfer and use of nuclear materials, including the establishment 
of common international sanctions. 

The International nuclear fuel cycle evaluation called for In 
1977 by Mr. Carter was already underway when the NNPA preempted Its 
results by precluding reprocessing and requiring renegotiation of 
nuclear agreements. The NNPA was to have made the U.S. a reliable 
supplier and to establish procedures to facilitate the timely 
processing of requests for subsequent arrangements and export 
licenses. If anything, the NNPA has had the opposite effect. Six 
separate federal agencies and a multitude of divisions within those 
agencies were given some authority over export licenses and retrans
fer approvals. Each agency had to establish procedures which their 
individual legal staffs had to interpret as being In compliance 
with the NNPA. 

We will now walk an export license application through the 
archipelago (under the current regulations and procedures). 

A. An applicant with a U.S. address submits an application to 
the Nuclear Regulatory Commission which includes the following 
information: 

1. Name and U.S. address of applicant 
2. Name and address of supplier of material or equipment 
3. Name and address of ultimate consignee(s) 
4. Name and address of intermediate consignee(s) 
5. Date of proposed first shipment 
6. Date of completion of final shipment 
7. Dates of contractual delivery dates if established 
8. Proposed expiration date of license 
9. End-use of material or equipment by all consignees, with 

sufficient detail to permit accurate evaluation of the 
justification for the proposed export. 

B. Within one week of application the NRC forwards a copy of 
the application to the Department of State and the other four 
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agencies, the Department of Energy, the Department of Commerce, the 
Arms Control and Disarmament Agency and the Department of Defense, 
for their views. 

C. These executive branch agencies have 15 days to advise the 
Department of State if they need additional information to make 
their judgment, 

D. If no additional information is required, The State 
Department has 30 days to draft the Executive Branch views on the 
export for the other designees to comment on within 10 days after 
receipt. The executive branch has 60 days in total to advise the 
"̂  C of its views. If additional time for consideration is needed, 

e clock is stopped and the State Department must notify the 
^nate Foreign Relations Committee and the House Committee on 
International Relations of that decision. 

re m 
E. During the 60 days alloted to the executive branch to com

plete their views, the Department of Energy must request confirma
tion from the recipient country that: 

1. the export is subject to the terms and conditions of the 
. , agreement for cooperation. 

an m 

2. the consignee is authorized to receive the material and 

-J-'',; 3. physical security measures will be maintained to a minimum 
' ;•'' standard set forth in document INFCIRC 225/Rev 1. These 

standards were designed in 1972 and published by the 
International Atomic Energy Agency In their present form 

"' i-• in 1977. (The physical security assurances were subse
quently made on a generic basis between Individual coun-

•' . tries and the United States.) 

F. If there is an export application to a country which does 
not have a bilateral agreement for nuclear cooperation or a tri
lateral agreement via the IAEA in place, or is a non-NPT signatory 
nation such as India, South Africa, or Argent'ina, the Department of 
State may request the confirmation letter through diplomatic 
channels. 

G. Each executive branch office with responsibilities for 
concurrence examines the export from their perspective. For exam
ple, ACDA examines the recipient country and material usage from 
the point of view of historical actions, safeguards, arms programs, 
and NPT compliance. The Department of Defense examines the export 
alnst security intelligence information and policy planning. The 
partment of Commerce examines an export against overall export 

^ministration and planning and gets involved more with component 
cases over which they had jurisdiction prior to the NNPA. 

H. In addition to the Agreement for Cooperation assurance 
letter,the International Security Affairs division of DOE examines 
technical, contractual and security aspects of each export or 
retransfer. The State Department looks at the exports and subse
quent arrangements from a current legal and political point of view 
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on behalf of the President prior to expressing the joint executive 
branch views to the NRC recommending the action. 

I. During the 60 days that the executive branch is reaching 
their formal determination, several divisions of the NRC are simul
taneously examining the case for licensing action. The NRC' s 
Office of International Programs prepares the staff policy paper, 
if the case is to go to the NRC commissioners prior to licensing, 
and reviews the actions delegated to the staff. The Nuclear 
Material Safety and Safeguards Office examines the physical secu
rity aspects of each case and may recommend more stringent condi
tions on the export than current applicable NRC physical security 
measures may require. The NRC staff of the International Progr^jB 
Office, along with the legal staff, examine compliance with ^ H 
Nuclear Proliferation Treaties, IAEA Trilateral Agreements, BilS^ 
eral Agreements or their equivalent , the NNPA and any other current 
concerns which might have been gathered from the Interagency Sub
group on Nuclear Export Coordination which is part of the National 
Security Council's Ad Hoc Group on Non-Proliferation. 

J. The NRC has an additional 60 days after receipt of the 
executive branch views to take action on the case or inform the 
applicant of the reason for delay. (Note however, that if the 
executive branch agencies delay the licensing action more than 60 
days, the time clock stops, and they do not have to notify the app
licant, only Congress.) If the NRC has notified an applicant that 
they are delaying licensing action, the NNPA gives them an addit
ional 60 -days to complete their action. The President may author
ize the export by executive order anytime after it has sat before 
the NRC for 120 days. 

K. If the President does order the export. Congress has 60 
days of continuous session to vote to override the executive order. 

The precedent case for congressional review was the 1978 
export to India for the Tarapur reactor. 

As a result of the Freedom of Information Act of 1966 and the 
Government in the Sunshine Act of 1978, all license applications 
and unclassified correspondence relating to them are available in 
the NRC public document room. NRC regulations describe to the 
public how to comment, request a hearing, or petition for leave to 
intervene on an application. The Edlow International Company 
application for the Indian export to the Tarapur reactor was again 
the precedent case which led to the formalization of these NRC pro
cedures. While most export license intervention has ceased, there 
are groups constantly watching for interesting cases. 

The NNPA spelled out the procedure and schedule that 
agencies and Congress were to follow in processing nuclear expo 
and approving subsequent arrangements. 

Section 303 of the NNPA, entitled "SUBSEQUENT ARRANGEMENTS", 
introduced the concept of prior United States approval for almost 
any action in which the United States had a part. 

The following will list transactions defined as a subsequent 
arrangement: 
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a. contracts for furnishing nuclear materials and equipment; 
b. approvals for the transfer, for which prior approval is 

required under an agreement for cooperation, by a recipi
ent of any source or special nuclear material, production 
or utilization facility, or nuclear technology; 

c. authorization for distribution of nuclear materials and 
equipment; 

d. arrangments for physical security; 
e. arrangments for storage or disposition of irradiated fuel 

elements; 
f. arrangements for the application of safeguards with 

respect to nuclear materials and equipment; or 
g. any other arrangement the President finds to be important 

from the standpoint of preventing proliferation. 

If a subsequent arrangement has been examined and approved in 
an' export license action which is still valid, the Secretary of 
Energy need not revert to the other agencies for their concurrence. 
They merely publish the approval in the Federal Register and the 
action may then take place after 15 days of lying before the public. 

An approval for reprocessing or re-transfer for reprocessing 
must be reported to Congress prior to completion of the action. 

Now for the good news: there have been many improvements 
which are now facilitating licensing on the timely basis called for 
in the NNPA. For many countries which have signed the NPT, the NRC 
staff can issue licenses for single reloads or the first core and 
three reloads, or five reloads per application without commission 
review. The only delay would be the time it takes for the recipient 
country to submit the assurance letter against the agreement for 
cooperation. Theoretically a license could be issued for a 10 year 
supply of material in 30 days. 

The NRC can issue timely licenses on the staff level for all 
material except: 

1. Production and utilization facilities; 
2. One effective kilogram or more of high enriched uranium or 

plutonium; 
3. 1,000 kilograms or more of heavy water or nuclear grade 

graphite; 
4. NRC licensed components intended for use in a reprocessing 

enrichment, or heavy water production facility 
5. Any proposed export of any material or equipment, including 

Section 109 components, items and substances to a country 
to which the Commissioners have not previously authorized 
an export pursuant to the Nuclear Non-Proliferation Act of 
1978; 

6. Any other license application determined by the staff or a 
majority of the Commissioners to warrant review by the 
Commission. 

There are also many new general licenses for designated quan
tities of special nuclear material, source material, by-product 
material, and deuterium which became effective April 21, 1980, 
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There are proposed regulations in progress now which will eliminate 
all U.S. import licenses except irradiated material. Further there 
may be a general license for all components to countries which are 
a party to the NPT. General licenses are being expanded for 
certain quantities of tritium, californium, americum, and polonium 
as well as standard reference materials. 

The executive branch procedures published in June 1978 gave a 
one year time limit for transfers between intermediate and final 
consignees without requesting prior U.S. approval. 

But again, in an effort to reduce export disincentives, an 
action that has already been approved under subsequent arrange 
or export license, the Executive Branch made procedural cha 
which allows any and all actions approved under an export lie 
to be carried out within the life of that license. 

For example, assume a license is issued for storage in Sweden 
of U.S. origin natural uranium prior to its enrichment in France 
and later for fabrication in West Germany for use in a Japanese 
reactor. There is no legal or political reason not to grant a 
license for these actions. During the course of the licensing, 
three assurance letters would have to be received from Sweden, 
Euratom, and Japan. If the license had a ten year expiration date, 
all of the actions could be completed without retransfer requests 
from Sweden to Euratom and then from Euratom to Japan being 
required. 

The best way to assure a timely processing of a subsequent 
arrangement or an export license is to submit complete and clear 
information on the original application. This will prevent the 
various agencies from raising questions which can cause delays. 
Although the U.S. government does not look favorably on what 
appears to be stockpiling, they do allow foreign storage for prob
able reactor use. 

The U.S. Congress now has a greater appreciation of inter
national nonproliferation and security goals. While the power over 
nuclear matters has been greatly dispersed from the days of the 
Atomic Energy Commission, the present format is improving and 
becoming more effective and timely. 

DISCUSSION 

Question by W. A. Brobst, USA: What practical recommendatio 
do you have to shorten both the time and the administrative work 
effort to obtain an export licence? 

Answer; NPT signature countries can obtain one licence for up 
to 5 reloads with a 10 year life span. A complete application which 
does not raise questions can be licensed withm one month. 
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ADMINISTRATIVE PROCEDURES CONCERNING THE TRANSPORT OF RADIOAC
TIVE MATERIALS. 

S. Piermattei- Comltato Nazionale Energia Nucleare 
H. Nacfaire- Commission of European Communities 
M. Robertl, C. Faloci- Comltato Nazionale Energia Nucleare 

The present paper summarizes the results of a contract 
which was given by the Commission of the European Communities 
to CNEN (Italian Committee for Nuclear Energy). The aim of 
this contract was to analyze the various legislations and ad
ministrative procedures concerning the transport of radioac
tive materials in Member States in order to develop any pos
sible action to remove technical obstacles,if any, to the mo
vement of the radioactive substances and in the same time to 
ensure a greater safety of the general public and workers. 

We wish to underline here that the objective of the Com
mission was not to duplicate the work carried out in this 
field by the International Atomic Energy Agency, but to try, 
whenever possible, to make more coherent the existing natio
nal procedures. 

The transport of radioactive materials is an activity 
with peculiar characteristics with respect to those of the 
other activities which involve the use of radioisotopes such 
as use, production, processing etc., and take place in well 
definite environments. The transport takes place In any envi
ronments: highways, airports, railway stations, main roads 
etc. and packages have to move safely through the intrinsic 
guarantee of the packaging without any limitations except tho 
se related to the maximum radiation level on the package's 
surface and at one meter distance, to non fixed oontar,iinatlon 
and to the total amount of transport indexes which can be 
transported. The Transport Regulations must assure an adequa
te degree of safety during normal and accident conditions of 
transport, adequate containment, safe dissipation of heat 
and prevention of crltlcallty. 
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We wish to recall here that the technical bases of Tran 
sport Regulations actually in force nationally and interna
tionally were set up by IAEA, which was entrusted with this 
problem by the U. N Economic and Social council. 

The first issue of the IAEA Regulations was published 
in 1961; the regulations were revised in the period 1964- i 
1967 and 1973, Next revision scheduled for 1983 is now under' 
way. 

International Transport Organizations: RID, ADR, IMCO 
and recently ICAO consider IAEA Transport Regulations as ba
sis for their own Regulations. 

In the present study we have examined for each Member 
State the regulations and codes in force; the principles on 
which these regulations are based, the administrative proce
dures to be followed for the carriage of radioactive mate
rials and finally the radiation protection provisions for 
personnel involved in the transport of radioactive substan
ces and the existing provisions in case of emergency. The sĵ  
tuatlon Is summarized in the table. 

As it can be seen the technical bases of the National 
Regulations existing in the nine countries are based on the 
IAEA Regulations, 1973 edition: Although in two cases Italy 
and Netherland previous editions are still in force. 

The International Transport Conventions have been rati
fied by almost all the countries and in this case the 1973 
edition of IAEA Regulations are applied. 

To have the same technical bases means that the concept 
of type B(U) packages, special form materials, control of 
oriticality, radiation levels at the surface of the packages 
and at one meter distance, are accepted; however different 
approaches exist as far as the administrative procedures are 
concerned. 
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1 Count ry 

Be lg ium 

hed Repub l ic 
1 Germany 

1 1-ranee 

I I ta l y 

Luxembourg 

1 Nether lands 

Oenm^rk 

I r e l a n d 

Un i t ed 
Kingdom 

Procedurea 

IAEA 1973 

IAEA 1973 

IAEA 1973 

IAEA 1973 r a i l 

ho l low p r o v i -
^lotisAUR and 
HID 

IAEA 1967 

IAEA 1973 

Conta ined I n 
t r a n s p o r t l i 
cence and f o ^ 
loM IAEA 
requ i rements 

IAEA 1973 

T ranspor t 
A u t h o r l z 

Requ i red 
(1) 

Requi red 

Required 
( U 

Required 
(1) 

Required 
(3) 

Required 
(1> 

Rad p r o t e o t l o n 
o rgan i z 

Q u a l i f i e d 
exper t 

T ranspo r t work 
e ra a r e l i a b l e 
t o rece i ve up 
t o 1,5 rem/year 
( o r agreed o r 
g a n i z a t i o n (5)> 

Transpor t work 
e rs are l i a b l e 
t o r e c e i v e up 
t o 1,5 rem/year 

Q u a l i f i e d 
exper t 

Hea l t h phyatcs 
s u p e r v i s i o n 
f o r personne l 
i n v o l v e d i n 
r o u t i n e work 

T ranspor t work 
e rs a re l i a b l e 
t o re*-eive up 
t o 1,5 rem/year 

T ranspor t wor{C 
e rs a re l i a b l e 
t o r e c e i v e up 
to 1,5 rem/year 

Q u a l i f i e d 
expe r t 

T ranspor t woik 
erb a re l i a b l e 
Co rece i ve up 
t o 1,5 rem/year 

AOR 

I n f o r c e 

i n f o r c e 

i n f o r c e 

i n f o r c e 

i n f o r c e 

i n f o r c e 

i n f o r c e 

R I > 

i n f o r c e 

I n f o r c e 

I n f o r c e 

i n f o r c e 

i n f o r e 

i n f o r c e 

i n f o r c e 

In f o r c e 

i n f o r c e 

IMCO 

i n f o r c e 

i n f o r c e 

i n f o r c e 

i n f o r c e 

I n f o r c e 

i n f o r c e 

, i n f o r c e 

I ATA 

Par t 2A 

Par t 2A 
Par t 2B 

Part 2A 

Par t 2B 

Par t 2A 
Par t 2B 

Par t 2A 
Par t 2B 

Par t 2A 

Par t 2A 
Par t 2B 

Par t 2A 
Par t 28 

ADNR (4)1 

i n f o r c e 

I n f o r c e 1 

i n f o r c e 

P a r i s ^ H 
c o n v e n t ^ B 

I n f o r c e 

i n f o r c e 

i n f o r c e 

i n f o r c e 

i n f o r c e 

i n f o r c e 

i n f o r c e 

C o n v e n t i o n 

i n f o r c e 

i n f o r c e 

i n f o r c e 

i n f o r c e 

i n f o r c e 

i n f o r c e 

Pos ta l 1 
shipment 1 

n o t a d m i t t e d { 

not adm i t t ed 

a d m i t t e d 

not a d m i t t e d 

not adra i t ted 

not a d m i t t e d 

not a d m i t t e d 

not a d m i t t e d 

i id f f l i t ted 

1) Authorization ii. required lor quantities, above the (EC exempt quantities 

2) Exempt quantities are thOi.e appearing In schedules 1-2-3-4 of IAEA transport Regulations, 1973 ed 

3) Authorization is required to cany quantities above large t^ources (maig A 2 7 XAEA Regs 1967) 

4) ADNR follows 1967 edition Of IAEA Regulations 

5) (t is requiied up to now only for quantlti'-s of non fijslle materials exceeding 10 times the limits of CEC exempt quantities 



With few exceptions the trasport of radioactive mate
rials within the CEC is subjected to a prior of authoriza
tion or licence. This authorization can be issued in a form 
of a general licence which allows, other than the use of ra
dioactive materials, also their transport. The authorization 
can be also issued as a single transport authorization to 
carry well defined quantities of radioisotopes. In this case 
the licence might relieve the holder to apply the competent ^ 
Authority for the shipment approval certificate. In Nether-B 
land, infact, the licence to transport radioactive materials^ 
is required only for quantities (large sources) which, accor
ding to the provisions of 1967 edition of the IAEA Regula
tions, need a shipment approval. 

Finally the authorization can be issued in form of a ge
neral transport licence which allows the transport of certain 
radioactive substances up to a maximum activity, in certain 
packages and it is valid for a fixed period of time. In most 
of cases this licence is required to carry radioactive mate
rials in quantities exceeding the limits of the exempt quan
tities of Annex I of the CEC Directive. The Authorization is 
required for all modes of transport, for national and inter
national shipments and for transit; to obtain this authori
zation the applicant has to satisfy certain prerequisites. 

The prerequisities the applicant has to comply with,ex
cept those of general nature such as identity, reliability, 
etc., are: the supervision by a qualified expert or an agreed 
institution capable to intervene in case of accidents, in
surance with national companies and in Italy also agreed 
vehicles are required. It is worthwhile to point out that 
some of these prerequisites are rather onerous and, being the 
issuing of the authorization subject to the existence of the
se prerequisites, this can give rise to a delay in obtain
ing it. 

The prior authorization or licence for the carriage of 
radioactive materials originates directly from the CEC Di
rective, where in art. 2 it is explicitely written that the 
Directive applies inter alia also to the transport of radio 
tive substances and therefore, a reporting or a prior autho
rization regime must be applied. The existence of a prior 
authorization relieves the Competent Authority from the com
pliance with the requirements of the Directive being this com 
pliance transferred to the holder of the authorization. 
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The non uniform application (or the non application at 
all) of the Directive causes, according to our opinion inoon 
veniencas which can produce considerable delay in the exploi
tation of the transport activities and can favour certain 
local situations. 

Therefore it seems to us of fundamental importance the 
Compfetent Authorities have a common approach to the problem^ 

•

if authorizing or not the transport of radioactive mate
rials; it is clear that to adopt a prior authorization regi
me allows a better control of the activities being developed, 
estimates of the collective doses to general public and wor
kers can be performed more easily but, on the other hand, it 
causes a heavy burden of work to the Comptent Authorities. 

We wish to stress the fact that if a prior authoriza
tion regime is adopted the threshold values above which this 
regime applies should be the same for each country. 

As far as the transport documents and approval certifi
cates such as: shipment, package design and special form ma
terial, it appears that the information contained are basi
cally the same, but it should be very useful for the Compe
tent Authorities, carriers, custom people etc. to have the sa
me format where all the information needed are given in the 
same sequences. 

This is only a formal question but it could result in 
the speeding up of the administrative procedures. 

In this context we want to stress also the importance 
to have multilingual documents expecially in cases when sup
plementary procedures during shipment could be needed. 

^ ^ ^ As far as the transport workers are concerned it appears 
in most of oases they are considered a group liable to recei
ve up to 1.5 rem/year. From studies carried out in different 
countries that it has been demonstrated that it is very un-
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likely they will receive more than this figure. 

From this study it appears that the Competent Authori
ties have different attitudes with respect to this problem: 
in some cases, according to the provisions of the CEC Di
rective, the presence of a qualified expert or of an agreed 
institute is required for radiological control of personne' 
involved, in others the evaluation of radiation exposure i 
made directly from carriers or Competent Authority. Being 
the control of radiation exposure of transport and storage 
personnel one of the task assigned by the Regulations to the 
Competent Authority it appears to us of fundamental impor
tance to carry out periodic assessments, in order to ensure 
that the dose limitation system is not exceeded. The work 
the International Atomic Energy Agency is developing in this 
field will prove very useful and only in particular cases, 
such as airports or main railways stations further investi
gations of the relevant Competent Authority will be requi
red. 

As far as the training of personnel involved in trans
port: drivers, cargo handlers, etc., we noticed certain 
discrepancies-: in some cases no training at all is required, 
in others general information are given on the risks conne£ 
ted with nuclear energy, in others it is mandatory to fol
low training courses. 

From a general point of view a training of the person
nel, adequate to the activities being carried out It Is an 
important goal to be reached. A common programme at Commu
nity level could be developed involving carriers, drivers, 
cargo handlers, custom offleers,'etc. This would assure a 
common level of knowledge by all the workers involved, and 
facilitate the cross of the borders. 

Along this line we propose also to study the posslbilH 
ty to coordinate the intervention procedures in case of ac
cidents, taking into account the work carried out in this 
field by International Atomic Energy. From this survey it 
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appears that In each country an emergency service exists and 
therefore a coordination of the intervention procedures could 
be feasible in case of international transport. In this con
text it should be also very useful to establish mutual help 
agreements in case of emergencies between neighbouring coun
tries . 

The procedures adopted for package design and special 
form material approvals follow the requirements of the IAEA 
Regulations and the Competent Authorities seem to use the sa 
me general approach. Where the Competent Authorities use a 
different behaviour is in the control of packaglngs during 
their life, in certain cases it is up to the person who owns 
the certificates, in others it is up to the Competent Autho
rities, in other cases it does not exist at all. If in the 
future, the movements of type B (U) packages will increase 
we deem very important from the safety point of view that 
Competent Authorities be aware of the number of packagings 
of a given design have been built, fabrication date, condi
tions, etc. 

This will be probably an argument to be Included in the 
revision of Regulations, we want simply to draw the atten
tion on this problem. \ , 

If the standardization of the administrative procedures is 
obtained the ultimate goal should be to put into operation 
within the CEC countries a cooperation agreements for the 
transport of radioactive substances along the same line of 
that existing within the Benelux countries. 

•I 



DISCUSSION 

Question by J. Chatelet, France: France is one of the countries 
requiring training of drivers for the transportation of dangerous 
goods: 

certification decreed by the Ministry of Transport for all dangerous 
goods; 
certification decreed by the Ministry of Employment and Ministry 
of Health for the transportation of gamma radiography equipment. 

I would like to know in which countries there is a regulation requiring 
driver certification? 

Answer: Drivers have to be certified in no other CEC countr 
apart from France. Training of personnel is carried out in some 
countries but it is not mandatory. 

Question by B. W. Emmerson, United Kingdom: Did any of the CEC 
countries examined in your study have administrative procedures which 
made provision for the training of drivers or their views in dealing 
with an emergency situation during the course of transport of radio
active materials, m addition to their training for normal transport 
operations? 

Answer: No special training is required for drivers m case 
of emergencies. They are only informed about the minimal actions 
to be taken in case of accidents. 

Comment by W. Stolz, Austria: In Austria the training of 
drivers for the transportation of radioactive materials was made 
compulsory by law in May 1980. This includes theoretical (Legal as
pects, hazards) as well as practical (measures to be taken in the 
event of an accident) instruction. This instruction can be restricted 
to individual ADR classes (e.g. class 3, flammable liquids) or cover 
all ADR classes. 
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NUCLEAR MATERIAL SHIPMENT STUDY* 

E. W. Shepherd 
Sandia National Laboratories, Albuquerque, NM, USA 

^ ^ OVERVIEW 

^ ^ The Transportation Technology Center (TIC) has undertaken a major study e f fo r t 
to col lect data on normal shipment volumes of a l l radioactive materials which 
move in commerce in the United States. This information w i l l be used for public 
inqui r ies, state and local planning, improvement of the r isk assessment data 
base, the International Atomic Energy Agency (IAEA) worldwide col lect ion e f f o r t , 
emergency response planning and environmental assessments. The shipment study 
described in th is presentation is being performed for the TTC by the Center for 
Urban and Regional Pol icy, SRI Internat ional , Menlo Park, CA. Funding for th is 
study is being shared by the US Department of Energy (DOE), US Department of 
Transportation (DOT) and the US Nuclear Regulatory Commission (NRC). 

There is a continuing need to know the quantit ies and types of materials 
and thei r packagings which move routinely in commerce. In addition to being 
needed for repl ies to public inqu i r ies , th is information provides the backbone 
of any environmental assessments on the subject. 

In conjunction with the col lect ion of normal shipment volume data there i s 
a need for accurate accident and incident data. The TTC is col lect ing informa
t ion on incident frequency and severi ty. This information is stored in a computer 
system spec i f ica l ly designed for only radioactive materials reports. Al l data 
is entered by technical special ists fami l ia r with accident analysis and radio
active materials. This information plus the shipment data w i l l be made available 
by the TTC for use in r isk assessments. 

Currently, the only nationwide data available is the result of an NRC funded 
study by Bat te l le (PNL)' performed in 1975. This study, done as a voluntary 
survey, incorporated the inherent shortcomings of a voluntary survey. However, 
the Batte l le study should be a s ign i f icant building block for th is new e f fo r t 
in col lect ing a current, comprehensive data base as well as devising a system 
to periodical ly update th is information. 

The major objective of th is e f f o r t is to establish a comprehensive data base 
on radioactive material shipment volumes in the United States and to use th is data 

#generate quanti tat ive descriptions of the transport of radioactive materials, 
major tasks underway are: (1) an audit of the procedures and paperwork used 

shippers, generators and car r ie rs ; (2) an analysis of how the transport system 
operates; (3) an analysis of the measures needed to track quantit ies of radioactive 
materials on a continuous basis; (4) preparation of the survey plan necessary 
to conduct the survey for a 1 year period start ing in 1981 and (5) establishment 
of the format for a data base suitable for environmental r isk assessment, accident 
r isk and related informational needs. 

Work sponsored by the US Department of Energy under contract OE-AC04-76DP00789. 
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The pre-survey tasks of th is study were started in September 1980 and are 
scheduled to be completed in March 1981. The major tasks to be completed in the 
pre-survey phases are: (1) an audit of the transportation system procedures, 
documents and problems; (2) recommendations on the f eas ib i l i t y of col lect ing 
data on a continuing basis and reported annually or other appropriate time frame; 
(3) an assessment of data already being recorded in material specif ic data bases; 
(4) an assessment of data that can be extracted from exist ing documents and 
related records and (5) a milestone chart of the survey plan. 

The survey i t s e l f i s scheduled to begin in 1981 and cover a 12 month period. 
The reporting period i s expected to cover the period January 1 , 1981 through 
December 31, 1981. The survey is being designed around shipping documents a 
other records which w i l l permit backtracking to the beginning of 1981. 

i n ^ _ ^ 

OUTLINE OF THE STUDY 

Phase I Tasks 

TASK 1 Analyze surveys done in the past ( e . g . , NUREG-0073, Transport of Radio
active Material in the-U.S.) and being done now on a l l radioactive 
material shipments. Specific points to be included and provided in 
report form are: 

a. The iden t i f i ca t ion of past and probable problems in data co l lec t ion. 
b. The determination of assumptions that can be used for projections 

of survey data. 
c. The determination of the s u i t a b i l i t y of s ta t i s t i ca l techniques, 

survey procedures and data co l lect ion methods currently in use. 
d. Comments on the useful ness of available data for answering questions 

and documenting reports. 
e. What s t r a t i f i ca t i on of shippers and materials should be used. 

TASK 2 Audit/analyze a l l current shipper, carr ier and user documents to determine 
what data are already being col lected, how i t is collected and how 
i t is reported. Parameters and data to be collected must include, 
but are not l imi ted to: 

a. Shipment Mode 
b. Package Type 
c. Shipping Distance 
d. Material Shipped 
e. Amount per Shipment (state units to be used in addition to number 

of packages) 
f . Physical Form of the Radioactive Material 
g. Chemical Form of the Radioactive Material 
h. Shipment Frequency 
i . Intended Use of Material Shipped (medical, research, etc.) 
j . Or igin, Points in Between, Destination Points (routing) 

TASK 3 Investigate exist ing data bases to determine what data are ava i l ab le 
and in what format. 

TASK 4 Prepare a comprehensive out l ine of the overall assessment plan. This 
assessment w i l l include a discussion on the re lat ive merits of various 
approaches for determining the quantity of radioactive material being 
shipped in the United States. At least two approaches w i l l be considered. 
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One approach would be to update the work done for NUREG-0073, with 
appropriate modifications. Another approach would be to design a new 
plan star t ing with 1980 as the base year. Regardless of the approach, 
the information and data from TASKS 1 , 2 and 3 w i l l be incorporated. 
The plan w i l l specify col lect ion techniques, sampling requirements, ana
l y t i c techniques for data reduction and preliminary guidel ines for report 
format. The plan w i l l include a milestone chart of the major elements 
to be accomplished. 

Phase I I Tasks 

m TASK 1 Design the assessment forms and consult with major segments of industry 
"̂  to assure maximum cooperation in using these forms. 

_ani 

SK 2 Propose logical groupings for the nuclear materials so that the co l 
lect ion techniques w i l l take into account s ign i f icant parameters of 
a class of material or of a segment of the nuclear material industry 
( i . e . , type of material [medical, spent f u e l , e tc . ] or risk of material 
or on s im i la r i t i es in shipping procedures). 

TASK 3 Incorporate any modifications to TASK 4 of Phase I necessary for 
col lect ing the data as specified in Phase I , TASK 2 and Phase I I , 
TASK 2. 

Phase III Tasks 

Based on the results of Phase I and Phase II, authorization will be provided 
in the third phase to: 

TASK 1 Establish the collection techniques and the implementation procedures 
to achieve desired statistical and extrapolative results. 

TASK 2 Conduct the survey, do the calculations, establish data base, prepare 
interim reports and a final report. 

SUMMARY OF RADIOACTIVE MATERIAL TRANSPORTATION 

ASSESSMENT PROGRAM PLAN . ;. . 

Method of Approach 

An examination of pr ior surveys and of available source records indicates 
that the quanti tat ive description of radioactive material transportation can be 
accomplished with as much precision and r e l i a b i l i t y as is desired by using a 
carefu l ly selected, properly part i t ioned subset of radioactive material shipment 
data to estimate system-wide quant i t ies. Further, th is representative sample can 
be loaded into a computerized general purpose f i l e management and s ta t i s t i ca l 
analysis system to establish a comprehensive data base. F ina l ly , the experience 

ined through the survey and establishment of the data base should provide 
'formation adequate for recommendations for a methodology for updating th is 

Sta base, either through ongoing or periodic data co l lec t ion . 

The major probl em envi sioned fo r the survey is the acquisi t ion of data needed 
to establish and maintain the system data base. Several design principles w i l l 
help overcome the data acquisit ion problem: 
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Industry part icipants who supply input data should benefit from the output. 
I f the output is useful, th is w i l l provide an incentive to supply high 
qual i ty data. 

The conf ident ia l i ty of data supplied to the system by industry must be 
respected and preserved to avoid v io la t ing the proprietary r ights of 
individual f i rms. Conf ident ial i ty w i l l be guaranteed. 

Data supplied by industry must result as much as possible as a natural 
spin-off of on-going operations. Although this is a standard system 
design pr inc ip le , i t is especially relevant in the nuclear and radio
nuclide industries where there are already extensive regulatory record-^ 
keeping requirements. 

• Data must be acquired as economically as possible. This means tha 
reliance on time-consuming survey questionnairesmust be avoided or greatly 
minimized. In addit ion, data need not be collected from a l l industries 
that package, transport or otherwise handle RAM. The study design w i l l 
be based on a sc ien t i f i ca l l y selected sampl e of exist ing shipping records 
available at key points or nodes in the RAM transportation network. 

The Sampling Frames 

Two possible sampling frames were considered to represent the population. 
One was the set of ent i t ies 1 icensed by NRC to use, ship, carry or otherwise han
dle radioactive mater ia l . Questionnaires administered to an appropriate subset 
of these licensees would allow estimation of radioactive material transportation 
quanti t ies according to any logical grouping that is desirable to maintain. Another 
possible frame was the set of shipping papers generated over some desired time 
span. Again, an appropriate subset would allow estimation of radioactive material 
shipment quantit ies within any logical grouping of in terest . 

This study w i l l base the assessment of radioactive material transport on 
shipping papers rather than to rely on questionnaires administered to licensees. 
The factors determining th is decision were: 

• Data qual i t y . 

• Costs. 

• A close correspondence between the minimum data requirements and the data 
requirements for shipping papers specified in49 CFR 172.202 and 172.203. 

• A concentration of records within a l imi ted number of en t i t i es , simplifying 
and reducing the costs of data co l lec t ion . 

Shipping Document Information Available 

DOT regulations specify that shipping papers for recording radioactive mat?' 
r ia l movementmust be prepared for every shipment. The data required for shipping 
papers by 49 CFR 172.202 and 172.203 Include: 

• Proper shipping name of mater ial . 

• Hazard class. 

. # 
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Quantity (weight, volume or other). 

• Radionuclides present (from 49 CFR 173.396). 

• Physical and chemical form (if in normal form). 

• Activity for each package. 

• Category of label applied to each package 

• Transport index assigned to each package. 

•

• F iss i le class information. 

• Package ID marking, i f NRC-approved package. 
Typical ly, these papers also include place of or ig in and destination place and 
company name, plus transporter company name. These data elements correspond to 
the data requirements for r isk assessment (normal transport, accident and c r i t i 
cal i t y ) . 

A Radiation Shipment Record (RSR) currently used by the largest commercial 
waste management f a c i l i t y i l l u s t ra tes that a l l of the information required for 
the study can be obtained (mode, o r i g i n , dest inat ion) , inferred (intended use of 
the material from shipper or destination name) or calculated (shipping distance) 
d i rec t l y from th is shipping paper. There is close correspondence between the 
requirements of the study and the shipping papers analyzed. Points between or ig in 
and destination as well as shipping distance may present some d i f f i cu l t ies because 
routes sometimes include inter im ports and more than one transportation mode, 
but in pr ior studies, several assumptions about routing have been used to resolve 
th is complication. . . . 

S ta t is t ica l Analysis 

Most analysis in th is study w i l l deal with explaining the structure of the 
data population. 

The key to selecting a representative sample from a 1 imi ted number of companies 
or f a c i l i t i e s i s a detailed understanding of the radioactive material cycles 
or networks. Three such networks have been iden t i f i ed : the Nuclear Power Cycle, 
the Commercial Applications Cycle and the Ins t i tu t iona l Appl ications Cycle. Within 
each cycle w i l l be ident i f ied the major processing, usage and disposal points 
(cal led nodes) the major by-products ateachnode and the paths for each by-product 
between nodes. F ina l ly , the number and name of each ent i ty involved with the 
process or ac t i v i t y at each node w i l l be iden t i f i ed . Once the three (or more) 
networks are completely understood, a sampling strategy can be formulated for 
co l lect ing a maximum amount of data at a minimum cost. 

I i 
f The data type w i l l determine the s ta t i s t i ca l tissts that w i l l be applied to 
xplore the structure of the population. Class i f icat ion data (such as radio

nuclide, chemical and physical forms) are used merely to c lassi fy radioactive 
material transportat ion. Ordinal data (such as hazard class and transport index) 
are used to assfgn a re la t ive relat ionship ( e . g . , more or less than) to members 
of each group. Ratio-measurements ( e . g . , quant i ty, volume, weight, ac t i v i t y ) 
correspond to common and consistent units of actual measurement. A variety of 
s ta t i s t i ca l tests are required for analysis of radioactive material transporta
t ion data. For example, c lass i f icatory and ordinal data may require analysis 
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via nonparametric or distribution-free statistical tests. 

Conceptual System Design Framework 

The design framework for the study is presented schematically in Figure 1. 
The heart of the system is the system data base shown between the EDIT program 
and the "Variable Builder" program. The stream of new data to be added to the 
system data base is outlined below (each step corresponds to the number shown 
in the illustration). 

(1) Shipping records acquired from industry data sources arrive at the 
study operations center. These records, probably copies made and cor'-^ 
from industry files, are the primary data source for the protot; 
system. 

the 
d | ^ ^ 

(2) Supplementary data such as special surveys or other data bases (e .g . , 
the Hazardous Material Accident Incident Reports) can be entered at 
th is point i f they are to become part of the system data base. 

(3) CADE (or a software package simi lar to th is UNIVAC program) is used 
to translate the input data into machine-readable format. An operator 
keys the data onto a magnetic tape or other storage medium. 

(4) Fixed format tape i s used to store the data temporarily on magnetic 
tape. 

(5) SAS Loader (Sta t is t ica l Analysis System Loader program) is used to 
establish a SAS-compatible data base. SAS is an extremely powerful 
software package that incorporates a high level user-oriented language. 
I t is SAS that provides the analytical and reporting f l e x i b i l i t y . 

(6) System specif ications are used to instruct the SAS loader on SAS f i l e 
requirements. The SAS data dictionary is included in the SAS f i l e . 
The SAS f i l e af ter EDIT becomes the system data base. The data d ic t ion 
ary includes ed i t and val idat ion c r i t e r i a that are automatically applied 
to data elements. 

(7) Data dict ionary external to the system data base w i l l be maintained 
on a word processing system (aWang system in th is case) and be provided 
to users as reference documents. There is a dictionary for each unique 
data input format although data elements are common on a l l formats as 
appropriate. 

(8) SAS f i l e comprises an intermediate stage for new unedited data that i s 
being processed into the system data base. 

(9) SAS Edit results in data passing the edi t checks going into the system^ 
data base and data f a i l i n g the edi t checks noted on an error l i s t i ^ 
to f a c i l i t a t e manual corrections of inputs (Steps 1 and 2). 

(10) System data base stores the edited, clean data plus the SAS data dic
t ionary. 

(11) Sample weights result ing from the sampling strategy must be used to 
estimate the to ta l universe or one or more of i t s strata (or par t i t ions) 
from the sample data contained in the system data base. These weights 
w i l l be predetermined and stored in the data base. 
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3. Computer-assisted 
data entry (CADE) 

4 7. Data 
dict ionaries 

6. System 
specif ications 

13. Analysis and 
report 
generator 

15. Reports 16. Other 
outputs 

Figure 1. Study conceptual framework. 

(12) Variable builders are SAŜ  programs that develop the r isk analysis, 
policy and management variables needed for user analyses and reports. 
An analyst or programmer trained in the easy-to-learn SAS language can 
prepare the needed programs. I n i t i a l l y , the SRI systems team w i l l 
perform th is task. This step u t i l i zes the weights needed to perform 
tabulations within the context of the universe of in terest . 

(13) Analysis and report generator capabi l i t ies of SAS can now be used to 
perform the desired analysis and generate the desired reports under 
the control of an analyst ( i n i t i a l l y SRI). 
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(14) Supplementary data required for a particular analysis or reporting task 
but not required in the system data base can be entered at this point. 

(15) Reports that meet user information requirements within the scope of 
the system and data base design are produced. 

(16) Other outputs such as special data bases for other systems can also be 
produced. 

la t!r 

CONCLUDING REMARKS 

The Radioactive Material Transport Assessment Study is expected to providi 
f l ex ib le set of capabi l i t ies and useful information to the public, industry 
government users by using a system design to assure obtaining high qual i ty daf 
from selected industry sources at acceptable cost. I t i s expected that the ship
ping record approach coupled with an e f f i c ien t sampling strategy w i l l accomplish 
t h i s . The study i s also designed to y ie ld analyt ical capabi l i t ies and s ta t i s t i ca l 
output to serve publ ic , industry and government users. 

The information provided by the study w i l l make a valuable contribution to 
environmental and accident r isk assessment, policy development and operational 
planning and management ac t i v i t i e s . 
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DISCUSSION 

Comment by A. W. Grella, USA: Your remarks on the new study 
tend to make me conclude that you have come down rather hard on the 
1975 study. I would like to comment in defence of that study that 
it did provide useful data and its statistical sampling methodology 
did take account of the groups being sampled. I think your study may 
have set some over optimistic goals m depending on shipping paper 
data which shippers are not legally required to maintain. 

^^k Answer: You are right. I did not mean to so degrade the 1975 
^^Hy but instead to stress that in the public mind that study is 
^Bw outdated. The data provided by the previous study has been 
widely used and has found the basis of risk studies since its pub
lication. Likewise I recognise that the study I have described is 
very optimistic 

Question by R. F. Barker, Austria: What are your reasons for r 
setting the system up so it can be kept current? 

Answer: This is more of a concession to the public than a 
technical need. Unless there are major shifts in public policy the 
volume of radioactive materials shipped in the US obviously changes 
only a little each year. This study is to include up-dating provisions 
so that the slope of that change can be estimated and so that the 
public will not assume that the data are not current simply because 
they are several years old. 

Question by W. G. Bevan, USA: In your analysis of transport 
data will you assume internal routing guides of common carriers as 
the route of movement for LTL shipments rather than to attempt to 
trace the actual route of movement? 

Answer: Yes. No available information will give exact routing 
for individual shipments so algorithms are used to predict most 
likely routes used for shipments. 
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THE SYSTEM OF INSUEANCE AND INDEMNITY COVERAGE 
FOR PUBLIC LIABILITY ASSOCIATED WITH NUCLEAR 
MATERIALS IN THE COURSE OF TRANSPORTATICN 

IN THE UNITED STATES 

by 
Oner F. Brown, II 

Office of the General Counsel 
United States Department of Energy 

Washington, District of Columbia, U.S.A. 

INTRODUCTICN 

As the number of shipments of radioactive materials in the United States has 
increased, more people have becane concerned about public liability and ccnpensa-
tion issues. This growing concern and the increasing effects of other institu
tional factors on the packaging and transportation of radioactive materials both 
are reflected in the number of papers on "non-technical" matters being presented 
at this year's symposium. Two years ago at the fifth symposium ui Las Vegas, I 
was one of only a few speakers to address a "non-technical" subject. 1/ This 
year, there unfortunately are more of us. I say "unfortunately", because insti
tutional restraints that more and more are inhibiting novanents of radioactive 
materials appear inversely proportional to the safety record of such movements. 

Instead of inposing unnecessary restrictions on the movanent of radioactive 
materials, concerned persons should consider the regulatory schane that applies 
to these materials (in many cases, internationally) as a high standard that ship
pers and transporters of other hazardous conmodities would be well advised to 
emulate. It is our obligation to better educate them about hew effective this 
regulatory scheme is. One of the most misunderstood aspects of it is coverage 
for public liability. This presentation will attempt to describe the breadth of 
that coverage. 

Few realize that the regulatory schane for transportation of radioactive 
materials in the United States is especially ccraprehensive not only as a result 
of adherence to strict safety standards, but also because of the onnibus system 
of insurance and indemnity coverage for public liability. We long have recog
nized that, even with stringent packaging and transportation safety standards, 
the possibility of a transportation accident resulting in scne measure of dam
ages to persons or the environment, while renote, cannot be totally eliminated. 
Therefore, the Federal Government and the nuclear and insurance cdimunities have 
developed a broad systan of insurance and indenmity protection to make funds a-
vailable when there is public liability as a result of an incident involving 
transportation of nuclear materials. 

THE BASIS FOR PUBLIC LIABILITY 

In the United States with our federal systan of government, liability for 
damages to persons or property can be imposed by either Federal or state statute 
or case tort law. 2/ In the European countries that have mplanented the 1960 
Paris Convention 2/» there is a system of strict liability, irrespective of fault, 
for nuclear damage. In our country, on the other hand, there are a nuniber of 
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traditional legal theories, including negligence and strict liability, on which 
public liability may be based. 

As in other comnon law countries, our tort laws also are not static. There
fore, the basis for public liability in the United States may vary frcm jurisdic
tion to jurisdiction and frciu tine to tine. When not specifically inposed by 
statute, nuclear tort liability decisions would be derived largely frcm past ju
dicial precedents with the legal doctrine of stare decisis providing a degree of 
predictability. For this discussion, it is sufficient to note that the local law 
of the State that has the most significant relationship to the occurrence and the 
^itities involved usually would govern both as to liability and caipensation. 4/ 
^^^ principal concern here is with the sources of funds for compensation when 
^ H : e IS liability. 

THE SCOPE OF INSURANCE AND INDEMNITY OOVERAGE 

The Federal Government by adopting the Price-Anderson Act 5/ in 1957 estab
lished a unique system of private insurance and Federal Government indannity. 
This system provides broad coverage for public liability associated with nuclear 
material both while it is at a covered nuclear facility or in the course of trans
portation to or fran such a facility. Congress eracted this statute for the dual 
purpose of (1) assuring that funds would be available in the unlikely event of a 
serious nuclear incident, and (2) encouraging private industry to participate in 
the nuclear field. This statute since has been re-enacted twice and amended sev
eral other times by Congress. The miost recent re-enactment and anendmant was at 
the end of 1975. 6/ The 1975 amendments provide for the phasing out of the Fed
eral Government's role as an indannitor of nuclear power plant licensees with the 
application of the Industry Retrospective Rating Plan described below. When this 
phase out is caiplete, government indannity coverage for transportation activi
ties essentially will apply only to shipnents made by nonprofit educational in
stitutions, foreign reactors, and the Federal Government and its contractors. 

The application of the Price-Anderson financial protection system to cctnner-
cial nuclear facility licensees and the government indannity agreenents with 
those licensees are adnanistered by the United States Nuclear Regulatory Ccranis-
sion (NSC). 7/ The Federal Government self-insures its risk in the area of nu
clear materials transportation as it does generally. Sate Federal Government 
nuclear contractors and nonprofit educational institutions also have indannity 
agreements with the Federal Government. These agreements are entered into under 
the Price-Anderson Act by either the NRC or the United States Department of 
Energy (DOE). The indemmity agreements with nuclear contractors can cover lia
bility up to $500 mullion for each nuclear incident occurring within the United 
States or up to $100 mu-llion for each nuclear incident occurring outside the 
United States. The indemnity agreanents with nonprofit educational institutions 
cover liability between $250 thousand and $500 million. The indemnity agreanents 
may be the sole source of funds for public liability where there is not also un-

Irlying liability insurance from private sources. 
f Private insurance, vrfien applicable, is provided by two "pools" of property 
d liability insurance coipanies. A pool is a group of companies that pledges 

assets that together provide resources to insure risks of a size that would be 
beyond the financial capability of a single company. The pool of 136 stock insur
ance cctrpanies is called American Nuclear Insurers, vdiile the pool of 110 mutual 
insurance ccnpanies is called the Mutual Atcmic Energy Liability Underwriters. 
The insurance industry world-wide participates m the American pools through re
insurance treaties. These non-American reinsurers account for approximately 49 
percent of our domestic private insurance capacity. The insurance pools issue 
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two types of liability policies: the Facility Form, and the Supplier's and 
Transporter's Form. 

Shipments of sane materials of low radioactivity (and hence lower risk), such 
as uranium ore, yellowcake, and radiopharmaceuticals, are not covered under the 
specific provisions of the Price-Arderson Act. Instead, they are covered by con
ventional liability insurance issued by individual private insurance ccnpanies. 
A table acccmpanying this paper indicates the insurance and/or indemnity coverage 
for public liability applicable for particular types of radioactive shipnents. 

Most public attention has centered on shipments to or from nuclear power 
plants. The Price-Anderson Act requires that every operator of a nuclear p c w ^ ^ ^ 
plant provide to the NRC evidence of financial p2X)tection equal to the miaxinn:^^^^ 
nuclear liability insurance available from private sources at reasonable cost^^^^ 
terms as a condition of its license. Power plant operators could satisfy this 
financial protection requiranent by a means other than the purchase of a Facility 
Form policy provided by the pools; however, thus far, they all have elected to 
purchase the Facility Form of protection to satisfy the Act's financial protection 
requirements. Facility Form coverage for nuclear power plants amounted to $60 
mallion in 1957 which at the time was an unprecedented amount of liability insur
ance. In the intervening years, it has mere than doubled to $160 mallion, effec
tive May 1, 1979. 8/ 

In Decanber 1975, Congress amended the Price-Anderson Act by creating an In
dustry Retrospective Rating Plan for the purpose of substantially increasing the 
amount of financial protection to the public provided by private resources. The 
Retrospective Plan, vrfiich went into effect on August 1, 1977, applies to nuclear 
power plants and to nuclear material in the course of transportation to or fran 
such facilities. This new system provides that, in the event the amount of fi
nancial protection provided by the Facility Form is insufficient to pay all 
claims power plant operators Vv«ould be assessed up to $5 million per incident ret
rospectively for each reactor to pay for loss that exceeds nuclear liability in
surance coverage (now $160 million). Payment by the operator is guaranteed by 
the insurance pools or the NRC. With 70 pcwer plants in operation, the Retro
spective Plan (as of October 1980) provides at least $350 mullion mere of private 
financial protection, displacing the Federal Government's indemnity role by that 
amount. The Act specifies that, if a nuclear liability loss exceeds the private 
financial protection, the Federal Government is to indannify the person liable 
up to a total of $560 mullion. Today, that means that the Federal Govenment's 
indannity for nuclear shipments to or fran power plants amcunts to $50 mullion, 
for a total of $560 million of coverage. As the insurance pools increase their 
primary layer of financial protection and as additional power plants are licensed 
to operate (thus increasing the secondary layer), the total amcunt of financial 
protection will grow beyond $560 mullion. Furthermore, the Price-Anderson Act 
provides that liability is limited to the amount of coverage provided by the sys
tem. This limiitation-on-liability provision was upheld unanimiously by the Su
preme Court of the United States m 1978. 9/ 

As shown on the table, public liability for seme shipients is covered b y ^ ^ H 
indannity agreement alone. These are shipnents of nuclear materials other thl^^P 
those to or fran facilities covered by the pools' Facility Form or the Industry 
Retrospective Rating Plan. They include, for example, seme shipments to or from 
Federal Government facilities and facilities of indemnified NRC and DOE contrac
tors. They also include shipments within the United States of spent nuclear fuel 
fran foreign reactors. Transportation coverage under these indannity agreements 
is virtually the same as that provided by the Facility Form and the Retrospective 
Plan. 
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Transportation liability coverage is afforded by the "omnibus" features of 
the Price-Anderson insurance-indannity system. This is the case whether either 
the Facility Form, the Retrospective Plan or an indemnity agreement ^plies. All 
transport modes are covered. The systan affords very broad liability parotection 
to anyone liable under applicable law (not just the named insured) for personal 
injury or property damage arising frcm the transport of nuclear materials. Lia
bility even for a terrorist act that causes the dispersal of nuclear material is 
covered as long as the act occurs in the course of the insured transportation. 
Although the system covers nuclear liability fran the first dollar of loss, no 
one but the nuclear facility licensee or indannified entity pays a premium or 
fee, if any, for protection. The system further provides for interim emergency 

^^^istance payments to persons or organizations affected by a nuclear incident 
^ ^ ^ h o u t requiring them to sign a release or otherwise oaipraaise their claims. 

Additionally, transporters of nuclear maaterials can purchase liability cov
erage under the pools' Supplier's and Transporter's Form m amounts up to $160 
mullion. This coverage is available principally to protect a carrier's liabilitj* 
arising out of the transport of nuclear material to or from locations other than 
nuclear facilities where indannity agreements apply. 

TOO MISUNDERSTOOD FEATURES 

The Price-Anderson system includes two often nusunderstood features that, 
contrary to the views of critics, actually provide for a higher level of piublic 
protection than otherwise might be available in the event of a nuclear incident. 
These are (1) the Price-Anderson Act provisions that apply when the Federal Gov
ernment determunes that an "extraordinary nuclear occurrence" has taken place and 
(2) the nuclear exclusions that appear in most conventional property and liabil
ity insurance policies purchased by members of the public. 

The "extraordinary nuclear occurrence" (ENO) provision was added to the 
Price-Anderson Act in 1966 for the purpose of further assuring pronpt coipensa-
tion to the public for serious nuclear incidents without at the same tune totally 
displacing State laws by creation of a "Federal tort". The 1966 amendment pro
vides that, in the event of an ENO, certain key State law defenses are waived and 
all cases can be consolidated m a single Federal district court. Congress did 
not wish to make these provisions applicable to all nuclear incidents for fear of 
encouraging nuisance suits. 10/ Determination as to vrtiether an incident was an 
ENO would be made by the NRC or DOE on the basis of predetermuned criteria. 11/ 
As a result of the waiver of defenses, a person suffering nuclear injury or dam
age as a result of an ENO need show only a causal connection between his injury 
or damage and the nuclear incident in order to recover. In other words, vtien 
there is an ENO, there essentially is a "no-fault" recovery scheme. Without usu
ally available tort law defenses, such as contributory negligence or assumption 
of risk, liability should be easier to establish when there is an ENO. Use of 
the ENO provision therefore would provide greater protection to the public than 
would exist under conventional tort law. 

^ ^ ^ Sane have criticized the fact that most conventional property and liability 
^^HRirance policies purchased by manbers of the public exclude coverage for nu

clear incidents. They seem to imply that these exclusions deny any coverage for 
nuclear risks. However, these nuclear exclusions merely are a reflection of the 
comprehensive system of coverage already provided the public by the insurance 
pools' nuclear liability policies (for which others nay the premiums). The pri
vate insurance industry has channeled its resources through the pools into the 
Price-Anderson system for the purpose of accumulating large sumis of insurance. 
There are nuclear exclusions on conventional liability policies in order to 
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avoid cumulation of loss from both the pools and individual insurance policies 
issued by separate insurance ccnpanies. The factor of importance to the public 
IS that coverage is afforded, rather than under vAich policy it is provided. 
The basic protection that the insured under a conventional policy requires for 
liability due to the nuclear activities involved is provided to him not in his 
conventional policies, but through the Price-Anderson systan, vinle the costs 
of this coverage are borne by others. 

CONCLUSIOJ 

The breadth of existing liability coverage for nuclear shipments becones 
more evident v*en compared to the coverage now applied or even proposed for ship
ments of other hazardous materials. 12/ For example, existing oaipensation ^ ^ 
schemes for incidents involving oil spills concentrate mainly on assuring thei^^f 
will be funds for cleanup rather than also for ccnpensating individuals. Evei^^J 
the so-called "superfund" bill that passed the United States House of Representa
tives in Septanber of this year vould not provide coverage as ccnprehensive as 
that already applicable to nuclear shipments. 13/ The "superfund" bill, vrtiich 
would apply to spills of oil and hazardous materials, such as propylene and chlo
rine, for example, generally would linut liability to $50 mullion per incident 
and would not provide canpensation for personal injuries. 

The Price-Anderson systan of insurance and indannity coverage ranains the 
most carprehensive Federal program for catpensating persons or organizations vtien 
damiaged by an incident involving a hazardous material. While there always is 
roan for improvement, the nuclear insurance-indannity system, together with the 
stringent nuclear safety regulations, provides a very high level of public pro
tection against the potential hazards of radioactive shipments. As noted earlier, 
these standards should serve as exanples to be anulated by anyone concerned with 
regulating any hazardous materials. 

* * * * 
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• Low^Level Waste ^ W e m m e n t or Disposal Facility Government Indemmity 3,4 
Educational 
Facility 

Radiopharmaceuticals Manufacturer User or Disposal Conventional Liability Insurance 5/ 
and Radioactive or User Facility or sanetimes Supplier's and Transporter's 
Isotopes Form 6/ 

1/ The Facility Form is the liability insurance policy issued by the nuclear insurance pools to licensees required 
by the U.S. Nuclear Regulatory Cannission to maintain financial protection to cover public liability claims (new in 
the amount of $160 mullion for nuclear power plants). This provides broad coverage for liability arising out of 
nuclear material while it is at an insured facility or in the course of transportation to or frcm the facility. 

2/ The Industry Retrospective Rating Plan Prenuum of $5 mullion each would be assessed against the operators of nu
clear power plants in the event the amount of financial protection provided by the Facility Form were insufficient 
to pay all claims. At the present time (October 1980), this would amount to an additional $350 mullion of private 
financial protection (i.e., 70 operating nuclear pcwer plants tunes $5 mullion each). 

3/ Indannity for public liability is provided by the Federal Government under agreements entered into pursuant to 
the Price-Anderson Act. These agreanents are entered into between the Federal Government and its contractors (for 
liability up to $500 mullion) or nonprofit educational institutions (for liability between $250 thousand and $500 
million) as well as between the Federal Government and operators of nuclear power plants. In the case of shipments 
to or frcm nuclear pcwer plants, the total coverage is new $560 mullion (i.e., $160 mullion under the Facility Form, 
$350 mullion under the Industry Retrospective Bating Plan, and $50 mullion under the Federal Government indannity 
agreement). In the case of nonprofit educational institutions, the frrst $250 thousand usually is covered under 
a separate Facility Form for that amount. 

4/ If the shipment is to or from a private nuclear installation covered by a Facility Form issued by the nuclear 
insurance pools, coverage would be available under both the Facility Form and government indannity. 

5/ Conventional liability insurance policies issued by individual private insurance ccnpanies cover shipments of 
sone materials of lew radioactivity (and hence lower risk). 

6/ The Supplier's and Transporter's (S&T) Form is the liability insurance policy issued by the nuclear insurance 
pools to certain entities handling radioactive materials (in anaounts up to $160 mullion) . It usually is purchased 
only by entities shipping or transporting materials with high radioactivity levels. Seme S&T Formis have been 
written to include radiopharmaceuticals and radioactive isotopes, vAnch usually are covered only by conventional 
insurance policies. 



i^plicable Insurance and/or Indemnity Coverage for Public 
Liability Associated with Nuclear Materials 

In the Course of Transportation in the United States - • 

Nuclear Material 

Spent Nuclear Fuel 

Spent Nuclear Fuel 

High-level Waste 

Unirradiated Fuel 

Unirradiated Fuel 

Enriched Uranium 
Hexaflouride (UFg) 

Uranium Hexaflouride 
(UFg) 

Uranium Oxide 
(U30g - Yellowcake) 

Uranium Ore 

Low-Level Waste 

Origin 

Nuclear Pcwer 
Plant 

Government, 
Educational or 
Foreign Reactor 

Storage Facility 
or Reprocessing 
Plant 

Fuel Fabrication 
Facility 

Fuel Fabrication 
Facility 

Enrichment Plant 

Conversion Plant 

Uranium Mill 

Uranium Mine 

Nuclear Pcwer 
Plant 

Destination 

Storage Facility or 
Reprocessing Plant 

Storage Facility or 
Reprocessing Plant 

Storage or Disposal 
Facility 

Nuclear Pcwer Plant 

Goverrraent or Educa
tional Reactor 

Fuel Fabrication 
Facility 

Enrichnent Plant 

Conversion Pleint 

Uranium Mill 

Disposal Facility 

i^plicable Coverage for Liability 

Facility Form, 1/ Industry Retrospective 
Rating Plan, 2/ Govemnent Indemnity 3/ 

Govemnent Indannity 3,4/ 

Goverrraent Indemnity 3,4/ 

Facility Form, 1/ Industry Retrospective 
Rating Plan, 2/ Governnent Indemnity 3/ 

Govemnent Indemnity 3,4/ ^ 

Government Indemnity 3,4/ " ' 

Government Indemnity 3/ ." • • 

Conventional Liability Insurance 5/ 

Oonwenticnal Liability Insurance 5/ 

Facility Fcann, 1/ Industry Retrospective 
Rating Plan, 2/ Goverment Indemnity 3/ 



DISCUSSION 

Question by W. A. Brobst, USA: Assume a traffic accident in
volving a shipment of spent fuel covered by Price-Anderson, but not 
releasing any radioactive material and not resulting in any nuclear 
injury or damage. In such a case, an evacuation would cause "psy^ 
chological damage and emotional harm," could cause traffic injuries/ 
deaths and damage, could result m nearby businesses being denied 
temp arily access to their buildings, and could mean temporary loss 
of use of a railroad right-of-way. What recourse do the "injured" 
persons have for compensation for their losses? What if there is 
ruling of "ENO?" 

Answer: The Price-Anderson insurance indemnity system would 
provide compensation for such injury or damage if anyone is legally 
liable for them. There does not have to be an actual release of 
nuclear material for coverage to apply. As I indicated m my paper, 
a determination by the federal government that the incident; was not 
an "extraordinary nuclear occurrence" does not preclude recovering 
damages. The Three Mile Island incident of March 1979 is an example 
of an incident that, while 'extraordinary" in ordinary parlance, was 
determined not to be an 'extraordinary nuclear occurrence" withm 
the meaning of the Price-Anderson Act and the Nuclear Regulatory 
Commission's regulations. In that case, the insurance pools made 
emergency assistance payments and advanced funds to those m need. 
These payments amounted to about 0 2 million. Price-Anderson will 
cover anyone found legally liable for the events at Three Mile Island 
up to 2 560 million. 

Question by B. W. Emmerson, United Kingdom: Can you comment on 
the application of the Price-Anderson insurance indemnity system m 
the case of an individual who pursues a claim for damages although 
there is minimal supporting evidence of actual harm being caused? 
For example, compensation for the supposed loss of property value 
caused by a passing vehicle carrying radioactive materials, even 
though an accident does not occur. 

Does the Price-Anderson System provide indemnity against punitive 
damage claims, bearing in mind that for any particular claim, the 
punitive damages may greatly exceed those awarded for physical damage? 

Answer: The Price-Anderson system provides financial coverage 
for anyone legally liable for damages. Therefore, the issue is whether 
there is liability. The answer to the question of liability may vary 
from jurisdiction to jurisdiction. If a court determined that there 
was liability for loss of property value caused by a passing vehi 
carrying nuclear materials to or from a facility covered by Price 
Anderson, that liability would be covered by the system. 

Whether the Price-Anderson system provides insurance or indemnity 
against punitive damage claims is an open question. It ordinarily, 
however, is considered contrary to public policy to crovide insurance 
or indemnity coverage for punitive damages. This question may be 
answered in the Karen Silkwood case pending in the Oklahoma courts. 
That case now is on appeal from a jury award of both compensatory 
and punitive damages. In that case, the punitive damages were 
several times larger than the compensatory damages judgment. 
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•

remarkable safety record has up to now governed international transports 
nuclear fuel. No serious incidents involving nuclear damages arising from 

clear consignments have yet occurred. It is, however, evident that in spite 
of all high safety requirements there still remains the risk of nuclear 
accidents in the course of carriage of nuclear material. The possibility 
of an incident giving rise to nuclear damage to both persons and property 
cannot be neglected. 

The question of civil liability for nuclear damages arising from nuclear 
incidents in the course of carriage of nuclear material was given attention 
from the beginning of the peaceful use of nuclear energy. 

1. Nuclear Liability during International Transports 

In the event of nuclear damage the following decisive questions immediat€^y 
arise: 

- Who is liable? ' > i ..' 
- Is sufficient financial protection available? ' 
- Which court will rule? 
- Which law is applicable? 

It is most important, that these questions can be easily answered. 

This interest is widespread, because at least three different groups of 
interests can be affected by a nuclear damage occurring in the course of 
carriage of nuclear substances. 

(1) The public, i.e. persons and property without direct relation or contact 
with the relevant nuclear material. 

(2) Persons and goods on board the same means of transport as the relevant 
• nuclear material. 

(3) The means of transport on which the relevant nuclear material is carried. 

•

Especially during international transports it is, however, difficult to give 
the expected answers: The transport might be passing through several foreign 
countries and on the high seas, there may be means of transport and persons 
originating from various countries involved, and the legal systems of these 
countries may be very different. 

It was not possible, up to now, to agree on a third party liability and 
insurance system acceptable worldwide. The most successful attempt to give 
an international answer to these problems is the Paris Convention and its 
Brussels Supplementary Convention. 

1059 



These two Conventions have to be considered together. They represent a 
comprehensive nuclear third party liability system in which the Paris 
Convention represents the main and basic legal instrument. 

1.1 The Paris Convention 

The "Convention on Third Party Liability in the 
Field of Nuclear Energy" 

was signed in Paris on July 29, 1960. Since then this international 
agreement has been ratified or acceded to by the following countries: 

Germany, Belgium, Denmark, Finland, France, Greece, Italy, Norway, 
Portugal, Sweden, Spain, Turkey, and the United Kingdom. As the most 
recent country, up to now, the Netherlands ratified the Paris Convention 
in December 1979. 

The Paris Convention applies to the carriage of all "nuclear substances" 
(art. 4) which include nuclear fuel other than natural and depleted 
uranium and all radioactive products or waste (art. 1(a) (v) ). 
It can be assumed that this definition includes all materials for which 
nuclear damage is conceivable. 

The main principles of the Paris Convention of interest for international 
transports can be summarized as follows: 

(1) There is only one person liable - the operator of the nuclear 
installation from which the nuclear substances have been transported 
(art. 4 (a), art. 6 (b) ). In specific cases it is the operator to 
whom the material is carried, who is liable (art. 4 (b), (c) ). The 
liability of the operator is absolute - without proof of fault - and 
limited to amounts between 5 and 15 million European Monetary Agree
ment units of account (EMA u/a = 1,3 US$ at present) (art. 7). 

(2) Full financial protection is granted - by insurance or other means 
up to the maximum amount of the operator's liability (art. 10). 

(3) Only one court has jurisdiction - the one of the country in whose 
territory the nuclear incident occurred (art. 13 (b) ). 

(4) Only one law and legislation is applicable - the Paris Convention 
system (art. 6 (a) ). 

This short analysis proves that the aforementioned four decisive questions 
are adequately answered. 

Due to the fact that the Paris Convention channels all nuclear liability 
to the operator of the nuclear installation, the carrier of nuclear 
substances is normally free of any nuclear liability. He may, however, 
accept liability under the Convention in place of the operator of a 
nuclear installation, if this is so agreed between them and approved 
by the competent public authority (art. 4 (e) Paris Convention). In 
this case the carrier is then considered as an operator of a nuclear 
installation for all purposes of the Paris Convention. 
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This option is exercised by specialized carriers based in the member States 
bei,ause they are generally more experienced in the field of international 
transport of nuclear fuel including insurance and all other connected 
problems, and want to offer their clients a comprehensive service. 

The Brussels Supplementary Convention 

The "Convention Supplementary to the Paris Convention of July 29, 1960 
on Third Party Liability in the Field of Nuclear Energy" 

was signed in Brussels on January 31, 1963. 

The Convention has been ratified or acceded to by the following countries: 

Germany, Denmark, Finland, France, Italy, 
Norway, Sweden, Spain, the United Kingdom, 
and the Netherlands. 

The reason for this Convention was the common conviction that the upper 
limit of liability fixed by art. 7 (b) of the Paris Convention to amounts 
between 5 and 15 million EMA u/a is not sufficient. The Brussels Supplemen
tary Convention sets up in art. 3 an additional system of compensation 
in two stages: 

- A first portion of 70 million EMA u/a which is 
covered by the Government of the country where 
the installation of the nuclear operator is ,'•• , 
situated. 

- A second layer of 50 million EMA u/a which is • / 
covered jointly by the member States of this •.,..•' 
Convention. 

The total amount of compensation offered by the Paris Convention s y ^ t ^ 
therefore amounts to 120 million EMA u/a. ' 

The Vienna Convention 

The Paris Convention and the Brussels Supplementary Convention which 
have a decisive European character are nevertheless up to now the only 
successful attempt to find a solution to the civil liability problems 
of the international carriage of nuclear substances. Under the auspices 
of the IAEA the 

"Vienna Convention on Civil Liability for . ^ '•' , 
Nuclear Damage" , ., ' 

was concluded on May 21, 1963 for worldwide interpretation. 

The principles of this international agreement are very close to those 
of the Paris Convention. More negotiating parties being involved the 
result had obviously to be more general and vague; the maximum amount 
of liability is limited to the very low figure of 5 million US$. The 
coincidence with the conclusion of the Paris Convention was also of 
negative influence. 

• - " ' - ^ . ' 
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Argentina, Bolivia, Cameroun, Cuba, the Phillipines, 
Trinidad, Tobago, and Yugoslavia 

ratified or acceded to this legislation so that it entered into force 
on November 12, 1977. Due to the fact that the main nuclear countries 
did not follow, the Vienna Convention has been of no practical value 
up to now. 

1.4 The Brussels Nuclear Materia! Maritime Carriage Convention 

The Paris Convention (art. 5 (b) and also the Vienna Convention A 
(art. II (5) ) created problems especially for the maritime carriage M 
of nuclear material, because they explicitly do not affect the applicatiori 
of the existing international conventions in the field of transport. Due 
to the existing Maritime Conventions a dual liability could arise under 
their rules as well as under the rules of the nuclear Conventions. To 
avoid this, the 

"Convention relating to Civil Liability in the 
Field of Maritime Carriage of Nuclear Material" 

was signed in Brussels on December 17, 1971 and since ratified or 
acceded to by 

Germany, Denmark, France, Norway, Sweden, 
and Spain. 

Its aim is to make sure that the operator of a nuclear installation will 
be exclusively liable for damages caused by a nuclear incident occuring 
in the course of maritime carriage, thus exonerating shipowners and other 
persons involved from liability in maritime law for such nuclear damage. 

Following art. 1 of this Convention this exoneration is granted if the 
operator of a nuclear installation is liable under either the Paris or 
the Vienna Convention or by virtue of a national law provided that such 
a law is favourable to persons who may suffer damage as these Conventions. 

1.5 The Application of the Paris Convention System 

One of the difficulties in the practical application of the Paris 
Convention is its obvious European character. As the most important 
nuclear countries of Europe did ratify or accede to the Paris Convention, 
it can be assumed that most European transports of nuclear fuel are 
governed by this third party liability and insurance system. This is, 
however, not true for the worldwide transport of nuclear substances, 
because the Paris Convention is far from being accepted by all countries 
concerned. i 

The aim of the Paris Convention to offer one broadly accepted Internationa 
system of nuclear liability has therefore not yet been achieved. The 
United States of America are certainly the most important example, Japan 
another. The United States having closely participated in the negotiations 
of that Convention, in the end did not sign it. 
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Transports to, from or through the United States and other such 
countries obviously cause legal problems because normally the rules of 
the Paris Convention do not apply in the territory of non-contracting 
States (art. 2) so that different national laws have to be considered. 
This means among other things, that for the time being carriers and 
all other persons involved cannot be sure in the case of international 
transports that they are protected by the exclusive liability of the 
operator of the nuclear installation and his corresponding insurance 
cover. The application of national laws which do not accept this 
channelling of liability cannot be excluded. 

•
The right of recourse against the operator which is offered to the person 
held liable under national laws (art. 6 (d) Paris Convention) only applies 
to residents of member States and is a difficult legal instrument. For the 
present, these uncertainties can only be covered by excessive insurance 
of all persons involved. 

Furthermore, the Paris Convention System does not, up to now, function 
as perfectly as it could, because - for different reasons - not all 
member States of the Paris Convention have at the same time ratified 
or acceded to the Brussels Supplementary Convention and the Brussels 
Nuclear Material Maritime Carriage Convention. The consequence is - among 
others - that in some member States of the Paris Convention the additional 
financial protection up to 120 million EMA u/a of the Brussels Supplementary 
Convention is missing. In such cases only the insufficient maximum amount 
of the Paris Convention is available, if the member States have not by their 
own national legislation fixed a higher amount. Even in the case of transports 
between member States it has, therefore, to be checked in each special 
case whether these States did also ratify or accede to the Brussels Conventions 
whether they have fixed higher maximum amounts of liability by national law 
or whether they stick to the ai^unts. given by the Paris Convention itself. 

Another reason for difficulties is the fact that the application of 
the Paris Convention itself in the different member States is nowhere really 
identical. In some articles, the Paris Convention explicitly opens the 

; possibility to the member States to go their own way in detail while 
respecting the main and decisive principles. For instance the limitations 
of liability in amount and time as well as the local application of the 
rules of the Paris Convention have been solved by the Contracting States 
in different ways. Even between the States who have accepted in principle 
the Paris Convention system, differences have therefore to be respected. 

Thus, the German Atomic Law has fixed the maximum amount of nuclear 
liability to the outstanding figure of 1 billion DM (art. 31). The 
maximum amount up to which the operator has to provide financijl 
protection during transport of nuclear fuel is limited to 50 million DM 

•

(art. 13 (2) 1). The missing amount up to 1 billion DM is covered by 
guarantee of the German State (art. 34). In this guarantee the amounts 
offered by the Brussels Supplementary Convention system are taken into 
account, so that the Paris Corlvention system is not neglected or altered, 
but only completed. 

? : 'L- r. . 
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2. Comprehensive Insurance Cover 

2.1 The Certificate of Insurance 

One of the characteristics of the Paris Convention is that the 
exclusively liable person has to be covered by insurance or other 
equivalent financial protection up to the maximum amount of its 
possible liability. In case of international transports, this in
surance cover is documented in a special certificate signed by the 
insurer and the competent authorities and accepted - in principle -
by all member States of the Paris Convention (art. 4 (d) Paris 
Convention). With this certificate the authorities of each member 
State concerned with a nuclear transport do not have to verify whethe 
the principles of the Paris Convention - e.g. competent liable person 
an comprehensive insurance cover - are respected. 

However, unfortunately this positive system does not work without 
problems. First of all, the amount of liability is not identical in 
all member States, the authorities of a State through which the 
transport passes therefore have the right to ask for a higher amount 
of insurance protection than the certificate shows, up to the maximum 
amount of liability applicable in its own territory (art. 7 (e) Paris 
Convention). 

In this case three solutions are possible and followed in practice. 
Either the certificate is correspondingly altered, or an additional 
insurance cover on top of the maximum amount covered by the certificate 
is concluded with an insurer in the demanding member State, or a com
plete new insurance cover for that special country is concluded. It 
is not necessary to argue that especially the last solution is cer
tainly not in line with the intentions of the Paris Convention. 

Another difficult item in this connection is that for instance art. 4a 
(2) of the German Atomic Law demands that - also in case of transports 
in transit - the insurance cover can only be accepted if it is given 
or at least guaranteed by a German insurer. This means, that in those 
cases where international transports go to or pass through Germany, 
an additional insurance cover has to be concluded for Germany or at 
least a German insurer has to grant "fronting" to the foreign insurance 
cover. 

2.2 Risks outside the Paris Convention 

For the territory of countries who are not members of the Paris 
Convention, this certificate is of no value. It is not accepted 
by the authorities of those countries and the principles of the 
Paris Convention to which it refers do not apply. 

For the operator of a nuclear installation and the carrier a com
prehensive nuclear third party liability insurance is, therefore, 
absolutely necessary. This insurance cannot be limited to the Paris 
Convention, but must also include all claims on the basis of other 
applicable laws. In this case it is also compulsory that not only 
the operator or the carrier are protected by the insurance, but that 
also all other persons involved in the transport get full protection 
up to a sufficiently high amount. 
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In Germany as in most countries, the insurance policy for the transport 
risk is separated from the policy for the local or "stationary" nuclear 
risk. Normally this policy offers the necessary financial protection 
in accordance with the principles of the Paris Convention and in 
addition - for those countries where this system does not apply -
an insurance following the principles of "economic channelling". 
This means that the insurance policy includes financial protection 
for all persons who may be held liable in accordance with the applicable 
laws of other countries in connection with nuclear damages arising 
during the transport concerned. 

Provided the maximum amount is high enough, this insurance cover should 
normally be sufficient for everybody, including shipowners, forwarding 
agents and any other persons involved. Only if national laws ask for it, 
has this insurance cover to be granted by different national insurance 
policies. 

3. Conclusion 

This short analysis proves that people concerned with international 
transports of nuclear fuel, such as operators, carriers, shipowners 
and forwarding agents, find themselves in a rather difficult position, 
because they are still faced with different international and national 
liability systems and cannot even be sure in all cases which system applies. 
For the time being, they have to look for a consequent risk analysis and 
to make sure they have an appropriate worldwide insurance cover with a 
competent insurer. 

In the long run, this attempt to solve third party liability problems 
in the field of international transports of nuclear fuel on the basis 
of excessive insurance cover is, however, unsatisfactory. 

I would have preferred to present the Paris Convention as a perfect 
system. The differences in its application I have quoted - and there 
are more - prove that this is not possible. However, it has to be 
acknowledged that the Paris Convention is the best existing instrument 
in the field of nuclear liability during nuclear transports. 

Especially in Europe, where very often several frontiers have to be passed 
by a single transport, the Paris Convention has proved to function and 
to fulfil its task to make such transports manageable. Thus, it seems 
appropriate to solve the problems of civil liability in the field of 
international nuclear transports on the basis of the Paris Convention 
systems. 

•

I t i s , therefore, time that the Paris Convention system was accepted by 
a l l nuclear countries and was - at the same time - much more standardized 
in i t s application as i t is now. Another way out of the actual s i tuat ion 
would be a new and decisive international attempt to negotiate a new nuclear 
th i rd party l i a b i l i t y system acceptable worldwide. 
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DISCUSSION 

Question by D. Harmon, USA: What can one do to convince a steam
ship line to carry radioactive material if the ship's owners have a 
nuclear exclusion clause in their coverage on the high seas? 

Answer: One has to provide that nuclear damage to the ship on 
board of which the relevant nuclear substances are carried is in
cluded in the operator's third party liability insurance policy. 
Normally this should be possible. 

The Pans Convention says in principle that such damage to tJ _ 
carrying ship is excluded from the operator's liability, but offers 
the possibility to the member states to reinclude this risk by their 
own national legislation. This option has been exercised by nearly 
all member states (except Belgium, Italy, Spain). Correspondingly, 
in these states the nuclear risk of the carrying ship is automatically 
included m the operator's third party liability insurance policy. 

These short remarks certainly cannot solve all possible problems, 
but should be sufficient to indicate the path which should be followed. 
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TRANSPORTATION OF RADIOACTIVE MATERIALS: LEGISLATIVE 
AND REGULATORY INFORMATION SYSTEM* 

C. S. Fore,+ and M. M. Heiskell+f 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

The transportation of radioactive materials, as well as hazardous materials 
in general, has been an issue of ever-increasing concern and a subject of numer
ous regulations and legislative actions worldwide. The Transportation Tech
nology Center (TTC) of the U.S. Department of Energy's Sandia Laboratories in 
Albuquerque, New Mexico, is currently Involved in developing a national program 
to assure the safe shipment of radioactive materials. At Oak Ridge National 
Laboratory (ORNL), Oak Ridge, Tennessee, this overall effort is being supported 
in a specialized manner. As part of the Logistics Modeling program at ORNL, the i 
Ecological Sciences Information Center (ESIC) of ORNL's Information Center Com
plex/Information Division, has developed comprehensive data bases containing 
legislative and regulatory actions relevant to the transportation of hazardous 
materials. The data bases are separated according to status level of the legis
lation, that is, current legislation versus historical legislation. The Current 
Legislation Data Base includes all legislative actions introduced during the 
present year (1980) or those bills carried over from the previous year's ses
sions. The second data file. Historical Legislation Data Base, consists of all 
legislative actions since 1976 that have passed and become public laws, as well 
as those bills and regulations that were unsuccessful and were classified as 
having died or failed during one of the lawmaking sessions. 

Currently, the data bases include state-, local-, and federal-level legisla
tion, with emphasis on the transportation of radioactive materials. Also in
cluded are laws affecting carrier's operations such as the restrictions on the 
Baltimore tunnel and the Golden Gate Bridge. Because of their relevance to the 
transportation issues, related actions involving areas such as disposal and 
storage of radioactive wastes, moratoriums on power plant construction and sit
ing, radiation safety and control studies, and remedial action studies, (e.g., 
decommissioning of nuclear facilities and cleanup of contaminated land), are 
also included in the data bases. The most common actions affectng transporta
tion of radioactive materials involve establishment of specific agencies to 
regulate transportation of such materials, requests that notification be made 

^ * R e s e a r c h sponsored by the Office of Nuclear Waste Management, U.S. 
Department of Energy under contract W-7405-eng-26 with the Union Carbide 
Corporation, through the Transportation Technology Center, Sandia National 
Laboratories. 

^Ecological Sciences Information Center, Information Center • ^ 
Complex/Information Division. I 

++Oak Ridge Operations Office, Oak Ridge, Tennessee, formerly of the 
Chemical Technology Division, Oak Ridge National Laboratory. 
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prior to shipment, requirements for special permits and escorts, and attempts to 
ban completely the transportation of nuclear waste materials. Knowledge of all 
these regulations and legislative actions will be needed by shippers and carri
ers, as well as management and planning personnel. Consequently, this compre
hensive collection of information will be useful to the international community 
in readily identifying specific restrictions within the United States. 

Jointly, the data bases contain approximately 1300 entries that have been 
abstracted and indexed into a specialized format. This format establishes a 
system for storing, selectively searching, and documenting specific pieces of 
legislation. The information stored in the data bases has been grouped into 13 
different subject categories. Those categories chosen to highlight the particu
lar transportation restrictions are as follows: 

1. Escort - areas where escorts are required and the agency which is to prov 
the escort; 

2. Notify - areas where prenotification of registration is required; 

3. Permit - areas where special permits, licenses, or special Insurance 
requirements exist; 

4. Prohibit - areas where transportation of all hazardous materials is banned; 
and, 

5. Weight - areas where maximum weights and dimensions for truck and rail ship
ments are regulated and identified. 

Other legislative information being categorized and of immediate relevance to 
the transportation Issues is covered under the following subject areas: 

1. Agency - state agency responsible for regulating transportation; 

2. Disposal and Storage - legislative actions affecting disposal, storage, and 
overall management of radioactive wastes; 

3. Emergency - emergency response regulations, as well as the agency contact 
within the state for emergency plans; 

4. Legal Aspects - Identification of legal and financial responsibilities 
(i.e., liabilities); 

5. Legislative Contact - legislative services contact in each state or county 
for copies of bills; 

6. Power - actions dealing with power plant construction and siting mora
toriums, storage pool expansions, and radiation safety and control studies; 

7. Regulations - legislative actions establishing the need for additional re 
lations relevant to transportation issues (e.g., establishment of study 
groups); 

8. Remedial Actions - legislation dealing with decommissioning of nuclear 
facilities, cleanup of uranium mill tailings, and restoration of contaminated 
sites. 

The subject categories can be easily revised as new technology develops and as 
needs change. 
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Distribution 
of entries 

(%) 

2 
18 
4 
15 
1 
23 
2 
3 

• 21 

Areas in U.S. 
having transport 

restrictions 

6 
211 
21 
182 

The following table shows the percentage of distribution for the categories, 
and the number of areas where legislative/regulatory actions have been imple
mented. The categories "Agency" and "Legislative Contact" were omitted from 
this list since they contain reference-type information. 

Categories 

Escort 
Notify 
Permit 
Prohibit 
Weight 
Disposal and Storage 
Emergency 
Legal Aspects 
Power 
Regulations 
Remedial Actions 

Each entry is structured specifically for ease in retrieving all or speci
fic parts of the bill or resolution. In addition to the generic subject cate
gories, 14 basic pieces of Information are being extracted on each legislative 
action and stored in specially designed identifier fields structured in a 
hierarchical manner. General data about each action are classified in the 
following identifier fields: state, locale, title of bills, and sponsor. All 
federal-level bills are grouped under the heading United States and entered in 
the state field. More specific information about each bill is gathered and 
organized in the following manner: 

1. Mode - This field makes it possible to determine which mode or modes of 
transportation (water, rail, truck, air intermodal) are affected by the 
legislation. 

2. Status - The status field provides a comprehensive and up-to-date summary 
of actions affecting each bill. The primary status levels utilized are: 
date of introduction to legislative body, date forwarded to a committee 

' and name of committee, hearing dates established, date the lawmaking body 
acted upon the legislation and action taken, date the legislation was 
implemented into law or the action was reversed by other legislative 
actions. This field functions hierarchically in providing the current 

.' versus the historical status of a bill. The Information is divided into 
two identifier fields distinguishing these differences, <C STATUS> for 
current status and <H STATUS> for historical status. t Bill number - This field includes a retrospective list of numbers that have 
been assigned to a bill or resolution, that is, House, Senate, or Assembly 
number given at date of introduction; public law number assigned when bill 
is adopted into law; and the referencing title and chapter numbers to the 
act that the bill is amending. 



4. Type of Legislation - Legislation on the federal, state, county, and 
municipal levels is being incorporated into the data base. Also included 
are actions affecting carrier operations. Classified as operational, 
these actions specifically involve tunnels, bridges, toll roads, port 
authorities, major highways, interstates, etc. 

5. Comments - The synopsis of each bill provides a brief summary of the 
legislative actions contained in the bill. 

6. Abstract - An informative abstract describes in detail the actual contents 
of the bill. Where possible, the entire bill is entered. 

7. Keywords - The keywords provide a generic means of selecting information 
Each entry is indexed to reflect the area covered under selected subjecj 
category. 

8. Region - Each bill or regulation is assigned a code that represents the 
geographic region being affected (e.g., SE for southeast and NW for 
northwest). These codes may serve as a link to the routing programs. 

9. Source - This field identifies the initial supplier of the information and 
any additional source of Information. 

10. Reference Report - This field identifies any reports generated by study 
groups formed through previous legislative actions. 

The information entered into the data bases comes from a variety of 
sources. The primary contributors are federal agencies (U.S. Department of 
Energy, U.S. Nuclear Regulatory Commission, U.S. Department of Transportation), 
legislative contacts within each state, regulatory bodies within each locale, 
carrier associations, published literature, and access to other related infor
mation systems. 

Because legislative actions and regulations imposed on the transportation 
sector prohibit in many areas the use of an existing highway or rail system, 
selection of alternate shipping routes is often necessary. Work has begun on 
developing an interface between the truck- and rail-routing programs and the 
legislative data base, so that restrictions in specified areas of the country 
can be identified on route maps generated to reflect specific radioactive 
material shipments. 

Plans are underway to expand the legislative and regulatory information 
system to cover information on actions that affect the movement of radioactive 
materials internationally. Such information is intended to include regulations 
and mode-specific shipping requirements and to identify restricted ports, high
ways, rail lines, and airfields. Differences in laws among countries, cities, 
states, provinces, and other divisions may also be noted. So that legislative 
information on an International level can be entered into the system on a 
routine basis, a source of information for the data needs to be established 
Currently, technical literature published on the subject of transportation tei 
nology is being collected by the ESIC. It is envisioned that this literature, 
both domestic and foreign, will be abstracted, indexed, and entered into a 
separate specialized data base. The legislative information can then be cross-
referenced with the published literature. 

• 
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The contents of the data base are part of a comprehensive integrated infor
mation system serving many research and development projects. This system, 
called the Oak Ridge Computerized Hierarchical Information System (ORCHIS), is 
intended to serve the research and development community and Its projects with 
an integrated information-processing, retrieval, and analysis system that can 
deal with both alphanumeric and digital information. The ORLOOK (Oak Ridge 
Look) program is an integral part of the ORCHIS system and provides a simple on
line method for retrieving all of the data or only specific pieces of the 
information requested. The information stored in the data base is available 
free to those researchers and decision makers representing governmental, acade
mic, industrial, and foreign affiliations. 

^^^k The Legislative and Regulatory Information System functions as a repository 
^^^Vall legislation that immediately affects or could eventually affect the 
^ffansportation of radioactive materials. Such legislative actions have been 
escalating at a high rate since 1977, particulary at the local level. As the 
potential for impacts grows and as the consequences of these impacts become more 
severe, the system will serve as a means of strengthening an awareness of the 
regulatory and legislative actions being generated and acted upon. The contents 
of the data bases could also be used for planning routes and determining trend 
analyses. The system has been in operation for approximately one year and is 
capable of meeting these needs. 

Requests for additional information about the system or requests for infor
mation stored in the data bases should be forwarded to the following contacts: 

Oak Ridge National Laboratory 
P.O. Box X 
Oak Ridge, Tennessee 37830 USA 

Attention: Mr. Larry B. Shappert 
Mrs. Cathy S. Fore 

Phone: (615) 576-2065 
(615) 576-7769 

Transportaton Technology Center 
Sandia Laboratories 
P.O. Box 5800 
Albuquerque, New Mexico 87185 USA 

Attention: Mr. Edward W. Shepherd 

Phone: (505) 844-1740 

Telex: 810-572-1076 
USDOE OKRE 

Telex: 910-989-1600 
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RESISTANCE TO WORSE-THAN-PROSCRIBED FIRE CONDITIONS 

G, COHENDY (1) V. STADNIKOFF (2) B. BURET (3) 
(1) CEA-FONTENAY AUX ROSES (2) CEA-LE BARP (3) CEA-GRENOBLE 

•

1. INTRODUCTION 
The specifications of the most recent AIEA recomnendations (Ed. rev. 1973) 

e not changed as regards the fire-resistance of type B containers : since 1964 
these criteria consist of subjecting a model of such a container to a fire of 800°C 
for a duration of one-half hour. 

It must first be remarked that these conditions are, in fact, quite severe ; 
originally they had been defined for the wort conceivable circumstances occuring 
in an accident : for example, a vehicle carrying such a container, with a full 
gas tank, being involved in a collision and subsequently taking fire. 

2. SAFETY CRITERIA 
Experimental installations have been constructed in France to meet these spe

cified conditions, and have shown that, in practice, it is difficult to maintain 
a uniform temperative of 800°C about a container for one-half hour. In particular, 
as soon as a windspeed of 3 to 4 meters per second is attained the temperature of 
the exposed face descends below 800°C, even if the experiment is performed in a 
protected cavity, a circumstance which is, in addition, aggravated with respect to 
the reality. All the same one must demand if, since the 15 years from the adoption 
of the regulations,conditions yet more severe could possibly arise in practice. 
The first example which comes to mind is that of an airplane crash. Taking into 
account the quantity of inflammable material involved and the nature of the air
plane's mfffallic structures, is it possible that one or the other, if not both, of 
the above limits would be exceeded ? As regards the temperature this seems quite 
probable if not certain for the container assembly as there in addition the 
effect of the wind would be unimpeded. On the contrary the possibility of a duration 
longer than one-half hour appears small if not negligable , In this case, then, one 
can envisage a fire characterised by a temperature, locally at least, exceeding 
1050°C, even 1100°C, of duration possibly surpassing one-half hour although in the 
majority of cases it would not last beyond one hour. 

There is at least one other case for an "extreme" fire one must consider : 
that is that of a merchant ship, in particular of the type "roll-on, roll-off". By 
its very construction and utilisation such a vessel constitutes a tunnel where 
could be found an assertment of dangerous materials in proximity to each other-one 
can easily imagine a transport of radioactive materials in the neighborhood of a 
shipment of flammable liquids. In the extreme case it is definitely possible that 
the temperature in the neighborhood of these elements will exceed greatly 800°C, at 
least during ttjp combustion of the flammable liquid. In any case it is certain that 

•

fire will last longer than one-half hour, it will last all the time, in fact, 
t the ship burns. 

It is thus interesting, not only to pose the question of the behaviour of a 
type B container in conditions exceeding those foreseen by the regulations, but to 
try to determine a response by proceeding with realistic experimental program. 

There exists, in France, a containment of recent design for the transport, for 
experimental purposes, of fuel materials irradiated in a PWR, This container is 
however limited by capacity and also, in particular, by the limitation that the 
heat genaration of the contents not exeed lOOOW/m. 
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A container (of the type B) has subsequently been fabricated, based on the 
above design, and has successfully withstood the testing procedure prescribed by 
the Regulations. The fire test was conducted with a one-meter, full-sized model with 
the corresponding heat generation being simulated by appropriate electrical resis
tance leating. 

It was deciced to put this apparatus in functioning order once again, with the 
exception, for a number of reasons, of the heat generation device. However, it 
should be understood that the suppression of this device does not invalidate the 
experiments performed ; for these effects may be easily taken into account by analy
tic methods, which have, besides, the advantage of being conservative. 

The desired objectives for this series of experiments were to obtain a tempe
rature of 1000°C for a duration of one and one-half hours. 

3. TEST DESCRIPTION 
The experimental apparatus consisted of : 
- a metallic tray, 2m x 4m containing kerosene of the type JPl (initial fuel 

depth of 420 mm) ; 
- a sheet-metal chimney capping the fuel tray in the form of a truncated pyra

mid of height = 3 m, resting on four tubular legs (D = 200 mm, L = 800 mm) . 
The internal walls of this chimney were lined with a fire-resistant coating 
and two layers of insulating material ; 

- a watercooled tube penetrating the center of the chimney, inside of which 
are the thermocouple leads ; 

- a chassis of steel tubes in the fuel tray, maintaining the model above the 
kerosene at the desined height (thermally protected by refractory cotton 
felt) ; 

- an extinction device, designed to stop the combustion of the kerosene desired. 
A preliminary experiment was conducted, with a cylindrical block of volume close to 
that of the model (using six thermocouples) to test the total assembly and in par
ticular the chimney and the fuel feed apparatus. Actual experiments were only per
formed when the windspeed was below 5 ms"! ( to avoid perturbations due to an 
excessive wind). For these tests twenty-six thermocouples were used : 

- 20 implanted in the model (of which 3 were on the external wall) ; 
4 attached to the exterior of the model, close to the hood ; 
2 attached to the exterior of the chimney. 

Each of the 26 thermocouple assemblies consisted of : 
- Chromel-Alumel thermocouple, type thermocoax, diam => 1 mm ; 
- a compensatory cable ; 
- a cold reference junction ; 
- one track on a numerical data acquisition system (sampling rate of 1 track/ 

second, period of 1 minute). 
Temperatures were recorded for 4 1/2 hours, thus 3 hours after the extinction 

of the fire, 
- All the thermocouples leads were passed, on exiting the container, through 

the above described water-cooled tube (passing through one of the protective 
hoods), 

- The signals were recorded on digital tape (so as to be able to trace, on the 
computer, 9 = f(t) ), 

During the fire the entire assembly was periodically filmed by a mobile camg 
and photographs were taken both before and after the test, 

4. RESULTS 
In these tests, not only temperatures of 1000°C were obtained, but even those 

exceeding 1100°C, In those conditions the problem arose -and had to be decided upon 
immediately- as to whether to continue the fire for a full one and one-half hours. 
In the hope that the model would resist -and, if it did not resist a calculation 
could recontruct the results- the duration was not modified, and the mod^l did in 
fact rest intact. In fact the maximum temperature obtained in the lead, which cons
titutes the essential biological protection, never exceeded 173°C (one hour after 

a m ^ ^ 
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extinction). Of course this value must be corrected for the heat generation of the 
envisaged contents of the vessel : a calculation showned that, one an one-half hours 
after extinction the internal temperature of the lead did not exceed 273°C, well 
below the fusion temperature of 327°C. 

5, MODELING 
The success of this experiment led us to attempt an analytic approach to this 

problem. Starting with a previously established stealy-state regime, we have simu
lated an external fire (by unsteady heat-transfer calculations) and evaluated its 
influence on the internal temperature gradient in the container. 

Besides the lead ( a protection against y-radiation) the package consists 
of a neutronic barrier based on boron and hydrogen compounds and, especially in 
Q^ case, a thermal protection of moist plaster. In the course of the fire, the 
^ ^ ^ s s water in the plaster evaporates and escapes by way of fused plugs designed 
^^Vthis purpose. The plaster, a bi-hydrated lime sulfate, transforms at first to 
^^emi-hydrated form and then to calcium sulfate. It should be noted that the ther
mal conductivity of the moist plaster is rather good (which is desirable for the 
normal, low temperature discharge of the decay heat) while that of the 
CaSO4,l/2H20 is small (desirable for safety in accidental conditions). An initial 
calculation of the different latent heats of transformation of the plaster led to 
the definition of an equivalent specific heat. 

Finally, a simulation of an actual experiment was effected to validate the 
different hypotheses made (in particular those concerning the moist plaster). The 
essential calculations are summarized in the three following figures : 

Figure 1 show*the thermal gradient within each of the layers of the vessel, 
in this case subjected to a fire of 800°C lasting 30 mm ; thus the specified condi
tions of the Regulations, If initially the package is placed in an eavironnement 
of 38°C, we see that the lead, originally at 99°C, passes to 102°C at the moment 
of extinction, to attain a maximum of ]52°C after 2 h 40 mm, safely below critical 
conditions. 

For a second analysis we have simulated a fire of 1000°K (727°C) of duration 
varying from 10 minutes up to the time for the fusion of the lead. This permits us 
to define the temperature of the lead and that of the exterior steel for a fire of 
varying duration (Figure 2), 

For example, in a fire lasting 60 minutes the lead will obtain its maximum tempe
rature of 170°C after 2 h 50 mm. 

Thus we see that the container can resist a fire of temperature 1000''K for 
3 h 50 mm, the lead not attaining its fusion temperature (327°C) until 45 minutes 
later. 

Finally, similar analyses were effected for fire temperatures ranging from 
800°C to 1500°C, Figure 3 is a summary of these calculations. For each temperature, 
we have obtained the maximum duration of the fire which would lead to (after 
extinction) melting of the lead. 

From these results one may determine the behaviour of the container as a func
tion of the temperature and duration of the fire. In particular one may conclude 
that the present design is capable of resisting a fire of 800°C for 3 h 20 mm, 
which is a considerable margin with respect to the conditions specified in the 
regulations. 

^ ^ 6. CONCLUSIONS 
^ ^ B Although one may not formally conclude from the preceding experiments and 
(^Rulations that a Type B container, having resisted for one-half hour a fire of 
800°C, would equally well resist, for example, a fire of I100°C lasting one and 
one-half hours, certainly the preceding analysis shows that this container has quite 
good fire resistance. In addition, of course, the specific design of each container 
is critical, and it is difficult to make general statements. It is thus necessary 
to continue this type of analysis, particularly for lead-scaled containers, where 
one must distinguish between the behaviour of the different thermal protections 
used. In the case of packing for fissile products, the thermal properties and 
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behaviour of the neutron absorbing material must also be studied. However, the • 
method employed here -full-scale experimentation and, ultimately, analytic calcu
lations- appears to be quite good and it seems profitable to continue in this 
manner. 
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DISCUSSION 

Question by CP.Kaiqh, United Kingdom; 1, Was all the fuel used 
m position at the start of the test or was it pumped in during the 
fire? 2. What was the method of extinguishing the fire? 

Answer: 1. Our fire test equipment has two possibilites. In 
fact, m the present case, the kerosene was m position from the be
ginning of the fire test. 2. Here there are also two methods: a) Re
mote control extinguishing ramps; b) Direct action with the help of 
lances, operated by service firemen. This method is at present moj 
reliable and also enables training of the security forces. 
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MODELLING OF POOL FIRE ENVIRONMENTS USING EXPERIMENTAL 
RESULTS OF A TWO-HOUR TEST OF A RAILCAR/CASK SYSTEM* - ' 

J . E. Hamann and D. E. Klein 
University of Texas, Austin, Texas, USA 

R. B. Pope and H. R. Yoshiraura 
Sandia National Laboratories, Albuquerque, NM, USA 

INTRODUCTION 

During January, 1978, a 67 tonne spent fuel shipping cask in a 58 tonne 
ra i l car was exposed to a 122 minute, JP-4 fuel pool f i r e . This test was intended 
to simulate an extra severe, but highly improbable, f ire-associated accident con
d i t i on which might be encountered by a shipping cask. The shipping cask, o r ig ina l l y 
constructed in 1962, was a double-walled, lead-shielded cyl indr ical vessel 3.96 ra 
long and 1.5 m in diameter. The ra i l ca r provided a "crash-barrier" surrounding 
the cask, but was of open steel beam construction providing essential ly unlimited 
a i r c i rcu la t ion for natural convection cooling. 

Prior to the f i r e tes t , the cask/rai lcar system was subjected to a 131 km/h 
impact into a massive concrete barr ier . After the crash tes t , the cask and r a i l -
car were moved to the f i r e s i te and placed over a special ly constructed fuel pool. 
The ra i lcar was supported by concrete pedestals located central ly in the pool, 
with wheel trucks under the impacted end of the car to maintain i t s post-impact 
or ienta t ion. This posit ioning subjected the cask to maximum flame temperatures. 
Details of the tests and preliminary results from the f i r e test were provided in 
Reference 1 . A f ina l assessment of the response of the cask and result ing struc
tura l damage to the long-duration f i r e i s given in a companion paper at PATRAM '80 
(Reference 2). 

This paper presents the results of analyses performed since the test which 
used the measured temperature response of the cask/rai lcar and measured flame tem
perature and other environmental parameters to assess the thermal input from the 
f i r e . Measurements obtained during the test have been used to more c lear ly define 
the effects that varying source temperatures, intervening structure, and wind can 
have on the net thermal input to a large package involved in a f i r e . 

DISCUSSION 

^ V The thermal analysis of the cask/rai lcar system evolved through three d is t inc t 
stages with each stage more complex and more accurate than the preceding stage. 

Work sponsored by U.S. Department of Energy under Contract DE-AC04-75DP00789, 

1081 

•f-



The f i r s t stage consisted of two pre-test predictions of the cask response 
to two thermal environments. Consistent with the regulations (IAEA Safety Series 
No. 6 ) , the thermal environments were assumed to be uniform in both space and 
t ime. The f i r s t prediction was based upon an 800°C radiant source with no convection. 
The second prediction was based upon a 1000°C radiant source with a convective 
coef f ic ient ten times that for ambient s t i l l a i r at I000°C, 

The test results showed that the flame temperatures were far from uniform, 
ei ther in space or time. As a result of th is non-uniformity, surface temperatures 
measured at d i f ferent locations on the body also varied widely. On the average, 
the flame temperatures were higher near the top than at the middle or bottom of 
the cask. Considering only the cask at the axial center, the hottest location 
on the cask structure was found to be the top, which agrees with the gener^^^ 
observed trend in f l ame temperatures. The flame temperatures were generally h i ^ ^ f 
on the leeward side of the cask than on the windward side, early in the t S ^ 
whereas the reverse occurred la ter in the test . However, the cask was hotter on 
the windward side than on the leeward side throughout the tes t . The relat ive 
magnitude of the differences in the cask surface temperatures is i l l us t ra ted in 
Figure 1, which shows surface temperatures one hour af ter the test began. 

The preceding i l l us t ra tes that the assumptions made in the pre-test calcu
lat ions were not ent i re ly correct. A comparison between the predicted time response 
and actual response at three locations on the cask surface is shown in Figure 2. 
These data further demonstrate the spatial var iat ion of cask temperature response, 
and reveal that the measured surface temperatures were near or below the predicted 
response for an 800°C flame temperature during the f i r s t portion of the tes t , 
but at some locations temperatures exceeded the 800°C prediction in the la te r 
port ion of the tes t . 

Because the one-dimensional model did not accurately predict the cask behavior, 
a more detailed post-test analysis was i n i t i a t ed . This analysis was used to assess 
the impact that factors not considered in the pre-test analysis had on the cask 
response, and provided a better understanding of the f i r e environment. Foremost 
among the factors to be considered was the spatial var iat ion of flame temperatures. 
The non-uniformity of source temperatures, coupled with i t s ef fect on convection 
heat t ransfer , required a two-dimensional analysis. Another factor studied was 
the effect of the ra i lcar structure which par t ia l l y surrounded the cask. A f ina l 
factor examined more careful ly was the ef fect of a phase change by the lead on 
the internal temperature d is t r ibu t ion of the cask. Post-test examination had 
indicated considerable lead melt ing. 

The possible influence of the ra i l car was f i r s t indicated by the nature of 
the measured and predicted surface temperature pro f i les . The pre-test analysis 
predicted a rapid i n i t i a l temperature increase followed by a re lat ive ly slow 
increase in temperature. This was a reasonable expectation since (T^^-^g)* - (T^^jl^) 
is i n i t i a l l y large but decreases dramatically as the cask body increases in temper
ature. The measured surface temperatures, however, exhibited a pro f i le exactly 
opposite of that expected. Failure of the analysis to predict the measui^d 
temperature variat ions was tenatat ively explained by assuming that the r a i l ^ B 
structure acted as a thermal radiation shield between the cask and the heat s o ^ H 
un t i l the ra i l ca r had heated to a temperature where i t became a radiant sou i^ f f 

The second stage of the analysis began as a search for a computer program 
capable of modeling two or three dimension convective and radiat ive boundary 
condit ions, and phase change. The heat conduction code HEATINGS wri t ten by 
W. D. Turner, D. C. El rod, and I . I . Siman-Tou at Oak Ridge National Laboratory 
sat is f ied these requirements. 
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The f i r s t two-dimensional modelling was performed by developinga l inear rep
resentation of the flame temperature at d i f ferent circumferential locations on 
the cask. The l inear izat ion was performed over the f i r s t 90 minutes of the test 
data. Because of cask/rai lcar structure movement beyond th is time, thermocouple 
stretching was possible, and the data are suspect. The ra i lcar structure was i n 
cluded as a separate heat sink and radiat ion source. The top of the car was 
not located close to the ra i lcar structure, whereas the locations 45° to windward 
or leeward of the top were d i rect ly inside of large steel beam sections of the 
ra i l ca r . 

Figure 3 compares, for the top center of the cask, the results of the pre
d ic t ion for the surface temperature with the measured response. The f ive curves 
Ihown are (1) the prediction using a I000°C uniform f i r e source and convective 

^put as in the pre-test analysis; (2) the prediction using l inearized measured 
ource temperature, not accounting for the ra i lcar structure; (3) the prediction 

using l inearized measured source temperature and including the lower ra i lcar 
structure; (4) the prediction using the l inearized measured source temperature 
and including both the upper and lower ra i l car structure; and (5) the actual mea
sured surface temperature var ia t ion. For curves (2) , (3) , and (4 ) , a convective 
coef f ic ient of 28.4 W/m' °C was assumed. As demonstrated in Figure 2, accounting 
for the actual var iat ion in local flame temperatures yielded good comparison 
between the measured and predicted values. For th is case, where the ra i l car 
structure did not local ly impede the radiant input, the ef fect of structure on 
predicted response is minimal. 

Figures 4 and 5 compare the predicted response of the gamma shielding with 
the measured responses for locations 45° from the top on the windward and leeward 
sides, respectively. The response of the gamma shield is shown here to indicate 
that the effects of lead melt were properly accounted for in the modelling. The 
data shown are for thermocouples located 12,7 cm into the lead region of the cask. 
The following comments for the lead response also apply to the measured and pre
dicted surface temperature responses at these locations. The predicted response 
using the l inearized measured source temperature, represented by curve (1) , did 
not provide a good a comparison between the predicted and measured values as i t 
did for the top locat ion. Simi lar ly , the predictions did not change s ign i f icant ly 
by adding jus t the lower ra i lcar structure to the analysis, as represented by 
curve (2) . However, the cask predicted response af ter upper ra i lcar structure 
was added to the analysis, represented by curve (3) , provided a s ign i f icant ly 
better comparison with the measured response, which is shown as curve (4) . I t is 
apparent that the presence of the ra i lcar structure loca l ly provided a s ign i f icant 
radiant shielding ef fect . 

The preceding demonstrates that accounting for the effects of actual tem
perature var iat ion and radiant shielding from intervening structure provides 
s ign i f icant improvements in the comparison between predicted and measured temper
ature var iat ions. However, further e f fo r t was needed to more clearly understand 
the importance of the variat ions in source temperatures and in convective input. 

i
herefore, a more complex two-dimensional modelling e f fo r t was undertaken. This 
^ i rd stage model incorporated a piece-wise l inear izat ion with time of the source 
Pmperatures a t each locat ion, and also a circumferential ly - varying forced 
onvective-model accounting for wind ef fects . The complexity of the model is 

i l l us t ra ted by Table I . 

A p lo t of the piece-wise l inearized source temperatures is shown in Figure 6. 
The f ive curves are numbered as shown in Table I . 
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Table I . Circumferential Variation of Source Temperature, Convective 
Model and Radiant Shield fo r Complex 2-D Model. 

Circumferenti 
Posit ion* 

0.0 -
22.5 -
45.0 -
67.5 -
90.0 -

112.5 -
135.0 -
157.5 -
180.0 -
202.5 -
225,0 -
247.5 -
270.0 -
292.5 -
315.0 -
337.5 -

22,5° 
45.0 
67.5 
90.0 

112.5 
135.0 
157.5 
180.0 
202.5 
225.0 
247,5 
270,0 
292.5 
315.0 
337.5 
360.0 

Circumferential posit ion 0° is at bottom of cask, 90° i s at leeward 
side, and 270° is at windward side. 

Each convective model is based upon an application of a forced convective model 
(Reference 3) , and is specified loca l ly based upon the cask locat ion, assumed wind 
d i rec t ion , and local source temperature and wall temperature (Reference 4) . Thus, 
the local convective model is cross-coupled to the local temperature model, which, 
in tu rn , varies with time. The column in Table I for radiant shield indicates 
whether or not ra i lcar structure existed loca l l y . 

With th is complex model, the comparison of predicted response with measured 
response is much improved over that from the less complex two-dimensional model. 

-•figure 7 shows the comparisons for the top surface and for the gamma shield, 45° 
..from the top on both the windward and leeward sides. These are the same 
measured data shown in Figures 3, 4 and 5. 

CONCLUSION 

In conc lus ion , i t has been demonstrated t h a t t ime and s p a t i a l v a r i a t i o i ^ ^ ^ 
the local source temperatures, the radiant shielding of intervening s t ruc tu re^^B 
the effects of wind can s ign i f i cant ly af fect the amount of heat input to a large 
package in a simulated accidental f i r e . The pool f i r e provided a s ign i f icant ly 
non-uniform heat source to the package. Despite these ef fects, however, the amount 
of heat input to the package was generally equivalent to that which would be 
received from a regulatory 800°C uniform thermal source. 

il Source Temperature 
Model 

1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
5 
5 

Convective 
Model 

1 
1 
1 
1 
1 
2 
2 
3 
4 
5 
6 
6 
6 
6 
6 
6 

Radiant 
Shield 

NO 
YES 
YES 
NO 
NO 
YES 
YES 
NO 
NO 
YES 
YES 
NO 
NO 
YES 
YES 
NO 
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DISCUSSION 

Question by G. Malkoske, Canada: Could you explain how the 
thermocouples were installed 12.7 cm into the lead? 

Answer: A hole was drilled through the outer stainless steel 
shell of the cask into the lead gamma shield to a depth of 12.7 cm. 
The hole in the stainless steel shell was tapped to allow insertion 
of a sealing bushing. A stainless steel sheathed thermocouple was 
nserted into the hole and seated carefully against the lead. The 
etration was sealed with a compression type fitting and checked 
tightness. 

Question by M. Brown, United Kingdom: Did the non-uniformity " 
of temperature have any effect upon the flask seals? 

Answer: This is difficult to determine since we did not have 
a direct method to measure flange distortions or assess seal conditf<»i 
in the fire environment. 

Question by S. Williamson, United Kingdom: Could you please 
give some guide lines with regard to the cost of the fire test and 
subsequent analysis. 

Answer: If I recall correctly, the cost for performing the rail 
cask fire test and thermal analysis was approximately $ 500,000 (1978 
dollars). The actual cost of the fire test and analysis is difficult 
to determine since many costs such as analytical and technical support 
were shared between all five cask tests. The subsequent analysis, 
which is the subject of this paper, was performed by the University 
of Texas for a cost of approximately 0 20,000. 



MODELING THE NORMAL THERMAL ENVIRONMENT 

William H. Lake 
U.S. Nuclear Regulatory Commission 

INTRODUCTION 

t^^F The normal, hot day, thermal environment is specified in the IAEA Regulati 
[Ref. 1] by a constant temperature and uniform solar heat flux. This is a simpli
fication of the actual thermal environment in which the ambient temperature and 
solar flux are cyclic. Real systems attenuate the effect of the periodically 
varying environment. This paper considers the adequacy of the constant temperature 
uniform solar heat flux model to represent real thermal environments. Thermal 
environmental models are presented, attenuation parameters are obtained from two 
thermal response models, and the limitations and applicability of the models are 
discussed. Two typical water cooled spent fuel casks are studied under various 
thermal environments using the models presented. Conclusions are drawn as to the 
adequacy of the IAEA thermal environmental model to represent real thermal 
environments. 

THERMAL MODELS 

Environmental Models 

The normal, hot day, thermal environment specified in the IAEA Regulations 
[Ref. 1] includes a constant SS'C ambient temperature and a total solar heating 
of 800 gcal/cm^ for 12 hours for an upward facing, flat, horizontal surface. 
This solar heating is interpreted as a unifomn flux of 66.7 gcal/hr-cm^ for 12 
hours followed by no heating for 12 hours. The simplest analysis assumes a steady 
38°C and continuous (24 hour) uniform heating of 66.7 gcal/hr-cm^. 

An upward facing horizontal surface in a real environment is subject to 
diurnal solar heating and a periodic ambient temperature. The solar model, 
for the period between sunrise and sunset [Ref. 2] is given by: 

G. = G T" COS(Z) (1) 

1 o a 
cos(z) = sin(A) sin(6) + cos(A) cos(6) cos (H) (2) 

H = cos~^ [tan(A) tan(6)] 
o 

The periodic ambient temperature is represented by: 
« 

T (t) = T + AT cos[(7r/12)(t - AT - 12)] (4) 
<w 0 0 

A combined effective ambient temperature model, which includes the temper
ature increase due to solar heating, is used so that exact solutions to the 
thermal models may be obtained. 
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T^(t) = T' + AT^ cos [(Ti/12)(t - 12)] (5) 

T' = T + AT /2 (6.a) 
0 0 8 

AT' = AT + AT /2 (6.b) 
O 0 s 

To estimate the temperature increase due to solar heating an upward facing 
solar heated flat plate is considered. The heat balance for a flat plate which 
is heated by the incident solar radiation, and cooled by natural, turbulent 
convection and radiation heat transfer to the environment is described by the 
equation: 

(%+l^ 
aG. = C [(T - AT ) - T ] + ca [ (9 + AT )'*-Q''] (7) 

1 0 " S " " s •» 

where G. = incident solar flux, gcal/hr-cm^ 

G = solar constant, 119.5 gcal/hr-cm .' 

, T = atmospheric transmission coefficient 

m = relative air mass, approx. sec(z), 0° < z < 80° ' 

' z = angle between the solar and surface unit normal vectors ' ' 

A = earth latitude measured from the equator 

I • • - 6 = sun declination angle, -23 1/2° < 6 < + 23 1/2° 

. ' H = hour angle, traverse angle for sun to body's longitude _, „ 

H = hour angles between: sunrise and noon, and noon and sunset 
o 

T (t),T'(t) = ambient and effective ambient temperatures, °C 

T ,T' = average and effective average daily temperatures, °C 

AT ,AT' = differences between average and maximum ambient and effective 
0 0 , . o.., 

ambient temperatures, C 

9 = absolute ambient temperature, °K 

t = time of day measured from midnight, hrs 

AT = lag of peak ambient temperature from solar peak at noon, hrs 

AT = difference between the maximum body surface temperature with 
and without the peak solar flux, °C 

a,E = radiative surface properties, absorption and emissivity coeffici^Bts 

C = convection constant =0.13 gcal/hr-cm^-°C [Ref. 3] 

ri = convection constant [Ref. 3] , 

0 = Stefan-Boltzmann constant, 4.88 x 10"' gcal/hr-cm^-°K'* 

The maximum incident solar flux occurs when the angle between the solar and 
surface unit normal vectors are minimum (i.e., when the angle, z, is minimum). 
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This occurs at noon, at the summer solstice outside the tropics. In the tropics 
it occurs at noon when the sun declination angle is equal to the local latitude 
(i.e., (5 = X). Table 1 is obtained by solving equation (1), and presents the 
maximum incident solar flux for various latitudes and atmospheric transmission 
coefficients. 

• TABLE 1. MAXIMUM SOLAR FLUX VALUES AS A FUNCTION OF LATITUDE 
AND ATMOSPHERIC TRANSMISSION COEFFICIENT (T ) 

Maximum Solar Flux, G.max (gcal/hr-cm^) 

70 Lat i tude( 

0-23-1/2* 
30° 
40° 
50° 
60° 
70° 
80° 
90° 

X) 

, 

T =0. 
a 

74 
74 
70 
63 
53 
41 
28 
14 

62 t =0 a 

84 
83 
79 
72 
62 
49 
35 
20 

=0.81 

97 
96 
92 
85 
74 
61 
45 
28 

T =1 a 

120 
119 
115 
107 

96 
82 
66 
48 

*Maximum flux occurs when X = 6 (sun's declination angle) for 0 < A < 23-1/2° 
and when S = I'i-XIT' for all other A. 

The maximum solar flux values are used to estimate the maximum temperature 
increase due to solar heating of an upward facing flat plate. These values, 
presented in Table 2, are calculated using equation (7), assuming the radiation 
surface properties are equal to 0.8 (a = E = 0.8). 

TABLE 2. MAXIMUM TEMPERATURE INCREASE OF AN UPWARD FACING. SOLAR 
HEATED FLAT PLATE (WITH SURFACE RADIATION PROPERTIES, a = E = 0.8) 

Maximum Temperature Increase (°C) 

0.62 T =0.70 T =0.81 T =1.0 
a a a 

60 67 78 
59 66 77 
57 64 75 
53 60 71 
47 54 66 
39 ' 46 59 
29 37 49 
18 25 38 

Latitude(A) 

0-23-1/2* 
30° 
40° 
50° 
60° 
70° 
80° 
90° 

T =0 
a 

54 
54 
52 
47 
42 
34 
24 
14 

1 *Maximum flux occurs when X = 5 (sun's declination angle) for 0 < A < 23 
and when 5 = 23-1/2° for all other A. 

Thermal Response Models 

Two models are considered, one representing a system with negligible thermal 
gradient, the other a massive system with slow thensal response and a significant 
thermal gradient. 
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First, the model with negligible thermal gradient is considered [Ref. 2]. 
The thermal gradient across a slab of thickness, x(cm), conductivity, k(gcal/hr-
cm-°C), and surface heat transfer coefficient, h(gcal/hr-cm^-°C), is considered 
negligible if 
if 

h X / k < 0.1 (8) 

The heat balance is given by: 

c p V dT = hA (T^ - T) dt (9) 

where 

c = specific heat, gcal/g-°C 

p = density, g/cm^ 

V = volume, cm^ .3 

A = surface area, cm^ •̂' ' 
s 
T = system average temperature, °C 

The steady periodic solution obtained for equation (9) with the periodic 
«Ud>ient temperature in equation (5) is: 

T(t) = T^ +(n-(TrRC/12)0 i"^) ^^^" [(''/12)(t-12)] + cos [ (TT/12) (t-12)] } (10) 

where 
R = the surface thermal resistance, 1/hA ' 

s , 
C = the thermal capacity, cpV ' 

The solu t ion to equation (10) for a system with c i^^cte ir is t l t : time, RC ( h r s ) , 
over time, t , i s i t s response h i s t o r y . The maximum thiteaiarl fcesp^se v a r i a t i o n , 
AT , due to the environmental variation, AT' is: ' 

max 0 J 

AT' 
° r2 , RC < 1 2 / T I ' ( 1 1 . a ) 

AT 
max 

1+(TI R C / 1 2 ) ' 

A T ; ( T I R C / 1 2 ) ' 

•2- , RC > 12/17 ( 1 1 . b ) 
1 + ( T T R C / 1 2 ) 

A t t e n u a t i o n p a r a m e t e r s , A , f o r t h e n e g U i g i b l e t t t ezna l g r a d i e n t moA61 a r e 
o b t a i n e d from e q u a t i o n s ( 1 1 . a ) and ( 1 1 . b ) . 

» 

^ [[1+ (.RC/12)2]"'''^^^"^^ ,_, . (12-^) 

" [(TtRC/12) [1+ (TtRC/12)2]-l, RC > 12/7r (12.b) 

The second model represents the system with slow thermal response and rela
tively large internal thermal resistance. The system may be described by the 
characteristic time constant, T (hrs), and internal thermal resistance, R. 
(hr-°C/gcal). These parameters may be calculated or obtained from tests. For 
a uniform flat plate they are: 
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T = x2/S (13) 

R. = x/(kA) ^^) 

where 

X = distance into the plate, cm 

a = thermal diffusivity p, cm^/hr 

k = thermal conductivity, gcal/hr-cm-°C 

A = area normal to heat flow direction, cm^ 

Systems of this type often have a significantly lower surface resistance,^ 
than internal thermal resistance. When the value R/R, = k/hx (the Inverse of 
equation (8)) is low, the surface temperature is approximately equal to the ambient 
temperature. The steady periodic solution for the semi-infinite slab with a 
surface boundary temperature of equation (5) [Ref. 3] is: 

T(t) = T' + AT' exp(-/iTT/24) cos [ (Tr/12) (t-12)-/TiT/24] (15) 

The maximum variation, AT , of the system represented by T, and the max '̂  ' 
attenuation parameter, A , are: 

AT = AT' exp(-A7724) (16) 
max o 

A = exp (-/n772T) (17) 

The characteristic time constant is expressed in terms of a specified attenu
ation parameter from equation (17). Table 3 presents time constants for several 
specified attenuation values. 

T = [log^ (l/A^)]2/(it/24) (18) 

TABLE 3. CHARACTERISTIC TIME CONSTANTS FOR SPECIFIED VALUES OF ATTENUATION 

Attenuation (%) X7. 2% 5% 10% 15% 20% 
Characteristic time constant, T (hr) 162 117 69 41 28 20 

If a desired attenuation, A , is specified the required characteristic flat 

plate time constant, T, can be estimated from equation (7). Also the validity 
using the semi-infinite slab model for a flat plate of finite thickness, x, ca 
be assessed. # 

The attenuation parameters in equations (12.a) and (12.b), and (17) represent 
two different thermal response models. Table 4 presents attenuation values for both 
models for several values of characteristic time (RC, T ) . 

1094 



TABLE 4. ATTENUATION PARAMETERS FOR SEVERAL CHARACTERISTIC TIMES 

/ 
Attenutation Parameters 

Characteristic A (for negliblble thermal A (for infinite 
time (hr) gradient model) slab model) 

1.00 0.94 0.70 
2.00 0.78 0.60 
3.00 0.62 0.53 
3.82(TT/12) 0.50 0.49 

5.00 0.48 0.45 
7.50 0.40 0.37 

10.00 0.33 0.32 
15.00 0.24 0.25 
20.00 0.18 0.20 , „ < 
50.00 0.08 0.08 ' " " 
100.00 0.04 0.03 , 

APPLICATION TO SPENT FUEL CASKS 

The thermal environmental models and thermal response models developed are 
used to study the response of large water cooled spent fuel casks to diurnal 
variations of solar heating and ambient temperatures. The thermal response models 
are both one-dimensional models. The neglible thermal gradient model is a flat 
plate model, and the infinite slab approximates a flat plate of finite thickness 
for periodically varying surface temperatures when the characteristic time constant 
is large. Spent fuel casks are typically long hollow cylinders which are modeled 
as two-dimensional circular sections (i.e., infinite length is assumed). The use 
of flat plate models introduces errors due to geometry and dimension. For the 
curved surface the area normal to radial flow of heat decreases as the cylinder 
is entered (i.e., flow towards centerline). This decreases the thermal capacity, 
but increases the thermal resistance; however, the effects do not compensate 
exactly. The two-dimensional effects will result in lower attenuation than 
predicted by the flat plate model, because of additional heat penetrating a 
central location. The spent fuel casks considered have large characteristic 
time constants, making these effects negligible. 

Spent Fuel Cask Models 

Two typical water cooled spent fuel casks are considered. One represents a 
truck cask, the other a rail cask. The pertinent specifications are given below: 

1. The truck cask is 22,700 kg, consisting of 17% steel, 70% lead, and 13% water. 
It has a measured unit conductance of 67 kcal/hr-°C. A thermal capacity and 
characteristic time constant of 3890 kcal/°C and 58 hours are calculated. 

The rail cask is 63,500 kg, consisting of 18% steel, 73% depleted uranium, 
and 9% water. It has a measured unit conductance of 326 kcal/hr-°C. A 
thermal capacity and characteristic time constant of 8522 kcal/°C and 
26 hours are calculated. 

Both casks are treated as upward facing flat plates having equal surface 
radiation properties (a = e = 0.8), and the characteristic time constants 
caleulated above. 

/ • • • = 
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Thermal Environments 

Three thermal environments are considered: 1) the uniform IAEA model, 2) a 
moderately hot environment, and 3) an extremely hot (i.e., desert) environment. 
The environmental models are specified below. 

1. A steady ambient temperature of 38°C, and uniform solar heating of 66.7 
gcal/hr-cm^. 

2. An ambient temperature of 27°C ± 11°C, and a maximum solar flux of 72 
gcal/hr-cm^ (50°-latitude, 0.7 atmospheric transmission - Table 1). 

3. An ambient temperature of 35°C ± 11°C, and a maximum solar flux of 83 gcai 
hr-cm (30°-latitude, 0.7 atmospheric transmission coefficient - Table 1)." 

Peak Internal Temperatures 

Using the equations developed and the results presented, the peak internal 
(i.e., bulk coolant) temperatures are estimated for the two cask models subjected 
to the three thermal environments specified. The results are presented in Table 5. 

TABLE 5. PEAK INTERKAL CASK TEMPERATURES 

Time Constant, T (hrs) 
Attenuation Parameter, AT 
Peak Internal Cask Temperatures: 

IAEA Thermal Environment 
Moderately Hot Environment 
Extremely Hot (deser t ) Environment 67.1°C 70.9°C 

CONCLUSIONS 

A method is presented and shown to be applicable for estimating the thermal 
responses of the internal regions of large water cooled spent fuel casks to periodic 
variations in ambient thermal environments. These effects are significant for water 
cooled casks with internal heat (where much higher internal temperatures result) 
since internal pressures are very sensitive to temperature. 

The results presented in Table 5 show that there is little difference between 
the IAEA and moderately hot environments for the two cask models. The differences 
between the IAEA and extremely hot environments range between 9.6°C and 13.4°C 
depending on the cask time constant. Although distinguishable, these differenc 
still do not appear to be too significant. Based on the results considered in 
study, it can be concluded that the use of the IAEA uniform thermal environmen 
model is adequate for estimating the thermal performance of large water cooled 
casks in hot thermal environments. 

Truck Cask 

58 
0.064 

57.5°C 
55.9°C 

Rail Cask 

26 
0.158 

57.5°C 
59.4°C 

m 

i ( ^ 
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SUMMARY 

The fire hazard to small ( ^ 500 kg) lype B packages is assessed with 
particular reference to aircraft crash f i res . Container response including the 
effect of a charring insulation is studied theoretically. I t is concluded that an 
actual fire tes t rather than a "design" fire or a furnace test is the most 
satisfactoiy qualification method. 

1. IHTRODUCTION 

Transport of plutonium try air provides increased speed, safety, security and 
reliability over other shipping methods. However, air transport accidents pose 
the most serious threat to RAM packages due to the high speeds and fuel loads 
typical of modem jet aircraft. The accident environment with particular 
reference to impact is considered in a companion paper by Brown /~1_7« Here the 
fire hazard is assessed; its likelihood, intensity and duration and the response 
of containers engulfed in a fire are studied. 

The work was performed under contract to the Commission of the European ^ ^ ^ 
Communities as part of their study on the environmental impact of LWRs, Sii^^H 
work has been performed in the USA /~2_7 but space does not allow a review o:^^^ 
this work. 

2, THE FIRE HAZARD 

We examine here airoraft crash fire statistics and the fire envirormeirt. 
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2,1 Airoraft Crash Fire S t a t i s t i c s 

Two recent de t a i l ed analyses of a i r c r a f t accidents a re those Isy Clarke ert a 
/~2_7, /~3_7 f°i' US m i l i t a r y cargo a i r c r a f t and Lucha e t a l /"4_7 for US e i v i l 
a i r c a r r i e r accidents involving f i r e s between I963-74, 

Table 1: Analysis of the Occurrence and Severi%- of 

Airoraft Crash P i res (Percentages) 

Civ i l /~4_7 
overa l l cargo 

Mi l i t a ry /"2j7 , / " 3 _ 7 
cargo 

Frequency:* 
Fire 
Fire & Impact 

Operation mode: 
Groxmd 
Take-off 
Fl ight 
Landing , . 

F i re Occurrence: 
Ground 
I n - f l i g h t 
Post—impact 

Damage 
Total* (Fi re) 

Destroyed 
Severe 
Moderate 

29 
19 

5 
23 
24 

- 48 

6 
7 

87 

21(16) 
63 6) 

1 16(7) 

37 
33 

3 
32 
20 
45 

~ 
0 
3 

97 

35(20) 
58 5) 

7(3) 

35 
22 

15 
21 
30 
34 

32*« 
6 

. - 62 " 

not 
swai lab la 

* In a l l accidents 
** This f igure includes take-of f and landing accidents 

From Table 1 i t i s c l e a r t h a t f i r e i s a s i gn i f i can t hazard i n ary a i r o r a f t 
accident , e spec ia l ly a f t e r impact with the ground. The r e l a t i v e l y la rge prop
o r t i o n of accidents i n which a cargo a i r c r a f t i s destroyed shows t h a t RAM 
packages may well face a doubly h o s t i l e environment — f i r s t impact then an 
engulfing f i r e . The frequency of such an occurrence i s assessed at 1.1 x 10 

f l i g h t from / " ' ' _ / for Western Europe, f The Fire Environment 

In an airoraft crash fire, ruptured fuel tanks or lines allow a fuel mist 
to wet the aircraft*s surface while it is still moving £"5J and sufficient 
heat sources exist to ignite it resulting in the airoraft*s envelopment by fire. 
The aluminium skin can melt in 1 minute /~6_7, enabling RAM packages to be 
rapidly exposed to the full intensity of the fire. 
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Figure 1; Centre-edge vertical temperature profiles in 
aviation fuel fires 

Within the f i re , conditions can be severe. Figure 1 shows typical centre-
edge temperatures in JP4 £lj and JP5 /~8_7 fires at different vertical 
locations. In /~7_7 i"' *'as concluded that a black body flame temperature of 
1010°G was representative; this agrees with /~8_7 where i t was estimated that 
convective heat fluxes to an object engulfed in a fire oould be as high as 60^ 
of the tota l heat flux. 

2,3 Airoraft Crash Fire Duration 

Lit t le quantitative data exists for aircraft crash fire duration. By use of 
s t a t i s t i c s of aircraft service years (eg /~4_7) and fuel loads carried i t is 
possible to arrive at a "mean aircraft" . When this crashes according to a low, 
medium or high impact angle, the resultant fuel pool is assumed to take an area 
ecjuivalent to wingspan x overall length, ground plan area or half-^ing area 
respectively. Using a surface regression rate of 5«5 x 10~5 m/s / 4 _ 7 f°^ 
kerosene fuels burn times of 9.4, 44.4 and 155 minutes respectively are obtained; 
and with estimates of the probability of such impact angles derived from/~2_/ 
and assumption that take-off accidents involve a full fuel pay load, in-flight 
accidents -g- payload and landing accidents -J- payload, we can construct a cumula 
distribution for fire duration using mode of occurrence data from Table 1. 
results are presented below in Figure 2 where most pessimistic spot values fol 
BAC-111 and B747 are shown to i l lus t ra te the range by type. 

^ 1 1 u 

i i ^ i i ^ 

f o l ^ ^ 
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Figure 2: Cunrulative P r o b a b i l i t i e s for Fire Duration 

time 
t min 

3. COHTAmER RESPOKSE 

A t h e o r e t i c a l assessment has been made of the thermal response of small 
lype B packages (sL-10 and PAT-1 type) t o a i r c r a f t crash f i r e s . The t r a n s i e n t 
heat conduction equation for a mul t i -mate r i a l medium with i n t e r n a l heat 
generat ion was solved, and an attempt made to model the charr ing of the 
insu la t ion/shock absorber (wood & watei—extended po lyes te r (WEP) i n SIr-10, 
wood in PAT-1). Because d e t a i l e d experimental data on combustion of these 
mate r i a l s i n v i t i a t e d atmospheres i s lacking, a simple model based on Carslaw 
& Jaege r ' s £^J recommendation for phase-change s tud ies was used; a unicjue 
char r ing temperature was asstmied and the e f fec t s of evolu t ion of gases , steam 
e tc dxtring pyrolysis were ignored. Assumed f i r e condi t ions were black body 
r a d i a t i o n at 1100°C for 1 h followed by a 1 h cooling period a t ambient 
tempera tures . The r e s u l t s presented i n Figures 3 & 4 for the SL-10 and PAT-1 
show the development of the temperature p r o f i l e through the cen t r a l s ec t ion and 
demonstrate the i n s u l a t i n g effect of a charred medium. The pos i t i on of the ohar 
f ront a f t e r 1 h i s a lso shown. The experimental p o s i t i o n shown i n Figure 4 i s 
taken from ref /~10_7; agreement i s reasonably s a t i s f a c t o r y . The importance of 
evolved gases and liciuids may be assessed for WEP from / "11_7 , WEP heated on a 
face to 800°C for 30 mins was destroyed to a depth of 6 mm with fur ther de tec tab le 
damage for 8 mm with evolut ion of gases and l icjuids, whereas i n Figure 3 a 90 mm 
char depth i s p red ic ted . Thus a simple char r ing model appears to overpredict the 
hazard when evolved gases e tc are important as i n WiP and underpredict for the 
case of wood. Work i s continuing on t h i s stucJy. 

m, 
4, DISCUSSION AND COHCLUSIONS 

The aircraft fire statistics presented in section 2.1 show that a post-
t fire in which the aircraft is destroyed is a non-negligible event. The 

rmal regime encountered by a RAM package is very severe - temperatures of 
1100°C and radiant heat fluxes of 162 KW/m^ could be encountered. Large RAM 
packages - eg spent fuel flasks may well not be exposed to such conditions 
because they tend to be transported in a way in which total engulfment by a 
fire would be unlikely. However, qualification of small packages which oould 
be so engulfed should allow for such severe thermal regimes: current IAEA 
"design fires" of 800 C /"12_7 would appear to be inadequate, and in view of 
the strong convection flux noted in / 8 _ 7 , an actual fire test rather than 
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exposure to a radiant furnace is required. 

Fire duration is more difficult to assess. The long durations estimated in 
section 2,3 reflect the growing use of large cargo aircraft. The IAEA /~12_7 fire 
duration of 30 minutes is estimated to cover 75^ of all cases but to increase this 
to 955̂  confidence increases the duration to 120 minutes; this oould be hard to 
justify and it might be preferable to transport type B packages in small airoraft. 

Container modelling can be performed for undamaged packages and, com
putationally, the charring case appears less pessimistic than the non-charring 
case. The evolution of products of combustion and decomposition is important but 
hard to model; consideration should be given to the possibility of these causi: 
over-pressurization of an undamaged container. 

i m ^ ^ 

Damaged conta iners are harder to a s s e s s . The depth of i n t a c t i n su l a t i on 
surrounding the RAM cannot be known a p r i o r i and a punctured outer skin permits 
the c r ea t i on of flammable gases from the i n su l a t i on and the char i t s e l f to burn. 
Such e f fec t s cannot be predic ted and f i r e t e s t i n g damaged and undamaged containers 
appears t o be the most s a t i s f a c t o r y method of cfualifcation. 
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DISCUSSION 

Comment by S. Williamson, United Kingdom: You make assumptions, 
in the aircraft accident, that there is no loss of fuel into the 
ground and no evaporation of the fuel. Both these, and particularly 
the latter, are hardly likely m view of the temperature you assume. 

The readers of your paper should therefore have reservations with 
regard to your suggestion that an aircraft accident fire is more 
severe than the IAEA regulatory thermal test. If statements like this 
are to be made at PATRAM '80 they must be fully substantiated and 
your assumptions are not reasonable. 

Answer: It must be stressed that there is no real data bas 
from which aircraft crash fire durations can be assessed. The method 
I presented was an attempt to define the upper and lower bounds for 
fire duration, and, in accordance with our CEC contract, to take into 
account the severe accident environment. Because of the wide differ
ence between the upper and lower bounds it seemed desirable to pro
pose a cumulative probability curve to form a basis for discussion. 
It is interesting to note that m the Sandia study (SLA-74-001) air
craft crash fire durations were assessed individually and their pro
posed curve IS not too different from mine. I emphasise that such 
curves are an attempt to define fire durations and may well err on 
the over-conservative side. 

As regards soil penetration by and evaporation of the fuel, I do 
not entirely agree with your comments. First, the nature of soils 
varies widely and in a safety case, particularly when we are still 
attempting to define the problems, I feel we may not be able to claim 
soil porosity as a mitigating feature. Second, the fuel tends to 
burn from the surface of the liquid thereby inhibiting evaporation. 

Finally, you suggest that I am being unreasonable m suggesting 
that an aircraft crash fire is more severe than the IAEA regulatory 
thermal test. As I have indicated the quesiton of fire duration is 
a very open one and I think 30 minutes is a defensible figure. How
ever, I have personally strong reservations about the 800 C condition 
m view of the significantly higher temperatures that have been at
tained m open pool fire tests. 

Question by R. Brissier, France: You have shown the distribution 
of the kerosene concentration after different impacts. In the case 
of the most severe impact the maximum concentration of kerosene, there
fore fire, IS situated on the level of the wings of the plane. Would 
it therefore be an advantage according to your study, to position 
containers m the nose or tail of the plane? 

Answer: From the point of view of the aircraft crash fire 
IS hard to answer this question because of the location of fuel 
fuel lines. In many aircraft fuel tanks are placed in the fuselage 
as well as the wings. In a crash a container placed near the nose 
could be pushed rearwards towards the tanks, while if placed m the 
rear could shunt forwards, again towards the tanks, due to inertia. 
Also, for rear-engined aircraft fuel lines run from the wings and 
central fuselage to the engines and if ruptured could feed a fire 
anywhere m their run. Thus without constraints designed to restrict 
container motion I do not think a simple absolute answer can be given. 
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VALIDITY OF SCALING SHIPPING CASKS 
EXPERIENCING LARGE DEFORMATIONS 

R. J. Burian 
BATTELLE'S COLUMBUS LABORATORIES 

Columbus, Ohio U.S.A. 

INTRODUCTION 

An increasing awareness of the public to the potential hazards of radioactive 
materials has quite properly caused the nuclear transportation community to 
critically examine the designs and design methods used in developing transpor
tation packages. Testing of packages to hypothetical accident conditions is one 
commonly accepted way of demonstrating the integrity of the package and its 
ability to contain the radioactive contents during a severe loading incident. 
Where large packages weighing several tons are involved, it has proven econo
mically advantageous to test models of the package and extrapolate the results 
to the full-size package. It is necessary, however, to verify that such extra
polation accurately will predict the response of the full-size package to a 
similar load. Moreover, relatively few studies have included tests at extra 
regulatory conditions. 

Battelle's Columbus Laboratories recently completed a program sponsored by 
the United States Department of Energy(^) to assess the validity of employing 
scaling techniques to determine the response of lead and uranium shielded 
shipping containers to extreme impact conditions. For this program we developed 
two simplified package designs for the truck shipment of light water reactor 
fuel elements. One design used lead shielding and the other used depleted 
uranium (DU) shielding. Since our objective was to study scaling validity we 
did not feel constrained to exactly reproduce an actual truck cask in current use. 
Thus, the models were not replicas of any particular container but rather they 
incorporated the basic structural features common to many containers in current 
use including non-LWR packages. Only the primary structural components were 
modeled as shown in Figure 1 which is a section of the DU shielded model. These 
included the outer shell, heads, cover, shielding and inner cavity shell. Other 
features such as a neutron shield, trunnions, and valves were not included in 
the models. The lead shielded models are similar differing only in the shielding 
thickness and, thereforejthe outer diameter. 

The noteworthy feature of the DU models shown in Figure 1 is the way in 

•

ich the uranium shield was made. The side shield consisted of eight segments 
[ihlned to interlock with adjacent axial segments. The bottom uranium shield 
t in a counterbore in the lower most side shield segment. 

CASK MODELING , • 

Seventeen modeling parameters were identified as having possible signifi
cance. They included nine geometric dimensions, four material properties and 
four Impact parameters. These were combined into fourteen dimensionless terms 
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CONFIGURATION OF DEPLETED URANIUM SHIELDED MODEL CASKS 

using the Buckingham Pi Theorem. From these fourteen dimensionless terms we 
arrived at the following relations. If we scale the model dimensions linearly, 
then 

• The same materials should be used in the models as in the prototype 
• The strains, both elastic and plastic, occurring during impact are 

identical in the model and in the prototype 
• When the same materials are used in the model" as in the prototype, 

the Impact velocities and hence the drop height should be the same 
• For equal impact velocities, the response time for the impact event 

varies directly as the linear scale of the dimensions 
• For equal impact velocities, the deceleration (impact g-load) 

varies inversely as the linear scale of the dimensions 
• For equal impact velocities the angular velocity varies inversely 

as the linear scale of the dimension. 

TEST PROGRAM 

A total of eighteen models were fabricated and tested in three scale sizes, 
1/8, 1/4, and 1/2 scale. Thirteen of the models were lead shielded and five were 
uranium shielded. To achieve our objective of studying the validity of scaling 
relationships for cask models undergoing large deformations we planned a testing 
program in which the models were dropped at heights from A.5 meters to 42,7 meters 
(15 ft. to 140 ft.). In order to produce the maximum deformation and damage 
possible, the casks were unprotected, in other words, no Impact limiters were 
used. 

The cask models were dropped in three orientations, axial, corner centerl 
gravity, and 30-degree with the horizontal (slap down). The axial and corner 
center of gravity orientations were chosen to produce the maximum local damage. 
The slap down orientation was selected to examine the effect of secondary impact. 
The 30-degree angle was chosen based on calculations performed at Los Alamos 
Scientific Laboratory(2) which indicated that for these models, the 30-degree 
angle would produce the greatest impact velocity at the second end, approximately 
twice the initial impact velocity. 
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PRETEST EXAMINATIONS 

The casks were made as nearly as possible according to the fabrication pro
cedures and using the same quality assurance procedures as would be used on a 
full-size cask. Prior to testing, the casks were subjected to a series of pre
test examinations. 

It was expected that the planned tests would produce high stresses in the 
weld areas between the heads and the outer shell both at the top and bottom end. 
Therefore, these welds were subjected to dye penetrant and ultrasonic nondestruc
tive testing beyond that performed as part of the fabrication quality control pro
cedures. The primary objective of the examinations was to establish a reference 
^ B a base for comparison with post-test examination and to aid in establishing a 
^ H s e and effect for any unusual or unexplained weld performance and not to serve 
^B a higher level fabrication quality-control tool. 

The DU-shlelded casks were radiographed using a 70-curie Co-60 source to 
establish reference condition and mating fit of all DU segments in each of the 
four DU-shielded model casks. Varying degrees of porosity were observed in many 
segments of three models. Since one of the objectives was to evaluate cask 
models fabricated by typical methods, the porous segments were not replaced. 

Pretest measurements of the cask models included length, circumference, and 
straightness. To aid visual evaluation of outer shell distortion, the cask models 
were painted bright yellow with a grid pattern approximately 32 mm square 
painted about 300 mm in from each end. 

RESULTS 

Post-test examinations included a study of the high-speed motion picture 
films to determine transient response characteristics during the impact event; 
non-destructive examinations of the cask models to study external cask defor
mations and seal and weld integrity; and destructive examinations to study internal 
deformations, metallurgical characteristics and mechanical properties of the 
structural and shielding materials. 

Impact Response 

The six (five 1/4 scale and one 1/8 scale) casks that were impacted in an 
axial or a corner center of gravity orientation rebounded a short height before 
landing a second time on the same end. The energy absorbed/dissipated during 
initial impact was determined to be about 99 percent of the kinetic energy. All 
twelve (two 1/2-scale, six 1/4-scale, and four 1/8-scale) cask models impacting 
in a 30-degree slap-down mode experienced a slight bowing upon initial impact. 
The models then entered into a rotational as well as translational mode which 
caused the end opposite the impact to accelerate downward and the initial impact 
^ ^ to lift free of the target. The second end struck the pad with the initial 
^ H elevated about 5 to 10 degrees. At second impact a more severe bow occurred; 
W t h the maximum about 1/3 of the length from the second Impact end. Subsequent 
impacts at alternate ends occurred as many as eleven times before the models went 
into a rocking mode. The angular velocities after the initial impact and the 
fraction of energy absorbed during initial impact show good agreement with scaling 
relationships. 
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Impact of lead-shielded models directly on the end or at the corner C,G, 
angle resulted not only in deformations in the region adjacent to the impact 
point but also throughout the length of the cask. At the impact point the outer 
shell bulged outward. The inner shells of models dropped from 21,3 and 42,7 
meters were bulged noticeably inward near the impact end (Figure 2), The diameter 
of the inner shell was decreased more or less uniformly along almost the entire 
length of the cavity. One cask model was Inadvertently dropped axlally on the 
wooden block. Its outer shell bottom plate and the cavity bottom plate were 
significantly concaved inward. 

For axial impacts from heights above 21,3 meters, the slumping lead pulled 
the center cavity tube downward producing a severe deformation in the cavity ^^^ 
top plate. Figure 3, The initially flat top plate was formed into a cone. Th^^B 
light seal welds at the circumferential edge of the plate cracked but the strs^^f 
tural welds remained intact thus maintaining isolation of the lead shield regio^^ 
from the cavity. No DU-shielded models were tested in the axial orientation. 

FIGURE 2. DEFORMATION AT BOTTOM END FIGURE 3, EXAMPLE OF LEAD SLUMP AND 
IMPACT POINT OF CASK MODEL DROPPED CONING EXHIBITED BY CASK MODELS 
AXIALLY ON A BLOCK OF WOOD DROPPED IN AXIAL AND CORNER C,G, 

ORIENTATIONS 

All the lead-shielded cask models tested in the 30-degree slap down orle^^^l 
tation exhibited similar deformations varying in degree with the drop height, ^ ^ ^ 
The greatest local deformation was at the initial impact end. The deformation at 
the second impact end was distributed over a larger area and deformation of the 
cavity was more severe at this end. Although the cavity at the initial impact end 
had a significant bulge, it was very localized and at a short distance from the 
end of the cavity it was essentially circular. In contrast, the cavity at the 
second impact end was significantly oval shaped for over 1/3 the cask length. 
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All four DU-shielded models were tested In the 30-degree slap down orien
tation. As with the lead-shielded models, the DU-shielded models exhibited 
bowing and ovallty. However, localized external deformation was less. 

Both the lead and DU-shielded models exhibited about the same degree of axial 
bowing. The bowing was not axlally symmetrical, however. A significant portion 
of the bow occurred approximately 1/3 of the length from the second impact end. 
Figure 4. The bowing of the lead-shielded models was continuous but the bowing 
of the DU-shielded models was produced by the localized stretching of the stain
less steel shells at the interface between the DU segments, 

^^^ Structural Damage. About half of the lead-shielded models exhibited cracks 
^^^m\e welds, the most severe being in those dropped from 21,3 and 42.7 meters in 
^^^^^xial or comer center of gravity orientations. Subsequent destructive 
examination revealed incomplete weld penetration in these welds. Significantly, 
the one model dropped axlally from 42.7 meters onto a wooden block did not exhibit 
any weld cracks although it also had poor weld penetration and was highly deformed 
in the weld region. The stainless steel shells of all four DU models tested did 
not exhibit any cracks. 

All casks dropped axially or in the corner center of gravity orientation from 
all heights onto the bottom end maintained seal integrity. All bolts were tight 
after testing but could be readily loosened and the cover removed. 

With one exception, all 1/2- and 1/4-scale models, both lead- and DU-shlelded, 
dropped in the 30-degree slap down orientation on the bottom (closed) end from 
heights of 9.1 meters and greater exhibited leaking seals. The one exception was 
a 1/4-scale uranium shielded cask model. This cask, dropped from 9.1 meters onto 
the bottom apparently leaked at the moment of second Impact but the seal recovered 
and further leakage did not occur after 24 hours. 

FIGURE 4. BOWING IN MODELS DROPPED IN A 30-DEGREE SLAP 
DOWN ORIENTATION 
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Shielding. The lead slump observed agreed with predictions from established 
correlations. Comparison of a limited number of density measurements of lead 
archive samples and samples from highly deformed and undeformed regions of 
tested models indicated an apparent denslfIcation of lead during impact. Lead 
as poured in the models had a porosity of about 1,4 percent which was reduced to 
as little as 0.5 percent after impact. 

The individual DU segments retained their structural integrity. The indi
vidual segments did not exhibit any cracks or spalling due to impact and bowing 
of the individual segments was not observed. Calculations based on the observed 
ovallty indicated average strains of about 18 percent; the local strains were 
undoubtedly greater, ^^^ 

Radiographs of the DU-shielded models after testing clearly showed the ^ ^ ^ | 
structurally Intact DU segments separated at their interfaces in a fan-like ma^^? 
By longitudinally sectioning the 1/4 and 1/8-scale models it was determined that 
because of the interlocking design of the uranium segments, the separations were 
not fully open gaps but only regions where a decrease in shielding occurred. 
Figure 5. Calculations indicated that the radiation streaming through these 
"gaps" would be increased only about 10 percent. 

FIGURE 5. DU-SHIELDED MODEL B AFTER DROP TEST 

CONCLUSIONS 

The following conclusions regarding scaling validity can be made for 
container models within the size range examined: 

(1) Qualitative agreement exists for several response modes including 
• Rebound for both lead- and DU-shielded models Impacting axially 

and in a 30-degree slap down orientation, 
• Localized deformations at the closed end of lead- or DU-shielded 

containers initially striking on that end in axial or 30-degree 
slap down orientation, 

• Deformation at the cover end of lead- or DU-shielded containers 
when that end is the second impact end for a 30-degree slap down 
orientation. 

shipping 
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• Bowing in the lead- and DU-shielded models impacting in a 
30-degree slap down orientation, 

• Seal leakage for lead and uranium models impacting at a 30-
degree slap down orientation, 

(2) Quantitative agreement indicating the validity of the scaling relations 
for both the lead- and DU-shlelded models exists for 
• The fraction of kinetic energy absorbed during initial impact at 

a 30-degree slap down orientation, and 
• The angular velocity of the models after initial impact at a 

30-degree slap down orientation. 

Probable scaling validity of axial bowing exists in lead- and DU-shielded 
models dropped in the 30-degree slap down orientation. 

'addition the following significant observations were made: 

(1) For the shielding segment design employed in these DU-shielded models, 
impact in the 30-degree slap down orientation can produce fan-shaped gaps 
between the DU segments. Scaled to a full-size cask, the decrease in 
shielding for a fall from 21,3 meters would result in about a 10 
percent increase in the dose at 1 meter, 

(2) Although the results of material characterization tests Indicate the DU 
alloy used in the shield is a brittle material, it responded during 
impact in a very ductile manner even at high strain rates, 

(3) Maximum bowing during an impact event at the 30-degree slap down 
orientation occurs during the second impact, 

(4) Even minor impact protection significantly reduces structural damage. 
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DISCUSSION 

Question by S. Williamson, United Kingdom: Your tests were done 
on flask models using lead or uranium as gamma shielding. Do you 
consider that your observations and conclusions on the validity of 
sealing would be applicable to flasks using thick steel bodies or 
cast iron? 

Answer: I do not know why these conclusions would not apply 
to the heavy, all steel or cast iron casks. This could easily be 
confirmed with a few tests. 

Question by W. Gibson, Canada: 1. Did you attempt to provi 
contact and/or adhesion of the lead to the inner and outer steel 
jackets? 2. What effect(s) would this contact/adhesion have on the 
drag of the slumping lead, on the inner cavity tubes? 

Answer: 1. The models were produced by the same techniques as 
a full scale cask would be; however, no special surface preparation 
was done on the steel jackets. 2. The effects of surface preparation 
would have to be determined by test. Any comment about the effect 
would be purely speculation 

Question by A. Olivieri, Italy: 1. I would like to know the 
reason why you did not take into account, regarding your drop test 
program, side drops. 2. But with regard to fuel integrity, side 
drop seems to be the most severe test. 

Answer: 1. Minimum localised damage is obtained in a side drop. 
The purpose of the tests was to determine cask scaling validity and 
not necessarily cover all drop orientations. 2. The purpose was to 
look at cask damage not fuel or contents damage. However, a dummy, 
surrogate fuel assembly was included m two tests. These showed 
some deformation but no failure. 

Comment by K. Goldmann, USA: My comment is prompted by your 
reply to Mr. Williamson's question in whcih you indicated that scaling 
may not be valid for steel casks. 

Buckingham's Pi theorem, if properly applied, represents a law 
of nature for drop tests, except for strain rate effects on material 
properties. The results which are contained m the paper appear to 
confirm that the laws of nature have not been violated. Rather the 
differences m behaviour between the scale models appear to be due 
to slight differences m constructing, welding, test orientation, 
etc. which might also have been observed between two or more models 
of identical size, strain rate variations of less than one order 
magnitude should have been negligible for these tests. Thus, I 
would predict a similar program of testing steel casks would also 
demonstrate the validity of the scaling laws for such casks. 

Answer: I think you misunderstood my comment. The scaling 
laws would apply but the exact impacts on the steel or cast iron 
type containers would have to be confirmed by tests. I disagree 
with your comment that the differences observed m the tests are 
due to slight differences in construction. The results showed some 
very unique differences between uranium and lead shielded containers 
and good consistant results for different scale sizes of the same 



EXPERIENCE WITH FUEL DAMAGE FROM ABNORMAL 
CONDITIONS IN HANDLING AND TRANSPORT 

W. J. Bailey 
Pacific Northwest Laboratory 

D. C, Langstaff 
Columbia Engineers Services, Inc. 

INTRODUCTION 

The operational features for domestic commercial spent light-water reactor 
(LWR) fuel in a once-through fuel cycle are shown in Figure 1. It is anticipated 
that spent fuel bundles (the terms "fuel bundles" and "fuel assemblies" are used 
interchangeably in the nuclear industry) would be shipped from the spent fuel 
storage pool at the reactor site (a) to an interim spent fuel storage facility 
such as an away-from-reactor (AFR) facility and then shipped to the packaging 
facility or (b) directly to the packaging facility. From the packaging facility, 
where the fuel bundles are readied for repository emplacement, the spent fuel 
bundles are shipped to the repository. One option being studied involves disas
sembly of the fuel bundles and the handling and transport of suitable quantities 
of fuel rods rather than discrete fuel bundles. 

The design of receiving, handling and storage facilities at a nuclear waste 
repository requires information on the expected condition of the spent LWR fuel 
when it arrives at the repository. In programs sponsored by the United States 
Department of Energy (DOE), a considerable effort is underway by several con
tractors on spent fuel characterization in the accident/sabotage environment. 

COMMERCIAL 
LIGHT-WATER 

REACTORS IS&H 
(LWRS) 

f AY- FROM 
lACTORIAFRj/'eo.J" 

STORAGE ^ 
FACILITY 

S - STORAGE (WET) 
H - HANDLING (WET OR DRY) 
T - TRANSPORTATION (ACCIDENT-FREE; 

WET OR DRY SHIPMENTS) 
DA - DISASSEMBLY (OPTION BEING STUDIED) 

PACKAGING 
FACILITY 

V,-0_^ 
^ K X ^ REPOSITORY 

FIGURE 1. Operational Features for Spent LWR Fuel in a Once-Through Fuel 
Cycle (PNL's Study is Directed Toward Evaluating Damage to 
Spent LWR Fuel as a Result of Handling/Transport Operations) 
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DOE'S National Waste Terminal Storage (NWTS) Program also has need for similar 
fuel characterization information under normal or slightly abnormal conditions. 
The Office of Nuclear Waste Isolation (ONWI) at Battelle Columbus Laboratories 
(BCL) has described the need in the NWTS Program for the best possible definition 
of the expected "arrival condition" of spent LWR fuel (after long-term storage 
in water, handling, and "accident-free" transportation) at a repository to sup
port repository and packaging facility design efforts. 

OBJECTIVE OF PNL STUDY 

The Pacific Northwest Laboratory (PNL), operated for the DOE by Battelle 
Memorial Institute under Contract DE-A(i06 76RL0 1830, is performing research ^ ^ 
under the Nuclear Materials Transportation Studies Project to meet the object^^fc 
of specific elements of the Nuclear Materials Transportation Program, which i ^ ^ | 
being conducted at the Transportation Technology Center (TTC) at Sandia Nation^n 
Laboratories. 

The potential arrival condition of spent LWR fuel at a repository is being 
studied by PNL in one of the project's tasks. The objective of one particular 
part of that task is to survey and analyze the available information on the dam
age to irradiated LWR fuel as a result of normal handling/transport operations 
(there have been tens of thousands of fuel moves), which entail some abnormal 
occurrences. This paper describes the findings from that part of the studies. 
This paper also includes pertinent data from earlier studies performed by PNL 
for the USAEC (see NUREG-0032) and the USNRC (under FIN B2151 in 1978). The 
material in this paper is discussed more fully (includes detailed reference 
list) in a report, PNL-3582 Vol, 1 (TTC-0165). 

RESULTS TO DATE 

As shown in Table 1 the PNL study to date includes an evaluation of 75 cases 
(58 domestic, 17 non-USA) where damage to fuel occurred or may have occurred 

during handling/transport operations at reactor sites and at spent fuel storage 
facilities. Irradiated fuel is involved in almost all cases (four deal with 
fresh fuel). Of those cases where damage to fuel occurred during fuel handling, 
39 cases were associated with fuel moves at reactor cores, 15 with fuel handling 
and cask loading at spent fuel pools, one with an interim fuel storage facility, 
three with non-USA reprocessing plants, and one with a hot cell facility. In 
three cases where fuel was found or thought to be damaged during transport, one 
case involved fresh fuel shipments to a reactor and two cases involved shipments 
of irradiated fuel from reactors. 

In each of three domestic cases, an irradiated fuel bundle tilted or tipped 
and came to rest against another object (not a fuel bundle). In 14 cases (10 
domestic, 4 non-USA) involving irradiated fuel, a total of two bundles fell from 
a vertical to a horizontal position and 12 bundles were dropped. Of the three 
bundles that were dropped the greatest distances, one fell 6.1 m (20 ft), one 
fell 8 m (26 ft), and one fell 9,1 m (30 ft). When one dropped BWR bundle w a s ^ ^ 
picked up, the channel fell off and the fuel rods fell out of the bundle, S o ^ H 
far, two cases have been identified where gas releases occurred, but only o n e ^ H 
these cases showed a momentary release of radioactivity when the fuel bundle w ^ P 
moved, indicating some fuel rod damage. In that case, one irradiated fuel bundle 
was dropped 9.1 m (30 ft) onto another irradiated fuel bundle and the radio
activity release came from the latter bundle. 

Damage to fuel during bundle handling operations also occurred in other 
ways. In ten cases involving over 68 fuel bundles the grid spacers were damaged 
during handling operations (e.g., by catching on some portion of an adjacent 
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fuel bundle). With 32 of these bundles, the grid spacers were damaged enough 
that they provided less than full support for the fuel rods. Two cases involve 
damage caused by twisting the fuel bundles. In one case with fresh fuel, 
handling operations resulted in bent fuel rods. Other cases involve these kinds 
of damage: top nozzles separated from cans (broken tack welds), nut capture 
devices bent, lower nozzles and tie plates deformed, bails deformed, channels 
deformed, hold-down springs deformed or broken, and fuel loss from two bundles 
with failed fuel rods. One case involves fuel rod handling: an unaccounted-for 
spent fuel rod (upper shank of this tie rod was broken) was found when the spent 
fuel pool was drained. 

^ ^ ^ In the cases involving transport incidents, three cases (one with fresh fuel 
^ ^ ^ two with spent fuel) involve fuel damage during transport. In the fresh fuel 
^^^^, excessive lateral loads during shipment and/or handling resulted in damage 

to grid spacers. In the two cases (one non-USA, one domestic) with spent fuel, 
radiation releases to the casks were encountered after stainless steel-clad fuel 
was shipped dry. In the case of the non-USA spent fuel, the four bundles had 
appeared intact prior to shipment; however, the fuel was from a lot that had 
experienced fuel failures. In the case of the domestic spent fuel, the one fuel 
bundle was known to contain failed fuel rods. 

SUMMARY AND CONCLUSIONS 

Very few fuel bundles have sustained major mechanical damage because of 
handling operations. Little is known about damage to fuel during shipments; 
however, such damage, if any, is apparently minor. 

In most cases involving damage from handling, it appears that the result was 
minor degradation of fuel bundle components and no breaching of the fuel rgd 
cladding or release of radioactive gases, even in those cases where fuel bundles 
were dropped as much as 1.5 to 9 meters through water and impacted on other fuel 
bundles or the bottom of the spent fuel storage pool. 
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TABLE 1. Summary of Experience in Handling/Transport Operations With 
Irradiated-LWR Fuel* 

Receiving of New Fuel at Reactor 
• Fresh PWR fuel bundle dropped 1.5 m (5 ft) to floor. No fuel rods ruptured; 

some fuel rods bowed; some spacer grids broken; fitting at lower end bent. 
(Docket 50302-209) 

» Non-contact between some Zircaloy grid spring fingers and fuel rods was noted 
with fresh PWR fuel. Non-contact believed to be caused by excessive lateral 
loads applied to fuel rods during handling or shipping. (Am. Power Conf. 
35:215-236, 1973). 

Refueling of Reactor Core 
(a) Fresh Fuel Bundles: 

• Fresh PWR fuel bundle dropped 0.10 or 0.13 m (4 or 5 in.). Bundle skel 
replaced before bundle loaded into core. (Docket 50251, letter, April 
1973). 

• Two fuel rods in a fresh PWR fuel bundle damaged when bundle loaded into 
core between two slightly distorted bundles. One rod was out of upper end 
fitting; one rod was bent; no cladding failure observed. (Docket 50313, 
RO No. 77-7). 

(b) Irradiated BWR Fuel Bundles: 
• One fuel bundle ("A"), which had a burnup of 291 GJ/kgU (3365MWd/MTU), 

dropped 9.1 m (30 ft) onto another bundle ("B"). Lower tie plate cage on 
"A" was deformed upwards toward tie plate. Bail handle on "B" was deformed 
almost horizontally; channel driven downward so that its lower edge flaired 
over lower tie plate shoulder; movement of "B" caused temporary increase 
in airborne radioactivity. Channels on two fuel bundles adjacent to "B" 
were dented on top edge. (Docket 50331-518) 

• A channeled fuel bundle dropped about 3.7 m (12 ft) to transfer pool floor. 
No gaseous release noted. No apparent damage to bundle. (Docket 50010, 
RO No. 78-034/03L-0). 

• Irradiated fuel bundles discharged included one bundle that was a 
grappling problem and one dropped bundle. (Docket 50249-404; NEDO-10505; 
NEDM-10735, Suppl. 6-8). 

• Fuel bundle bumped against reactor vessel. (Nucl. Safety, p. 334, May-June 
1964). 

• One fuel bundle damaged during refueling outage. (Docket 50237-420). 
• Spacer grid damage to one fuel bundle was extensive and beyond repair. No 
evidence of damage to fuel rods. (Docket 50409-240, -236, -230, and -276). 

• Three fuel bundles not fully seated in core due to spring clips being hung 
up on core upper grid. (Docket 50254-642 and -551). 

• Bowing of fuel rods observed. Shroud locking rings unlocked during previ
ous operations, causing twisting and stressing of bundles. (Docket 
115-5-99). 

• When changing orientation of fuel bundles at a non-USA BWR, general purpose 
grapple sometimes gets entangled with bundle bale and is difficult to 
release. (IAEA- SM-178/43). 

• Twice, grapple caught bale of dummy fuel at a non-USA BWR; each time fu 
slipped off while being lifted. (IAEA-SM-178/43). 

• Many freely supported spacers on top grid of core (present day channel 
have spacers welded to them) found to be bent or gall on fuel bundles 
non-USA BWR. (IAEA-SM-178/43). 

• Mechanical interference between fuel bundle channels and control blades 
noted at a non-USA BWR. (Docket 50245, letter, Jan. 30, 1973) 

at^r 
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TABLE 1. contd 

• Fuel bundles at a non-USA BWR (pressure tube) found lodged at bottom of 
pressure tubes. Damage to bundles was slight. (BNES Conf. On "Nuclear 
Fuel Performance", pp. 51.1-51.6, Oct. 1973) 

(c) Irradiated PWR Fuel Bundles: 
• A PWR fuel bundle fell several centimeters (a few inches) to top of core 

adjacent to its original position. Upper nozzle and upper fuel bundle 
wrapper sheet damaged. (Docket 50029-216; Docket 50029, letter, Nov 20, 
1973; Docket 50029, letter. Mar. 14, 1973) 

• A fuel bundle tipped about 0.6-0.8 m (24-30 in.) onto core baffle. No 
_^ visible damage to fuel bundle. (Docket 50304-262; Docket 50304, letter, 
^ Dec. 5, 1973) 
^ V • One fuel bundle tipped against a corner of the core shroud. (Docket 50255-
^ 241) 

• One peripheral fuel rod of a fuel bundle was bowed outside envelope of 
bundle. Rod had an apparent cladding failure. No evidence of damage due 
to bowed fuel rod observed in adjacent fuel bundle. (Docket 50317, LER 

t. 78-11) 
• Some trouble in refueling due to bowed fuel rods in PWR fuel bundles. 

(NUREG-0032) 
• Two spacer grids were damaged on a fuel bundle. (Docket 50309-79) 
• Bowed fuel rods resulted in some fuel loading problems; damaged spacer 
grids noted on 29 fuel bundles. (NUREG-0032; Docket 50309, semiannual 
report, Aug. 27, 1974; Docket 50309-262; EPRI NP-218; Nucleonics Week 
15(37):8, Sept. 12, 1974, and 15(50):4, Dec. 12, 1974, a McGraw-Hill 
publication) 

• Sections of a spring clip grid spacer from fuel bundle found in steam gen
erator. Six fuel rods partially unsupported at that one grid location. 
No apparent damage to other bundles. (Docket 50261-294; Docket 50261, 
Report No. 8, Aug. 29, 1974) 

• Grid strap damage noted on 31 fuel bundles. Pieces missing or grid 
material laid over. No damage to fuel rods noted. (Docket 50272, LER 
79-044/03L-1; NRC IE Circular No. 80-13) 

• One fuel bundle had damaged grid. Two fuel bundles registered high loads 
when removed from core. (Docket 50344, letter, July 9, 1980) 

• Lower nozzle on one fuel bundle jarred during core loading. (Docket 50213, 
letter July 16, 1980) 

• Top nozzles on two PWR fuel bundles became separated (tack welds failed) 
from can during refueling operation and at cask loading operations at spent 
fuel pool. (Trans. Am. Nucl. Soc. 16:102-103, 1973) 

• Bent nozzle springs noted in three PWR fuel bundles. (Docket 50261, Report 
No. 8, Aug. 29, 1974) 

• Seven failed hold-down springs found on PWR fuel bundles. Several other 
potentially failed springs also noted. (Docket 50346, LER 80-040/031-0) 

• Two of four hold-down springs on top nozzle of a fuel bundle damaged by 
another bundle. (Docket 50281-355; Docket 50280-419) 

^ ^ • Twenty bent nut capture devices found on fuel bundles. (Docket 50255, 
^ ^ letter, Dec. 16, 1971) 
^ V * One irradiated PWR fuel bundle was slightly damaged because top of bundle 
^ was twisted with respect to the bottom. (Docket 50309, LER 78-018/99X-0) 
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TABLE 1. contd 

• Spent fuel bundle mispositioned, causing damage to bundle and refueling 
equipment. (Docket 50029, Report No. 104, Sept. 23, 1969) 

• Difficulties encountered with fuel handling equipment at one PWR. 
(NUREG-0032) 

• Non-USA fuel bundles damaged by leveling bolts and shims. (Nucl. Safety, 
p. 83, Jan.-Feb. 1975) 

• One non-USA PHWR fuel bundle failed because of mechanical damage due to a 
handling incident. (BNES Conf. On "Nuclear Fuel Performance", pp. 
53.1-53.4, Oct. 1973) 

• Five non-LISA PHWR fuel bundles failed because of maloperation of fuel-
loading equipment. (Reactor Tech. 14-1:68-98, Spring 1971) 

• One potential failure mechanism for non-USA PHWR fuel bundles was mech 
cal damage during fuel handling. (BNES Conf. On "Nuclear Fuel 
Performance", pp. 56.1-56.5, Oct. 1973) 

• Some fuel failures at a non-USA PHWR caused by fueling machines during 
unusual maneuvers; a few bundles may have been damaged by handling equip
ment only after discharge. (AECL-4520; Trans. Am. Nucl. Soc. 16:102. 1973) 

Storage and Handling of Fuel at the Spent Fuel Pool 
(a) Fuel Rods 

• Spent tie rod from BWR fuel bundle unexpectedly found on pool floor. Rod 
upper shank broken. Rod apparently misplaced. (Docket 50155-181 and -247) 

• Experience with fuel bundle rebuilding at a non-USA BWR has been good. Not 
a single fuel rod has been dropped (1085 bundles rebuilt). (RB 78-29; 
BNWL-TR-320) 

(b) BWR Fuel Bundles 
• An irradiated fuel bundle fell about 6 m (20 ft) in pool. No measurable 
release of radioactivity. Nose piece and nose piece end of fuel channel 
crushed; no indications of broken fuel rods. (Docket 50293, AO No. 74/3) 

• Irradiated fuel bundle dropped about 1.8 m (6 ft) to pool floor and then 
tipped over into corner of pool in 3 m (10 ft) deep spent fuel cask pit. 
When bundle lifted to vertical position, channel fell off and fuel rods 
came out of bundle. (Docket 50133-326 and -264) 

• One fuel bundle fell from vertical to horizontal position. Bundle that 
fell not visibly damaged; however, that bundle did bend bail on another 
bundle. (Docket 50324, letter, April 16, 1976) 

• An unchanneled spent fuel bundle fell about 1.5 m ( 5 ft) to floor of pool. 
No release of radioactivity measured, even though bundle was damaged (bowed 
over its whole length). (Docket 50245-421) 

• A non-USA fuel bundle with a burnup of 950 GJ/kgU (11,000 MWd/MTU) fell 8 
m (26 ft) to bottom of pool. No release of radioactivity noted. (RB 
78-29; BNWL-TR-320) 

• A non-USA fuel bundle dropped several centimeters (a few inches) when 
grapple rope snapped. Bundle came to rest on top of spent fuel storage 
rack. Spacer grids on bundle displaced; cone-piece on bottom tie plate 
dented. (IAEA-SM-178/43) 

(c) PWR Fuel Bundles 
• Lifting frame struck one fuel bundle. Two fuel rods on periphery of 

bundle were bent. Cladding on two fuel rods sound but rod deformatio 
extensive enough to render them unacceptable for further use. One gr 
spacer on bundle also sustained damage. (Docket 50251-352) 
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• One fuel bundle bumped slightly on containment side during transfer to 
spent fuel pit. No damage noted. (Docket 50344, letter, July 9, 1980) 

• Test weight dropped; upper end of weight came to rest against a fuel 
bundle. No apparent material damage. (Docket 50302, LER 78-031/OIT-O) 

• After loading shipping cask and while trying to disengage the loading tool, 
top nozzle of spent fuel bundle broken off. Fuel rods not damaged. 
(Docket 50003, letter, Aug. 27, 1970) 

• Top nozzles on PWR fuel bundles became separated (tack welds failed) from 
can during cask loading operations with spent fuel (see entry in "Refuel- i 
ing...", above). (Trans. Am. Nucl. Soc. 16:102-103, 1973) 

•

- Broken hold-down springs found on four fuel bundles. (Docket 50269, LER 
80-015/OlT-O) 

• Damage to one fuel bundle caused by handling at the spent fuel pool. 
(Docket 50255, Report No. 7, Aug. 30, 1974) 

Transporting of Irradiated Fuel** 
• Truck with two casks containing irradiated fuel went over embankment; fuel 

remained safely in casks. No statement made as to condition of fuel. 
(AECU-3613, p. 25) 

• Truck shipment of 25 irradiated fuel elements in 7 casks involved in col
lision with another vehicle. Fuel elements were undisturbed. (TID-16764, 
p. 7) 

• During truck shipment of irradiated fuel, trailer with cask became 
unhitched from tractor. Trailer tilted; cask slid to and broke through end 
of trailer. No damage to cask. No statement made as to condition of fuel. 
(TID-16764, p. 17) 

• Railroad cask car with irradiated fuel elements derailed. No damage to 
( cask car; no contamination or increase in radiation intensity at cask sur

face. No comment made as to condition of fuel. (TID-16764, p. 22) 
• Switch engine backed into railway flatcar loaded with cask containing 

irradiated fuel elements and jounced flatcar about 91 m (300 ft). Cask was 
not displaced. No radiation release. No comment made as to condition of 
fuel. (TID-16764, p. 25) 

• Railroad shipment of irradiated fuel rods involved in two incidents. No 
radiation release. No comment made as to condition of fuel. (TID-16764, 
p. 29) 

• As a result of improper practices (cask retaining chains relaxed and truck 
brakes applied suddenly in attempt to shift cask to meet axle weight 
requirement), cask loaded with irradiated fuel elements moved about 4.6 m 
(15 ft), damaging trailer and truck. No evidence of physical damage to 
cask; however, second trailer, onto which cask was loaded, was found to be 
contaminated. No comment made as to condition of fuel. (TID-16764, p. 51) 

• During truck shipment of cask loaded with irradiated fuel elements, blocks 
holding cask tie-down cables pulled loose and cask shifted inside sealed 
exclusive-use trailer in transit. Cask lid and trailer bed were 
contaminated. Source of contamination was apparently residual water in 

_ cask that splashed out while cask was shifting about during transit. No 
^ ^ ^ coriment made as to condition of fuel. (TID-16764, p. 53) 
^ ^ H * Leakage of contaminated cooling water occurred during railroad shipment of 
^ ^ ^ cask loaded with irradiated fuel (included some failed fuel in aluminum 

cans). Cask and car were contaminated. No comment made as to condition 
of fuel. (TID-16764, p. 67) 
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• During truck shipment of cask with irradiated plutonium fuel elements, 
shipping container leaked. Trailer and street (one location only) were 
contaminated. No comment made as to condition of fuel. (TID-16764, 
Suppl. 1, p. 28) 

• Cask containing irradiated fuel samples became contaminated during rail 
shipment. No comment made as to condition of fuel. (TID-16764, Suppl. 2, 
p. 9) 

• Truck with loaded spent fuel cask overturned. Cask assembly thrown into 
ditch and traveled over 30.5 m (100 ft). No release of cask contents or 
increase in radiation occurred. Fuel found to be undamaged. 
(IAEA-SR-10/5) ^ ^ 

• During a shipment by truck, trailer carrying cask containing spent f u e ^ ^ H 
underwent a structural failure (it buckled) and cask moved forward abou^^^ 
0.46 m (18 in.). There were no radioactive releases. No comment made as 
to condition of fuel. (Docket 50010, letter, Feb. 28, 1978) 

Handling of Irradiated Fuel After Shipment 
(a) Interim Spent Fuel Storage Facility 

• A domestic facility has handled 1196 fuel bundles without dropping any. 
In early operations, it was difficult grappling bundles if they sat far 
down in cask cavity. Grapples sometimes get caught in the spring clip on 
top of PWR fuel bundles. A cask tipping incident led to a delay of 
several days. (NUREG/CR-0956; PNL-3065) 

(b) Reprocessing Plant 
• Four PWR fuel bundles shipped dry from non-USA reactor to non-USA repro
cessing plant. Bundles appeared intact prior to shipment; however, they 
were from lot that had experienced fuel failures during reactor 
operation. Radioactive release from bundles contained within cask during 
shipment. Transfer of fuel from cask to storage pool led to higher than 
usual activity of pool water; purification system soon permitted normal 
pool operations. Release probably due to damage to fuel bundles during 
shipping. (PNL-3171, Nucl. Tech. 43:163-172, 1979) 

• Non-USA spent fuel bundles with burnups to 3370 GJ/kgU (39,000 MWd/MTU) 
have been stored, disassembled, and reprocessed in non-USA facilities. 
Very few fuel rods were broken during disassembly operations. (Proc. NEA 
Sem. Storage of Spent Fuel Elements, pp. 19-29, Spain, 1978) 

• One fuel bundle at a non-USA plant fell from vertical to horizontal posi
tion. 

(c) Hot Cell Facility 
• One PWR fuel bundle (with known defective fuel rods) shipped dry to a hot 
cell facility. Radioactive release was contained within cask during ship
ment. Airborne contamination release during underwater unloading of bundle 
from cask described in another PATRAM '80 paper (Klingensmith, Paper No. 
225). 

* Entries in the table involve irradiated fuel in almost all cases. A few 
pertinent entries involving fresh (unirradiated) fuel have also been 
included. 
PWR = pressurized water reactor; BWR = boiling water reactor; 
PHWR = pressurized heavy-water-moderated reactor. 

* Accidents involved in some cases. 

1120 



CALCULATIONS AND EXPERIMENTAL TESTING OF \ NEW CONCEPTION IMPACT 
LIMITER FOR IRRADIATED FUEL SHIPPING CASK 

A. Olivien - G. Pochini - AGIP NUCLEARE S.p.A. - Milano 

1) Use of semiellyptical shells as impact limiters 

If wp go through the history of radioactive material transportation, 
we notice that the first containers were generally protected against 

^impact accidents with fins specially designed for heat transfer. 

^^Hlformation modes of such systems and a] so their strain energy •< 
absorption capabilities was noticed to be quite varied and highly 
dependent on the angle of the fin axi= compared with the vertical 
line perpendicular to the impact surface. 

As the international regulations impose to consider all the possi
bilities, as regards a container drop on an unyielding surface, and 
as finned systems are generally highly anisotropic, it is dif'ficult 
to obtain a satisfactory acceleration reduction using these systems. 
In fact, anisotropy requires to dimension the impact energy 
absorption system for those impact directions which otherwise would 
involve a too low energy absorption, with a consequent acceleration 
increase in the other directions. 

In addition, this phenomenon worsens because, as regards buckling 
phenomena (either elastic or plastic), the highest load is origina
ted when displacement starts, this means that even considering 
displacement quite lower than the highest allowed by the system, no 
consistent peak acceleration reduction occurs. 

To overcome these difficulties and, therefore, to obtain low acce
lerations regardless of the impact angle, the energy absorption 
system requires to approximate a spherical shaped structure: a 
system consisting of two standard ellyptical shells welded to each 
other meets these requirements. 
In addition, it provides the cask lid, valves and seals with an 
effective protection against fire and puncture. 

These impact limiters have been studied for AGN-1 irradiated fuel 
^^^ransport cask. 
^^Btis cask has been designed to transport ENEL's irradiated fuel 
^^f^i a "central" storage pool. 

As it IS equipped with an iron "gamma" shield, this cask is extre
mely rigid and the only critical points are the lid and its seals; 
the valves, positioned 2 on the cap and 1 on the lower end, the 
basket and the fuel, which, m any case, shall have a subcritical 
configuration 
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The semiellyptical shells (one on the lid and the other on the lower 
end) protect both seals and valves. 
In addition, since they guarantee low accelerations values, they set 
a limit to stresses to both the basket and the fuel. 

304 type stainless steel is the ideal material as regards these 
impact limiters; it shows a very good resiliency at any temperature, 
even -40°C, as provided for by IAEA i^egulations: however, as the use 
of common carbon steel cuts costs down, Fe 42 D carbon steel, widely 
used for low temperature service, is now being studied. 

2) Verification of the ellyptical shell energy absorption 
capabilities through the "MARC" program 

2.1. MARC_code_description 

The MARC program was set up by the MARC corporation for the 
study of complex structural and thermal problems. 
It uses the "finite element' method which has already been 
widely tested in previous codes such as SAP and NASTRAN. 
However, compared with the above two codes, MARC can analyze 
mono, bi and tridimensional structural problems also in plastic 
field, considering any stresses and strains relation given in 
input; the code breaks dovm each element into a certain number 
of layers (this depends on the type of element used) and gives 
each layer the necessary elastic properties m accordance with 
the stresses which it is subjected to. 

In addition, MARC allows the study of problems connected with 
'large displacements", i.e. when the stress characteristics are 
affected by the system strained geometry. 
Therefore, this code can update the stiffness matrix after 
each calculation, and thus it allows to consider geometric 
variation at any step. 

MARC allows the study of the plastic strain of a system using 
the method of load increments. 

Sometimes it might be convenient to apply a displacement incre
ment to one or more points to better check any possible 
buckling phenomena, however, from a conceptual view point, tt̂  
method used by the code to perform the analysis is the same 

2.2. Calculation methods 

2.2.1. General 

All calculations have been carried out by increasing the 
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displacement (in the impact direction) of one ore more points 
of the structure to be analyzed. 
It was used the "LARGEDISP" option (large displacement) which 
allows to consider the strained geometry as far as each load 
(or displacement) increment is concerned. 
MARC program performs a first calculation to determine the 
load under which all parts of the structure are below elastic 
limits; load (or displacement) is then progressively 
increased following the structure deformation. 
As regards drops, three standard modes have been analyzed, 
i.e.: 
a) axial drop along the cask simmetry axis ; 
b) "side drop", symmetry axis being parallel to the impact 

surface ; 
c) "corner drop", vertical line coming from the cylinder 

baryoenter and going through the contact area between 
the impact limlter and the impact surface. 

|vg';t. Axial drop 

The first part of the deformation of an ellyptical shell in 
the axial direction can be studied by replacing the surface 
under consideration with a spherical surface. 
The axial-symmetric shell surface (element ?t̂  15) has been 
divided into 5 elements and 5 calculation runs have been 
performed. 

During the first run, point 1 (which is the first point 
touching the impact surface) undergoes a displacement incre
ment until the axial coordinate of this point becomes the 
same as in point f^ 2. 
Then point 2 is displaced and so on up to point 5 included; 
point 6 has been considered as fixed. 

When the first 5 calculations are performed, the remaining 
part of the shell is analyzed after having been replaced with 
a toroidal surface. 
This surface too has been divided into 5 elements (with 6 
nodal points), but only the displacement of point 1 has been 
studied (see fig. rf 1)'; as the structure is symmetrical in 
respect of the circumference weldings, only a 90° angle has 
been considered. 
Including the output data relevant to each calculation in the 
obtained diagrams we obtain (see fig. ^i= 2) the load vs 
displacement diagram relevant to the axial strain of the ell^ 
ptioal shell under consideration. 
The energy relevant to a 60,000 kgs cask (for which the 
impact limiter has been dimensioned) is absorbed, axial • 
strain being equal to about 700 mm and the highest load 
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(at strain end) to about 1,200,000 kgs corresponding to a 
maximum acceleration equal to 20 g approximately. 

2.2.3. Side drop 

Considering this type of drop, to study the impact limiter 
behavior, we considered only that section of the shell (1/4 
of the whole component) which is affected by strain. 

We assumed that strain occurs symmetrically both as regards 
the vertical plane, which includes the largest circumferei^^^ 
and IS common to both semiellyptical welded shells, and s^^^K 
regards the vertical plane perpendicular to the first and 
going through the cask symmetry axis. 

During the first calculations we used the MARC double curva
ture shell element (element 24). 
The shell deformation has been studied imposing a radial 
displacement to the point where the iirst contact, between 
the impact limiter and the unyielding surface, occurs. 

The whole energy of 60,000 kgs cask is absorbed by the two 
impact limiters with a maximum displacement equal to about 
2 50 mm. 
The highest load is equal to about 1.92x106 kgs and correspond 
to a maximum acceleration of 64 g. 

Another calculation has been performed in axi- symmetrical 
geometry and the part of shell affected by strain has been 
simulated using a spherical surface. 
Thecurvatureof the above surface has been determined by using 
always the same length as of the lines of plastic hinges. 
Practically, ellipses have been replaced with circumferences, 
having the same perimeter, which are considered as inter
sections of a spherical surface with a plane parallel to the 
horizontal one simulating the impact surface. 
This consideration allows to define an "equivalent sphere". 
This calculation has been carried out using the axi-symmetri-
cal shell element (element ^^ 15) as m the case of axial drop 
Also in this case, at fiî st we considered a displacement of 
the first contact point. ^^^ 

Then, after the next point reached, the incremental displ^^^^ 
ment was imposed to this point and so on up to the exhaus^^^F 
of the spherical shell strain capacity. 

By merging the diagrams relevant to each calculation run, we 
obtain the diagram shown in fig. ^r 3, which concurs with the 
diagrams obtained by the previous calculation carried out with 
element ^^ 24. 
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.4. Corner drop 

We consider the drop of a cask showing an axis bending equal 
to about 20°, as to the vertical line, and assume that the 
whole drop energy is absorbed by one impact limiter only i.e. 
that no overturn occurs after the first Impact. 

The shell surface has been divided into 6 elements using the 
double curvature shell elemeni: (element 24). 
Because of symmetry reasons, only half the structure has been 
considered. 
The load vs displacement diagram (see fig. îî  4) has been 
obtained by imposing a small axial displacement to those 
points which are very close to the Impact surface. 
Because of symmetry reasons, the resulting load has then been 
multiplied by 2. 

We noticed that the only impact limiter involved absorbs the 
whole energy of a 60,000 kgs cask with a maximum displacement 
equal to about 2 50 mm. 
The highest load is equal to 3,3x10^ kg and corresponds to 
an acceleration value equal to 55 g. 

EXPERIMENTAL TESTING OF ELLYPTICAL SHELLS ENERGY ABSORPTION 
CAPABILITIES 

. Foreword 

Several experimental tests, both static and dynamic, were 
performed in order to verify the impact limiter capabilities 
and to assess the a.dopted computing methods. 

These preliminary tests were performed on scaled models 
(1:20 and 1:9); in static compression tests, loads vs displace
ments were measured; in dynamic drop tests, accelerations vs 
J;ime diagrams were obtained. 
Both 1:20 dynamic tests and 1:9 static compressions tests were 
carried out at NUOVO PIGNONE, Firenze: this company also fabri_ 
cated all the testing models and is expected to act as manu
facturer as regards all the future tests models and AGN 1 
shipping cask prototype. 

As regards 1:9 scaled models drop tests, they were performed 
at the SCALBATRAIO Laboratory of the PISA University, where a 
cask testing facility was equipped with the following capabili
ties: drop tests, fire tests, puncture tests and water immersion 
tests. 
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So far, only carbon steel models have been used; a typical 
stress-strain diagram for this kind of steel is shown in the 
following picture slide. 
In order to obtain accelerations vs time diagrams, a measu
rement device consisting of: some piezoelectric accelerometers, 
some charge amplifiers, an oscilloscope, was prepared. 
Models were fixed to the target and hit by a semplified scaled 
cask model dropped from the tower using explosive bolts. 

3.2. Tests relevant to axial drop 

3.2.1. Static compression tests 

As regards this kind of test, it was noticed that at first 
load went up to about 9,000 kgs (this value corresponds to 
a displacement of about 30 mm); then it started to decrease 
whiledisplacement reached a 40 mm value (Fig. 5). 
The strain energy absorbed in these two phases was about 
65 % of the energy corresponding to a 1'9 scaled cask model 
dropped from 9 m. 
Afterwards, the load increased again, with a slope slightly 
smoother than the previous one, up to 16,500 kgs correspon
ding to a 62 mm displacement. 

As a 1:9 scaled cask model corresponds to 82 kg, at the end 
of a 9 meters drop test it hits the target,energy being 
equal to 738 kgm. 
By integrating the diagram shown m fig. 5 till this energy 
value IS matched, a 90 mm maximum displacement and a 16,500 
maximum compression load were obtained. 
In the full scale these values correspond to a 800 mm 
displacement and to a 22 g acceleration. 

3.2.2. Axial drop tests 

At the SCALBATRAIO Laboratories of the PISA University two 
end drop tests were performed on 1:9 scaled models made out 
of the same carbon steel as used for static tests. 
Each model was fixed to the target existing at the NUCLEAR 
PLANTS INSTITUTE facilities of the PISA University. 
Then, a 41 kg guided weight was dropped from "5 meters. 
Two acceleration vs time diagrams, very similar to eac 
other, were obtained (see fig. 6 ); by integrating thes 
curves twice, a load vs displacement diagram was obtained 
This diagram is similar to the static one, but the maximum 
load value is twice greater (about 17,500 kg). 

Tests results are synthetized as follows : 
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2 
13,6 
9,4 
5,0 
540 

390 
17.500 
40 

s 41 kgs were 
e weight of a 1:9 
orption was only 
a 1:9 scale test. 
n the basis of 

up to about 
ion, and that 

e of about 27 g 
e considered for 

3.3.2. Side drop tests 

Some side drop tests on 1:20 scaled carbon steel models were 
performed at the NUOVO PIGNONE, Florence. 
As regards such tests a cask model, equipped with the two 
impact limiters, was dropped onto a target consisting of a 
very thick and tough steel plate. 

The following figure shows a typical acceleration vs time 

(fig. 7). 
The overlmposed continuous line shows a curve in which the 
vibration waves have been cut off. 
From this filtered diagram, a maximum acceleration value of 
about 1,100 g can be deduced. 

3.4. Future tests 

^^^^ This program aims at the following : 

^ ^ ^ - a better definition of the acceleration values as regards the 
three drop models (first of all, the "corner drop" should be 
analyzed, as so far no tests for this kind of drop have been 
performed). 

- Scaled model tests validation: it should be assessed that an 
extrapolation from scaled model tests data is correct. 

- Test number 1 
- Impact velocity (m/sec) 13,5 
- Drop height (mts) 9,3 
- Impact time (sec) 6,3 
- Max. acceleration (g) 520 
- Max. 1100 Hz filtered 

acceleration (g) 360 
- Max. load (kg) 
- Final displacement (mm) 42 

It should be considered that for these test 
used. This weight is equal to about half th 
scaled cask model; so, the total energy abs 
half the energy that should be absorbed in 
An extrapolation of the diagram obtained, o 
the static curve, shows that load increases 
20,000 kgs, before the whole energy absorpt 
displacement increases up to 55 mm. 
It follows that a maximum acceleration valu 
and a displacement value of 550 mm should b 
a full scale test. 

1127 



- A better definition of impact limiters material, taking into 
account the problems arising from low temperature conditions 
(reference temperature = -40° C). 

In order to verify the correlations between the models geometric 
scale and the measured or computed parameters, several tests on 
1:6 and 1:2 scaled models will be carried out m the next 
three weeks. 

CONCLUSIONS 

Unfortunately, the experimental program is not yet finished and 
we are not m the position to draw final conclusions: however, 
on the basis of the calculations and of the preliminary tests, 
we expect to have our assumption confirmed. 
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DISCUSSION 

Question by K. Wieser, FR Germany: What is the difference in 
cost between the performed calculations and the tests? { 

Answer: I am not in a position to give an exact evaluation, 
but you must consider that fin impact limiters tests are very ex
pensive both because of the varying behaviour of fins and because 
of the presence of a great quantity of welding joints; on the other 
gnd, it should be considered that semi-elliptical shells can be 

ily obtained as standard heads. 

# Question by W. Gibson, Canada: Did you derive a dynamic stress-
strain curve for the steel impact limiter material which you used in 
the "MARC" model; in other words, did you take into account the 
"strain rate" effects in a dynamic load model? 

Answer: We know these relations, but we believe that in this 
first phase, a good result could be obtained even without taking in
to consideration the strain rate effects. "' 
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TEST FOR DEMONSTRATING THE RELIABILITY OF CONTAINERS 
USED FOR (TRANSPORTING) SPENT FUEL - RESULTS OF 9 METER 
DROP IMPACT TESTS CONDUCTED ON SO-TON CLASS SPENT FUEL 

TRANSPORTING CONTAINERS 

T Nagakura, H Takano, K Sato, Y Maeno, H Shiojin, N Kishi, and S Aoyagi 
Central Research Institute of Electnc Power Industry 

1 Preface 

Commissioned by the Saence and Technology Agency, the Central Research Institute of Electnc 
Power Industry has been conductmg the rehability demonstration test on the spent fuel transporting 
contamers (heremafter referred to as casks) smce 1977 This rehabihty demonstration test c o n s i s ^ j | 
a senes of tests to demonstrate the soundness of the cask agamst vanous conceivable accidents t o ^ H 
cask m transit and is scheduled to be conducted accordmg to the regulations for transportation formP 
lated by the IAEA and the Government of Japan The test program contams, 1) Heat transfer test, 
2) Shieldmg test, 3) Immersion test, 4) Drop impact test, 5) Fire-proof test, and 6) Pressure-proof test 

This reports descnbes the results of the drop-impact tests conducted in March 1980 as part of the 
reUabihty demonstration test by droppmg 50-ton class casks arranged m honzontal and vertical postures 
from a height of 9 meters The purpose of this test are 1) To venfy the vahdity of the design proce
dures regardmg the impact load of the cask, 2) To estabhsh the procedures for the numencal simulation 
to analyze the drop-impact behavior of the cask by checkmg the result of numencal analysis against the 
results of test, and 3) To estimate the drop-unpact behavior of 100-ton class casks whose test is 
scheduled to be conducted m the near future 

2 Specimen Cask 

The fundamental design concept of the cask to be tested is that it should meet the regulations of 
IAEA and the Government of Japan and that the result of its demonstration test should be useful for the 
rehabihty assessment of several cask types and its structure should be as general as possible With this 
design concept in mmd the followmg design conditions were adopted 

(i) The total weight of the cask should be about 50 ton 
(u) The cask should be natural coohng type and accommodate as many fuel assembhes as possible 
(in) It should be of 3-layer type (stamless steel-Iead-stamless steel) 
(iv) The lid should be airtight with usmg high strength bolts with 0 rmg packing 
(v) The shock absorber should be wooden 
(vi) It should resist a hydrauhc pressure of 300 kg/cm^ exerted by sea water, which may be caused 

by accidents dunng its transportation by sea This is a design condition pecuhar to Japan 
After companng with one another those casks proposed m conformance with the above conditions 

by five co-operatmg firms m Japan, the specimen casK was designed and manufactured and it can con-
tam 3 PWR fuel assembhes or 7 BWR fuel assemblies 

The structural concept of the cask is shown m the schematic diagram of Fig 1 

3 Test 

The test was conducted by usmg the drop-unpact testing apparatus installed m the Takeyama Test 
and Research Center m Kanagawa Prefecture Figure 2 shows the bird's-eye view of the Takeyama Test 
and Research Center 

3 1 Drop-impact testmg apparatus and measuring apparatus 
3 1 1 Drop-impact testmg apparatus ^ f l 

The drop-impact testmg apparatus, which provides the function of droppmg a 100-ton w e ^ H 
class cask arranged m any desired posture from a height of 9 meters and also the function of droppl^ 
it from a height of greater than 1 meter onto round mild-steel bars arranged perpendicularly on a drop 
testing platform, consists of the following devices, (1) a traveUing crane (capacity 120 tons, span 23 
m, lift 20 m above testing platform), (2) a drop testmg platfonn (reinforced concrete block, 12x12 
X 4 m, 2 steel plates each 7 m x 7 m x 100 mm m size), and (3) Appurtenances 
3 1 2 Measurmg apparatus and data processmg device for drop-impact test 

The major measurmg apparatuses for drop-impact test are as hsted below 
(1) Measurmg apparatus for dynamic strain and acceleration (47 ch) 
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Outer cyclinder 

Fuel assembly 

(When PWR fuel is mounted) 

Top tranmon 

Top shock absorber 

Fig 1 Illustration of SO-ton class cask for demonstration test 

(1) Drop impact testing facilities 
(a) Travelling crane 
(b) Back screen 
(c) Target 

(2) Water sprmkling testing facibties 
(3) Pressure resistance testmg facilities 

(high pressure water tank) 
(4) Shield testing facilities 

(5) Fire resistance testing facilities 
(6) Heat dissipation testmg facilities 
(7) Three dimensional coordmate meter 

(d) Heavy material receiving space 
(e) Mobile tester protection shed 
(f) Tested cask keepmg space 
(h) Expenmental buildmg 
(i) Substation 
(j) Boiler room 

Pfe. 2 Bird's- eye view nuclear fuel transport containers* reliability demonstration test yeaid 
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absorber 
e ^ ^ l 

iiio^^vas 

(2) High-speed camera (500 to 10,000 frames/sec, 2 units) and film motion analyzer 
(3) Three-dimensional coordmate measunng apparatus (dimensions of object to be measured 

2,400 long X 1,500 wide x 7,000 deep mm, 1 unit) 
(4) Measurmg apparatus for leakage (hehum detector pressure buildup type 1 set) 
(5) Data processmg device (mini computer NOVA) 

3 2 Drop Posture 
Although comer drop test is expected to provide useful mformations for the rehabihty assess 

ment of cask, only two drop tests — honzontal and vertical drop test — were conducted by usmg the 
same cask except that shock absorbers were renewed m the second, vertical test 
3 2 1 Honzontal drop test 

Design calculation suggested that the stress produced at the central section of the cask body 
would be maximum and be as high as the yieldmg stress of the matenal when the cask is dropped 
honzontally Moreover, the bottom trunnion of this cask is attached to the bottom shock abjfliber 
not to disturb the heat transfer from the cask body, and direct impact on the trunnion was e | 
to give the greatest damage to the cask 

For this reason the horizontal posture of the cask, which would directly hit the trunniofl 
chosen for the drop test 
3 2 2 Vertical drop test 

One of the features of this cask is that the cask body is of three-layered structure made up of 
stamless steel, lead and stamless steel layers and the lead layer is made up of lead rmgs machmed and 
thermal mserted m place For this type of cask, it is necessary to confirm whether or not any lead 
slump may occur when subjected to 9 m vertical drop It is also desirable to check the maximum 
impact hydrauhc pressure caused by the water hammer of the coohng water withm the cavity and to 
confirm the strength of the hermetic seal of the 0-nng for hd and valves For these reasons the 
vertical posutred drop test was conducted so that the hd of the cask might be directly hit 
3 3 Measured items 

The following items were measured m honzontal and vertical drop tests 
(i) Deformation of shock absorbers 
(u) Acceleration and dynamic stram of the cask body and the basket 
(ui) Acceleration of the imitation-fuel rod which has the same weight as a fuel assembly but is 

made of the mild steel rod 
(iv) Water pressure m the cavity 

Besides the above items, the airtightness of the cask was tested before and after each drop test 
by the hehum pressunzmg method and pressure buildup method 

In Fig 3 is shown a measurement block diagram 

Fig 3 Measurement flow chart of drop-test 
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4. Results of 9-Meter Drop-Impact Test 

The results of the 9-meter drop-impact tests conducted with the cask horizontally and vertically 
postured are as summarized below. Figure 4 shows the positions at which the acceleration and dynamic 
strain of the cask were measured. 

4.1 9-Meter Drop-Impact Test of Horizontally Postured Cask 
1) Residual deformation of shock absorbers 

Since the bottom shock absorber is provided with a trunnion, its residual deformation 
caused by the drop-impact was different from that of the top shock absorber. After the trun
nion reached the target the top side part of the cask came to be accelerated by the moment of 
rotation until the trunnion which acted as a support sank completely into the bottom shock 
absorber. 

As a result the deformation of the top shock absorber was greater than that of the bottom 
^ ^ ^ o n e , the fomer being 192 mm and the latter 117 mm. The average value of the two was approxi-
^ ^ H m a t e l y equal to the design value. 
^ B ^ Maximum acceleration of the cask body 

Figure 5 shows the variations with time of the vertical accelerations of the outer cyUnder of 
the cask. Magnitude of the maximum acceleration and the time at which the acceleration 
reached its maximum value were somewhat different from point to point of the cask. The aver
age of the maximum accelerations at each point on the cask body, when the time lag is ignored, 
was about 67 G and the mean value of the accelerations of each point at the time when ma
ximum strain was produced in the cask was about 41 G. This difference is considered to orgi-
nate in the fact that the bottom shock absorber was provided with a trunnion and as a result its 
behavior at the time of impact was different from that of the top shock absorber. Each of the 
above test values was smaller than the design value. 

Section A . • r> Section E B section Positive in up-ward direction 

Fig. 4 Measuring positions for acceleration and Fig. 5 Up- and down-ward acceration 
^ ^ strain of cask body, imitation fuel rod, (horizontal posture) 
^ ^ ^ and basket 

W) Acceleration of basket and fuel rod 
The design value of the acceleration of the basket and that of the fuel rod were both 100 G, 

which proved larger than the test values of them. The maximum test value of the former was 
about 56 G and that of the latter, about 73 G. 

4) Maximum stress developed in the cask body 
Figure 6 shows the variation with time of the axial strain developed in the outer cylinder of 

of the cask. The variation with time of the strain of the upper and lower edges in section C was 
analogous to the behavior of a beam's imapct bending,amounting to a maximum value of 960 M. 
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As for the stress computed from the 
measured value of strain, the test value of 
the axial stress was 21.0 kg/mm^ as against 
the design value of 30.9 kg/mm^, the former 
representing about 70 % of the latter. 

On the other hand, the circumferential 
stress was insignificant. 

5) Internal impact hydrauUc pressure 
The test value of the internal impact 

hydrauUc pressure except for the high-fre
quency component approximated to the 
design value. 

The cask conditions after tb-; drop tests 
are as shown in the photos bellow (horizontal 
posture). 

4.2 9-Meter Drop-impact Test of Vertically 
Postured Cask 

1) Residual deformation of shock absorbers 
The test value was smaller than the 

design value. The deformation behavior of 
the shock absorber exhibited in the test was 
different from that considered at the design 
time and the residual deformation caused by 
the cask body, which penetrated the shock 
absorber, was conspicuous. 

B section 

l2000Of 

60000 

• ^ v i ^ ^ ^ 
C section 

' ^ . r j ^ 006 0O6 

0 0 2 OOfl I 0 0 6 

Fig. 7 Up- and down-ward acceleration 
(vertical posture) 

2) Maximum acceleration of cask body 
The variations with time of the acce

lerations measured at various points on the 
cask body were approximately analogous 
to one another and the mean value of the 
maximum values was about 70 G. Also, 
the mean value of the acceleration of the 
various points at the time of maximum 
strain was about 68 G. These two mean 
values were smaller than the design value of 
85 G. 

Upper edge strain at C section 

(SEC) 

006 

^ Lower edge strain at D section 

tSEC.l 

Upper edge strain at B section 

ISEC) 

Fig. 6 Axial strain of outer cylinder 
(horizontal posture) 

B section Positive in down-ward direction 

^ 1 I i^ ^ _ ^ ^ (SEC) 

002 I 00^1 006 008 

- 30000 Circumferential strain of outer cylinder 

Fig. 8 Up-and down-ward acceleration and 
axial strain (horizontal posture) 
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Since the behavior of the residual 
deformation of the shock absorber is dif
ferent from that considered at the design 
time it is difficult to accurately relate the 
residual deformation to the maximum 
acceleration. It is known, however, from 
the analysis of the high-speed camera 
films and other data that the deformation 
(including elastic deformation) of the 
shock absorber due to the initial impact 

•

as about 190 mm (equal to the design 
sidual deformation) and in the case of 
e vertically-postured cask drop the 

amount of energy absorbed by elastic 
deformation and fracture of absorber's 
steel cover was cmparatively large. 

This is the reason why the maximum 
acceleration was smaller than the resign 
G-value although the residual deformation 
of the shock absorber was only about 70 % 
of the design value. 

3) Acceleration of basket and fuel rod 
The design value of the acceleration 

of the basket and that of the fuel rod were 
both 100 G, which proved larger than the 
test values of them. The test value of the 

'' acceleration of the basket was about 87 G 
and the of the fuel rod, about 70 G. 

4) Maximum stress developed in cask body 

Figures 7 and 8 illustrate the variations with time of the axial and circumferential strains 
measured on the cask body. In the case of the circumferential stress the design value for the 
outer cylinder was 25 kg/mm^ and that for the irmer cyUnder, -37 kg/mm^, but the test value 
was 6 kg/mm^ for the former and —11 kg/mm^ for the latter. On the other hand both the 
design and test values of the axial strain were insignificant as compared with those of the circum
ferential strain. 

5) Circumferential residual stress 
In the case of the inner cylmder the axial residual stress was 4 to 6 kg/mm^ and the circum

ferential one was 6 to 7 kg/mm^. These residual stresses are considered to be due to the lead 
slump. The amount of lead slumps was computed to be 22.3 mm at the design time, but it was 
infeasible in the recent test to quantitatively determine the amount of lead slumps. To estabUsh 
the measuring method of the amount of slump is a future problem. 

6) Internal impact hydrauUc pressure 
^ ^ ^ The test value of the internal impact hydraulic pressure except for the high-frequency 
^^^•amponent approxUnated to the design value. The cask conditions after the drop tests are as 
^^^P iown in the photos bellow (vertical posture). 
4 .J Airtightness 

After conducting the drop impact test, the airtight section of the cask body was checked for 
disturbance of airtightness by two methods, viz. The helium pressurizing method and the pressure 
increasing method. 

60000 
(C) 

l""^^ 
1 1 
I ooL 

=t 

^ 
Jj 

B section 

' ^ 0 6 0 0 8 

(SEC) 

0 10 

-30000 

C section (SEC) 

Axial strain of outer cylinder 

B section 

0 0 6 0 06 010 

Axial strain of outer cylinder 

Fig. 9 Axial strain (vertical posture) 
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The measured values showed no significant changes before and after the test and were lower than 
the cntenon, mdicating that the airtightness was thoroughly mam tamed (see Table 1) 

1) The results ob tamed from the testing methods, le the heUum pressunzmg method and the 
pressure mcreasmg method, showed no significant changes before and after the test and no 
damage was detected m the airtight section 

2) Possibility of mstantaneous discharge of the coohng water (an aqueous solution of copper 
sulfate with a strength 50 ppm) from the 0-nng section of the lid at the time of drop-impact 
was checked by measurement usmg the Cu detectmg method Results mdicated that there was 
no discharge of the coohng water 

Table 1 Comparison of design values and test values 

Dropping posture 

Item of companson 

Residual deformation 
of shock absorber 

Maximum 
acceleration 

Maximum 
stress of 
cask body 

])C3skbijdy 

2) Basket 

3) Fuel rod 

1) AxiA stress 

2) Circumfer 
ential stress 

Internal hydraulic 
pressure upon impact 

1 9m drop m horizontal posture 

Design value 

144 mm 

81 C * l 

1 0 0 0 

100 G 

Lower edge of 
outer cylinder 
30 9kg/mm' 

Lower edge of 
outer cylinder 

6 kg/cm' 

1 

Test value 

192 mm 
117mm* 

67 C* 1 
1 4 I G ' ^ 

56 G 

73 G 

+^lkg/mm^ 

+ 3 kg/mm ̂  

7kg/cm^ 

9m drop in vertical posture 

Design value 

190 mm 

85 G* 1 

lOOG 

lOOG 

Outer cylinder 
8kg/mm^ 

Inner cylinder 
3kg/rnm^ 

Outer cylinder 
"•ikg/mm' 

Ini er cylmder 
37kg/mm' 

43 kgjcm^ 

1 

Test value 

131 mm 

70 C* 1 
68 G* 2 

87 G 

70 C 

4kg/mm^ 

- 5 kg/mm^ 

6kg/mm^ 

11 kg/mm' 

Remarics 

* Amount of deformation 
or shock absorber having 
trunnion 

• 1 Average or maximiun 
values for each point 

• 2 When maximum 
response strain occurs 

* Imitai on fuel assembly 

+ (pUssign) tensile stress 
(minus sign) compressive 
stress 
In design calculation a 
slump of 22 3 mm was 
nken into considcrjtion 

48 kg/cm' 
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5 Comparison Between Design Value and Test Value 

Table 1 lists the comparison between the design value and the test value as to the residual deforma
tion, maximum acceleration, and the maximum stress developed in the cask body The test values were 
all smaller than the design values Table 2 lists the results of tests on the airtightness for leakage The 
measured values before and after the test met the cntenon and no significant vanation was noted 

Table 2 Results of leakage test after drop-impact test 

Item 

Helium 
pressurizing 
method 
(atm cc/sec) 

Vaccum 
method 
(atm cc/sec) 

Measuring 
point 

Lid sealing 
section 

Vent valve 
section 

Dram valve 
section 

Socket 
section 

Lid sealing 
section 

Vent valve 
section 

Dram valve 
section 

Socket 
section 

Criterion (atm cc/sec) 

After drop test 
of cask in 

horizontal position 

5 1 x 1 0 ' 

1 0 x 1 0 ' 

8 7 x 1 0 ' ' 

4 9 x 1 0 * 

1 9 x 1 0 " 

5 4 x 1 0 " 

5 6 x 1 0 " 

2 6 x 1 0 " 

1 2 x 1 0 ' 

After drop test 1 
of cask in 

vertical position 

1 6 x 1 0 ' 

4 3 x 1 0 ' 

1 1 x l O ' 

1 4 x 1 0 ' 

3 2 x 1 0 " 1 

3 1 X 1 0 " 

2 4 x 1 0 " 

2 8 x 1 0 " 

1 2 x 1 0 ' 

6 Numerical Analysis for the Drop-Impact Test 

Before conductmg the 9-meter drop-impact test of the 50-ton cask, an analysis was made to 
predict the behavior of the cask subjected to the drop-impact test and the results thereof This was 
done to facihtate drawmg-up of the specifications for the measuring apparatus and to aid in selection of 
measunng points Also a post-facto analysis of the test was done by examming the test results to venfy 
the apphcability of the analytical procedures, and to develop procedures for making a numencal simula
tion of the drop-impact behavior of the cask 

The analytical procedure employed in this analysis is as follows 
i) The STEALTH computation code based on the finite difference calulus 

By analyzmg the drop-impact behavior of the shock absorber, the amount of deformation of 
the shock absorber and the acceleration which the cask body receives are found 

u) One-dimensional non-hnear analysis of the concentrated mass-sprmg system 
By convertmg the entu'e structural system of the shock absorber, cask body, etc , mto a con

centrated mass-spnng system, and by making a dynamic response analysis by means of a computa
tion model, the tune records of the acceleration, strain, etc are found 

lu) Analysis of stress by the finite element method 
By using the acceleration (G value) obtained from the results of the analyses (1) and (2), and 

the results of the test, a detailed stress analysis is made for the cask body, basket, etc , m order to 
^ ^ f i n d the values of maximum stress 

^^^nimmary 

The result of the recently conducted 9-meter drop-impact tests of the 50-ton class horizontally 
and vertically postured cask showed no conspicous residual deformation of the cask body, and the 
results of the au-tightness leakage test conducted before and after the drop-impact tests proved a satis
factory degree of airtightness The soundness of the cask was adequately proved by the recent test, in 
which the cask, both honzontally and vertically postured, was subjected to a 9-meter drops 
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DISCUSSION 

Question by J. P. Hart, United Kingdom: I have understood that 
you are using the 50 t drop tests to gain information on the pred
iction of performance of a 100 t flask. Do you expect to be able to 
predict the seal leakage from the 100 t flask after a 9 m drop with
out actually dropping a full size flask? 

Answer: The 50 t class cask is not a scale model of the 100_t 
class cask to be constructed in the near future. The basic desj 
conditions of the 100 t class cask are not fixed yet. The impa^ 
and thermal behaviour of the 100 t cask will be predicted by the^^ne 
method by which the 50 t cask was designed. But we do not expect to 
be able to predict the seal leakage behaviour of 100 t class by 50 t 
cask test results because the scale effect of seal leakage is not 
clear. 

LOO t 

le^Bome 
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MOCK-UP TEST ON PLUTONIUM NITRATE LIQUID PACKAGING 

Taizo Iwasaki 
Power Reactor and Nuclear Fuel Development Corporation 

Nagao Niomura, /Ikira Qnodera 
Nobuyoshi Mori, Masaharu Furudera 
Ryoji Asano, Tomio Ebisu 
Ichiro Kawahara 

Hitachi Shipbuilding and Engineering Co., Ltd. 

SUMMARY 

The Plutonium nitrate liquid shipping packaging, PUL-1* was designed and 
developed for on-site shipment of It liters of PuCNOg))^ liquid with a maximum 
decay heat of lOW, and physically tested to demonstrate that it meets the criteria 
specified in Japanese Regulations which are equivalent to the IAEA Regulations. 

The packaging is approximately 1,500 mm in height and 800 ram in diameter and 
consists of containment vessel and outer shell. The weight of the packaging is 
about 600 kg. The main features of the packaging are double containment system 
and balsawood for the impact energy absorption. 

Mechanical tests were performed to the criteria except water spray,compression 
and water immersion tests. Deceleration, deformation and stress were measured and 
compared with the analytical results. The conclusion was that both deceleration 
and stress measured were fairly close to the analytical values but deformation 
measured was as twice as that estimated. 

As to the thermal test, open fire test and furnace test (method II) were 
carried out on the Packaglngs after the mechanical tests. The severity of the two 
kinds of the test method was compared and evaluated by the data obtained and 
found that the furnace test imposed severer condition to the packaging thaji the open 
fire test. 

The integrity of the packaging was examined by helium leak test and the 
packaging was demonstrated to survive the test conditions. 

DESCRIPTION OF TEST PACKAGING 

The packaging is designed to transport 1* liters of Pu(N03)i^ liquid with a 
maximum decay heat of lOW. The package is qualified as equivalent to Type BM 
class II. 

Figure I shows the outline of the package. It is approximately 8OO mm in 
diameter, 1,500 ram in height and 6OO kg in weight and consists of a containment 
vessel and outer shell. The containment vessel consists of primary vessel and 
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secondary vessel, and was designed to the criteria of ASME Sec. Ill class 1 
component. The design conditions and service limit are shown in Table 1. The 
pressure and impact force were determined to withstand the test conditions and 
radiolytic decomposition. The primary vessel is 80T mm in height and 150.9 mm 
in inner diameter as shown in Figure 2, and contains the PulNOgJij liquid bottle 
in the cavity. Double 0-ring system is used between the flange and lid, on which 
sampling valve is provided. The secondary vessel consists of two cylindrical 
shells. It is 1,020 mm in height and 315 mm in outer diameter, as shown in 
Figure 3. The annulus between the two cylindrical shells is filled with water 
extended polyester (WEP) for neutron shielding. Double 0-ring system is used 
between the flange and lid. Both primary and secondary vessels are made of 
stainless steel Type 30^*1. 

Table 1 Design Condition and Service Limit 

Test Condition 

Normal 

Accident 

Load 

Internal Pressure 
. primary vessel: 9.0 kg/cm 
. secondary vessel: 2.1 kg/cm 
Inertia Load: max. 235G 
Temperature 
. primary vessel: 60°C 
. secondary vessel: 53°C 

Internal Pressure 
. primary vessel: 80 kg/cm „ 
. secondary vessel: 80 kg/cm 
Inertia Load: max. 320G 

Temperature 

. primary vessel: 63°C 

. secondary vessel: 59°C 

Service Limit by 
ASME Sec.IIl(NB-3220) 

Level A 
(NB-3222) 

Level B 
(HB-322lt) 

The outer shell is made of stainless steel T^pe 30lt. Approximately 200 mm 
thick balsawood is packed into the annulus between the secondary vessel and outer 
shell for impact energy absorption and fire resistance. 

MOCK-UP TEST 

Four packaglngs were tested as shown in Table 2. No.l packaging was 
subjected to the normal 1.2 m drop and penetration tests in 3 directions, that is, 
bottom vertical, top corner and horizontal as it had been estimated that previous 
test results would not affect the other part of the packaging. 
No.2 packaging was subjected to the accidental 9 m drop and puncture tests of 
bottom vertical and top corner directions on the same reason. No.3 packagi 
subjected to the horizontal 9 m drop and puncture tests and furnace test, 
packaging was subjected to the normal and accidental mechanical tests of 
horizontal direction and then open fire test. 

Helium leak test was carried out before and after the test to ascertain the 
integrity of the packaging. 
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Table 2 Test Items for Mock-up Test 

' ~- ^packaging 
test • —!-

mechanical test 

-1.2 m free drop 

-penetration 

-9 m free drop 

-1 m puncture 

thermal test 

leak test 

No.l 

* 

* 

» 

No. 2 

« 
# 

« 

No.3 

# 
# 

* 
* 

No.l* 

a 

n 

* 
» 

* 
* 

* shows the tests carried out. 

F W 

'tl I \} 

Figure 1 FUIr-^ Package 

/IBOB 

^ 

Figure 2 Primary Vessel Figure3 Secondary Vessel 

RESULTS AND CONSIDERATIONS 

iMechanical Test -

(l) Normal Condition 

Photo 1 shows the result of 1.2 m corner drop test. About 10 mm height of -' 
buckling wave was induced at the outer shell corner. Vertical and horizontal 
1.2 m drop tests were also carried out and it was found that outer shells were , 
deformed slightly but not damaged. Maximum deformation and deceleration at 1.2 m 
drop tests was 33 rmi and l88 G respectively. 
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Photo 2 shows the result of penetration test on the cylindrical part of the 
outer shell. The outer shell was not penetrated and the depth of the indented 
recess was about 5 mm. 

(2) Accident Condition 

Photos 3 and h show the results of bottom vertical and top corner 9 m drop 
tests. At the top corner drop, the outer shell corner buckled and that deformation 
was 113 mm. The outer shell also buckled at the bottom virtical drop in half wave 
form, about 130 mm above the bottom plate throughout the perimeter and its height 
was about 12 mm. Photo 5 shows the result of the horizontal 9 m drop test. The 
maximum deformation and deceleration at the drop were 113 mm and 287 G. 

Photo 6 shows the result of 1 m horizontal puncture test. The deformat 
was 32 mm and no damage was occured on the outer shell. Maximum deformation 
39 mm and maximum deceleration of T 8 G were obtained at top corner puncture. 

(3) Comparison 

Results of the mechanical test were shown in Table 3 with the analytical 
results, which were obtained on the assumption that impact energy is absorbed by 
the plastic deformation of the outer shell and collapse of the balsawood. 

Table 3 Resiilts of Mechanical Test 

1.2m free drop 
-horizontal 
-bottom vertical 
-top corner 
penetration 
-side 
-top cover 
-bottom plate 
9 m free drop 
-horizontal 
-bottom vertical 
-top corner 
1 m puncture 
-horizontal 
-bottom vertical 
-top corner 

deceleration (G) 
measured 

188 

-
-
-

28T 
1T6 
11*6 

1*3 
58 
T8 

calculated 

235 
158 
129 

-
-
-

330 
158 
158 

1*8 
1*8 
115 

deformation (mm) | 
measured 

7 
1* 
33 

3.5 
2.0 
2.5 

25 
28 
113 

32 
20 
39 

calculated 

25 
15 
31* 

6.1 
5.1 
6.1 

1*8 
57 
1*2 

27 
21 
30 

Measured and calculated values were compared and it was found that the 
decelerations were in good agreement but the deformations measured were less than 
a half of those calculated. Difference in deformations is attributed to t h e ^ « ^ 
that only external deformation was measured, resulting in the neglect of int^^^B 
deformation, and no elastic deformation was included in the measured results^^^F 

Stress analysis was carried out on the assumption that the inertia caused by 
the deceleration was imposed to the containment vessel. Stress obtained from the 
9m drop test was compared with that calculated and it was found that those stress 
distributions were in good agreement as shown in Figure 1*. 
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Impact of bottom vertical 9 m drop was analyzed using a finite difference 
equation continum mechanics computer program, PISCES. In the analytical model, 
containment vessel and target were considered as regid body and expressed balsa
wood with Eular ordinate, outer shell with Lagrange ordinate and impact speed of 
13.3 m/sec was given for initial condition. The result is shown in Figure 5, 
the outer shell buckled in half wave form, about 150 mm above the bottom plate 
which corresponds fairly to the test result. 

/ O right side-
measured j 

la left side 

Figm-e 1* Axial S t ress of 9m Drop 

iir.„p d i r e c t i o n 

Figure 5 9 m Vertical Drop 
(Analytical Result) 

Thermal Test 

(1) Test procedure 

Open fire test was performed on &n oil burnpit of 2,300 mm long by 1,700 mm 
wide and 1*50 mm high and surrounded by water jacket set in the field. About 500 
liter of oil with gross heating value of 11,000 Kcal/kg was used for the test. 
Photo 7 shows the open fire test. Furnace test was conducted in the heat-
treatment furnace of 5,000 mm long by 3,000 mm wide and 3,000 mm high, which was 
preheated to 900°C, 70°C above the preheat temperature recommended. In spite of 
the preheat, as the temperature decreased below 800°C when the door of the 
furnace was opened to set into the package, 30 minutes of test time was counted 

^ ^ ^ t after the temperature of the furnace rose above 800°C. Photo 8 shows the 
^^^•pace test. 

^ ^ E ) Result and Evaluation 

Figures 6 and 7 show the temperature during open fire test and furnace test 
The ambient temperature of the furnace test ranged from 800°C to 850°C, on the 
other hand that of the open fire test changed rapidly and maximum temperature 
difference amounted to 250°C. It was very hard to keep the test conditions 
constant because of the wind and such condition should be regarded as inherent 
to open fire test. 
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Comparing both temperatures, even though higher temperatures were obtained 
at some parts in the open fire test, it was found that higher temperatures 
were kept around the package in the furnace test than in the open fire test. For 
this reason, it was found that the furnace test imposed severer condition. 

The charring of balsawood after the thermal tests were compared to judge 
which gave severer test condition. Figure 8 shows the results of charring after 
thermal tests. In both tests, though charring occured around the closure head 
most greatly, where partial combustion also occured, comparing the charring 
depth of balsawood just inside the cylindrical part of outer shell where only 
charring occured, the charred depth from furnace test ranged greater than that 
from open fire test. From this observation it could be said that the furnace^^ 
test imposed severer condition. ^ H 

Heat input to the package during thermal test was estimated from the 
teii5)erature distribution and compared. It was found that heat input of 17,000 
Kcal in the furnace test was about 10% greater than that In the open fire test. 

From the abovementioned results, it was concluded for the present tests that 
the furnace test gave severer condition than the open fire test. 

3. Leak Test 

Leak test was carried out by helium leak detector. The criteria of the test 
was specified as leak tight and leak rate of lO-T atm.cc/sec was adopted as speci
fied in ANSI Article N ll*.5. The measured values ranged from 10"^ to 10~1° atm. 
cc/sec for all containment boundaries, that is, double O-ring part of primary 
and secondai'y vessel and sampling valve on the lid of primary vessel, and it was 
verified that the packaging conformed to the design criteria. 

Figure 6 Temperature Change during Open Fire Test 
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Photo 7 Open Fire Test 
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IMPACT RESISTANCE OF SHIPPING CONTAINERS FOR 
RADIOACTIVE MATERIALS UNDER FREE FALL TEST 

Tsutomu SASAKI, Yoshloki KANAE & Shoji SHIMAMURA 
MECHANICAL ENGINEERING LABORATORY, 

Agency of Industrial Science and Technology, MITI, JAPAN 

Abstract 

The object of the present study is mainly two. The first is to investigate an 
applicability of so-called similitude law in estimating behaviors of a prototype 
cask under a drop test using test results with a series of scale models. The 
second is to elaborate testing techniques such as the measurement of deceleration, 
strains and residual deformations under the test, respectively. 
The prototype cask is of three layered sandwich construction weighing approx. 
80 ton, 5.8 m long and 1.6 m in diameter. 1/8 and 1/4 scale models of the proto
type were fabricated and tested under 9 m drop according to IAEA requirements, 
where tests were carried out without Impact limiters so as to observe behavior of 
the cask at the most severe condition. Horizontal, vertical and corner drop 
tests with these models were performed. Drop test of 1/3 models is scheduled in 
the middle of 1981. 

Decelerations at several points (outer and inner) of each cask were determined 
and residual deformations were measured after the test. The motion of the casks 
were recorded by a high-speed cinematography. 
An analysis of data obtained in the tests suggest an applicability of the simil
itude law in estimating behavior of the prototype cask under the free fall test 
from the model test data when careful considerations are made in the design and 
the fabrication of the model and also in the techniques of the drop test. 

1. INTRODUCTION 

The present IAEA Regulation requires that any container (cask) for shipping 
nuclear fuels shall keep the integrity after 9 m drop onto the solid and smooth 
target. Practical procedures usually employed to examine its integrity of a cask 
in this category are as follows. 
(1) Drop test of the cask itself 

This is of course an ideal method. However, when the cask to be examined is 
larger one such as for shipping LWR spent fuels, the test may be too costly to 
rform. 

Structural analysis with an aid of computer 
order to clarify the structural integrity under 9 m drop at various falling 

conditions, a relatively large computer system with an elaborated code shall be 
used. However, suitable and world-wide approved computer codes for this purpose 
are now in a developing stage. 
(3) Drop test of a scale model of the real cask followed by an estimation of the 
behavior of the prototype with an aid of so-called similitude law 
This is much more economical than the method in (1) and also needs quite less 
numerical work than (2). But in this case, careful attention shall be paid in 
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the design and the fabrication of the scale model (especially important is the 
minimum scale ratio) and also in the determination of deceleration, strain and 
residual deformation due to 9 m drop, respectively. Internationally approved 
guide for the scale model testing and the Interpretation of the result for 9 m 
free fall test is not yet made. 

(4) A combination of the scale model test and the computational analysis 
In this case, the scale model test is used as a bench mark one to check the 
validity of the computation code to be employed. After the reliability of the 
code is confirmed by comparing with the scale model test data, the structural 
integrity of the real cask may be examined computationally. At present, this 
procedure seems to be the most practical one to check the structural integrity of 
a cask according to the IAEA Regulation. But this is usually somewhat time-
consuming and troublesome. The authors have an opinion that this procedure is 
transitional way until a reliable and versatile computer code will be complete 
or detailed technique in the scale model testing and also interpretation of th 
data is authorized. 

In the previous paper [IJ^-fS], the authors in cooperation with their colleagues 
presented a certain guide of the scale model testing of spent fuel shipping con
tainers under 9 m drop. The present paper at first aims to show a practical guide 
line of the scale model test and second to elaborate various testing techniques 
employed in this test. 

2. TEST 

2.1 Cask Model 
The prototype cask is of three-layered sandwich construction as shown in Fig. 1. 
The outer layer is made of carbon steel, the Intermediate is lead shielding layer 
and the inner Is of stainless steel, respectively. A plug-type lid is mounted 
with a set of bolts. 1/8, 1/4 and 1/3 scale models of the prototype were designed 
and made. Weight, overall dimension and fastening bolts of the prototype and 
three scale models are shown in Table 1, respectively. As found in Table 1, 
correct scaling down of the bolt size was impracticable in the 1/8 model due to 
unavoidable interference of the wrenching device with the head of bolt. 

Table 1. Design of cask models (Fig. 1) 

Scale 

1/1 

1/3 

1/4 

1/8 

Weight 

80 

2.97 

1.25 

0.17 

D 

1,624 

541 

406 

203 

d 

1,000 

333 

250 

125 

L 

5,824 

1,941 

1,456 

726 

i 

5,168 

1,723 

1,292 

646 

tl,t2 

56 

18.7 

14 

7 

t3 

16 

5.3 

4 

2 

tl. 

48 

16 

12 

6 

ts 

240 

80 

60 

30 

Bolt 

M64X24 

M22X24 

M16X24 

M10X12 

Remark 
Weight; in metric tons 
D, d, L, I, tj, t2, tj, t^, tji in mm 
Bolt: ex., M64x24 means 24 sets of Metric bolt of nominal size 

(outer diameter) 64 mm are mounted. 

2.2 Drop Test Facility 
Drop test setup shown in Fig. 2 was used which is same as in the previous experi
ment [1]. This facility was removed since MEL moved to the new site (Tsukuba) 
from Tokyo last year. However, the new drop test facility of an improved design 
will be completed before summer of 1981. 
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2.3 Instrumentation 
To evaluate Impact behavior of the cask, followings were measured. Decelerations 
were determined with some sets of acceleration sensors (plezo type and strain 
gage type). Fig. 3 shows location of sensors at three cases of drop tests, res
pectively. Measuring systems employed are shown in Fig. 4, where the wireless 
method (Transmitter to Receiver System) is under improvement. Deformations after 
the drop test were coarsely measured as indicated in Fig. 5. Detailed determina
tion of three-dimensional deformation of each cask will be made after the 
completion of 1/3 scale model test. 

2.4 Drop Test 

I the previous research [1], the horizontal drop was mainly selected. In the 
^ent study, drop tests were made in three cases, horizontal, vertical and 
Rier, respectively (Fig. 3). All tests were carried out without any impact 
miters so as to observe the cask at the most severe condition. 

3. RESULTS AND ANALYSIS 

1/8 and 1/4 scale models have been tested under horizontal, vertical and corner 
drop, respectively. Fig. 6 shows a scene of the corner drop of 1/4 scale model 
cask. Drop tests of 1/3 scale models will be carried out in the middle of next 
year after the establishment of new drop test facility in Tsukuba Research Center 
(new site of MEL). 

3.1 Deceleration 
In Fig. 7 are shown entire records of deceleration for 1/8 and 1/4 scale models 
under horizontal, vertical and corner drop, respectively. Peak values of decele
ration in these cases are also summarized in Table 2, where these values were 
determined with the original (unfiltered) records. 

Table 2. Deceleration (Fig. 3) 

Case 

Horizontal 

Vertical 

1 Corner 

Location 

Outer shell 
(near lid) 

Outer shell 
(near bottom) 

Inner shell 
(near lid) 

Inner shell 
(near bottom) 

Bottom, inner 

Lid, outer 
Lid, inner 

Bottom, inner 
Lid, outer 
Lid, inner 

Deceleration (g) 
1/8 Model 

* 

* 

20,000 (P) 

11,500 (P) 
12,350 (P) 

* 
2,850 (P) 

1,800 (P) 

* 
1,450 (P) 

1/4 Model 

960 (S) 

800 (S) 

10,600 (P) 

7,500 (P) 

1,200 (S) 

ft 

620 (P) 
1,200 (S) 

* 

* not measured, failed 

P: plezo type sensor, S: strain gage type sensor 
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3.2 Residual deformation 
Residual deformations observed after the horizontal, vertical and corner drop 
tests are shown in Table 3. 

Table 3. Deformation of cask after drop test (Fig. 5) 

Unit: mm 

Case 

Horizontal 

Vertical 

Corner 

Location 

AD 

Z\L 

AD 

AL 

AD 

Model 
1/8 

2.8 ^ 4.2 

0.2 ^ 0.7 

0.7 "^ 0.9 

10.9 

5.8 

1/4 

6.5 ^ 11.3 ^m 

'^ 0.7 ^M 
1.7 ^ 1.8 

21.6 

13.4 

3.3 Cut-off Frequency for Deceleration Records 
Deceleration waves are usually superposed with unavoidable high modulation waves 
as clearly found in those of Fig. 7. In order to determine correct peak values 
of deceleration, entire records such as those in Fig. 7 shall be modified through 
suitable low-pass filter. As an example, in Fig. 8 are shown the original record 
of deceleration at the corner drop with 1/8 scale model, those modified through 
low-pass filters of 10,000, 5,000, 2,000, 1,000 and 750 Hz, respectively. In 
this case, LPF approx. 2,000 Hz seems to be preferable. Detailed discussion on 
this problem will be presented in the next opportunity. 

3.4 Effect of Strain Rate Dependency of Material Property to be considered in 
Scale Model Test 
Simple law of similitude is based on an assumption that the material property is 
independent of the strain rate. However, constituent materials for the usual 
spent fuel shipping container as treated here change in a certain degree their 
mechanical properties with speed of impact. Effect of the stress dependency of 
the materials in the present cask model on the similitude of deformation between 
the prototype and the scale models was analysed. In this analysis, stress-strain 
curves of structural steel and lead at different strain rate reported by Malvern 
[4] and Lindholm [5] were useful. Deformations of casks under the horizontal and 
the vertical drop were calculated by Shappert's simplified formula, respectively 
[6]. Results are as follows. In case of the horizontal drop, Sp/Sja x S* are 
1.023 and 1.035 for 1/4 and 1/8 model, respectively, where S „ : deformation of 
prototype, 6^: that of model, S*: scale factor (4 or 8 in the present case). In 
case of the vertical drop, those are 1.034 and 1.051, respectively. To keep the 
error of estimated deformation of the prototype from its scale model test data 
less than 5 %, models smaller than 1/4 scale shall not be preferable. 

4. CONCLUSION 

After the completion of the drop test with 1/3 scale models scheduled do be 
conducted in the middle of next year using new drop test facility, the authors' 
recommended guide of the scale model testing will be presented. Here, the 
authors would like to emphasize again that models larger than 1/4 scale shall be 
used in order to estimate correctly the behavior of the prototype cask under 9 m 
drop test. 
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Fig. 1 (upper) Cask model 

Fig. 2 (middle) Drop test facility 

Fig. 3 (lower) Three cases of drop test, 
a fraction in paranthese shows 
scale of model. 
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r.t I I" 1 ' 

i . ' •,, INTRODUCT 

In these days, radioactive large packages like as spent fuel 
shipping casks have been transported by a cargo ship m Japan. 
The estimation of radiation dose rate distributions around casks 
and on board, m advance of the transportation, is not only 
important for radiation protection but also nesessary m confirming 
the integlity of the packages. Accordingly, it may be required 
that a calculation method for the estimation of dose rate distribu
tion IS simple so that the person concerned for the cargo ship and 
the competent authorities can use like, for example, the r-̂  rule 
for a point isotropic source located in vacuum. 

MEASUREMENT OF DOSE RATE DISTRIBUTIONS AROUND 
A SHIPPING CASK 

In order to find out gamma-ray dose rate distributions and the 
attenuation tendencies of the distributions, measurements were 
performed with a scintillation-type surveymeter around a spent fuel 
shipping cask named "EXCELLOX-III". The shipping cask was 

•

tamed two PWR spent fuel assemblies of 21300 MWD/MTU in 500 
s of cooling time and three of 28600 MWD/MTU m 1220 days of 
ling time. The gamma-ray source intensity was estimated to be 

3.5 X 10' photons/sec in the shipping cask with the ORIGEN'" code. 
Fig. 1 shows a plane view of the quay area and the measured direc
tions around the shipping cask. The Direction No. 1 is an axial 
direction for the bottom side, the Direction No. 6 is an axial 
direction for the lid side, and the Direction No. 4 is a radial 
direction in the mid cask. The measured dose rate distributions 
for each direction are summarized in Fig. 2. From the measured 

r-

:0N 

1 
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dose rate distributions, the attenuation tendency m the Direction 
No. 1 IS approximately same as the r-^ rule for a point isotropic 
source, however it is evident that the tendencies are more slower 
than the r-̂  rule m the Direction of No. 2, 3, 4, and 5. 
Especially the tendency is slow within 2.5 meters along the direc
tions. As Fig. 2 includes the natural background, the dose rates 
of above 10 meters are mostly of it. 

i^^^ 

INTRODUCTION OF THE SOLID-ANGLE METHOD 

The detectors located in the Direction of No. 1 glare at the 
bottom surface from which the penetration radiations emerge. 
On the other hand, the detectors located m the Direction of No 
3, 4, and 5 glare at the side surface or both the side surface a 
the lid or bottom surface from which also the penetration radiat 
emerge. Accordingly, at the same distance from the cask surface, 
the glaring solid angle to the cask surface on the line of the 
Direction No. 2, 3, 4, and 5 are larger than that of the Direction 
No. 1 for usual large cylinder-type shipping casks. Usually both 
the solid angle and the dose rate are decrease as the distance 
between the detector location and the cask surface becomes far off. 
Therefore, it may be considered that there is some relationship 
between the attenuation tendencies of the dose rate distributions 
along each direction. By the way, the estimated dose rate at 1 
meter distance from the cask surface have to state as the transport 
index in the application of getting the transport permission from 
the competent authority. To estimate the dose rate at 1 meter 
distance, the discreate ordinates codes have been used for the most 
large shipping cask in Japan. Therefore, the solid-angle method 
with the glaring solid angle and the dose rate at 1 meter distance 
may make clear the dose rate distributions around a large packages 
like as a spent fuel shipping cask. 

From the above discussions, following equation is introduced. 

° = ̂ '̂̂ •̂  ' '̂' 
where D = the dose rate (mrem/hr), 

Tid = the dose rate at 1 meter distance from the cask 
surface (mrem/hr), 

ill = the glaring solid angle at 1 meter distance, 

S2x = the glaring solid angle at x meters distance. 

Equation (1) is the basic form of the solid-angle method. 

The glaring solid angle is calculated by the following pro
cedures. As an example calculation problem. Fig. 3 shows the 
geometry of a cylinder side surface. The differential solid an̂  
dQ IS expressed as: 

da = ds-cose/£^, (2) 

where ds = the differential area element, 

a = the distance between the detector location P and Q 
at the area element, 

cose = n-QP 

# 
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n = the normal vector. 

The co-ordinates of the location of P and Q in Fig. 3 can be written 
as: 

P = P(0, L, 0), where L = R 4- D, 

Q = Q(Rsini(j, Rcosijj, h) . 

The angleijj is restricted between 0 and cos~'{R/L). The differential 
area element ds is written as: 

t ds = R-diJ;-dh (3) 

cos6 in Eq. (2) is derived as follows. The direction cosine 
the normal vector n is described as: n = n(u',v',w'), -, . 

= n(sini(j, cosip, 0). (4) j' 

Also the direction cosine of QP is written as: 

Q = Q(u' ' , V " , w- •) 
= Q{-Rsini|j/il, (L-Rcosi|j)/!l, -h /£ ) , (5) . 

where I = /R^sin^iJ; + (L-RCOSI|J) ^ + h^ . 

The cos8 IS expressed as t h e inner p roduc t 6f ' ^ and Q. 

cos9 = n-Q 
= -Rsin^iJj/£ + (L-Rcosi|j) -cosiJj/S,. ' (6) 

S u b s t i t u t e Eq. (6) i n t o Eq. ( 2 ) , then follolfitlig equs t i t® ' I S 
d e r i v e d . 

dSi = ds-cose/J!,^ , 
= —p- {-Rsin^^i) -I- (L-Rcosip) -cosilj} Rdi|;dh. (7) 

Accord ing ly , the s o l i d angle J2 i s f i n a l l y w r i t t e n a s : 

•i '•• 

max r« 1 

-4' max J 0 
where i);max = cos - i (R/L) . 

{-R^sin^i)j + (L-RcosiJ;) -Rcosijj} dijjdh, (8) 

Equation (8) is employed only to calculate the solid angle to the 
side surface of a cylinder, however the solid angle to other 

^^nfiguration may be obtained with the almost same manner, 
^^^krefore, when a figure or a table in which describes the values 
^̂ ^̂ fix/S21 as a function of distance between the detector location 
and the cask surface m a radial and in an axial direction for 
typical casks is presented, the dose rates are easy estimated with 
the figure or the table. 

APPLICATION OF THE SOLID-ANGLE METHOD 

1. To a Shipping Cask 
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To verify the usefulness of the solid angle method for the 
estimation of dose rates around a shipping cask. Fig. 4 summarizes 
a comparision of the measured and calculated dose rate distribu
tions around the shipping cask "EXCELLOX-III". For the simplicity 
of an application of the solid-angle method, typical dose rate 
distributions of radial and axial direction in the mid cask are 
calculated, making the iso-dose lines ]ust as shown m Fig.4. 
(Figures in the parenthesis are calculated values.) The Tid is 
employed the measured value of 0.28 mrem/hr in the radial direction 
of No. 2, 3, 4, and 5 and of 1.7 mrem/hr m the axial direction of 
No. 1, respectively m Fig. 4. The calculated dose rate distribu
tions agree well with the measured ones in the radial direction m 
the mid cask and m the axial on the cask. Only in the directio 
of No. 3, It was observed that the measured dose rate is larger 
than the calculated value on a maximum of 50 %. The discrepancy 
the direction of No. 3 is considered to be influences of the local 
peak of the dose rate appered on the cask surface, the non-uniform 
burn up of the spent fuels loaded m the cask cavity, and the 
characteristic of the cask structures. The dose rate at 1 meter 
distance from the bottom surface is 1.7 mrem/hr and the value is 
larger than that of one at 1 meter distance from the side surface 
by a factor of 5. 

2. To a Spent Fuel Shipping Boat 

The gamma-ray dose rate distributions were also measured m 
the spent fuel shipping boat "HINOURA MARU" loaded the shipping 
cask named "NH-25" in the No. 2 hold. The other two casks were 
also loaded in the No. 3 hold. However the dose rates on the side 
surface of both the casks were lower than that of the cask "NH-25" 
by a factor of 100, so that it is reasonable that the dose rates 
at the detectors located in the stem side from the No. 2 hold are 
contributed only from the cask "NH-25". 

The averaged dose rate at the side surface of the cask "NH-25" 
was 4.0 mR/hr and the Tid was estimated as 1.4 8 mR/hr. '̂ 'The side 
view and the measured locations in the "HINOURA MARU" are shown m 
Fig. 5. The Table 1 summarizes the comparision of gamma-ray dose 
rates between the measured with TLD's (Thermo-Luminescence 
Dosimeter) and the calculated values using the solid-angle method 
at the locations of 34, 33, 32, 31, and 30 m Fig. 5. The calcu
lated value at the location 34 agrees well with the measured one, 
however as becomes more distance, the discrepancy between the 
measured and calculated values is getting large along the locations 
of 34 33 32 31 30 in Fig. 5. This reason may be regarded as the 
solid-angle method dose not consider the shielding effects of 
materials located between the radiation source and the detector but 
only considers the distance between them as the r-̂  rule dose. 

It IS assumed that the representation of gamma-ray dose rat 
with unit of mrem/hr is equal to mR/hr in this paper. 

CONCLUSIONS 

Through the applications and the discussions, the solid-angle 
method may be regarded as a simple calculation technique so as to 
estimate the dose rate distributions around large packages like as 
spent fuel shipping casks and also in a spent fuel shipping boat. 
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(1) Fairly good values will be expected of dose rates around a 
shipping cask with the solid-angle method when there is no 
severe distortion of the dose rate on the cask surface, 

(2) The calculated dose rates with the solid-angle method may 
be larger than those of the measured ones as becomes more 
distance and as the shield increases in thickness, and 
always safety side for the competent authorities. 
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Table 1 Comparision of gamma-ray dose rates between TLD's 

and Solid-Angle method in the HINOURA MARU. 

Locations 

Distance from 
the cask 
surface 

TLD's mR/hr 

Solid-Angle 
method 

mR/hr 

At 1 m 

1.48 

1.48 

34 

2.65 m 

0.59 

0.51 

33 

3.35 m 

0.19 

0.36 

32 

9.85 m 

0.051 

0.056 

31 

11.15 m 

0.009 

0.044 

30 1 

16.55 m 

0.006 

0.022 

1 

mm 
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Fig. 1 Experimental arrangement for radiation 
measurements around a spent fuel shipping cask 
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Fig. 2 Gamma-ray dose rate distributions around 
the cask including the background 
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SHIELD DESIGN FDR A NEW GENERATIDN OF SHIPPING CASKS 

Wolfgang Denk 
Gesellschaft filr Reaktorsicherheit, 8D4B Garching 

Federal Republic of Germany 

1. PROBLEM AND DESIGN LIMITS 

i^^T In the last years a new generation of shipping casks for irrad 
fuel elements has been developed with a capacity for 9 PWR and 
16 BWR fuel elements, respectively. As these casks should also meet 
the requirements for intermediate storage, it was felt to be 
appropriate to have considerably lower dose rates at the cask 
surface than allowed by the IAEA transport regulations. Therefore 
a total dose limit of 20 mrem per hour was initially chosen for 
design. With respect to increasing fuel burnup special considerations 
had to be made for neutron shielding to stay within the above limit. 

oo-o._d 
OoO O-Oi 

•t^lipi^ 

cask cross sections 

As the type of materials (cast iron, stainless steel and polyethylene) 
were preset by technical and economical considerations, only the 
shell thickness, size and location of the neutron absorbers 
remained as free parameters for the shield design calculations. 

MODEL DESCRIPTION 

For radial shielding calculations the cask was mocked up as an 
infinite cylinder. Fuel and basket were homogenized over the interior 
of the cask. The holes in the wall filled with polyethylene were 
replaced by an equivalent polyethylene layer, so that these 
calculations could be done in one dimensional cylindrical geometry. 
Bottom and lid, respectively, were mocked up in two dimensional(r-z) 
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geometry including the head of the fuel element, but neglecting the 
void between fuel element and lid in a conservative manner. 

CALCULATIONAL PROCEDURE 
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mesh size requirements. This can be done as capture gammas con
tribute only a few percents to the surface dose rat as is shown 
by A N I S N calculations. The radiation originating 
from the spent fuel was treated as a boundary source which has 
been determined by a separate DOT calculation with (r-z) geometry 
for an infinite cylinder. The gamma source due to cobalt impurities 

"he heads of the fuel elements was taken into account by a 
Irate run. The computations for the bottom were done in an 
fogous way. 
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4. VALIDATION 

The calculational procedure and the cross section set were checked 
against an experiment done at the KfA Jijlich using a cask 
prototype with similar geometry and the same materials. In this 
experiment an Am-Be-neutron source was used. Measured and computed 
dose rates at the cask surface agreed within 15 percents. 

5. RESULTS 

The calculations have shown the possibility to meet the design 
limits with economical expense. Because of the lower density of 
the cast iron thicker walls are required than for stainless steel 
casks. The size of the polyethylene rods depends on the fuel type. 
They were found to be most effective when placed in the outer 
third of the shell. 

•PE - layer-

•fuel region-

r[cm]-
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Strong cobalt impurities in older fuel element heads caused 
larger lid thicknesses as originally planned. The radial distribu
tion of the neutron dose rate at the lid surface also heavily in
fluenced the design, so that greater modifications were necessary. 
As a typical example for the results of the shielding calculations 
for the cask lid the neutron and gamma dose rates at the lid sur
face are shown in the figures. They refer to a BWR cask containing 
16 fuel elements with a burnup of 27 000 MWd/t layer in the 
secondary lid clearly can be seen. 
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THERMAL TESTS CONCEPTION OF 

ti'pe B (U) packages for radioactive liquids 

by CHSaELBT J. Laboratoire National d'Essals - PARIS France 

SERAN R. Centre d'Etudes Nucl&axes Saclay - CRSAY France 

liEBLAIS R. Etablisssnents LEIIER - NANTES France 

1. - REPORT PURPOSE. 

This report has for purpose to point out vrfiat a thermal heating 
simulation of package can lend to the kncwledge of her maxunm radioactive 
power (1). 

It concerns a pacJcages family conceived for the radioactive 
liquids transport. The realized tests are in correspondence with the regu
lation specifications for the type B (U) approbation, as far as it concems 
the normatl conditions of transport. (2) 

2. - PRESENIATION of the PACKAnKS. 

The tests are concerning a pacJcage family for the liquid radio-
elanents called "CENDRUXDN". 

These are all build according to the same principle and they fonn 
a scale with the follcwing extrane characteristics : 

. lead thickness protection : fron 5 an to 30 an 

. capacity for radioactive solution : frcm 3 1 to 200 1. 

This represents a total number of 15 packages distributed between 
three groups by her dimensions. 

The joined diagrams are giving the essential elanents : 

2.1 - The Candrillon container (fig. 1 ) . 

He has two parts : 

- a containment vessel of stainless m the fonn of a flatten revo
lution ellipsoide ; it contains the radioactive liquid. It is 

(1) - we use te term "maximum radioactive power" corresponding to the AIEA 
regulations, to make a distinction with the "full load transportation" 
used too by the AIEA regulations. 

(2) - This paper is standing out of the "corpact report" on the following points 

- correction of included material errors ; 
- insertion of the "solar heat load" paragraph ; 
- change of the diagrams for a better agreejtvsnt with the analysed model. 
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fixed by the top to the whole of the Cendrlllon, by a chimney 
containing the transfert oipes, and erpted with lead for radio-
protection. 

- a lead shielding encased in a carcasse that surround v̂ iolly the 
containment vessel. H<»r thickness is determined by the needs 
of radioprotection. To the top, he has a conical outlet for the 
passage of the confinment vessel chimney. An upper plate is sup
porting the mechanisms for the transfert controls. During the 
transports, the containment vessel chimney and the lead shiel
ding are together in nechanical contact. 

2.2 - The shlgnent shell (fig. 2). 

She is withstanding to the free drop an to the thermal test, and 
she contains the Cendrlllon container. She is conposed with two hemisfteres 
of steel, containing a proper thickness of thermal insulating material, and 
shock absorbers. The Cendrlllon is ujwedged in her shell by seme mouldings 
of rubbers. 

3. - TESTS ORGANIZATION. 

The gersral characteristics of the Cendrlllons have been deter
mined to answer the various inperatlves : 

f . capacity 

.. '-1. ,-•. . health protection 

. withstanding to the free drop and to the thermal test up to 
8C0°C (AHa Regulatior.s § 719-720) . 

Ths tests were intended to know the thermal characteristics of 
these packages for the normal transport conditions. They were realized in 
Decent>er 1978 and Januar 1979 with two tyoes of Cendrlllon : 

«•" : .a standard series called 5/50 (lead thickness 5 cm, capacity 
• - :.' 50 1) ; 

. a giant series called 25/8 (lead thickness 25 cm capacity 8 1). 

For the sake of ccrmodity, here are only described the results 
concerning the "standard Cendrlllon 5/50". 

The containment vessel is anpted with oil (2) to the maximum capa
city, this oil is heated by an electrical resistance, intnersed (thermocoax 
type) and the temperature is noted to the differeht critical points of the 
cited element. 

(2) - in order to outpass, to the liquid state, the thresold of the water 
ebullition. 

1177 



Three levels of heating have been used (350-237-56 W) with sane 
periods of increase or decrease the tatperature. 

4. - EQUILIBRrJM STATE At 350 W. 

The table 1 Is giving the measurenent resxilts for a decennined 
power : 347 W. In account of the results obtained with the tvro other levels 
of power, it has been possible to deduce the numerical values of the ther
mal paraneters of the cotfoning elements. 

So we state that ; 

4.1 - Between the containment vessel and the lead shielding, the 
greater part of the exchanges taJce place by conducticn : as the vessel 
ohiOTiey is enpted with lead, and the thermal contact correct between the 
chimney and the lead shielding, the conduction is favourable at this level. 
We can admit that if the sole source of heating is the radioactive solution, 
the confinment vessel and the lead shielding are almost taking a theimal 
balance ( AT = 20°C). 

4.2 - Between the Cendrlllon and the shell, the most part of the 
thermal exchanges taxe place by radiation : the nihher mouldings send on 
less than 4 % of the released heat. The tenperature fall betvreen the two 
metallic faces is not very hii^t (AT = 20°C) . 

4.3 - A preferential zone of trananission is formed in the shell, 
by the flanges Doming the tvro half-shells. The transmission fay this chan
nel (335 W) seems over estimated. 

4.4 - Radiation and convection of the shell external face. A gap 
of 30°C has fceen noted between the ambient aix and the shell surface in 
the laboratory conditions. It would doubtless not the same during a trans
port : the air convection would be greater thai m a test hall. 

The exchange coefficient e, deduced of the measurement results 
IS 0.36, while he is usually of 0.9 for the painted steel. This can be 
explained by the thennal break going fron the shell flanges : the most part 
of the heat is transnitted through the shell by the flanges and her surrou-
dmg. 

So we can have a representation of the shell thermal emission, by 
supposing that 40 % of the external surface in the r̂ eî iboiiring of the 
flanges radiates with an emissivity coefficient 0.9, and that 60 % of the 
surface are not radiating. 

5 . - MAXTMAL RADIQfiCTIVE POWER CAIOgATION. 

The table 1 gives for each one of the four exchange zones, the 
part of the power for the conduction, the radiation and the convection. The 
corresponding thermal equations are given in the full report. The imposed 
boundary conditions are the following : 
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Maximum tatperature of the radioactive solution : 152°C or 
5 bars (0.5 MPa) for the vapor pressure. This limitation 
is due to the characteristics of the containment vessel 
elements. 

tiaximum tenperature of the shell surface : 82°C for the "full 
load transport" and for an ambient tenperature of 38°C 
(§ 240) . 

The case of the "not full load transport" has been too consi
dered, but is not here developed. 

The analysis of the results and of the corresponding equations 
' shows that the more critical conditions are given by the shell radiation. 
• Therefore, the calculations have been taked for this surface, and we tiave 
, after controled step by step, that the thermal exchanges in the three 

other zones would rot provoque any inpossibllity (3).The maxinua radioactive 
power calculated is then : 330 W for the "full load transport" of a type 
5/50. 

6. - SOLAR HEAT DOAD. , ' 

From the experimental results, two extrapolations are necesseby, to 
deduce the maximum radioactive power : 

'' a) - Ambient tenperature conditions : the tests were realized with 
18°C of ambient tenperature, and led to a maximum temperature of 135°C in the 
radioactive liquid. For the ambient tenperature of 38°C (§ 240), the liquid 
would not outpass the temperature of 152°C, corresponding to an vapour pressure 
of 0,5 MPa (5 bars) for ajuieous solutions (§ 5.b. of this paper) ; 

b) - solar heat load : the regulation conditions (§ 232-233) are 
the heating of 50 % of the shell area during 12h each day, giving a thermal 
power of 392 w, while the radiation fron the radioactive liquid coixespond to 
a permanent radiation of 330 w oi 40 % of the same area. 

Taking account of the shell thermal inertia, and of the geonetrical 
distribution of the thermal exchanges on the shell area, we can estimate that 
under the sun, the radioactive liquid tatperature would not outpass 165°C, cor
responding to a vapour pressure of 0,7 MPa' (7 bars), v*at is the maximum desi
gned pressure fron the transpoirt regulation (§ 122 and 239). 

^ ^ P . - CONXUSIONS. 

7.1 - To the contrary of previotJis estimations, the thermal exchange 
between the containment vessel and the shielding are developed essentially by 
conduction, an not by radiation : this has permitted the raising of the autho
rized radioactive power from 56 W to 330 w. 

b) -

c) 
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7.2 - The new radioactive pcwer limitation concems essentially 
the shell external surface radiation. Then this limitation has the same 
value for all the series of Cendrlllon which are transported into the same 
size of shell. 

7.3 - A shell radiation measurement by "infrared thentcgrafiiy" 
would doubtless given a better laiowledge of her distribution, and 
to deduce sane design iitprovements. 

p e : ^ ^ 

7.4 - In the course of this experiment, the time constants of the 
thermal exchanges have too been measured. 

7.5 - The realization of relatively siitple tests on two series 
of Cendrillonshas lent to the knowledge of the thermal paramaters for all 
the Cendrlllons in the series standard and giant. 

(3) - The calculations uses the eî ierimental values of the temperatures, and 
the technical VcLlues of the thennal characteristics of the cotpcnents. 
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EXCHANGE ZONES 

1. - Containment vessel j shielding 

2. - Shielding j shell 

3. - Between faces of the shell 

4. - Shei1 J ambrent air ^ . _ _ . -

TEMPEIWVnjRE 

DIFFEREICES 

20°C 

20°C 

SB-C 

W C 

EXCHANGED THERMAL POWERS (1) 
(SUM : 347 w) 

CONDUCTION 

250 w (75 %) 

28 w (6.6 i) 

68 w 1 sol ant 

335 w flanges 

0 

RADIATION 

97 w (25 ") 

325 w (93.3 i) 

0 

0 

*• 347w 

CONVECTION 

0 

0 

0 

0 

(100 %) 

(1) - Thermal powers deduced of the measured temperatures 

of the constituents materials thermal characteristics 

Used formulas : . Conduction : w = y s/l I T_ - T. ] 

,̂ * Radiation • convection : w - X S [ T^ - T^ ] 

S - exchange surface (m ) , „ e , „ , 
X = C -j—• (case n' 4) 

1 —e 
1 = Ihlckness of the material (m) . ' " '"' . 

T = surface temperatures (°C) X = C ^^ (case n° 2) ' " 
Z-e 

TABLE I - THERMAL EXCHANGES IN EQUILIBRIUM STATE 



SI 

I m6caniBiiie 
(inechaniflin) 

2 cheminge 
(chimney) 

coque de transport 5 
(shipment shell) 

capot de transport 6 
(transport cover) 

3 enceinte de CENDBILLON 7 
confinement 
(containment vessel) 

4 blindage en ptoBti 
(lead shielding) 

COQUE DE TRANSPORT CENDRILLON 
(CENDRILLON shipment shell) 



ACCELERATION AND STRAIN MEASUREMENTS PERFORMED ON CASKS 
FOR RADIOACTIVE MATERIALS UNDER IMPACT CONDITIONS 

K. E. Wieser, B. Schulz-Forberg, M. Jais 
Bundesanstalt fur Materialprufung (BAM) 
Unter den Eichen 87, D-1000 Berlin 45 

During drop tests carried out by the Bundesanstalt fur Material
pruf ung (BAM) as part of licensing tests, acceleration measurements -
and to a certain extent strain measurements - are usually performed 
on the test object in the impact phase. 

Whether these measurements are actually needed is often called 
m question. Therefore, as an introduction, the m a m reasons for such 
measurements should be mentioned. The IAEA type B tests are inter
nationally harmonized and have similar effects to heavy transport 
accidents. As the prototypes are submitted to destructive tests and 
the results are valid for all packagmgs of the same type, these tests 
have the character of demonstration tests. The applicability to all 
packagmgs of the test results (which strictly-speakmg are only va
lid for the test object itself) has to take into account the permis
sible spectrum of materials and parameters for machining. 

In addition, model factors (if models of packagmgs are tested) 
and the influence of low temperatures (-40 C) have to be considered. 
The applicability of the test results to all packagmgs requires know
ledge of the loads produced during the impact phase; they can be cal
culated by means of acceleration measurements. These data, if un
satisfactory, provide the necessary basis for improvements of the 
design. 

In contrast to other kinds of tests (hydraulic tests, leakage 
tests, etc.) drop tests are expensive and usually cannot be repeated. 
Besides this, the most interesting aspect, the impact phase, takes 
place withm some milli-seconds. Both require a reliable measuring 
technique and careful preparation. In order to determine the forces 
initiated by the impact the following are used by BAM: 

• 

Measuring of the deceleration/time function by piezzoelectric 
accelerameters. 

Measuring of the strain/time function by means of strain gauge 

3. High speed films of the deformation/time function. 

These methods can be described as follows: 

1. Measuring of the deceleration/time function by piezzoelectric 
accelerameters. 
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This method uses the effect of charge movements m a quartz cry
stal under compression. Instruments of this kind are available 
for a great range of decelerations. As additionally their nat
ural frequencies are rather high, very short processes can be 
measured. In the BAM, decelerations are recorded by means of a 
so-called transient recorder and then documented by x-y recorders, 
punch tape or dual beam oscillographs. A separate light barrier 
IS used to trigger the recording; the falling test object hits 
the light beam some centimeters before impact(fig.1).BAM equipment 
enables the simultaneous recording of six functions. This ex
tremely efficient instrumentation causes, at the same time, cer
tain difficulties. As all natural frequencies of all parts of the 
test objects are stimulated by the shock of the impact, the d ^ ^ ^ 
eleration/time function at the centre of gravity is superimpo^^^B 
by strong vibrations, the amplitudes of which are often highe^^^ 
than those of the basic function, according to the deformation 
character of the test object. This means that neither determin
ation of a realistic deceleration maximum nor a control of the 
measurement by integration of the curve is possible (fig.2).The need 
for filtering is then inevitable. 

To filter signals from piezzoelectric instruments BAM uses two 
methods. Firstly, using an electric method by implementing low-
pass filters before the recording takes place, usually in the 
range of about 1 kHz. Secondly, using an analytic filtering based 
on a Fourier analysis of the deceleration signal. The advantage 
of the first method is its immediate, uncomplicated availability. 
On the other hand a falsification is possible due to suppression 
of the expected signal and more especially by reduction m the 
signals peaks. 

This disadvantage can be avoided by the analytic method used by 
BAM. By this method the vibrations corresponding to the natural 
frequencies can be filtered selectively. Disadvantages are the 
need for a computer program and for calculating the natural fre
quencies of all parts of the test object. 

This is based on a Fourier-analysis of the unfiltered deccele-
ration curve. The information is a punch tape containing the 
signal of the transient recorder digitalized in 1024 values. 
The Fourier-analysis is an approximation of the signal by 
512 superimposed sinus and cosinus-functions of different fre
quencies : 

512 
a = a(t) = A + ̂  A. cos iot + B. sin iot 

° i=1 ^ 1 

Dominant frequencies like strong natural frequencies may be 
distinguished by large values of the factors A./A and B./A 

Fig. 5 shows an example of the fxinction ^ = f („,), 

in which the natural frequencies are easily recognizable. In 
addition to this figure, it is useful to calculate the natural 
frequencies approximately including their harmonic vibrations. 
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Above all very high frequencies may be erased, similar to fil
tering by electric low-pass filters. 
Now the remaining frequencies can be composed and plotted as a 
filtered curve. 
Fig. 2 shows a signal before and after such a filtering proce
dure. Two different checks have been inserted in the procedure 
giving an idea how far a falsification of the original function 
has been caused by the filtering. After several calculation 
steps it is possible to compare both the known impact velocity 

Vg =/a(t) dt 

and the deformation energy during the impact phase 

E = m / a(s) ds 

In fig. 4 the calculation procedure is summarized,. 

2. Measuring of the strain/time function with strain gauges. 

The strain gauage technique allows direct measuring of the strain 
on material during impact, the stress of bolts, tension and crus
hing strains of different locations of a test object. Measure
ments of this kind may be desirable if the integral behaviour of 
a packaging under impact conditions is essentially known. The 
recording and the analytic processing of the strain signal which 
may be superimposed by vibration effects is possible using the 
above mentioned method. Unfortunately the information content 
of strain measurements is limited as the impact forces cannot be 
calculated directly. 

Strain measurements of this kind were used for instance to prove 
model laws concerning stresses on models of different scale fac
tors. 

3. Acceleration measurements by high speed films 

The procedure of high-speed film analysis is based on the fact 
that the deformation event during the impact phase can be re
corded by a multitude of pictures, so that by evaluation a de
formation time-function in a digital form can be obtained. A 
mathematical smoothening of the function before differentiation 
is advisable to eliminate reading errors. 

Apart from a high film frequency, this procedure requires know-

•

ledge of the time distances between two picutres. The deforma
tion rate between two picutres can be calibrated with the 
help of known properties of the test object or marks on it in 
relation to cross wires in the camera. In fig. 5 the deccelera-
tion time -f\inction as a result of such a procedure in relation 
to the signal of an accelerometer is shown. The differences are 
negligtible small. 
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The significant advantage of this method is the fact, that, given 
the selection of an appropriate point on the test object, the in
tegral deceleration will really be obtained. There is no problem 
of superimposed vibrations and filtering. There are certain rea
sons why this method has its rivals; principally because it is 
practicable only for test objects with rather large deformations 
(several centimeters). Additional disadvantages are the com
parable time spent and difficulties which are connected with the 
dust and dirt which is blown around m the impact phase. 

The summing-up of these three methods forms a sufficient instru
ment to master the given task. Compared with the expense and un
certainty of fixing the boundary conditions and parameters of t? 
analytic handling of the impact effects, BAM believes that insti! 
mented demonstration tests are, even for expensive packagmgs, pr 
ferable. 

pr^^ 
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Fig. 1 : Test set-up for acceleration measurements 
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acceleration signals" - flow diagramm 

1190 



Piezzo-
acceleration-
signal 

High speed film analysis 
frequences 4000 frames/s 

1 2 3 ( 5 6 7 1 9 

Fig. 5 : Comparison of an accej^e^tifioa sitpoal irtth A h$^ 
speed film analysis 

t191 



SPECIAL FORM ENCAPSULATION FOR RADIOACTIVE MATERIAL SHIPMEHTS 
FROM OAK RIDGE NATIONAL LABORATORY 

R. W. Schaich 
Operations Division 

Oak Ridge National Laboratory* 
Oak Ridge, Tennessee 37830 

ABSTRACT 

Special Form encapsulation has been used at Oak Ridge 
National Laboratory to ship radioactive solids for the past 
fifteen years. A family of inexpensive stainless steel 
containers has been developed and tested to meet the USA 
Department of Transportation (DOT) and the International 
Atomic Energy Agency (IAEA) regulations concerning radio
active material shipments as Special Form. 

INTRODUCTION 

Oak Ridge National Laboratory (ORNL) under the direction of the U.S. Depart
ment of Energy (DOE) distributes radioactive material for medical, industrial, 
and research activities on a worldwide basis. Approximately 5 MCi of radioactive 
gases, solids, and liquids are shipped each year from ORNL in 3,000 individual 
packages. The major radioisotopes involved in these shipments include ^"Sr, 
l"Cs, l"Pm, 192lr, 85Kr, tritium, "^Ca, ^^-Cm, "^VM, '̂̂ 'Am, ^^Am, ^^7^^, and 
small quantities of short-lived fission products. 

In 1965 ORNL instituted a regulation requiring all radioactive liquid ship
ments containing greater than 3 Ci beta/gamma or 1 mCi alpha to be converted to a 
solid and shipped in welded stainless steel containers which could be opened by 
the recipient with a standard tool. This action resulted in the design of a 
family of stainless steel powder containers that meet the present day DOT and 
IAEA regulations for Special Form. All Special Form containers described in this 
paper passed the tests prescribed in Safety Series No. 6, Regutations for the 
Safe Transport of Radioaotive Materials, 197Z Revised Edition, International 
Atomic Energy Agency, Vienna, 1973. 

DISCUSSION 

A Type I Special Form powder container (Fig. 1) was developed for the shj 
ment of millicurie quantities of alpha materials and curie quantities of 
beta/gamma materials. These containers are very adaptable to hot cell or glol 
box operations and are used for the majority of the ORNL Special Form shipments. 
The Type I container consists of an inner 304L stainless steel cylinder 50.8 mm 
(2.0-in.) long by 15.9 mm (0.625-in.) diam. The container wall is 0.9 mm 
(0.035-in.) thick and the Inside bottom of the container has a conical depression 
to aid in the removal of small quantities (milligrams) of radioactive material. 

•Operated by Union Carbide Corporation under contract W-7405-eng-26 with the 
U. S. Department of Energy. 
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Figure 1. Type I and II Special Form Containers 



The internal volume of the inner capsule is 6.2 cm^. A press-fit cap seals the 
radioactive powders in the liner and allows the inner capsule to be decontaminated 
to less than 0.005 microcuries/lOO cm^. 

The Type I outer container is fabricated from 19 mm (3/4-in.) 304L stainless 
steel tubing which has a 0.9 mm (0.035-in.) wall thickness. The outer shell is 
76.2 mm (3.0-in.) long and is sealed with a press-fit plug. This unit is inert 
gas tungsten arc (GTA) welded by a Quality Assurance approved welding program 
using a fixed electrode and a rotating chuck (Fig. 2). A Vickers or Auto Arc Weld 
Programmer is used to set the welding parameters for each type of container that 
is to be welded. The parameters are determined in the weld development laboratory 
to give maximum penetration in the weld area. A typical welding program is sha^^ 
in the following illustration. ^^^k 

PROGRAMMED WELDING CONDITIONS 

ORNL Special Form Capsule Type I 

30 AMPS 

•^ AMPS 

5 Sec. 

INITIAL 

CURRENT 

/ 

4 Sec. 

INITIAL 

SLOPE 

23 Sec. 

, UF.T,nTNG ^ 

4 Sec. 

8 Sec. 

FINISH 

• SLOPE 

5 AMPS 

FINISH 

CURRENT 

CHUCK SPEED - 1 Rev. - 18 Sec. 
ELECTRODE - 1.59 ram dia (2% Tungsten) 
ARGON GAS FLOW — 118 std. cm^/Sec. 

The weld is visually inspected and then tested for leaks using the ethylene 
glycol-vacuum leak test or the helium leak test described in ANSI N14.5-1977 
the container passes the leak test, it is then cleaned to a smear tolerance 
less than 0.0005 microcuries/lOO cm^ and placed in approved shipping contain 
for transport to the customer. 

If greater integrity is required for the shipment of plutonium or for the 
fabrication of radioactive sources, the inner container is GTA welded, cleaned 
and leak tested before insertion in the outer capsule. This system provides 
double containment and an additive leak test rate for the assembled package of 
greater than 10~1° STD cm^/sec. 
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ORNL Photo 1414-80 

11 

Figure 2. Special Form Welder and Programmer 
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For shipments of large quantities of radioactive powders (up to 0.5 Kg), the 
Type II (Fig. 1), III (Fig. 3), and IV (Fig. 3) Special Form containers were 
developed with internal volumes of 26, 70, and 326 cm^ respectively. This design 
maximized the internal volume and minimized the cost by using standard 304L 
stainless steel tubing for fabrication of the containers. These units have been 
used for the past fifteen years to ship gram quantities of ceslum-137 chloride, 
strontium-90 titanate, americium-241 oxide, plutonium-238 oxide, neptunium-237 
oxide, and curium-244 oxide. 

All of the previously described containers have been tested in service and 
are compatible with the customer's facilities for opening the container and 
pensing the radioactive powders. A standard tubing cutter is used in glove 
or manipulator cells to remove the container plugs and an experienced operat 
can open the container in less than five minutes. 

Additional Special Form containers were evolved from the original design 
when glove box preparation of the shipment became a personnel exposure problem 
due to the larger quantities of americium-241 and promethium-147 required by the 
customer. Special Am-1 and Pm-1 (Fig. 4) containers were designed to ship gram 
quantities of these radioisotopes. The walls of the inner container were 
increased to 6 mm (0.24-in.) to provide shielding for the beta component of the 
americium-241 and the promethium-147. This innovation reduced the hand exposure 
to operating personnel by a factor of five and increased the integrity of the 
package for shipment. 

CONCLUSIONS 

Approximately ten thousand Special Form containers have been shipped by 
ORNL to domestic and international customers with no adverse results reported due 
to shipping conditions or customers processing the containers. The ORNL Special 
Form containers continue to meet the changing requirements for the packaging and 
shipment of radioctive material. 
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ORNL-DWG 80-16185 

GTA WELDED 
(IN-CELU 

PRESS FIT PLUG 

VOLUME 
16.5 cc 

178 mm 

4 

BOTTOM PLUG 
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Figure 4. Special Am-l and Pm-l Containers 



CONTAINMENT SEAL RELIABILITY TESTING 

William H. Lake 
U.S. Nuclear Regulatory Commission 

•

INTRODUCTION 

Reliability analysis is a quantitative, probabalistic method used to predict 

the performance expectation of a device. Reliability is the absence of failure, 

and may be defined as: the probability of meeting performance requirements for a 

designated period under specified conditions. The application of reliability in 

design and maintenance of containment systems, using elastomer seals, has been 

considered; the need for component reliability data for radioactive material 

packaging has been identified [Ref. 1]. 

The paper develops the reliability testing model. It discusses the general 
mathematical and physical models, and the Weibull and exponential distributions 
are presented. Reliability testing is developed on the basis of the reliability 
model. A general procedure is suggested for reliability testing and the treatment 
of test data. Containment seals for radioactive materials packaging are addressed. 
Consideration Is given to their environment and performance criteria. A general 
reliability test plan is proposed. 

J 

THE RELIABILITY MODEL ' " 

Mathematical Model 

A binary model is assiamed, in which the device may exist in either of two 
states: success (operating) or failure. The cumulative failure distribution 
function, F(t), is stated in terms of a random variable time parameter, t. 

F(t) = Probability (failure occurs at time >_ t) (1) 

For the binary model, the reliability, R(t), which is the probability of 
success is given by: 

R(t) = 1 - F(t) = Probability {success at time > t} , •• (2) 

The cumulative failure distribution function, F(t), has an associated failure 
probability density function, f(t). The hazard rate, z(t), is the instantaneous 

•

itional probability of failure, given that failure has not yet occurred, 
functions are related as follows [Ref. 2]: 

F(t) = /^f(s)ds ' ' , (3) 

, R(t) = exp [-/'z(s)ds] ^ _ ^ (4) 

' ' ;, z(t) = f(t)/R(t) • • '•••' ' • (5) 
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Physical Model 

Failure is the inability to meet a specific performance requirement. Failure 
is design specific. The physical model begins with a set of performance criteria 
which define the failure state. Once performance criteria are established and 
failure defined, the mechanism of failure is addressed. 

The failure of a nonrepairable device is often represented by three time 
periods. The initial period, in which the hazard rate is decreasing. The useful 
life, with a constant hazard rate, and wearout, with an increasing hazard rate. 

r a ^ ^ 
oa^^^B 

Alternatively, one can characterize the failure pf a device by the nature of 
the failure. Two primary types of failure are: (1) catastrophic and (2) gra^ 
The catastrophic or chance failure may be attributed to random, excessive loa 
within the operating environment. It usually has a constant hazard rate. Grl 
failure may be attributed to a constant, sometimes extreme, degrading environment. 
It has an increasing hazard rate. 

The Distribution Function 

To complete the quantitative reliability model, a distribution function is 
chosen which satisfies the physical model. The failure probability density 
function, f(t), determines the other functions (i.e., F(t), R(t) and z(t)) that 
comprise the mathematical model. 

A distribution model, proposed by W. Weibull [Ref. 3], has found wide 
application in reliability. The model, known as the Weibull model, specifies the 
failure probability density function in terms of the continuous random variable, t, 
and the scaling and shape parameters, a and g. Depending on the choice of the shape 
factor the hazard rate, z(t), is: 1) decreasing as t Increases (dz/dt < 0, 
B < 1), 2) constant (dz/dt = 0, B = 1), or 3) increases as t Increases (dz/dt > 0, 
S > 1). The mathematical model is (a > 0, B > 0, t >_ 0): 

f(t) = a B t'̂ "̂ exp [-at̂ ] (6) 

F(t) = l-exp[-at^] (7) 

R(t) = exp[-at^] (8) 

z(t) = aBt*̂ "-̂  (9) 

The constant hazard rate (B = 1) Weibull model, reduces to the exponential 
distribution, with constant hazard rate, A. The mathematical model for the 
exponential distribution is (A > 0, t >̂  0): 

f(t) = Ae'^*^ (10) 

F(t) = l-e"^*" (11)^ 

R(t) = e""^' • (12? 

z(t) = A (13) 

The constant hazard rate implies no change In a component over time (i.e., 
no degradation and no Improvement). A component with a constant hazard rate 
is just as reliable, whether new or old. 
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Linearized forms of the Weibull and exponential models can be obtained. 
The linearized forms, used to determine distribution parameters (i.e., a, B, A) 
from test data are: 

log^[log^(l/(l-F))] = log^ a + B log^ t (14) 

log^[l/(l-F)] = At (15) 

RELIABILITY TESTING 

A reliability test program may range from a planned collection of field test 
aspection data to well-controlled laboratory tests. The data collected (i.e., 
of failures observed) must be sufficient to provide statistical confidence. 

I T W F also desirable to obtain the test data quickly. These goals are difficult 
to achieve with highly reliable components which do not fail quickly, and are 
expensive. Expense often limits the numbers tested. Difficulties are minimized 
by careful test design, and the use of accelerated tests [Refs. 2, 6] when possible. 

Test Plans 

Two basic test schemes are used: 1) tests with replacement, and 2) tests 
without replacement. Testing with replacement involves the same number of 
components under test throughout the prescribed test period, with replacement 
upon failure. Testing without replacement involves an initial test population 
which decreases as components fail. Such a test may be run until all components 
fail, or to some prescribed number of failures, which is less than the entire 
population under test. 

Failure data (i.e., time to failure) are sometimes recorded in a continuous 
fashion, but more often at discrete time intervals; corresponding to tests and 
inspection intervals for field data, or observation intervals for laboratory tests. 

Failure Data 

Experience has shown that useful Information is obtained from either the 
failure probability density function or the hazard rate presented in terms of time 
[Ref. 2]. 

For N items tested without replacement, and placed in service at time t = o, 
with n(t) survivors at time, t , the empirical failure probability density function 

and hazard rate (assuming they are piecewise-continuous functions,) f .(t) and z,(t) 
are given by [Ref. 2]: 

f (t) = '"^""l^ " n(tî +'5,t̂ )]/N 
_ ^ Sr • t. >t > t^ + At^ (16) 

[n(t ) - n(t +At.)]/n(t ) 
• z^(t) = • ~ i 1 , t ^ > t > t ^ + At^ (17) 

The functions fj(t) and Zj(t) are typically presented as histograms. The time 

parameters, t. and At are chosen in some consistent manner. For example. At may 

be the interval between failure 1-1 and i, with t. being the time of failure 1. 

1201 



Interpretation of Data 

The histogram plots are compared with various mathematical distributions of 
f(t) and z(t). The comparison of the histogram behavior with that of the analytic 
function leads to a choice of distributions. Once the distribution is chosen, 
various quantitative procedures are available to determine the constant parameters 
that define the mathematical reliability model. 

The characteristics of the distribution functions are available from several 
sources [Refs. 2, 4]. Graphical methods are also described [Refs. 2, 5]. Analytic 
curve fitting procedures, including; least squares, moment, and maximum liklihood 
estimates, are also described [Refs. 2, 6, 7, 8]. 

A data analysis procedure, with examples, is given by H. F. Rondeau [Re^^^B 
for the exponential and Weibull models. The method uses the linearized expr^^^PRs 
presented in equations (14) and (15), and the estimator given below for F(t) (where: 
1, is the i-th failure which occurs at time, t., for N components tested without 
replacement). 

F(t.) = (i - l/2)/N (18) 

APPLICATION TO CONTAINMENT SEALS 

Transportation Environment 

There are a number of different types of seals used in packaging for radio
active materials- They include elastomers and metallic seals, and may be simple 
off-the-shelf items or complex special design items. What they all have in common, 
however, is their environment and the requirement that they maintain adequate con
tainment. The transportation environment contains three distinct regions. They 
are: (1) handling, (2) normal conditions of transportation, and (3) accident 
conditions. 

The handling environment includes the loading and unloading of a package, and 
is design specific. The exposure of the seal to harmful elements will depend on 
tools needed to perform opening/closing operations, complexity of the operations, 
skills of the operators, complexity and materials of the seal, etc. 

The transportation environment includes normal conditions and accident 
conditions. Tests and performance requirements are specified in the IAEA regu
lations [Ref. 10] to cover these conditions. The normal conditions are generally 
characterized by continuous exposure to radiation, and continuous, but cyclic 
heating, pressure and vibrations. The accident environment is best characterized 
by the random occurrence of loads from impact, crushing, heat and pressure. The 
packaging must perform under normal conditions throughout its service life. The 
accident conditions may never occur, but the packaging must be able to survive a 
single accident event. Although the environments are specified the seal's perform
ance is design dependent, since the packaging offers protection for the seal.^^^so, 
the performance under accident conditions depends on the present condition o^^^B 
seal due to its normal service history. ^ ^ ^ ^ 

Performance Criteria 

The physical performance criteria is specified to provide adequate containment 
under normal and accident conditions of transport. Since handling occurs within 
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the framework of normal operations normal conditions criteria should apply. Allow
able releases for radioactive materials for normal and accident conditions are given 
in the IAEA regulations [Ref. 10]. The packaging is assumed to continue to meet the 
design specification while in service (i.e., no degradation) which in practice may 
not always be achieved. 

Reliability criteria offers a means of quantifying the requirement of 
continued performance of containment seals over a specified service life. 
Reliability requirements are not set by the regulations [Ref. 10], The designer 
may, therefore, set any desired reliability criteria. The guidance, which follows, 
is offered toward accomplishing that task. For normal conditions, one is Interested 
in reliability of the seal for the duration of a shipment. Failure, if it occurs 

pbably gradual. In addition the toxicity and form of the contents should be 
lered. Single elastomer seals are capable of achieving reliabilities of 

d ^ W o O for a lO-week period: redundancy could increase this to 0.99998 [Ref. 1]. 
For accident conditions one would not want unreliability of the seal to signifi- i 
cantly increase the chance of release for this single event. So, reliability 
should be related to the probability of occurrence of an accident. 

) 
Test Plan 

A general plan is proposed for designing a reliability test program for 
containment seals. The proposed plan is based on concepts that are developed 
or discussed in this paper. The suggested test program design elements are: 

1. Establish physical performance criteria. 

2. Establish reliability criteria. . ' 
' • •! , r 

3. Define the physical environments to be considered. 

4. Determine the order of significance of each combination of physical and 
reliability criteria and physical environment (i.e., order by difficulty 
of meeting each combination, if possible). 

5. Assuming limited resources and/or time, and based on the order of significance 
decide which criteria-environment set(s) to include in the test program. 

6. Decide on a test scheme and data collection procedure (i.e., with or 
without replacement and continuous or discrete time interval observations). 

7. Determine the number of items to be tested (laboratory) or observed (field), 
the total test time, observation Interval, etc. This step requires a pre
liminary estimate of the component reliability to ensure that: 1) number under 
test is sufficient to produce timely results, and 2) the observation Interval 
is sufficiently short to detect failures from the test set uniquely. 

0 
g^^u: 

Reduce the test data to histograms of f(t) and z(t), and decide on an 
ppropriate distribution. 

Using a linearization procedure, determine the constant parameters for the 
distribution chosen. 

10. Document the results of the tests, specifying all assumptions, test 
conditions, and the applicability. 
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E\aUJATION OF riAXIMUM IMPACT CAMAGES 
ON TYPE B(U) SHIPPDG PACKAGES 

Wayne Gibson and Jiri Kotler 
Atonic Energy of Canada Limited - Canmercial Prtjducts 

Ottawa, Cntar io , Canada 

TNTRODUCTIGN 

The IAEA Regulations[11 specify acc ident condi t ions for the mechanical and 
thermal t e s t s to which Type B packages must be subjected. The package must be 
dropped in such an a t t i t u d e t h a t "maximum damage" wi l l occur and the order of the 
tj/K> drop t e s t s sha l l be such t h a t the package w i l l suffer such damage as w i l l lead 
to "maxutiura damage" in the thermal t e s t . The a n a l y t i c a l and l icens ing engineers 
a re thereby faced with the task of determining, and j u s t i f y i n g , the drxjp a t t i t u d e s 
which w i l l produce these "maximum damages", in terms of the i n t e g r i t y of the r a d i 
a t i on sh ie ld ing and containment functions of the var ious types of shipping con
t a i n e r s . As par t of a program to demonstrate compliance of i t s shipping conta in
e r s with the Regulat ions, Atomic Energy of Canada Limited - Commercial Products 
{Ai3CL-CP) has drop- tes ted many of i t s Type B packages to evaluate impact damages. 
Representat ive t e s t packages were chosen from three "famil ies" of con ta ine r s . 
Corparison of damages and p red ic t ions to the r e s t of the "family" forms the safety 
eva lua t ion for demonstrating compliance. 

ABCL-CP CONTAINERS 

The compact version of t h i s repor t [2] descr ibes the basic " famil ies" of 
ABCL-CP packages for t r anspor t ing so l id rad ioac t ive n a t e r i a l s . Design, cons t ruc 
t ion anj mate r ia l s are s imi la r within a family, and the re fo re , damages incurred 
during the drop t e s t s are a l so s i m i l a r . Figures 1 and 2 i l l u s t r a t e two types of 
con ta ine r s . 

The containment systems are defined as follows: ( i ) Family 2 - the double-
encapsulated sealed source capsule which i s held in a lead-shie lded "drawer"; ( i i ) 
Family 3 - the s i n g l e - or double-encapsulated sealed capsules which a re ca r r i ed m 
a joetal "basket" , in the c y l i n d r i c a l cav i ty ; ( i i i ) Family 4 - these packages 
^ ^ k p o r a t e one of the previous containments. The capsule tubes are t y p i c a l l y 
l ^ ^ n by fusion-welded end caps. Eye penet rant weld inspect ions and ANSI t e s t s 
^ ^ ^ e a l e d sourcesI3] confirm leak t igh tness of the capsu les . They are u l t r a son -
i c a l l y decontaminated and wiped clean p r i o r to shipment. 

There are tw3 exceptions to the above. One model i s designed s p e c i f i c a l l y to 
ca r ry mixed f i s s i o i products from the "Slownoke" research r eac to r . The F-231 c a r 
r i e s only Oobalt-60 capsules from the power r eac to r s to the AECL-CP production 
f a c i l i t y . Tlie containment system, in these cases , c o n s t i t u t e s the outer c losure 
plug sea l and bottom d r a i n l i n e , as well as the capsules themselves. 
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WELDED STEEL ANGLE FRAME 

CEDAR WOOD FIRESHIELD BOX 

LEAD SHIELDING 

•CLOSURE DOORS 

-SOURCE CAPSULE IN DRAWER 

-DUMMY DRAWER 

WELDED STEEL JACKET 

Figure 1. Pamily 2 Container 

STEEL COVER PLATE 

CLOSURE PLUG BOLTS 

PLUG GASKET 

EXTENDED FINS 

CLOSURE PLUG 

CAVITY TUBE 

SOURCE CAPSULES IN BASKET 

LEAD SHIELDING 

STEEL FIRESHIELD 6 MM 

COOLING FINS 

DRAINLINE 

Figure 2. Pamily 3 Container 

nWIAGE ASSESSMENT 

There are many types of damage v*iich can be incurred during impacts wij 
unyieldirq t a r g e t arri the s t e e l p in . Those pe r ta in ing to the ABCL-CP shI 
conta iners are l i s t e d in Table 1, according to three causes and which funcTTon 
they a f f e c t . 

Vfe are p a r t i c u l a r l y concerned with demonstrating " re ten t ion of the i n t e g r i t y 
of containment and sh ie ld ing , to the extent required by these Regulations t i l . . . " 
(para. 131). The i n t e g r i t y of the two main funct ions , sh ie ld ing and containment, 
i s assessed a f t e r each package has undergone the drop and f i r e t e s t s , usirq the 
c r i t e r i a in Table 2. 
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lable 1. RJtential Nades of Failure for ABCIi-CP Containers 

EFFECTED 
FUNCTIOJ 

Shielding 
fcoirponents 

• 

Containment 
Components 

CAUSE OF FAILURE | 

HlCai G-FORCES 

• B r i t t l e Fracture of 
Shield Jacket 

• Lead Slump 
• Large S t ra in loads 

on Closure Bol ts 

• Bending or Buckling 
due to Impact Loads 

• B r i t t l e Fracture of 
Capsules 

lARGE CEFORMATIONS 
OF ENERGY ABSORBERS 

• Loss of F i resh ie ld 
Effect iveness 

• Reduction of Dis
tance Shielding 

X 
i -• 

DIRECT IMPACT 1 
OF COMPONENTS 

• Wfeld Frac tures 
• lead Shielding 

Crushes 
• Closure Bolts Shear 
• Dis to r t ion (Buck

l ing of Cavity and 
Closure 

• Puncture/Tearing/ 
Ripping/Crushing of 
Fi re Pro tec t ion 

• Detachment of Major 
Components 

• Buckling Capsules 
• Closure Seal Dis

t o r t i o n 
• Dra in l ine Seal Dis 

t o r t i o n 

Table 2. Assessment Criteria 

METHOD 

DOSSES 

• 

SERIOUSNESS 
(PASS/FAIL) 

FUNCTICN 1 
RADIATION SHIELDING 

• measurement surveys of r a d i a 
t ion f i e ld s with source ins ide 
con ta ine r s , a f t e r t e s t s 

I ,< " • • 

' - r 

• i d e n t i f i c a t i o n of increases 
over "before t e s t " l eve l s and 
loca t ions 

• % increases r e l a t ed to Regula
t ions (para. 229) 

CONTAINMENT 1 

• vacuum l iqu id bubble t e s t s of 
inac t ive source capsules (ca r 
r ied ins ide container during 
t e s t s ) 

• gas pressure t e s t s or helium 
t e s t s with soap bubble t e s t s of 
c a v i t y , c losure s e a l s / d r a i n l i n e 

• a i r bubbles i n d i c a t i r g f a i l u r e 
of welds, tube 

• soap bubble l eaks , l o s s of i n 
t e rna l pressure or lielium de
t e c t i o n 

• equivalent ANSit*! leakage 
r a t e s r e l a t ed to Regulations 
l eak t igh tness l i m i t s (para . 
230) 
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DROP TESTS 

The performance of these packages depends pr imar i ly on the a b i l i t y of the 
outer s t r u c t u r e to absorb energy, l i m i t shock loads , and prevent d i r e c t impact of 
c r i t i c a l conponents and on the remaining f i r e sh i e ld e f fec t iveness , a f t e r the drop 
t e s t s and throughout the f i r e t e s t . Consequently, they were dropped in such an 
a t t i t u d e t h a t the maximum damage vrould occur to the p ro tec t ive f i r e sh i e ld (and 
c losure components) thereby maximizing the p o s s i b i l i t y of d i r e c t impingement of 
the f i r e flames and hot gases on the s tee l -encased lead container ins ide the dam
aged f i r e s h i e l d . 

The inpacts were recorded by a s e t of go/no-go "CMNI-G" shock i n d j ^ ^ k r s , 
mounted to the bottom skid . Most of the drops were photographed with 1 6 ^ ^ H . g h 
speed movie film (1000 and 500 frames/second) and 35 mn black and white ^ S H I S . 
The r e s u l t s are tabulated in the compact paper 12], i t should be noted tha t the 
g - l e v e l s recorded by the OMNI-G's are r e l a t i v e only , and do depend on the 
method of mounting and locat ion of the gauges. 

Photographs fron ac tual high speed film fraires of the 9 metre drops are shown 
m Figure 3 , for the F143, and Figure 4, of the F231 con ta ine r s . As expected, the 
wooden f i r e sh i e ld i n i t i a l l y provides cushioning to the F143 lead con ta iner , but i t 
e a s i l y crushes onto the body, a t which time the h ighes t g- loads are experienced by 
the package and i t s contents (200 g ' s ) . The package then bounces. V i r tua l ly 
i n s i g n i f i c a n t damage was incurred during t h i s drop t e s t . Unfortunately, in the 
thermal t e s t , the o r i g i n a l tvo wood l aye r s of the f i r e sh i e ld continued to bum 
long a f t e r the 30 minute furnace f i r e . The f i r e sh i e ld vas therefore modified, by 
replacing the ins ide wood layer with a 12 mm th ick layer of kaowool in su la t ion . 
This improved the performance in the f i r e t e s t g r e a t l y , but allowed the container 
to h i t the pad with a much harder impact (> 500 g ) , without benefi t of the second 
wood l aye r . 

The o r i g i n a l F231 (Figure 4) did not have any p ro tec t ive f ins or top cover. 
As a r e s u l t , the top p l a t e weld, encasing the l ead , fractured (Figure 5 ) . TVro 
c losure boltheads sheared off. The plug was pushed m about 1 cm, buckling the 
cavi ty tube wa l l . The v e r t i c a l s t e e l cooling f ins were subsequently extended over 
the top shoulder and a s t e e l cover p l a t e was bolted over the plug, on a l l Family 3 
con ta ine r s . The subs t an t i a l uiprovement in sus ta in ing impacts i s seen in the pho
tograph of the F168 (Figure 6) a f t e r a s imi la r inverted top edge drop. Although 
the f ins are f l a t t e n e d , the outer j acke t welds remain sound. Six f ins loaded a t 
10° or l e s s (foreground), have folded p l a s t i c a l l y m the double-hinge buckling 
mode, while the f ins a t the outer edge of the impact zone have folded m the 
s ing le hinge bending mode, as found in the work of I rv ine e t a l t ^ l . 

A GC220 research i r r a d i a t o r (Family 4) was dropped 9 metres onto i t s tap 
end. The top sh i f t ing p l a t e , r e t a in ing the "drawer" and source cage, sheared off 
and the source cav i ty tube was severely buckled. This package was considered to 
have fa i led the accident drop t e s t s . ^ ^ 

The simple and economical so lu t ion was to provide a t ranspor t "crush ^ ^ H l " r 
fabr ica ted with 16 s t e e l f ins welded to upper and lower load spreader p l a ^ ^ 7 as 
shown m Figure 7. Curves for energy absorpt ion of s t e e l f ins vs f in heights and 
impact ang les , produced by Irvine e t a l t ^ ] ^ were used to design the sh i e ld . The 
assembly i s bol ted to the GC220 v ia i t s l i f t i n g eyebo l t s . 

Not only did the crush shie ld prevent d i r e c t uipact of the c losure p l a t e and 
d i r e c t loads a i the drawer /cavi ty , but the dece le ra t ion g-loads measured by the 
CMNI-G gauges were much l e s s than without the s h i e l d . 
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Figure 3. F143 9 Metre Drop Figure 4. F231 9 Metre Drop 
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Figure 5 . P231 Damage Figure 6. P168 DMage 

Figure 7. GC220 Crush a i i e l d 

Radiat ion surveys of a l l the t e s t packages, with Cobalt-60 source capsules 
ins ide the cav i t y , proved t h a t the i n t e g r i t y of shie ld ing remains well within the 
allowable l i m i t of the Regulat ions. 

The sealed capsules were a lso t e s t ed . Tfen s ingle-encapsulated AC-191 "dummy" 
capsules , 21 on long, in a metal c a r r i e r basket were dropped in a F-127 container 
(Family 3 t y p e ) , onto i t s s ide from 9 metres . As the ends of the capsules over-
harq the basket suppor ts , the hor izonta l drop a t t i t u d e was chosen to t e s t a t e 
a b i l i t y of the tubes to withstand bending. There was permanent bending in ^ ^ ^ ^ 
capsules , both ends. The highes t g-loads recorded by the CMNI-G gauges were T^^F-
ured in t h i s a t t i t u d e (750 g ) , Wiich i s considered a severe t e s t of the conta in
ment i n t e g r i t y . I t i s estimated tha t the capsules experienced 2000-3000 g ' s . Two 
double-encapsulated C-188 "dummy" capsules , 45 cm long, in a basket , were dropped 
in the F-168 package, onto i t s top, to t e s t and impacts. No not iceable bucklirq 
occurred. Vacuum l iqu id bubble t e s t s of these capsules in an ethylene glycol l i q 
uid bath found no ruptures or l eaks . The i n t e g r i t y of l eak t igh tness and mater ia l 
containment was fu l ly r e t a i n e d , for both capsule types . 
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DYNAMIC MEASUREMENTS 

The ana lys i s and p red ic t ions of impact damages requ i re a knowledge of the 
va r i a t i on of impact forces with t ime, to understand the processes observed m the 
high speed movies. The dece l e ra t ion g-forces indicated by the shock gauges are 
not the corp le te fo rces . Durations of the forces ac t i rq on var ious p a r t s 
of the packages are not recorded. There are a number of s t u d i e s I ^ ' ^ l of meas-
ucgnents of weights dropped onto s t e e l f i n s , tube c l u s t e r s and o ther crushable 

^ ^ ^ g y absorbers . However, the composite const ruct ion of the AECL-CP wood/steel 
^ ^ ^ E h i e l d s and welded l e a d / s t e e l conta iners introduces added conplexi ty . We need 

c ^ ^ i f f e r e n t i a t e between the con t r ibu t ion of the various impact conponents and 
mate r ia l s to cushioning the package. 

We therefore are recording continuous measurements of g-force response wit±i 
t ime, by use of an instrumentat ion sys tan incorporating p i e z o - e l e c t r i c acce le rane-
t e r s mounted on two types of shipping conta iners with d i f f e r en t impact and thermal 
protect i tyi and d i f f e r en t c losures (F143 and F168). The dece le ra t ion forces in 
three axes are recorded a t two loca t ions on each conta iner , when dropped in three 
d i f fe ren t a t t i t u d e s , fron a height of 9 metres onto the unyielding t a r g e t . Ttie 
output from the accelerometers i s recorded on magnetic tape for the s ix impacts. 

Pr ior to performirq these drop t e s t measurements, a 5-inch s t e e l b a l l was 
instrumented with the t r i - a x i a l accelerometers and dropped repeatedly frcxn various 
heights up t o 0.5 metres onto the unyielding pad. The data fron t h i s t e s t s p e c i 
men IS used to check and c a l i b r a t e the instrumentat ion system. The 2500 g maximum 
output of the accelerometers was achieved when the s t ee l b a l l was dropped from 0.5 
metres . 

P lo ts of dece le ra t ion g-force vs t ime, for several axes on the F143 a re p r e 
sented in Figure 8. High speed films and a se t of CMNI-G shock ind ica to r s s imul
taneously recorded the e f f ec t s of these impacts. As can be seen, the peak 
g-acce lera t ions are well below the CMNI-G l e v e l s , with 295 g ' s being the maximum 
recorded by the accelerometers m the 9 metre s ide drop. I t i s a l so evident t h a t 
the s ign i f i can t cumulative deformation of the package somewhat reduces i t s s t r u c 
t u r a l r i g i d i t y for each following drop. 

The s i gn i f i c an t amount of information accumulated in these drop t e s t s w i l l 
require much more i n t e r p r e t a t i o n than has been done to d a t e , but i t f i r s t appears 
t h a t high g-loads are not as much a cause of damage, with the Family 2 packages, 
as d i r e c t inpact . 

The coitparable measurements of the F168 package are not ava i l ab le a t t i n e of 
wri t ing t h i s paper, but t h i s ana lys i s i s a l so cont inuing. , ^ 

SUMMARY AND CONCLUSIONS 

The pred ic t ion of damages to ex i s t ing coiplex packages a f t e r the accident 
t e s t s IS d i f f i c u l t . The drop t e s t program has provided valuable information about 
the ABCL-CP Type B con ta ine r s . Almost a l l of the ou te r p ro t ec t ions have been 
modified for improved performance m the drop and f i r e t e s t s and r e - t e s t e d suc
cess fu l ly . This has increased confidence in the useful safe l i f e of the ABCL-CP 
shipping con ta ine r s . 
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An e f fec t ive s a c r i f i c i a l energy absorber designed to l i m i t inpact g- loads and 
e l iminate deformations of c r i t i c a l package conponents by d i r e c t contac t ( re fe r 
Table 1 ) , in d i f f e r en t drop a t t i t u d e s , can minimize the burden on the design and 
l icens ing functions of provirq t h a t the package did sus t a in "maximum" poss ib le 
damages. These "impact l i m i t e r s " should be designed with pre-determined dece le ra 
t ion load-time response c h a r a c t e r i s t i c s , to gradual ly slow the body to r e s t over a 
speci f ied crush d i s t ance . 

The on-going ana lys i s of the dynamic measurements of the F143 and F168 drops 
wi l l provide an understanding and the q u a n t i t a t i v e data necessary to apply in the 

sign of crush s h i e l d s , for new and ex i s t i ng con ta ine r s . ^ ^ i g 
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CONTACT-HANDLED TRANSURANIC TRANSPORTATION SYSTEM STRUCTURAL ANALYSIS* 

G. H. Lamoreaux, L. E. Romesberg, and S. H. Sutherland 
Sandia National Laboratories, Albuquerque, NM, USA 

T. A. Duffey 
Private Consultant, Albuquerque, NM, USA 

TheTRansUranic PACkage Transporter (TRUPACT) is a Type-B overpack under 
development at Sandia National Laboratories / Transportation Technology C e n t « 
(SNL/TTC), Albuquerque, New Mexico, USA. The TRUPACT is to be used in the t r a n B 
portat ion of contact-handled transuranic (CH-TRU) waste for which the Unites 
States Department of Energy is responsible. 

The leading concept for the transportation system cal ls forboth a truck and 
ra i l transported version of the TRUPACT. The ra i l version, as currently en
visioned, is shown in Figure 1 . I t s predominant features include inner and outer 
tubular steel frameworks which are sheathed with steel plate and separated by 
r i g i d polyurethane foam. Both frames are f i t t e d with hinged doors which u t i l i z e 
elastomeric seals and which are bolted in place during transport. The ent i re 
structure weighs approximately 11 tonne, carries a maximum pay! oad of 19 tonne, 
and measures 7.3 x 2.7 x 3.0 m (L x W x H) external ly. The truck version, 
which is geometrically similar to the ra i l version, has external dimensions of 

Figure 1. Photograph of a TRUPACT Model , Partial Cutaway 
Showing Internal Structure 

"Work supported by the US Department of Energy under Contract DE-AC04-76-DP00789. 
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7.5 X 2.3 X 2.7 m, weighs 10 tonne, and has a maximum payload capacity of 13 tonne. 
The wall thickness of both the truck and ra i l versions is 36 cm on the sides and 
91 cm on the ends. 

Emphasis of the TRUPACT development program is currently on the ra i l version. 
However, since the two versions d i f f e r only in size and weight, analysis tech
niques, test procedures, and design concepts originated with the ra i l transported 
TRUPACT w i l l also apply to the truck transported package. 

The TRUPACT is being designed to provide structural and thermal protection 
to i t s contents in the simulated accident environments prescribed for Type-B 
packaging in transport regulations, such as IAEA Safety Series No. 6. Ver i f icat ion 

^ | | | t the TRUPACT w i l l survive these environments is being obtained through anal-
^ ^ ^ and test ing. 

To date, end-on, side-on, and corner impacts of the loaded TRUPACT due to a 
9 m drop onto an unyielding surface have been analyzed. In each case the analyses 
progressed from simpl i f ied hand approaches to successively more complex f i n i t e 
element calculat ions. The series of analyses for each of the three impact con
di t ions are summarized in Table 1. The f i r s t analysis of each series represents 
the hand calculations which were carried out to obtain i n i t i a l thicknesses of foam. 
The remaining analyses were performed using the dynamic and nonlinear analysis 
capabi l i t ies of ADINA, a structural analysis f i n i t e element computer program.^ 

TABLE I . TRUPACT Analyses Series for Three 9 m Drop Impact Orientations 

1 SIMULATED 
1 IMPACT 

1 END-ON 

1 SIDE-ON 

# ' " 
1 CORNER 

ANAL
YSIS 

1 

2 

3 

4 

1 

2 

3 

1 

2 

Outer 
Frame 

-

-

-

3-D Truss 
Structure 

-

-

3-D Truss 
Structure 

-

3-D Truss 
Structure 

MODEL COMPONENTS 

Foam 

Nonl inear Spr ing 

Truss Elements 

Truss Elements 

3-D S o l i d 
Elements 

Nonl inear Spri ng 

Truss Elements 

3-D S o l i d 
Elements 

Nonl inear Spr ing 

3-D S o l i d 
Elements 

Inner 
Frame 

Rigid Mass 

3-D Truss 
Structure 

3-D Truss 
Structure 

3-D Truss 
Structure 

Rigid Mass 

Nodal Mass 

3-D Truss 
Structure 

Rigid Mass 

3-D Truss 
Structure 

1 
1 
1 

Cargo 1 

Rigid 

Nodal 

Truss 

Truss 

Rigid 

Truss 

Truss 

Rigid 

Nodal 

Mass 1 

Masses 1 

Elements 1 

Elements 1 

Mass 1 

Elements 1 

Elements 1 

Mass 1 

Masses 1 
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The end-on impact analysis was i n i t i a t ed under the assumption that the inner 
and outer frames were st ructura l ly independent. That i s , the outer frame would ab
sorb i t s own impact energy by deforming p las t ica l ly and could therefore be neglected 
when investigating the response of the inner frame. I n i t i a l foam dimensions and 
crush strengths were selected from the results of the hand calcul ations (analysis 1). 
The response to the 9 m end-on drop test was predicted assuming that the cargo 
was r i g id and the frames were independent (analysis 2 ) . Following th i s , a cargo 
model which allowed deformation and energy dissipation was included in the f i n i t e 
element model and the response of the foam and frame were reassessed, again under 
the assumption that the frames were not s t ructura l ly coupled (analysis 3) . 

A comparison of the results from these two analyses revealed that the loads 
imparted to the inner frame were more severe for a deformable cargo model t h a j ^ ^ 
a r i g id cargo. The foam crush for the f lex ib le cargo was roughly half that f c ^ ^ B 
r i g i d model. Further, the frame members nearest the impacting end yielded wheflBre 
f l ex ib le cargo model was used but remained elast ic for the r ig id cargo calculat ion. 
This can be explained by the fact that while the cargo does not load the frame 
d i rec t l y , i t does affect the way in which the foam crushes. This, in turn, d i rec t ly 
affects the deceleration of the inner frame. Since a r ig id cargo w i l l cause more 
foam crush than a deformable cargo, the r ig id cargo w i l l also cause smaller decel
erat ions. Therefore, the loads transmitted to the inner frame during impact w i l l 
be smaller for the r ig id cargo model than for the deformable case. 

To determine the extent of coupling between the two frames, a 1/4-scale model 
of the TRUPACT was fabricated and the inner frame was forced to move longi tudinal ly 
re la t ive to the outer frame in an essential ly stat ic manner. Since the magnitude 
of the force required to cause th is motion was more than twice that theoret ica l ly 
necessary to crush the foam at the end of the model, i t was evident that consider
able shear forces were acting on the sides of the inner frame. This indicated 
that the coupling between frames was s ign i f icant and should not be neglected. The 
f ina l analysis of the series was then conducted using a model that consisted of 
both frames coupled together with three-dimensional sol id elements which represented 
the foam (analysis 4) . The foam crush versus time as predicted with th is model 
is plotted inF igure2 . Also shown in th is f igure is the f ina l foam crush predicted 
by an actual 9 m drop test of a quarter scale model TRUPACT which used a .345 MPa 
foam. Note that the foam only crushed 15 percent and 9 percent of i t s total ava i l 
able thickness of 0.9 m for the 0.345 MPa and 0.690 MPa cases, respectively. The 
comparison between analysis and test is within 3 percent for total crush. 

While the analytical model produced excellent results with respect to the foam 
crush, i t did not do as well when predicting st ra in levels in the inner frame. As 
an example, the stra in history of the most severely stressed element of the inner 
frame, element 125, is plotted in Figure 3. This element was located nearest the 
impacting end and oriented paral lel to the TRUPACT's motion pr ior to impact. The 
peak stra in as taken from Figure 3 is approximately 1.5 percent. Since the truss 
member is 185 cm long this represents an overall reduction in length of the member 
of 2.8 cm. Although strain measurements were not taken during the quarter-scale 9 m 
drop tes t , inspection of the post-test model produced no v is ib le evidence that the 
inner frame had yielded. The discrepancy can probably be attr ibuted to the i i ^ | f e | 
way the frames were coupled together and the fact that the inner steel s ' ^ ' ^ ^ B 
neglected in the analytical model. Evaluation of the f i n i t e element resul ts r e v W K l 
that the inner frame had moved approximately 2 cm re lat ive to the outer frame at 
peak foam crush. This indicates that the inner frame was, to some extent, dr iv ing 
into the frontal foam and thereby generating forces large enough to y ie ld the 
members nearest the impact surface. However, the trace from a l inear variable 
d i f fe ren t ia l transformer (LVDT) used to measure actual re lat ive motion between the 
frames during the 9 ra drop test showed that essential ly no movement took place. 
Thus i t appears that in the analyt ical model, the coupling i s not as r i g i d as i t 
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END IMPACT - FOAM CRUSH 

TOTAL FOAM DEPTH AVAILABLE FOR CRUSH = 91 cm (36 IN.) 

FOAM CRUSH IN 
1/4 SCALE MODEL 

DROP TEST \ 

0.000 0 005 0.010 0.015 0.020 

TIME (sec) 

Figure 2. Plot of foam crush versus time as predicted by ADINA for the end-on 
impact 9 ra drop test of the TRUPACT, for 0.345 and 0.690 MPa strength 
faoms. 

END IMPACT - ELEMENT 125 STRAIN 

O . S M M P a d O O psi) 

V ' 

'OTOOO 0.005 0.010 0.015 0.020 0.025 0.030 0.035 ; ; 'j 
TIME (Mc) , . . ^ , 

Figure 3. Plot of strain versus time as predicted by ADINA for the most • 
stressed element of the inner frame due to the end-on impact 9*.#«ip'^ 
test of the TRUPACT, for 0.345 and 0.690 MPa strength foams. 
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should be and a r t i f i c i a l l y high loadings on the inner frame are predicted as a 
resu l t . 

In the case of the side-on impact, the second analysis was in i t i a ted to take 
in to account the cargo response in selecting an i n i t i a l crush strength of the foam. 
Since the frame is r i g id compared to the cargo and foam, i t s response was neglected 
and the appropriate mass was concentrated at the node coupling the cargo elements 
to the foam element. Inasmuch as th is was done under the assumption that the frames 
were independent, an additional analysis (Analysis 3) was completed to obtain a more 
accurate prediction of the overall frame response and foam crush. The predicted 
foam crush is plotted as a function of time in Figure 4. In th is impact orienta
t ion the foam crushed a to ta l of 28 percent of the to ta l available thickness of 
20 cm for the 0.345 MPa y ie ld strength foam and 21 percent of the stronger^ 

Figure 4. 

)r^^a. 

SIDE IMPACT - FOAM CRUSH 

TOTAL FOAM DEPTH AVAILABLE FOR CRUSH = 20 cm (8 IN.) 

0.349 MPa (50 psI) -

0 690 MPa ( lOOpsll 

0.006 0 008 

TIME (sec) 

Plot of foam crush versus time as predicted by ADINA for the side-on 
impact 9 m drop test of the TRUPACT, for 0.345 and 0.690 MPa strength 
foams 

The predicted stra in histor ies for the most highly deformed element of the 
inner frame are plotted in Figure 5. This element (number 155) represents a 
diagonal frame member that is adjacent to the inner door and suffers a severe 
compressive loading due to the door mass. Although there are no experimental 
data to compare, to the side impact analysis, the strains indicated in Figure 5 
are thought to be excessive for the same reasons that the predicted stra in levels 
in the end-on calculations were shown to be too high. 

nd j^Uie 
r ^ B d 
er^Bme 

Several attempts were made to analyze the corner impact 9 m drop una 
assumption that the frames were uncoupled. However, the deflections pr^ 
with th is method were excessive since the impact energy absorbed by the outer 
was neglected. These attempts were therefore di scarded in favor of the more complex 
model which has yielded reasonable resul t s . The results indicated that the impacting 
end of the TRUPACT in the 9 m corner drop would sustain considerable deformation. 
The degree of deformation is i l l us t ra ted with the data shown in Figure 6. In th is 
f igure the approximate displacement of node 1 into the TRUPACT during impact i s 
plotted as a function of t ime. 
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0.006 0.008 
TIME (sec) 

Figure 5. Plot of strain versus time as predicted by ADINA for the most severely 
stressed element of the inner frame due to the side-on irapact 9 m drop 
test of the TRUPACT, for 0.345 and 0.690 MPa strength foams. 
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CORNER IMPACT - FOAM CRUSH 

TOtM.IK>NM DEPTH AVAILABLE FOR CRUSH = 104 4 cm (41 IN.) 

0 .345 MPa (50 psi). 

0.1« & I 3 

Figure 6. Plot of foam crush VCNus t 
impact 9 m drop test i f the 
foams. 

!vi .(»'<i.':.i 

«t{Mr«#libl^'t^«iiil^ for 
•, ftttrOit^laii'0.690 

c»tmr 
s t r f t i ^ 



For 0.345 MPa y ie ld stress foam a maximum tota l displacement of node 1 i s 
approximately 71 cm occurring 0.105 sec af ter impact. A maximum total displace
ment of 52 cm at 0.083 sec is predicted when 0.690 MPa foam is considered. As 
ant ic ipated, the higher y ie ld stress foam would decelerate the package more rapidly 
and lessens the tota l deflection achieved. These deflections indicate that 68 per
cent and 50 percent, respectively, of the tota l available foam thickness of 104 cm 
(the foam thickness between the impacting corner of the outer frame and the nearest 
corner of the inner frame) would be crushed for the low and high y ie ld stress foams. 

The st ra in history for element 125 (the longitudinal member of the inner frame 
nearest to the impacting corner) is presented in Figure 7. I t is interest ing to 
note that element 125 did not follow the trend of experiencing smaller strains 
for the lower strength foam than for the higher strength foam. Also of i n ^ ^ t 
is the fact that the peak strains shown in Figure 7 are 5 and 10 times ^ ^ B r 
than those for the next highest stressed element of the inner frame for t h e ^ B ' O 
MPa and 0.345 MPa crush strength foams, respectively. This unlikely behavior prob
ably came about because the two frames were not as r ig id ly t ied together in the 
analyt ical model as they were in the actual structure. Thus when the inner frame 
began moving re lat ive to the outer frame because of the inaccurate coupling, i t 
co l l ided with the foam being driven toward i t by the impact. The irapact forces 
were thereby concentrated at the corner of the inner box instead of being spread 
along i t s sides and element 125 received the brunt of th is loading. Furthermore, 
the weaker coupling provided by the lower y ie ld strength foam allowed larger forces 
to be concentrated at the corner of the inner frame and t h i s , in tu rn , resulted 
in the higher st ra in levels seen in element 125 for the lower strength foam than 
for the higher. 

20 0 

180 

16 0 

14 0 

S l 2 0 
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Figure 7. Plot of strain versus time as predicted by ADINA for the most severely 
stressed element of the inner frame due to the corner impact 9 m drop 
test of the TRUPACT, for 0.345 and 0.690 MPa strength foams. 

CORNER IMPACT - ELEMENT 125 STRAIN 

0.690 MPa (100 psI) 
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Preliminary investigations concerning the resistance of the TRUPACT to the 
IAEA Safety Series No. 6 puncture test (a drop of 1 m onto a 15 cm diameter steel 
pin) have also been completed. Static analyses based on the small def lect ion 
theory of l a te ra l l y loaded tr iangular and rectangular plates on e last ic founda
tions were used to estimate the ef fect of plate shape and load location on the 
plate deflect ion achieved. The results indicated that plate geometry and load 
locat ion were of minimal importance i f the load center was more than one local 
diameter from the plate boundary. 

A series of more appropriate dynamic analyses (based on energy conservation) 
were performed for centra l ly loaded c i rcu lar plates on plast ic foundations. In 
thi^approach i t was necessary to postulate a deformed shape for the plate. In 
J^B^e 8 a plausible plate pro f i le is shown. Also shown in the f igure is the 
^ ^ B c t e d peak def lect ion, W ,̂ of the plate for th is p ro f i l e as a function of 
^ T O and foam y ie ld stresses for a plate 0.6 m in radius (rg) and 0,35 cm th ick . 
With th is approach unacceptably large deflections are predicted (available th ick
ness of 200 cm) and penetration of the TRUPACT containment is probable. The dynamic 
analysis has not yet been extended to include the puncture resistance offered by 
the plate on the inner frame of the TRUPACT or the poss ib i l i t y of additional plates 
in the package wal ls. A comprehensive test program is underway to confirm the 
va l i d i t y of the current analysis approach in considering the puncture problem. 

z 
O 30 

Q 20 0.689 MPa F O A M ^ 

1 1 

^ 0 . 3 4 5 MPa FOAM 

1 1 1 
200 400 

PLATE YIELD STRESS (MPa) 
600 

i. Figure 8. Plate p ro f i l e assumed and predicted peak deflect ion of plate in 
TRUPACT puncture test analysis. 

^ ^ a i 
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ONE-DIMENSIONAL THERMAL RESPONSE MODELING OF A TRANSURANIC 
FOAMED OVERPACK SYSTEM TO A FIRE* 

K. E. Suchsland, K. C. Kwong, E. F. Fretter 
Acurex Corporation/Aerotherm Aerospace Systems Div is ion, Mountain View, CA, USA 

R. D. Boyd, I . Auerbach, H. R. Yoshimura 
Sandia National Laboratories, Albuquerque, NM, USA 

INTRODUCTION 

To date, f u l l scale test ing has been used for qual i fy ing foamed overpack 
containers to a prescribed thermal environment. For large containers such as 
those that might be used for the shipment of contact-handled transuranic wastes, 
costs for the procurement of test containers and performance of f u l l scale tests 
raay be substant ial . Hence, an accurate thermal model is needed for predicting 
the response of the container wall which consists of polyurethane foam sandwiched 
between two steel plates. This study reviews the f i r s t phase of a compre
hensive program to evaluate foams for contact-handled transuranic waste shipping 
containers. The f i r s t phase addressed the response of undamaged foam in a non-
oxidizing environment.^ Future studies w i l l address the effects of nonhomogeneity, 
anisotropy and oxidizing environments. 

This study was performed in support of the X£^ansUranic PACkage Transporter 
(TRUPACT) program at Sandia National Laboratories."^ TTTe container is designed to 
withstand the hypothetical accident environments specified in IAEA Safety Series 6, 
which requires that the packaging must survive a sequential series of tests which 
include impact, puncture, f i r e , and immersion before i t canbe ce r t i f i ed for shipment 
of radioactive materials. This study, which includes both experimental and numerical 
analyses, considers only the therraal response of the packaging wall section. The 
structural response of the TRUPACT is reviewed in another paper presented at th is 
syraposium.^ 

The TRUPACT concept consists of mult iple levels of containment: primary ( i n 
te r io r steel wa l l ) , secondary (drums or boxes, drum l i ne rs , polyethylene bags) and 
te r t i a r y (exter ior steel wa l l ) . A truss system provides r i g i d i t y and support for 
the inner and outer containment wal ls. The polyurethane foam provides impact and 
thermal protection to the contents. The inner containment is not d i rect ly attached 
to the outer containment but is supported by the polyurethane foam. The outer 
containment is designed with fusible plugs to allow r e l i e f of internal p r e ^ ^ e 
generated from pyrolysis gases formed when the foam decomposes during ^ ^ B e 
associated accident condit ion. A schematic drawing of the TRUPACT i s p r ^ ^ V d 
in Figure 1. ^ ^ 

The foam selected for th is study is commercially available and was obtained 
from General Plastics Manufacturing Company of Tacoma, Washington. Two foam densi
t ies (54 and 96 kg/m^) were representative of the strength of foam (0.689 and 
1.379 MPa respectively) which could be used in the packaging. The foam is closed 
cel l in nature and may be foamed in place. 

•Work sponsored by the U. S. Department of Energy under Contract DE-AC04-76DP00789. 
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Figure 1 . Isometric of TRUPACT Container 

EXPERIMENTAL MODEL 

The experimental invest igat ion of the thermal response of a prototype TRU 
waste container, when subjected to a f i r e environment, is a formidable task. 
In such an investigation many competing complexities ex is t , such as: three-
dimensionality, boundary condition determination, foam decomposition and shrinkage, 
t ranspi ra t ion, and combustion. However, a well defined one-dimensional experi
mental investigation of a section of the container could be used to generate data 
to produce a thermal model. When used in complex multidimensional numerical codes, 
such a thermal model could be used to predict the response of prototype containers. 
Effects of nonhomogeneity and anisotropy can also be included in the model. Non-
homogeneity can be examined one-diraensionally by evaluating the repeatabi l i ty of 
the property data from samples of d i f ferent sizes. Anisotropy can be addressed 
by evaluating the repeatabi l i ty of property data when the samples are tested at 
various directions (e .g . , orthogonal d i rect ions) . With the above rat ionale, the 
present study is a one-dimensional investigation of a section of the TRU waste 
container when subjected to an almost step change in external surface temperature. 
Further, i t is assumed that the foam is undamaged ( i . e . , uncrushed) and exists 
in a nonoxidizing environment ( i . e . , secondary container undamaged). Effects of 
nonhoraogenity, anisotropy and oxidizing environments w i l l be considered in future 
studies. . . 

CHARACTERIZATION AND MOCK-UP TESTS :• ' i. : 

I n i t i a l l y a series of oven tests were performed to determine the response of 
v i rg in foams to low heating rates. The preliminary results from these tests , when 
comparedwith higher heating rate tes ts , indicated that foam decomposition is highly 
heat rate dependent. At low quasi-steady heating rates, the foam changes to a 
J j^^^ 'ng black viscous l i qu id which swells on heating and contracts upon cool ing. 
^ ^ H - y high heating rates, pyrolysis gases are formed as the foam decomposes 
a ^ K 20% by weight residual char remains. The structure of the char produced 
in the higher heating rate tests varies from a f ine ce l lu la r structure at the 
i n te r i o r surface to large voids in the exter ior . This porous char acts as a thermal 
radiation shield which reduces s ign i f icant ly the radiat ion transport and thermal 
penetration rates and hence reduces the heat load to the container contents. 

Additional characterization tes ts , involving one-dimensional heating of a 10.2 
cm cube sample, served as an aid in designing a mock-up test configuration which 
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would provide both detailed and in-depth thermal response data. Insight was gained 
on the placement of pyrolysis gas vent holes, and preliminary data were provided 
fo r comparisons with numerical computations. The results of these tests and com
putations indicated that one-dimensional mock-up samples must be greater than 30 
cm square in order to avoid two-dimensional ef fects. 

A s impl i f ied one-dimensional section of container wall was used to determine 
the thermal response of aTRUPACT container wall (shown in Figure 1). The selected 
mock-up design consisted of a 10.2 cm thick by 30.5 cm square block of 54 kg/or 
density polyurethane foam (Figure 2) . This block was enclosed in a 40.6 cm square 
steel enclosure with 64 kg/tir ceriblanket f iber insulat ion between the enclosure 
and unheated sides of the mock-up specimen. A 0.64 cm thick mild steel pi ate 
was placed at the rear of the test specimen to permit monitoring of the b a ^ ^ l l 
temperature. By monitoring the plate 's temperature r i se , the time at w h ^ ^ H l 
the foam was charred could be determined. A mylar barr ier was placed arou^Whe 
g i r th of the test specimen to prevent water from condensing on the steel back 
p la te . Nitrogen purge l ines were attached to the enclosure to provide an iner t 
(nonoxidizing) environment. Exhaust vents at the sides and top of the enclosure 
were used to remove the pyrolysis gases. Thermocouple instrumentation in the foam 
provided in-depth and planar monitoring of the thermal penetration rate and the 
one-dimensionality of the thermal response. 

The f ront surface of the mock-up box was heated by an array of t h i r t y - s i x 
quartz-halogen lamps. Six specular aluminum lamp holders, each containing six 
lamps, were used. When assembled, th is array provided a 40.6 cm x 53.3 cm heat 
source with an average power output of 20.6 W/cm^. Figures 3a and 3b show the 
assembled array of quartz lamps, and Figure 4 shows the experimental configura
t i on . The holders are indiv idual ly water cooled; additional ports exist in the 
holders for gas cooling the quartz windows, lamp end seals, and lamp envelopes with 
nitrogen. The lamp array could be operated manually or automatically by a feedback 
control loop. A thermocouple located at the center of the back face of the mock-up 
box was used in the feedback loop to automatically control the power output from 
the lamps. 

An 80 channel Vidar d ig i ta l data acquisit ion system was used for recording 
thermocouple test resul ts. This system produces a computer-compatible magnetic 
tape for subsequent computerized data reduction. In addit ion, a Honeywell 1858 
Visicorder was used for monitoring the temperature during the experiment. 

q 
At time zero the f ront surface of the mock-up box containing the 64.0 kg/m 

density foam was subjected to an almost step change in temperature ( - 1100 K). 
After 2260 s the back plate temperature had increased to 450 K and the pyrolysis 
gas venting had stopped for over 1000 s. I t was concluded that charring was 
complete and that suf f ic ient backplate data had been collected to f a c i l i t a t e 
analysis. The recorded temperature responses of the in-depth thermocouples are 
shown in Figure 5. The locations of these thermocouples are shown in Figure 6. 

ANALYTICAL MODELING ^ ^ 

The Aerotherm Charring Material Response and Ablation Program, V e r s ^ ^ ^ , 
(CMA3) was selected as the basic modeling t o o l . CMA3 is a coded procedure for 
calculat ing the in-depth thermal response of a charring and ablating mater ia l . 
I t requires as input: geometry, i n i t i a l temperature, heating rate, and i n i t i a l 
density. Additional temperature-dependent thermal properties such as density. 
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PYROLYSIS GAS EXHAUST VENTB 

t 

BALSA SUPPORT 
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10.64 cm 
MLD STCEL PLATE 
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/ 1.6mm THICKSTAWIESSSTEELBOX^ 

BALSA SUPPORT 
- — 20.3 em —J 

Figure 2. Cutaway views of the one-dimensional mock-up test configuration 

a. ( f ron t view) 

Figure 3. 50 kW quartz-halogen lamps 

b. (rear view) 

Figure 4. Experimental setup with test 
sanple inside the mock-up 
test box 
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'her-^ocouple 
lumber 

'51 
TS2 

1 
2 
3 
4 
5 
6 
7 
3 
9 

10 
11 

Oecth, y 
(cm) 

0 00 
0 00 
1 09 
2.13 
3 53 
5 69 
6.50 
7.44 
3 69 
4 38 
3.68 

10.92 
10 92 

Figure 6. Location and dimensional specif ications of thermocouples and mock-up 
test sample 

specif ic heat, thermal conductivi ty, heat of reaction, and values for the A r j ^ M u s 
parameters are also needed. The specif ic heat, heat of reaction, dens^^Hid 
values for the Arrhenius parameters were obtained experimentally using d i f f e i ^ f f i a l 
scanning calorimetry (DSC) and thermogravimetric analysis (TGA) techniques. Est i 
mates fo r the ef fect ive thermal conductivity of the polyurethane foams were obtained 
separately fo r the charred and uncharred foams. These estimates were made using 
temporal temperature response data obtained from the mock-up tes t . 
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The numerical computations were used to : (1) aid in establishing (using the 
experimental results) values of the ef fect ive thermal conductivity for charred 
and uncharred polyurethane foams; (2) compare the numerical predict ions, using the 
thermal model for the foam, with the experimental resul ts ; and (3) make predic
t ions of the one-dimensional thermal response of the TRU waste container when 
subjected to a step change in temperature of 1073 K for at least 1800 s (minimum 
regulatory requirement for the TRU waste container). 

Because of the uncertainty of the flow di rect ion of the pyrolysis gases in the 
experiments, t ranspirat ion cooling effects were neglected. Therefore, upon de
composition of the foam i t was assumed that the pyrolysis gases found the i r way 

• f i s s u r e and escaped before interact ing thermally with the char. Based on 
- tes t experimental observations, a radiation gap was included in the model at 
interface between the back face of the foam sample and the backplate. 

Comparative numerical computations were made for the experiments using the 
dimensional specif ications shown in Figure 6 and the front surface temperature 
as recorded by the surface thermocouple, TS2. As shown in Figure 7, the agree
ment between the numerical computations and experiment is best before foam decom
posit ion and near the end of the experiment. I t is believed that the poor agreement 
during decomposition wasdue to some extent to the neglect of t ranspirat ion effects 
and the uncertainty in the ef fect ive thermal conductivi ty, which is a strong function 
of temperature and the coupled chemistry of decomposition. The agreement between 
computations and the experimental data was enhanced when the foam decomposition 
was assumed to occur in a three-component reaction, and after (updated work) a 
better data f i t was obtained for the TGA data. 

Additional computations were made for 64 kg/m^ foam to predict the ef fect 
of foam thickness on the one-dimensional thermal response of (1) the primary con
tainment wall , and (2) a portion of TRU waste. A schematic diagram of the container 
wall and contents is presented in Figure 8. I t should be noted that the a i r gap 
thickness indicated in Figure 8 i s an ef fect ive thickness which would resul t i f 
a l l the waste could occupy a volume with no a i r gaps. In addit ion, the term paper 
refers to materials such as paper, rags, glass, etc. The 64 kg/m^ foam thicknesses 
evaluated were 0, 10, 20, and 35 cm. Predictions were made for the cases where 
the exter ior wall was exposed to 1111 K (2000 R) and 1333 K (2400 R) heat sources 
(Figure 9) . Both temperatures were in excess of 1073 K, which is specified in 
the regulatory c r i t e r i a . 

For the case where the external wall is instantaneously exposed to 1111 K 
and the foam thickness is 10.2 cm, the temperature r ise of the i n te r i o r wall w i l l 
be less than 20 K after 1800 s and less than 352 K af ter 3600 s. When the foam 
thickness is increased to a value of 20.3 cm, there is no change in temperature 
of the in te r io r wall af ter 3600 s. Next, the case is considered where the exter ior 
surface is instantaneously brought to a temperature of 1333 K and the foam thick
ness is 20.3 cm. For th is case, the temperature r ise of the in te r io r wall is 
0 K after 1800 s and 23 K after 3600 s. 

^ ^ B F i g u r e 10 shows the mean thermal response of the water which makes up a portion 
^IWhe waste. Again, the foam thickness is used as a parameter. In cases where 
the foam thickness is 10.2 cm, the temperature of the water remains below the boi l ing 
point for a time of 3600 s. For cases where foam thickness is considerably less 
than 10.2 cm, perhaps due to impact damage or puncture damage or to the presence 
of part ia l voids, s ign i f icant thermal penetration into the waste is possible. 
Work is underway to model the radiat ion transport through the waste gases for 
the l a t te r case. 
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- ZERO FOAM, 1333 K 

- ZERO FOAM, 1 11 

Ocm FOAM 1333 K 

ALL OTHER CASES 
NOTED 

Figure 10. One-dimensional predictions of the mean temperature response of the 
water which is contained inside the TRU container when the exter ior 
wall is subjected to a step change in temperature (1111 or 1333 K) . 
Also, see Figure 8 for wall conf igurat ion. 

CONCLUSIONS / ) . • ; 

Procedures have been established for modeling the thermal response of TRU 
container walls exposed to a f i r e environment. The e f f o r t included simulation 
test ing and thermal modeling of the wall mater ia l . In th is study, both test ing 
and modeling were directed at determining a one-dimensional thermal model for 
undamaged polyurethane foam. The foam was assumed to ex is t in a nonoxidizing 
environment and was exposed to an almost step change in surface temperature. 

Although preliminary, the results of th is study ind,icate that i f the TRU 
waste container wall includes a polyurethane foam (64 kg/m^ density) of thickness 
greater than 20 cm and the wall i s otherwise undamaged, there w i l l be no change 
in the waste content temperature where the container is subjected to a surface 
temperature as high as 1333 K for times less than 3600 s. Further improvements 
are needed in the thermal model to include t ranspi ra t ion, better estimates of the 
temperature-dependent thermal conduct iv i ty, ef fects of damaged wall structure and 
radiation absorption effects for the charred foam. 
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EXTENDED TESTING OF A MODIFIED 18B 
PLUTONIUM NITRATE SHIPPING CONTAINER 

H. R. Yoshimura, R. B. Pope, W. B. Leisher, B. J . Joseph 
Sandia National Laboratories, Albuquerque, NM, USA 

B. Schulz-Forberg, H. W. Hubner 
Bundesanstalt fur Materialprufung (BAM), Berl in (West), FRG 

INTRODUCTION 

I t has been found in r isk assessment studies performed by Sandia National 
Laboratories and Pacif ic Northwest Laboratories that some accident environments may 
be encountered during a i r transport that exceed those specified in the current 
regulations. NUREG 0360, "Qual i f icat ion Cr i ter ia to Cert i fy a Package for Air 
Transport of Plutonium," a c r i t e r i a promulgated by the US Nuclear Regulatory Com
mission, required package exposure to environments far beyond that specified in 
IAEA Safety Series No. 6. In an e f fo r t to further understand the effects on 
packagings of environments in excess of those specified in the regulations, ad
di t ional tests in theform of extended f i r e test ing, extended drop test ing followed 
by f i r e , dynamic crush and extended punch were performed on an IBB plutonium n i t ra te 
shipping container by Bundesanstalt fur Materialprufung (BAM). These results were 
reported in the F i f t h International Symposium on Packaging and Transportation of 
RadioactiveMaterials . Since then, the 18B packaging has been modified to improve 
the crush resistance. This paper reports on the extended tests involving the 
modified 18B packaging. 

CONTAINER DESCRIPTION 

In the Federal Republic of Germany, a i r shipments of plutonium ni t rate solu
t ions are transported in l8B packagings designed to the requirements of IAEA Safety 
Series No. 6. The 18B packaging is basically a cyl indr ical foam overpack which 
provides impact and thermal protection to i t s contents (Figure 1). The over-
pack is fabricated yiith two concentric steel shells with the intervening annulus 
f i l l e d with 80-kg/m^ phenolic foam. Modifications were made to the test unit 
i n the form of added reinforcing r ings. Increased wall thickness, and changed 
shell material from mild steel to stainless steel to provide greater crush resistance. 
The 600-mm diameter, 1700-mm long outer shell of the test uni t is constructed 
of 4-mm stainless s tee l . The inner shell is also made of 4-mm stainless steel 
and consists of two cy l indr ica l chambers. The longer is 900 mm by 145 raamLn 
diameter; the shorter, 230 mm by 170 mm In diameter. Additional thermal p r o t e ^ ^ B 
is provided by a 10-mm layer of asbestos mat around the inner she l l . T h e ^ ^ l 
of the overpack is foam f i l l e d and contains a conical, perforated, stainless steel 
load spreader. Two closure heads are provided on the overpack. An inner stainless-
steel closure head with asbestos mat is bolted to the inner shell and retains 
the t i tanium vessel used to contain the plutonium n i t ra te solut ion. An outer 
s ta in less-steel , foam-f i l led closure head attached to the outer shell by means 
of bolts provides impact and thermal protect ion. A cy l i nd r i ca l , t i tanium containment 

*Work sponsored by U.S. Department of Energy under Contract DE-ACQ4-76DP00789. 
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vessel, which may contain a maximum allowable quantity of 9 l i t r e s of piutoniurn-
n i t ra te solution (350 g Pu/ l i t re ) with a source heat of 30 W, is carried within 
the protective overpack. The package has a total mass of 206.4 kg. 

Flf t i f * , ! . Cr&sS" section of an 18B Plutonium Nitrate Shlfffoff Container 

MODIFIED 18B PACKAGING TESTS 

Within the IAEA Regulations, structural loading of the packaging is repre
sented primari ly by drop tes t ing. I t has been postulated that for l ightweight 
packagings, the 9-m drop does not appear to adequately simulate an extra-severe 
mechanical environment (impact and crush). BAM proposed a dynamic crush test i n 
which the specimen is placed on an unyielding target and Impacted by a r ig id 
2-tonne mass (1-m^ impact surface) dropped from a height of 9 m. The dynamic 
crush test proposed by BAM may be easily performed at exist ing drop-test f a c i l 
i t i e s with only minor modif ications. BAM developed th is test in an attempt to 
establish a crush environment for small radioactive material transport packages.^ 

The c r i t e r i a in NUREG 0360 specif ies, as one of a series of sequential tes ts , 
an Impact of the container in the most damaging or ientat ion onto an unyielding 
surface at a veloci ty in excess of 129 m/s. This Impact test requires a special 
f a c i l i t y such as the one developed by Sandia National Laboratories as a part of 
I t s test a c t i v i t i e s . The rocket pulldown f a c i l i t y consists of a tensioned cable 
(wire rope) suspended over a mountain canyon, a t ro l l ey that Is used to l i f t the 
carriage and test uni t from a ground-based target to the aerial cable, an un
yie ld ing target , and a rocket sled and track system. The aerial cable incor-
K ' B s a l l of the necessary equipment to hoist and posit ion the test uni t for 

esired f l i g h t t ra jec tory , a l t i t ude , and ve loc i ty . 

Dynamic Crush Tests 

The f i r s t dynamic crush tes t was performed on a prototype packaging and was 
previously reported.^ Figure 2 shows an unmodified 18B container before impact by 
a 2 tonne impact weight dropped from a height of nine meters. To b r ie f l y review 
the resul ts, the test produced very severe damage to the packaging (Figure 3) . 
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The outer shell diameter of 600 mm was pressed down to 230 mm; the inner tube 
diameter decreased from 145 to 32 mm (Figure 4 ) . Loss of the vessel's l i qu id con
tents was possible, but could not be d i rect ly assessed because a simulated payload 
was not used in th is tes t . 

Figure 2. 188 Container before impact by the 2 tonne drop weight from a height 
of 9 m. 

Figure 3. 18B container af ter a 9-m (dynamic crush test . 

I L I 

h T^r^n \ 

Figure 4. Deformation of the IBS container after a 9-m dynamic crush test 
(Reference 3). 

1232 



To improve the crush resistance of the packaging, the design was modified as 
shown in Figure 1. The dynamic crush t e s t of the modified packaging produced 
minor deformations of the inner tube which was comparable to the damage produced 
by a 185-m low a l t i tude drop as reported previously,^ and the containment vesse 
remained leakt ight . The crush resistance of the container was substant ial ly im
proved as shown in Figure 5. 

sel 

?ehnitt B-B 

Figure 5. Deformation of the Modified 18B Container after a 9-m dynamic crush 
tes t (Reference 3 ) . 

High Speed Impact Test 

A high-speed impact test of a modified packaging onto an unyielding surface 
was conducted by Sandia. The test was performed to compare the damage result ing 
from the extended drop and dynamic crush tests performed by BAM with the damage 
result ing from the impact environment (129 m/s) specified in NUREG 0360. 

The rocket pulldown f a c i l i t y at Sandia National Laboratories, which has pre
viously accommodated a number of s imi lar impact tests , was used for the 18B 
package tes t . The general arrangement of the f a c i l i t y is shown in Figure 6. 

The impact target i s constructed of an extensively reinforced 2.4 x 10^ kg 
mass of concrete, approximately 6 m in diameter and 3.5 m deep, emplaced in com
pacted earth. The target is faced with a 3- x 3-m slab of steel batt leship armor, 
7.6 to 12.7 cm th ick . This facing i s welded to the steel concrete-reinforcing 

y s and i s grouted to the concrete base with special grout. With respect to 
^kg test un i t , th is target is consider to be "unyielding," as defined in 
Safety Series No. 37. 

The test configuration and parameters were similar to those used for the NRC 
sponsored Plutonium Accident Resistant Container test program.^ The test vehicle 
was suspended at a height of about 56 m perpendicular to the unyielding target . 
A rocket sled positioned on a monorail track on the ground accelerated the test 
vehicle along i t s ver t ica l f l i g h t path by wire rope tow l ines. The towline was 
a continuous length of wire rope looped around the test un i t with the opposite 
ends attached to the rocket sled. Spl i t stainless steel col lars attached to both 
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ends of the 18B packaging were used to posit ion the tow l ines over the test un i t ' s 
center of gravity and to prevent the wire rope from cutt ing into the thin-walled 
structure of the package. The wire rope was turned from the vert ical direct ion 
by pulleys that straddle the target base, and then routed horizontal ly to the 
rocket sled. Figure 7 shows the modified 18B container attached to the carriage 
pr ior to tes t ing . 

. < ^ 

Figure 6. General arrangement of rocket pulldown fac i l i ty . 

Figure 7. Modified 188 container pr ior to tes t ing. 
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High-velocity aerial rocket (HVAR) motors, each having an impulse of 22.3 kNs, 
were used to tow the test uni t to the desired impact ve loc i ty . The impact veloci ty 
could be varied by adjusting the package height above the target, the time of 
package release after rocket motor i gn i t i on , and by varying the numbers of rocket 
motors insta l led on the sled. Before the actual tes t , a series of ca l ib ra t ion 
tests were performed to ensure that the correct test conditions were attained. 

The modified 18B packaging was impacted at a veloci ty of 137 m/s. Substantial 
crushing of the foam overpack and extensive deformation of the cavity occurred, 
which caused release of the titanium containment vessel's l i qu id surrogate contents 
(Figure 8 ) . 

F l ^ r e 8. As landed condition of the modified 18B shipping container siKMing 
leakage of colored water contents. 

Several weld fa i lures were noted in a closer Inspection of the overpack. One 
fa i lu re was observed in the weld between the 4-inm-thick inner stainless steel 
tube and 20-mm-thick reinforcing ring (Figure 9 ) . Weld fa i lu re also occurred at 
the interface between the inner head flange and inner stainless steel tube. A 
comparison of the f ina l shape of the deformed packaging and or iginal packaging 
IS shown in Figure 10. 

Large deformations to the 20-mm-thick reinforcing rings and the 4-mm-thick 
inner tube were observed. The reinforcing rings were inef fect ive in protecting 
the container in a 137-m/s impact against an unyielding target. Nearly complete 
crush-up of the impact-absorbing foam material occurred^, thereby negating any 
si^M&icant thermal protection for a subsequent f i r e test .^ 

SUMMA'̂Y 

The container damage observed as the resul t of the high-speed pulldown impact 
test was more severe than that of ei ther the 185-m f ree - fa l l drop of a prototype con
tainer onto a semirigid surface or the crush environment produced by a 9-m drop 
of a 2-tonne block onto a modified container resting on an unyielding surface. In 
comparison to the extended tests , the 9-m regulatory drop test onto an unyielding 
surface of the prototype packaging in i t s most damaging or ientat ion produced the 

1235 



Figure 9. Fractured weld between the 4-nin-thick inner stainless steel tube and 20-
mn-thick reinforcing ring. 

Figure 10. Defonned 18B packaging after a 137-iii/s Impact test (Includes spring-back 
of outer shell) . 
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least amount of damage. Very l i t t l e deformation in the overpack was observed, and 
there was no influence on the f i r e r e s i s t i v i t y and leaktightness of the containment 
vessel.'- Table I shows a comparison of the impact test methods. 

Table I . Comparison of Impact Test Methods 

Total Kinetic Pu 
Method Target Energy Available Deformation Observed Vessel 

(kJ) Overpack Inner TuSe 

y K i 

,rop (Regulatory) Unyielding 18.2 Minor No damage Intact 

f^ruynamic Crush Unyielding 176.4 ^ • 250 mm 15 mm Intact 
185-m Drop Test Semi-rigid 374.2 380 mm 50 mm Intact 
129-m/s Impact Test Unyielding 1717.4 -100 % 105 mm Leaked 

The packaging's deformation behavior depends not only on impact or ientat ion 
and ve loc i ty , but also on the impact surface; i . e . , unyielding target, hard s o i l , 
soft s o i l , or hard rock. 

Based on the results of the j o i n t FRG/US test program, i t is apparent that the 
18B packaging, designed to withstand the environments specif ied in IAEA Safety Series 
No. 6 . , can withstand extended environme.nts including longer duration f i res and higher 
veloci ty impacts on yielding targets.'- When modified with ring s t i f feners , the 
packaging withstood adynamic crush tes t , but did not survive the high speed impact 
onto an unyielding surface as specified in NUREG 0360. 
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FLEET SERVICING FACILITIES FOR TESTING AND MAINTAINING 
RAIL AND TRUCK SPENT FUEL TRANSPORT SYSTEMS* 

C. D. Watson, B. J. Hudson, M. K. Preston 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

D. A. Keith''' 
Union Carbide Corporation, Y-12 

Oak Ridge, Tennessee 37830 

P. N. McCreery, W. Knox, E. M. Easterling, 
A. S. Lamprey, and G. Wiedemann 
Allied-General Nuclear Services 
Barnwell, South Carolina 29812 

This paper presents design concepts and results of studies of Fleet Servicing 
Facilities (FSF). The FSFs in these studies are Intended to address potential 
operational and maintenance problems associated with spent fuel transport. It is 
expected that transport systems designed for the shipment of other waste types 
(e.g., high-, intermediate-, and low-level wastes, etc.) could be handled in a 
similar facility. 

Specifically, the FSF is intended to be used for routine servicing, preventive 
maintenance, and for performing requalificatlon license compliance tests and 
Inspections, minor repairs, and decontamination of both the transportation casks 
and their associated rail cars or tractor-trailers.'^ None of the waste handling 
plants in the United States presently receiving radioactive wastes have an onsite 
FSF, nor Is there an existing "third party" facility providing all of these ser
vices. This situation has caused the General Accounting Office (GAO) to express 
concern regarding the quality of waste transport system maintenance once the 
transport system is placed into service.^ Thus a need is indicated for FSFs or 
their equivalent at various radioactive materials receiving sites. 

Normal functions performed at sites currently receiving radioactive materials 
in the United States are principally the following: monitoring for contamination, 
off-loading of the casks and ancillary equipment, unloading and storage of the 

*Research sponsored by the Office of Nuclear Waste Management, U.S. 
Department of Energy under contract W-7A05-eng-26 with the Union Carbide 
Corporation. 

**System Development Corporation, Oak Ridge, Tennessee (previously of the 
Chemical Technology Division, Oak Ridge National Laboratory). 

"Oak Ridge Y-12 Plant, operated by Union Carbide Corporation Nuclear 
Division for the U.S. Department of Energy. 
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cask contents, seal inspection and/or replacement, decontamination and on-loading 
of the empty cask. A Fleet Servicing Facility would provide all of these func
tions but would also include these additional capabilities: 

1. The facility would maintain an Inventory of spare parts to be used as required 
to minimize cask idle time. 

2. Cask/vehicle inspections would be performed prior to the departure of each 
empty cask. Repairs required by either the cask or vehicle would be per
formed. All tests and checks required by regulations or warranties would also 
be performed. 

1 Large components, such as special yokes or energy absorbers, that might be 
used at several sites also would be cleaned for shipment. 

4. The facility would be able to: 

• fabricate and test special tools and fittings; 

• provide for the storage of bulky components such a9 ittp9Ct 8tn^tut«4, 
lifting yokes, spare parts, etc; 

o decontaminate parts completely; 

• provide a shop to supply all mechanical/maintenancS'fervices requll&d by 
the casks and the transport system. <, .-

In the evaluation of the facility requirements for these functions and needs, 
this paper compares the respective capital costs and operating characteristics of 
the following three concepts of a spent fuel cask transportation FSF: 

1. Integrated FSF - a functional operating area included in the original design 
and construction of a parent facility, such as an away-from-reactor (AFR) 
storage plant, reprocessing plant, waste repository, etc., which is totally 
supplied by the parent's services, manpower resources, and other capabili
ties. For the purposes of this paper an artist's rendering is presented in 
Fig. 1, and the sequential processing of a cask (truck and rail) is shown in 
Fig. 2. 

2. Colocated FSF - a unit built in the proximity of an existing parent unit which 
shares services, manpower resources, and capabilities to the extent that the 
parent can provide. In some cases, the Colocated FSF may be attached directly 
to the selected existing parent facility (see Figs. 3 and 4). 

3. Independent FSF - a totally self-supporting unit that does not depend on the 
proximity of a parent reprocessing plant, AFR, etc., for any type of support. 

A previous study-* examined the characteristics of an Independent FSF, and this 
ept became the basis for comparison with the Integrated and Colocated concepts, 
facility was designed to receive 2000 MTU (as heavy metal) of spent fuel per 

year (75% of which was delivered by rail, and 25% of which was delivered by 
truck). A design concept and cost study of each facility was completed and pro
vided information on Che following items: 

• 
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Fig. 1. Artists rendering - Integrated Fleet 
Servicing Facility. 
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Fig. 2. Normal traffic plan — Integrated Fleet Servicing Facility. 



Fig. 3. Artists rendering - Colocated Fleet Servicing Facility. 
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Fig. 4. Normal traffic plan — Colocated 
Fleet Servicing Facility. . -• 
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1. The relative feasibility and capital costs of the three basic design concepts; 
the basis for selecting a concept for further on-going detailed design work; 
the basis for selecting a parent facility concept upon which a more-detailed, 
realistic construction and operational cost analysis could be produced; and 
the need to support development of future DOE implementation strategy 
involving spent fuel receiving facilities. 

2. An analysis of Integrated and Colocated concepts by computer simulation using 
the General Purpose Simulation System (GPSS) program^ to determine the ade
quacy of the two design concepts as compared to the Independent base case. No 
serious deficiencies were found in either design with regard to operational 
provisions and throughput rates. The main difference, as determined by GP^ 
using real measured operational times for the various receiving steps was| 
ween dry and wet unloading. Wet unloading, which reflects the method usi 
all existing U.S. facilities, required an additional 8 h in cask turnarou 
time within the facility as opposed to the time calculated assuming dry 
unloading. A study of wet- vs dry-unloading modes is being completed by the 
Transportation Technology Center (TTC), Sandia National Laboratories and 
should provide the basis for a more in-depth analysis of probable turn-around 
times in the near future. 

In order to evaluate the interaction between a parent facility and a colocated 
FSF in the study mentioned above,^ the Allied-General Nuclear Services (AGNS) 
plant at Barnwell, South Carolina, which is built and whose layout is known, 
was chosen for analysis. This choice is expected to have some influence on 
the costs determined for the Colocated FSF case. 

The results of the study indicated that, in 1979 dollars, the cost of an 
Independent FSF would be approximately $26M, and an Integrated FSF would add 
approximately $13M to the cost of building a parent facility. The cost of a 
Colocated FSF, while dependent upon the actual site and parent facility, is 
estimated to cost approximately $16M for the case considered here, the Barnwell 
Nuclear Fuel Plant. Some summary comments follow: 

1. The Independent and the Integrated FSF concepts are useful in establishing 
the anticipated raaximum-to-minimum cost range ($26M and $13M, respectively); 
however, the Colocated concept (at about $16M) is the most cost-effective in 
the near term since this concept applies to facilities already built. 

2. An FSF will provide, among other things, maintenance and requalificatlon tests 
of transportation systems by an organization independent of the cask owners. 
Requallfication of the system implies the determination of the functional ade
quacy of all significant parts of the cask as well as the transport vehicles 
and other appropriate equipment. This would be consistent with the Nuclear 
Regulatory Commission (NRC) quality assurance (QA) policy, as Indicated in 
Federal Regulations 10 CFR 50, Appendix B. 

The FSF will provide transport vehicles with inspections and services in 
single facility capable of handling contaminated equipment. Such inspecj 
are expected to be more frequent, thorough, and uniform than those given^ 
present practices by individual operators. The potential for accidents 
resulting from vehicles being in poor roadworthy condition may be diminished. 
Such an in-depth inspection is not currently practical in existing facilities. 
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4. As fleet sizes grow and components are increasingly interchanged, a central 
control system at each FSF would provide compliance assurance more economi
cally than can a number of small, decentralized, specific-purpose facilities. 

5. The FSF concept provides a positive response to the criticisms of GAO regard
ing cask maintenance, and It is recommended that studies continue on the FSF 
with greater emphasis placed on the more feasible concepts and near-term needs. 

6. An in-depth study and analysis of an FSF should provide similar information for 
transport systems and waste forms other than spent fuel. 

• 

It is important to note that since the colocated concept appeared to be the 
ŝt cost-effective, and since the type and location of the parent facility could 
e a significant influence on the cost of the facility, it would be desirable 
study the concept using parent facilities other than those at the AGNS plant; 

for example, the General Electric plant facilities at Morris, Illinois. Further 
studies might also include an investigation of the effect of interaction between 
spent fuel and other waste forms at an FSF. 

1. C D , Watson et al., Fleet Servicing Facilities for Servicing, Maintaining, 
and Testing Rail and Truck Radioactive Waste Transport Systems: Functional 
Requirements, Technical Design Concepts and Options, and Cost Estimates and 
Comparisons, ORNL/Sub-79/13866/1 (May 1980). 

2. General Accounting Office (GAO) report, Federal Actions Are Needed To Improve 
Safety and Security of Nuclear Materials Transportation, EMD-79-18 (May 1979). 

3. P. N, McCreery et al.. The Conceptual Design of a Spent Fuel Cask Fleet 
Servicing Facility, AGNS-1040-1.5-48 (September 1978). 

' 4. General Purpose Simulation System/360, Introductory Users Manual, GH20-0304-4, 
International Business Machines, White Plains, New York 10604 (November 1969). 
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RELATIVE RESPONSE OF TYPE B PACKAGINGS TO 
REGULATORY AND OTHER IMPACT TEST ENVIRONMENTS* 

J . D. McClure, H. R. Yoshimura, R. B. Pope and R. M. Jefferson 
Sandia National Laboratories, Albuquerque, NM, USA 

R. D. Seagren, L. B. Shappert 
Oak Ridge National Laboratory, Oak Ridge, TN, USA 

INTRODUCTION 

The International Atomic Energy Agency (IAEA) regulations (Safety Series 
No. 6) specify that a Type B packaging must be subjected to tests which demonstrate 
the a b i l i t y of the packaging to withstand accident conditions in transport. One 
of these tests consists of the specimen (packaging) f a l l i n g 9 m onto a f l a t , 
hor izonta l , "unyielding" surface so as to suffer the maximum damage. I t has 
been reasoned that the 9 m drop is insu f f i c ien t since i t provides an impact 
veloci ty of only 13.4 m/s, whereas truck and ra i l vehicles often travel s i g n i f i 
cantly faster (at speeds of 30 m/s or greater), and a i r c ra f t travel is faster 
yet . I t i s also often stated that very complex impact orientat ions and targets 
should be used to better repl icate specif ic accident scenarios. In reasoning 
that the ve loc i ty , packaging or ientat ion and target fo r the impact test are inade
quate, one must not ignore the actual conditions which exist in most transportation 
accidents and the philosophy which was used in establishing the above specif ied 
test condit ion. 

Fairbairn and George^ contend that "much of the energy of impact is absorbed 
by damage to the ra i l vehicle or a i r c ra f t , and as a resul t , i t was considered most 
unl ikely that a package being carr ied w i l l be subject to an impact s ign i f i can t l y 
exceeding that in the 30 f t drop onto the \itry hard target . " Also, very few 
"unyielding" targets ex is t , and the l ike l ihood of an impact actually occurring 
where the packaging w i l l be oriented for maximum damage is low. 

Most s ign i f i can t ly , however, the specif ied test was not intended to represent 
a specif ic accident scenario. Rather, the test was developed to provide a level 
of damage to packaging^ which could be expected in most high-velocity accident 
si tuations. '- McClure^ has shown by s t a t i s t i ca l l y analyzing accident impact 
si tuat ions that the required test protects against nearly 100 percent of a l l 
truck and ra i l accidents when veloci ty change is used as the c r i t e r i a for judging 
a ^ ^ e n t severi ty. 

^ U l e n e r a l l y , when packagings are designed and subsequently qual i f ied (1 icensed), 
there are development tests followed by a series of formal l icensing tests . The 
l icensing tests are l imited to those tests required by regulations and these tests 
are followed by an assessment to demonstrate that the packagings meet specif ied 
acceptance c r i t e r i a (shielding and allowed leakage rates) . 

•Work sponsored by the US Department of Energy under Contract DE-AC04-76DP00789. 
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Packaging tests at impact ve loc i t ies which exceed the regulatory test levels 
and for rea l i s t i c target conditions such as s o i l , hard rock, e tc . , provide useful 
data for the assessment of the adequacy of the regulatory requirements. In addit ion, 
such extra-regulatory testing provides information related to the determination of 
margins of safetybythe ident i f i ca t ion of the fa i l u re l im i ts of specif ic packaging 
designs. Such information is also used to establish release fract ions for detailed 
transportat ion risk analysis studies. 

During the past f ive years, several analysis and test programs have been 
performed to determine packaging response to various environmental impacts. In 
th is paper, the results of these programs w i l l be consolidated to demonstrate that 
the Impact test specified in the regulations does indeed represent a very s m ^ e 
environment which s ign i f icant ly tests the structural and containment i n t e g r ^ ^ ^ 
packagings. 

The effects of target hardness, impact veloci ty and Intervening transportation 
vehicle structure w i l l be characterized by studying the extent of packaging damage 
for d i f ferent impact conditions. While these data have been previously published, 
they have never been consolidated for the purpose of demonstrating the va l i d i t y 
of the required test . The data reviewed here involve analyses and tests where 
packagings were exposed to 9 ra drop tests and to drop tests and other high veloci ty 
Impacts d i f ferent from those required by current regulatory tests . The test data 
involve essential ly four variables: radioactive material packaging design, including 
size (or mass); the impact veloci ty of the packaging; the or ientat ion of packaging 
and impact target and the Impact target hardness. 

The 9 m drop test (impact) environment w i l l be used as the basis of comparison 
for formulating the re lat ive response arguments presented in th is paper. I t may 
be possible to formulate additional or similar re la t ive response arguments for 
other accident environment categories such as thermal ( f i r e ) , crush, puncture or 
immersion. Such assessments are l e f t to other studies. 

IMPACT-VELOCITY/TARGET-HARDNESS RELATIONS 

At least one analytical model has been developed to define the relat ionship 
between impact velocity and target hardness.^ The model involves the impact of a 
r i g i d sphere onto an elast ic hal f-pl ane and uses equivalent accelerations to define 
the impact veloci ty relationships for y ielding and unyielding targets. Steel was 
used to represent an unyielding target . Other materials such as rock and soil were 
used to represent rea l i s t i c impact targets. An impact velocity ra t io was calculated, 
Vy/Vj, where Vy represents an Impact veloci ty onto a y ie ld ing target which produces 
ati acceleration equivalent to that from an impact onto an unyielding target at 
veloc i ty V j . Equation 1 gives the relationship for the equivalent damage ( i . e . 

2.5 for soft rock, 3.4 for harfl s o i l , 4.5 fo r water anti 7.1 for soft s o i l , 
to obtaindamage In a packaging equivalent to that result ing from a 13.4 ra/s 
onto an unyielding target, the model predicts that veloci t ies must be approxi 
29.5 m/s for hard rock, to as high as 95 m/s for soft s o i l . 

Vy n -vJ} [E, 11/3 
[ ^ • " ^ 1 
[ l - •'s^J Vs • m r j E„ (1) 
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l/y, I/, Polsson's ra t io (y ielding and unyielding targets) 
I , Ej Modulus of e l as t i c i t y (y ielding and unyielding targets) 

This relationship between impact veloci ty and target hardness represents a 
damage equivalence for various impact target conditions where the steel target 
represents an unyielding target, concrete represents a target of intermediate 
hardness and soi l represents a re la t ive ly soft target. These target hardness 
categorizations represent only a crude grouping of target condit ions. 

Bonzon and Schamaun ' performed an analytical and an experimental study 
on LLD-1 and 5M packagings. The LLD-1 consists of cy l indr ical outer and inner »packagings supported within a steel cage structure having a tota l mass 

ina l l y 59 kg. The 6M consists of a small cy l indr ical steel drum with an 
al steel vessel having a mass of approximately 23 kg. Eleven impact tests 

.erformed for each packaging on either a steel-faced concrete (unyielding) 
target , a concrete target or a soil target . 

The LLD-1 packaging demonstrated a sens i t i v i ty to impact angle. The side 
Impact was the most severe in terms of gross structural f a i l u r e . From the LLD-1 
test data, a velocity/target-hardness equivalency was establ ished based upon equiva
lent levels of damage. For the steel (unyielding) target , the velocity was 90 
m/s; for concrete, 125 m/s and for s o i l , 205 m/s. This provides re la t ive veloci ty 
rat ios of Vy/V^ = 1.4 for concrete and 2.3 for s o i l . 

The 6M inner container showed less sens i t i v i ty to impact angle. The center 
of mass above the closure edge resulted in the most severe fa i l u res . Here, impact 
velocity/target-hardness equivalence values were 95 m/s for s tee l , 125 m/s for 
concrete and 230 m/s for s o i l . The result ing veloci ty rat ios are Vy/V^ = 1.3 
for concrete and 2.4 for s o i l . 

A second series of impact tests are described in work performed by Waddoups 
and Shappert.' These tests involved impact of BE-83 casks, one dropped 610 
m from a helicopter onto undisturbed, hardpan desert soi l and the second dropped 
9 m onto an unyielding target. The BE-83 cask had a mass of 3050 kg. 

When dropped from 610 m, the BE-83 cask had an impact veloci ty of 110 m/s. 
Impacted near side-on with closure end lower and penetrated the hard soil target. 
There was no observable damage to the packaging following the 610 m drop tes t . 

The 9 m drop test of the BE-83 cask was performed in an end-on configurat ion. 
Some cask deformation and weld fa i lures were noted. Thus, the 9 m drop test onto 
an unyielding target provided greater mechanical damage to the BE-83 cask than 
did the 610 m drop test onto a hard soil target. From these test results a 
re la t ive veloci ty ra t io of V /V^ > 110/13.4 = 8.2 fo r the soi l impact can be 
in fer red. 

A th i rd series of tests involved the f u l l scale crash test ing of a ra i l 
g i ^ ^ t ruck- t ra i ler-cask system into a 627 tonne concrete target which was back-
^ ^ M with 1545 tonne of s o i l , ° and the dropping of a cask from 9 m onto an 
J^^pPdlng target. Both tests involved end-on impacts of a cask approximately 
4 ^ n n length and 1 m in diameter, which weighed 20.4 tonne. The cask, of s tee l / 
lead construction, had been ret i red from service because of design features which 
were no longer acceptable such as exposed external p ip ing. 

In the crash tes ts , the system was travel ing at 27.3 m/s at Impact in one 
tes t , and at 37.6 m/s at Impact in a second tes t . The truck and t r a i l e r interposed 
between the cask and the target acted as a moderator for the target hardness. 
For th is impact environment, the concrete target with intervening t r uck - t r a i l e r 

1249 , 



structure can be thought of as a re la t ive ly soft target. No s igni f icant structural 
damage to the cask was found. A peak deceleration of approximately 18 g was 
measured in the 27.3 m/s impact and of approximately 70 g in the 37.6 m/s Impact. 

For the 9 m drop tes t , no damage to the cask could be found, 
t i on of approximately 115 g was measured. 

A peak decelera-

Thus, in terms of deceleration, the 9 m drop test onto an unyielding target 
was more severe than the 37.6 m/s crash tes t . In terms of structural damage to 
the cask, the two tests produced comparable resul ts . However, a re lat ive veloci ty 
ra t i o for a re la t ive ly soft target of Vy/V, > 37.6/13.4 =2.8 can be derived from 
the deceleration data. The range In - i / /V j is par t ia l l y a result of d i f fe rent 
packaging designs. Impact orientations ana a var iat ion In the physical p r o g " " " 
of the Impact targets. 

The re la t ive veloci ty rat ios developed for d i f ferent conditions using both 
analysis and test resul ts , are compared in Table I . - Generally, for moderate 
hardness targets an approximate doubling of veloci ty is required, and for rela
t i ve l y soft targets, at least a t r i p l Ing of veloci ty is required to a t ta in equiva
len t packaging damage. 

TABLE I 

Impact Velocity Ratio - Damage or Deceleration Equivalence 

Target 
Description 

Unyielding 

Moderate 
Hardness 

Relatively 
Soft 

Type of Target 

Concrete-Backed 
Steel 

Hard Rock 
Soft Rock 
Concrete 

Hard soi l 
Water 
Soft Soil 
Desert Soil 
Desert Soil 
Concrete/Truck-

Tra i ler 

Basis of 
Comparison 

Deceleration 
or Damage 

Deceleration 
Deceleration 
Damage 

Deceleration 
Deceleration 
Deceleration 
Damage 
Damage 
Deceleration 

Vh* 
1.0 

2.2 
2.5 

1.3 to 1.4 

3.4 
4.5 
7.1 

2.3 to 2.4 
> 8.2 
> 2.8 

Source of Data 

Def in i t ion 

Analysis^ 
Analysis^ 
Test ' -S 

Analysis^ 
Analysis^ 
Analysis^ 
Test^.5 
Tes t ° ' ' 
Test° 

*Vy is veloci ty of Impact for yielding target and Vj is velocity of Impact 
for unyielding target providing equivalent packaging damage or 
deceleration. 

The protection provided by exist ing packaging designs is demonstrated by 
the cumulative probabi l i ty curve^ of Impact veloci ty shown in Figure 1 , which 
can be used to establish a f igure of merit on "protect ion" provided by the regula
tory tes t . Target hardness must be Included to provide an adequate description 
of the true accident environment, which Is accomplished InF igu re l by ident i fy ing 
d i f fe rent veloci t ies for the d i f ferent targets, ^ery high levels of protection 
are provided by exist ing regulatory test ing (greater than 99.5 percent) when 
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target hardness is not considered. For the softer, more realistic targets, the 
damage equivalent velocity ratios developed in this paper indicate the levels 
of protection provided by the regulation are even higher, approaching 100 percent. 
These damage equivalent points are shown on the protection curves of Figure 1. 

S 095 -

090 

085 

40 (M/S) 

VELOCITY CHANGE 
J I I 

80 140 (KPH) 

Figure 1. Damage Equivalence-Protection Diagram 

CONCLUDING REMARKS 

The information presented above has emphasized the magnitude of the environ
mental parameters which might present a mechanical insult to a radioactive material 
packaging design. The equivalence of these environmental tests with other than 
non-yielding targets has been discussed. 

The information presented in this paper indicates that the current IAEA 
regulatory drop (impact) test provides a damage equivalence to severe impact-like 
tj^^ort accidents. The analysis in this paper makes a comparison between the 
|^^A|tory impact test velocity and the velocity that can actually be sustained 
^ ^ B a c k a g e in transport. Such comparisons are often incomplete because they 
ignore the energy-absorbing capabilities of the vehicle structure or the hardness 
of the target. Therefore, it must be emphasized that the complete description of 
an impact accident situation couples the impact velocity with the target hardness. 

It must be re-emphasized that a candidate packaging design must first be 
subjected to the "accident conditions of transport" and then the packaging must 
meet strict acceptance criteria for shielding and containment of radioactive con
tents. Essentially two types of comparisons must be made. The resultant damage 
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from a 9 m drop onto an unyielding target must be placed in perspective with 
the damage sustained in impacts onto yielding targets at various orientat ions. 
Such a comparison must be combined with stringent post-test acceptance c r i t e r i a . 
The combination of severe environmental tes t ing, a consideration of target hard
ness conditions and stringent post-test acceptance c r i t e r i a lead to the conclu
sion that the l ike l ihood of gross packaging fa i lu re which w i l l provide a large 
release of radioactive material is indeed very small. 
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DISCUSSION 

Question by R. F. Barker, Austria: Do you or can you show the 
effect of weight of the package in terms of equivalent damage for 
the 9 m drop test on unyielding targets? Would the factors for tar
get yield vary with weight of package? 

Answer: I believe that package mass can be included as a para
meter and we shall attempt to make such a display. I am not certain -" 
th^t package mass would have a significant effect, I would have to 
t^^^ about that. 

^^^Ouestion by G. Schmidt, FR Germany: In the first part of your 
paper you mentioned four essential variables; the first of these be
ing the packaging design. Could you please give some figures con
cerning the probably most important design feature of packagings, 
namely the impact limiters usually attached. I.e., how do such 
impact limiters influence the effects and relations shown in your 
paper, or is this influence already included? 

Answer: The impact limiters (or other such mitigating devices) 
could have an effect on the results - especially on relatively hard 
targets. 



CLASSIFICATION AND SAFETY MARGINS OF RAM PACKAGINGS -
RESULTS OF A RESEARCH PROGRAMME 

B. Schulz-Forberg, H. W. Hubner 
Bundesanstalt fur Materialprufung (BAM) 
Unter den Eichen 87, D-IOOO Berlin 45 

Sponsored by the German Federal Ministry of the Interior, t n ^ 
"Bundesanstalt fur Materialprufung (BAM)" has carried out a research 
programme to determine the safety margins of RAM packagings used in 
the Federal Republic of Germany, to investigate the failure mechan
isms and, based on these data, to establish a classification system 
for different groups of RAM packagings [l~\ . 

In general, packagings for the safe transport of radioactive 
materials which are designed and constructed according to the IAEA 
Regulations, ar-e considered to be safe enough under national and 
international law. Besides this, there is the question of safety 
margins and failure mechanisms, i.e. what kind of stresses beyond 
the legally required limits can be sustained, when and how do they 
fail and how the packagings can be classified accordingly. 

To answer these questions it was necessary to define test para
meters oriented to real accident situations, which on the one hand 
represent an extension of already known test conditions and had to 
be specified on the other especially for so-called light-weight pack
agings (for cit-emitters or fresh fuel elements with plutonium com
pounds) . 

TEST FACILITIES 

To carry out extended and/or modified testings, i.e. extension 
of the drop height from 9 m to 200 m, fire duration from 30 min. to 
75/90 min., the development of new test facilities and programmes as 
well as the modification of those already m existance proved to be 
necessary. 

To carry out operative tests, an open fire test facility was 
established to determine 

- the behaviour of different insulation materials (i.e. gassing) ̂ •ier 
long term fire stress, and ^ ^ B 

- safe and proper handling of possible bursting of liquid-fille^^^ 
packagings with regard to test personnel and equipment. 

2 
The fire test facility consists of a 15 m fire trough, which 

can be divided into areas of different sizes, an emergency flap 
operated by a remote-controlled cable system and an extinguishing 
bunker (15 m ) filled with CO- gas during testing into which burning 
liquid can pour. All-round wind shields guarantee the required full 
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engulfment while by continuous refilling of fuel oil and water (to 
cool the fire trough) all required fire durations can be obtained. 

Comparative heat calculations can be carried out by means of a 
one-dimensional heat programme. Though there are already more soph
isticated programmes, results are still satisfactory. The heat con
ductivity figures for new insulation materials, necessary for the heat 
calculations, were determined with a newly developed heat conductivity 
measuring device. 

BAM drop test facilities were used to perform extended drop tests 

Vially for the crush tests. The 200 m drop tests were all carried 
sing helicopters. 
To determine the safety margins with regard to extended mech

anical stresses, the packagings were dropped from a height of 200 m. 
For light-weight packagings, the 200 m represent a drop height by 
which these packagings reach their terminal sinking velocity; for 
heavy packagings, i.e. spent fuel element casks, drops from the 
highest bridges could be simulated as well as highest collision speeds. 

We consider light-weight packagings, i.e. packagings with a high 
volume/mass ratio, to be exposed to significantly lower mechanical 
stresses due to the 9 m drop test than casks with their heavy shield-
mgs. Therefore we developed the parameters of a so-called dynamic 
crush test,-I.e. the dropping of a crush weight of 2 tonnes with a 
base of 1 m from 9 m. If such tests should be mandatory in the 
future, existing drop test facilities could be used. 

The main intention of the extended fire test was to estimate the 
thermal stresses up to failure of the packagings. Therefore the 
light-weight packagings in particular were exposed to simulated acci
dent fires up to a 90 min. duration where mean flame temperatures lie 
beyond 800°C. 

With the help of the temperature dependent heat conductivity 
figures, the failure limits were calculated. These limits lie beyond 
a thermal stress of 150 mm. for packagings with a phenolic foam 
insulation. Besides this, the failure limits were calculated for a 
number of packagings circulating within the Federal Republic of 
Germany with regard to different failure mechanisms such as melting 
of lead and therefore loss of shielding or loss of heat insulation 
due to previous mechanical damage. 

TEST RESULTS 

Crush testing proved that dynamic crush impacts as defined by «2 t weight with a i m base from 9 m) cause more severe damage 
ght weight packagings than the required 9 m drop test on an un-
ing target, also compared with packagings of the same size but 

with heavy shieldmgs. All light-weight packagings investigated 
failed or showed such damage that no protection was left when exposed 
to a fire following an accident. However, it was later shown that 
with simple constructive improvement sufficient safety levels could 
be reached even against such stresses. 
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The 200 m air drop tests on light-weight packagings on hard 
soil, as well as calculations proved that some designs can withstand 
extended crash forces up to impact velocities equal to the terminal 
velocity without loss of integrity. The design of a T-shaped lid 
construction versus the normally used clamping ring closure and 
phenolic foam as thermal insulation versus pourable vermiculite is 
advantageous for the shipment of liquid ot-emitting radioactive 
material. 

A total of seven 200 m drop tests using a 2000 kg cask for ir
radiated graphite ball elements and a 4000 kg 1:2 model of a spent 
fuel element cask proved that these types of packagings represe 
extremely resistant constructions. Even a drop on to a 25 cm r 
inforced concrete target caused no loss of integrity though rel 
of gaseous fission material can be expected. 

For soft soil or mud, total burial of heavy casks has to be 
taken into consideration. The resulting heat accumulation due to the 
interrupted heat dissipation by natural convection calls for deeper 
investigation. First conservative calculations resulted in the re
covering of such buried lead-shielded casks after 12 hours. 

The packagings to be investigated against extended thermal loads 
showed sufficiently good safety margins c3ue to their insulating 
materials. Foamed insulations such as phenolic foam were preferable 
to pourable insulations such as vermiculite. While heavy casks norm
ally have a large thermal capacity, the known theoretical procedures 
for calculation can be seen as sufficient simulation of actual acci
dent fire loads. Knowing the respective material data, wall con
struction and thermal conductivities, we can determine the amount 
of damage to a packaging. 

CLASSIFICATION OF ESTIMATED SAFETY MARGINS 

Based on collected data on type B packagings available m the 
Federal Republic of Germany - a total of 134 different types of pack
agings - we performed deeper investigations on typical packagings as 
representatives of their packaging groups with regard to their safety 
margins and failure mechanisms. The division into groups - without 
calling for completeness - was carried out as follows: 

- radiography devices with low volume and high specific weight for 
generally encapsulated material; 

- packagings for large sources of non-fissile material and fuel el
ements from test reactors, characterised by their own components 
for shielding or protection against accident stresses; 

- packagings for o<.-emitters or fresh fuel elements with pluton 
components with high volume and low specific weight; 

- casks for spent fuel elements or high radioactive waste. 

So we use the design and construction of the packagings as the 
first essential classification criterion. 

After evaluation of failure mechanisms and safety margins, a 
first classification was made by a combination of failure/damage and 
possible accident scenarios. But because only representatives of 
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the different packaging groups had been investigated, only a rough 
matrix could be achieved. Therefore, we do need futher investig
ations to make more than a mere statement indicating tendency. 

Failure/damage was divided into four steps, but we do not have 
detailed descriptions of the different steps. Furthermore, these 
steps should be characterised by concrete examples and not conclusively 
defined. This means, that other possible types of damage of the same 
order of magnitude are included in the respective steps. 

Step 1 means, that a packaging (by stresses greater than those re
quired by IAEA tests) is damaged so that there is leakage. 
Here leakage stands for mass flow or locally increased rad
iation dose. The magnitude_Qf leakage shall be 1000 times 
the IAEA AT figure, i.e. 10" A^/week or the loss of shielding 
of 10 % of the surface. 

Step 2 means additional damage so that extended leakage of up to 
10 times the admissible A_ figure or the total loss of 
shielding. 

Step 3 means damage up to the total loss of contents. 

This scheme will be completed by the Step O, which means that 
there is only damage tolerated by the IAEA Regulations. 

If one divides the types of accidents, which lead to the dam
age indicated in steps 1 to 3, into three steps accordinly, we have 
to incorporate the crush test, as a mechanical impact which is greater 
than IAEA tests require into Step 1 of these types of accidents. 
Step 2 covers an additional thermal load (1000 C/h instead of 800 C/ 
0.5 hj. Step 3 includes a drop load greater than m IAEA requirements 
with very high impact velocities (crash test) and an extended thermal 
load as well. It is assumed that the energy of the crash test is 
greater than that of the crush test. 

If we assign so-called damage numbers (i.e. valencies) 1, 3 and 
9 to the damage steps 1 to 3 and assign so-called accident numbers 
1, 2 and 4 to the accident steps 1 to 3, we can define a so-called 
endangering factor by forming the quotient of damage number and acci
dent number. This may be highlighted by an example. If a packaging 
IS damaged during accident step 1 so that damage of step 3 equal to 
damage number 9 occurs, we will obtain an endangering factor of 9 
over 1 equal to 9, etc. 

We then carried out these evaluations with about 70 different 
types of packagings as far as possible. In doing so we could clas-

SSS packagings, i.e. 80 X, as packagings with good to satisfac-
safety margins. 14 packagings, i.e. 20 3!, showed only small 
y margins. But even small safety margins mean that there are 
ves against IAEA requirements. 

Our classification only takes packaging and accident parameters 
into consideration and leaves open an evaluation with regard to 
the material to be shipped. The endangering factor then surely has 
to be combined by a number which incorporates material properties. 
Amount of activity and physical condition are figures which con
tribute to this material number. 
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Regarding our above mentioned packaging groups, we found the 
following distribution of safety margins from our investigations: 

- within the group of radiography devices or equivalent, there are 
only packagings with high safety margins; 

- because of the small number of packagingsfor large sources and casks 
for spent fuel and high radioactive waste, these are put together 
and mostly show high to satisfactory safety margins; 

- regarding the group of packagings for plutonium compounds or equiv
alent, we have to establish that the percentage of packagings 
with satisfactory to small safety margins is significantly high^ 
These packagings are valid type B packagings, but in our view 
very realistic accident scenario of crush stresses leads for t\ 
generally light-weight packagings to often a high amount of dam? 
(always with regard to the drop of 2000 kg from 9 m). 

Completion of the existing regulations seems to be recommendable. 
We have already submitted appropriate proposals. 

REFERENCE 

til B. Schulz-Forberg, H. W. Hubner 
Packagings for the Transport of Radioactive Materials -
Classification and Margins of Safety 
Bundesanstalt fur Materialprufung (BAM), Berlin, August 1980 
(available in English and German) 

DISCUSSION 

Question by C. B. G. Taylor, United Kingdom: You referred to 
an improved lid for drums being better than the usual flat lid^*yi 
retaining band. Would you describe this lid please? ^ ^ B 

Answer: This is a so-called T-shaped lid, which does not merely 
serve as a flat disk but acts like a cork m a bottle, so that in 
the case of crushing of the lid region, the lid will not pop off but 
stay like a cork m the container. 
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ANALYSIS OF HYPOTHETICAL CRASH OF A NUCLEAB FUEL TRANSPORT VEJSICLE 

Sabro Kikuchi and Minoru Kubo 
Power Reactor and Nuclear Fuel Development Corporation 

Introduction 

The transport system was composed of a truck,a shock-absorbing damper 
(including a tie-down device),a cask and various auxiliary equipment. 
Assvuning the impact energy absorption rate by the transport vehicle at 
the moment of its impact against a fixed barrier,the motion,deformation 
and damage at various sections constituting the transport system were 
simulated by computer code. 

The overview of the transport vehicle is shown in Fig.I. Namely, the 
transport system was substituted by a two-dimensional model,and the analyses 
were conducted on the following points employing the kinetic analytical 
code by the two-dimensional finite element method. This kinetic code is 
used non-lenear spring model using Newmark method to simulate the transport 
systems.The calculation time is about 1 minute. 

The objects of the analysis were: 

(1) The integrity of the securing device of the transport cask to the 
damper. The securing device is shown in Fig.2. 

(2) The integrity of the shock-absorbing damper. The shock-absorbing 
damper i s shown in Fig.3. 

(3) The integrity of the tie-down device of the damper to the truck's 
platform. This tie-down device is shown in Fig.lt. 

{h) Response of each section during impact time. , 
(load-time relation,and cask velocity-time relation) 

(5) The mode of the cask's motion. 

(6) The integrity of the cask in comparison with the conditions of the 
9-meter free drop test.(the impact response to the fuel assembly in 
the cask was calculated.) 

(7) The ability to predict the integrity of the fresh fuel assembly. 

Analytical model 

(l) The following describes preparation of the model for calculation of 
the impact response at the time when the transport system as shown in 
Fig.3 might crash against a rigid barrier at a certain fixed velocity. 

t2S0 

http://Fig.lt
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Damper 
Platform 

Fig.l The overview of the transport vehicle 



ooTAoy Jufjnoas SI^L S'^Ti 

S 

.'V 

i ^ - l 



Air spring 

Fig.3 The shook absorbing dumper 
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Fig h The tie-down device 
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Specifications of major constituent elements 

Transport cask 
Outer wall 
Gross weight 
Contents 

550 mm,length 5000 mm Diameter 
16T0 Kg 
Fresh fuel assembly (Pu02-U02) 

The cask is secured to the damper by h bolts of l6 mm in diameter 
via a base plate. 

Shock-absorbing damper 
Weight : 2lt00 Kg (made of mild s teel(SSl t l ) ) 4 
Measurements : Acceleration etc. 
Damper i s secured to the t r u c k ' s platform by h U-bolts of 16 vm i n dl^lRie^^^ 

Truck 
Type 
Max.loading capacity 
Vehicle's weight 
Length of pla-form 

Large-size truck 
About 7 metric tons 
About 7 metric tons 
About 8 meters 

(2) Two-dimensional finite element model 
A two-dimensional finite element model as shown in Fig.6 was con-

•" sidered for the transport system shown in Fig.5. It is almost impos
sible with the presently available analytical technique to handle 
the crash destruction of a cabin by use of amodel. Therefore,we 

'' considered the renear part of the system only, that is,excluding the 
cabin,and thus we calculated the response at the time when an impact 
force might be applied to the point "G" of the joint section of the 
cabin. The input of the impact force is in the form of square wave. 
P,Q,R and S points are considered as springs. 

Cask 

Impact force 

Fig.fi Model for Finite Element AnalY«l» 
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Results of analysis 

From the calculation results,there appears the possibility of the truck 
hitting a barrier head-on without appreciably slowling the considered rear 
part of the system. 
Behavior of the truck-cask impact accident with 50 Km/h against a concrete 

fixed barrier by the simulation code are ,for example, shown in Fig.7,8 
and g. 

Following results were confirmed: 

(1) The integrity of the securing device of the transport cask to the 
damper was analysed. 

(2) The integrity of the shock-absorbing damper was analysed. 

(3) The integrity of tie-down device of the damper to the truck's plat
form was analysed. 

(4) Response of each section during the impact time could be predicted. 

(5) The mode of the cask's motion could be simulated. 

(6) The integrity of the cask in comparison with the conditions of 9-meter 
free drop test was analysed. 

(7) The calculations were worked on the shock stress on the fuel pellets 
cladding tubes of the fuel assemblies at a collision velocity of 50 
Km/h-100 Km/h varying the shock force continuing time. 
And the integrity of the fresh fuel assembly was analysed to be safe. 

We could analyse the behavior of the transport systems in the impact 
accidents by using the simulation code. 
Even with various uncertain factors such as the mechanism of the 

cabin's crash(impact force),the analytical code empoyed for the present 
analysis work has made it possible to approximate the shock response 
of the transport systems. 

It is,however,necessary to improve the code through and via the 
comparison of the obtained data with experimental data. 
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Fig.9 Velocity of the transport systems 

DISCUSSION 

Question by E. G. Tomachevsky, France: Have you carried out 
previous tests with oblique shock? 

shock. 
Answer: No we have not. We only analysed the test with oblique 

Question by G. Cohendy, France: Have you made any correc 
between the results of your experiment and those given by Sand 
National Laboratories under similar conditions? 

m 
Answer: We discussed the simulation model, impact time, accel

eration data, etc. with Sandia National Laboratories under similar 
conditions. 
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ANALYSIS AND MODEL TESTING OF 
SUPER TIGER® TYPE B PACKAGING IN ACCIDENT ENVIRONMENTS 

H. R. Yoshimura, L. E. Romesberg, R. A. May, B. J. Joseph 
Sandia National Laboratories, Albuquerque, NM, USA 

INTRODUCTION 

Sandia National Laboratories is attempting to predict the accident response 
of a Type B package containing drums of contact-handled transuranic waste (CH-TRU) 
as part of a program to evaluate the adequacy of experimental and analyt ical 
methods for assessing the safety of waste transport systems in accident environ
ments. Impact tests using scale models^"^ of the transportation systems are 
being conducted in conjunction with computer analyses. 

A US NRC cer t i f i ca ted TypeB Package known as the Super Tiger , a crushable 
foam and steel overpack container for carrying Type A containers by ei ther highway 
or ra i l transportat ion, was selected for th is study. SuperTiger has the overall 
dimensions of a standard 2.4 m x 2.4 m x 6.1 m bimodal cargo container. The 
in te r i o r cavity of the overpack, which i s 1.9 m x l . 9 m x4.4 m, carr ies two t i e r s 
of 208- l i t re (55-gal) drums in a 3 x 7 array, to ta l ing 42 drums. Construction of 
the Super Tiger consists of two steel shells separated by r i g id polyurethane foam 
which provides both impact and thermal protection (Figure 1). The highway conf ig
urat ion, consisting of a t rac tor , f lat-bed t r a i l e r and overpack, was used for 
both the scale model tests and the numerical analyses. 

Prior to scale model accident tes t ing, f u l l scale andsubscale impact test ing 
of the contents and subscale regulatory drop test ing of the packaging were per
formed to obtain data to assess the adequacy of the subscale models. The accident 
scenarios selected for the waste packaging tests were simi lar to those of a spent 
fuel cask test program conducted previously by Sandia.^ The f i r s t was a 97 km/h 
(60 raph) head-on impact of the t ractor- t ra i ler-overpack system into a r i g i d bar r ie r . 
The secondwas a97 km/h (50mph) locomotive grade crossing impact. Both accident 
scenarios represent very severe impact environments. 

CONTENTS RESPONSE EVALUATION 

Prior to performing the scaled transportation accident tes ts , f u l l scale and 
subscal e model s of various subsystems ( i . e . , 208-1 i t r e drums and polyurethane foam) 
w e j ^ ^ t a t i c a l l y and dynamically tested. Additional information on the drum tests 
i ^ ^ K e n t e d in a companion PATRAM paper.^ 

^ ^ r u s h tests of 208- l i t re 17 C drums (Type A packagings) loaded l a te ra l l y in a 
s ta t ic testing machine were performed to obtain load-deflection data for use in 
computer codes. Drum fa i l u re , defined by loss of head closure seal, occurred at 
approximately 10% crush ( 6.5 cm deflect ion) of the head. Loss of closure was 
defined as the point where the drum l i d buckled and separated from the clamp 
r i ng and drum body. 

*Work sponsored by U.S. Department of Energy under contract DE-AC04-76DP00789. 
tTrademark, Protective Packaging, Incorporated 
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PAVLOAD LIMIT 1 3 6 0 8 Kg 
EMPTYWeiGHT dSoH Kg 

Figure 1 . Schematic diagram of Super Tiger packaging 

SCALE MODEL REGULATORY DROP TEST 

After many of the subsystem tests had been performed, a one-quarter scale 
Super Tiger model, loaded with scale models of drums weighing 318 kg, was dropped 
9 m onto an unyielding target in a center-of-gravity-over-corner or ientat ion. Com
parison of the crush sustained by the scale model to the crush of the prototype, 
reported in Reference 3, shows good corre lat ion. Post-test measurements indicate 
the corner of the scale model crushed inward approximately 9 cm (36 cm f u l l scale! 
while the prototype was reported to have crushed "less than 14 inches" (35.6 cm).^ 
Visual ly, the damage appeared similar (Figure 2) and the inner and outer doors 
remained securely attached in both tests. Based on th is test , i t was estimated 
that approximately two-thirds of the drums in a f u l l scale Super Tiger would be 
crushed su f f i c ien t ly to open the head closure. These tests have provided rea l i s t i c 
data for describing subsystems in analytical models and also provided ver i f i ca t ion 
of the adequacy of the scale model designs used in the subscale transportation 
system tes ts . 

SCALE MODEL TRANSPORTATION SYSTEM ANALYSIS AND TESTS 

Computer analyses have concentrated on the head-on impact scenario for the 
t r a c t o r - t r a i l er-overpack system. A one-dimensional, lumped parameter model (SHOCK)" 
was used to predict o \^ra l l system response (Figure 3a). A two-dimensional f i n i t e 
element model (HONDO) was used to predict overpack and contents response (Figure 
3b). The lumped parameter model indicated that the Super Tiger broke f r j ^ k o m 
the t r a i l e r early in the crash and impacted the target at approximately ^ ^ B ^ h 
(50 mph). The f i n i t e element model, using input from the lumped parameter ™ITO1 , 
showed a large amount of deformation in the Super Tiger and l i t t l e deformation of 
the drums. These calculated deformations were not large enough to rupture the over-
pack system. 

Scale model tests of the transportation system head-on impact have been conducted 
using both one-eighth and one-quarter scale models of the transportation system. The 
results of both tests were simi lar. After the i n i t i a l impact the kingpin connection 
between the t ractor and t r a i l e r broke, causing the f ront of the t r a i l e r to crush the 
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1/4 scale model ful l scale 

Figure 2. Post test view of a sea' 
after a 9-m center of g 
surface ''•-'•' 

full scale Super Tiger packaging 
corner drop test onto an unyielding 

OVERPACK 

•4-4T}HK{2}Hh~[3]-^-f4}Hh~{|}~~{g--~{7}^~{8}-'~^^ ^̂  

TRACTOR TRAILER 
— IMPACT SURFACE 

Fifure 3a. LuMped parameter model of a truck mounted Super Tiger in a head-on 
tiiip«ct Into a barrier. 

IMPACT SURFACE — 
CLOSURE HEAD DRUM OVERPACK BODY 

Figure 3b. Finite element model of the Super Tiger and drum contents for an 
head-on impact into a barrier. 
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t ractor cab against the concrete barr ier . The scale model of the Super Tiger then 
broke free from the t r a i l e r and impacted sol id structure. Post-test inspection 
indicated that the one-eighth scale model SuperTiger exhibited very l i t t l e structural 
damage with only 1 cm (0.4 in) of crush observed on the impact end (Figure 4 ) . The 
crush of the one-quarter scale model Super Tiger was similar on a scaled basis to 
the one-eighth scale model with the exception of a large deformed area in the 
lower portion of the outer shell of the container caused by impact with the steel 
block representing the engine and transmission mass. The block did not penetrate 
or cause any localized fa i l u re of the inner she l l . In both cases the inner and 
outer doors, which were oriented away from the impact, remained securely attached 
and v isual ly appeared undamaged. Inspection of the model drums inside both over-
packs revealed a large amount of damage. Figure 5 shows the drum damage ^ ^ ^ a 
one-eighth scale model tes t . j ^ ^ ^ 

A comparison of the velocity-t ime history of the overpack as obtained from 
the lumped parameter analysis (SHOCK) and from the one-quarter scale head-on tes t 
for the tractor-trai ler-overpack system is shown in Figure 6. The correlat ion be
tween the test results is good, and the only area in which the analytical predic
t ion i s not in agreement with the test results is the overpack response af ter 
impact with sol id structure. 

Figure 4. Post test damage to a 1/8 scale model Super Tiger packaging after a 
97 km/h head-on impact test 

Figure 5. 1/8 scale model drums after a 97 km/h impact of a Super Tiger packaging 
into a concrete barr ier 
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Figure 6. Comparison of velocity-t ime histor ies for the one-quarter scale model 
truck mounted Super Tiger in a 97 km/h head-on impact 

The analytical model predicts abrupt deceleration upon impact, while the scale 
model shows a more gradual veloci ty change. This can be at t r ibuted to the debris 
crushing in f ront of, and gradually slowing, the overpack. The analytical model 
can be modified to include th is ef fect by s l i gh t l y softening coupling 12-13 
shown in Figure 3a. 

While no attempt has been made to analytical ly siraul ate grade crossing accidents 
because of the lack of a suitable three-dimensional analysis technique, two scale 
model tests have been performed. In both the one-eighth and one-quarter scale tests , 
a scale model locomotive travel ing at 97 km/h (60 mph) impacted the center of 
the scale model Super Tiger with the transportation system placed perpendicular 
to the direct ion of travel of the locomotive (Figure 7). In both cases the Super 
Tiger and t r a i l e r were thrown to the side of the ra i l af ter impact. The outer cover 
of the one-eighth scale model Super Tiger detached during the subsequent tumbling 
impacts (Figure 8) . This detachment occurred when the main body of the overpack 
separated from the t r a i l e r . The inner cover buckled but remained attached to the 
container. In the one-quarter scale test the Super Tiger remained attached to the 
t r a i l e r and both the inner and outer covers pa r t i a l l y separated during the i n i t i a l 
impact. Although the model drums were v i s i b le , a l l remained inside the overpack 
(Figure9). In both cases there was deformation of both the inner and outer shells 
of the Super Tiger at the point of impact. 

RELEASE ESTIMATES 

^ ^ • n the Environmental Impact Statement for the Waste Isolat ion P i lo t Plant, 
f o ^ ^ hypothetical accident involving a Type B packaging carrying contact-handled 
transuranic waste, i t was estimated that approximately 5% of the contents would 
be released to the environment. 

From a comparison of contents response in each of the scale model Super Tiger 
tes ts , i t can be inferred that approximately two-thirds of the drums in a f u l l scale 
SuperTiger would have been crushed su f f i c ien t ly to open the head closures. For 
the scale model tests performed, the greatest amount lost from the simulated drums 

1271 



Figure 7. Scale model grade crossing test 

Figure 8. Post test view of a 1/8 scale model Super Tiger after a 97 km/h 
grade crossing impact tes t . 

Figure 9. Post test view of a 1/4 scale model Super Tiger af ter a 97 km/h 
grade crossing impact tes t . 

1272 



was measured to be less than 5% by weight of the tota l contents. This was accomplished 
without including in the models the additional containment protection offered by 
the polyethylene bag and l i ne r inside the drum. In the four scale model tests 
of the Super Tiger, where the inner cover and seal remained attached, there was 
no evidence that any material was released to the environment. In the quarter-
scale grade-crossing test , where both inner and outer doors par t ia l l y separated, 
i t was estimated that less than 0.5% of the surrogate waste by weight was released 
to the environment. The amount released in a f u l l scale grade crossing test should 
be less because of the additional layers of containment in the drums, i . e . , poly
ethylene bags and plastic l i ne rs . I f the results of test ing the scale model Super 
Tiger in severe accident environments were extrapolated to similar f u l l sca letests , 

estimated that the release f ract ion of material in both scenarios studied 
be expected to be less than the 5% estimated in the WIPP EIS.° 

SUMMARY 

In summary, based on previous scale model test results with more r i g id sys
tems and the subsystem tests on drums, i t is believed that the scaled models rea
l i s t i c a l l y repl icate f u l l scale system behavior. Future work w i l l be performed 
to obtain improved st i f fness data on the Type A containers. These data w i l l be 
incorporated into the f i n i t e element model, and improved correlat ion with the test 
results is expected. Review of the scale model transport system test results 
indicated that the method of attachment of the Super Tiger to the t r a i l e r was 
the primary cause for detachment of the outer door during the one-eighth scale grade-
crossing test . Although the container seal on the scale model of Super Tiger 
was not adequately modeled to provide a leak- t ight seal, loss of the exist ing 
seal in a f u l l scale test can be inferred from the results of the one-quarter 
scale model grade-crossing tes t . In each tes t , approximately two-thirds of the 
model drums were estimated to have deformed su f f i c ien t ly to predict loss of drum 
head closure seal, with several pa r t i a l l y losing the i r contents within the overpack. 
In no case were drums ejected from the overpack, nor was there evidence of material 
loss in excess of the amount assumed in the WIPP EIS from any of the Super Tiger 
models tested. 
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DISCUSSION 

Question by C. B. G. Taylor, United Kingdom: Do you have in 
mind any improved type of lid closure in these drums? If so, please 
describe it. 

Answer: Yes, Sandia Laboratories has evaluated methods for 
improving clamp ring closures and has developed an improved closure 
design. I believe this was reported by Bonzon and Otts in an IAEA 
seminar in 1976. To my knowledge, the use of the improved closure 
design has not been implemented in any quantity. 
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THERMAL ANALYSIS OF HNPF SPENT FUEL 
SHIPPING CONTAINER IN TORCH ENVIRONMENTS 

Philip E. Eggers and Herman L. Crawford 
Ridihalgh, Eggers and Associates, Inc., Columbus, OH, USA 

A. A. Trujillo, R. B. Pope, and H. R. Yoshimura 
Sandia National Laboratories, Albuquerque, NM, USA 

SUMMARY 

^ ^ ^ A thermal analysis of a modified HNPF spent fuel shipping container 
^ ^ M s k ) has been performed to predict cask temperatrues in simulated torch "' 
^ ^ ^ - e environments. In addition, this analysis also provided a basis for 

the modifications leading to the design of external cooling fins and a 
pressure relief valve system. An analysis of the torch fire literature 
was conducted in order to develop an empirically based thermal model for 
the torch environment. The scope of this study was analytical in nature 
and involved the use of a computer-based heat transfer analysis method. 
The product of this study is the prediction of cask temperatures and 
internal pressures under normal and torch fire accident conditions. The 
results will be compared with test results which will be obtained in early 
1981. 

INTRODUCTION 

As a result of its concern with torch-fire accidents, the Federal 
Railroad Administration of the United States Department of Transportation 
(DOT) has obtained experimental data on torch fires. In these accidents, 

• a hydrocarbon fuel torch emanating from a damaged tank car may impinge on 
an adjacent vessel. The torch-type fire involves high heat transfer co
efficients over a localized area. A torch fire exposure test has been 
incorporated into regulations for hydrocarbon fuel tank car design. 
Although torch fire tests on spent fuel shipping casks are not required 
by U.S. regulations, the DOT was sufficiently interested in the effects 
of such tests that they contracted with the Transportation Technology 
Center at Sandia National Laboratories (SNL) to evaluate the effects of 
torch fires on spent fuel shipping casks. In preparation for testing, 
Ridihalgh, Eggers and Associates, under contract to SNL, performed a 
thermal analysis of a shipping cask in simulated torch fire environments 
and in conjunction with SNL designed modification to the test cask. The 
DOT specifications^ for the torch were used in thermal analyses of the 
cask, and they will also be used as guidelines during the experimental 
phase of the program, which is presently scheduled for early 1981. 

Because of the expense and time involved in designing and fabricating 
a special cask for experimentation, existing casks were surveyed to determine 

•

any were available for testing. Based on availability, as cask of older 
ign was selected. The Hallam Nuclear Power Facility (HNPF) cask, built 
1967, was made available for testing by the Department of Energy. Con

temporary casks use ethylene glycol-water solution as a neutron shield and 
utilize energy-absorbing devices, attached to each and, to provide 
protection against impacts. The HNPF cask did not have a neutron shield 
or impact limiters. Therefore, in order to have the modified cask . ' 
resemble contemporary units, a neutron shield and impact limiters were 
required. 
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APPROACH 

The first task in this study was the definition of modifications which 
would be made on the HNPF cask to make it more representative of modern cask 
designs. Cask modifications included the design of impact limiters, an 
external jacket, cooling surfaces, pressure relief system, and specification 
of the inner cavity coolant 

This analytical phase of the program included the following tasks 
(1) define cask modifications required, (2) estimate the thermal response of 
the cask during exposure to thermal environments defined for normal 
regulatory, accident transport conditions, (3) develop a three-dimensional ^ ^ 
thermal model of the modified HNPF cask with a neutron shield and impact ^ B 
limiters, (4) review literature on heat transfer characteristics of torche^H 
(5) estimate the thermal response of the cask to a torch fire on the neutro^* 
shield with the neutron shield intact and with the neutron shield lost, and 
(6) evaluate the thermal response of the cask to a torch fire on the top. 
I.e., closure end, of the cask with the impact limiter in place. The findings 
of this phase will be presented in detail in the final report of this study.^ 

The experimental phase of the program will involve the following tasks. 
(1) torch fire testing, and (2) analysis of test results and comparison with 
analytical results. The results of the experimental phase of the program 
will be reported following the tests. 

CASK MODIFICATION 

The cask neutron shield was designed under the assumptions that the 
cask would carry four BWR spent fuel assemblies, each with a decay heat rate 
of 3 36 kW, which corresponds to a 120-day out-of-core cooling time and a 
burnup of 5600 megawatt days. The designs for the external cooling surface 
and the pressure relief system were based upon the thermal environments 
defined for regulatory normal and accident transport conditions 

Impact limiters were designed to the 9-m free drop onto an unyielding 
surface criteria as specified in IAEA Safety Series No. 6, Paragraph 708. 
The impact limiters for the modified HNPF cask use redwood as the energy 
absorbing material The cask, when built, was 0.95 m in diameter, 6 m long, 
and had a mass of 32.6 tonne. The modified cask, excluding impact limiters, 
IS nominally 1 45 meters in diameter and 6 meters long and has a mass of 
38 tonne. Figure 1 presents the major physical features of the modified HNPF 
cask. 

Heat Transfer Characteristics of Torches 

A review of the literature indicated Reference 3 is the most relevant 
reference concerning the heat transfer characteristics of torches. The 
experimental study described in Reference 3 has become the basis for 
developing regulations on the construction of railroad tank car carrying 
hazardous materials. 

A flat plate thermal model was developed to derive the heat transfer 
coefficient to be used with the three-dimensional model of HNPF cask. 
Assuming quarter symmetry, a 122 cm X 122 cm X 1 6 cm thick carbon steel 
plate was modeled according to the test details described in Reference 1 
and analyzed using the TRUMP heat transfer computer program."* 
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FIGURE 1. MODIFIED HNPF CASK USED IN TORCH ANALYSIS SHOWING IMPACT LIMITERS AND NEUTRON SHIELD 



According to the specifications,^ the temperature at the center of the 
back of the plate should reach 427 C (800 F) in 4 minutes with a 1204 C 
torch flame temperature. This result was achieved in the model. Moreover, 
the experimental temperature-time curve was approximated closely with the 
derived torch heat transfer cofficients over the 30 minute duration of the 
torch fire. 

The torch heat transfer coefficients were derived from the flat plate 
experiments by finding which coefficients provided the best fit of calculated 
results to experimental data. The derived torch, heat transfer coefficients 
corresponding to average film (air) temperatures of 612, 752, 852 and 1000 C 
are 0.00413, 0.00333, 0.00238, 0.00001, respectively. 

Thermal Model Torch Impingement on Shipping Containers 

The TRUMP heat transfer computer program"* was used to calculate cask 
temperatures. A temperature is predicted at the centroid (node) of each of 
the subregions. A total of 549 temperature values are produced at each 
time step of the analysis. In calculating temperatures, various geometric 
data, material properties, heat transfer coefficients, and source heating 
rates are provided as input into the TRUMP heat transfer computer program. 
Geometric data used in the paper were taken from cask drawings. 

The surface area of the corrugated surface is larger than that of a 
flat plate by a factor of 2.14; therefore, the projected area of the torch 
on the cask surface was multiplied by a factor of 2.14. This approach is 
conservative (higher cask heat input than actual), since it neglects the 
view factor (shading) effect. 

The thermophysical properties used in this analysis are described in 
detail in Reference 2. 

RESULTS 

The results of the thermal transient analyses will be compared with 
subsequent full-scale torch fire tests involving the modified HNPF cask. 
When completed, the comparison of the analytical and experimental cask 
temperatures will provide a basis for assessing the effects of torch fires 
on spent fuel shipping casks. 

For the torch impinging on the side of the cask, four cases were 
analyzed: side impingement at the center of the cask with neutron shield 
intact and voided and side impingement near the head with the neutron shield 
intact and voided. The case of the torch impinging axially on the impact 
limiter at the closure end of the cask was also analyzed. 

Calculated responses for the regions near the closure end and mid-sec 
of the cask for normal transport and exposure to the torch fire are summar 
in Tables 1 and 2. The results of these analyses indicate that: 

1. The estimated effect of a -forch impinging on the cask should approximate 
that of an actual torch, since experimental data for a torch impinging on 
a flat plate were used in this analysis. 
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TABLE 1. SUMMARY OF CALCULATED THERMAL RESPONSE NEAR THE 
CLOSURE END OF THE MODIFIED HNPF SHIPPING CONTAINER 
FOR 13.45 KW DECAY HEAT AND 2.21 KW SOLAR HEAT LOAD 

THERMAL EXPOSURE CONDITION 
MAXIMUM TEMPERATURE, C 

Outer 
Jacket 

la 

82 

704 

Outer 
Shell 

2 

86 

315 

Inner 
Shell 

3 

95 

213^ 

Gasket 
Seal 

4 

83 

139 •

Transport 

our Engulfing Fire'' 

Half-Hour Torch Impingement on: 

• Side near closure end, 
neutron shield intact 

• Side near closure end, 
neutron shield voided 

• Impact limiter 

237 178 153 112 

740 259 169 100 

Negligible effect on cask temperatures 

(a) Calculated temperature refers to this region of shipping container. 
(b) Maximum temperatrue occurs 0.5 hour after end of fire. 
(c) lOCFR Part 71 Engulfing Fire, 800 C, neutron shield lost at start of fire. 

To 

Ok/TER JACKrr 

T 
e 

-

r* 
I , 

.1 

~-^tiir 

•« BOTTCN 

*» 

IMPACT 

CAffaoN 
STEEL 

U T M A350 
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TABLE 2. SUMMARY OF CALCULATED THERMAL RESPONSE AT MID-SECTION OF 
THE MODIFIED HNPF SHIPPING CONTAINER FOR 13.45 KW DECAY 
HEAT AND 2.21 KW SOLAR HEAT LOAD 

THERMAL EXPOSURE CONDITION 
MAXIMUM TEMPERATURE, C 

Outer 
Jacket 

1̂  

100 

710 

Outer 
Shell 

2 

106 

331 

Inner 
Shell 

3 

122 

249^ 

Gasket 
Seal 

4 

83 ^ 

139 ^ y 

Normal Transport 

Half-Hour Engulfing Fire'' 

Half-Hour Torch Impingement on: 

• Side near mid-section, 
neutron shield intact 

• Side near mid-section, 
neutron shield voided 

175 

738 

153 

241 

149 

179 

90 

91 

(a) Calculated temperature refers to this region of shipping container. 
(b) Maximum temperature occurs 0.5 hour af ter end of f i r e . 
(c) lOCFR Part 71 Engulfing F i re , 800 C, neutron shield lost at s tar t of f i r e . 

-OUTER JACKrr 
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2. The 1204 C, 0.5-hour torch fire specified for U.S. railroad tank car 
design when applied to the modified HNPF shipping cask will not cause 
release of the neutron shield due to overpressure. Also, these results 
indicate that the maximum cask seal temperatrue will not exceed 112 C, 
which is below the temperature at which many elastomeric seals fail, and 
therefore, the 0.5-hour torch fire should not result in the release of 
any contents from within the inner cavity. 

3. The quantity of heat absorbed by the cask during a side impingement of 
the torch fire with neutron shield intact is greater by a factor of 9 
than if the neutron shield is lost prior to torch exposure. However, 

•

the maximum lead temperature on the outer periphery of the gamma shield 
[is greater if the neutron shield is lost because heat is radiated 
directly across the empty cavity. With neutron shield intact, the 
liquid absorbs the heat from the fire and redistributes it around the 
circumference of the cavity by natural convection; therefore, the lead 
outer surface temperature is less than that with the neutron shield lost. 

4. For torch impingement, at the mid-section of the cask, higher internal 
cask temperatures will occur with the neutron shield intact because 
of the greater heat transfer qualities of circulating liquid compared 
with those of an empty air space. However, because heat is absorbed in 
the neutron shield and is ̂ conducted inward after the torch fire exposure, 
the higher internal temperatures occur about 1 hour after the end of 

I the torch fire. 

6. The specified torch fire will not penetrate through an impact limiter. 
As a result, a negligible increase of cask temperatures is predicted 
with the torch impinging on the top end of the cask. 

6. No torch impingement condition was found which would cause the cask to ' 
exceed temperatures which can be expected in the regulatory engulfing 
fire. Thus, the torch environment is less severe than the engulfing 
fire for which casks are designed. 
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CMDU IRRADIATED FUEL TRANSPORTATION SYSTEM - DYNAMICS ANALYSIS 

T. Loewen, J.W. Forest, M.A. Elbestawi 
Ontario Hydro Research Division 

ABSTRACT 

A study to assess the structural integrity of irradiated fuel bundles during 
rail and road transport is presented. The assessment is based on impact and fat
igue tests on irradiated fuel bundles, shaker tests of a loaded multi-tube trans
portation module and analyses of vehicle-flask response to various transportation 
environments. The results indicate that the irradiated fuel bundles will not be 
damaged while being transported with standard tractor-semitrailers or railcars 
equipped with hydraulic draft gear of suitable travel. 

INTRODUCTION 

The irradiated fuel bundles from Ontario Hydro's nuclear power generating 
stations are stored in water-filled bays. In the bays the fuel bundles (approxi
mately 50 cm long, 10 cm in diameter and weighing 24 kg) will be held in modules 
consisting of 48 horizontal tubes supported by two tubesheets. Each module tube 
holds 2 bundles. It is planned to transport the modules with the fuel bundles 
from the stations to a central fuel management site in the future. 

Concepts and requirements for road and rail transportation systems are being 
developed by Ontario Hydro(l). One of the transportation system requirements is 
that physical deterioration such as bundle disassembly, distortion or pencil 
breakage should not occur during normal transportation due to the shock and vib
ration environment to facilitate fuel handling by automated equipment after 
transportation. 

The objectives of the study presented in this paper were to: 

1. Determine whether the fuel bundle shock and fatigue strengths exceeded the 
transient and steady-state excitations the fuel bundles would be subjected 
to during transportation by rail or road. 

2. Provide experimental data on the dynamic characteristics of the fuel bundles 
and module to assist in transportation system design and assessment. 

^^^Bevelop computer programs for calculating the response of vehicle-flask-
^^^tiedown systems to transportation environments to assist in transportation 

equipment design development. 

FUEL BUNDLE TESTS 

'* Impact and fatigue tests were performed on a number of fuel bundles in 
AECL's Whiteshell Nuclear Research Establishment hot cells(2). The bundle 
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elements consist of tubes containing sintered pellets of natural uranium oxide. 
The tubes are sealed with welded on end caps which are welded to the bundle end 
plate (Fig. 1). The bundle structural materials are zirconium alloys. 

The test fixtures holding the fuel bundles were designed to simulate the 
support provided by the module in the proposed transportation system. This en
abled the tests to identify the fuel bundle failure modes and the module tube ex
citation levels above which failure of the bundles in the module tube would 
occur. 

FIGURE 1 

FUEL BUNDLE FOR PICKERING REACTOR 

Impact Tests 

Fuel bundle impact tests were performed in both the lateral and axial direc
tions. The axial tests were conducted on one fuel bundle in a tube having the 
same diameter and wall thickness as the module tubes. The tube was suported by 
two tubesheets enclosed in a rigid casing. For the lateral impact tests two bun
dles were contained in the test fixture to closely simulate the two bundle per 
tube arrangement in the modules so that the lateral tube response and fuel ^^MUe 
Interaction would be included (Fig. 2). In this case the tubesheet suppor^^^Be 
in the same location as in the module. The fixtures also incorporated a i^^Re 
for axially preloading the bundles, as this provision is being considered for the 
transportation system. 

The shock loading was obtained by dropping the fixture, guided by rails, 
into a bed of sand. The rise time of the fixture response to the shock was 
shaped,by the addition of suitable penetrators on the fixture,to be in the 5 to 
10 ms range which is typical for railcar end-impacts. 
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Two 28 element (Pickering) and two 37 element (Bruce) bundles were tested in 
the axial mode and one of each type were tested in the lateral mode. The tests 
were started at a low drop height which was increased in increments until the 
fuel bundle failed or the maximum drop height allowed (92 cm) by the hot cell 
test facility was achieved. After every test the bundle was removed from the 
fixture and inspected for structural defects. None of the bundles failed. The 
maximum peak decelerations achieved were: Pickering bundle - 165.8 g axial and 
55.0 g lateral; Bruce bundle 175.0 g axial and 78.0 g lateral. 

(1) Test fixture containing 2 fuel bundles in hot cell 
(2) Penetrator 
(3) Guide raiIs 

; (4) Manipulator Arm 

FIGURE 2 

TEST FIXTURE - LATERAL IMPACT TESTS 

Fatigue Tests 

The fatigue tests were performed with the same test fixture as the lateral 
impact tests, containing two bundles. A continuous sinusoidal excitation was 
provided by an electronically controlled hydraulic shaker. An input excitation 
frequency of 21.25 Hz was chosen to avoid bundle, fixture and shaker resonances. 
The, input vibration level was monitored with an accelerometer at a central loca-
l^^^at the top of the fixture. Fuel bundle failures were detected primarily by 
I^^^Hlc bundle inspection, but on-line waveform and spectrum analyses, as well 
a^^ffne-sweep resonance searches were also utilized. 

Since the maximum time in transit would likely be less than 24 hours, the 
tests were conducted to determine the maximum input level, applied for 24 hours, 
for which the bundles would not fail. On this basis the maximum allowable peak 
acceleration levels were found to be 0.5 g and 0.75 g for the five Bruce and five 
Pickering bundles tested respectively. Both types of bundles were also found to 
be able to withstand excitation levels of 2-3 g for periods upto 1 hour. 
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Several types of fuel bundle failure occurred. The most common types were 
by fracture of the end plate near the end cap of the fuel elements, and by an end 
cap pulling out of the end plate. There was also one incidence of a circumferen
tial crack in the fuel element sheath. The failed fuel bundle components were 
sectioned, raetallographic examinations were performed and the end plate hydrogen/ 
deuterium concentration was analyzed. The hydrogen/deuterium concentration in 
the irradiated bundles ranged from 25-112 ug/g as compared to the normal as-
received concentration of 10-15 ug/g. 

MODULE TESTS 

Shaker table tests of a fully loaded module (Fig. 3) were perform 
determine the module-bundle dynamic characteristics. Three of the module 
on which accelerometers and strain gauges were mounted contained unirradiated 
fuel bundles while the remaining 45 tubes held steel billets of similar external 
dimensions and mass as the bundles. The module was rigidly fixed to the shaker 
table and an axial preload was applied to the bundles. Sweep tests covering the 
frequency range of 5 to 200 Hz with a sinusoidal input at a level of 0.2 to 0.3 g 
peak were performed for three module axes independently. Random and half-sine-
pulse impact tests were also performed in the vertical axis. 

Analysis of the tube response as measured by the accelerometers and strain 
gauges indicated that the major response of the module tubes occurred in the 
range of 25 to 30 Hz. The increased response in this frequency range was deter
mined to be due to inter element bundle action and bundle rocking in the tube. 
However, the amplified tube response was less than two times the shaker table 
input. At other frequencies less than 200 Hz the tube amplification was neglig
ible. 

FIGURE 3 

LOADED TRANSPORTATION MODULE ON SHAKER TABLE 
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RAILCAR END IMPACT RESPONSE 

A standard 90 tonnes freight car carrying a 62 tonnes flask was modeled, us
ing two-dimensional beam elements. A computer program was developed to compute 
the system natural frequencies, mode shapes and transient response to end impact 
with different combinations of draft gear; friction-friction, hydraulic-
hydraulic, and friction-hydraulic(3). 

The most important results were obtained from analysis of the horizontal and 
vertical acceleration of the vehicle and flask at various locations for a range 
of end impact speeds up to 16 km/h (Fig. 4). The analysis indicated that with a 

dard draft gear (89 mm travel) the impact energy absorption capability of the 
gear was exceeded for impact speeds in excess of 6.4 km/h. This resulted, 
example, in an increase in the horizontal deceleration of the railcar at 

the point of impact from 21 g at 6.4 km/h to 475 g at 16.0 km/h. With a draft 
gear having a 254 mm travel the deceleration at the point of impact is reduced to 
53 g at an impact speed of 16 km/h. 
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RAILCAR STEADY-STATE RESPONSE 

The railcar and flask were modelled as rigid bodies mounted on two trucks. 
Each truck consists of two wheel sets, two side frames with springs and friction 
dampers. The car body sits on two bolsters (one on each truck) at the centre 
plate location. In this manner, a swivel movement can take place between the 
bolster and the car body. A nine degrees of freedom nonlinear model was used to 
adequately include all the important characteristics of the railcar. The railcar 
excitations due to track segmentation and random irregularities such as surface 
roughness and rail installation are represented by a combination of periodic and 
random processes(4). 

The analytical results indicate that for speeds up to 100 km/h, the 
railcar rocking response of 12.8° (rms) and vertical acceleration of 0.32 
curred at 19 km/h and 32 km/h respectively (Fig. 5). 
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TRACTOR-SEMITRAILER STEADY-STATE RESPONSE 

The response to road excitations of a standard tractor-semitrailer carrying 
a 27 tonnes flask was analyzed utilizing a two-dimensional model considering the 
longitudinal and vertical planes(5). The cab, engine and tractor chassis is con
sidered as one rigid body as is the semitrailer with the flask-tiedown system. 
The vehicle suspension is represented by linear springs and linear viscous 
dampers. Each of the tires on the tractor and semitrailer is assumed to be a 
linear spring and damper having point contact with the road surface. The model 
allows six degrees of freedom: pitching and bouncing motions of the tractor 
centre of gravity, pitching motion of the semitrailer centre of gravity and vert-
^•^motion of each wheel and axle assembly (Fig. 6). 

^ ^ ^ ^ h e excitation of the transport system due to road irregularities was repre
sented as a stationary Gaussian random signal. The vehicle and flask response to 
a range of road surface roughnesses from good to very poor was obtained in terms 
of the power spectral density. Also, the root mean square acceleration of the 
flask for the range of road classes was computed. Generally, the vertical ac
celeration of the flask increases with vehicle speed and road roughness. A sys
tem resonance resulting in an amplified response is indicated at 40 km/h. The 
maximum flask acceleration predicted at speeds up to 100 km/h is 0.2 g rms on a 
very poor road (Fig. 7). 

1 I ••! FIGURE 6 

ARTICULATED VEHICLE MODEL 

t - -ir 

:i .= 

o- 0.21 

0.17 

" 0.13 

< 0.09-

0.05 

0.01 

Rood Class (S,^ 

A = Good 

B = Average , 

C = Poor 

D = Very Poor 

40 6C 80 IOC 

Veloc i ty (km/h) 
m MO 

FIGURE 7 

VERTICAL ACCELERATION OF THE FLASK V m i C L £ SPEfO 

1289 



CONCLUSIONS 

The maximum steady-state flask response during rail or road transport, as 
determined by computer analyses has been found to be less than the experi
mentally determined fuel bundle fatigue strength. Thus most fuel bundles 
are not expected to fail during transportation under the conditions con
sidered. 

Railcars should be equipped with hydraulic draft gear having sufficient 
travel to prevent fuel bundle failures and excessive loads on the railcar, 
flask and tie down system due to end-impacts. The analytical results indic
ate that for end-impact speeds up to 15 km/h, the draft gear should have 
travel of at least 254 mm. 

lav^^ 

cm^^^ 3. It is expected that the experimental fuel bundle strength data, determ^ 
tion of module dynamic characteristics and analyses techniques developed 
will assist in development of a reliable and efficient irradiated fuel 
transportation system. 

ACKNOWLEDGEMENT 

Objective setting and funding for this program were provided by the Nuclear 
Materials Management and Nuclear Systems Departments of Ontario Hydro. Atomic 
Energy of Canada Ltd staff at the Whiteshell Nuclear Research Establishment made 
significant contributions to the hot cell impact and fatigue tests. 

REFERENCES 

(1) Kortright, R., et al, "Program for the Transportation of Irradiated Candu 
Fuel", to be presented at PATRAM'80, November 10-14, 1980. 

(2) Forest, J.W. Forest, "Impact and Fatigue Strength of Irradiated CANDU Fuel 
Bundles", Ontario Hydro Research Report No 80-321-K, August 14, 1980. 

(3) Elbestawi, M.A., Dokainish, M.A., "End Impact Analysis of a Railcar Carrying 
an Irradiated Nuclear Fuel Shipping Flask", Ontario Hydro Research Report No 
80-53-K, March 19, 1980. 

(4) Elbestawi, M.A., Dokainish, M.A., "Dynamic Response of a Railcar Carrying an 
Irradiated Nuclear Fuel Shipping Flask Subjected to Periodic and Stochastic 
Rail Excitation", Ontario Hydro Research Report No 80-190-K, May 30, 1980. 

(5) Elbestawi, M.A., Dokainish, M.A., "Random Response of a Tractor-Semitrailer 
System Carrying an Irradiated Nuclear Fuel Shipping Flask, Ontario Hydro 
Research Report No 80-209-K, June 12, 1980. 

(6) LaBarre, R.P., Forbes, R.T. and Andrew, S., "The Measurement and Analy 
Road Surface Roughness", MIRA Report No 197915, 1969. # 

1290 



DISCUSSION 

Question by N. A. Eisenberq, USA: I have a two part question: 
1. Were the vibration input spectra used in the computer modeling ob
tained from measured data or theoretical models? 2. You indicated 
that fatigue measurements were performed at non-resonant frequencies; 
however, the frequency content of shock and vibration experienced in 
transport are likely to be rather broad band. Would you expect 
fatigue failure threshold to vary substantially with frequency, part
icularly at or near resonant frequencies? 

^^^^ Answer: 1. The input spectra were based on theoretical models, 
^^^^heoretical models were compared with measured data and found to 
be in reasonably good agreement. 2. A shaker input excitation fre
quency at other than a resonant frequency was chosen for the fatigue 
tests so that a constant input amplitude level could be maintained 
by the shaker. The actual input to the fuel bundle was broadband 
due to fuel bundle/tube interaction. Sweep tests were also performed 
to obtain the input amplification at resonances. The amplification 
at resonant frequencies is considered in assessing the fuel bundle 
environment. 

Question by G. Malkoske, Canada: What difference in 'g' levels 
for the fuel bundels have you found between those experienced in 
transportation and those determined by testing? 

Answer: During transportation of fuel bundles by road the in
put 'g' levels measured have been generally less than 0.2 g with 
some transients up to 1 g. The fuel bundle fatigue failure threshold 
levels determined by test exceed the levels experienced during trans
portation. The test values are given in the paper. Also, the peak 
values during transportation occur for only brief periods whereas 
during testing the bundles were subjected to the threshold input 
levels continuously for 24 hours and to higher levels for durations 
of approximately one hour. 



MEASUREMENT OF VIBRATIONAL EFFECTS ON AN ASSEMBLY OF 
PWR FUEL ELEMENTS DURING HANDLING AND TRANSPORT BY ROAD AND RAIL 

J. P. Prulhiere 
Commissariat a I'Energie Atomique, 

Centre d'Etudes Scientifiques et Techniques d'Aquitaine, 
Le Barp, 33830 Belin Belief, France 

F. Israel 
Commissariat a I'Energie Atomique 

Centre d'Etudes Nucleaires 
B.P. no. 6, 92260 Fontenay-aux-Roses, France 

Note; This is a summarised version of the full proceedings text. 
For more details please contact Mr. J. P. Prulhiere at the 
above addre s s. 

1. INTRODUCTION 

It IS necessary to know the vibrational environment affecting 
a fuel element during the usual stages of its lifetime - transport, 
handling - for calculating the failure probability of the fuel ele
ment cans during back-stages between nuclear power stations and re
processing stations, and carrying out simulation tests on fuel ele
ment subassemblies in the laboratory from actual data. 

This paper presents the results obtained by the "Centre d'Etudes 
Scientifiques et Techniaues d'Aquitaine - that is a CEA establishment 
m France - during a test series in the course of the first quarter 
of 1980. 

2. TEST PROGRAMME 

This test concerns a simulation of the transport of irradiated 
fuel elements of the PWR type between a nuclear power station located 
in South-East France and the reprocessing station at La Hague. 

Three stages were studied: ^ ^ B 

- a lorry stage describing transport between, on the one hand th^^^ 
nuclear reactors and the nearest goods station, and on the other 
hand Cherbourg station and La Hague centre; 

- a train stage; 

- a handling stage. 

The starting point was located at the Bugey nuclear power sta
tion and the point of arrival at the Tricastin nuclear power station. 
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Between departure from the nuclear power station and arrival at 
the reprocessing station many handling processes are necessary. They 
consist of rolling, lifting, shifting and setting down the cask on a 
suitable means of conveyance, that is to say a lorry (in the power 
station) and specialised lorries and trucks. 

The shipping procedure can be divided as follows: 

- transport of the cask to the loading point; 

- loading on to the lorry and shifting - mean duration: 3 hours; 

- transport from La Hague to the railway station - mean duration: 2 
J|^urs; 

-^^^HDading and setting down the cask on the truck - mean duration: 
^^Kours; 

- joining the truck to the instrumented railway coach - mean duratioB: 
3 hours including checking of the measuring instruments; 

- railway transport from La Hague to Tricastin - duration ranging 
from 4 to 6 days; 

- unloading on to the truck and shifting; 

- setting down the cask on the ground. 

Planning of the tests took 3 months including one month for 
setting up instruments. 

Railway transport is common and it must be pointed out that 
1000 km transport takes from 6 to 8 days, which involves long stays 
m marshalling yards. 

The specimen to be tested was a PWR assembly mock-up installed m 
a TN 12 transport cask of 100 metric tons belonging to the Transnucleaire 
company. It was not fitted out with support baskets for twelve assem
blies. 

3. MEASURING INSTRUMENTS SET UP 

The measuring instruments set up,including 34 simultaneous meas
uring channels, were chiefly composed of accelerometers. 

The prospective assembly point during a transport stage was 
simulated by an extremely rigid structure. As the mass of the basket 
could not be reproduced, the bond between the basket and the cask 
shell was made rigid whereas there is in fact a large clearance. 

The measuring channels located outside the cask were placed 
ej^^^ on the trunnions or on the truck floor - rigidly bound to the 
t^^Hfloor. 

Because it is difficult to have access to the inside of the cask 
after closing the lid (it is necessary to foresee shifting, therefore 
heavy specific equipment and m particular a 120 t crane) all the 
internal instruments of the specimen were doubled. 

Grids were chosen (eight three-axes accelerometers). The micro 
deformations on a few rods were measured, in order to compare them 
with the existing data from structure computer codes. 
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A railway coach laboratory belonging to the SNCF (French 
national railway company) was coupled on to the truck in order to 
carry measuring and computing electronic hardware and accommodate 
employees during the tests. 

Experimental data were recorded: 

- on analogical magnetic tape (34 simultaneous channels); 

- digitally by means of a specially built computer (maximum capacity: 
16 simultaneous channels). 

In addition to measuring the values of the parameters referring 
to the truck floor and the inside of the cask, the radial accel^|^ion 
of a tram wheel (that is a rotating vector) was recorded by m^^^nf 
a telemetering process. ^ ^ ^ 

For handling and road transport stages, more compact measuring 
electronic hardware operating by battery was used. 

4. PROCESSING (with examples) 

The large amount of information recorded during the tests re
quired data condensation techniques in common use in signal proces
sing technology. The most common ones will be cited as an example 
(calculation of effective values, power spectral densities, shock 
spectra, etc.) : 

- Signal as a function of time 

The easiest processing consists of plotting signal against 
time. 

Accelerations were measured on the first grid as well as micro-
deformatiors collected on two rods during the handling stage. 

2 
Low acceleration levels (peak values 0.3 m/s ) and the appearance 

of elastic bending waves (30 Hz) on rods along the vertical axis 
can be observed. 

- Effective value as a function of time 

Unfortunately, this first method does not condense data. How
ever, it can be analogically achieved easily enough by computing the 
effective values of accelerations m a given frequency band and chosen 
on a sampling basis. 

(The effective value of a signal is the integral of the re^i^ied 
signal. In the case where the mean value of the signal is zer(^^^^ 
IS equal to the standard deviation of the measured magnitude 6^^^-
bution). 

A thirty minute recording covers the accelerations measured on th 
first grid during the rail stage where the train speed ranging from O 
to 80 km/h IS indicated on the same sheet. 

We noted that when the tram stopped and when it went over switch 
points, measured effective levels reach 0.25 g. There is no correl-

1294 



ation between velocity and measured levels, but we noted that the 
highest levels resulted from switch points. 

The method makes it possible to choose the zones whose v levels 
are the highest, and contract data to a large extent (effective value 
calculation is made every 0.3 s whereas peak values can result from 
frequencies nearing 150 Hz). 

- Power spectral density 

It is important to know frequencies from measured signals for 
^ing whether the frequencies received are those that make the " 

ture vibrate. Power spectral density (PSD) is currently used 
lat purpose. PSD is the average of the Fourier transformation 

[us from a time signal. It can be analogically obtained by means 
of a band pass filter whose central frequency 'has been fluctuated, a 
rectifier and an integrater; but small special-purpose computers have 
superseded such a device. 

It is then possible to combine the above mentioned time and fre
quency processes. 

- Another frequency processing type (SANDIA) 

Another method developed by Sandia Laboratories consists of ex
amining the signals after processing in band pass filters, computing 
their histogram distribution and statistical parameters (average, 
standard deviation) and representing the maximum level consistent with 
a chosen confidence level (for instance 95.6 % for 2cr) . 

An outline of processes meant for plotting peak values (with a 
confidence level) is as follows: 

- acceleration signal to be processed; 

- output signal from the band pass filter; -' • ^ '•.•..-• i • 

- histogram of the peaks; 

- statistical parameter computation - average, standard deviatloa 
asymmetry, etc.; 

- plot of possible levels (with a given confidence level); 

- asymmetries; , ... ' ' ' 

- oblateness •'.:•. • . -i' •., .• " '̂  • • •' ». r . ' 1 

- Shock spectra 

In the case of short phenomena (as regards the response of the 
s^^sture) the most widely known process consists of calculating a 
s^^^B spectrum defined by the maximum displacement of a linear mech-
a^^^l resonator. Each resonator is chosen in order to obtain the same 
damping. When the resonance frequency varies, a curve called a "shock 
spectrum" is obtained. 

i -' • \-<- 1. , •!• • J I'. •* 'i"Xu, ) - , ' ' _ • • • 

<< •.: 1. ;-'-i • . I -.-J .•; ' • (J .-S'-.c: r, • ;, T ' • . ' 
•. .:i> 'ii'. ' ̂ i • '"'. . : = • •oj-v-' -•'':i'' . 'f-= V J - 'j . 
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5. RESULTS 

As most processes concern the tram stage, the results from this 
stage will be emphasised. They are compared with those provided by 
Sandia m 1971. 

- In-situ measurements required 

The environment measured on a fuel element assembly is necessa
rily different from that existing on the truck floor. It depends on 
the transfer functions of the structures linking floor and assembly. 

In order to account for this fact, the acceleration measu:^^^ 
along the axis at different places in the structure (tram wheei^^B 
truck floor, cask trunnion, assembly) is represented on the sanS^^ 
plain. 

Signals with very different magnitudes and shapes are always 
noted, but only some correlated frequencies. 

Fig. 1 shows accelerations measured during rail transport and 
measurement point influence. (Note: time signals AC 4, AC 3 and AGE 
are drawn on the same scale). 

Investigating vibrations measured on the assembly shows the 
environment to be hardly ever homogeneous over all the grids. 

When examining signals measured on the truck floor (between two 
points) and trunnions, the results are even more convincing. The 
same conclusion is reached after studying the main frequencies noted. 
They are different, according to their place and the measuring axis. 

- Comparison with Sandia tests 

CESTA data were compared from one axis to another with those 
provided by Sandia. 

Data are given in Fig. 2. 

We find that the environments calculated by Sandia Laboratories 
are more important than those which we measured, except for one or 
two frequency bands. 

In the first place the comparison involves similar directions 
but different measurement points (the floor as regards Sandia, the 
assembly as regards CESTA), for Sandia Laboratories did not carry out 
experiments on the cask with three-axes transducers. 

This may partly allow for the difference. ^^^^ 

It is likely that the levels measured are influenced to a^^Pge 
extent by the condition of the railway lines. 

Moreover we think that the differences between the two series 
of results are amplified more by the statistical processing of signals 
by Sandia Laboratories, because they consider the distribution of peak 
resulting in a given confidence level to be symmetric, whereas it is 
not in every case. This hypothesis which is safety-orientated re-
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suits in great increases in the levels measured and accounts for the 
differences between the results to a large extent. 

We have discarded such a method and prefer techniques which are 
not based on such hypotheses. 

Peak to peak levels met on the assembly during rail/road stages 
and handling, and frequencies occurring most often have been collected 
into data tables. Results are shown in Fig. 3. 

mi^^de 

6. CONCLUSION 

The measurement of vibrational parameters (acceleration and 
m^^^deformations) was carried out on a fuel element assembly during 
normal environmental stages (rail/road transport and handling). 

Its utilisation showed: 

- acceleration levels lower than those measured by Sandia Laboratories 
during a similar test; 

- difficulties in comparing two tests, a priori similar, on account 
of the differences between measurement locations; 

- discrepancies between results proper to the American document, which 
probably resulted in overrating levels actually measured; 

- the necessity for carrying out measurements in situ; 

- resonances in several subassemblies (cask supports, grids, bars, 
etc.) ; 

- very low levels during handling stages. 

Nevertheless, the characteristics of the chosen environment do 
not encompass all possible normal events. As a matter of fact: 

- many precautions were taken during handling and transport by road, 
shocks being avoided as far as possible. That was mainly due to 
the new type of cask and the technical help lent during the test 
(presence of the constructor for instance), which would not occur 
when the cask is in service; 

- some stages of transport which did not take place (but which took 
place in the US and from which high levels of acceleration were 
derived) are based only on regulations. Especially hump-switching 
in a marshalling yard and end-on collisions. 

Therefore the levels measured must be considered as basic values. 
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DISCUSSION 

Question by A. Miiller, FR Germany: What is the conclusion of 
your investigations on spent fuel elements in real transport? Do 
you have experience in fuel element behaviour in real transport sit
uations, especially with respect to fuel element failure during trans
port? 

Answer: We wanted to exactly understand the vibrational environ
ment on the PWR fuel element assembly and not what happens on the 

floor or the cask wall such as has been done Up until now (e.g. 
1971). From the results provided, we now want to calculate 
to the grid spacers and the fuel rods with the help of a 

calculation programme using the MINER cumulative hypothesis. 
We will check this theory with fatigue tests (using the real measured 
environment) up to rupture of the fuel rods and the gauges. The re
sults will be know in 1981. 

Question by H.-J. Enqelmann, FR Germany: Did you carry out 
your simulated tests under normal transport conditions with heat? 

Answer: No, our only aim was to simulate normal transport under 
vibratory conditions in order to obtain test fatigue specifications 
on the irradiated and non-irradiated grid spacers and fuel rods. We 
intend to introduce the thermal aspect in obtaining the test speci
fication by modifying the transfer functions by a temperature function. 

Question by B. Balmer, Switzerland: 1. How do the measured 
acceleration spectra for rail transport differ from those for road 
transport? 2. How does the speed of travel influence the accleration 
spectrum? 

Answer: 1. There are important differences between the rail 
and road environment, both between the levels and between the frequences 
observed. There are of course frequencies inherent in the assembly 
(e.g. 36 Hz) but the other frequencies characterise the mode of 
transport or the way in which the container is secured. 2. There 
is a small spectrum modification as a function of the travel speed. 
But for certain speeds it is preferential to excite certain modes. 
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DYNAMIC ANALYSIS TO ESTABLISH NORMAL SHOCK AND VIBRATION 
OF RADIOACTIVE MATERIAL SHIPPING PACKAGES 

S. R. Fields 
Hanford Engineering Development Laboratory 

Westlnghouse Hanford Company 
Richland, Washington 

Packaged radioactive material is transported within the United 
States by both truck and rail. Regulations governing the shipment 
of such material have been issued by both the U. S. Department of 
Transportation (US-DOT) and the U. S. Nuclear Regulatory Commission 
(US-NRC). The US-NRC is primarily concerned with maintaining the 
structural integrity of the radioactive material shipping packages. 
A computer model, CARDS (Cask-Rallcar Dynamic Simulator) was developed 
by the Hanford Engineering Development Laboratory for the US-NRC to 
provide input data for a broad range of radioactive material package-
tledown structural assessments. 

CARDS simulates the dynamic behavior of shipping packages and 
their transporters during normal transport conditions. The model 
will be used to identify parameters which significantly affect the 
normal shock and vibration environments which, in turn, provide the 
basis for determining the forces transmitted to the packages. The 
determination of these forces is necessary for the package-tledown 
structural assessments. The objective is to determine the extent to 
which the shocks and vibrations experienced by the shipping packages 
during normal transport are influenced by, or are sensitive to, var
ious structural parameters of the transport system (i.e., package, 
package supports, vehicle characteristics, etc.). 

CARDS Is a complex two-dimensional, multi-degree-of-freedom 
model which determines the horizontal (longitudinal), vertical, and 
rotational motion of both the package and its transporter following 
impact with an anvil train during coupling operations. The model 
also determines the longitudinal motion of each of four (or more) 
ballast-filled hopper cars in the anvil train. CARDS calculates the 
coupler force on the cask-rallcar due to the impact, considering 
draft gear characteristics and shifting of the cargoes on the cask-
rail car and on the anvil cars. The formulation of CARDS provides 
flexibility for the simulation of a broad range of package-oar, and 
paokage-car-anvll train configurations. 

Validation of the model has been partially established by 
simulation of Test #3 of l8 instrumented impact tests conducted at 
the Savannah River Laboratories (SRL) in July and August of 1978. In 
these tests, several hammer oar configurations (spent fuel shipping 
cask-flat rail car configurations) were coupled, at various impact 
speeds, to a stationary anvil train consisting of four ballast-loaded 
hopper cars. In the test simulated, a 40-ton Hallam cask was mounted 
on a 70-ton Seaboard Coastline flat bulkhead railcar with standard 
couplers. Horizontal movement of the cask on the railcar was opposed 
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by a rigid stop at the struck end, and vertical movement was opposed 
by six vertical bolts. This cask-rail car configuration was coupled 
to the anvil train at an Impact speed of 10.5 miles per hour. 

A measure of model validation was established by the application 
of two separate techniques. The simplest and most straightforward 
technique was visual comparison of experimentally measured response 
variables with the corresponding values calculated using the model. 
The second technique used is a statistical technique based on Thell's 
inequality coefficients. A Thell's Inequality coefficient for each 
response variable was computed from comparisons of its time-varying 
najj^cted and measured values. These Individual coefficients are 
^^Bned into a single figure of merit (Thell's multiple inequality 
^^^Ticient) which varies from 0 (best agreement! to 1 Tpoorest 
agreement). 

An assessment of how well the CARDS model simulated the behavior 
of the cask-rail car system for the conditions of Test 3 of the SRL 
experiments was made by comparing, both visually and quantitatively, 
the calculated and experimental values of coupler force, the hori
zontal force of Interaction between the cask and rail car, the hori
zontal acceleration of the rail car, the horizontal acceleration of 
the cask, the vertical acceleration of the cask at the far end, and 
the vertical acceleration of the cask at the struck end. The coupler 
force was the force of excitation causing the system to vibrate. 

At first, there was good agreement only between the calculated 
and experimental values of the horizontal forces and accelerations. 
The vertical accelerations of the cask at the far end did not show 
acceptable agreement when compared both visually and quantitatively. 
A review of high speed films of the tests and of system structural 
features revealed the cause of this lack of agreement. The high 
speed films showed that water was ejected from the collar around the 
cask at the far end at Impact (rain water had collected under the 
collar during a rain storm the night before the test). It was also 
recalled that a rubber gasket or shim was used under the collar. This 
suggested that the rubber, or gap, or both, could cause both an in
crease in the magnitude and frequency of the acceleration readings 
at the far end, precisely the characteristics needed In the calculated 
results to achieve agreement. Double integration of the measured 
accelerations gave displacements which confirmed this conclusion. 
Therefore, a non-linear stiffness coefficient was devised for a rear 
tiedown consisting of a series combination of an Initial gap between 
the cask and its collar, a rubber shim, and then the intended tiedown 
structure. A corresponding damping coefficient was also devised. 
When these new coefficients were used in the model, a dramatic improve
ment in the agreement was realized (especially in the visual compari-
SQ|^^. 

^^^To assess the performance of CARDS, two cases were evaluated. 
In the first case, the experimentally measured coupler force was used 
and, in the second case, the coupler force used was that calculated 
by the model. Due to space and time limitations, only selected results 
from the first case will be presented. Visual comparisons of selected 
response variables are presented in Figures 1 through 4. Figure 1 
shows the longitudinal force of Interaction between the cask and 
rail car. Figure 2 presents the horizontal acceleration of the cask. 
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Figures 3 and 4 show the vertical accelerations of the cask at the 
far and struck ends, respectively. Quantitative comparisons of each 
pair of response variables were made by computing Theil's inequality 
coefficients. Only the vertical accelerations of the cask produced 
inequality coefficients above 0.5. However, Figures 3 and 4 show 
that good visual agreement exists between the vertical accelerations. 
Both the magnitude and frequency of these plots are in good agreement. 
It appears, however, that better quantitative agreement could be ob
tained if the calculated vertical acceleration at the far end (Figure 
3) could be made to shift approximately 0.025 second forward on the 
time scale, and if the calculated vertical acceleration at the struck 
end (Figure 4) could be shifted about 0.02 second backward on the time 
scale. Theil's multiple inequality coefficient for this case l^^fcB59. 

Response spectra are being computed using CARRS (Cask Rail ̂ 1 ^ 
Response Spectra Generator), a separate model composed of equivalent 
Independent slngle-degree-of-freedom (1 DOF) equations of motion (EOM) 
describing the horizontal, vertical and rotational motion of the cask 
relative to that of the rail car. Relative accelerations (i.e., the 
differences between the respective horizontal, vertical and rotation
al accelerations of the cask and rail car) are computed as functions 
of time for various values of their corresponding frequencies, with 
appropriate time-varying forcing functions (equivalent to support or 
rail car motion) on the right-hand side of the respective equations 
of motion. The forcing or driving functions, obtained from a de
tailed simulation of the system using the CARDS model, consist of the 
three accelerations of the rail car along with terms coupling the 
equations of motion of the cask and rail car in the CARDS model. 
Peak relative acceleration at each frequency are plotted against the 
frequency to obtain the response spectra for a particular forcing 
function. Selected system parameters are then changed in the CARDS 
model and new forcing functions generated. Peak acceleration vs 
frequency plots are thus obtained for all three relative accelera
tions for each new forcing function. 

CARDS is now being used to conduct a parametric and sensitivity 
analysis to identify those parameters which have the greatest influence 
on the forces transmitted to the package. A thorough parameter search 
for the SRL test configurations established the appropriate base 
cases. Two approaches to the parametric and sensitivity analysis are 
being used. The first method is based on the computation of time-
varying parameter Influence coefficients (partial derivatives of a 
system output response variable with respect to a system parameter) 
during a simulation, using sets of differential equations (sensitiv
ity equations) derived from the equations of motion. The second 
method used is based on an Algebraic Monte Carlo technique in which 
the influence of each parameter on selected response variables is 
determined by varying the parameters one at a time, over their ranges 
of uncertainty, while holding all other parameters constant. ^ ^ ^ 

Two response variables (or functions) have been selected a^^^ 
"Figures of Merit" to measure the influence of various parameters on 
the system. The first set of "Influenced" variables or functions are 
the forcing functions driving the 1 DOF EOMs of the CARRS model. 
These forcing functions Indirectly transmit parameter influence to 
the response spectra. System sensitivity is therefore Indicated by 
changes in the response spectra. The second "Figure of Merit" 
selected is Theil's multiple inequality coefficient. 
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The CARDS model consists of twelve equations of motion, one de
rived for each degree of freedom (generalized coordinate), and sup
plementary auxiliary equations. The equations of motion were derived 
from an energy balance (expressed in generalized coordinates) on the 
system. The entire model definition was written in the Advanced 
Continuous Simulation Language (ACSL) which was developed for the 
purpose of modeling systems described by time-dependent, non-linear 
differential equations and/or transfer functions. Of the four numeri
cal Integration algorithms available in ACSL, the Runge-Kutta fourth-
order algorithm was chosen for the CARDS model. 

DISCUSSION . . ^ 

Question by J.-P. Prulhiere, France: The model you have pre
sented IS a model with discrete elements. How did you choose the 
value of the parameters (e.g. stiffness)? 

Answer by N. A. Eisenberq, USA: Although I am not the author 
of this paper, I shall attempt to adequately and accurately respond 
to your question. 

Since this is a lumped model, rather than a distributed system 
model,it IS necessary to estimate parameter values for the system com
ponents assumed m the model. Some parameter values, e.g. the masses 
of the cask, railcar, and wheel assemblies, arise rather transparently 
from direct measurement or design data. Other parameter values, 
e.g. the compliance (spring) coefficients and frictional (damping) 
coefficients for tiedowns and other connecting structural members, 
are obtained by conventional engineering calculations involving the 
dimensions and material properties of the components. For certain 
nonlinear components, such as the draft gear, experimentally measured 
values of parameters are used. Furthermore, it is my understanding 
that the author adjusted some parameter values, so that the computer 
simulation results matched optimally with certain experimental tests 
used to "calibrate" or benchmark the simulation. However, once para
meters were fixed for these few cases, no further adjustments were 
made. 

Question by T. Loewen, Canada: Which type of draft did you con
sider and how did you model the draft gear? 

Answer by N. A. Eisenberq, USA: Although I am not the author of 
th^^aper, I shall attempt to adequately and accurately respond to 
yc^^^^uestion. 
th^^a 
fc^^^u 

Both conventional and long-travel cushioned draft gear were con
sidered. The simulation language (ASCL) permits characterisation 
of the inherent nonlinear behaviour of the draft gear (e.g. the 
damping force is proportional to the coupling force, rather than the 
velocity of travel, as m a linear component). Furthermore, bottoming-
out of the draft gear at the end of its travel, with the concommitant 
increase in stiffness and stress, is also modelled. 
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DISCUSSION 

Question by D. Haon, France: This question is relevant to the 
first three papers of this session. 

Is it possible to say whether the tests carried out showed 
partial destruction of the fuel elements transported, which, according 
to Mr. Walker in paper 029 should be taken into consideration m cri
ticality studies for transport containers? 

Answer by G. Chevalier, France: In France we have elabore 
shock absorber for an assembly (15 x 15). This shock absorber 
constitutes a deceleration identical to that seen in a contame^BWth 
12 assemblies after a drop of 9 m. We will have the results on de
formation and ruptures of the assembly m a year's time. 

raJ^^a 

le^Hwt 

Generally speaking, there are few studies on this type of be
haviour of assemblies, in particular if they are irradiated. These 
are studies which could justify whether criticality studies on as
semblies after an accident are necessary. 
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RECENT DEVELOPMENTS IN PUNCTURE ANALYSIS 
TECHNIQUES OF NUCLEAR SHIPPING CONTAINER COMPONENTS* 

by 

R. C. Shieh 

9937 Del lc f t s t l e Road 
G a i t h e r s b u r g , Maryland, USA 20760 

SUMMARY 

•
IThis paper identifies a number of previously used, deficient design 
ysis/safety review bases and methods of analysis for nuclear shipping cask 

designs under the regulatory puncture loading. It also reviews previous 
experimental/empirical studies in the subject areas and points out some short
comings in these studies. Recent developments in the subject technological 
area are discussed and major research results presented. Some potential areas 
of future research are also identified. 

1. INTRODUCTION 

Title 10, Part 71 of the Code of Federal Regulations sets forth the 
requirements governing the shipment and performance of shipping casks under 
accident conditions. Because of the requirement of subjecting the cask to 
the accident fire test following the puncture test, it is a generally accepted 
fact that the outer steel shell layer of a lead shielding cask not be punc
tured; otherwise, loss of the lead shielding in the puncture region will 
result under the subsequent fire condition. 

Despite the necessity of meeting the regulatory requirement, the puncture-
safe design technology of shipping casks has not been fully developed yet. 
In the past, inadequate general design bases, analysis methods and/or empirical 
data/equations have been often used in cask puncture-safe designs, and the 
designs routinely accepted. 

Earlier systematic studies (Refs. 1-3) to develop puncture-safe design 
analysis techniques had employed the experimental/empirical approaches. More 
recently, the validity of these experimental/empirical data were examined and 
questioned, and appropriate empirical equations for lead-backed cylindrical 
steel shells have been developed in Ref. U. 

In Ref. 5, Lawrence Livermore Laboratory, under the sponsorship of 
U.S.-NRC, performed both experimental and analytical studies of the axisym-
metrical puncture problems of laminated, circular stainless steel plate 
assemblies. A finite element type computerized study has been developed, 
but both computational efficiency and accuracy need to be improved before it 

•

become a practical and useful cask licensing or design tool for circular 
etural components of lead-shielded steel casks. The experimental study 
yielded some useful data or confirmatory information for puncture force/ 

energy responses of lead - and uranium - backed circular steel plate assemblies. 

The analytical techniques/design curves applicable to the design of 
circular steel plates subjected to an axisymmetric, quasi-static or low 
velocity impact puncture loading have been developed in Ref. 6. A continuum 

This work was partially completed at the U.S. Nuclear Regulatory 
Commission where the author was a structural engineer 11975-80). 
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approach was used in the study. 

The main purposes of the present paper are to critically review the 
previously developed analytical techniques/design curves, point out some 
shortcomings in these studies, identify inadequate general design bases 
and analytical methods used in cask design/licensing review, summarize 
the recent developments in puncture analysis techniques, and identify the 
areas in which additional research efforts are needed. 

The problem areas in puncture-free design analysis of cask structural 
components are presented in Section 2. The critiques of the previous studies 
on puncture analysis techniques are given in Section 3 while recent develc 
ments in the techniques are given in Section 4. Section 5 identifies th{^ 
areas in which additional puncture research efforts are needed. 

2. SOME DEFICIENCIES/PROBLEM AREAS IN CASK PUNCTURE DESIGN ANALYSIS 

During the past five years in reviewing structural designs of shipping 
casks, the author has found that almost the entire cask puncture design 
analysis/safety review bases (including a previously used l^l'^ kips-
punch-force-puncture design criterion), and methods of analysis were 
in a technically unsound or questionable footing. Some examples are: 

(a) The comnonly used design/analysis/evaluation bases/practices 
derived from the assumption of punch buckling failure at the onset 
of punch yielding, including the previously stated position 
of 50 ksi-maximum-punch-stress puncture design criterion, has 
been found invalid or of questionable validity and could lead to 
grossly unconservative analysis/design results for thicker container 
wall cases (e.g. more than 1-inch thick lead-backed stainless steel 
shell; for 2-inch thick lead-backed stainless steel, the maximum 
punch stress at incipient puncture is about 100 ksi at room shell 
temperature. See Refs. 5 and 8). 

(b) The widely used design curves contained in the ORNL Cask Designer's 
Guide (also Nelms'equations) for puncture analysis/evaluation of 
lead-backed, steel cask shell design may give unconservative re
sults partly due to use of solid lead core interior or unreal-
istically (almost infinitely) thick lead backing in generating test 
data that were used in developing these curves/equations; experi
mental evidence shows that these curves/equations may overpredict 
the puncture energy absorbing capacity of a realistic cask steel 
shell by as much as 50%1 

(c) Neglect of important elevated temperature effects (e.g., in 
NLI-10/24 cask design), that would or could reduce puncture 
resistance capacity of a lead-backed cask steel plate or shell 
by as much as 50°̂  at 400°F temperature, and low temperature 
effects, which may cause carbon steel casks to fracture in a n| 
ductile manner. 

(d) Questionable validity of misapplication of the existing empirical 
puncture design equations beyond their ranges of applicability, 
e.g., generally unconservative use of Nelms' puncture equations in 
laminated or multiconcentric steel shell puncture analysis in which 
two shells are separated by air or water. 
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(e) General unconservative puncture analysis and design practices by 
neglecting the portion of applied puncture energy contributed by 
punch displacement after cask/punch bar contact--a practice which 
could lead to significantly unconservative results, particularly 
if the cask is of a concentric shell type with the outer and inner 
shells separated by air or water and the former is punctured 
through. 

(f) Shortcomings (substandards) in puncture scale model testing 
techniques/procedures/practices such as neglect of several important 
scaling distortion effects. 

^^REVIEW/CRITIQUE OF PREVIOUS STUDIES 

(a) ORNL Studies (Refs. 1 and 2) 

Earlier systematic experimental studies of the incipient puncture 
behavior of lead-backed carbon and stainless steel plate and shell assembli^ 
were made at Oak Ridge National Laboratories (ORNL) (Refs. 1 and 2). In 
these studies, puncture test data were generated by simplified scale model 
or prototype drop tests in which the lead backing was either an infinitely 
thick layer compared with the steel shell layer or solid interior core of 
the circular cylindrical steel shell. These studies have produced the well-
known Nelms'puncture equation which have been widely used in cask shell 
design by cas-k designers and safety review by NRC reviewers. Correlation 
between the equation-predicted results and obsolete cylindrical cask test 
results (Ref. 7) show that the Nelms' empirical puncture equation over-
predicted the test results by about 40 to BOX (See Fig. 1), thus, use of 
this equation in cylindrical cask design may result in nonconservative 
design. This is hardly surprising because the scale models and prototype 
structures used in the tests deviate too much from realistic cask structures 
(e.g., lead backing thickness). Indeed, recent confirmatory study by LLL 
(Lawrence Livermore Laboratory) (Ref. 5) shows that the thickness of lead 
layer in a lead-backed steel plate has significant effects on incipient 
puncture behavior of steel plates. Besides this, Nelms' equation and the 
design curves contained in the ORNL Cask Designer's Guide may give noncon
servative design results because they did not take into account test data 
scatter. 

(b) Sakamato, et al. Study (Ref. 3) 

Later, Sakamoto, et al. conducted a series of scale model tests aiming 
at studying the effects of cask shell diameter and rounded punch edge radius 
on incipient puncture energy behavior. The model casks used in the tests 
were scaled-down versions of a realistic 80 ton prototype cylindrical cask of 
steel/lead composite shell construction. Static, impact machine and drop 
puncture tests were performed. An empirical puncture energy equation which, 
J|^fieneral, predicts stronger cask puncture resistance than that of Nelms' 
^^H)een developed. i'he applicability of most of these test 
^ ^ P F and thus, the empirical equation in cask puncture-safe design, needs 
additional confirmation because machine impact test velocities were not 
shown to be in the vicinity of regulatory puncture drop velocity, and most 
of the drop test heights deviated too much from the regulatory drop height 
of 40 inches. (According to the scaling laws, drop height in the scale 
model tests should be 40 inches). 
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4. RECENT DEVELOPMENT 

(a) Puncture Studies by the Writer (Refs. 4 and 6) 

(i) In Ref. 4, the writer performed an in-depth review of the existing 
puncture data and accomplished the following: 

Developed an empirical incipient shell puncture energy equation 
of lead-backed, steel cask shells. This was done on the basis 
of the ORNL obsolete (realistic) cask puncture test data (Ref. 
7) and those scale cask model drop puncture test data of Saka
moto, et al (Ref. 3) with drop heights in the vicinity of 40-
inches. The effect of regulatory punch edge radius of l/4-inc| 
on incipient puncture energy has been incorporated in the equal 
tion. In order to account for uncertainties (such as test data"" 
scatter, possible inaccuracy in test data due to deviation of the 
test drop heights from the regulatory drop height of 40 inches, 
etc.) it was recommended that use of the empirical incipient 
puncture equation in cask shell puncture-free design should be 
made by reducing the incipient puncture energy by at least 20%. 
In this way (with 20% safety margin), the following empirical 
puncture design equation was obtained in Ref. 4 for lead-shielded, 
steel cask shells: 

W < 14.8[1+ 6/D + (41/D)^]t^-^ay/(h+ S^) (1) 

(0.5% t < 2"; 45" £ D £ 90", lead thickness >_ 4 inches) 

where W is the total cask weight, h the cask drop height (= 40 
inches), 6 the cask center of gravity displacement after cask/ 

punch bar contact, D the cask shell outer diameter, t the cask 
outher steel shell thickness, and ay the ultimate strength of 
the outer steel shell; all units are in inches, kips or their„ „-
combination. For a single composite shell type cask, 5j,2i 4 t ' 
(inches) can be used in Eq. (1). 

Identified several scaling distortion effects and formulated 
a technically sound remedial measure for treating these effects 
in use of scale model testing techniques. 

Introduced/applied similitude laws and standardized data analysis/ 
parametric study procedure in empirical puncture equation develop
ment via scale model testing techniques. 

Identified significant discrepancies between the existing empirical 
puncture equations and shell puncture test data of realistic, 
cylindrical, lead-backed, steel cask shells and their main causes, 
and developed a technically sound empirical puncture design equ.^ 
tion as mentioned above. 

q u ^ ^ 

(ii) In Ref. 6, the axisymmetric problem of a circular metal plate 
subjected to a punch load at its center has been studied. An efficient 
analytical predictive technique has been developed, and puncture-safe design 
curves for stainless steel plates at room and elevated (400°F) temperature 
conditions were presented (see Fig. 2). The computational time involved in 
computing the incipient puncture responses (energy, displacement, etc.) for 
a given case is not more than a few seconds as compared with the LLL finite 
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element NIKE-2D model of 10 to 50 minutes (see item (b) below). 

Recently, the above study has been extended to the carbon steel case. 
Figure 2 shows the nondimentional incipient puncture energy V =V /aut^ and 

punch displacement U = 5 /t as functions of d/t for various values of d/D -

values for both stainless and carbon steel plates. Here, V is incipient 

puncture energy, d the punch diameter, and a\i, D, t and 6 are defined as in 

Eq. (1). Use of these curves in puncture-safe design of a circular flat 
steel cask plate should be made only after reducing the puncture energy ab-

•

ng capacity by 30% to allow a margin of safety for inaccuracy, uncertain-
etc. 

Figure 3 shows the excellent correlation between the analytically 
predicted and experimentally obtained punch force responses as a function of 
punch displacement. 

(b) LLL - Study 

In Ref. 5, Lawrence Livermore Laboratory (LLL) performed both analyt ical 
and experimental puncture studies of lead-backed and uranium backed c i rcu lar 
f l a t stainless steel plate assemblies. A f i n i t e element computer code, 
NIKE-2D, has been developed. The computational time in solving a typical 
s ta t ic or dynamic puncture problem of a lead-backed, stainless steel plate 
using the NIKE-2D model has been estimated as 10 to 50 minutes of CDC-7600 
cpu time. The NIKE-2D model also does not possess capabi l i ty of modeling 
stra in rate sensitive material behavior on inelast ic deformation. Therefore, 
addit ional ef for ts are required to improve the computational ef f ic iency and 
dynamic modeling capabi l i ty of rate sensit ive materials (such as steel and 
lead) before the NIKE-2D model can become a useful tool in predicting 
accurately the puncture behavior or in serving as a pract ical analyt ical tool 
in l icensing review or design of shipping cask c i rcu lar plate components. 

In the experimental study area, the study also yielded the following data 
and confirming information: 

Verif ied that the plate puncture fracture c r i te r ion for lead-backed 
stainless steel plates is of shear fa i l u re type in the range of 
parameters studied. 

Experimentally generated puncture data for lead- and uranium-backed, 
stainless steel plate assemblies at room and elevated temperature 
environments. 

Confirmed the importance of elevated temperature effects in degrading 
the puncture resistance capacity of lead-backed steel plates; e.g., 
at 200°F and 400°F temperatures the puncture energy absorbing 
capacity of the plate assemblies may be reduced from that of room 
temperature by as much as 20% and 50%, respectively. 

Developed incipient puncture force data for lead-backed stainless 
steel plate assemblies at room temperature and confirmed inadequacy 
of using the 50 ksi maximum punch stress as the cask puncture design 
basis if shell thickness is greater than 1-inch under the room temp
erature environment. From these data, the following maximum punch 
stress equation at the incipient plalE puncture has been derived 
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(Ref. 8): 

â , = 47 t (ksi) (2) 

Confirmed that lead thickness has significant effects on the puncture 
energy absorbing capacity of lead-backed cask plate and found 
the puncture energy absorbing capacity of such plates being increased 
by only about 10% due to the presence of the regulatory punch edge 
radius in the tested punch bars as opposed to square-edged punch. 

Found that the puncture resistance capacity of a uranium-backed 
stainless steel plate assembly is approximately three to five ti 
that of the corresponding lead-backed stainless steel plate case 

# 
Showed that for a given lead layer thickness and temperature, the 
incipient puncture energy is not only a function of punch diameter (d), 
plate thickness (t), but also a strong function of plate diameter (D). 

However, it must be mentioned that numerous comments and conclusions 
made or drawn in Ref. 5 cannot be supported by existing data or need to be 
backed-up by additional studies/data (see Ref. 8). Some examples are: 

The conclusions of dynamic puncture energy absorbing capacity being 
less than the corresponding static one based on the information 
given in Table 4 of Ref. 5 cannot be supported because the dynamic 
energy data in this table are believed not accurate enough. The 
more accurate values are those enclosed in parentheses in Table 1 below 
(Refs. 5 and 8). 

TABLE 1: Static and dynamic test failure data for lead-backed 
plates when backing thickness = punch diameter. 

Plate 
thickness 

i n . 

0.05 

0.105 

0.20 

0.117 

0.540 

Inconsis 
energy 

b „ „ „ „ , „ „ 

d / t 

12 

5.71 

3 

12.82 

2.78 

tency or 

Punch 
diam, 

i n . 

0.6 

0.6 

0.6 

1.5 

1.5 

Average dynamic 
test data 

Max 
Force, 

lb 

8,100 

--
25,600 

46,500 

176,500 

the absence of data 

Puncture 
energy, V 
i n . - l b '̂  

2,300 (2,590<V^<2900) 

4,800<Vj,<7,400a 

12,600 (10,820<V^<15,670) 

22,900 (25,300<V^<30,200) 

220,000<Vj,<235,OOOa 

Static test 
data 

Max 
force 

lb 

7,000 

13,800 

25,400 

39,000 

175,000 

prevents closer determination of 

Puncture 
energy, 
i n . - l b 

2,300 

5,500 

14,600^' 

23,300 

2 ^ ^ 

pun^HFe 

Average of two static tests, V =13.8 and 15.d kip-in. 

In the last case of Table 1, the dynamic puncture energy absorbing 
capacity is seen to be less than that of the corresponding static 
case. However, in this case, the drop puncture test height was 118 

1316 



inches, which are about 3 times of the regulatory drop height. 
In any case, that the fact that dynamic/static puncture resistance 
energy ratio may be less than 1 is not entirely new. In Ref. 9, 
whether this ratio will be greater or less than 1 for carbon steel 
beam puncture was shown to be a function of carbon steel contents 
and punch impact velocity. 

An attempt was made in Ref. 5 to correlate the newly developed, 
incipient static and dynamic puncture energy data for lead-backed, 
circular stainless steel plates with those of the previously, inde
pendently developed test results and empirical equations of lead-
backed, rectangular steel plates of Refs. 1-4 (see Fig. 4). As 
might be expected, a good correlation was not obtained because of 
complete or vast differences in the configuration and boundary condi
tions of the tested assemblies, test methods, etc. Also, the 
nondimensional incipient puncture energy V of lead-backed, circular 

steel plate assemblies is a strong function of punch diameter/plate 
diameter ration (d/Dp), i.e, V decreases with increase in d/Dp -

" - value -- the information that was not pointed out in Ref 5 or shown 
in the Fig. 11 of Ref. 5 (i.e., Fig. 4 of the present paper). 

• - Comments made on material strain rate effects on puncture behavior 
were mostly inaccurate or invalid. Figure 5, taken from Ref. 5, 
shows the importance of material strain rate effects on the punch 
force response as a function of punch and plate displacement. 

5. POTENTIAL AREAS OF FUTURE CASK PUNCTURE RESEARCH 

The puncture analysis techniques of nuclear shipping casks are still not 
well developed. The chart in Figure 6 shows the major areas of cask puncture 
research and the areas in which puncture studies and data exist. Some poten
tial areas of additional confirmatory research to be pursued, therefore, are: 

(a) Investigation of puncture resistance and fracturing behavior 
of those cask materials (e.g., certain types of carbon steel) 

L- that are not very ductile or which can lose ductility in a 
low temperature environment, and fracturing behavior of 
uranium backing material. 

(b) Investigation of puncture resistance capacity of unbacked 
steel shells. 

(c) Generation of additional puncture data (for independent 
confirmatory purposes) and investigation of effects of 
elevated temperature on puncture resistance capacity of 
lead-shielded, circular cylindrical cask shells. 

(d) Investigation of effects of steel plate/shel l lamination, 
cask drop puncture veloci ty (including quasi-stat ic case), 
i n i t i a l stress, e tc . , on cask plate/shel l puncture res is t 
ance capacity. 

6. CONCLUSION 

A number of deficient or questionable technical bases and problem areas 
in puncture-free design analysis and safety review of nuclear shipping casks 
subjected to the regulatory puncture loading were identified; these included 
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the widely used design basis of 50 ksi-punch-stress puncture design criterion 
and design curves given in the ORNL Cask Designer's Guide and Nelms' empirical 
puncture design equation. 

Review/critique of the previous puncture studies (Ref. 1-3) were made, 
which resulted in identification of some inadequate or questionable test/ 
empirical results. 

Recent developments in puncture analysis techniques (Refs. 4-6) were 
discussed, and appropriate empirical results, design curves and information, 
and other research results, were summarized or presented in the form of equa
tions (Eqs. 1 and 2) tablejfigures (Figs. 2-5). ^ ^ ^ 

The potential areas of future puncture research were also identified^^^ 

In summary, state-of-the-art in cask puncture design analysis technology 
is still in its development stage and additional research efforts must be 
expanded to build up the technology. 
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ANALYTICAL AND HMPIRICAL EVALUATION OF LOW-LEVEL 
WASTE DRUM RESPONSE TO ACCIDENT ENVIRONMENTS* 

R. A. May, L. E. Romesberg, and H. R. Yoshlmura 
Sandia National Laboratories, Albuquerque, NM, USA 

W. E. Baker and J. C. Hokanson 
Southwest Research Institute, San Antonio, TX, USA 

INTRODUCTION 

As part of an overall program to predict the response of low-level nuclear 
waste transportation systems to accident environments, Sandia National Laboratories 
(SNL) has been evaluating the structural response of 208 litre (55 gallon), 17C 
drums (Type A packagings), containing contact-handled transuranic waste (CH-TRU), 
to impact environments. Early analytical studies of entire transportation systems 
indicated that the Type A drum behavior had a strong effect on the systems' 
structural response. In addition, it is desirable to predict the failure of these 
drums as part of the overall assessment of package response in accident 
environments to serve as inputs to environmental impact statements. Finally, 
accurate definition of scale model drum response would allow less-expensive scale 
model tests to be performed during packaging development and assessment activities. 

In order to assess the feasibility of simulating the drum response using 
existing computer codes, as well as to verify the adequacy of the subscale models, 
static and dynamic tests of full scale and subscale drums were conducted. This 
paper briefly describes the results of static and dynamic tests using full scale 
17C drums and compares them to the results obtained from subscale tests and 
computer analyses of equivalent tests. More detailed information can be found in 
Ref. [1]. 

DESCRIPTION OF PROTOTYPE AND SUBSCALE DRUMS 

Full scale drums actually used to package low-level waste were obtained from 
Rockwell International's Rocky Flats facility. The drum assembly consisted of a 
thin polyethylene bag (filled with waste) which was inside of a rigid polyethylene 
liner which in turn was contained by a 17C drum, Figure 1. The full scale drums 
were tested in four different configurations: filled with 90 kg of combustible 
w ^ * ^ filled with either 225 kg or 320 kg of simulated sludge waste, or empty. 
T^^^Hights selected for the filled drums were representative of those shipped by 
R^^^^lats. 

Scale model drums were simulated by using appropriately sized, commercially 
available, tinplated steel cans normally used for food packaging. Number 12 cans 
were used to simulate the 1/4 scale drums and #300 cans were used to simulate 1/8 
scale drums. A comparison of the container sizes and thicknesses and the scaled 
prototype dimensions is shown in Table I. The diameters and heights compared 

•Work sponsored by U. S. Department of Energy under Contract DE-AC04-76DP0O789. 
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within 3 percent, but the material thicknesses were 15 percent too small for the 
1/4 scale cans and 16 percent too large for the 1/8 scale cans. The scale model 
drums were filled with material taken from previously tested prototype drums or 
with locally obtained material of similar composition. After the cans were filled 
to appropriate scaled weights (some cans were not filled), the lids were attached 
using a comnercially available can sealer. 

D0T-17C0fl 
-0OT-17H 
65-OM.DRUM 

RAOOACTIVE MATERIAL WHITE- I. 
YELLOW- I I, OR YELLOW- I I I 

LABEL AS APPROPfllATE. 2 PLACES, 
APPHOX 180* APART 

Figure 1. Typical 170 drum, Type A waste container with a rigid 
2.S-nB-thick polyethylene liner 

Table I 
Dimensions and Comparisons of Prototype and 

Scale Model 170 Drums 

CONTAINER 

Prototype (17-C) 

#12 Can 
Scaled Prototype 

#300 Can 
Scaled Prototype 

Diameter 

606 

156 
152 

75 
76 

DIMENSIONS 
Height 

884 

222 
221 

113 
110 

(na) 
Thickness 

1.52 

0.32 
0.38 

0.22 
0.19 
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No attempt was made to model the polyethylene bag, rigid liner or the lid 
clamping ring since it was assumed that accurately modeling these details would not 
improve test results enough to justify the expense. The effects of neglecting 
these details are being investigated to verify this assumption. 

STATIC TESTS 

The first tests consisted of quasi-static crush tests of both full scale and 
subscale CH-TRU drums. This testing was undertaken in order to obtain the 
load-deflection behavior of the prototype containers for use in the computer 
aj^^^ses. Also by comparing the scaled prototype results to the load-deflection 
^^^Kor the subscale containers, an early estimate of the adequacy of the model 
I^^R.ners was made. It was felt that if reasonable correlation was not found for 
the static tests, correlation between the same containers would not be possible in 
the dynamic tests, and a different model container would have to be obtained. 

The full scale drums were tested in a universal testing machine which had 
25-mm-thick steel plates attached to both the fixed and movable heads to assure 
adequate contact area during crush, Figure 2. Plots of crush force versus platen 
motion were generated from recording equipment attached to the testing machine. In 
addition, time lapse motion pictures were taken from two vantage points at the rate 
of one frame per second. The drums were crushed in a radial direction at a rate of 
12.7 mm/min. The maximum crush of the drums was arbitrarily limited to one-half of 
the drum diameter, i.e., 305 mm. The scale model containers were tested in a 
similar manner except on a smaller capacity testing machine. 

i! • ••!r 

Figure 2. Static test configuration for prototype containers 

Eight full scale drums were tested along with six 1/4 scale containers and ten 
1/8 scale containers. The results of the prototype static crush tests show 
consistent load-deflection behavior. Figure 3. The initial crush phase and the 
occurrence of drum-lid separation can be seen to be Independent of contents. The 
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load-deflection plots show a sharp drop in load at about 64 mm (lOZ crush) which 
corresponds to the separation of the lid from the drum body. The contents and the 
amount of free volume did affect the later crush stiffness and the onset and 
severity of lockup. The behavior of the drums containing either 225 kg or 320 kg 
of simulated sludge was virtually identical, while the drums containing 90 kg of 
combustible waste appear to be slightly stlffer. 

60000 

50000 

RADIAL DRUM CRUSH (CM) 

Figure 3. Comparison of the static load-deflection behavior of 
prototype drums - various contents 

Figure 4 shows the results of the static tests of drums containing 225 kg of 
simulated waste. Results of equivalent scale model tests, appropriately scaled to 
prototype dimensions are also shown on the same figure. Good agreement between the 
prototype and 1/4 scale load-deflection behavior can be seen. The 1/8 scale 
behavior indicated that these models were approximately three times stronger than 
the prototype containers. This discrepancy was found to be caused by two factors: 
(1) the material in the scale models was stronger than the prototype material, and 
(2) the wall thickness in the 1/8 scale models was greater than the correctly 
scaled thickness. Neither scale model could duplicate the lid separation which 
occurred at lOZ crush on the prototype drums because the prototype drums used 
clamping rings to secure the drum lids while the scale model container lids were 
rolled and crimped to the container body. 

DYNAMIC TESTS 

pl^^W, After the quasi-static prototype and subscale model tests had been comple 
series of dynamic tests was initiated. The objective of this test series was to 
obtain the characteristic deformed shapes and measurements for both the full scale 
and subscale Type A containers. Both single drimi and multiple drimi configurations 
were tested at Impact velocities that might be encountered In a severe 
transportation accident. In some tests, a closed cell, rigid polyurethane foam, 
located between the container and the target, was used to simulate the impact 
mitigation properties of a typical transport container. 
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Figure 4. Comparison of the scaled load-deflection behavior for 
1/8, 1/4, and full scale 225 kg containers 

All dynamic tests were conducted at SNL's Coyote Canyon Drop Test Facility. 
The full scale drums were allowed to free-fall onto an unyielding target. It was 
determined that the smaller, scaled containers were subject to perturbations at 
release and during free-fall, therefore the scale model drums were guided into the 
target using a small diameter cable passing through guides attached to the cans. 
The target consisted of a 225 tonne concrete foundation topped by 10 cm of hardened 
steel plate. The multiple drum drops used a frame constructed of heavy angle stock 
to keep the drums in vertical alignment. No bulging or excessive deformations of 
the frames were observed during post-test inspections. Post-test measurements were 
made of the radial drum deformation, flattened impact area and, where applicable, 
foam deformation. 

The results of the dynamic tests are consistent with the results of the static 
tests. Correlation was good between the prototype and 1/4 scale test results while 
the 1/8 scale results under-predicted the prototype deformations due to the greater 
stiffness. The deformed shapes of both models and prototype drums were generally 
in good agreement. Figure 5 shows a comparison of a prototype drum and the two 
subscale containers that impacted at 47 kph (29 mph). It was found that the 
addition of the polyurethane foam had little, if any, effect on the crush behavior 

multiple drum Impacts. 

^ ^ ^ a ; gain separation of the drum lid could not be visually determined from the 
subscale models. However, after examining the full-scale and subscale static and 
dynamic test results, it was felt that lid separation in prototype tests could be 
predicted from scale model data. In both the static and dynamic tests, lid 
separation in the prototype drums occurred at approximately lOIS crush. Therefore, 
a subscale drum which suffers a radial deformation at the lid of more than lOZ 
infers that a full scale drum would open in the same test. This criterion can also 
be used to predict drum openings from the results of the computer simulations. 

1325 



Ifê  
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Figure 5. Post-test appearance of 1/8, 1/4, and full scale 320 kg 
containers following a 47 kph impact 

ANALYTIC RESULTS 

Two computer models were used to predict the response of an eight high array 
dropped from a height of either 6.4 or 9.0 meters. The first method used a lumped 
parameter code [ 2] to calculate the crush of each drimi and the deformed array 
height. The drums were modeled in the code with a series of masses and springs 
which represented the weights and stiffnesses of the drums and the contents. The 
stiffnesses were obtained from the previously conducted static crush tests. 

A finite element model using a SNL developed computer code [3] was also used. 
The drums were simply represented as solid cylinders of material. This 
representation required some average or equivalent material properties for the 
container system. The average material properties were determined from the 
previously conducted static crush tests. [1 ] 

Both analytical models were able to predict the crush of an eight high array o 
drums with reasonable accuracy. Both models predicted the results for the maximum 
deflection of each drum, while in actuality the drums exhibit about 3.7 cm of^ 
springback. The results of both the lumped parameter model and the flnite^^^^nt 
model, corrected for the springback, are shown along with full scale and l^^^Vale 
test results for a 9.0 meter drop, Figure 6. The finite element model slig^^' 
over-predicts the crush of the top and the bottom two drums. This anomaly can be 
attributed to modeling the drums as a solid cylinder. The lumped parameter model 
gives a somewhat better prediction of drum crush, but with no indication of the 
deformed container shape. Both models give results which are within the expected 
repeatability of the- tests. By using the previous criteria for lid separation, 
failure of the drum closure can be inferred at radial deformations greater than 6 
cm (101). 
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CONCLUSIONS 

Based upon the results of the tests to date, it has been found that the 
structural response of low-level waste drums to impact environments can be 
generally predicted, both analytically and with subscale models. As currently 
represented, only the 1/4 scale models would adequately represent full scale drum 
deformation; however, additional work has shown that with proper heat treating, the 
strength of the material used in the 1/8 scale containers can be reduced to the 
correct value. Both analytical models give results that are expected to be within 
the range of behavior of the full scale drums. Failure of the drum closure can be 
adequately Inferred from the radial deformation results of both subscale tests and 
cojuixteT analyses. co^ute; 

.LUMPED PARAMETER 
MODEL 

,1/4 SCALE 

FINITE ELEMENT 
MODEL 

DRUM NUMBER (BOTTOM DRUM IS NUMBER 1) 

Figure 6. Comparison of fu l l and 1/4 scale tes t results to 
analytical resu l t s ; eight high stack, 9 m drop 
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DISCUSSION 

Question by H.-J. Enqelmann, FR Germany: Have you carried out 
tests with the space between the filling and the lid of the drum? 

Answer: The filled drums normally contain some voided space 
between the filling and the lid of the drum. The influence of the 
void space and contents on the static load-deflection curve was ob
served for deflections beyond that shown in the diagram. Our data 
show that the drums generally tended to "lock up" (have rapidly 
rising load m comparison to deflection) at large deformations. ^ ^ 

Question by M. L. Bell, USA:1.Did you examine the polyethy^^W 
bag and rigid liner for failure, i.e. leakage of contents, afte^^^ 
performance of the full size tests, m particular the 9 m drop test? 
2. Were any drums dropped at a CG over corner angle? 3. Were the 
drums statically loaded in the vertical orientation ? 

Answer: We examined each drum after each test. The 9 m drop 
test of the drum on its side did not cause failure of the drum lid/ 
ring attachment nor was any loss of material from the drum observed. 
2. No, we were primarily interested m the lateral loading of the 
drum which simulates the environment seen in a transport accident. 
3. Yes, we static tested the drums m the axial direction. In these 
tests, the drum lid/ring attachments did not fail. 

Question by H.-U. Berqer, FR Germany: What experience do you 
have with leaks smaller than those where the lids pop off? (Important 
for the shipment of humid mud where small amounts of water have to 
be taken care of). 

Answer: Our tests were concerned primarily with wastes that 
have low moisture contents. Thus, I have little experience with 
leakage of the type you describe. If through an impact, gaps form 
m the lid, I believe the polyethylene bag and the rigid polyethylene 
liner would prevent or slow any leakage of free water that might be 
contained withm the sludge. 
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AIR ACCIDENTS ;SIMULATION FACILITIES 

B.BAZELAIRE 
Ont re d'Etudes Scientifiques et Techniques d'Aquitaine 

The Centre d'EtudesScientifiques et Techniques d'Aquitaine, (CESTA)*, one of the establishments of the "Commissa
riat d I'Energie Atomique" (C.E.A.), has been entrusted with the design, manufacture and testing of containers for air 
transportation of nuclear assemblies. 

The purpose of this paper is to discuss : 

'd used to ensure a satisfactory design for containers ; 
lerformed and the means used to prove the validity of such a design. 

The four major parameters involved are the following : ' .L ^\ , _,'• 

*•' , ' ' " 
- the nuclear assembly (configuration, weight, sturdiness) ; ' '^ " . T '< 
-thetransport mode (speed, carrying capacity, cargo hold geometry) ; ,"' 
• the available timetable (design studies, construction, testing, and analysis of test data) ; 
-the budget alloted. » : ' , - ' •• . ' ^ '. jr • 

The design of the container largely depends mainly on the sturdiness of the nuclear assembly (or conversely of its fragi
l ity! and on the stringsness of the specifications for testing procedures, which globally cover the cases of air accidents 
envisaged. 

The ability of the container to withstand impacts at relatively high velocities (40 and 80 ms"1) has been demonstrated 
on reduced scale models to minimize costs. 

The testing facilities comprise : 

- theacceleratedfal l towerattheC.ES.TA. i<'iist •>' - t , i; .,. „ -,11-
-the launching rail at the Centre d'Essaisdes Landes. ""^^'^ ^ 3^' '^~ 

I . - 1 ' r. I ' ' .(V ^ 

* The C.E3.TA. is under the authority of the C.E A . and is devoted to scientific and techn)oal l lpaNti . ee i lA tM^ bl 
Aquitaine. 

. ' ( » • . • 1. NUCLEAR ASSEIVIBLIES TO BE TRANSPORTED 

Main features : 

The dimensions of a nuclear assembly are shown in Figure 1. 
Each assembly weighs 170 kg. 

dia.O.SOin 

Fig. 1 : Configuration of nuclear assembly 
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Sturdiness 

The internal design of the nuclear assembly is such that it withstandsany shock, of which the characteristics ( V , t) 
are within the shaded area 

acceleration 1ms 2) 

10000 

- time (ms) 
10 

Fig 2 Strength zone ( V . t) of nuclear assembly 

Assuming that a bundle consists of the nuclear assembly and its container if there is no distocatnn of the structures 
likely to result in dispersal of nuclear substances then the bundle is said to resist 

2 TRANSPORT AIRCRAFT 

Mam features 

The proposed aircraft for transporting such nuclear assemblies is the TRANSALL C 160, a twin turbojet 

cruising speed 450 km/h (245 knots = 282 mph) 
-payload 16 000 kg (35 274 Ibsl 
cargo hold dimensions 

length 13 50m 
max width 3 150 m / International railways 
max height 2 980 m \ loading gauge 

The bundles are arranged transversally in the cargo hold one behind the other spaced at intervals of 0 45 m 

/ 
215 S^ , 0 45 m / 

Fig 3 Layout of bundles in TRANSALL cargo hold 

3 TESTSPECIFICATIONSAND AIR ACCIDENTS 

Certification trials 

Prior to Its operational use, a container should be certified i e the bundle (container + nuclear assembly) must undergo 
the following tests 
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impact test against a flat rigid target, 
-punching test, 
- fire test, 
-leaktightnesstest. 

NOTE : This paper will deal only wKh Impact tests which are the only tests genuinely typical of air accidents. 

Air accidents 

Statistical analysis of transport aircraft accidents which occurred in France and in the United States, has led to taking 
Into account the following breakdown schemes of impact velocities: 

V ;80ms-1 

Fig. 4 : Breakdown of impi 

This breakdown covers nearlyflW whole of air accidents (97 %l 

Specifications of impact tests 

Each bundle must be so an-angld on board the aircraft as to withstand a W m r f U w i i l i m MipiBt'and a 401ri«^ ' ^ 1 -
tudinal impact. 

4. CONTAINERS 

4.1. Design and main features of the container 

The design is directly derived from successive certification tests. 

The container is shaped like a cylinder (die. 1.70 m ; length 2.10 m), HW'jtetMrt 
weight is 1 8(X) kg approx. 

« « • MngJftttHJK^KBHitad. It* 
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From the inside outwards the container comprises successively 

an adaptive hardware of rigid plastic material for shimming the nuclear assembly , 

a r^gid inner^nclqaj^e made of aluminum alloy which constitutes the leaktightness barrier ; 

Ji^^^^pli J ^ ! ^ ! ^ ! ! made of balsa which, at the time of the impact, absorbs the kinetic mergy of the internal mass Mj: 

{ Mass of inner enclosure 
+ Mass of adaptive hardware 
+ Mass of nuclear assembly 

-ajtheirnalprotectiye layer made of laminated cork, 

an outer impact;proof^enclosure^made of high deformation steel designed to contain the shock-absorber at t h ^ ^ ^ f t f 
impact and to wisthstand punching forces 

Additionally a frame of ordinary steel enables handling and fastening the bundle in the cargo hold 

Impact-proof enclosure 

Thermal protection 

Shock absorber 

Inner enclosure 

Adaptive hardware 

Nuclear assembly 

Bolster. 

Fig 5 Sketch of container 

4-2 Impact damping calculation (principlel 

Kinematic approach 

The kinematic calculation permits assessing the dimensions of the damping material 

Assuming a constant deceleration F of the internal mass M| after an impact, let VQ be the impact velocity, the mini 
mum crashing course Cyo of mass M| is 

Vo2 
CyO ~ 

2V 

hence for VQ = 80 ms 1 and V = 10 000 ms 2 Cgo = 0X)8 m 

for Vo = 40 ms 1 and F = 10 000 ms 2 C40 = 0 03 m 

These minimum theoretical values must in fact be multiplied by a coefficient Cf (> 1) which depends on the shape of 
the inner enclosure with respect to the impact (plane cylinder flat cone point, sphere, etc) 
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Furthermore, the maximum crushing of whatever damping material reaching at the most 60 % of the initial thickness, 
eo must therefore be as fallows : 

Cvo X Cf 

e o > 
0,6 

Dynamic approach 

The dynamic calculation permits specifying the mechanical features of the damping material. There remains to seek' 
such^^^fll material, hoping that it is actually available on the market. 

energy of mass Mj : 

E =-Mi Vo2 

If S is the projected surface areaofmMiMj , kinetic energy E is absorbed by the teapingmatirWwMehiicnilhadlly 
an amount Cyo ^ 

; ' ' E = - Mi Vo2 = p S Cvo ' ' • ' ' • 

• 1, ̂ •".•••{•'t. I .• '» , ' - • 

in which p = crushing^wmw (or compmilon rupture stress) of the material. 

Mi Vo2 MiV 
P = -

. ^ V O ^ ' I I \ '*• I 1 . " . 

For VQ = 80ms-1 (and S j = 1 m2) then : p'v 50 bar ' ' ' '^•" ' r. . / - . - . • ^ 
• _ f - | ^ i H l r , ^ f,- • ^ - V * -' ' I ) I .- • i - t '* ! ! i« : 

For Vo = 40 ms-'' (and S L = 0,32 m2) then :p 'v, 150 bar ' , 
•^'..ci '•! ,;; ^ '•) - ' I F ' I . ' : 

The values found have led to opting for : ' ^' 

- low density balsa for lateral damper {p 'v 150 l^m3) 
- high density balsa for axial damper ( p 'v 250 kg/m3| .f 

5. DEMONSTRATION METHOD ' ^ 

Several models intended to be subjected to impact tests have been prepared to validate the design proposed in § 4. 
The purpose of these tests is to check the boundary characteristics of the measured impact on the dummy simulating the 
nuclear assembly, as well as the condition of the inner enclosure (conservation or not of leaktightness}. 

The extent of the existing testing facilities and the concern for limiting the construction costs of these models have led 
to caro^^out these tests on reduced scale models. The reductk)n ratio R has been selected to equal 0.4. ^ aro^^ou 

Similarity 5-1 Similarity rules 

- the materials used for the models are the same as those selected for the actual containers ; 
- all the dimensions are reduced by the same similarity ratio ; ,', 
- impact velocities are kept. 

In these conditions, in which similarity ratio R =0.4, the distinct parameters are as followtt . 
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Magnitude 

- Length 

- Velocity 

Mass 

— Acceleration 

- Stress 

- T i m e 

- C o s t 

Real container 

L 

V 

M 

r 
6 

T 

C 

Model container 

L' = LR = 0 4 L 

V = V 

M = M R 3 = 0 064M 

T ' = F R l = 2,5 r 

^^^ 
r = TR = 0 , 4 ^ ^ ^ 

C ' ~ C R I . 5 = 0,25 C 

For the record C = 240 000 
C ' = 60 000 

;}u. French Francs 1980) 

5 2 Test layout 

The layout is strictly in accordance with the arrangement of the bundles on board the aircraft and the appropriate 

specifications for simulating air accidents 

Test 1 'Foreward" longitudinal impact at V = 40 m s ' 

Test 2 "Rearward" longitudinal impact at V = 40 ms ̂  

Test 3 Transverse impact at V = 80 ms ̂  

Test 4 "Simultaneous and transverse impact test at V = 80 m s ' of two bundles in tandem with their longitudinal axis 
perpendicular to the direction of the impact velocity 

Test 4 IS intended to measure the chronology of successive impacts and the effects of the impact by container 2 on con 
tamer 1 

6 TESTARRAYS AND FACILITIES 

Near Bordeaux are two large facilities enabling the hereabove mentioned tests to t>e conducted,namely . 

- the accelerated fall tower at the C E 5 T A , 
-the launchir^ rail at the Centred'Essaisdes Landes 

6 1 Accelerated fall tower 

The facility comprises 

- a 30 metre high steel tower, 
- a horizontal target consisting of a concrete slab weighing 200 metric tons, lined with a shielding plate, 120 mm thick, 
•2 guide cables, 
- a propellant device including one or more powder propellant booster (s) fitted at the rear of the bundle to be tested so 
as to reach the desired impact velocity 

This installation has enabled unit tests of containers to be conducted (tests 1, 2 and 3) using the following arrays 
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Array 1 (V = 40ms1) 

6.2 Launchinfl rail 

The facility comprises . 

Explosive shackle. 

Guide cable . 

Propellant booster. -*M 

Foreward guide 

Model bundle 

Rearward guide 

D==B 

Qt£ 

. - > • 

'?7777777777fZ} 

Array 2 (V = 4 0 m s 1 ) 

Fig 6 Unit impact tests 

Target. 

'^>7/////77f7 

Array 3 (V = 80 m s ' ) 

a 3(X)-metre long steel rail stopping lO-metre short of the target, 
a trolley, moving along the rail, equipped with a battery of powder boosters to speed up the dtvJM, 

- a target weighing 60 metric tons made of corKrete blocks, lined with a steel plate 120-mm thidt,- • — >' 
1 

Test array 4 IS illustrated on F igure 7 > 

The two bundle models are arranged in tandem on a platform simulating the aircraft floor, thi»lMpwil<llKfilWll*a A » 
trolley - \ • ' 

^ T A\\ \ \ \ \ \ \ 

.Target 

_ Shielding plate 

Rail 

Propellant booster _ ^ ^ _ 

^ o.t8jn 

Bundle. 

\ \ \ \ \ < \ \ \ \ \ \ \ \ \ \ \ \ \ S \ \ ^ \^\uv^v\\^SW 
—Trolley 

- i f * Fig 7 .Simultaneous impact test 

Each model coM|iner is equipped with accelerometnc sensors , acceleration 1 | filmed by ord lmty ilu^ < 
(20O pictures/s), and tt<* impact by extra fast movie cameras (8 000 pictures/s). 
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7 RESULTS 

The overall results are shown on the table below 

Test array 

Measures taken on 
model containers 

(m) (ms-2) 
A t 

(10 3s) 

Extrapolation on a 
real container 

C 
(m) 

r 
(ms2) 

-r 0 05 

N ° 1 
13000 

35 

0 1 2 

>200 

N°2 

0 02 

20 000 

2 6 

006 

8 000 

N ° 3 0 08 

26 000 

3 8 

0 20 

10 400 

c1 c2 c1 = 0 12 

c2 = 0 09 

25 000 

3 7 

Second impact at t = 5 3 ms 

0 30 

10000 

Extrapolation on a real container of the results of measures taken on models shows that the desired impact resistance of 
( r < 10 000 ms-2, A T < I Q ms) has been achieved 

8 FILM 
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DISCUSSION 

Question by A. H. Partridge, United Kingdom: In your test 4 you 
showed two pacJtages one behind the other. Your diagram shows several 
packages transversely loaded in the aircraft. Thus in the real sit
uation the front drum would be subject to crushing by all drums be
hind it. Would you care to comment on this aspect? 

Answer: The six bundles are arranged in the aircraft cargo 
hold, one behind the other and spaced in such a way (i.e. 0.45 m) 
th.^^the "flight" time required to cover this distance : h ^ ^ 

)<m/h (i.e. 20 ms) is longer than the impact time 
at the speed 
(i.e. 10 ms). 

only: The transverse impact tests concerned two bundles 
on grounds of economy 
in view of its cylindrical shape, each container is capable of ab
sorbing its own kinetic energy ("fore impact") and at least half of 
the kinetic energy of the following container ("aft impact"). 

It would be unrealistic to assume that the axis of the aircraft 
impact will strictly coincide with the axis of the aligned bundles. 

* I I A S i i • ' r • 'I - M 

r . V).1 
' It,a 

'•< ? I 

•1' I'j • 1 -I. i 

, .V 



SIMULATION OF AIRCRAFT CRASHES ON SPENT 
FUEL TRANSPORT AND STORAGE CASKS 

F. Glaser, FR Germany 

In the Federal Republic of Germany the authorities requir^^^k 
nuclear facilities are so designed that safety is ensured not CT^^^m 
the event of internal and external incidents but also in the event of 
an aircraft crash. 

This requirement also applies to the casks in which spent fuel 
elements are to be transported and stored. 

In the tests described below, it was shown that spent fuel trans
port and storage casks of CASTOR type retain their functional quali
ties even m the event of an aircraft crash. 

At this point It should be noted, that tests of this type are 
model tests, whereby the methods and equipment must simulate an air
craft crash as realistically as possible. 

A special test on the kerosene fire after the crash was no longer 
considered necessary as fire resistance was proved by experiments and 
finite-element calculations carried out during the procedure for ap
proval as a transport cask (type B(U)) by the BAM, Berlin. 

TESTING DETAILS 

The simulation of an aircraft crash took place at a testing 
site m Emsland m the north-west of the Federal Republic of Germany. 
An acceleration facility installed there and sponsored by the Federal 
Ministry for Research and Technology was used, which can accelerate 
missiles with dimensions up to 600 mm diameter and maximum mass of 
1000 kg to a velocity of up to 300 m/s. 

Tests carried out up to now, impact on concrete walls of various 
construction, were performed using projectiles, hollow cylinders with 
graded wall-thickness without additional inner mass. Among other 
things, they help to corroborate the prescribed theoretical values 
of the collision-time behaviour on impact m practical tests. ^ ^ ^ 

In the tests described here, to obtain further simulation ̂ ^^^ 
the collision-time behaviour m the event of an aircraft crash, in 
particular impact of a jet engine, a projectile with additional mass 
was developed. 
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Fig. View of the Projectile 

The designed missile consists of a tube 5 m long, with a dia
meter of 600 mm, a wall thickness of 5 mm and a dome-shaped head of 
equal thickness. Inside, 1.64 m from the top, there is a boiler 
pipe centralised by welded plates; this boiler pipe is supported on 
a cross made out of 20 mm thick plate at the rear of the missile. 
The missile is sealed at the end by a 60 mm thick plate, which, by 
means of a circumferential copper sealing ring also serves as a 
cartridge-case base. The missile mass is approximately 1000 kg.* 

The 1.7 greater mass of a jet engine - a jet engine mass of 
1.7 is taken as a basis in the case of a crash velocity of 215 m/s -
is compensated for by selecting a higher impact velocity. 

Furthermore, in comparison to the GRS (Gesellschaft fiir Reaktor-
sicherheit, Koln) which requires, as a minimum, that the crash energy 
of a jet engine is applied to the target, our tests showed a higher 
energy application. Moreover, we had an additional specific load 
per square unit due to the smaller cross-section of the projectile 
compared to the cross-section of the jet engine. 

As, in addition, the collision-time behaviour on impact of such 
a projectile on the cask comes relatively close to the determined 
beh^^our during impact of a jet engine, the projectile can be taken 
a^^^M-dealised model of a Jet engine and the tests may therefore be 
re^^Hed as conservative. 

Three tests have so far been carried out: 

impact of the missile side-on to the cask; 

impact of the missile on the lid region when the container is in an 
inclined position (line of fire diagonally through the centre ©€ 
gravity of the cask); 
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- impact of the missile on the centre of the lid region at right-
angles. 

Cask parts m a ratio 1:1 but reduced m length, were used as 
test objects. For the side-on impact, part of a CASTOR la with aux
iliary lid was used, for impacts on the lid region a CASTOR Ila part 
with original lid construction including all valves, attachments, 
testing devices, etc. The mass of the test objects was 20 t for 
test no. 1 and 48 t in the case of test no. 2 and 3. The impact vel
ocity of the missile was measured and documented by high-speed cam
eras for all three tests. Apart from photographic documentation, 
after each test the casks were submitted to the following tests by 
the BAM, Berlin: 

- ultra-sonic testing; 

- testing for surface cracks; 

- leaktightness testing. 

TEST RESULTS 

The three tests were carried out in December 1978, December 1979 
and June 1980. 

The distance of the test objects from the muzzle of the accel
erator was 30-40 m. 

During the tests sand banks and/or concrete walls were used as 
abutment to stop the cask from moving backwards, i.e. to ensure full 
energy input. 

The individual impact velocities attained were: 

- test no. 1: 305.9 m/s 

- test no. 2: 304.4 m/s 

- test no. 3: 292.8 m/s 

In all three cases the missile either totally disintegrated or 
only a piece at the end about 0.7 - 1 m long was left. 
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TEST NO. 1 

Fig. 2 Cask before the Test -

Pi^. 3 Position of the Cask after the 5est 
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Fig. 4 Impact Point from the Front 

Examination of the test object showed purely deformations in the 
rib region which received side-on impact; on the body itself, no 
cracks or flaws or other defects could be ascertained. The lid re
gion was undamaged. 

TEST NO. 2 

Fig. 5 Cask before the Test 
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Fig. 6 Position of the Cask after the Test 

Fig. Projectile Impact Point 

Impact on the lid and/or valve region at a positioning angle 
of 31 did not reduce the shielding effect of the cask. No traces 
of damage to the cask were found here either. The leaktightness of 
the whole system was reduced but did not fail. 

By means of a repair routine which was already established as 
part of the whole concept before the tests took place, full integrity 
could be restored within 90 minutes. 
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TEST NO. 3 

Fig. 8 Cask before the Test 

%', 

"S- .-; 

Fig. 9 Cask after the Test 
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Fig. 10 Bending of the Outer Lid 

The outer lid region was damaged (buckled), the main lid was 
undamaged. The leaktightness was reduced, loss of integrity was, 
however, within permissible limits. Complete repair was possible 
by replacing the outer lid. 

In this test it should be taken into account that the probability 
of a stress load such as vertical impact on the lid region is arbi
trary. 

SUMMARY . ~ 

The tests have confirmed that the CASTOR type transport and 
storage cask can withstand extreme stress loads without a great 
amount of damage and fulfills requirements by the authorities in the 
Federal Republic of Germany, that it is "resistant to a fast-flying 
military aircraft crash." 
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DISCUSSION 

Question by M. Brown, United Kingdom: 1. How much energy went 
into motion of the cask? 2. Do you think the shaft of an aircraft 
turbine would provide a smaller frontal area through which the force 
of the impact could be applied? 

Answer: This has not yet been investigated. It should, however, 
be noted that the container is only set in motion when the aircraft 
crash is over. The total energy therefore goes into the cask. 
2. The aircraft turbine shaft is narrower and therefore has a 
impact surface. In the case of a projectile, it should be tak 
consideration that the turbine is not hit first. The nose and 
cabin are first buckled. Therefore, energy is already lost. Con
sequently, the test conditions show more extreme values than in 
reality. 

Question by A. Muller, FR Germany: You mentioned the impact/time 
diagram. Did you determine an impact/time diagram from the experiment 
or to which impact/time diagram do you refer? 

Answer: I refer to the given theoretically determined impact/ 
time diagram. In the experiment we did not determine a time/impact 
diagram. We are trying rather to change the projectile so that we 
come as close as possible to the theoretical diagram. 
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RADIOISOTOPE PACKAGES IN CRUSH AND FIRE 

C. B. G. Taylor 
The Radiochemical Centre, Amershara 

INTRODUCTION 

[1] 
Radioisotopes are now being transported on a very wide scale . This year i-

my own organization will send out more than 300,000 packages. Worldwide this 
traffic is now numbered in millions. 

These are mostly small packages weighing between a few hundred grammes and 
several kilogrammes. Most carry radiochemicals, radiopharmaceuticals, or kits 
for clinical tests. Their activities are generally low, usually 10" Aj or less. 
Some carry radiation sources and may approach A2 but these are a small minority. 
Very few require Type B packaging. 

Mixed loads of several hundreds of these packages leave our laboratories 
every day and are taken by road to distribution depots or airports. What would 
happen if there were to be a serious accident, perhaps followed by fire? Our 
packages meet IAEA standardsL^]^ which for Type A include tests for impact and 
penetration, but not dynamic crush or fire. How would these light-weight packages 
behave in a high-speed collision, in which much heavier packages might crush 
them severely? 

We have thought it worthwhile to stage a series of full-scale crashes with 
real vehicles, loaded with typical packages. This could help us make better 
judgements about the safety of our operations, guide us in our choice of delivery 
vehicles, and give some foreknowledge of the problems we would meet when clearing 
up an accident. It would also be useful to those responsible for reviewing the 
transport regulations. 

We used three small commercial vehicles which had been taken out of service. 
Vehicle A is shown in Figs 1, 2 and 3. With this open-backed truck we could see 
how the packages would move during a crash. Vehicle B (Figs 4 and 5) had the 
same chassis construction but had a closed van back. Both were loaded in the same 
way, with a mixture of Type A and Type B packages, half the former being in over-
packs, half stacked loosely. Heavy Type B drums were loaded behind the Type A 
packages. After crashing vehicle B we poured fuel on the ground underneath it 
and staged a transport fire (Fig 4). 

fiiSBred 
h i d e C was a s m a l l c o n v e n t i o n a l d e l i v e r y v a n . I t was l o a d e d w i t h p a r t l y 

f i i H B I P d Type A and Exempt p a c k a g e s t o s i m u l a t e a r u n be tween two of o u r 
p r o d u c t i o n p l a n t s . 

PACKAGES AND LOADINGS 

V e h i c l e s A and B e a c h c a r r i e d 300 Type A p a c k a g e s o f t h e commonly used 
c a r t o n t y p e . T h i s h a s a n o u t e r c a r d b o a r d c a s e 140 x 110 x 110mm c o n t a i n i n g a 
s e a l e d s t e e l can 0100 x 125mm i n which a r e p a c k i n g p i e c e s o f expanded p o l y s t y 
r e n e , a s m a l l l e a d p o t o r p o l y s t y r e n e c o n t a i n e r , and a g l a s s v i a l h o l d i n g a few 
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Fig. 1 Vehicle A loaded for crash test. 300 Type A packages are stacked 
at the front of the load area, those on the left being in overpacks 

millilitres of radioactive solution. In the trials each vial held 10 ml of 
non-radioactive water. Half the vials were in lead pots 3mm thick, the rest 
being in polystyrene containers. These are the weakest inner components we use 
with this type of packaging. 

The overpacks were rigid cases of strong corrugated cardboard closed by 
adhesive tape. 

In both vehicles there were ten Type B steel drums behind the cartons, small 
ones weighing 50 kg and larger ones weighing 58 kg (Fig 1). In each drum was a 
lead pot weighing 40 kg, in a fire-shield of bonded cork. The drums were arranged 
so that a column of four drums, and beside this a single drum, would impact the 
overpacked and non-overpacked sections of the load of small cartons. 

The smaller van C carried 72 partly-finished Exempt radiopharmaceutical kits 
in front of six small drums designed to carry Type A quantities of labelled 
compounds. Each kit was a moulding of expanded polystyrene 190 x 140 x 100mm 
containing 12 small glass bottles and weighing 0.3 kg. Each Type A drum held 80 
glass vials and weighed 9 kg. The kits were packed in plastic trays, 18 k y ^ ^ r 
tray. Four trays were stacked one alDove the other at the front of the loa^^^B 
compartment of the van. The Type A drums stood immediately behind them in^^^F 
parallel columns of three drums each. In a crash they would move forward and 
crush the kits in the bottom two trays. 

TRIALS 

The trials were done at a transport laboratory with a facility for impacting 
vehicles against traffic barriers, bridge parapets, etc. A vehicle can be 
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Fig 2 . Impact of vehic le A a t 30.8 m/s 

F ig . 3 Damaged packages in vehic le A a f t e r impact a t 30.8 m/s 
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a c c e l e r a t e d a l o n g a t r a c k l e a d i n g t o t h e t a r g e t ( i n t h i s c a s e 45 t o n s o f c o n c r e t e 
b l o c k s ) by an e l e c t r i c a l l y powered w i n c h - a n d - c a b l e s y s t e m . 

We had i n t e n d e d t o c r a s h a l l t h r e e v e h i c l e s a t t h e h i g h e s t r o a d s p e e d a l l o w e d 
i n B r i t a i n , 70 m i l e s p e r h o u r ( 3 0 . 8 m / s ) , b u t o u r v e h i c l e s A and B, w i t h t h e i r 
h e a v y l o a d s , were c l o s e t o t h e u p p e r w e i g h t l i m i t f o r t h e a c c e l e r a t i o n s y s t e m and 
o v e r - l o a d p r o t e c t i o n c u t i n d u r i n g o u r f i r s t two a t t e m p t s . We a c h i e v e d o n l y 9 . 7 
m/s w i t h v e h i c l e A and 1 9 . 8 m/s w i t h v e h i c l e B. F o r t i m a t e l y v e h i c l e A was n o t 
g r e a t l y damaged by t h e f i r s t i m p a c t and we were a b l e t o r u n i t a g a i n , t h i s t i m e 
r e a c h i n g t h e f u l l 3 0 . 8 m / s . There was no d i f f i c u l t y i n r e a c h i n g t h i s speed w i t h 
t h e much l i g h t e r van C. 

I n t h e e v e n t we were g l a d t o have a c h i e v e d t h i s r a n g e o f s p e e d s . I m p a ^ ^ ^ ^ 
w i t h a change o f v e l o c i t y 9 . 7 m/s i s t y p i c a l of many minor r o a d a c c i d e n t s , i ^ ^ ^ f / s 
r e p r e s e n t s a s e r i o u s c r a s h , and 3 0 . 8 m/s i n t o a r i g i d t a r g e t i s a v e r y s e v e r e 
a c c i d e n t i n d e e d . 

The i m p a c t s , which were n o t i n s t r u m e n t e d , were r e c o r d e d by h i g h - s p e e d c i n e -
p h o t o g r a p h y from above and from one s i d e and by s t i l l p h o t o g r a p h s . The b u r n i n g 
o f v e h i c l e B was a l s o n o t i n s t r u m e n t e d (we had n o t e x p e c t e d i t t o b u r n as w e l l 
a s i t d i d ) b u t some i n f o r m a t i o n was g a i n e d from t e m p e r a t u r e — s e n s i t i v e m a r k e r s 
a t t a c h e d t o t h e l e a d p o t s I n s i d e t h e Type B d rums . 

A f t e r t h e t e s t s we took a l l t h e c o n t a i n e r s back t o o u r l a b o r a t o r i e s f o r 
e x a m i n a t i o n . 

RESULTS OF TRIALS 

Dur ing i m p a c t a t 9 . 7 m/s t h e drums i n v e h i c l e A moved fo rward i n t o t h e 
c a r t o n s and r ebounded t o n e a r t h e i r o r i g i n a l p o s i t i o n s . There was l i t t l e a p p a r e n t 
damage t o t h e c a r t o n s b u t many of t h e cans mus t have been d e n t e d . I n t h e second 
i m p a c t , a t 3 0 . 8 m / s , many c a r t o n s were s e v e r e l y damaged, t h e drums relxiunded t o 
t h e back o f t h e v e h i c l e , and two were th rown o u t o n t o t h e r o a d . The u p p e r l a y e r s 
o f o v e r p a c k s and c a r t o n s were p r o p e l l e d v i o l e n t l y u p w a r d s , some r e a c h i n g a h e i g h t 
o f 5ra. Both p a i r s o f s m a l l Type B drums i n f r o n t o f t h e l a r g e r ones were com
p r e s s e d t o a b o u t t h r e e q u a r t e r s o f t h e i r o r i g i n a l d i a m e t e r and t h e i r l i d s were 
b u c k l e d and f o r c e d o f f . 

Many of t h e c a n s from t h e damaged c a r t o n s were so c r u s h e d and d i s t o r t e d a s 
t o be h a r d l y r e c o g n i s a b l e a s c a n s . A l l were examined f o r f a i l u r e o f a seam o r 
p e n e t r a t i o n o f t h e m e t a l a t any p o i n t . S i x had been p i e r c e d and 68 had f a i l e d 
seams , f o u r o f t h e s e a l s o b e i n g p i e r c e d . The g l a s s v i a l was found t o be b r o k e n 
i n 16 o f t h e s e 70 p o t e n t i a l l y l e a k i n g c a n s . Of t h e 16 b r o k e n v i a l s o n l y t h r e e 
were i n l e a d p o t s , t h e r e s t b e i n g i n p o l y s t y r e n e c o n t a i n e r s . Even a t h i n - w a l l e d 
(3mm) l e a d p o t g i v e s e x c e l l e n t p r o t e c t i o n a g a i n s t c r u s h i n g . 

The i m p a c t of v e h i c l e B a t 1 9 . 8 m/s c a u s e d s i m i l a r b u t m i l d e r damage t o t h e 
p a c k a g e s . As t h e y r eb o u nded t h e Type B drums b u r s t open t h e d o o r s a t t h e b a d ^ ^ f 
t h e van and one o f them f e l l o n t o t h e roadway . I n t h i s c a s e none of t h e d r ^ ^ ^ ^ 
l o s t i t s l i d . A l l t h e Type A p a c k a g e s were however s e v e r e l y a f f e c t e d by t h ^ ^ ^ V 
s u b s e q u e n t f i r e t e s t . 

The f i r e was s t a r t e d by i g n i t i n g 40 l i t r e s of p e t r o l p o u r e d on t h e ground 
u n d e r t h e v a n , t o s i m u l a t e l e a k a g e from a r u p t u r e d f u e l t a n k . The f l a m e s took 
h o l d v e r y q u i c k l y , s e t t i n g f i r e t o t h e t y r e s and r i s i n g i n t o t h e d r i v i n g c o m p a r t 
ment , from which t h e y s t r e a m e d o u t t h r o u g h t h e b r o k e n w i n d s h i e l d (F ig 4 ) . The 
c a r d b o a r d o f t h e c a r t o n s was s e t a l i g h t by h e a t t r a n s m i t t e d t h r o u g h t h e m e t a l 
f l o o r o f t h e l o a d compar tment and b u r n e d f r e e l y , a i r f o r c o m b u s t i o n e n t e r i n g 
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Fig. 4 Vehicle B burning. It had previously been crashed at 19.8 m/s' 

Fig. 5 Damaged packages in vehicle B after fire test 
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t h r o u g h t h e open r e a r doo r s and o v e r t h e wooden b u l k h e a d b e h i n d t h e s e a t s . 
W i t h i n 12 m i n u t e s r e p o r t s c o u l d be h e a r d a s t h e a i r i n s i d e t h e cans expanded and 
t h e i r l i d seams snapped open t o r e l e a s e t h e i n t e r n a l p r e s s u r e . The whole i n t e r i o r 
o f t h e l o a d compar tment a p p e a r e d t o be f i l l e d w i t h f l a m e s . The c o r k f i r e s h i e l d s 
m t h e Type B drums c o n t r i b u t e d t o t h e b l a z e , j e t s o f f l ame b u r s t i n g o u t a s t h e i r 
l i d s b u l g e d o u t w a r d s and l i d g a s k e t s were d e s t r o y e d . E v e n t u a l l y a l l t h e c a r t o n s 
and o v e r p a c k s b u r n t away, l e a v i n g a d i s o r d e r e d mass o f cans and drums ( F i g 5 ) . 

When t h e cans were examined a f t e r t h i s f i r e t e s t i t was found t h a t most had 
r e t a i n e d t h e i r l i d s , b u t t h e o v e r - p r e s s u r e had b u l g e d them o u t u n t i l a seam 
o p e n e d , u s u a l l y o v e r a l e n g t h o f 10-20mm. A l l t h e l e a d p o t s m t h e cans had 
m e l t e d . ' Hos t o f t h e g l a s s v i a l s were s h a t t e r e d , o r were m e l t e d o r d i s t o r t e d by 
h e a t . A l l had l o s t t h e i r c o n t e n t s . ^ ^ ^ ^ 

About 15% of t h e can s e a l s f a i l e d d u r i n g t h e 1 9 . 8 m/s impac t ( a s e v i d S i W 
by t h e a b s e n c e of b u l g i n g due t o p r e s s u r i z a t i o n m t h e s u b s e q u e n t f i r e t e s t ) 
compared t o 23% when v e h i c l e A was c r a s h e d a t 3 0 . 8 m / s . Only 2% o f t h e c a n s were 
p i e r c e d , t h e same a s i n A. The maximum t e m p e r a t u r e s r e a c h e d by t h e h e a v y l e a d 
p o t s i n t h e Type B drums, a s shown by t h e t e m p e r a t u r e s e n s i t i v e l a b e l s , r a n g e d 
from 70°C t o 130°C. 

When v e h i c l e C was i m p a c t e d a t 3 0 . 8 m/s t h e drums demol i shed t h e two lower 
t r a y s o f Exempt p a c k a g e s , r e d u c i n g t h e k i t s on t h e s e t r a y s t o b r o k e n p i e c e s o f 
p o l y s t y r e n e and s c a t t e r e d b o t t l e s . N e v e r t h e l e s s , of t h e 864 g l a s s b o t t l e s i n t h e 
k i t s 827 were r e c o v e r e d u n b r o k e n . Th i s was a s t r i k i n g r e s u l t of t h i s t e s t . I n 
r e a l k i t s of t h i s t y p e o n l y one b o t t l e i n t w e l v e c o n t a i n s any r a d i o a c t i v i t y , and 
t h e amount i s s m a l l , 2uCi o f 1 1 2 5 . The m i s s i n g b o t t l e s would t h u s h a v e c o n t a i n e d 
l e s s t h a n lOjiCi of 1 1 2 5 , and t h i s would h a v e been t h e t o t a l r e l e a s e o f r a d i o 
a c t i v i t y i n t h i s v i o l e n t a c c i d e n t . 

PERFORMANCE OF OVERPACKS 

I t h a s been s u g g e s t e d t h a t c a n s i n c a r t o n s packed i n t o o v e r p a c k s may be more 
l i a b l e t o c r a s h damage t h a n c a n s i n s e p a r a t e c a r t o n s , b e c a u s e o v e r p a c k i n g c o u l d 
h o l d t h e cans more f i r m l y i n t h e p a t h o f a heavy o b j e c t . Th i s was n o t c o n f i r m e d 
by t h e s e t e s t s . I f a n y t h i n g t h e p e r f o r m a n c e o f t h e c a r t o n s i n o v e r p a c k s was 
s l i g h t l y t h e b e t t e r . 

The u s e o f o v e r p a c k s a lways a d d s t o s a f e t y when l a r g e numbers o f s m a l l 
p a c k a g e s must be t r a n s p o r t e d . For e x a m p l e , i t p r e v e n t s l o s s and r e d u c e s damage 
by c a r g o h a n d l i n g e q u i p m e n t , which i s most l i k e l y t o happen t o a s m a l l p a c k a g e . 
Overpacked paclcages would a l s o be much e a s i e r t o r e c o v e r a f t e r a r o a d a c c i d e n t . 

CONSTITUTION OF REAL LOADS 

We h a v e a n a l y s e d t h e make-up o f t y p i c a l van l o a d s l e a v i n g o u r p l a n t s and 
f i n d t h e whole l o a d i s se ldom more t h a n one o r two t i m e s A2 even when as many a s 
a t h o u s a n d p a c k a g e s a r e b e i n g c a r r i e d . 

The m a j o r i t y o f t h e s e p a c k a g e s a r e r e s e a r c h c h e m i c a l s c o n t a i n i n g a f 
m i l l i c u r i e s o f C14 o r t r i t i u m , o r m e d i c a l k i t s c o n t a i n i n g a few m i c r o c u r i e 
1 1 2 5 . Both t h e s e a v e r a g e l e s s t h a n VT^K2 p e r p a c k a g e . Even a h i g h a c t i v i t y 
t e c h n e t i u m g e n e r a t o r , c o n t a i n i n g a c u r i e o f Mo99, amounts t o o n l y 10" A2. Some 
r a d i a t i o n s o u r c e s may a p p r o a c h A-|̂  i n a s i n g l e Type A p a c k a g e , b u t would c o n t r i 
b u t e n o t h i n g t o t h e A2 r e l e a s e f r a c t i o n , even i n a f i r e , b e c a u s e o f t h e i r 
e n c a p s u l a t i o n . The most h a z a r d o u s p a c k a g e s i n t h i s c o n t e x t would b e b u l k c o n 
s i g n m e n t s o f p r i m a r y r a d i o i s o t o p e s , o r p a c k a g e s c o n t a i n i n g a l p h a e m i t t e r s , b o t h 
o f which can a p p r o a c h A2. However, t h e s e a r e v e r y few i n number . 
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In recent years there has been an increase in the number of radioisotope 
packages transported but there has also been a reduction in the activity carried 
per package, both absolutely and in terms of A2. Fewer curies are carried 
because new analytical techniques need less radioactivity. Radiotoxicity is 
lower because nuclear medicine is using nuclides with shorter half life. It 
would be very difficult to quantify the benefits and hazards of this type of 
traffic in units which could be compared with each other, but a trend in their 
ratio can be discerned, and it is clearly favourable. 

DISCUSSION 

These trials simulated severe road accidents in which light-weight packages 
w^^^adly damaged by the impact of heavier packages. Typically, the can in a 
^ ^ ^ ^ d Type A package was crumpled and its seam might open over a few milli-
I^^BPS, but the glass vial inside was seldom broken. In a few cases the vial 
failed and there could have been some release of radioactivity, but this would 
have been slight. The release fraction 10"3 which underlies the IAEA regu
lations L̂ J still seems a valid assumption, at least for packages containing metal 
cans. The multiple barriers provided by carton, can, absorbent, spacers, pot and 
vial remain an effective containment system even when the package has been almost 
completely flattened. 

There is more reason for concern about the effects of fire. Fire in a 
vehicle, although-rare, may happen at any time - not only after an accident -
because of an electrical fault, or friction between moving parts, or fuel 
leakage. As our tests showed, a fuel fire can spread very quickly and lead to 
the almost total destruction of a large load of Type A packages. 

The probability of fire can be minimised by using diesel fuel instead of 
petrol, by all-metal bodywork, and by carrying effective fire extinguishers. 
There should be no windows in the walls or doors of the load compartment, as 
these can break in an accident and let in air for combustion. Doors should have 
an especially secure closure which will not easily burst open. 

Although a serious fire would increase the fraction of material released 
it could also aid dispersion and so reduce the fraction available for ingestion. 
The fact that only low levels of contamination were experienced in the recent 
aircraft accident at Athens, reported elsewhere in this Symposium, illustrates 
that dispersion by fire can be helpful. The problem is however so complex, and 
so dependent on circumstances, that a quantitative understanding which will be 
generally applicable can hardly be expected. 

In a road accident followed by fire the driver may be able to warn other 
people to keep away. If he is injured, their first action will be to help him, 
and the regulatory fire-proof label in his cab will then provide a warning. 
However, absolute safety cannot of course be assured as in the transport of 
other hazardous goods. 

•

Responsibility for maximising safety remains, as it always must, with the 
or of the transport service. Regulations and codes of practice provide 
ines but good equipment and well-trained operatives remain the final 

safeguards. 
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AN ANALYSIS OF THE LONGITUDINAL CRUSH ENVIRONMENT FOR 
SMALL RADIOACTIVE MATERIAL PACKAGES INVOLVED IN AN AIRCRAFT CRASH* 

J . D. McClure and W. F. Hartraan 
Sandia Nat iona l L a b o r a t o r i e s , Albuquerque, NM, USA 

^ ^ INTRODUCTION 

^ ^ e environment associated with severe transportation accidents has been 
studied in detai l for re la t ive ly small packages. An i n i t i a l analysis of the 
crush environment in accidents involving US commercial a i r c ra f t has been performed.^ 
The analysis which is described in th is paper builds on the information in the 
ear l ier report and removes some of the conservatisms of the ear l ie r analysis 
related to longitudinal crush through the use of information that has been obtained 
from a large commercial a i r f re ight operation, the Flying Tiger Line.^ For the 
purpose of th is analysis, a "small" package is any package which has a mass 
of 500 kg or less. 

This paper describes the longitudinal crush environment for a l ight-weight , 
a ir- t ransportable, accident-resistant container (LAARC) that can be used to trans
port radioactive material (RAM). The analysis of the crush environment involves 
the determination of the loads imposed upon a RAM package during the crash of a 
large and heavily loaded cargo a i r c ra f t . The forces which act upon the RAM package 
in the a i r c ra f t crash environment are caused by deceleration of a defined cargo 
load column. The cargo load column analyzed in th is paper is of un i t cross-section 
area, i t has the mass properties of the cargo and i t s length is the longitudinal 
extent of the cargo. The analyses described in th is paper consist of a s tat ic 
and dynamic s t ab i l i t y analysis of the cargo load column. In addit ion, a lumped-mass 
dynamic analysis of the load column was performed. The results of the analysis, 
while applied to the geometry of the LAARC packaging are, in fac t , general and 
can be applied to other package geometries. 

CARGO LOAD COLUMN DEFINITION "; ' . ' . i • • 'y 

The crush of a radioactive material package has been considered to be divided 
into two basic modes, vert ical crushand horizontal (or longitudinal) crush. The 
longitudinal and vert ical crush modes were both examined inReference2 but emphasis 
was given to the analysis of the vert ical crush mode. The rationale for the long i 
tudinal analysis in Reference 2 was that i t was to be an upper l i m i t and, thus, 
assumed that the dynamic effects of a l l cargo a f t of the hazardous material (or 
RAM^jackage location could be concentrated on a small hazardous material package. 
On^^Kcene observation of actual cargo containers and cargo loading and unloading 
o p ^ ^ H n s haslead to the conclusion that th is assumption i s f a r t o o pessimistic. 
The xargo containers for a i r c ra f t cargo operations require the "containerizing" 
of many small packages of assorted sizes and shapes. These cargo containers are 
re la t ive ly thin-wal led, are fabricated of sheet aluminum and are easJly deformable. 
The industry-wide average density fo r a i r cargo is about 136 kg/m^ (8.5 I b / f t ^ ) -
Relatively dense cargo in the industry, on the average, is approximately 320 kg/ttr 
(20 Ib / f t ^ ) . ' ^ These average density values are used in the load-balance calculat ion 

•Work sponsored by the US Department of Energy under Contract DE-AC04-76DP00789. 
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t ions performed by the air-cargo car r ie rs . The thin-walled configuration of the 
a i r cargo containers plus the low density of general cargo suggest that the re la t ive ly 
hard (and small) hazardous material package w i l l deform the walls of an adjacent 
air-cargo container during longitudinal crush and be enveloped by the adjacent 
cargo. 

The low st i f fness provided by adjacent cargo allows large deformations around 
the hard, small hazardous material package. This produces the effect of cargo 
impinging upon cargo and cargo impinging upon and capturing (enveloping) a rela
t i ve ly hard hazardous material package. This suggests that i t is inappropriate 
to consider that a l l of the cargo a f t of a hazardous material cargo location w i l l 
be concentrated upon a single small package during a longitudinal d e c e l ^ ^ ^ o n . 
In e f fec t , the re lat ive ease with which a small hard package can produc^^^^rgo 
deformation indicates that the dynamic crushing effects upon a hazardous i H ^ i a l 
package most probably w i l l be produced by a "longitudinal column of cargo a f t 
of the hazardous material package. This column is a longitudinal prism of cargo 
with a cross-sectional area equal to the projected area of the package and a length 
equal to the longitudinal extent of the cargo in the a i r c ra f t . The analysis which 
follows w i l l examine the structural s t ab i l i t y and dynamic loading of a cargo load 
column of un i t cross-sectional area and the analytical results w i l l be mul t ip l ied 
by the frontal (projected) area of the actual RAM package (for th is report the 
LAARC package), but the results can be applied to other package sizes. Thisloading 
configuration can be contrasted with that of the ear l ier worst-case analysis' where 
i t was assumed that the RAM package was sandwiched between a pair of nondeformable 
plates which transferred aV[of the iner t ia l load from the a f t cargo to the package. 
Closer examination of cargo loading practices indicated that th is is an extremely 
unl ikely ( i f not impossible) scenario.^ 

In the stat ic and dynamic s t a b i l i t y analyses which fol low, the cargo load 
column is assumed to be e las t ic . I t must be recognized, however, that the pro
pert ies chosen to represent the mechanical characterist ics of the load-column are 
assumed representative values and that the actual cargo composition is random and, 
in general, unknown. 

The puncture of the hazardous material package by adjacent cargo is excluded 
from th is analysis. Present day cargo operational procedures require that only 
frangible cargo be placed adjacent to the hazardous material cargo. I f the com
posit ion of the cargo is such that i t contains heavy equipment or machinery which 
has the capabi l i ty of puncturing adjacent cargo, carr ier operational procedures 
require that such cargo is to be removed a suf f ic ient distance from the hazardous 
material (and with interspersed frangible cargo) in order to preclude puncture 
of a hazardous material package. 

ANALYSIS OF CARGO LOAD COLUMN 

Standard body, cargo a i rc ra f t contain a 9 g barr ier net with a mi l l ion pound 
capacity to contain the cargo and protect the f l i g h t crew from f o r w a r ^ u y i n g 
cargo in high deceleration situations such as a i r c ra f t crashes. In nomin^^Hms, 
a i r c ra f t crash loads are represented by 9 g longitudinal decelerations.* ^ ^ p F a f t 
structural l im i t s are given by a 20 g longitudinal deceleration.* Above 20 g 
deceleration the a i r c ra f t and the cargo load columns w i l l s t ructura l ly disassemble. 

A s impl is t ic analysis of the cargo load column can be accomplished by examin
ing the free-body diagram of the cargo load column. Figure 1. For purposes of 
analysis, the cargo load column is assumed to have a uni t cross-sectional area. 
Following the evaluation of the dynamic response of the load column the unit dynamic 
force on the load column is mult ip l ied by the projected ( f ronta l ) area of the 
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CARGO LOAD COLUMN, 
WEIGHT DENSITY = W 

' 

Figure 1 . Free-body diagram of cargo load column. 

radioactive material package to obtain the tota l force act ing. Using Newton's 
Second Law, the magnitude of the dynamic load FQ on the load column for decelera
t ion of magnitude ng and the cargo weight density per un i t length W, i s . 

WL 
ng (1) 

I f the cargo load column does not become unstable and buckle, the unit load on 
the column would be FQ. However, the length of the cargo can be on the order 
of 30 m (100 f t ) and the question arises as to whether such a cargo load column 
can remain stable, that i s , w i l l i t buckle? Observation of the combination of 
small packages in containerized and pal leted (netted) cargo and the i r minimum 
latera l resistance to movement under extreme accident conditions produces the 
condit ion whereby i t i s assumed that the cargo load column has no la tera l buckl
ing resistance due to the presence of adjacent cargo. I t is also assumed that 
the simplest structural configuration for the load column is a pinned-pinned 
column. The Euler s tat ic buckling load for such a column i s . 

^Cr (2) 

PQP = Euler buckling load "; 
E = Modulus of e las t i c i t y of col inn material 
I = Second moment of area about column cross-sectional axis 

!^i L = Column length 

Combining equations (1) and (2) by equating FQ to PQ^ y ie lds the equation 

.3 T^\\ 
L (3) 

A comparison of density and modulus of e l as t i c i t y values for common mate
r i a l s shows that , in general, the lower density materials possess a lower modulus. 
Based primari ly upon the values for wood density equal to 560 kb/m^ (35 Ib/ft-^) 
and modulus equal to 1.1x10* MPa (1.6x10° ps i ) , a value for E of 6895 MPa (1x10° 
psi) was estimated to represent a i r c ra f t cargo. The analysis used a value of 
320 kg/m-̂  (201b/ff^) to represent the cargo density. With the un i t dimensions 
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on the cross-section of the load column, equation (3) was used to calculate the 
maximum stable length of load column for accident conditions ( i . e . , the longi
tudinal deceleration is 20 g) and the a i r c ra f t is about to structural ly disassemble. 
For t h i s , L equals approximately 20.4 m (67 f t ) . Using th is value for L in 
equation (1) , one can calculate a value for FQ equal to 1280 kPa (26,800 I b / f t ^ ) . 
For a specif ic package such as the LAARC which has a frontal area of .136 vt 
(1.46 f t ^ ) , the uni t dynamic load on the cargo load column can be used to evaluate 
the dynamic load on the LAARC package, namely, the LAARC crush load calculated 
in th is manner is 39,100 lbs (174 kN). The preceding stat ic s tab i l i t y analysis 
can be used to develop the concept that structural s t ab i l i t y can be used to physically 
l i m i t the magnitude of the longitudinal crush force on a RAM package. Additional 
s t a b i l i t y arguments using dynamic s tab i l i t y analysis w i l l also be presente 

Column Buckling Under Dynamic Loading Conditions 

t ^ ^ 

Since the forces generated by the cargo load column are basically dynamic 
in nature, the s tab i l i t y of the cargo load column shall be examined from a dynamic 
viewpoint in th is section. The results of th is analysis shall be expressed in 
terms of the stat ic buckling load Pj.^. 

The geometrical description of the dynamically loaded cargo load column is 
shown inF igure2 . The cargo load column is assumed to be represented by a pinned-ended 
column configuration loaded with an axial load which consists of a constant term 
P and a cosine varying component. 

il' 

P = stat ic load component (axial ) 
S = dynamic load component (ax ia l ) 
n = axial forcing frequency. 

P+S&siZt - (((U((«C 

llmli 

Figure 2. Column geometry - dynamic loading. 

The differential equation of the dynamically loaded column can be transformed 
mathematically and solved. The form of the solution is given in equation (4), 

S = I [P - Per] 4) 

where the terms in equation (4) are given in equation (5). The solution domain 
for equation (5) is shown 
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1-
g mass per unit 

column length 
^ •̂ Cr Stat ic Euler buckling 

load (pinned-pinned 
column) 

(Fundamental frequency of v ibrat ion of column) (5) 

• 

CJO^ 

n2 (1 -P) b = 
'Cr 

The solutiondomain for Equation (5) is shown graphically in Figure 3. At certain 
values of a and b , the la te ra l v ibrat ion of the column grows with time and becomes 
unstable. The unstable condition is indicated by the unshaded regions in Figure 
3. The shaded areas represent stable configurations of the column. The lowest 
unstable configuration of the column occurs at a = 1/4. Assuming some small 
value of b ( i . e . , b = 0.2) and further assuming that there is no stat ic load 
component (P = 0) , then S i s equal to -0.8 PQ^. Thus, the coef f ic ient of the 
cosine varying term is less than the stat ic buckling value, PQ^ and, therefore, 
the magnitude of the dynamic buckling load i s less than the s ta t ic buckling 
load. Thus, the stat ic buckling analysis provides the largest stable cargo based 
on s tab i l i t y analysis of the cargo load column. A purely dynamic analysis of the 
cargo load column which does not incorporate s t a b i l i t y analysis is presented in 
the next section. 

!*£(« 

Cr^^Ri 

Figure 3. Solution Domain^ - Equation j 4 ) . 

alysis - Lumped Parameter Spring Mass Model 

The th i rd type of crush analysis presented in th is paper involves a lumped 
parameter spring mass model of the cargo load column. Such a model is necessarily 
s impl is t ic and does not incorporate the s tab i l i t y arguments presented in ear l ie r 
sections of th is paper. The configuration of the spring mass model is shown in 
Figure 4. The model was developed for a unit cross-sectional area cargo load 
column so that a unit dynamic loading on the RAM package could be evaluated. The 
crush loading on the RAM package is produced by the longitudinal crush of the 
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RAM package between the f ixed mass and the cargo a f t of the RAM package that i s 
moving forward with impact veloci ty V^. The pre-impact ve loc i t ies, VQ, used in 
th is analysis were 44.7 m/s (100 mph). The mechanical characterization of the 
cargo was accomplished by using a density of 320 kg/m-* (20 Ib/ft-^) (Reference 3) 
and hysteresis springs which have a loading and unloading modulus of 690 MPa 
(10^ psi) with a y ie ld strength of 6.9 MPA (1000 ps i ) . 

FIXED MASS 

•Vo 

-w- -Mr- -w- - W r -

RAM PAClCAfie - * • CA«Qo Masses -

Figure 4. Spring-mass model configuration. 

A typical output from the lumped parameter analysis i s shown in Figure 5. 
Figure 5 indicates the force on the RAM package from one of i t s adjacent masses. 
Notice that the plateau in Figure5 represents a force given by the y ie ld strength 
of the cargo 6.90 MPa (1000 psi) acting on the RAM package. Such a load on the 
RAM package represents a uni t dynamic load of 640 kN (144,000 lbs ) . The dynamic 
crush load applied to the actual dimensions of the LAARC package (.14 m )̂ repre
sent a total longitudinal crush load of approximately 940 kN (210,000 lbs ) . I t 
must be noted that the maximum longitudinal load that a package experiences based 
on the dynamic analysis presented above is a function of the estimatedyield strength 
of the cargo and is essential ly independent of the impact veloci ty once the y ie ld 
ing of the cargo has been reached. Materials withal50-300 kg/m'̂  density typ ical ly 
have a y ie ld strength of 6.895 MPa (1000 ps i ) . 

6A0\cii 
(144000 Its:) 

'fiwimi 

0.0 0.02 0.0i OOe OOb 0.10 

TIME (SECONDS^ 

Figure 5. Typical output - lumped parameter analysis. 
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CONCLUDING REMARKS 

This paper has analyzed, in three separate ways, the longitudinal crush load 
which can be applied to a small hazardous material (RAM) package which is located 
in a forward cargo posit ion on a standard body or wide-body cargo a i r c ra f t . The 
load analysis was developed using the concept of a cargo load column. The main 
purpose of the analysis was to more accurately describe the dynamic crush loads 
which can be applied to a hazardous material (RAM) package positioned in the cargo 
a i r c ra f t as described above. In fac t , one goal of the analysis was to evaluate 
these longitudinal crush loads and see i f they were bounded by reasonable magnitudes 
o f ^ ^ e . An attempt to determine such a bound was made by structural s t ab i l i t y 
a r ^ ^ ^ t s concerning the cargo load column and the attendant structural d is in te-
g t ^ ^ H f of cargo a i rc ra f t in severe a i r c ra f t crashes. Another bounding mechanism 
was To l i m i t the dynamic ef fect of a f t loaded cargo on a forward loaded hazardous 
material package by allowing only the af t cargo in the volume of the cargo load 
column to impinge upon the hazardous material package. Using the LAARC package 
as an example problem, the s tab i l i t y arguments in combination with the re la t ive ly 
small dimensions of the LAARC design produced longitudinal crush loads even lower 
than the vert ical crush 311 kN (70,000 lbs) forces determined in Reference 2. 
The dynamic loads on the cargo load column which did not incorporate s t ab i l i t y 
arguments produced longitudinal crush loads of 939 kN (211,000 lbs) on the LAARC 
package which are approximately a factor of three larger than the vert ical crush 
forces of 312 kN (70,000 lbs) determined in Reference 2. 

While the disparate analyses presented above cannot y ie ld a de f in i t i ve upper 
l i m i t on the longitudinal crush forces that might be experienced by a RAM package 
in a severe a i r c ra f t accident, i t is concluded that they do provide a reasonable 
bound on the problem. The las t of these analyses predicted a load on a LAARC-
sized package in the 900-1000 kN range and whi lethe analysis s t i l l includes several 
conservatisms; i t is f e l t that these values for longitudinal crush would not be 
exceeded in a severe a i r c ra f t accident. In fac t , i t is most probable that the 
s tab i l i t y arguments in the ear l ier analyses would prevail due to the structural 
disintegration of the a i r c ra f t in severe a i r c ra f t accidents. 
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COMPARISON OF POTENTIAL CRUSH AND IMPACT ENVIRONMENTS 

C. M. Romander 
J. D. Colton 

SRI International 
Menlo Park, CA 94025 USA 

INTRODUCTION AND OBJECTIVE 

A test to represent the potential crush environment for radiocative m ^ B K a l 
packages under accident conditions is not currently required in the USA. However, 
the U.S. Nuclear Regulatory Commission does require an impact test, a 30-foot drop 
of the package onto an essentially unyielding surface, that results in some pro
tection against crush. The objective of this analysis was to determine the level 
of protection against crush that is provided by the current qualification test for 
impact. 

The most probable mechanism and also the mechanism that can produce the most 
severe crush environment occurs when a group or string of packages strikes another 
object or a barrier. The inertia of the aft packages increases the deflection of 
the front package beyond the deflection it would undergo in impact (i.e., if the 
string consisted of only one package). In the analysis, we compare package deflec
tions produced in inertial crush with those produced in the 30-foot drop test. 

APPROACH 

The current impact test specifies that a package must meet certain acceptance 
criteria following a drop from 30 feet onto an essentially unyielding surface (bar
rier stiffness Kj, = <»). The resulting 30-mph Impact produces a certain deflection 
in the package. In actual accident conditions, barriers may not be unyielding. 
Packages can impact compliant barriers at greater than 30 mph and have a deflectior 
that equals that produced in the impact test. The first step in the approach then 
is to determine, for a range of package characteristics, the combinations of impact 
velocity and barrier compliance that produce the same deflection that occurs in a 
30-raph rigid barrier impact when a single package impacts a range of compliant bar
riers. The accidents represented by these combinations of velocities and barrier 
compliance specify the level of protection against impact provided by the 30-foot 
drop test. 

To compare the crush deflections with the impact deflections, we then analyzec 
the crush response of a string of packages for the identical accident conditions 
determined above (i.e., same velocity and barrier compliance). Comparison of maxi
mum package deflection in crush with that in impact provides a measure of ̂ ^^level 
of protection against crush that is provided by the current impact test. 

IMPACT ANALYSIS 

We first determined the level of protection against impact provided by the 
30-foot drop test. That is, we determined the combinations of impact velocities 
and barrier compliance that produce the same deflections as in the 30-foot drop 
test. These combinations depend on the barrier force-deflection characteristics 
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and the package force-deflection characteristics. Figure 1 shows the mathematical 
models used in the analysis. The barrier is modeled as a single spring with a 
stiffness Kj, during loading and with no rebound during unloading. This simplified, 
linear, inelastic characteristic approximates the behavior of many crushable bar
riers ranging from massive concrete to fairly soft barriers. 

A m. f^ /\A/1 
•p 

kVSA 

BARRIER PACKAGE 

(a) MODELS OF BARRIER AND PACKAGE 

K 2 > K , 

(Softening) 

f = Et/Eao 

DEFLECTION — 5 

(b) PACKAGE FORCE DEFLECTION 
CHARACTERISTICS 

MA-7406-143B 

FIGURE 1 MODELS USED IN IMPACT ANALYSIS 

The package is modeled as a lumped mass with springs on either end. Each 
package spring is characterized by the bilinear force-deflection characteristics 
shown in Figure 1(b). Force and deflection increase linearly with a slope K^ until 
transition point is reached; then the package either softens or hardens. If the 

package softens, the slope of the posttransition curve, K2, is less than the slope 
of the initial loading curve, Kj; if the package hardens, the slope K is greater than 
the slope Kj. Softening in a package (K2 < Ki) can result from buckling or crushing 
with decreased resistance once some transition force or deflection is reached. 
Hardening in a package (K2 > Kj) could result from displacing the free volume in
side the package, after which both the package and the contents are compressed at 
an increased modulus K2. 

When a single package impacts the barrier, only the barrier and the spring on 
one side of the package deform. For the package force-deflection characteristics 
shown in Figure 1(b), the deflections indicated by an X correspond to the deflection 
produced when the package impacts a rigid barrier at 30 mph (30-foot drop test). 
This package deflection is called 630. 

In comparing different package force-deflection characteristics, one further 
parameter is useful. The parameter f is the ratio of the energy absorbed by the 
package at the transition point to the total energy absorbed at the deflection 53Q. 
If K. 
and| 
givl 

the slope of the force-deflection relationship before the transition point 
the package displacement at the transition point, then the parameter f is 
the expression 

Ki6^ 
f = 

2Wh 

where W is the package weight and h is the drop height of 30 feet. The shaded 
portion of the package force-deflection characteristics shown in Figure 1(b) re-
Tpresents the fraction of energy absorbed before the transition point. 
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For most Type B packages, that is, packages that must meet the NRC qualifica
tion test requirements, the value of f is probably between 0 and 0.3. This range 
of values is rather arbitrary, but for packages with energy-absorbing overpacks, 
it is likely that the transition point will occur early in the response either 
because the crushable material deforms easily or because the package will buckle 
after a relatively small deflection. 

The results of the analysis can be presented using the parameters f, K1/K2, 
and Ki/Kj,. We have shown that for the Impact deflection 6p to equal the deflectioi 
'530 produced in the 30-foot drop test, the impact velocity depends on barrier stiff 
ness as follows 

v/v. 
/ K2 Ki 

Kl % 
I f + 1 1) 

where V30 = the impact velocity in the 30-foot drop test (30 mph). For a rigid 
barrier, Kj, = •», and equation (1) reduces to v/v3o = 1. For compliant barriers 
(finite values of Kj,), the ratio v/v3o will be greater than 1. Thus, for impact 
into a compliant barrier, a package must be moving at a velocity greater than V3Q 
to produce the same deflection that is produced in a 30-foot drop test. 

Figure 2 shows graphically the relationship between V/V^Q and the ratio Kj/Ki^ 
for two values of f and for a range of values of Ki/K2 and Kj/K^,. This figure sum
marizes the level of protection against impact provided by the 30-foot drop test. 
Note that maximum velocity of 60 mph (v/v3o = 2) is considered. Two features of 
these curves are of Interest. First, in all cases, as the stiffness of the barrier 
decreases relative to that of the package (Kj/K. increases), the velocity required 
to produce deflection 630 increases (v/v3o Increases). Second, if the percentage 
of energy absorbed by the package before the transition point is small (f is small' 
the effect of package posttransition force-deflection behavior is an important pari 
meter. As the value of f Increases, the influence of package posttransition behav: 
decreases (i.e., the curves are grouped closer together). 

K , / K , K , /K , 

N ^ ^ ^ K l ' 

FIGURE 2 COMBINATIONS OF v AND K̂^ THAT PRODUCE THE SAME DEFLECTION IN IMPACT 
AS IN 30-FOOT DROP TEST 

J . D. Colton and C. M. Romander, "Poten t ia l Crush Loading of Radioactive Materia 
Packages in Highway, Ra i l , and Marine Accidents ," NUREG/CR-1588 (August 1980). 
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We can draw several conclusions about impact of a package into a compliant barrier 
and about the current level of protection afforded by the impact test. First, for 
packages that harden after they reach their transition displacement (K1/K2 < 1), a 
small decrease in barrier stiffness results in a large increase in the velocity that 
produces the displacement produced in a 30-foot drop test (630). For example, con
sider a hard package (large Kj), such as a stiff steel structure impacting a stiff, 
but not rigid, barrier. Even if the barrier is made of concrete, the ratio Kj/K], 
may be as large as 2. In this case, the velocity ratio V/V3Q that produces the de
flection 63Q may be as large as 2. Thus, the current level of protection afforded 
by the 30-foot drop test for hard packages that harden as they deform includes im
pact velocities as great as 60 mph (V/V^Q = 2). 

packages that soften after reaching the transition point (K1/K2 > 1), large 
s in barrier stiffness are required for small changes in Impact velocity. 

mple, consider f = 0.3 (a typical value for many Type B packages), packages 
soften after transition (K1/K2 a 3), and soft barriers (Kj/K^, > 2). For this 
for the level of protection provided by the impact test, expressed in terms 

of velocity, to increase from about 42 mph (v/v^o = 1.4) to 60 mph requires that 
Kj/Kjj increases from 2 to 6. 

* 
For packages that soften extremely as they deform (Ki/K|j > 10), the current 

level of protection of the impact test is close to 30 mph for impacts into any 
barrier of interest. 

de 
Fo 
that 
case 

« 

CRUSH ANALYSIS .' ' • . 

Current Level of Protection Against Crush 

The next step in the analysis is to determine the crush response of a string 
of packages striking a compliant barrier. Figure 3 shows the barrier and package 
model. The barrier model is the same as in the impact analysis. The string of 
packages is made up of four identical packages each modeled as a lumped mass with 
a spring on either end. The same ranges of values of f, K1/K2, and Kj/Kj, used in 
the impact analysis are used in the crush analysis. Only four packages are used 
in the analysis because additional packages in a string of packages dp not increase 
the deflection of the most severely deformed package.t xhe governing equations 
were integrated numerically. 

STRING OF PACKAGES 

/ 
KK • K„ 

/ A A A ^AA/ Mp • v \ M A ^ l̂ p «^A^^A^ Mp AAl%^/V M 

MA-7406-H5A 

PIQURE 3' mums l^ED IN CfK^ ANALYSIS 

Probably a small fraction of Type B packages fall into this category. 

This phenomenon also occurs for a compliant barrier. 

', 1365 -



The accident conditions for a string of packages are taken as the same as those 
for a single package. Therefore, we calculate crush deflection for the same combi
nations of velocities and barrier stiffness for which we previously determined impat 
deflections, as summarized in Figure 2. 

The results of these calculations are shown in Figure 4 as plots of <5(.rusĥ '̂ 30 
versus Kj/Kj,. The point on each curve at Kj/Kj, = 0 (rigid barrier) shows the ratio 
of crush deflection to the deflection 630 resulting from impact with a rigid barrie 
at 30 mph. As the value of K^/K^ increases (decreasing barrier stiffness), the im
pact velocity increases until, at the point where each curve ends, the impact velo
city is 60 mph (v/v̂ , = 2.0). (The tick marks on the curves in Figure 4 
velocities of 40, 50, and 60 mph.) This comparison shows the effects of 
meters f, package force-deflection characteristic K1/K2, and relative barr 
stiffness K^/K^j. 

kiipcii-. l_ V t J. 

r ^ ^ 

2 -

1 1 1 

f = 0.075 

^ ^ ^ - - ^ 

< < ^ 3 

0.1 

1 1 1 

1 1 1 1 1 

K,/K2 = 1 0 _ _ J 

^ 3 

1 1 1 1 1 

1 1 

f = 0.3 
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* ^ 0 . 3 

0-1 

1 1 1 

^XV/K2 = 10 

/IS 1 

J 

I I I ! 

0 2 4 6 8 10 12 14 16 

K,/K, 

(a) 

0 2 4 6 8 10 12 

(b) 
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FIGURE 4 RATIO OF CRUSH DEFLECTIONS TO IMPACT DEFLECTIONS 

In general, crush deflection is always greater than impact deflection for anjj 
particular accident condition (impact velocity, barrier stiffness, and package). 
It is important to note, however, that for certain ranges of package parameters, 
the difference between crush and Impact deflection is small (less than 20% differ-l 
ence). For the general class of packages that harden as they deform (Kji^^^^l), 
crush deflection is within about 20% of impact deflection for all veloci^^^Bp tq 
60 mph. This result suggests that if a 20% difference between crush and ral^ct 
deflection is acceptable, then the current impact qualification test provides an 
adequate level of protection for both crush and impact response of hardening pack-j 
ages in accidents up to 60 mph. It is likely that most current packages are of tl 
hardening type and therefore have a level of protection against crush comparable 
to that against impact. 

For packages that soften following the transition point (K1/K2 > 1), crush 
deflections can be significantly greater than impact deflections in a given acci
dent. Even if crush deflection is allowed to exceed impact deflection by 20%, onl 
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for slightly softening packages (K1/K2 as 3) can the impact velocity be as great as 
40 mph. For packages with greater softening (K1/K2 > 5 ) , the difference between 
crush deflection and impact deflection can be large. For these packages, the cur
rent impact test does not provide a level of protection against crush that is com
parable to the level of protection against impact. 

To ensure an acceptable level of protection against crush for softening pack
ages requires that either (1) a qualification test for crush be required or (2) ship
ping procedures be modified so that crush deflection is limited to a level that is 
comparable to that produced in the current impact test. Such shipping procedures 
m^^^include use of tie-downs or placement of packages to ensure gaps between them. 
T^^^^rmine such requirements quantitatively, we investigated the effects of gaps 
t^^^en packages on crush response. 

The Effect of Gaps Between Packages on Crush Response 

The presence of gaps between packages is to be expected in any shipment of 
similar packages. While these gaps might be a small fraction of the size of the 
package, they can play an Important role in the crush response of a string of pack
ages. The purpose of this analysis is to determine if gaps between packages can 
reduce package deflection caused by inertial crush. 

We begin with an example in which we calculate the response of a string of four 
softening packages (Kj/K2 = 10, f = 0.3) with gaps between them when the string 
strikes a rigid barrier at 30 mph. Figure 4(b) shows that, for this case, the ratio 
of crush deflection to impact deflection is 1.25. As the gap between packages in
creases from 0% of the package length to about 2.4% of the package length, the crush 
deflection is reduced to a value that is only 5% greater than the impact deflection 
resulting from the same accident conditions. As the gap increases beyond the optimum 
gap of 2.4%, the crush deflection increases. This increase is attributed to the re
bound of package 1 from the barrier. For initial gaps greater than 2.4% of the pack
age length, package 1 impacts the barrier and rebounds before package 2 impacts 
package 1. Package 2 then impacts package 1, imparting a velocity to package 1. 
Package 1 then impacts the barrier again and undergoes additional deflection. 

We now include the effects of a compliant barrier in the gap analysis. We 
calculated the crush response of a string of four softening packages as they strike 
barriers of various stiffnesses at velocities that would produce a deflection equal 
to 630 in a single package impact into the same barrier. We analyzed extreme sof
tening packages (Ki/K2 = 10) because the crush deflection of such packages is the 
largest of those considered. In these calculations, we chose f = 0.3 and the gap 
between packages was varied from 0% to 20%. 

Figure 5 shows the ratio of crush deflection to impact deflection as a function 
of barrier stiffness (Kj/Kj,). The effects of five different gaps are shown. The 
case with no gaps (labeled 0% in the figure) is the same as shown in Figure 4(b) for 
Ki/Kb = 10. For this case, as Kj/K^, increases (decreasing barrier stiffness), the 
ratio of crush deflection to impact deflection increases monotonically. The largest 
v^^Bkty of interest, 60 mph, occurs at Kj/Kj, = 8. 

tla^^ d 
gaps are present, the ratio of crush deflection to impact deflection Ini-

tla^^ decreases with increasing Ki/Kj, (decreasing barrier stiffness). The optimum 
values of gap, of barrier stiffness, and of velocity are the combination of these 
parameters for which the ratio of crush deflection to impact deflection is a minimum. 
For a rigid barrier (Kj/K̂ j = 0) and a velocity of 30 mph, the optimum gap is 2.4%. 
For a critical gap of 10%, the corresponding barrier stiffness is Kj/Kfj = 2.3 and 
the impact velocity is about 40 mph. The critical gap increases as velocity in
creases because, for minimum crush to occur, the time between subsequent impacts 
in a string of packages with gaps must be approximately constant. 
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FIGURE 5 CRUSH DEFLECTION VERSUS BARRIER STIFFNESS FOR VARIOUS SIZE GAPS 

Several conclusions can be drawn from the results presented m Figure 5. The 
most significant conclusion is that there is a dramatic reduction by up to a facto 
of 3 m crush deflection as a result of gaps between packages. For gaps of 20% of 
the package length and for velocities approaching 60 mph (and therefore for Kj/Kt, 
< 8), the crush deflection exceeds impact deflection by no more than about 40%. 
For a range of barrier stiffnesses corresponding to Kj/Kj, between 3 and 7 (and cor 
responding velocities between 43 mph and 57 mph), the crush deflection exceeds the 
impact deflection by 20% or less. 

The crush deflections presented m Figure 5 represent an upper bound^ 
crush deflections on softening packages for several reasons. First, the d^TTectio 
shown are for extreme softening packages (K1/K2 = 10), for Kj/K2 < 10 crush deflec 
tions are less than those shown m Figure 5. Second, in these calculations possib 
instabilities of a string of packages that would reduce crush deflections have not 
been taken into account. Actual packages have an initial misalignment or become 
misaligned from nonuniform crush, thus reducing crush deflections. This effect is 
particularly significant for extreme softening packages impacting soft barriers 
because the large displacements developed increase the likelihood of an instabilit 
Finally, the analysis ignores the effects of any tie-downs that would reduce the 
crush deflections. lOfifl 

d^^Pke 
d^^^ct 



DISCUSSION AND CONCLUSIONS 

We have shown t h a t f o r h a r d e n i n g p a c k a g e s i m p a c t i n g r e a l b a r r i e r s , t h e l e v e l 
of p r o t e c t i o n a g a i n s t c r u s h p r o v i d e d by t h e c u r r e n t 3 0 - f o o t d rop t e s t i s a d e q u a t e 
fo r v e l o c i t i e s up t o 60 mph. For s o f t p a c k a g e s , t h e c u r r e n t l e v e l of p r o t e c t i o n 
does n o t ex t end t o such h i g h impac t v e l o c i t i e s ; f o r e x t r e m e s o f t e n i n g p a c k a g e s , 
t h e v e l o c i t y may be as low a s 30 mph. However, t h e l e v e l of p r o t e c t i o n f o r s o f t 
packages i n c r e a s e s s i g n i f i c a n t l y when t h e r e a r e r e l a t i v e l y s m a l l gaps be tween p a c k 
a g e s . I n t h e sh ipmen t of g r o u p s of p a c k a g e s some gaps be tween p a c k a g e s a l r e a d y 
e x i s t . Gaps may r e s u l t from l o o s e t o l e r a n c e s i n t h e p a c k i n g a r r a n g e m e n t o r from 
t h e t i e - d o w n c o n f i g u r a t i o n . F i n a l l y , i t i s l i k e l y t h a t t h e r e l a t i v e number of 

•

i n g p a c k a g e s i s s m a l l ; most Type B package d e s i g n s h a r d e n w i t h i n c r e a s i n g 

t i o n . 

rom o u r a n a l y s e s , we draw t h e f o l l o w i n g c o n c l u s i o n s : 

(1) The leve l of pro tec t ion agains t crush provided by the current 30-foot 
drop t e s t i s comparable to the l eve l of p ro tec t ion agains t impact for 
most present shipments. This may not be the case for packages with 
extreme sof tening. 

(2) If the leve l of p ro tec t ion agains t crush of extreme softening packages 
must be increased, i t can be accomplished by opera t ional procedures 
to ensure gaps between packages. 

(3) An add i t iona l q u a l i f i c a t i o n t e s t i s not required to ensure a l eve l 
of p ro tec t ion against crush tha t i s comparable to the current l eve l 
of p ro tec t ion against impact. 

DISCUSSION 

Q u e s t i o n by G. M a l k o s k e , C a n a d a : D u r i n g t h e l a s t IAEA a d v i s o r y 
g r o u p m e e t i n g , c o n c e r n was e x p r e s s e d a b o u t t h e c r u s h t h a t l i g h t 
w e i g h t p a c k a g e s m i g h t e x p e r i e n c e . I would, b e i n t e r e s t e d m p a c k a g e s 
w i t h a low m a s s / v o l u m e r a t i o ( low d e n s i t y p a c k a g e s ) . Have you c o n 
s i d e r e d t h e e f f e c t s o f volume of t h e p a c k a g e m y o u r s t u d i e s ? 

Answer : The e f f e c t s of vo lume of t h e p a c k a g e s w e r e t a k e n i n t o 
a c c o u n t t h r o u g h t h e s t i f f n e s s p a r a m e t e r s t h a t d e s c r i b e t h e p a c k a g e . 
S o f t e n i n g t y p e p a c k a g e s t e n d t o h a v e low d e n s i t y ( l a r g e vo lume) and 
t h e r e f o r e a r e c r u s h e d more t h a n h a r d e n i n g t y p e p a c k a g e s ( h i g h d e n s i t y , 
low v o l u m e ) . Of p a r t i c u l a r c o n c e r n f o r s m a l l , low d e n s i t y p a c k a g e s , 
b u t n o t a d d r e s s e d i n t h i s s t u d y , i s m i x i n g l a r g e , h a r d c a r g o w i t h t n e 
s m a l l p a c k a g e s . I n t h i s c a s e , s e v e r e c r u s h e n v i r o n m e n t s can r e s u l t . 

M 
uestion by J. D. McClure, USA: Has your sponsor speculated as 
her existing packagings are "hardening" or "softening?" 

iswer: Yes, they speculate that most type B packages are of 
the hardening type. 

Question by M. Brown, United Kingdom: I am not clear as to how 
the packages m your analysis behaved when unloaded. Could you 
clarify this? 

Answer: The packages were unloaded along a very steep slope. 
This represents permanent deformation in the packages. 
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EMB^ENCV PREPAREDNESS AMD RESPONSE 





TBE BEED FOR QIERCnCT FBEPAIUBDIIESS IK TRANSPORT OF RASIOACTITE lUTESIiLS 

B.C. Bernardo 
SlTiBlon of Nuclear Safety and Environmental I^oteetlon 

Intemational Atomic Energy Agencjr 

Introduction -

An estimated 8 million packages of radioactive materials are transported each 
year throu^out the vorld, either by air, lamd or sea. The radioactivity m those 
packages vanes from negligible to very large. In every case, however, the trans
portation of the material, which may be in the form of uranium ores, Ixuninous 
dials for clocks or watches, smoke detectors, medical isotopes, radioactive waste 
or irradiated nuclear fuel, is essential to some operation or activity. All such 
shipments have to meet safety requirements based on regulations which are designed 
to provide protection of the public and transport workers. Compliance with the 
regulatory requirements msiires a very low probability of occurrence of any 
release of radioactive material during transport that could have unacceptable severe 
radiological consequences. It cannot be completely excluded, however, that a 
package could, because of improper assembly or for some other reason, fail to 
retain its containment or shielding m an accident. It is only, therefore, prudent 
to prepare m advance, arrangements for dealing with emergency situations during 
transport. 

Transportation accidents involving packages of radioactive material, present 
potential risk for radiological exposure to transport workers and to members of 
the general public although the expected values of the annual radiological impact 
from such potential exposure are very small. 

The Need for Preparedness -

The reported recent transport accidents indicate that there is a real need 
for emergency preparedness. In March 1977, m a train wreck in North Carolina, 
several cars left the track and a variety of freight was scattered siround the 
scene including four lype A cylinders containing Uranium Hexaflouride source 
material which was enroute for enrichment. A fire broke out and the report 
indicated that one uTEiniura hexafluonde cylinder had possibly been breached. It 
was also reported that an individual who had inadvertently fallen, put his hand 
in|^BUie leaking material from the ruptured cylinder. He was, however, later 
f^^^^ot to be contaminated. There was no loss of containment integrity and no 
r^^BR>gical consequences that resulted from this incident. 

Again m March 1979» another incident was reported involving uranium ore 
concentrates that were being transported by a tractor/trailer m Kansas. The 
accident occurred when the tractor/trailer left the roadway and overturned in 
attempting to return to the portion of the hi^way. It was raining at the time 
of the accident which added to the complexity of the incident. The steel drums 
were ejected through the trailer roof and 22 sustained damage sufficient to 
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result m leakage of the radioactive contents. The steel shipping drums were 
scattered over a widespread area resulting in the closure of the portion of the 
highway. The leaking containers were covered with plastic sheeting to prevent 
waterbome dispersal. There was no person that received any significant contami
nation as a result of this incident althcu^ complete clean-ap took about two 
weeks. It is eilso to be noted that the health hazetrd related to this accident is 
not significant with regard to the radioactivity of the uranium, rather the health 
hazard was related to the chemical toxicity of inhaled or invested uranium and the 
resultant kidney damage. Cost of clean-up was, however, significant. 

Again, m November 1979» a Canadian Pacific Railway tram was derailed in an 
industrial area near the centre of Toronto. Althou^ this incident involved only 
hazardous material other than radioactivity, the event triggered to what w a ^ ^ ^ 
result m the largest peacetime evacuation m recorded history. The incid^^^P 
involved a propane car which blew to pieces and this was followed by s e v e r M ^ ^ 
other explosions which resulted m 10 other propane cars being ruptured and 
burned. This also threatened the tank car that was containing liquid chlorine 
as it began to leak. It was the possibility of the chlorine tank car exploding 
that necessitated the evacuation. 

Transport accidents have not been limited to tram and truck alone. In 
October 1974i an air incident occxurred from Gatwick to Dusseldorf in Germany. 
This involved a package containing Yttrium 90 which was crushed by a vehicle 
while being loaded at Gatwick Airport. In spite of this, the ramp attendant 
loaded the package on a cargo aircraft smd when it landed at Dusseldorf, it 
was noted that the package had leaked and the liquid was spilt on the floor of 
the aircraft. The aircraft was ordered to return to England, where decontami
nation was carried out. There were no personal injuries attributed to this 
incident, althou^ decontamination took place and some parts of the aircraft 
flooring replaced. It may be said that the impact of the vehicle followed by 
poor handling practice was the cause of the incident. 

One incident at sea occurred m December of 1975 m 'tlie North Atlantic during 
a severe storm. A lifeboat which was on board a ship struck a lype B ( U ) package 
containing 10 kilo curies of Cobalt 60 m special form capsules. In the incident, 
the therapy device and skid got loose and the outside packaging was lost overboard. 
Another box containing accessory equipment was also smashed. When the ship was 
put into harbour at Savannah, Georgia a radiation check indicated that there was 
no increase m radiation level. No personal injuries were recorded and one may 
assess the incident as no loss of integrity, no increase m radiation level and 
the cause of the incident was tie-down failure m r o u ^ seas. 

While the above incidents did not give rise to any significant radiological 
consequences the possibility of transport accidents happening is rising as the 
traffic increases and the need to prepare is therefore recognized. 

Emergency Plans on National Basis -

Many national authorities have established detailed plans for the rej^^^K 
and handling of emergency situations during the transport of hazardous matoHKs. 
In many cases these plans are tied up into the national emergency schemes. Advice 
on emergency planning for handling accidents is provided in existing Agency 
documents. A manual is to be published soon which will specifically cover 
accidents involving radioactive materials during transport. Some countries have 
prepared emergency procedures to cope with transportation accidents involving not 
only hazardoiis materials, but also radioactive materials. 

1372 



In these procedures, organizations such as police and fire departments are 
informed well in advance of the basic actions required and these organi2ations 
have access to radiation experts that are equipped to assist at the scene of the 
accident. Most national emergency procedures are organized on a two stage basis, 
the first stage being to have the place of the accident investigated by a radiation 
expert equipped with radiation survey instruments that are capable of identifying 
any hazard present and the second stage to provide trained personnel and equipment 
to remove unshielded radiation sources and contamination should this be present as 
a result of the accident. 

Accidents resulting m the escape of radioactive substances into the 
environment or m the irradiation of people and other living things may occur due 
'^^^eakage of packages involved m a crash, wreck or fire or due to leakage from 
-^^^Bs causes. Emergency plans should be prepared well m advance and be suffi-
c H R y broad to cover unforeseen or improbable accidents. 

In case of transport accidents, the importance of prompt notification of the 
authorities who can give advice and assistance and those who have been assigned 
responsibilities for resolving radiological consequences, cannot be over
emphasized. If possible, the first-on-the-scene responders should not spend 
valuable time completing these notifications, rather the more important information, 
pertinent information, should be relayed from the accident scene to a despatoher 
at the home station, who m turn will make the notifications required for regula
tory or information purposes after needed assistance has been arranged. In the 
United States, the area personnel, if not injured, will probably notify the 
responsible company personnel, who m turn, will notify the Department of 
Transportation, the Shipper and the Nuclear Regulatory Commission. The Department 
of Energy's (DOE) Radiological Assistance Programme provides for the department 
radiological advice and assistance to minimize personal injury, minimize loss of 
property, cope with radiological hazards and protect the public health and safety. 
For implementation, the DOE has divided the United States into 8 regions, each 
with a regional coordinating office. 

The US Nuclear Regulatory Commission as the Federal Agency designated to 
enforce regulations concerning nuclear material can provide valuable assistance 
m the event of a radiological incident. The Inter-Agency Radiological Assistance 
Plan, otherwise known as the IRAP, was developed as a means whereby the partici
pating Federal Agencies may coordinate their activities with those of state and 
local health, police, fire and civil defence agencies to provide rapid and 
effective assistance m handling radiological incidents. These agencies are, 
the Department of Agriculture; the Department of Commerce; the Department of 
Defence; the Department of Energy; the Department of Health, Education and 
Welfare; the Department of Labour; the Department of Transportation; the Defence 
Civil Preparedness Agency; the Environmental Protection Agency; the Inter-State 
Commerce Commission; the National Aeronautics and Space Administration; the 
Nuclear Regulatory Commission; the Postal Service and the DOE is the coordinating 
agency. The Joint Nuclear Accident Coordinating Centre, JNACC, is a joint 
operation of the Defence Nuclear Agency and the Department of Energy with head-
a^^kers located m New Mexico. Its mission, is to provide a centralized agency 
^^^^changmg and maintaining information concerned with radiological assistance 
cSPRlities and coordinating assistance activities m connection with accidents 
involving radioactive material. 

The Radiation Emergency Assistance Centre Training Site, REACTS, is operated 
by the Oak Ridge Associated Universities of the US Department of Energy and is 
located in Oak Ridge, Tennessee. It provides the most modern multi-purpose 
facilities available for handling radiation emergencies. Sometimes, the transport 
company itself, would have its own emergency plan. In the case of the incident in 
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Mississauga, Canada it was noted that as soon as the Canadian Pacific Railway 
Despatchers Office was notified of the derailment throu^ the train radio system, 
the C.P, Emergency Plan was immediately implemented. Its technical experts were 
alerted through fan-out and the technical crews were instructed to converge at the 
scene of the accident. The procedure for a chemical emergency such as this one 
included calling local hospitals, police, fire departments, the Environmental 
Protection Service of Environment, Canada, Transportation Emergency Assistance 
Plan, TEAP, and the Canadian Representative of the Bureau of Explosives of the 
Association of American Railways. Even the local and regional police have their 
own disaster plan and these helped a lot in putting the emergency under control. 
Records will show that the well prepared plan and the well documented instructions 
all add to the success of the evacuation that followed. 

The IAEA Plans and Programmes -

Since 1959» the IAEA has had an action plan by which it will, upon request, 
arrange to provide Technical Assistance to Member States following sin accident 
involving radioactive materials. The plan has been reviewed at intervals by a 
consultant. Information on the type of assistance that mi^t be made available, 
as well as the individual or office to be contacted for request for assistance, 
IS issued periodically m a report, WP»35 - "Mutual Emergency Assistance for 
Radiation Accidents". 

The World Health Organization (WHO), United Nations Pood and Agricultural 
Organization (PAO) and the International Labour Organization (ILO) have partici
pated in the recent revision to this publication. It is now being revised with 
the additional participation of the Office of the United Nations Disaster Relief 
Coordinator (UNDRO), with which the IAEA has entered into an agreement to coordi
nate and cooperate in disaster-related activities. 

The IAEA maintains the capability througji a Duty Officer Roster to have 
a Senior Technical Staff available m the event of any request for assistance. 
Usually, one of the 20 people involved m the Duty Officers' list is available 
at the emergency control post within one hour of the initial request. Also 
special arrEingements have been made internally with Radio Austria so that telex 
or cable requests for assistance will receive immediate attention. The programme 
also includes the capability for the IAEA to send a small group of observers or 
consultants to the scene of the emergency when required. Kits axe available with 
radiation swrvey instruments and protective clothing suitable to support the IAEA 
group m any radiological situation. In addition, the facilities of the Agency's 
Laboratory can arrange for the radiochemical analysis of environmental samples 
or for bio-assay. 

Each Duty Officer, has m his possession, a copy of the IAEA Emergency 
Assistance Handbook containing approximately 50 pages of detailed instructions 
or reference material to assist in handling an emergency request. This handbook 
describes the internal arrangements by which the Agency would render assistance 
and also defines the responsibility of each staff member who would be invol^^^^ 
m the response. ^ ^ ^ V 

In order to achieve rapid and accurate response, simplicity has been the 
m a m concern m preparing the operating procedures. In the 18 year history of 
the IAEA Emergency Assistance Plan, there have been only two requests for medical 
assistance and one for radiological assistance in case the Sky Lab would fall in 
the territory of one of the Member States. It is necessary to test the programme 
and train the Duty Officers in test exercises. The internal arrangement is shown 
in the attached schematic flow chart. A request for assistance could come to the 
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Agency, either by cable, telex or telephone and is received by the telex operator 
or the switchboard operator during normal working hours. The Seoxirity Guard 
receives the request after office hours and on Saturdays and Sundays and holidays. 
As soon as the request is received the operator or the security guard goes through 
the list of Duty Officers and the first contacted staff becomes the Duty Officer 
for the particulsur emergency. Periodic exercises have been made to test the on-
call system and to find the availability of a Duty Officer at all times. The 
Duty Officer then goes to the Emergency Control Post and establishes contact with 
the requesting state. Meamwhile, the Head of the Control leam is notified and if 
the need is indicated the other members of the Control Team are assembled. When 
the exact nature and extent of the request is determined, the Control Team makes 
a decision as to whether Agency staff or a Response Team would be sent to the site 
o|^^^ accident. In this regard, proper authorization from the Director General 
o^^^P designate is secured and all the administrative requirements, including the 
p^Plffation of the portable survey meters, equipment and emergency kits to be 
carried, are undertaken. The Emergency Control Post is manned until contact is 
made by the Response Team after despatch. 

Presently, the Agency's Emergency Assistance Programme will be further 
developed and extended and, m particular, the question of preparedness. A 
Technical Committee on Emergency Preparedness met m October I98O to review the 
programme. It is also planned to hold a regional seminar m South East Asia m 
1981 on Radiation Emergency Preparedness to be followed by another seminar in 
South America in I982, A strong collaboration exists between IAEA and the Office 
of the H.N, Disaster Relief Coordinator (UNDRO) with the signing of a Memorandum 
of Agreement between the two Agencies in March/April 1977, IAEA and UNDRO will 
cooperate m the promotion of disaster (accident) prevention, particularly as it 
affects nuclear facilities in developing countries. 

As mentioned earlier, a manual is to be published which will specifically 
cover accidents involving radioactive materials during transport. This was 
initiated m 1977 when the Agency convened an Advisory Group to prepare draft 
procedures to be followed m the event of accidents during transport of radio
active materials. A second draft is being prepared and it is hoped to publish 
the manual soon. Presently, the second draft will include potential for incidents 
wherein materials and packages transported Eind modes of transport are discussed, 
A chapter on principles of operational response will cover stages of responses 
and response organizations. The mam text will also deal with emergency response 
planning objectives and some special considerations related to particular modes 
of trainsport will be given. It is expected that the manual will be useful to 
competent authorities, transport workers and even the general public. The manual 
compliments other Agency documents in emergency planning. 

In conclusion, the need has been recognized and the attempts of the Agency 
to cover the need have been presented. 

I 
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IAEA RADIATION EHERGEtfCr ASSISTANCE raOCEDOHES 

05 

NOTICE OP ACCIDENT 

- Telex/Switohboard Op. 
— Security Guard 

DUTV OFFICER 

1, Establish Emergency Control Post 

2, Assemble Ctontrol TeamF 1 _ t^ 
^ 

^ 
^ 

3, Collect Relevant Information 

a) Communicate with Notifying State 
b) Ascertain nature and extent of 

accident and assistance required %-^jC^^ 
c) Others - preference, terms, 

conditions, etc, 

^ 

OONTOOL TEAM 

H e a d , DIR-TONS 
- Admin, Staff 
- Operational HP 
- Legal Officer 
- External Liaison 

Officer 
- Others 

Head of Control Team 

1, Informs DG/DDG 
2, Secures authorization 
3, Select Response Team 
4, Instructs Duty Officer 

Admin, Staff 
-issue travellers 
cheques, travel 
cards, oredontials, 
photos 

RESPONSE TEAM 
- Selected Staff 
- Operational HP 
prepare emergency 
kits 

Legal Offioer 
- Legal Advice 
External Liaison Officer 
— inform other interna
tional organizations 

Agency to Act as Intermediajy 
1, Communicate with potential 

assiBting states-inform 
requirements, ask terms, 
channel of communication. 

Communicate with requesting 
state-inform availability 
from State(X)j^ special 
conditions, 

2, 

Agency to send staff 
1, Brief selected staff, 
2, Check emergency kit, air 

travel cards, credentials, 
release funds, 

3, Inform of names and 
nationalities of response 
staff. 

Agency asked for advice 
1, Ascertain exact 

requirements, 
2, Report to Control 

Team, 
3, Take further action 

as directed by 
Control Team, 

Notifying State 
merely wants to 
report 
1, Obtain 

informat ion. 
2, Report t o Head 

of Control Team, 
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EVALUATING DANGEROUS GOODS EMERGENCY RESPONSE WITH TIME/LOSS ANALYSES 

Elwood T. Driver and Ludwig Benner, Jr. 
National Transportation Safety Board 

The National Transportation Safety Board is an independent agency of tlj 
States of America. The Safety Board has the responsibility to Investigate 
and report publicly on the facts, conditions and circumstances of each ace 
investigated. The Safety Board also issues periodic reports recommending a^^on 
and advocating meaningful responses to reduce the likelihood of recurrence of 
transportation accidents similar to those investigated. In the hazardous material; 
safety field, in addition to investigating accidents involving hazardous materials 
the Safety Board has the duty to evaluate the adequacy of safeguards and procedures 
concerning the transportation of hazardous materials and the performance of other 
government agencies charged with assuring the safe transportation of such materials 

These duties created a problem for the Safety Board. How should the adequacy 
of safeguards and procedures and the performance of other government agencies durii 
emergency responses be evaluated? What criteria should be used for judging the 
adequacy of the performance observed? 

A transportation accident involving dangerous goods occurs. The accident 
creates an emergency because the dangerous goods have escaped from their container 
or they threaten to do so. Firefighters, law enforcement officials, technical 
experts, and others respond to the emergency. After the emergency has run its 
course, how should the response be investigated and analyzed to determine if the 
performance of those who responded might be improved? 

When the Safety Board was created, no commonly used method for evaluating 
emergency response performance was available. No generally accepted evaluation 
principles were being applied to emergency response performance. The evaluations 
consisted of small groups of participants getting together and subjectively 
critiquing their own performance. However, these informal methods were highly 
subjective, they were not generally circulated, and they showed no promise for 
producing technically consistent and objective evaluations. 

To meet the Safety Board's need for technically consistent and objective 
evaluation standards, the Board set out to find a way to meet its needs. The 
result has been the development of a method based on analysis of losses versus 
time during the emergency. This time/loss analysis approach provides a general wa 
to examine the results achieved during responses to dangerous goods emergencies, 
to identify safety emergency response problems. The method is also useful^ 
evaluating safeguard performance. 

EVALUATION CONCEPTS 

ul^^r 

Two common elements have been observed in past dangerous goods transportation 
emergencies. These elements are "time" and "loss". Time is uniform, measurable, 
and always present. Every emergency has some finite duration. It begins and it 
ends. The duration of an emergency can be measured with customary time measureraen 
For analytical purposes, the beginning of an emergency should be identified with 
the beginning of the accident or incident which created the emergency. It should 
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not be Identified with the arrival at the scene of the first responding emergency 
personnel. 

For convenience, we will call the beginning of a dangerous goods emergency 
"time zero" (t ) and the end of the emergency "time end" t, ,. A second ingre
dient present m all emergencies is "loss." Loss if viewed as the full-range of 
injury to people or other animated objects, and damage to property or inanimate 
objects, plus the economic consequences of system disruption. Loss also appears 
to be quantifiable. Direct losses and costs are often reported, but indirect costs 
of losses are not customarily collected or reported. To Illustrate the evaluation 
method, use numbers to count fatal or other injuries, and use monetary units to 
count^roperty loss. 

^ring an emergency, losses change with time. Sometimes losses increase and 
somffflmes they are reduced with time. For example, as a fire continues to consume 
the cargo in a vessel, cumulative losses increase with time. On the other hand, 
as firefighters gain control of the fire, the rate of increase declines, and when 
the fire has been extinguished, the direct fire losses stop increasing. On the 
other hand, as injured persons recover from accidental exposures to dangerous 
goods releases, the ultimate loss level from the emergency may actually decrease 
with time. 

A time loss plot helps to visualize these outcomes. Loss during an emergency 
begins at or after t and typically Increases in some manner as time passes during 
an emergency. At the end of the emergency some total loss will have occurred. This 
total loss is the outcome of the emergency. Every emergency will eventually run 
its course and come to an end, even without intervention. Fire consumes all ac
cessible combustibles, and goes out. Gas is released from a container, mingles 
with the air and drifts into the atmosphere. Dust and debris are carried aloft 
temporarily, but then settle to earth after an explosion. When no one intervenes, 
this natural course of events will have produced loss. 

WOMSt 

uss 

I I ' > 

Figure 1. Time/Loss Analysis Plot. 

On the other hand, when some intervenes in an emergency, the nonsdl course of 
events might be changed. Interveners rarely arrive until afteir t . IThls csm be 
shown as in Figure 2 (next page). ^ 

t3?V 



(end) 

Figure 2. T/LA Plot: Intervenor arrives. 

The first-arriving firefighter or police officer is faced with loss that has 
already occurred by time t.. The only losses that can be controlled after arrival 
are those which have not yet occurred. Intervention should change the course of 
events and natural outcome. Ideally, intervention will reduce the losses that 
would have occurred naturally. 

Ideally, each Intervenor will contribute some net reduction in the loss. 

The desired relationships can be shown in Figure 3. In that Figure, the solid 
line represents the net losses that would have occurred without any intervention. 
By intervening in that course of events at time t., intervenor I. reduced the losse 
in our illustration. The change in losses over time is shown by the dashed line 
beginning at 1. (Figure 3). If a second party subsequently Intervenes, say at time 
t„, that intervention should further reduce the already reduced harm expected to 
occur, as shown by the lower dashed line beginning I„. 

Loss 

(end) 
TIME 

Figure 3. Emergency Time Loss Plot With Intervention. 
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The point of intervention by each intervenor constitutes a "triple point" 
The slope of the "natural" time/loss analysis curve can be increased, unchanged or 
decreased following the intervention. This can be seen in Figure 4. 

I Worse 
^ — M Outcome 

.^' *! No Change 

^.xl Betfpr Outcome 

end 

Figure 4. T/LA Plot "Triple Point" 

If the response aggravates the net losses, as when responding firefighters or 
other officials are injured without offsetting gains, the response must be judged 
ineffective. When the loss curve remains unchanged after the intervention, it must 
be judged indifferent. When the loss curve declines after intervention below the 
"natural" curve, the response must be judged successful. The amounts of change in 
loss measure the degree of success or additional loss produced by intervention. 

THE TIME/LOSS ANALYSIS 

Based on these concepts, a time/loss analysis method has been developed to 
implement the approach. The method consists of tracking interveners' actions, the 
times they acted, the actual losses, and the times they occurred. Then the pre
dicted natural losses during the time t to t , during the course of the emergency 
are estimated. These data are then displayed to produce a time/loss analysis (T/LA) 
display in the graphic format shown in Figures 5 and 6. The events supporting the 
analysis are all the response and loss events that occur between t and t 

^ f o end. 

This method requires investigators to identify the time when losses occurred, 
to measure or estimate the losses, and to relate these losses to the actions taken 
by response personnel during the emergency. 

too 
d 

o 

The method can be expanded to evaluate performance of safeguards and procedures, 
Control of the course of events before arrival of the first intervenors is 
nt on (1) the safeguards and procedures designed and built into the system 
ting in the system at the time of an incident, and (2) the adaptive reactions 
sed persons and properties to the threats posed by the dangerous goods. 

Thus, the time/loss curve between t and t. on Figure 5 can show the performance 
of these "built-in" safeguards and procedures, and exposed persons who reacted to 
the emergency before t.. For example, a pressure relief device or Installation on 
a container may delay a violent rupture for intervenors to take successful pre
ventive action. Alternatively, the small quantity or non-pressurized form of a . 
material may also delay or prevent violent rupture before intervenors can act. 
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The T/LA method influences investigative tasks, planning, training, and 
operational objectives during emergency responses. 

In practice, this T/LA evaluation method requires accident data in a format 
not usually acquired during accident Investigations. Investigators must track and 
attach times to actions by individual intervenors and to the results of their 
actions, in terms of the changed losses during the emergency. More significantly, 
the no-intervention time/loss analysis curve and outcome also need to be estimated 
by the investigator, so the curve can be plotted. The task of tracking individual 
actions and the actual time/loss curve usually poses no investigative problem. 
However, the no-intervention T/LA curve has presented difficulties, because of the 
scarcity of predictions about hazardous material behavior on which estimates can 
be based. ^ ^ ^ ^ 

The T/LA method influences planning in two ways. First, it leads plan^^w 
toward the time/loss relationships during emergencies. This forces their plans to 
focus on the outcomes of the emergencies. This orientation requires planners to 
project outcomes from either the natural course of events, or the planned actions 
to change those events. Likewise, this approach demands a predictive capability 
for projecting the loss effects of both natural and Intervening events with time. 
Such a capability is presently weak or infrequently available for the many dan
gerous goods in transportation. Yet without this capability, planning for control 
of emergencies by responding personnel often relies more on luck than reason. 

The second influence on planning relates to the division of planned task 
assignments among intervening personnel. Only those who can contribute to control 
of the emergency should respond. The potential contribution to improvement of the 
course of events constitutes a test for each planned task. This test consists of 
a measure of the contribution versus time involved. Thus, a practical tool for 
task planning becomes available for use by planners. A way now exists to judge the 
value of each person's presence on scene by the specific contribution of each to 
the net reduction in losses at successive time intervals. 

If one make no contribution, one should not respond. If one plans a contri
bution, that contribution can serve as an objective during a real response. 

Training can also be influenced by the T/LA evaluation method. The method 
suggests that intervenors should be able to predict (1) the remaining natural 
course of events and their effects on the expected losses versus time, and (2) the 
effects of interveners' actions on those events. Both predictions are needed befor 
Intervenors can make an informed decision to intervene or not to intervene. 
Training in this diagnostic and predictive task is only recently receiving signif
icant attention in the United States. When liked to the first principle - - if 
can't contribute, don't intervene - - the need for predictive study of time/loss 
behavior of dangerous goods shipments in transportation emergencies becomes very 
evident. Training of emergency response personnel in these predictive and diag
nostic skills becomes an imperative aspect of their curriculum. 

The evaluation method can influence operations during emergencies, to^^^hhe 
potential value of the Intervention of each successive intervenor should b ^ ^ ^ H u -
ated by the reduction in losses achieved by that intervenor. If the offici^^^n 
charge of the emergency operation determines that a person or organization can 
make no contribution, their presence serves no immediate purpose and their in
volvement should be carefully reconsidered. Emergency operations are sufficiently 
stressful on those performing response tasks that extraneous persons who might 
detract from these tasks should not be allowed to become involved. 

During the emergency, each intervener's goal should be to reduce the losses 
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or time duration of the emergency. If intervenors do not change the "natural" 
course of events, or if they increase the net losses, intervention practices or 
assumptions, safeguards and procedures must be re-examined to find ways to improve 
the operational effectiveness and emergency outcomes. 

EXAMPLES OF T/LA PLOT FOR TWO ACCIDENTS 

Two examples of the method help to show its value. Figure 5 is a T/LA plot 
using data from a 1975 highway accident. The loss values used are best estimates 
because of the uncertainties surrounding the time of death for the victims and the 
actual amount of the legal settlements during subsequent litigation. 

cl^^^a 
pis accident involved the violent rupture of a bulk liquified flammable gas 
tank during an accident, followed by the massive release of the entire cargo, 

formation of a large vapor cloud and sudden ignition of the escaped gas. A large 
tank section rocketed into nearby mobile home residences. 

Loss 

«" 0 

—^ Injuries 
(51) 

Property 
($550,000) 

Fatalities 

. (16) 

' I 

Figure 5, Case A. Cargo Tank Accident. •'" <•>•'•' 

While the time is not precisely to scale, most of the losses in this accident 
occurred before any emergency response personnel arrived on scene at time t,. The 
sixteen fatalities and 51 injuries were almost all burns. Property losses were 
estimated at $550,000 U.S. Losses before the arrival of emergency personnel at the 
scene illustrate how the T/LA plot can show the importance of built-in safeguards 
on the dangerous goods container. The elapsed time between t and t. was less than 
five minutes. Fires were extinguished quickly and the biggest problem was caring 
for the burn victims. 

#s, 
second 

the 
Illustration reflects 
same kind of product. 

a major hazardous materials railroad accident. 



Loss 

Prooerty 
($1,800,000) 

Injuries 

Fatalities 
(16) 

Figure 6. 

".,, tp+ i(0 hrs 

TIME 

(not to scale) 

Case B. Railroad Tank Car Accident. 

The occurrence of the large losses after numerous response personnel arrived 
at the scene in Case B is an example of problems with control of the dangers posed 
by dangerous goods to responding personnel. In that emergency, accident damage had 
weakened the container in a way that was not detected by response personnel, and 
the container ruptured unexpectedly almost forty hours after the initial derail
ment. The abrupt rupture and fires which ensued greatly escalated the losses. 
This case shows the importance of proper diagnosis and predictive tasks during 
dangerous goods emergencies. 

To me, the conclusion is apparent. People investigating emergency responses, 
planning and training for them, and conducting operations during dangerous goods 
emergencies should become familiar with and utilize the time/loss analysis method 
and share results of its application. The potential safety benefits should be 
significant. 
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DISCUSSION 

Question by E. C. Hardin, USA: Doesn't the time/loss analysis 
technique provide nuclear transporters with an opportunity to demon
strate the superior built-in safety features of RAM packages and 
systems? This should be particularly evident m the construction 
of productive T/L curves determining essential response players. 

Answer: I agree. As indicated m my presentation it is critical 
that safety be built into the device so that the initial intervener 
will have a chance to effect damage/injury control. Time can be of 
tl^^^^sence. 

^^^uestion: Does the time axis (t., t_, etc.) refer to the ini
tiation of action or the arrival of emergency response forces? 

Answer: Both. It refers to any action which affects or effects 
the accident outcome in terms of duration or extent of loss. 

Question bv J- DiStefano, USA: Has the NTSB's experience in 
responding to accidents involved supervision by the NTSB or the local 
authority ? If the chief responsibility is that of the local authority, 
has the NTSB found a successful way to prepare the local authority 
for a smooth coordination with the federal authority and expertise? 

Answer: First of all, NTSB has investigative authority and 
responsibility only m case of accidents. In this respect the NTSB 
has the prime role. This is most evident in aircraft accidents, 
least evident in marine accidents where the coast guard and the NTSB 
act collaterally. The NTSB does not supervise the accident control 
or clean up operations. The NTSB allows the person in charge of the 
accident scene, usually the on-scene commander, and usually the fire 
control people, to run the show until control is achieved. At that 
time we step m for accident data collection. We do our best to 
advise the local authorities that our interest accident investigation 
not damage/injury control. This is necessary because m some cases, 
there is a tendency on the part of local communities to assume that 
the federal authority (NTSB) is going to take charge. I do feel that 
there needs to be identified, one person or authority in charge. This 
should be firmly established in disaster plans or whatever else they 
are called and then followed and adhered to. Perhaps the biggest 
value, at least initially, of having established viable, written pro
cedures is to establish authorities and responsibilities. This concept 
in no way would prohibit the cooperation and even codirection of the 
control of an accident involving possible release of nuclear material 
by the local commander (e.g. fire chief) and representatives of the 
nuclear interests (FEMA, NRC). This needs to be included as part of 
th|^^^aster plans though for it to be effective. 

^^The NTSB IS prime in the accidents it investigates in terms of 
determining cause and making recommendations for correction of the 
causes. This is by law and statute. The same does not apply to 
accident damage/injury control. In all cases we contact the local 
authorities via our local representatives, advise them of our interests 
and needs and work with those authorities m terms of identifying 
those needs and acutally recovering necessary accident data. 
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Comment by A. L. Kaplan, USA: As a further comment on the ques
tion raised concerning pre-planning for transportation emergencies 
m the United States, licensees of the US Nuclear Regulatory Commissic 
(NRC) must have approved emergency plans. Also, the NRC requires 
that agreement states and all states in which nuclear power plants 
are located must have emergency plans, which must include plans for 
transportation incidents involving radioactive materials. The NRC 
also requires periodic drills to assure that personnel involved are 
properly trained and to provide continual evaluation of the emergency 
plans. In the state of North Carolina, personnel from the state 
government agencies and local agencies together with emergency person
nel from our facility have already held one exercise m which ^^^:al 
traffic accident involving a truck carrying radioactive materi^^^»as 
hypothetically involved. More such joint exercises are being ^^Pmed 
for the future. 

Answer: Good. I have seen cooperation of this type, and tramir 
of this type among communities exposed to aircraft and train disasters 
- and it IS proving successful. Joint exercises are critical - and 
more critical is the objective evaluation of those exercises. 
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EMERGENCY RESPONSE CAPABILITIES DEVELOPED IN THE UNITED STATES 
TO DEAL WITH NUCLEAR MATERIALS TRANSPORTATION ACCIDENTS* 

S. G. Vandevender and R. T. Reese 
Sandia National Laboratories, Albuquerque, NM, USA 

A. H. Schilling 
Battelle Human Affairs Research Center, Seattle, WA, USA 

INTRODUCTION 

No nuclear transportation incidents in the United States have caused loss 
of l i f e or massive property damage result ing from radiological contamination. 
Nor have there been serious radiation in jur ies or exposures. Thus the c i v i l i a n 
emergency preparedness and response capabi l i t ies have not yet been subjected to 
severe radiation emergency conditions. The readiness of federal , state or local 
agencies and the transportation industry to respond to accidents Involving radio
active material Is the subject of th is paper. 

NEED FOR EMERGENCY RESPONSE PLANNING 

The nuclear transportation incidents in which radioactive releases have occur
red have a l l involved Type A packages; that i s , packages containing radioactive 
materials having 1 imited a c t i v i t y . Those incidents involving packagings of radio
active materials having greater ac t i v i t y did not result in releases. About 600 
incidents have occurred during transportation of nuclear materials, compared to 
some 86,000 reported hazardous materials incidents.^ Thus, the emergency planner 
is probably more concerned with appropriate response to chemical and other non
radioactive hazards. However, the responders perception of the hazards involved 
often does not correlate well with the actual hazards which may exist as a resul t 
of an accident. Untrained response personnel tend to overestimate the hazards 
at an accident scene, often leading to incorrect response actions and possible 
overreaction by the public. 

The value of emergency response preparedness can be seen in the following 
case h i s t o r y . ^ ' ° ' ' Four 14-ton uranium hexafluoride cyl inders were involved in the 
wreckage when a 102-car t ra in derailed near Rockingham, North Carolina. Al l of 
the cylinders remained in tact and no radioactive material was released. Seventeen 
government agencies, including t h i r t y radiological experts, responded to the acci
dent because the dispatcher cal led a l l agencies considered appropriate. Most of 
t h e ^ ^ e r t s arrived much la ter than would have been desired i f there had been a 
r a ^ ^ ^ n hazard. The state team arrived more than three hours af ter the accident, 
w h ^ ^ V e federal government's radiological assistance team (Energy Research and 
Dev^ropment Administration (ERDA), now Department of Energy (DOE) arrived seven 
hours after the accident. There was substantial confusion over the severity 
of the s i tuat ion. As la te as four hours af ter the derailment, i t was uncertain 
whether four or six cylinders were involved; the conditions of the cylinders had 
not been determined. No one had established command over the response e f f o r t , 
and conf l i c t ing reports of radiation leakage had been issued. A reporter was 

*Work sponsored by the US Department of Energy under contract DE-AC04-76DP00789. 
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burned by a substance thought to be radioactive; seven hours la ter i t was deter
mined to be a thermal burn from molten f e r t i l i z e r . The ERDA (DOE) team, looked 
upon as the dominant authori ty, informed the state team that ERDA (DOE) had no 
authori ty but could provide back-up support. Communications at the scene were 
hampered by lack of equipment. Onlookers, including news media personnel, were 
not kept out of the area of suspected radiation hazard. Over f i ve hours were 
required to determine the number of cylinders on the t r a i n . Authorit ies and 
responsib i l i t ies were not f ixed unt i l eight hours af ter the accident. 

This case i l l us t ra tes : (1) lack of coordination and duplication of e f fo r t 
between various agencies, (2) fa i lu re to have a pre-designated agency and mutually 
agreed upon on-scene coordinator appointed to serve as the local a u t h o r i t i e s ) 
lack of involvement of shipper and carr ier organization in state and l o c a ^ ^ w * -
gency response planning, (4) inadequate communications both at the a c c i d e l ^ ^ ^ e 
and between the s i te and the emergency response agencies and (5) lack of proper 
news media interface. 

In developing a methodology for evaluating emergency response, the Battel le 
Human Af fa i rs Research Center(HARC) ident i f ied the following components as being 
essential for successful response plans: 

• Responsibil ity fo r planning and operations 
• Not i f icat ion methods and procedures 
• Accident assessment 
• Public information 
• Protective response 
• Radiological exposure control 
• Emergency response tra in ing and exercises 

The following conclusions evolved from the study: 

1 . Plans should focus upon relationships among emergency organizations and person
nel to maintain f l e x i b i l i t y and general i ty. Training of personnel and test ing 
of operational systems shoul d be emphasized to reduce implementation problems. 

2. Integrat ing ju r isd ic t iona l responsib i l i t ies may be a problem in emergency 
response. There is redundancy in response capabi l i ty at various levels of 
government. This redundancy can be either helpful or harmful. 

3. F i rs t responders ( e . g . , police or f i r e agencies) are important elements. 
They must know both how to respond and when to summon additional help. 

4. Di f fer ing responsib i l i t ies can make federal response d i f f i c u l t . Some confu
sion may be inevi table, as in the case of a newly created agency such as 
Federal Emergency Management Agency (FEMA). 

5. Carriers display a lack of knowledge about the roles of various federal 
agencies in emergency response s i tuat ions. ^ ^ ^ 

6. There appears to be confusion regarding federal agency r e s p o n s i b l l i t i ^ ^ ^ 

7. I t i s essential for members o fa response system, especially f i r s t responders, 
to have up-to-date Information on communication procedures. 

8. State and local response plans are generally lacking in provisions for inves
t iga t ing accidents and taking corrective act ion. 
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9. There is a perception that t ra in ing opportunities for f i r s t responders are too 
l imited and could be improved In qua l i ty . 

10. Documents containing information on the contents of shipments appear quite 
vul nerable to f i r e . Loss of th is information could compound the seriousness 
of an accident. 

11. I t is essential that emergency response plans be tested. 

EMERGENCY RESPONSE JURISDICTIONS 

•
eral agencies have both planning and response roles for radiological 
ies. The planning function is formalized in the Federal Interagency 

Regional Advisory Committees.^ OneHeadquarters Advisory Committee and ten Regional 
Advisory Committees have been established to support radiological response planning 
by state and local governments. The federal agencies involved are the Environmental 
Protection Agency (EPA), DOE, Department of Health, Education and Welfare, Department 
of Transportation (DOT), Defense Civ i l Preparedness Agency, Federal Disaster Assis
tance Administration and Federal Preparedness Agency. Complicating the s i tuat ion 
In the immediate future is the recent establishment of the Federal Emergency 
Management Agency (FEMA). At th is point the relat ionship between FEMA and the 
Headquarters Advisory Committee is not f u l l y established. The objective of the 
Headquarters Advisory Committee i s to provide a common focal point for d i rect ion 
and coordination of f i e l d assistance operations. The two principal objectives 
of the Advisory Committees are: (1) to provide a regional forum for exchange 
and consolidation of information on radiological emergency response plans (RERP), 
capabi l i t ies and needs in support of f i e l d assistance for state and local govern
ments and (2) to make state RERP's as ef fect ive as possible through provision of 
guidance in theirdevel opment. Planning assistance Is primari ly aimed at nuclear 
power station locales; however, transportation emergencies are also within the 
j u r i sd i c t i on of the Regional Advisory Committees. This assistance is provided 
only upon request because the committees have no authority to impose plans on 
the states. 

The Interagency Radiological Assistance Plan^ (IRAP) defines the response 
role of federal agencies in radiological emergencies. The major responsib i l i t ies 
are assigned to DOE, EPA, and the Nuclear Regulatory Commission (NRC). Other 
part ic ipat ing agencies are the Defense Civ i l Preparedness Agency, Interstate Com
merce Commission (ICC), National Aeronautics and Space Administration (NASA), 
Postal Service and the Departments of Agr icul ture, Commerce, Defense, Labor, 
Transportation and Health, Education and Welfare. IRAP assigns to DOE the lead 
responsibi l i ty for providing equipment and expertise to protect the health and 
safety of indiv iduals, the public and the environment. DOE has established eight 
radiological assistance regions, with a radiological assistance team (RAT) based 
in each region. The RAT responses for commercial shipments are coordinated by 
the National Coordinating Office at DOE Headquarters, who delegates the responsi-
b i l ^ i j s t o t h e appropriate region. The response to emergencies involving defense 
s h ^ ^ ^ s is coordinated by the to the Joint Nuclear Accident Coordinating Center 
( J l ^ ^ ^ i n Region 4, located in Albuquerque, New Mexico. EPA has been assigned 
the responsibil i t y for providing monitoring teams to measure environmental radia
t i on , to evaluate the extent of contamination and to provide advice as to appro
pr iate protective actions. NRC's assigned role is to co l lec t information and 
evaluate accidents involving NRC a licensees. All IRAP assistance is provided 
only upon request from a state or local agency. There Is no federal authority 
to assume command of a c i v i l i a n accident response e f f o r t . 
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The primary responsibi l i ty and ju r i sd i c t i on for peacetime transportation acci
dent response rests with the state or local governments. In a recent study^ 
commissioned byNRC to survey emergency preparedness at state/local levels , Indiana 
University found two types of emergency response planning and organization: (1) 
central ized systems in which a l l authority and technical capabi l i ty resides in 
the state organization and (2) decentralized systems in which local ju r i sd ic t ions 
have a degree of authority and some technical capabi l i ty . Only eight states employ 
a decentralized response mechanism wherein the local ju r isd ic t ions have a well 
developed capabi l i ty to respond, although seventeen states reported that a l l 
local ju r i sd ic t ions have autonomy. The objective of decentralization is to avoid 
deploying the state organization, which may be hours removed from the scene, 
except in the case of serious incidents. In 43 states the central izat ion 
j u r i sd i c t i on with a state organization. First-on-scene respondents adml 
f i r s t aid and control crowds. They then cal l for help from the state, u 
through the state police dispatching system. Fourteen of these states have estab
l ished f i e l d off ices to assist in the response. Within the centralized states, 
some large c i t i es have also developed a response capabi l i ty . 

The study also found that most states adapt the i r response plan and system 
to the exist ing organizational framework and u t i l i z e exist ing resources where 
possible, so that responsibi l i ty i s frequently dispersed among several agencies. 
In the event of serious accident, the result ing multi-agency response must be 
well coordinated at the scene. Part ic ipat ion of local first-onscene responders 
and assistance from federal teams add to the coordination problems and make pre-
designation of a state command authority a necessity. Thirty-four states have 
designated a state o f f i c i a l as on-scene coordinator, twelve have no one desig
nated and one places authority with the county sher i f f . (Three states did not 
respond to the question.) 

STATUS OF EMERGENCY RESPONSE PLANS 

Although I t is the states' responsibi l i ty to plan for response to transpor
ta t ion emergencies, NRC was required under Federal Register Notice 40FR59494 
(December 24, 1975) to develop guidelines for state planning. This requirement 
was recently transferred to the new Federal Emergency Management Agency (FEMA). 
In January of th is year, a task force of federal and state agency representa
t ives* began draft ing the Guidance for Developing State and Local Radiological 
Emergency Response Plans for Transportation Accidents. This document w i l l provide 
general information on the types of radioactive materials transported, how they 
are transported and what the consequences are l i ke l y to be in the event of an 
accident. I t w i l l provide general guidance for state and local agencies on the 
content of emergency plans for responding to accidents. I t w i l l also contain a 
b r ie f discussion of some typical transportation accident scenarios. 

In the study of state** preparedness, Indiana University found that one 
state has no generalized plan for radiological emergencies but had a specif ic 
Transportation Radiological Emergency Response Plan (TRERP), while t h 1 r t ^ | ^ e 
made provisions for handling transportation emergencies wi th in , or as a j ^ ^ K 
to , the i r general RERP. Of those, twenty also have Emergency Operat ions^^P^ 
(EOP), and only three handle radiation emergencies with ent i re ly d is t inc t plans. 
Of the remaining states, twelve have RERP's without transportation emergency pro
vis ions, one has only an EOP and no information was available for eight states. 

*Two Transportation Technology Center (TTC) s taf f members are also part ic ipat ing 
In th is task force. 

**Puerto Rico and the D i s t r i c t of Columbia are Included here. 
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The study noted that two states are experimenting with the development of 
a specially trained cadre of state police of f icers who w i l l respond to and assess 
al l hazardous materials accidents. These of f icers are trained in biology, chemis
t r y , physics and emergency management. They are provided patrol cars equipped 
for hazard assessment and are responsible for determining the level of response 
required, i f any, by highly trained agency personnel. 

While 38 states have designated response teams, only twelve have mu l t i -
d isc ip l inary teams, although special ists are usually available to assist the 
designated team. The remaining states depend on a variety of volunteer experts, 
f i e l d staff or specified radiological health employees. However, only eighteen 
s ta^^ma in ta i n director ies of physicians trained in radiological emergency care. 

TRAINING STATUS AND PROGRAMS 

The states have begun to provide t ra in ing for f irst-on-scene respondents to 
radioactive materials transportation accidents. Indiana University found that 
most states have made a serious e f fo r t to t ra in state police to Ident i fy the 
hazards involved in a radiological accident, some to the extent of estimating 
the seriousness of the hazard. However, t ra in ing for local pol ice, firemen and 
road maintenance personnel is not as thorough except in some larger c i t i e s . While 
the states generally assume responsibi l i ty for t ra in ing public safety o f f i c i a l s 
in emergency management, they rely on federal programs for t ra in ing in the more 
technical aspects of response. Several states have sent a few police and f i r e 
personnel to federal t ra in ing programs as preparation for conducting local t r a i n 
ing sessions. Radiological health and emergency service personnel are largely 
trained through federal programs. 

The federal ly sponsored t ra in ing programs are l i s t ed below: 

1. DOE, through Oak Ridge Associated Universit ies (ORAU) offers - -

• "Medical Planning and Care in Radiation Accidents," a one week course 
for physicians, t ra in ing about 48 part icipants per year. 

• "Health Physics in Radiation Accidents," a one week course for health 
„ r;--,; physicists, t ra in ing about 36 part icipants per year. 

• "Handling of Radiation Accidents by Emergency Personnel," a 2-1/2 
day course for emergency room surgeons and nurses, t ra in ing about 54 
part icipants per year. 

2. DOT, through ORAU, offers - - - i . 

• "Response to Radioactive Materials Transport Accidents," a se l f - t ra in ing 
manual. 

3 . ^ ^ k , through Canyon Research Group, Inc. - -

• "Radioactive Materials Transportation Accident Training," a package 
that is not yet routinely offered. 

4. DOE, through National Fire Protection Association (NFPA) - -

• "Handling Hazardous Materials Transportation Accidents, a 20 hour course 
for f irst-on-scene response personnel with 8-hour supplement dealing 
with radioactive materials. 
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• "Handling Hazardous Materials Transportation Emergencies," Instructors 
seminars. 

5. FEMA — 

• "Radiological Emergency Preparedness," a one week t ra in ing course i n 
tended for local community o f f i c i a l s . 

6. NRC, through ORAU — 

• A ten week program for state health physicists, t ra in ing about 20 
part icipants per year. 

7. NRC, through Reynolds Electr ical and Engineering Company — 

" "Technical Operations for Radiological Emergency Response Operations," 
a 8-1/2 day course for state or local government response team members, 
t ra in ing about 400 part icipants per year. 

8. NRC, through Federal Interagency Task Force on Training and Exercise — 

• "Radiological Emergency Response Planning," a 5 day course for state 
or local response planners. 

• "Technical Management for Radiological Emergency Response Coordinator 
and Staf f , " a 7 day course. 

9. Colorado Training Ins t i tu te - -

• A 3 day seminar and a 2 week course on a l l phases of hazardous mate
r i a l s transportation Incident response, including radioactive mate
r i a l s . Or ig inal ly funded by a grant from DOT, but now an Independent 
state-run program. 

CONCLUSION 

The non-existence of emergency response programs is frequently stated as a 
reason for res t r ic t ing the movement of radioactive materials through states or 
local j u r i sd ic t ions . Yet, studies discussed here indicate that emergency response 
capabi l i ty , while not in the best condit ion, is getting more money. Interest and 
at tent ion, and in most states response networks exist which could be effect ive 
in responding to radiological emergencies. Awareness of such capabi l i t ies by 
the public is an important feature in increasing the publ ic 's confidence in the 
a b i l i t y of federal , state and local o f f i c i a l s in control l ing hazards. One aspect 
of th is awareness program could be in broader ava i lab i l i t y of radioactive emer
gency techniques for possible f i r s t responders to emergencies. This t ra in ing, 
public awareness and more emphasis on workable emergency plans w i l l he^^^o 
assure re l iable and workable emergency response plans. 

le^^^o 
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DISCUSSION 

Question bv J. Hamard, France: 1. In the USA is there, at a fed
eral level, a legal obligation for training of personnel involved in 
transportation of radioactive materials? 2. Many agencies, both fed
eral and regional, are involved m case of accident. Who is coordin
ating their actions and who takes the decisions? 

Answer: 1. No, although this requirement will probably occur 
within the next few years. 2. This is a complicated question because 
the first responder is in charge but the capabilities of many first 
responders are limited because of the very infrequent occurrence of 
acc^^^hts involving nuclear materials. The first responder and those 
moi^^^Balified from state or federal agencies must resolve how they 
wili^Kvide responsibilities and who will be in charge. Therefore, 
who is in charge depends on where the accident occurs, how severe the 
accident is, whether federal help was requested, and many other fac
tors. The decisions will be made, but who actually makes them will 
likely vary among different accidents. 
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Question by R. Kortriqht, Canada: What has been done to ensure 
that response procedures for radioactive material are consistent with 
those for other hazardous material? Is FEMA the agency at the fed
eral level which is responsible for this? 

Answer: The planning for response procedures is designed to be 
thorough and, as such, will result in a similar level of consistency 
for all hazardous materials. To my knowledge there is no planned 
effort to be consistent nor do I know of any criteria that exist 
to measure consistency. FEMA is the agency vhich is responsible. 
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RESCUE CONTAINER TO ACCOMMODATE DEFECTIVE TRANSPORT CONTAINERS FILLED WITH 
URANIUM HEXAFLUORIDE 

Heinz Beyen 
Reederei und Spedition "Braunkohle" GmbH, Wesseling 

Federal Republic of Germany 

Introduction; 
In the past years, the storage quantities of uranium hexafluoride have 
increased and the periods of storage have inevitably become longer. This 
l^^^to a by far higher probalitiy of possibilities for incidents. The 
s^^^Bising authorities and in particular responsible storekeepers are 
an^^Ds to offer the best possible safety and to take preventive measures 
for the case of incidents, not only during storage but, under certain 
circumstances, also during transport. Following these interests, the 
rescue container to be described here was developed. , 

Construction; (principles) 
The construction is based on the following principles; 

1. Simple handling of a heavy, defective 48" container 
and 30" container. 

2. Greatest possible freedom in choosing the means of 
transportation. 

3. Easy deoontaminability, . > _ 

4. The number of openings should be minimized. " • 

As to 1.; When handling the 15-t UF^ container, the heavy weight and the 
fact, that work has to be done by using a respirator, render things 
extremely difficult. Hence the requirement here for the simplest possible 
handling for the personnel. 

As to 2.; The rescue container has to be transportable by any means of 
transportation having the relevant carrying capacity (rail, road, sea and 
air transport] - so that it can be used in many places and at any time. 

As to 3.: The easy decontaminability is a requirement which is self-
evident for all objects etc., which come or may come into contact with 
radioactive material. 

As to 4.: This represents a basic principle for all containers etc. for 
the storage and transport of hazardous goods. Each opening contains in 
itself the danger of leakage rates, even if these are possibly very small, 

Th^^Ssting reveals that it is not immediately possible to make all 
requirements comform to one another; it involves compromises in order to 
reach the appropriate optimization. An additional aggravation is that the 
competent authorities imposed the following requirements: 
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- the rescue container must have an installation to empty the defective 
UF container into an undamaged container at the site, i.e. without 
prior transport, 

- it must further be possible to empty the defective container also after 
transport from one site to another, without removing this container from 
the rescue container. 

Because of these two latter provisions simple wrapping systems could no 
longer be thougt of. 

Set-up: 
In describing the construction we follow the set-up of the overall 
from the inside to the outside. The core part is a horizontal press 
tank - designed as such for safety reasons - although during handling and 
decanting no relevant internal pressure occurs. The design pressure amounts 
to 10 bar; the underpressure which may eventually occurs has been taken 
into account in the construction. This pressure tank can be opened on side. 
I.e. on bottom side can be hinged entirely; to allow better handling, the 
whole circular cross section is set free. 

In the pressure tank there is a sled which can be moved on rails in 
longitudinal direction of the container. The defective container is put 
on this sled - the 30" container with adapters - the construction has 
been designed in such a way that, when the pressure tank cover is closed, 
the defective container including sled is locked in position. It is fixed 
in such a manner that forces occurring during transport are absorbed; 
however, it is not possible to meet all conditions of standard packing. 
But since measures for an incident - thus not for normal transport - are 
concerned, additional organizational or operational measures have to be 
taken, if necessary. For transport, for instance, this could be a speed 
limit. 

Apart from the already mentioned big opening, this pressure tank only 
has supply and outlet tubes for UF^, N„ and the corresponding 
measuring systems. It goes without saying that much attention was given 
to the sealing of the big opening. 

For the purpose of emptying a defective container, a heating system is 
installed around the pressure tank. This heating system is regulated by 
thermostat. The temperatures can be set or limited, respectively. The 
maximum temperature is adapted to the admission conditions of the 48" 
containers, i.e. the highest admissible temperature is 120° C. As already 
mentioned, an overflow tube for UF_ gas completes the equipment. 

The pressure tank is installed in a 20' container. The one container wall, 
namely the one to be associated with the tank opening, can be opened. An 
additional pair of rails - as extension of the rails in the pressuj^^^nk 
IS arranged on a frame which is hinged down and in this hinged-dov^^^Biti 
lines up with the rails in the inside of the pressure tank. In oraslKfa 
allow the opening of the pressure tank, it must be possible to partly 
hinge the rail system on the frame. 
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On the frame system of these rails, there is also a hydraulically operated 
winch which allows the insertion and removal of the defective cylinder. 
The rail frame can balance out possibly existing soil unevennesses or, 
in case of unfavorable soil conditions, reduce the relevant soil pressures 
to a tolerable degree. 

Between the pressure tank and the supply part there is a sealing wall, the 
purpose of which is to prevent contaminations of the supply systems and to 
facilitate the decontamination of the pressure tank side, respectively. 

In the zone of the pressure tank including the appertaining intermediate 
the container is heat—insulated in order that the energy input for 
ng up can be kept within limits and that the desired temperatures 
e the pressure tank can be reached, respectively. On the other side 

of the container there are, in different separated cells, first the 
connection possibilities for the overflow tube and further the connection 
for the nitrogen input. This part is especially separated since in this 
zone a contamination is possible during the connecting and disconnecting, 
respectively, of the tubes. Other compartments house the necessary regu
lating and control instruments, further the hydraulic control unit, 
electric switching systems and a battery. In addition, tools and protection 
equipment can be accommodated here. On the outside, the container has the 
same connection possibilities as a standard container for cargo-handling 
equipment or fixation in the means of transport, respectively, and can 
also be handled and transloaded accordingly. The net weight of the con
tainer amounts to 13 t, so that it reaches a gross weight of 28 t when 
a useful load of 15 t js added. The pressure tank may be manufactured 
either of boiler plate H II DIN 17155 A St 41 DIN 17135 or of refined 
steel 1.4541 DIN 17440, (austenitic Cr, Ni, Tl). While considering which 
material to choose it should be remembered that the equipment in question 
has to be ready for operation at any time and that consequently mainte
nance should be kept to a minimum. 

On the other hand, however, if there is a possibility of having main
tenance operations carried out cheap, it may very well be more economical 
to use the regular boiler plate instead of the high-quality material. In 
this case, though, attention is to be paid to frequent maintenance and 
appropriate protection against corrosion. If refined steel is used, also 
other hazardous goods can, under certain circumstances, be inserted and 
transported safely, as far as for example corrosive, toxic or similar 
agents are concerned. 

The system has been submitted to the "Bundesanstalt fur Materialprufung 
(BAM)" and to the "Physikalisch Technische Bundesanstalt [PTB]" for 
approval. The running-up test for the railroad transportation license 
has been applied for. Furthermore, patent applications have been filed 
for the Federal Republic of Germany and other countries world-wide. To 
ca^»iete the picture it should be mentioned that the manufacture takes 
I^^^B in accordance with the ASME provisions. 

Handling of a defective cylinder and mode of operation of the rescue 
container; 
The rescue container is prepared to accommodate the defective cylinder; 
in case of a 30" container a corresponding adapter has to be installed. 
The pressure tank is open, the sled is on the extended rail system in 

• 

1397 



front of the container, the winch has been set in such a manner that it 
can draw in a defective container immediately after it has been put on. 
Depending on the extent of the damage of the transport container, the 
following operations have to be carried out using a respirator. 

By means of a crane, - eventually a mobile crane —, the defective con
tainer is put onto the accommodation system, then follows the drawing 
into the pressure tank. The traction rope is taken off the winch and 
put into the container (it is attached to the sled). Subsequently, the 
pressure tank itself is locked and sealed. After these operations, the 
use of a respirator is no longer necessary, the system is safe and, after 
locking the container, ready for transport. Then, nothing hinders the^ , 
transport to the decanting station anymore. The unlaoding at the ^^^k 
decanting station takes place in opposite sequence, again using th^^^B-
sonal protection measures. ^ ^ ^ 

The decanting with the heating installation of the rescue container 
requires additional measures or considerations, respectively, which 
are also influenced by the extent of the damage of the transport container. 
It is recommended in any case - as far as this is possible - to seal the 
leakage. There are several possibilities to do this, for instance stoppers 
bandages, good results have also been obtained with glass fiber reinforced 
synthetic plasters. In this case, one first takes a quick—hardening 
material, polyester for example, on top of which comes a second plaster 
with better adhesion, perhaps epoxide. 

For the decanting operation, it is not at all sufficient to just heat up 
the rescue system. On top of the solid UF^ mass, there is a gas mixture 
of different composition and, if there is a leakage, with atmospheric 
conditions of course. This light gas volume can - again depending on the 
extent of the damage - encompass the whole free space of the pressure 
tank; it must be led off before the decanting operation can start. From 
this fact follows that, the bigger this gas quantity the bigger also 
the decanting equipment, under certain circumstances. You will understand 
that only basic characteristics can be handled here. 

If the container is properly sealed or if there is only a damage which 
did not penetrate the transport container, it may possibly be sufficient 
to evacuate it down to about 100 mm Hg pressure. If, however, large 
quantities of gas have to be led off or, for whatever reasons, the UF_ 
should, or has to be extracted, several cold traps have to be connected 
in series, or adequate filters with pumps or compressors, respectively. 
In these compressors, however, already slight contaminations by UF̂ - or HF, 
respectively, can lead to lubrication problems and, under certain circum
stances, to the relevant damages. These few considerations show what 
importance these gas quantities have and how important a sealing - if at 
all possible — is. However, these thoughts may not lead to the opinion 
that the heating system of the rescue container is not necessary. Never
theless, only this heating system renders the decanting possible w^^^^t 
handling the unprotected defective transport container once more. ̂ ^^H 
safety technical reasons it is more appropriate to leave the 48" o^^W' 
container in secured condition and to interpose the addionally required 
equipment — between rescue system and receiving container - and to heat 
it subsequently. With this procedure, the transport to a decanting station 
or the like will, of course, have a positive effect since expert personnel 
auxiliary equipment etc. will be available there to a greater extent. As 
a matter of principle, the overflow operation should take place very 
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slowly, i.e. with relatively insignificant temperature rise. For this 
incident, one can very well accept relatively long overflow times. Whether 
the receiving container is additionally cooled or whether this is not 
necessary because of the surrounding conditions, is of minor importance. 

When the decanting operation has been accomplished, the pressure tank 
is opened again, the defective container, under certain circumstances 
using a respirator, is removed, decontaminated and brought to repair, 
then the relevant decontamination operations on the rescue container can 
be carried out, 

I^^the rescue container is used for the safe transport of containers with 
^ ^ ^ B agents, measures have to be taken to ensure that these containers 
^^^Vixed in the pressure tank, Xhis fixation has to withstand loads 
o^Rirring during transport. When size and construction of these containers 
are known, the corresponding installations can be prepared on the insertion 
sled. Furthermore, in the latter case it is to be examined whether the 
material of the pressure tank is suited for the operation. Inflammable 
agents can additionally be made safe by injecting inert gas, other agents 
can be stabilized by additions. 

DISCUSSION 

Question by W. Heudorfer, FR Germany: How is suction cari^ie^ •' 
out if the suction pipe is damaged by an accident? ''Vi 

Answer: The overflow piping has two connections in the pressure 
vessel: 
1) connection to the valve 
2) connection to the ambient space. 
If the valve is defect suction takes place from the ambient space. 

Comment by E. Steinebach, The Netherlands; There are, for ex
ample, two cases where this rescue container will not work: 
1) Determination of 40" Y or F container, so that it is not possible 

to put it into the rescue container; 
2) A big hole in the container and heavy hydrolisation to U0,F_ will 

form a plug of U0_F_ inside the container so that the container 
valve will not work. 

We think it is more useful and cheaper to use a"plaster." 

_ Answer: Concerning your first point, the diameter of the pres-
s u ^ ^ ^ e s s e l already is relatively large. There are always "conceivable 
l ^ ^ ^ H accidents" but the probability is low and does not justify that 
t h S ^ ^ o r e nothing is attempted or no measures are taken which remove 
a large percentage of the probable accidents. 

Concerning your second point, by means of the rescue container, 
the transport container can be safely moved to a facility where it 
can be treated. The plug must then be removed under the appropriate 
safety measures, if necessary with special tools, e.g. by boring. 
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It IS hardly conceivable that a defect container with plug can 
be moved to a decanting station or similar or that approval will be 
given. 

Question by G. Cohendy, France; To what extent could this rescue 
container be useful m view of dealing with the case of a 48Y UF, co; 
tainer involved in a fire and releasing its contents? 

Answer; For this case there is no solution, or rather after 
extinguishing the fire the defect, cracked, possibly contaminated 
transport container can be put in the rescue container and transported 
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TEAM - AN EMERGENCY RESPONSE PLAN 

Calvin Brantley and Ermes DeMaria 
New England Nuclear Corporation 

Boston, Massachusetts 

^^^Bthe Fifth International Symposium held in 1978 in Las Vegas, Nevada, one 
of ̂ ^^escribed a new system to respond quickly to Incidents involving packages of 
New England Nuclear's radioactive products. At that time the TEAM system was in 
the process of being implemented. As our company had grown, the number of tele
phone calls concerning transportation incidents had increased, although few of 
these were accidents causing release of radioactivity. However, we had no reliable 
method to provide advice nor to get expert help to the caller. TEAM was designed 
to remedy both of these situations. 

TEAM, an acronym for Transportation Emergency Assistance Member, starts with 
a TEAM label applied to all outgoing packages of radioactive material. This label 
provides a 24-hour telephone number with instructions to call in case of emergency. 
The first response to a TEAM call is by an Initial Response Member, who is either 
a member of the Order Entry or Customer Service Departments. These persons 
evaluate the call, determine what shipment was involved, and either handle the 
call directly or send it on to one of the Support Team. This Support Team is made 
up of persons highly experienced in packaging, radiation safety, and regulations 
affecting radioactive packages. They can usually evaluate the required response, 
advise the caller directly, and propose remedial action. However, in two cases 
during the last two years, it was necessary to arrange for expert, local help to 
pick up badly damaged packages or clean up contaminated soil. Each call is 
thoroughly documented in a TEAM report after the incident is resolved. 

We believe this program to be unique in allowing 24-hour 7-day per week 
response capability along with the reports, analyses and feedback to guide 
corrections to packaging, shipping procedures and response mechanisms. It has, in 
several cases, prevented undue media response by providing on-the-spot evaluation 
of the seriousness of an incident. When an "accident" is properly and quickly 
shown to be an incident in which no radioactivity is released nor radiation levels 
increased, newspaper and TV reporters usually put the story into correct perspec
tive. 

For purposes of this paper, we have analyzed two time periods; the first 
covering July, 1978- through June, 1979; the second from July, 1979 through June, 
1980^^In this period of time about 740,000 packages were shipped by truck and 
air^^^^ In the first period, 355,000 packages were shipped with the number 
inc^^^Hig to 385,000 packages in the second period. However, company sales in 
the product areas covered by this analysis increased by approximately 23% while 
the number of packages increased only about 8%. This differential appears to be 
due to the effects of inflation and on somewhat larger orders of products per 
shipment. All the packages covered by this analysis were Type A or limited 
Quantity packages. 

TEAM reports were received on 271 package incidents for the total period. 
About 14% of these did not involve transportation but were useful to us in other 
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operational areas. Of the remaining 234, 65% of the reports were in l^lSlTi and 
35% in the next period of 1979/80. The number of packages involved was 0.04% of 
the total packages shipped for the 1978/79 period and 0.02% for 1979/80. 

In the first three months of the operation of TEAM, It was found that small 
packages of limited quantity amounts were being lost at the rate of 15 per month. 
Because these packages contained extremely small quantities of Carbon-14 and 
Tritium, they represented no risk to the public, but they were indicative of a 
problem. Changes in labeling, carrier control and delivery control were started. 
Since that time there have been no lost packages in 11 of the months, seven months 
with only one lost, one month with two lost, and two months with three lost. One 
month, February, 1979 was marked by extremely bad weather across the United States 
so the month ended with ten packages lost or at least delayed by two or tl^^^^ 
weeks. None of these packages were of more than a few mlllicuries of eitl^^^Kr 
hazard materials such as Carbon-14 or were of very short half-life materia^^^ 

Although there has been much emphasis on damaged packages and their potential 
effects on the environment by regulators and the press, damaged or wet packages 
were 14 in the first year and 16 in the second year. This represents only 0.004% 
of the packages shipped in the two years. Or to put it another way: out of 
740,000 packages shipped in that period 739,970 arrived at their destinations 
without damage. Out of the 30 damaged packages only four were damaged so severely 
that any radioactivity was released to the environment - or 739,996 arrived at 
their destinations without releasing radioactivity to the surroundings, in spite 
of crushing, falling and other effects. The four packages contained only about 
15 mlllicuries of radioactivity. In only one case was there sufficient radio
activity to require clean-up of soil. 

Most of the damaged packages were caused by dropping from trucks or were 
smashed by passing trucks and freight carts. Four packages were involved in 
vehicle crashes or accidents. Two of these four packages were damaged so slightly 
that they were shipped to the customers after being checked. The other two were 
in a small airplane that crashed on takeoff and burned. Of the twelve mlllicuries 
of radioactivity in these packages most was recovered by cleaning the soil and 
picking up contaminated metal. The total cost of the clean-up was $4,700. 

Although these are extremely useful statistics and have directed much of our 
planning for distribution of radioactive packages, the principal value has been 
in the direction and guidance of corrections to the system. It became apparent 
early in the operation of TEAM that damaged packages and packages to be returned 
to New England Nuclear by customers for any of a dozen reasons, constituted a 
major problem. Few customers or carrier personnel are qualified to prepare a 
radioactive package for either safe or legal carriage. A task group was estab
lished to find a solution to this problem using the information acquired through 
TEAM calls. The solution was a return system, called PAC BAC. For any package 
to be returned, we send complete directions for packaging, boxes, labels, and 
shipping papers. This system has been used by customers, carriers, police and 
regulatory agencies to return packages. In the first year of operation of PAC BAC 
we have averaged 55 packages per month through the procedure. Each such |^^^ee 
has been one less potential problem to the transportation system. ^ ^ ^ H 

Another useful result of TEAM has been better identification of package 
components that cause weakness in package strength or integrity. In one four 
month period, damaged packages in Cleveland and Baltimore resulting in lost 
radioactive containers and/or increased radiation levels. Analysis of the reports 
showed a deficiency in the internal bracing. This led to a complete redesign of 
the package. 
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The usefulness of TEAM in acc idents and t h e i r coverage by the media can be 
shown by the events of one evening. On that one evening a New England Nuclear 
package f e l l from a t r a i l e r a t Logan Airport in Boston and was crushed by the 
wheels. The TEAM labe l led to a quick c a l l , a quick t r i p to the a i r p o r t to 
recover the package and determine that no contamination had occurred with no 
newspaper s t o r i e s or inconvenience to the pub l i c . 

In Miami a t about the same time, a package f e l l from a f re ight truck on the 
main roadway of the a i r p o r t . Although t h i s p a r t i c u l a r package contained no r a d i o 
ac t ive l iqu id , i t did hold s t e r i l e s a l ine v i a l s for e lu t ing the radionucl ide 
generator in the package. The f a l l broke some of these v i a l s and l i qu id leaked 
out to the ex te r io r cardboard. The f i r s t pol ice a t the scene roped off a 1500 
fooJ^^c lus ion area which a lso closed the main road to the a i r p o r t . For two hours 
wh:^^^Bl ice t r i ed to determine what should be done t h i s main road remained closed 
to n^^ffeds of incoming passengers and c a r s . Newspaper s t o r i e s appeared a l l over 
the United Sta tes covering t h i s "accident" which could have been resolved in l e s s 
than a half-hour by ge t t ing d i r e c t i o n s from some knowledgeable person. The so lu 
t ion was for someone to pick up the box and walk to the neares t t ruck to carry i t 
away. 

The most severe t e s t of TEAM was s t a r t ed in the ear ly morning of January 24, 
1980 when a Cessna 411 a i r c r a f t crashed and burned on takeoff near Columbus, Ohio. 
On board were two Type A packages from New England Nuclear. These packages were 
destroyed. The Nuclear Regulatory Commission i s aware of TEAM so an ear ly r epor t 
to us was made. The Sta te of Ohio Disas ter Assistance Agency, the Nuclear Regula
tory Commission and New England Nuclear kept in constant touch to evaluate the 
problems. By noon, Bate l le Laborator ies in Columbus had been re ta ined to s t a r t 
the clean up. Contaminated debr is was separated and removed from the s i t e . Some 
so i l was removed to get the s o i l to background. The newspapers reported the 
incident and mentioned the presence of rad ioac t ive packages but a lso reported tha t 
they had been removed with no problems. 

TEAM has accomplished what we expected. I t i s not perfect and changes are 
being made constant ly to improve i t . More po l ice forces need to be educated on 
how to use TEAM, how to recover packages and how to handle r a d i o a c t i v i t y . Such 
programs have been developed by New England Nuclear and a re being used to t r a i n 
law enforcement o f f ice rs and f i r e personnel . 

DISCUSSION 

Q u e s t i o n by E. D r i v e r , USA: What i s t h e means by w h i c h t h e 
i n i ^ ^ l i n t e r v e n o r s o r d i s a s t e r p e r s o n n e l can g e t a c c e s s t o t h e 
" T B ^ B ^ t e l e p h o n e number i n t h o s e i n s t a n c e s i n w h i c h t h e p a c k a g e a n d 
t h d ^ ^ B k w " t e l e p h o n e n u m b e r s a r e i n v o l v e d i n t h e c r a s h and p o s s i b l e 
c o n ^ ^ ^ r a t i o n and u n a v a i l a b l e a t t h e t i m e ? I s i t p o s s i b l e t o i n t e 
g r a t e t h e "TEAM" number and i n f o r m a t i o n i n t o t h e CHEM TRAC s y s t e m ? 

A n s w e r : TEAM h a s b e e n r e g i s t e r d w i t h CHEM-TRAC r e c e n t l y . C o p i e s 
of TEAM b r o c h u r e s h a v e g o n e t o a l l s t a t e r a d i a t i o n o f f i c e s . I t i s 
d e s c r i b e d t o s t a t e p o l i c e b e i n g t r a i n e d a t t h e FAA s a f e t y s c h o o l m 
Oklamhoma. 
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Introduction by R. Neider 

The subject of communication between experts and the public is 
m fact a completely new problem, one unknown to us during the first 
50 or 60 years of this century. Why is this subject so topical to
day? 

The extremely fast developments m technology have led to an 
estrangement between the general public and this technology. Admir
ation of technology and its achievements during the first 60 years 
of this century has been replaced by considerable scepticism and™^en 
a certain fear. An important reason for this lies m the estr^^^^ 
raent of man from himself, which can be put down to the rational^Hcion 
and materialisation of our life. Man's life today is not even tHink-
able without the many attainments of science and technology. In 
spite of this, it seems that many people now want no more to do with 
these attainments. The urge to return to a simple way of life can 
be felt everywhere. How can those of us who are familiar with science 
and technology, namely the experts, win back the confidence of the 
public, in order to convince them that technology is necessary? In 
this panel discussion we want to try to answer this question for the 
nuclear energy field and in particular the transportion of radio
active materials. 

Statement by W. Baier 

This panel consists of eight experts - seven for the packaging 
and transportation of radioactive materials, one for communication 
between these experts and the public. During the course of the dis
cussion this may lead to difficulties. For, on the one hand, nume
rous scientists and engineers have had bad experiences when inter
viewed by journalists about their work. On the other hand, there are 
no fewer journalists who would gladly cross over to the other side 
of the street when they see a scientist or engineer approaching. 

We must of course distinguish between scientific journalists and 
those who write for the general public. The scientific journalists 
rarely reach the general public, but there is a more important dif
ference between these two types of journalist, which is, m an ex
aggerated sense, that the journalist writing for the general public 
must have understood what he is writing about, for the scientific 
journalist this is not necessary. 

^ e ^ ^ I believe such comments to be important, as for several ye 
m the question of nuclear energy self-critical remarks have bi 
heard from experts, that too little attention has been paid to" 
plaining to the general public what is going on. Lately there Kas 
been a sinister conceit behind this. Only a few experts really want 
to give any explanations. They are not trained for that. There have 
always been well-meaning attempts by experts to provide information. 
However, because these attempts stem only from good intentions and 
not from communication knowledge, they may even have encouraged the 
so-called environmentalists. People are afraid of things they cannot 
understand. 
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There would be no point m our discussion if it only served for 
experts to reassert their readiness to inform and explain. More im
portant, it should be recognised that opponents of the nuclear industry 
have gained valuable ground. Factual explanations alone are no longer 
sufficient. They persuade at the best the fencesitters. 

To show this, I would like to quote an example from the French 
town of Orleans, where, several years ago, there were rumours that 
there was a white-slave trade taking place m the fashion boutiques 
of the town. Pretty customers were abducted and carried away at 
night in submarines. When the police publicly explained that there 
was J^ evidence of any missing person, they only succeeded in con-
fij^^B the rumours that the police were m league with the white 
sl^^^Braders. The experimental psychologist, Watzlawick, drew the 
con^Ksion from this and other examples, that reality is always only 
what reality is believed to be. 

Wunschmann pointed out that opponents of the nuclear industry 
cleverly use so-called archetypal images such as legends like those of 
Luzifer and Prometheus who brought light to men and were consequently 
brought down by the gods and unmercifully punished. These opponents 
use another archetype if they promise paradise to their believers. 
The influence of these ancient beliefs by mankind is' so great, that 
there is no possibility of communication between opponents of nuclear 
energy and those responsible for it. 

Under such circumstances, according to Watzlawick, the only 
chance which remains is to penertrate into the reality of others. 
The discussion about this cannot be concluded during this panel ses
sion. 

Statement by Y. Sousselier 
1 

In the field of communication between experts and the public, 
one point should be dealt with with particular care, and that is the 
explanations which must be given to people involved m an accident 
by experts called to the scene. 

In such an event the questions asked by people m the immediate 
/icinity of the accident will be: "Have I been irradiated? Should 
I take any measures with regard to my health?' 

It IS a certain fact that the transportation of radioactive mat
erials IS extremely safe, that in the case of transportation m type 
3 pacJ^gings the risk of radioactive release is exceedingly small. 
It j^^^ually certain that the consequences of a radioactive release 
rau^^^By damage to or opening of a type A packaging are very mild 
and ̂ ^ ^ they are negligible in cases where the materials transported 
r/ere of low specific activity. 

It IS nevertheless very difficult to reply with scientific pre-
;ision in the event that radioactive materials are dispersed or a 
Dackagmg opens, that the person has not been irradiated and there 

no risk of contamination. 
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There is a risk that the problem becames slightly more compli
cated when the expert who arrives at the scene of the accident, gen
erally some time after it has taken place and often without having 
been able to take any precise measures or sometimes even without 
knowing exactly what the packagmgs contain, finds himself confronted 
with such questions. 

In some cases, a certain number of measures can be taken (e.g. 
when there has been a release of materials of low activity to check 
that the people involved have not been contaminated). It is obvious 
that particularly m this case, it is important to emphasise that the 
checks carried out are only over-precautions and show that in 
transportation of radioactive materials, no risk whatsoever i^^B(en. 

•

e 

a It IS, however, also obvious that at this point there canT35 a 
risk that there is a lack of comprehension by the people involved. 

Statement by J. C. Allen 

I would like to relate some experiences that the Department of 
Transportation (DOT) m the United States has had recently in at
tempting to communicate with the public. 

DOT has had relatively limited experience m communicating dir
ectly with the general public on nuclear transportation matters, tha 
IS until recently. During the spring of 1980, DOT conducted a serie; 
of public hearings on its proposed rule-making on the highway routint 
of radioactive materials. The hearings were held at seven sites 
throughout the US and the purpose of the hearings was to obtain com
ments from the public on the highway routing proposals. 

Communication can be defined as a meeting for exchange of in
formation, and I would say that DOT'S efforts during the public pro
cess were something less that a complete success. If communication 
can be loosely defined as a meeting of the minds, the public hearing 
were close to being a complete disaster. What we learned during thi 
effort to communicate with the public was somewhat surprising to the 
DOT reoresentatives at the hearings and somewhat unsettling, althoug 
I am sure it is not surprising to many of those who have been in
volved in the nuclear field for some years and are used to this type 
of negative public reaction. 

I would say there are three basic distingushing characteristics 
of the public hearings. First, the highly emotional nature of the 
public debate and comments. Comments were often irrational and^to-
tally unrelated to the actual routing proposals upon which tj^^Karil 
were based, and I would say that the emotionalism was carrie^^^Bits 
ultimate m the last hearing in New York City when the DOT he^ffng 
officers had to receive a police escort to leave the building in 
which the hearing was being conducted. 

Secondly, there is a severe lack of knowledge on the part of 
the public, not only a lack of knowledge of the specific routing pre 
posals and the DOT's existing safety program for the transportation 
of nuclear materials but also a lack of basic technical knowledge 
necessary to discuss the important issues. We found that, not sur-
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prismgly, the public is totally unfamiliar with the technical jar̂ r 
gon such as transport index, nuclear criticality, numbers like 10~ 
and usually use of these terms turns the public off. 

The third characteristic I would call a credibility gap between 
the general public and the federal government. I believe this ac
tually results from the lack of knowledge and the corresponding fear 
of the unknown. This credibility problem seems to be much greater 
than DOT has experienced in public hearings related to other hazard
ous materials, e.g. for compressed gases, explosives or inflammables. 
DOT efforts to correct testimony or respond to misinformation often 
metjj^th doubt and outright disbelief by many members of the public. e^^^tt 

n-^^he 
liother phenomenon that we noted was that the public often came 

mt^^he hearings with prepared comments, but were misinformed on 
the exact nature of the routing proposals. Most members of the pub
lic do not read government publications such as the federal register, 
notice of proposal-making, etc. They get most of their information 
from newspaper accounts which, though not necessarily incorrect in 
all cases, are often misleading in the manner in which information 
IS presented. 

On the other hand, I do not want to be too critical of the pub
lic participation in this formal hearing process that DOT partici
pated m . We did find a sizeable number of people who could not 
easily be described as your basic anti-nukebut who are.average citi
zens seriously concerned and relatively open-minded about the issue 
of transportation safety. Many of these people and, m many cases, 
state and local officials were understandably concerned, not so much 
with the existing structure of the nuclear transportation regulations 
and packaging requirements etc., but they were more concerned with 
relative factors which they felt struck closer to home, such as the 
selection of highway routes, emergency response, questions of rel
iability, etc. I think it is very important to communicate with 
this particular group of citizens and not dismiss them casually as 
anti-nuclear advocates just because they have questions and doubts 
about nuclear transportation safety. 

In short, DOT's experience in attempting to communicate with 
the public during this hearing procedure points out again that a 
greater educational effort on the part of both government and in
dustry IS needed to give the public a better technical understanding 
of nuclear transportation and the risk involved, and also to help 
reduce the existing credibility gap between the public and government. 

t Statement by P. I. Ek 

^ there a lack of communication between nuclear experts and 
the general public? If so, why? 

In my opinion the situation has improved over the last few years. 
There is, however, a need for further improvement. 

In order to obtain a better understanding of the present situ
ation, I think it is necessary to look back to the beginning of the 
nuclear era. 
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What happened then was that those working m this field were 
highly influenced by the fact that most of the work until then had 
been done in the non-peaceful field. As a result, they were working 
under the assumption that every piece of information was classified. 
Consequently, this had to be kept away from those who had no clearance 
to receive such information. 

Unfortunately in my opinion, this "tradition of keeping infor
mation classified" was transferred to the civilian side as that side 
started to develop. A lot of information was kept classified without 
any proved need for doing so. 

Furthermore, I think that at the time it became evident 
there was no need to keep all these pieces of information awa> 
the general public. Scientists, engineers and not least the 
ment side and perhaps also politicians had found an advantage in it
self m keeping the knowledge inside a restricted group of people. 
Why? 

mSi^ge-

Well, we can just guess but I would assume that it was easier 
to take decisions without being questioned about the justification fo 
these decisions and that it was thus easier to obtain money for the 
work they wanted to carry out, etc. 

I think that m many cases these factors were somehow linked to
gether so that all parties involved in the development of the peace
ful uses of nuclear energy found something positive m considering 
themselves to be members of this "unique club." 

Being a member of this club gave at the same time a particular 
status to Its members which was felt to be important for them and 
for their work. This is quite natural behaviour, I believe. 

Well, this way of thinking continued for a long time and the 
amount of information on nuclear matters given to the general public 
was kept to a minimum. 

Later on, when nuclear energy became more developed and started 
to play a role m the production of electricity, members of the 
general public began to ask temselves questions like: what is nuclear 
energy? Is it safe? Then, due to lack of knowledge, all sorts of 
speculations started. 

At that time "the members of the nuclear club" felt that the 
ground on which they were standing was starting to shake. They there 
fore suddenly started making all sorts of statements about how safe 
the use of nuclear energy was. All sorts of safety measures were 
taken: there was no risk or at least the risk was so small that it 
was negligible, etc. Too late, these "experts" found out thaĴ fckrie 
had overtaken them. Things started to happen that showed the^^^fcra^ 
public that maybe nuclear energy was not as safe as the exper^^Wad 
told them? Maybe they had been fooled? Therefore confidence in the 
nuclear experts decreased very rapidly. 

So, when the experts finally understood what corner they had 
put themselves into - it was too late. The confidence was simply 
not there. 

1410 



I sincerely think that these reasons are some of the reasons, 
but of course not all, why nuclear matters have been, and to a great 
extent still are, so controversial. 

Now, what can be done to improve the situation? Among other 
things I think that: 

- we must face the fact that there is very little information which 
really needs to be kept away from the general public; 

- we must find a way to communicate our information to the general 

*

ic which includes acceptance of the fact that being a nuclear 
rt does not automatically mean that we are qualified to com-
cate our thoughts and knowledge to "non-experts." We should 
efore make fullest possible use of experts on matters of com

munication; 

- we must ignore the risk that information given is being misused -
that will always happen. What we can hope for is that more infor
mation leads to more knowledge, better understanding and hopefully 
acceptance of nuclear power as a source of energy on the same terms 
as other sources of energy; 

- finally we must learn to listen to the general public to be in a 
better position to understand their concern and to be able to deal 
with it. 

Having made all these critical points, I must however confess 
that I think we are m a far better position today than we were only 
a few years ago concerning matters of communication. 

Of course I realise that what I have said is somewhat contro
versial and to a great extent an oversimplification and therefore I 
will stop here even if the same sort of things could and should be 
said about both the general public - who should be blamed for their 
"little interest" m looking for information already available to 
them ~ and there is a lot of it - and the press, radio and television 
which have often used information given to them only with the purpose 
of making a "scope" to sell more papers or to increase the popularity 
of a particular programme. They also have something to learn. 

Statement by R. M. Jefferson 

First let me say that my remarks are strictly my own and do not 
necessarily represent those of Sandia National Laboratories or the 
US^^^rtment of Energy. Further, let me say that my remarks assume 
th^^^pere exists within the industry a genuine interest m the con-
tii^Rr assurance of public and industrial safety in the transport
ation of radioactive materials. 

One of the realities that we in the nuclear business have had 
to learn to live with is the constant, although not universal, oppo
sition to the nuclear power option. For quite some thime now we 
have faced a concerted, well-organised, and articulate minority who 
would have the world believe that we who are involved m the nuclear 
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option were willing agents of the devil. But, their continual cries 
of impending disaster arising from reactor accidents are falling on 
progressively less receptive ears. The unrelenting cry of unimagin
able horrors is less effective today because of a number of factors; 
among them the Three Mile Island event. The effectiveness of the 
anti-nuclear movement has topped out and is now declining (although 
by no means disappearing). Now that movement sees the same signs. 
They too are aware of their fading impact and are concerned about it. 
In the last several years there has been a change in direction. Un
able to convince the public that power reactors harbored the poten
tial to destroy society, they have turned to other fronts. Initially 
it was wastes. What is the industry going to do with the wastes? 
Here again the public is realising that the problem is not tecĴ fcsal 
but political in nature. Solutions are at hand when those in ̂ ^Bge 
choose to exercise the options available. But, another front n B ^ 
appeared, at least m the US. 

To use the terms of the anti-nuclear movement, transportation 
IS the "weak underbelly" of the nuclear power cycle. Here at last 
is an activity where they can convince the public that literally 
everyone is affected. 

The public IS reminded that "these incredibly dangerous material 
are moved daily on the same roads and rails upon which we travel". 
Further, these roads and rails pass nearby to our homes, schools and 
work places. The public is told that "this awful material is even 
moved through our most densely populated cities where a simple acci
dent could kill thousands and cost billions." Quite a bleak picture 
as painted by the objectors. Further, they are not just word pic
tures anymore. Very professional television advertisements have been 
produced and shown. Legal battles have been won. Legislation is 
being promulgated. At last a new rallying point has been found for 
the "Movement." Further, if transport can be halted the whole nuclea 
option ceases to operate. You see, we are indeed an attractive targe 
Here at last is the method of mounting the fifth horseman and modern 
society has now accepted the addition of fear to war, pestilence, 
famine and death. The anti-nuclear movement feels that at last they 
have found a fear around which everyone can rally. 

Now I have been talking in the context of the United States but 
I am afraid that my remarks will find some acceptance elsewhere. 
Unfortunately, we in the US seem to export our troubles more effect
ively than our products. But, that aside, if we m the radioactive 
materials transportation business are to be effective m providing 
safe, cost effective services, we must understand this attack and 
learn how to counter it. 

I believe there are four factors which contribute to the prob
lems of transporting radioactive materials. First is the fac^^^tet 
we face aggressive antagonists. You do yourself and your md^^H' 
a disservice if you underrate these people. They make great ^^^)f 
the technique of simplification. The public is hard pressed to under 
stand the complexities of studies or test programs so these people 
provide simplifications. In translating for the public they frequent 
drop the important details, mismterprete the data, color results or 
even lie to make their point. Those data which cannot be representee 
or distorted to support their point of view are understandably not 
presented in their argument. 
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A second factor is the truism that it is easier to generate the 
emotion of fear than it is to foster the attitude of trust. I do not 
feel the need to defend that statement but it is important to follow 
it to its conclusion. Emotion, any emotion, and fear is one of the 
strongest as is indicated before, is sufficient motivation for parti
cipation. Thus, the anti-nuclear protester gathers others who sup
port that point of view out of the fear thus generated. To the poli
tician this appears to be an interest group with which the political 
system must deal. The proponents have no constituency expressing 
their viewpoint thus the small but active antagonist group develops 
a disproportionate voice in the politics of decision-making. Evidence 
of that concern among politicians was included in remarks made during 
th|̂ f̂c|ning session of this symposium. 

^ B K third factor contributing to this problem or dealing with the 
opposition is the fact that m spite of claims to the contrary the 
opposition IS well-funded. There is enough money available that the 
agitator of today is employed full time as his trade. In the US at 
least they are viewed as public spitited citizens, thus eligible for 
grants from various philanthropic organisations, tax exempt trusts 
and some private sources. Further, a substantial proportion of their 
backing is derived from the US government under the guise of studies 
of various sorts. In the past year or so there has been pressure m 
the US Congress to fund these people at a level in some proportion to 
the agencies to which they object. 

The fourth and possibly one of the most significant factors is 
the lack of uniform, understandable information for use by the public 
and the policy makers. In the field of transportation it seems that 
anyone with a driver's licence is an expert. So this abundance of 
experts not surprisingly offers a wide diversion of opinions ranging 
from well-informed to malicious. But even opinion by knowledgeable 
experts is sometimes at odds with those of their colleagues. To the 
public this conflict implies either lack of competence on the part of 
the professionals or even the placement of private interests ahead 
of public safety. This public confusion places political pressure 
upon the regulators to take actions based upon public perception 
even when that perception runs counter to technical fact. 

How does an activity such as radioactive materials transportation 
counter these factors? Let me retrace each factor and couple it with 
what my experience dictates as a possible solution. 

To counter the lack of uniformity m information given to the 
public by at least those actually involved m this activity there are 
two considerations. For one we must offer unbiased information. By 
that I mean that we do not try to hide the real problems when they 
exist. Not only does that mean admitting the technical problems 
th^^^iist but it also means that we or the regulators must not 
te]^^^^ public that political decisions are the solution to technical 
prolSBs. The second aspect of uniform information involves under
standing the public forum. Information for the public to be useful 
must be understandable by a non-technical public (without the benefit 
of interpretation). This also means that we must answer the real 
questions faced by the public, not the ones we think they face. In
volved m this IS the communication to the average person of how he 
or she benefits from the transportation of radioactive materials. 
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The second counter force involves funding. National or for that 
matter private firms must recognise that success m maintaining the 
ability to transport radioactive materials depends upon adequate 
funding of technical programs to address the technical questions and 
adequate funding or effort to communicate the technical effort to 
the public. Somehow, the risk of transporting radioactive materials 
has to be communicated in terms useful to the public. Searching for 
that methodology takes time, attention and money. 

The third counter force I would propose is that the emotional 
bent of the objectors should be faced by unemotional professionalism 
by those chosen to represent our activity to the public. To adequate 
portray the realities of our business the representative must^^fc|t 
of all be well-prepared. Such preparation can enable one to ^^^H 
being confused technically but a good debater must avoid being^^^tle 
or thrown off balance by personal attacks as well. Further, m 
speaking for the continued safe transport of radioactive materials 
one must be willing to admit limits of knowledge. It is very dang
erous to speculate since the activist may lead you to say things 
which destroy your credibility. 

Lastly, It IS important to counter the aggressive nature of the 
opponents with aggressive actions on your part. Before speaking m 
public you should know your opponent. Know his technical arguments 
and their weaknesses. Know your opponent's personality and those 
weaknesses as well. When before the public be aggressive. Contrast 
the half truths offered by the opposition with the whole truths of
fered by technology. But do not spend all your time defending. Wher 
the opportunity arises attack the goals, motives and reasoning of 
avowed opponents. On the other hand avoid attacking the interested 
member of the public. The public and the press have honest questions 
that deserve honest answers. Deciding which tactic to use when is 
an important part of the communication effort. Finally be aggressive 
about getting your story out to its intended audience. Be freely 
available to the press. Take the time to explain to them much more 
detail than you can hope to transmit to the public. Their education 
IS often a slow and difficult process. Be aggressive m contacting 
the public instead of waiting for them to ask you. You may have the 
best story m the world but until someone hears and understands it 
you haven't any story at all. 

Let me close with one very important point. When it is all saic 
and done you must remember that the public is right. When it comes 
to a showdown between technical fact and political fact - politics 
will win every time. Our task is to make sure that in the field of 
transportation of radioactive materials the political facts are m 
harmony with the technical facts. If you make that your goal and 
are successful at that one point, all else will fall into place_. 

Statement by R. F. Barker 

The general public is concerned over real and perceived hazards 
m transportation of radioactive materials. The best response to 
such concerns is to set out the facts for everyone to see; but the 
facts must be definitive and understandable. Studies show that the 
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risks from transportation of radioactive materials are small, much 
smaller than the risks from many other activities which are readily 
accepted. Nevertheless, more effective communication with the general 
public is needed to allay their fears, real or perceived. 

But assuring safety in transport and convincing the general pub
lic that It has been achieved are two different things. There must 
be free communication among members of the many groups involved -
shippers, carriers, receivers, regulators, transport workers, police, 
emergency crews and members of the general public. 

The shipper must assure that the material is prepared so that 
li^^^ be transported safely. The basic responsibility for the 
m^^^Hal rests with the shipper. He originated the material, he 
kn^^what the material is and he knows its properties. And he must 
communicate to the carrier, and others, the necessary information 
about the materials - any special properties, unusual hazards, what 
to do m an emergency, special precautions (if any) - so that who
ever IS handling the material is informed. The regulators, shippers 
and carriers share the primary responsibility to inform the public -
to provide the factual information in understandable terms with per
spective. 

Because the shipper knows most about the material he is shipping, 
he does most of the communicating. Regulators communicate with the 
public in promulgating regulations and attending to compliance and 
enforcement. Shippers communicate with the public - notification, 
labels on packages, package appearance, responses to inquiries, pre
paring for and handling emergencies. Carriers communicate with the 
public - placarding, personnel, appearances, responses to inquiries, 
preparation for and handling of emergencies. 

Communication - Risk. The number of shipments is increasing 
steadily and the number of persons involved in transportation is nec
essarily increasing rapidly. In spite of every practical and reason
able precaution being taken, the occurrence of some incidents is un
avoidable - absolute safety m any operation is not possible. As a 
result, the number of incidents may be expected to increase. 

And, because it is so unusual to have any excessive radiation 
exposure in transportation, each incident that does occur is con
sidered a major breach of safety. It is not only misleading, but 
adds to this problem to tell members of the general public that nothing 
can happen m transport. However, the public is not reassured by a 
heavily qualified statement such as it is "unlikely" that anything 
major will happen. 

Certainly, great care must be exercised to communicate facts 
abâ f̂c|afety in transport. Choosing terms meaningful to the public 
to^^Bess risk from an activity is difficult. It is especially dif-
fii^Bc for those involving radiation because the effects of radiation 
have been so thoroughly studied that we can identify and quantify so 
many different health effects. The public has few other hazards about 
which as much is known for comparison. 

Method 

It is important to be aware that communication occurs other than 
by words. As important as selection of the words is the way m which 
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they are said, the tone and attitude of the one saying the words. 
Also the speaker's appearance and his body language adds to the mes
sage: 
Calm, careful statements are reassuring, whereas the same words of
fered m a hasty, emotional manner can be badly misunderstood and 
misinterpreted. 

It is also necessary to remember communication involves two part 
speaking and listening. What the listener hears may be quite differe) 
from what the speaker says. It is affected by his knowledge and ex
perience on the topic, everything else that is going on at the time 
in his mind, m the vicinity, in the world as well as past and recent 
events to which he has been subjected - family affairs, job, fj^^^s, 
club, newspaper stories, movies, television programs, etc. It^^^^lsi 
affected by the number of other items which the listener is reS^ving 
at the same time. 

Communication with the general public occurs m many ways: 

1. One-to-one, person to person, which is usually the easiest and 
most effective. 

2. With small groups, the circumstances range from friendly to ad
versary groups where there can be a useful exchange with questions 
and answers. 

3. With large groups or the media (television and radio) with no op
portunity for exchange. 

There also are other times when communication with the public 
is secondary: 

- a formal hearing where one provides very specific answers to speci
fic questions in dealing with a legal issue; 

- an appearance before a legislative body where one provides a care
fully thoughtout, positive (but brief) picture of the topic with 
direct, honest answers; 

- a media interview (radio or television) where one offers his story 
prepared well in advance, whether long or short, m response to 
any question, whether or not it is pertinent. 

Statement by M. Blechschmidt 

This 6th International Symposium on the Packaging and Trâ f̂cort-
ation of Radioactive Materials differs quite considerably froi^^^P 
other five symposia from several points of view. The previous^^-
posia took place m the United States of America. They were mostly 
held in places where there was a large nuclear research centre m 
the immediate neighbourhood. The present symposium is taking place 
m Europe, in the centre of Berlin and this means that the public is 
directly involved m the questions which are being dealt with here. 

Of course public organisations, politicians, lawyers, trade 
union delegates were also represented at earlier symposia. There 
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were also press conferences and radio and television interviews. 
However, this time there is evidence of more intensive public inter
est, proved by this panel discussion, the subject of which is communi
cation between experts and the public. 

I believe the main intention of the following discussion is to 
find out whether communication up to now - even regarding the sixth 
symposium - is felt to be sufficient or insufficient. Should criti
cism arise, then suggestions should be made for improvement. It 
should be born m mind that standards exist for packaging and trans
portation, standards which are based on world-wide experience and 
whicli are implemented m the regulations for the individual modes of 
tr^^^irt. If it is thought that communication, with regard to this 
so^^Bies rather dry subject, could be improved, then constructive 
cri^^&ism IS needed. 

Questions and Comments by Panel Members 

Question by R. F. Barker: I would like to raise the question 
to Dr. Baier as to whether there is a reason why journalists present 
just the bad news and also why is it always, or seemingly always, 
that, very clear as our statements are, the journalist seems to mis
quote them? 

Answer by W. Baier: There are various reasons. The first is 
the following: I cannot imagine a newspaper with the early morning 
headlines "The ICC is still standing." The second reason is that 
there are hardly any journalists writing for the general public who 
understand more than a little about what they are writing. I have 
already said that there are a number of journalists who would rather 
cross the street when they see an expert coming. This is a problem 
we must solve. It would be possible to show films to journalists who 
are unsure of the facts, and of these there are quite a few, films 
as they have been shown here, in which, for example, containers are 
brutally hurled against a concrete wall. They should see this happen
ing. Perhaps in this way there would be better results if journalists 
could be shown what is actually going on, rather than trying to under
stand explanations. For we all know, that with the little word "if" 
catastrophes can be invented which will never really happen. 

Comment by W. Baier: I would like to make a comment about the 
statement by Mr. Ek. In Germany the atom bomb has never been developed. 
In this respect it is somewhat difficult for the German people to 
thinj^in this direction, as he said. As a comfort, perhaps it should 
als^^^ pointed out that there was no less a man than Robert Jungke, 
whc^HPcovered "good" plutonium. If you have read his "Atomstaat", 
you^^n.1 know that "bad" plutonium is reactor plutonium. In Germany 
there are 35 tonnes of bomb plutonium, which are "good" as they do 
not endanger citizens' rights. If I might add a small piece of infor
mation to this general moral uplift, encouraged by Mr. Jefferson and 
what he has said, our well-known friend Armury Lovins is, or was re
cently, lecturer at a Holistic Life Seminar at which, as far as I 
know, not only courses on "soft energy" but also on psi and astrology 
were, and still are, held. 
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Comment by Y. Sousselier: I would like to add something to what 
has been said by Dr. Baier and which, I believe, considerably com
plicates the journalist's task. I hope you will allow me to adopt 
a little of the journalist's viewpoint. It is a certain fact that 
when nothing happens, the public is not interested. I think the 
same phenomenon must exist m other countries as m France, but we 
have often tried to organise "information days" or"information sessio: 
m order to provide the public with information about nuclear energy, 
transport, etc. There are always difficulties m finding people wil
ling to take part, except of course some members of the "Commissariat 
a 1'Energie Atomique" or "Electricite de France". People are only 
interested m the problem when there is an incident or an accident 
and at that point, the emotion which they feel makes it diffio^^^for 
them to properly understand the information which is given to ̂ ^^p. 
I do not want to say that we should not try to provide mform^^Kn. 
On the contrary, I believe that we should not hesitate to preach in 
the wilderness even if no fruit is borne immediately. 

Questions and Comments from the Auditorium 

Comment by A. L. Kaplan, USA: My remarks are applicable to the 
situation m the United States. Technical experts appear always to 
try to be absolutely technically correct when communicating with the 
public, rather than to speak in generalities which might be more eas
ily understandable to non-technical persons. Being as absolutely 
technically correct as possible is, of course, very important especi
ally m performing technical work. 

However, I believe that a technical person does not like to 
speak in general terms which might be more understandable to the 
general public, especially concerning his technical expertise, prob
ably because there are always exceptions to general statements and 
therefore such general statements might be subject to technical criti 
cisms by colleagues. 

Also, I believe that many technical persons are not skilled in 
communicating with the general public in the general, non-technical 
terms which can be most easily understood by non-technical persons, 
particularly when translating technical matters vital to public in
terest into understandable political terms. 

My experience in the area of communicating with non-technical 
persons, particularly in public forums, indicates to me that we 
technologists are not the only intelligent people in the world that 
most non-technical people are anxious to better understand technol
ogies, and finally that when non-technical people receive tecĵ f̂cpgi-
cal explanations m terms which they understand, they are gen^^^By 
positive m their responses. ^ ^ ^ 

Therefore, I believe that technical experts need to learn how 
to communicate with the public m understandable terms. Also, I 
believe that, because of past experience by non-technical people in 
being exposed to highly technical topics in terms not easily under
stood, restoration of public confidence m technologies will take a 
long time to accomplish and will take a large effort by technical 
experts with good communication skills. 
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Comment by B. Wright, United Kingdom: We must recognise that 
the problem is not technology; nuclear power is safe, fuel transport 
IS safe. The problem is power, political power, power of groups. 
Most people, however, perceive a technology problem. 

The problem therefore is communication. Communication barriers 
can be removed by choice of speakers, simplifying facts and content. 
The general public does not want to know about reactor design. My 
wife does not want to know how the car works. She wants to know that 
it will stop when she puts her foot on the brake. So keep it simple. 

_It IS important not to speak for too long, to allow time for 
qu|^^Bns and to listen carefully. The facts and hypotheses of the 
an^^^Bclear groups should be challenged, and possibly also their 
mot^^^. The hazards must be explained and compared to other hazards. 
The benefits should be explained as well as the consequences of doing 
without the benefits of technology. 

Comment by H. W. Hubner, FR Germany: Communication between ex
perts and the public needs the medium of language. Therefore, the 
language must be clear and simple, in order to be also understood by 
"non-experts". This does not mean that clear and simple explanations 
by experts should be regarded as non-scientific. 

If expexts express themselves clearly and simply, then they can 
also ask that opponents of the nuclear industry speak clearly and 
simply. 

Comment by W. Baier: I would like to say something about this 
comment. I believe this is where the problem really lies, but it 
IS the experts who are affected. A few days ago, during a press con
ference at the nuclear research facility in Julich, the controversy 
with the Instiute of Ecology in Freiburg was propagated. The reporter 
from the local radio station Rias told his partner at the microphone 
over the air: "I haven't understood that!" That is exactly the prob
lem. 

Now concerning the second point you mentioned. It is with plea
sure that I quote Prof. Kind, who some time ago here in Berlin was 
addressed during discussions by experts on safety and renlied coolly 
smiling: "I know no discussion between experts!" And that was the 
end of the question. This requires, however, considerable training 
and that is very uncommon. 

Comment by J. A. Gatley, United Kingdom: It is necessary to re
solve the conflict between the need to communicate in simple terms 
to the public and the need to be factually correct. Unfortunately, 
the facts are complicated. We can perhaps resolve this conflict by 
th:^^^g in terms of different languages: the language of ordinary 
cor^^^Bcation, and technical language. 

The difference can be illustrated by an example drawn from the 
Common Law (traditional law) of England. An English judge in a trial 
by jury must instruct the jury not to convict the accused unless they 
are sure "beyond reasonable doubt" that he is guilty. As there can 
be no absolute certainty, "reasonable doubt" must be interpreted as 
meaning a chance of less than a few percent. The law claims that the 
"reasonable man," speaking ordinary language, would regard such risks 
as negligible. 
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If we make clar, then, that we are speaking ordinary language, 
we are fully justified m saying that the risks are negligible. When 
using technical language, we must be precise and use quantified prob
abilities. This distinction must be very definite; otherwise we shal 
confuse both the public and ourselves. 

Comment by W. Baier: Perhaps I may lodge a complaint. My com
plaint IS that It has already twice been stated that it is impossible 
to express technical facts in simple language. It is possible! That 
IS my job m fact. That is why I know what I am talking about. Mr. 
Wright said of course quite rightly that his wife is not interested 
how the car works. She only wants to know what she should do when 
she wants to stop. That is quite justified and is also import^^^ 
for such a discussion. The public is not interested m the iJ^^Hate 
details of a technical process. They just want to know appro>^^Rely 
what happens, and that can be explained m everyday language. 

Question by C. P. Haigh, United Kingdom: Most of the panel of 
speakers asked for a wider dissemination of a uniform set of inform
ation. It has been my experience that the "anti-nukes," and parti
cularly the anti-transportation activists, choose very selectively 
from the information that the nuclear industry releases. They are 
therefore able to build a totally misleading picture which they then 
communicate very effectively to the general public by a variety of 
methods. Can the panel suggest any method in which the information 
we wish to give to the general public can reach that general public 
in an intact state? 

Answer by Y. Sousselier: I think that is a very good remark 
and anyone who is involved in this problem of communicating inform
ation is faced with the possibility of this information being misused 
I know very well that in my country, it was sometimes the most im
portant reason why certain politicians responsible did not give too 
much information. But I think this stage has now passed. 

I would like to recount how I personally was induced, along with 
my colleagues at the "Commissariat a 1'Energie Atomique" to try to 
reconcile this information with the possibility of it being misused. 

I believe that first of all, the information to be given should 
be prepared. Secondly, we must try to see and determine to what mis
use this information could be put. Obviously, this is the most dif
ficult step but It IS by trying to obtain criticism of one's own 
information that we succeed. In some cases it is necessary to amend 
information. In particular, we should avoid quoting figures, facts 
which could be misinterpreted if quoted alone. In other words, and 
perhaps I am being rather vague, I think we should be most careful 
about the use to which simply cutting part of the information could 
be put. For example, care should be taken that a sentence wh^^^^ 
might be cut short would seem cut short. It is a question of^^Ht. 
I think that by doing this we will succeed in the majority of^^rees, 
perhaps not in completely avoiding misuse of information but m con
siderably lessening the risk. In this way we have, I thmk, in Franc 
considerably reduced the misuse of the information whichwe give. 

Answer by R. M. Jefferson: One of the techniques that is used 
by the advertising industry is to very selectively present inform
ation to those people who will handle it the way you want it handled. 
I find the same technique to be useful in handing out information to 
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the media. That requires that you study the individual reporters 
with whom you deal and find out what their prejudices are, how they 
will likely present your story and to utilise those who will present 
your story the way you want it presented and simply not talk to the 
rest of them. I have found that using that technique, those who have 
been very critical of what we have done at Sandia have indeed, because 
they want to be given the information, been very willing to change 
their viewpoint on many occasions and present information in a more 
realistic manner than they had originally set out to do. 

Concluding Remarks by R. Neider 

We have seen from the remarks by the panel members that there 
are at least three areas in which communication between experts and 
the public, or rather laymen, is needed. The first is the transport
ation of radioactive materials. The driver of the vehicle transporting 
the radioactive materials should be informed, so should the railway 
official and the airport employees, all of whom have no basic tech
nical knowledge but who are worried. This is one area and perhaps 
the most simple. 

The second area is communication with the general public, people 
who are to a large extent, I might say, fairly indifferent and there
fore quite willing to digest information and to listen. 

Finally, the third area, the most difficult area, is contact, 
relations with nuclear industry opponents. Those of our citizens 
who from the very beginning because of certain opinions or prejudices 
are always against, many of whom can, as we have heard, organise very 
well, are very skilled m discussion and choose their methods very 
carefully. What is the best way of dealing with this group of people? 
How can we restrain them? We have heard that we should attack from 
our side as well. Of course this should be done carefully and with 
a certain aim in view. We should not always remain on the defensive. 

The second area concerns language. What language should be used, 
m which way should we communicate with these various groups? That 
IS certainly different for each of the three areas. But in every case 
we should try to speak simply with no scientific terms which the lay
man will not understand. We must express ourselves with confidence 
and be confident. We should not speak from above, as from a platform. 
That IS unfortunately customary, but I can fully understand the re
mark which was made in this respect. This is often a hindrance but 
on the other hand, it is only possible to speak to a large number of 
people when placed a little higher. 

^^^K must encourage understanding for the man in the street. The 
of^Bral information given out must be very well prepared so that 
there is no way it can be misinterpreted or misused. At the back of 
our minds we must always remember what Mr. Jefferson said, that what 
the public thinks, the politicians will m the end do. It is our job 
to convince the public that the transport of radioactive materials con
stitutes no danger so that the politicians draw up the right regula
tions. 
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Finally, we should learn from the experiences gained from this 
symposium, from this panel discussion, from the Public Evening, from 
our policy used m dealing with the press, and put this experience 
into use at future symposia, not only PATRAM symposia but all con
ferences on nuclear energy problems. An attempt should be made, prob
ably a much greater attempt than we have made, to include the general 
public and to enable this public to understand what is going on. 

I am fully aware that what I have said covers of course only some 
of the points. It should provide an impetus. I think every one of 
us who sees himself as an expert m one of the fields discussed here, 
should feel the duty to convey the information and knowledge h^has 
to the general public. That begins with the family, then friei^^^k 
then further. Everyone should practise simply selling his sci^^^B 
and I agree with Dr. Barer that everyone should understand his ̂ ^Ki-
pation. When things are understood, then they can be simply ex
plained. It IS certainly not easy. 
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RADIATIOH PROTECTION DURIIfS THE TRANSPORTATION 

OF RADIOACTIVE MATERIALS 

R. Neider 
Bundesanstalt fiir Materialpriifung (BAM) 
Unter den Eicher 87, D-1000 Berlin 45 

Introduction 

The application of radioactive materials in science, tech
nology, and medicine and their operational function in research 
reactors and nuclear power plants presuppose the land, water 
and air transportation of these materials, including irradiated 
and non-irradiated nuclear fuels. 

Radioactive materials are used in science just as tracker 
dogs in police work as tracers for investigating physico-chemical 
and biological processes; they have made a substantial contri
bution in recent decades towards increasing our understanding 
of such processes. In the technological field, radioactive 
materials are applied to investigate technological processes in, 
for example, process chemistry, or to identify the causes of 
friction-induced wear in mechanical engineering. They further
more serve as a source of radiation for radiographic purposes, 
i.e. for the non-destructive testing of all types of construction 
components for hidden internal flaws, a function similar to the 
X-ray examination undertaken in medical work on human beings. 
In modern medicine, radioactive materials are used extensively 
for both diagnostic and therapeutic purposes. The functioning 
of almost all internal body organs can now be monitored with 
the aid of radioactive medicines. It is also possible to use the 
ionizing rays emitted from radioactive materials in the treat
ment of carcinomas. 

There are at present 14 nuclear power stations in operation 
in the Federal Republic of (Germany; their power output covered 
ca. 14. percent of federal German electricity consumption in L - n-
1979. In addition, some 30 research reactors are being operated' ^ 
for the production of radioactive substances and for a wide 
range of research projects. 

^ ^ B L the applications of radioactive materials described 
ibo-^^^PIquire that such materials be transported to a greater 
•>T lesser extent on public travel routes. Since the available 
statistical data on the nature and volume of radioactive freight 
ire unfortunately not comprehensive, estimation is a necessary 
)art of all work in this field. Table 1 gives the estimated 
'igures for freight items with a radioactive content transported 
Ln 1975 in the USA and the Federal Republic of Germany re-

, • - • \ - V , V . . „ '•'• , > 
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1 2/ spectively. —'—'Similar figures are available for other industrial 
countries. Yet a comparison of these figures with those for all 
types of dangerous freight reveals an interesting point: as re
gards the USA, it appears that radioactive materials and nuclear 
fuels account for only 2 percent of all dangerous freight. This 
ratio is believed to be likewise representative of other countries. 
Moreover,the potential danger represented by the individual items 
IS louna to cover a considerable range, the large majority of 
all radioactive goods being those with a relatively low degree of 
radioactivity destined for application m medicine. 

The deleterious effect of radioactive materials on thej 
body has been known for many decades and has been much more' 
tensively researched than the effects of many other noxious 
materials. The ionizing rays emitted from radioactive materials 
are known to be able to cause biological-medical damage m the 
event of body penetration from outside or mcorporaticn of a source 
of radiation by physico-chemical interaction withm the body. 
In view of this fact, when radioactive materials are transported 
on public travel routes, precautions as to the design of the 
packaging and the transport procedure have to be taken to ensure 
that no damage is inflicted on the transportation workers con
cerned, the general public, or material goods such as unexposed 
film. The importance of such precautions was acknowledged as 
early as 1961 m a series of regulations to govern the trans
portation of radioactive materials published by the International 
Atomic Energy Agency (IAEA) m Vienna. Since traffic m radioactivi 
materials is m many instances border-crossing traffic, it was 
exceedingly important that a uniform regulation for the safe 
transportation of radioactive freight be enforced at international 
level. The IAEA recommendations have been reviewed on many 
occasions over the past twenty years and updated to meet the re
quirements of the latest scientific and technological advances. 
A further revision is taking place at the present time. They have 
been extensively adopted m regulations introduced subsequently 
at national and international level, the result being that uniform 
regulations for the transportation of radioactive materials are 
now m force on a worlawide basis. 

Ve shall novj proceed to examine m detail the potential de
leterious effects of radioactive materials, and the IAEA recommen
dations for effective protection against such effects. The paper 
will conclude with an examination of the findings of risk analyses 
relating to the transportation of radioactive materials. 

Potential Deleterious Effects 

The personnel of transportation enterprises (e.g. raiJ^^R re 
haulage, airline, and shipping companies), and individual members 
of the general public may be exposed to radiation as a result of 
the transporation of radioactive materials. Under normal trans
portation ooraitions, such exposure would m principle result fron 
the continued emission of ionizing rays from the individual freigl: 
items and from incorporation of leaked radioactive i^aterial. In tl-
event ot an accident, the radiation expo=̂ i"e "ay ce greate^'. 4o • 
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ionizing rays affect the human body? 

Figures 1 and 2 illustrate the biological chain reaction 
which takes place in the event of irradiation and the various 
types of damage which ionizing rays can inflict on the human 
body. ̂ The primary physical processes which lead to the ioni
zation and excitation of atoms and molecules in living tissue 
are followed by molecular changes in the basic elements of life, 
e.g. proteins, enzymes, and nucleic acids. These molecular changes 
in turn exert an influence on the metabolic and division processes 
w)̂ ĵ t take place at cell level and represent an essential part 
o^^Hre. Depending on whether this influence is exerted on body 
cl^^^ or germ cells, the nature of the ensuing damage is either 
somatic or genetic. Whereas somatic damage is discernible on the 
individual exposed to the radiation, genetic damage finds ex
pression in that individual's progeny. Four types of radiation 
damage are known: 

1. Acute or short-term damage which becomes evident shortly after 
radiation exposure (e.g. acute radiation sickness); 

2. Non-malign, long-term damage which becomes noticeable in the 
individual years after radiation exposure (e.g. fibrotic tissue 
changes, increasing opacity of the lens of the eye, diminished 
fertility); 

3. Malign, long-term damage which becomes manifest in the exposed 
tissue only after a period of years or decades of latency 
(e.g. leukemia following irradiation of the bone marrow, 
tumours in other body tissues); 

4. Genetic damage resulting from specific mutations in germ cells 
after irradiation of the gonads (testicles or ovaries) which 
emerges in the progeny of the exposed individual (e.g. skeletal 
anomalies, retarded mental development, mutations of eye colour 
ing, hereditary diseases). 

The first three types of damage listed above can be classified as 
somatic damage, their manifestation taking place in the individual 
exposed to radiation. Damage resulting from prenatal radiation 
exposure is also classified as somatic damage. 

The carcinogenic and genetic effects are referred to as 
stochastic or random effects of radiation, since it is the prob
ability of their radiation-induced incidence and not the gravity 
of the damage which depends on the radiation dose. In contrast, 
in the case of acute damage and non-carcinogenic long-term damage, 
it is the gravity of the damage which depends on the radiation 
doa^^ These types of damage are classified under the general 
tea^^pon-stochastic effects," 

^^^ne decisive factor in the evaluation of the health damage 
caused by ionizing radiation is the risk of a radiation-induced 
shortening of life-span. This risk is known as the mortality risk. 
In order to determine the permissible threshold values for the 
radiation to which personnel handling radioactive materials and 
the general public may be exposed, it is essential that the 
relation between the radiation dose absorbed by a tissue and the 
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probability of a manifestation of radiation-mduced damage in 
that tissue can be expressed as a known value. This dosage-risk 
ratio differs according to the type of radiation damage m 
question, as Is indicated m Figures 5 and 4, In the case of 
stochastic damage, such as carcinoma and genetic damage, there 
is no threshold below which no effect can manifest itself. Indeed, 
the probability of damage increases as the dose increases: under 
the least favourable conditions, one could speak here of a linearc 
relation, that is to say, if the dosage is doubled the probability 
of damage will be doubled, or, m other words, if the dosage is 
doubled the proportion of individuals suffering adverse effects 
among the total number of irradiated individuals will be doui^ed. 
In the case of non-stochastic effects, there is a lower thi^^Bld 
at around 100 rem below which no radiation-mduced health dl^Pge 
ensues. The corresponding values for the cancer risk in the event 
of radiation exposure are given m Table 2. These should be com
pared with the mean cancer risk figures statistically calculated 
for the population of the Federal Republic of Germany which are 
presented m Table 3. The IAEA regulations, which will be examined 
m greater detail below, proceed from the assumption that the 
maximum radiation dosage to which an individual may be exposed 
m the event of an accident with a radioactive substance is 3 rem. 

The reference value of 125 for the overall cancer risk m 
the event of equal-intensity whole-body radiation indicates that 
if one million individuals were exposed to a whole-body radiation 
dose of 1 rem, 125 of those individuals would develop cancer ana 
die. Using this value, it is possible to calculate as follows 
the risk incurred by an accident with radioactive freight as a 
result of which, say, 10 individuals are exposed to a radiation 
dose of 3 rem: 

radiological risk: 125 x 3 x 10 = 0.00375 

1,000,000 

This figure permits the calculation of the number of accidents 
required before, according to the laws of probability, one 
individual would die of cancer. The number of accidents thus 
arrived at is 267. It will be shown below that the incidence of 
accidents m which the packaging is destroyed and 10 individuals 
are exposea to a radiation dose of 3 rem each is extremely 
improbable. 

IAEA Regulations for the Transportation of Radioactive Materials 

The basic principle underlying the IAEA regulations -^is 
that the design of packagmgs for radioactive 
materials with a radioactivity exceeding specific threshold values 
IS to be such as to withstand the strain of an accident, a 
m the case of that for radioactive materials with an acti 
belov; tnese values, such as to ensure that the radiation 
effects ensuing after destruction of the packaging remain minimal 
and do not seriously endanger human life or health. 
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This principle is translated by the following practical pre
cautions. Two basic types of packaging are admissible (see Table 
4). The A-type packaging may be used only for radioactive materials 
having an activity not exceeding: the value prescribed m the 
regulations, this value being determined on the basis of the 
radiotoxicity (toxicity relating to radiation and chemical proper
ties) of the radioactive substance m question. It is known that 
radioactive materials are not all equally toxic: radium, pluto
nium, and strontium for example, are very much more toxic than 
radioactive hydrogen or carbon having the same incorporated 
activity levels . If the materials are considered to be 

•

ptionally safe, for example, if they are contained m a 
d̂ rust-free steel capsule, the threshold value for the 
ssible radioactivity m an A-type packaging relates instead 

to the external radiatloM. A-type packagmgs must be so de
signed and constructed that they withstand the normal strains and 
stresses of transportation. Here, account is taken of the fact 
that m the event of a major accident, the packaging will be 
totally destroyed: the threshold value for permissible radio
activity is Qetermmed on the basis of the assumption that if 
such activity is released, no undue damage will be inflicted 
on human health. The basic thesis is as follows: the packaging 
IS, say, crushed by a moving heavy vehicle and totally destroyed. 
On destruction, l/lOOO of the powdered content will be released 
into the surrounding area; the greater part of the radioactive 
material will remain m tne immediate vicmity of the destroyed 
inner container. Of the radioactivity released, not more than 
l/lOOO will be incorporated by an individual present at or near 
the site of the accident. Accordingly, the threshold value for 
the radioactivity content of A-type packagmgs is so determined 
that the raaiation dosage caused by the incorporated one-millionth 
part does not exceed 3 rem. This value was adopted on the basis 
of the recommendation made by the International Commission on 
RadiologicalErotection(lCRP) to prescribe the threshold value 
for the maximum permissible dose withm a period of three months 
at 3 rem, ̂ The health danger which this dose represents has 
already been examined above. And as was also pointed out above, 
a distinction is made between radioactive materials of special 
form and so-called "open" radioactive materials. A number of 
conditions have to be fulfilled by materials alleged to be 
of special form and fulfilment of these conditions has to be 
sanctioned by an official test which requires that, even m the 
event of a major accident, the radioactive material will not be 
released from the packaging and, accordingly, no danger of in
corporation exists. In the Federal Republic of Germany, these 
tests are conducted by the Bundesanstalt fur Materialprufung (BAM) 
which IS at the same time the certification agency. 

^^Blf the radioactive materials to be transported have an 
a^^ity exceedinp that pernssible for A-type packaginrCS, 
the use of B(U)-type packagmgs is mandatory. This type of packag
ing must be able to withstand strains ana stresses of a magnitude 
conceivable in the event of a major accident. Observance of this 
regulation is controlled by way of an official construction-type 
registration procedure, this being carried out m the Federal 
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Republic of Germany by the Physikalisch-Technische Bundesanstalt 
working m cooperation with the Bundesanstalt fur Materialprufung, 
Type-B items for transportation have to be accompanied by the 
official certificate sanctioning the packaging before they may be 
surrendered for transportation by road, rail, or air. Institutions 
which undertake their own transportation must ensure that the con
struction of the packagmgs used complies with the relevant speci
fications. The activity leakage rates permissible after testing 
are so low that the radiation dose to which individuals incor
porating l/lOOO of the total released radioactivity via inhalation 
are exposed does not exceed 3 rem. Higher radioactivity leakage 
rates are admissible m the case of B (M)-type packagmgs, f^|^iic 
multilateral approval must be secured, since additional aami^^Hra-
tive measures prevent unauthorized individuals from approach^^ 
the possible site of any accident. 

The IAEA regulations furthermore contain requirements as to 
the maximum permissible dose rate on the outside 
of the undamaged packaging and the maximum permissible leakage 
rate. This is a further precaution to ensure that the radiation 
to which transport staff and the general public are exposed is 
kept below the threshold value of 500 mrem/a recommended by the 
International Commission on Radiological Protection (ICRP). 
This level of radiation exposure involves risks such as those 
found elsewhere m life at home and at work. Additional regula
tions govern the labelling of freight items. Such items must bear 
labels specifying the content of the package and the dose rate at 1 
distance from the outside surface (see Figure 5), so that those 
transporting the items can handle them accordingly and not, for 
example, choose to use such a package as a breakfast table. 

Risks Involved in the Transportation of Radioactive Materials 

Experience gained over the past two decades has shown that 
the above IAEA-prescribed procedure operates efficiently: 
nowhere m the world has there been a grave accident m which 
individuals have suffered any discernible health damage as a 
consequence of escaping radioactivity. In the majority of the 
transport accidents m which radiation was released, it was found 
that the regulations had not been duly observed. Data on accidents 
m which radioactive materials were involved have been collected 
and evaluated as systematically as possible m a number of 
countries for many years now. A series of lectures to be held 
withm the framework of this Conference will examine the con
clusions to be drawn from the accidents which have happened 
and will report on research being undertaken on the risks in
volved m the transportation of radioactive materials. J. D. 
McClure and E. C. Emerson of the USA have surveyed the acci 
which have occurred during the transportation of/radioactiv 
materials m the USA during the past ten years.-^They repor 
85 accidents during transportation, 110 accidents during the 
handling connected with transportation, and 465 associated inci
dents. These associated incidents incurred no damage to packag
mgs and no release of radioactive material. As regards the 85 
transport accidents, of the total of 711 freight items involved 
only 41 had their packaging damaged so severely that radioactive 
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material was able to escape. Of these 41 items with damaged pack
aging 38 had an A-type packaging, that is to say, the radio
activity of their content did not exceed specified threshold 
levels. Yet these figures must be viewed in the light of the 
total number of freight items with a radioactive content. The 
total number of such items transported in the USA in the past 
ten years has been calculated at ca. 15 million. Prom this it 
can be deduced that, on average, three out of every million 
such items were involved in transport accidents accompanied by 
a release of radioactive material. There is no evidence of any 
n^^ceable physical damage having been suffered by any individual 

^result of radiation exposure in connection with these acoi-
and only probability calculations can be made regaraing 

heWth damage possibly incurred by the transport workers con
cerned and individual members of the general public. And whereas 
it is possible to make fairly accurate forecasts as to the number 
of fatalities and injuries anticipated in any given year from 
normal traffic accidents on the basis of the reliable statistics 
available for previous years, the damage to human life and health 
which will be caused by the transportation of radioactive materi
als cannot be forecast with the same facility. It is, however, 
possible to make fairly accurate estimations regarding the upper 
limits to such damage. For example, taking the number of trans
port accidents which occurred in recent years in which radio
active materials were involved as the basis for conjecture, if 
one assumes that ten such accidents were to occur each year in 
the Federal Republic of (̂ ermany and that in each accident one 
person were to receive a radiation dose of 3 rem, this would be 
equal to a situation in which three persons each receive a 
radiation dose of 1 rem. From here, the radiation risk factor 
stipulated by the International Commission on Radiological Pro
tection (ICRP) presented in Table 2 permits us to calculate that 
loss of life would be inflicted on four persons in 1,000 years. 
It should, however, be pointed out that in view of the actual 
number of accidents occurring, for example, in the USA, the as
sumption of ten accidents per year in the Federal Republic of 
Germany is an extremely conservative point of departure and a 
gross overestim.',tion. 

Yet in making such calculations, attention should also be 
paid to the effects of normal, i,e. accident-free transportation 
since it must be assumed that a certain number of individuals 
among the transport workers and the general public are neverthe
less exposed to some radiation from the freight items. If one 
computes the total of such radiation doses agd multiplies this 
figure by the ICRP risk factor of 1.25 x 10" rem" , one arrives 
at^^^igure which indicates the probable number of fatalities 
f:]^^^ancers induced by such radiation. A very comprehensive 
s"!^^^has been conducted recently in the USA on the risks in
volved in the transportation of radioactive materials,the 
findings of which are presented in Table 5. However, these 
figures must be compared firstly with those for fatalities and 
injuries resulting from conventional causes in such accidents 
and, secondly, with those for cancer deaths which are statistic
ally attributable to natural or background radiation exposure. 
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It has been found that the damage to life and health resulting 
from conventional causes m accidents involving radioactive 
materials is some 50 times greater than that induced by radia
tion. Likewise, if one applies the calculation formula for 
cancer deaths from exposure to natural radiation (Table 6) using 
a mean radiation exposure value of 110 mrem per person per year, 
one arrives at a figure of 825 cancer deaths per year m the 
Federal Republic of Germany which can be attributed to natural 
radiation exposure. 

A study of particular interest which was commissioned J^^the 
relevant US authorization agency and which_has been the suj^^K 
of two accounts during this Conference, —>-^ examined the ^ ^ V -
tion which would arise as a consequence of the regular trans
portation of radioactive materials in general and of irradiated 
nuclear fuels m particular through densely populated urban 
areas. Higher values were found to obtain m this case. For 
New York, the figures given were slightly less than one fatality 
per year and one case of genetic damage every two years. All 
these figures should be consiaered as purely statistical values 
which were arrived at on the basis of known statistical data on 
accident incidence and its consequences, assumptions regarding 
the performance of packaging materials, and the above-described 
dose-effect ratios. Although it was found that isolated acci
dents m urban areas could, under certain circumstances, re
sult m up to 11 fatalities, the probability of such a grave 
accident is extremely remote, namely, twice in 500 million years. 

Risk calculations of this type and discussions on accident 
and mortality statistics are inclined to give the impression 
that those who deal with such figures count human lives as they 
count inanimate objects and fail to display the necessary respect 
for each maividual human life. Yet it is precisely m order to 
be able to guarantee each such human life a sufficient degree of 
protection that the risks involved m specific activities must 
be calculated, and this preferably before the figures are sub
stantiated by the statistics of real-life accidents. For then 
there is still time to take action to reduce the risks involved 
m the transportation of radioactive materials, although, as has 
been shown, these risks are already extremely small. 
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Tables and Figures 

Country 

DSA 

Fed. Eep. 
Germany 

Radioactive materials 

1,100,000 

1 to, 000 

Nuclear fuels 

too,000 

8oo . 

Table 1 

No. of transportations 
of radioactive naterials 
and nuclear fuels in 
1975 (estimated figurts) 

Organ/Tissue 

Hed bone marrow 
(leukemia) 

Breasts 

Lungs 

Bone surface 
(bone cancer) 

Thyroid gland 

Digestive organs, 
aggregated 

Others, 
aggregated 

Total cancer risk 
from uniform , 
whole-body 
irradiation 

Radiation-induced cancer risk/Equivalent dose—' 
(Incidence per 1o6 persons per rem) 

Anticipation 
range--̂  

15 - to 

15 - to 

10 - 30 

5 

5 - 1 0 

20 - 50 

10 - 30 

Co - 200 

Reference value 
ICRP 26 (1977) 

20 

25 

20 

5 

5 

50 

125 

1/ iiean dose equivalent in respective tissue 
2/ Values adjusted in accordance uith age structure 

of federal German population ^ 
JTable 2 

Radiation risk for ad
ditional cancsr mortality 
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Site of 
manifestation 
(tissue) 

Respiratory tract 

Stomach 

Intestine 

Thymus gland-^ 

Lymphatic and 
hem^oietic 

^^PRcenia 

Pancreas 

Kidneys 

Liver 

. Jt/ î one-' 

Thyroid gland-^ 

Other tissues, 
including 
unidcntii'ied types 

Totd body 
(aggregate risk) 

Cancer 
incidence per 
10 persons 
per year 

too 

350 

350 

l8o 

150 

70 

75 

70 

^5 

10 - 15 

5 - 10 

ca 800 

2,too 

Relative , 
incidence-^ 
in % 

2.9 

2.9 

1.5 

1.2 

0.6 

0.6 

0.6 

0.^ 

ca 0.1 

ca 0.05 

6.6 

20 

hortality risk-' 
(cancer iiicir 
dence per 10 
persons) | 

29,000 

25,000 

25,000 

13,000 

11,000 

5,000 

5, too 
5,000 

3,200 

700 - 1,100 

350 - 700 

ca 56,000 

173,000 

1/ in relation to tot..l nuuber of deaths ' „ . . „ , , 
-' from "Deutsche 
2/ assuming average life-span of 72 years Risikostudie 
y both sexes Kernkraftwerke" 

1 h/ estimated values b r.ed on data from Saarlandisches krebsregister 

Table 3 

Mean cancer risk (mortality) of 
federal German population 197V75 

Type of 
packaging 

A-type 

^^ 
% 
13-type 

.lOrc leuier 
1 r.ctivity ai 

Resist.-,nt to 
/under 

normal tr_n-̂ ,ort 
conditions and 
minor incidents 

i.ajor accident 
conditions 

t regulations apply for 
d ec/aipr.'-nt coL.iJrising 

Activity 
limitation 

yes 

uo 

Official 
approval 

no 

yes 1 

atarialo '..'ith a lou Sjjeciiic 
lo\;-activity materials 

Table h 

Types of packaging for 
radioactive materials 
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Transport workers 

l.er-.bers of the public 

Normal transport 

0.7 long-term 
danage/a 

0.5 long-term 
damage/a 

Accidents 

5 X 10 ^ long-term 
damage/a 

1 X 10 short-teri^^ 
damage/a ^ H 

^^^P 
i 

Table 5 

Transport risk in USA, according to NUREG 0170 

CosMic radiation at sea level 

External terrestrial radiation 

Incori-orated natural radioactive 
materials 

Total 

ca 30 

ca 50 

ca 30 

110 

rarem/a 

mrera/a 

rarem/a 

mren/a 

Table 6 

Genetically significant natural radiation ex
posure of man in fed. Hep. of Germany in 1976 

1434 



Absorption of Radiation 

Physical Primary Processes 
(ionization, excitation) 

__i_ 
Molecular Changes 

(proteins, enzymes, nucleic acids) 

i 
Cellular Changes (latent radiation damage) 

Body Cells 1 Germ Cells 

Ji'-' , Biological Chain Reaction from Irradiation 
- to Induction of latent Radiation Damage 

Latent Radiation Damage 
Body Cells Germ Cells 
/ ^ \ 

damage manifest in 
irradiated individual 

(incl. foetus 

damage manifest 
in progeny 

stochastic 
damage 

Types of Radiation Damage '{ 
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Probability 
of Damage 

STOCHASTIC DAMAGE 

(cancer, genetic damage) 

Figure 3 

Dose 
taken from Deutsche Risikostudie Kernkraftwerke' 

Dose-risk Relation for Stochastic Damage 
(cancer, genetic Damage) 

Degree 
of Damage 

NON-STOCHASTIC DAMAGE 

(acute damage, 
non-malign long-term damage) 

Dose threshold 

Dose' 

taken from 
Deutsche Risiko
studie Kernkraft
werke 

Figure 4 Dose-risk Relation for Non-Stochastic 
Damage (acute damage, non-malign long-
term damage) 
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THE TRANSPORTATION OP RADIOACTIVE MATERIALS 

IN THE FEDERAL REPUBLIC OP GERMANY 

B. Schulz-Forherg 
Bundesanstalt fur Materialprufung (BAM) 
Unter den Eichen 87, D-1000 Berlin 45 

Introduction 

This public evenme orovides a valuable ooraqinn on whirh to 
examine the work being undertaken m connection with the pack
aging of radioactive materials and inform the general public 
on a number of important points. 

Firstly, a few observations on the recently publicized 
risk analyses pertaining to the transportation of radioactive 
materials. Such risk analyses enable technicians and scien
tists to calculate a numerical value to quantify the risks in
volved. Yet it is of decisive importance that these numerical 
values are properly understood, are seen in the context of 
other risk factors, and finally, that all members of society 
realize that there will never be such a thing as absolute or 
100 percent safety. On the contrary, we should all work con
scientiously towards making the risks more transparent and 
more quantifiable, and, m the final analysis, towards accept
ing that a certain degree of risk exists. Reference should 
be made m this connection to the muoh-cited example of the 
dangers of road traffic, to which we all subject ourselves more 
or less willingly each day. Fifteen thousand traffic accident 
fatalities and more than 300,000 injured m the Federal Republic 
of Germany per year is an expression formulated m unambiguous 
terms. Even the oft-quoted concept of coal-fired power genera
tion is not without its risks. An accidental death rate of some 
16,000 fatalities m 31 years illustrates the dimensions of 
those risks. Even the installation work required for the ex
ploitation of solar energy has already involved the sacrifice 
of human life: workers installing sunlight collectors on roof
tops have been known to fall and m some cases suffer fatal 
injuries. 

There is thus an urgent need for us all to formulate a 
clear picture of the risks involved m our daily lives, and, 
on the basis thereof, to arrive at a consensus as to what 
we are all willing to tolerate. 

This paper is intended to provide information on past ana 
present endeavours to develop safer transport containers for 
radioactive materials. 
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Packagings for Radioactive Materials 

There are two basic types of packaging for the transporta
tion of radioactive materials. Type A packagings and TypcB 
packagings. Type A packagings are so designed as to be incident-
-proof but not accident-proof. Accordingly, they are considered 
unsuitable for anything more than a very small amount of 
radioactive material, A typical Type A packaging consists of a 
m^^^ drum lined with cavity-filling and shock-absorbing material^ 
a^^^ containment system made of glass ampoules set in lead contailiers 
t^^Vt tightly around the radioactive material itself. Between 
the lead containers and the glass ampoules are quantities of 
absorptive material with an absorptive capacity of twice the 
volume of liquid contained in the glass ampoules. This ensures 
that, even in the event that the packaging is destroyed, the 
escape of radioactive liquid Is prevented. Since the Type A 
packaging is used for limited quantities of radioactivity only, 
any damage incurred, even in the event of a serious accident, 
still remains within the bounds of the tolerable. 

The situation is different where transport packagings for 
considerably larger amounts of radioactivity are concerned. 
These are the so-called T.vpe B packagings or accident-proof 
packagings. The relevant regulations require that in the event 
of an accident no undue loss of radioactive material occurs and 
that the shielding function of the wall casing material is not 
so reduced that unduly high doses of radiation may escape into 
the environment. 

Type B packagings must of course first of all conform with 
the general regulations governing packagings. They are then 
required to meet the standards prescribed for Type A packagings, 
and, finally, the additional regulations pertaining to accident-
-proof packagings. 

The tests used to simulate accidents are designed as follows: 

1. Mechanical stress is simulated by a free fall from a height 
of 9 m onto an unyielding surface and a fall from a height 
of 1 m onto a bar of 15 cm diameter, 

2. Thermal testing takes the form of 30 minutes spent in an 
800°C fire, 

3. Water immersion is simulated by immersion under a 15 m 
er head for a period of 8 hours. 

kage testing, the final and a very important criterion in 
assessment of test performance, has to be undertaken to 

an extremely high degree of sensitivity, depending on the 
type and properties of the radioactive material to be trans
ported. The normal procedure is a helium leakage test during 
which it is virtually possible to detect any isolated helium 
atoms which are able to escape from the packaging subsequent 
to submission to the other tests. 
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The most exacting tests for packagings are the 9 m free fall and 
the thermal test. 

The effects of these tests on the constructional design of 
containers can be seen from the accompanying illustrations. 

Figure 1 shows the constructional development of a packaging 
for which the lid fastening was initially to be ensured by very 
short external bolts. After consultation with BAM, the applicant 
modified the design m favour of long, external bolts which were 
able to absorb considerably more thrust m the event of nech^^^al 
strain. The container was finally constructed with internal ̂ ^^s 
which were inserted as so-called necked-down bolts and thus ^ ^ V 
a very high shock-absorption capacity. Figures 2 and 3 show ^re 
apî roved version of the container whicn had been intended for the 
transportation of high-intensity cobalt sources for use m hos
pitals. 

The drop tests, one of the most demanding tests, are conductec 
by BAM on test equipment located on the detonation ground of the 
Berlin (West)police authorities m Grunewald forest. (See Figure 4.' 
During tests on a container for fresh fuel which had been cooled 
to -40 G, the lid construction was found to disintegrate complete
ly, as 1igure 5 shows. Figure 6 shows the corrected version of the 
container which, when likewise cooled to a temperature of -4C C, 
conformed with the test specifications. Figure 7 shows both 
versions side by side. Figure 8 shows the thermal testing equipmer 
now m use; thermal testing is likewise useful in detecting 
unsatisfactory construction elements. Figure 9 shows a container 
after it had oeen subjected to tne therirpl test: its heat-msulati: 
foam had proved not to be fire-proof, a defect which caused the 
container to fail the tests. Figure 10 sbows a container for 
which a fire-proof foam had l:een selected which retained its 
heat-resistant properties throughout the duration of tne test. 

These were a fevj examples from the practical work carried 
out at BAM. To date, more than 100 different construction types 
have been tested. Yet m only few instances do such design defects 
become manifest as late as m the testing stage: the rajority 
can be eliminated aurinc the design stage on the oasis of the 
practic 1 experience gained at B/M. 

Relation Between Testing and Actual Accident Incidence 

Figure 11 shows a transport container for uraniu™ hexafluorid 
one of the basic materials m the manufacture of fuel elerents. 
This material is transported m steel pressure containers W J M ^ 
are embedded m an external pacn.aging. An accident occurre^^^h 
such containers near Hamburg m 1973. Two containers were i^^lvec 
m a rail accident while being transported at a =peed of ca. 
H 0 k-̂ /h. Tne damage suffered by the containers was so insig
nificant that they would also have withstood any fire "vhich migh* 
spontaneously have ensued. Even m tte accidents involving 
uranium hexafluoride ana a container for tne transportation of 
'̂ pent fuel elements wnich occurred m the USA the containers 
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have not failed to fulfil their function. Such results illustrate 
the positive effect of the very restrictive regulations governing 
the transportation of radioactive material. 

One method of estimating how the testing can be related to 
genuine accident incidence is calculation based on risk analyses. 
Figure 12, for example, shows the probability of a fire igniting 
in terms of transport miles covered by heavy goods vehicles on 
American highways. Only once every 30 million miles is there 
the probability of a fire of a magnitude exceeding the half-hour 
800C fire of the test. Assuming that one were to require, for 
ej^^hle, that the test article be subjected instead to a fire 
o^^H}CO C for a duration of one hour, the horizontal line 
b^l^^n the two "fire points" indicates the additional invest
ment required for relevant insulation and other constructional 
design precautions. The vertical distance between the two points 
represents the benefit to be gained thereby, namely, the anti
cipated reduction in the probability of a fire exceeding the 
magnitude of the test fire. The cost-benefit ratio for this 
example is already unfavourable. It can be seen that, if one 
dout.les the investment, the benefit gained therefrom is 
extraordinarily insignificant. There exists no linear or pro- "' 
portional relation between additional cost and additional benefi'fe* 
A limit tlius emerges which marks the ultimate point at which 
a construction remains purposeful. Figure 13 illustrates the ''. 
probability of collision accidents, showing that the velocity 
at the point of impact does not exceed 20 km/h in 95^ of all 
accidents. The test fall from a height of 9 m gives the container 
a velocity at impact of 50 km/h. Figure 14 shows the results of 
extensive work being carried out in the USA where actual impact 
surfaces have been taken into consideration in addition to the 
mandatory unyielding or real surfaces. The figure shows 
that the more flexible the surface, the higher the tolerable 
impact velocity. For example, the im.pact velocity of a con
tainer falling onto soft ground would have to be multiplied 
by 7 in order to exert the sane strain as is exerted on a 
container falling from a height of 9 meters onto an unyielding tar
get. In terms of kilometres per hour, a velocity of 350 km/h 
would be required to subject the container to stress equal to ' 
that undergone in the test fall. 

However, compliance with the test requirements does not imply 
that,if real conditions were m.ore exacting than test conditions, 
the containers would be likely to fail in their function. On the 
contrary, the large majority of the packagings used in the 
Federal î epublic of Germany for the transportation of radioactive 
mat^n.als have been found to have a safety margin which extends 
we^^fceyond the test specifications. One example,shown in Figure 
15^^V a container for the transportation of plutonium nitrate 
so^^aon which BAM subjected for a considerable period of time to 
a fire fuelled with heating oil. After 75 minutes in the fire, 
no temperature increase was discernible inside the container. 
Figure 16 shows that even after 75 minutes in the fire, only parts 
of the fire-proof foam had carbonized and that around the vessel 
proper was not even discoloured, a fact which proved that the 
high temperatures represented no major stress factor for the pack
aging. 
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Figure 17 shows the preparations for a test at Berlm-
Gatow airport, where BIM had arranged for British Army Air 
Corps to cooperate m dropping packagings from a height of 
ca. 200 m. The appearance of a 100 kg packaging after being 
dropped onto a runway from a height of 200 m can be seen m 
Figure 18. 

Yet pacKagmgs of even greater weight have likewise under
gone testing m the form of a helicopter drop from a height 
of ca.200m. Figure 19 is an example of a packaging weighing 
2 t which had been dropped onto hard ground from a height 
of 200 m. By using a height of 200 m, it has been possible 
cover the eventualities involving even the highest bridges 
m Europe and the fastest collision velocities in land travel. 
Figure 20 shows the same packaging again after being dropped 
onto a reinforced 60 cm-deep solid mass. The packaging had 
withstood both falls without suffering any major damage: the 
internal seal had rem^lned intact. A paci^agmg with a weight of 
4 t is featured m Figure 21. This is a model of a fuel element 
transportation container on a scale of 1:2. Figure 22 gives an 
insight into the test preparations: the packaging is to be taken 
to a height of 200 m by helicopter. Figure 23 si"ows the same 
packaging after a drop from a height of 200 m onto the 60 cm-
deep reinforced solid surface. Although the exterior of the 
packaging is deformed, m actual fact only the heat dissipation 
fins are affected. A subsequent leakage test showed that the 
package was still leaktight. 

A report prepared by BAM on the reserve safety margin of 
packagings for the transportation of raaioaotive materials m the 
Federal Republic of Germany -^reveals that very wide margins of 
safety remain beyond the prescribed statutory requirements which 
are contidered by experts m this field without exception to be 
already high. Packagings can be classified into a series of groups 
m this connec ion. 

The first group is comprisea of gammagraphy and similar 
equipment, all of wnicn has been found to have a very wiae margin 
of safety over and above the prescribed standards. The second 
group IS commsed of the containers for cobalt sources, some of 
whicn having very wide and some having wide additional safety 
margins. The third group is made up of the containers for the 
transportation of plutonium compounds, this being the only group 
m which some items have an only slight safety margin over the 
statutory norm. A substantial increase in the safety margin is 
anticipated from planned additional security measures: the Americars 
have already developed the ICV-concept, the integrated con^^^r 
vehicle concept m which the transporter vehicle and the t^^B 
ported container are viewed as one integrated unit. This ii^^^ 
grated unit has been found to have an extremely wide margin of 
safety over and above the already very strict statutory require
ments. The last groap is made up of the containers for the trans
portation of spent fuel elements, these again h vmg wide and 
very wiae margins of safety. 

Schulz-Porberg, B, and Hubner, H. W, Packagings for the Transpoi 
of Radioactive I'aterials - Classification ano Margins of Safety, 
Bundesanstalt far Materialprufung, Unter den Eichen 87, D-K 00 
Berlin 45, August 1980 1442 



Figure 1: 

Example of a Constructional 
Development on Type B 
Packaging D/DB - 0003B 
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Figure 2: 

Approved 2 t Transport Container 
for Therapy Capsules (Type 

D/DB-0003B) for max. 17 KCi Co-60 
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Figure 3: 

Type B Packaging (D/DB-0003B) 
Elevated Guard Cant and Open 

Lead-Shielded mside Container 

Figure 4: 

Test Equipment for Collision Tests 
Load 10 t Height 13 m 
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Figure 5: 

Fissile Class II Packaging 
for Fresh U-Pellets. 

Failure after 9 m Drop at 233 k 

Figure 6: 

Fissile Class II Packaging 
for Fresh U-Pellets. Improved 
Design after 9 m Drop at 233k 
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Figure 7: 

Transport Container, Type A 
Packaging after 9 m Drop Test at -40°C 

Figure 8: 

Pu-Container after 90 m m . Fire Test 
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Figure 9: 

Packaging after Tests. Packaging 
Had Non-Fire-Resistant Phenolic 

Foam as Insulating Material 

Figure 10: 

Packaging after Tests. Packaging 
Had Fire-Resistant Phenolic Foam 
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Figure 11: 

UFg-Package (Serial No. 62) 
after Rail Accident 

1.6 

1,4 

1 u 
» « 1 1 1.0 

S 3 fa 

£ e 

1 i 04 

1 '̂  
\ g-02 

\ 

\ 4«fV4M 

^^^^^•$^ii£>2^^B^^^^^^^^^HHii^^^^^^^l 

3 20 4 0 8 0 8 0 1 0 0 1 2 0 1 4 0 1 6 0 
Ttenp-Zeitprodukt |10''"Fminl 

180 200 

Figure 12: 

Clarke, R. et al. 
Probability of Post-Accident Ignition 

in Street Traffic in USA. Cost-Benefit 
Ratio for Stricter Test Requirements 
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Figure 13: 

Dennis, A. W. 
Probability of a Mechanical 

Accident as a Function of Velocity 

Figure 14: 

McClure, J. D. et al. 
Influence of Consistence of 

Impact Surface on Container Damage 
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Figure 15: 

BAM Fire Test Facility m Operation 

Figure 16: 

Cross-Section of Plutonium 
Nitrate Container after 

Exposure to Fire 
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Figure 17: 

Helicopter with 6M4 Pu-Container 

Figure 18: 

6M4 Container after 200 m Drop 
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Figure 19: 

BRECO KR 100/200 Cask for Spent Globular 
Fuel Elements - Recovery after 200 m Drop 

Figure 20: 
BRECO KR 100/200 CaSk Impact on 

Reinforced Concrete Target after 200 m Drop 
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Figure 23: 

Recovery after 200 m Drop 
on to a Reinforced Concrete Target 
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THE NUCLEAR BOX 

William A. Brobst, President 

The Transport Environment, Inc. 
Kitty Hawk, North Carolina 27949 
United States of America 

^^Boday is the fifth day of August, 1982. Just 30 days ago, 
^ ^ ^ n July 6, 1982, late on Tuesday afternoon, the first major 

transportation accident involving a nuclear spent fuel shipment 
occurred in the United States. The accident happened in the 
rail yards of Newark, New Jersey, just about 35 kilometers 
southwest of downtown New York City. 

F 

A train carrying four heavily shielded spent fuel casks 
collided with another train carrying heavy construction . 
equipment and steel structural beams. The train with the 
nuclear fuel was also carrying 14 tank cars of liquefied ^ 
petroleum gas, separated from the nuclear cars by just a few 
cars of general and common freight. The tank cars immediately 
caught fire, and several of them exploded. The nuclear casks 
were entrapped in the middle of this fire. A nearby gasoline 
storage tank also caught fire and exploded. 

The scene of the accident was one of almost complete destruction 
of nearby buildings and rail cars. Some low levels of radioacti 
vity were detected in the smoke clouds and on the ground down
wind of the accident. The wind was blowing toward New York 
City at the time, and there was some thought to evacuate the 
entire city of New York. The radioactivity levels were low 
at that time, and city officials decided to wait to see if 
the levels would become higher before they would order an 
evacuation. They feared that a massive evacuation might have 
caused many thousands of deaths and injuries from traffic 
accidents. However, people in the immediate area of the 
accident were evacuated out to a distance of a few kilometers 
along the path of the smoke. Accident response teams were 
called in from the city and state public health departments 
and from the Government nuclear laboratory at Brookhaven. 
The emergency teams were on the scene and ready within a few 
hours to examine the spent fuel casks, but the heat of the 

^^^re prevented access for nearly twelve hours. Finally, when 
^^^ey entered, they found the casks damaged but intact. Three 
^ ^ V the four casks had been struck by the steel beams. The 

water neutron shields had been penetrated and the water had 
escaped. One of the casks was severely damaged, with some 
puncture of the outer shell of the cask and leakage around 
the cask closure device. The cooling fins on the casks were 
warped by the heat of the fire, which also destroyed all 
identifying marks. Maximum radiation levels two meters from 
the casks were about 5 millisieverts* per hour. 

* equivalent to 500 millirem per hour \ 
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Just as recovery operations were about to begin, local officials 
refused to allow the recovery crews into the area for fear that 
moving the casks might release more radioactivity. The Federal 
Atomic Regulatory Agency immediately took charge, brought 
operations to a halt, and began a study into the risks and 
potential environmental impacts of recovery of the spent fuel 
casks. No work of any kind has been allowed in the area until 
the study is completed, which is expected to be soon. 

Food and fuel for eastern consumers are still in short supply 
because the entire eastern seaboard rail system has been shut 
down. Shipments of nuclear materials all over the country 
have been stopped by local officials responding to anti-
nuclear activist groups. The Atomic Regulatory Agency has 
suspended approval of all spent fuel cask designs. Many 
hospitals have not been able to obtain supplies of nuclear 
medicines. Several nuclear power plants have been forced 
to close until they perform a complete reexamination of their 
nuclear transport operations. 

Well, we could go on with this story. With not too much 
imagination, we could think of many other things that could 
happen as a result of such an accident. But let's stop here 
and compare this hypothetical accident with Three Mile Island: 

1. There was a serious accident, more serious than 
pro-nuclear people ever thought would really hap
pen, and almost as serious as the "gloom and doom" 
fears of the anti-nuclear people. 

2. The amount of radioactivity released to the en
vironment was very small. It killed no one and 
injured no one. The long-term radiological con
sequences were not significant. The spent fuel 
casks performed exactly as they were designed to 
do. 

3. There was some precautionary evacuation of nearby 
residents and workers. 

4. The coverage by the news media was massive and 
detailed, generally emphasizing the potential 
dangers rather than effectiveness of the safety 
features of the equipment and the performance of 
the people. 

5. The local officials and regulatory agencies both 
overreacted and underreacted, but they were unable^ 
to do anything but to wait until they had more in
formation. 

6. The Atomic Regulatory Agency required that similar 
spent fuel casks be removed from service until the 
Agency's staff could examine the design and quality 
assurance procedures in detail. The Agency also 
imposed a 12 month moratorium on nuclear spent 
fuel shipments. 
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7. The U. S. Congress, the regulatory agencies, local 
officials, and the nuclear industry all set up sepa
rate and independent investigation teams, most of 
them consisting of people who don't know much about 
nuclear transportation. 

8. Technical experts want to go in and clean up the 
mess; political officials argue about who has the 
auchority to allow cleanup. 

We could go on and on with comparisons, but I expect that 
foi^^nths after such an accident, the spent fuel casks would 
sl^^^be sitting there in the rail yard waiting for someone 
to^^^something besides investigate and study the matter. 
This would occur, in spite of pressure from the railroad 
company and nearby industries to get on with the cleanup. 

Why? With all we know about radiological hazards, and with 
so much technological information and exotic equipment, why 
do we find ourselves in such a box full of emotion, misinfor
mation, and fear? 

Let's examine for a few moments tonight (1) the doorway that 
led us into that box, (2) the interior of the box itself, 3 • 
and (3) the possible doorway out of the box. We'll look first 
at the energy box, then the nuclear energy box, then the nucleaf 
energy transport box. 

Let's start with the energy box. 

As a practical matter, it's no longer possible or even desirable 
for a nation to consider in isolation what its energy policy 
should be. Energy supply and demand have become global issues. 
The world's demand for oil today is based on social ideas, 
technical progress, and fuel supply. The world's demand for 
nuclear energy tomorrow will be based on the same factors. 
But today, nuclear power has its own problems. Safety, nuclear 
weapons proliferation, waste management, even transport. The 
focus of the problems is not proportional to the reality of 
the problems. 

Most of us here are already convinced that these issues are 
not technological ones, but institutional - political - ones. 
The political resolution of these problems cannot be effective 
if it is attempted on a purely national basis; look at the 
United States as an example of the ineffectiveness of an 
isolationist attitude toward the use of oil. Also, because 

ou^^^lear problems have not been resolved on an international 
ba^B^our nuclear future is more clouded than the future 
of other energy sources. These uncertainties impact on suppliers 
and users in different ways, but the net effect is the same -
the people of the world are being denied the effective use 
of nuclear power. ' 

The prestige of the U. S. has declined sharply in many ways 
during the past few years. One reason is a self-centered 
energy policy, at least ten years old, that has ignored the 
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legitimate needs and interests of the rest of the world. For 
example, Americans use more oil per person than any other 
country! Another factor is our giving up of world leadership 
in nuclear energy. Our efforts to halt nuclear proliferation, 
while having a desirable goal, have produced undesirable results. 
In losing our nuclear leadership, we have also lost much of 
our ability to influence the nuclear energy policies of other 
countries. 

Energy policy involves complex social and political issues 
that are not so well understood as the technical issues. 
Some of the social and political considerations could be 
better understood through research on the issues of public, 
official, and industrial perception of the problems. But 
there will remain an element of conflicting social and 
political values that cannot be resolved except in the 
political arena. Unfortunately, there is all too little 
real communication of ideas between technical and politi
cal people. 

Now, how about the nuclear energy box? 

The International Nuclear Fuel Cycle Evaluation was recently 
completed. One evident conclusion is that, of the 57 
nations that participated in that study, the United States 
has the strongest doubts about the extent to which it should 
rely on nuclear power to reduce its dependence on foreign oil. 
It was the U. S. who suggested that the study be done and 
encouraged a broad international participation. The partici
pating nations found, as the U. S. had hoped, that there were 
risks from nuclear proliferation. Even so, those other 56 
nations became only more convinced that an increase in nuclear 
power still is necessary. Only the U. S. seems to resist that 
logical conclusion, especially with regard to the breeder re
actor and the use of plutonium. The other nations have also 
become convinced that the solution to proliferation problems 
are institutional - social and political - while the U. S. 
officials still seem too much focused on technological controls. 
This displacement of focus is a very clever defense mechanism 
to avoid having to deal with the real issues of nuclear power. 

In the U. S., the National Academy of Sciences has recently 
done a nuclear energy study combining, as best they could, 
the technical and the sociopolitical ideas and facts. Their 
conclusion is that nuclear power growth is necessary if we 
are to survive as a nation or group of nations, and that the 
people must be convinced of this by the political leaders 
of those nations. The key is money: profits, living expenses, 
energy costs, price of gasoline and heating oil. Not until 
the public is convinced that not having nuclear power will 
take large sums of money out of their pockets will we see 
a major turnabout in public attitudes toward nuclear power. 

On the positive side, we have already begun to see some be
ginnings of a public awareness of the need for nuclear power. 
Political leaders are beginning to understand themselves the 
potential dangers of not going nuclear. The economic and 
safety hazards of cutting back on nuclear power are frighten-
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ing, once you can get the facts out in the open. Those political 
leaders themselves must not only become convinced, but they 
must become carriers of the nuclear flag. They must become 
evangelists for balanced and sensible energy programs. They 
must be willing to make those hard decisions now that will 
provide for our energy needs in the future, even at the expense 
of some sacrifices now. 

How did we let ourselves be trapped in these boxes? Actions 
of the anti-nuclear activists over the past 10-20 years have 
done much to destroy the confidence of the public in nuclear 
power safety. But we are often misled by the degree of noise 
w|^^|r. The anti-nuclear people make much more noise than 
tl^^Bo-nuclear people, and pro-nuclear statements are lost 
inWne background. The news media - newspapers, radio, tele
vision - plays up the negative image and makes nuclear power 
appear very frightening. When did you last see a front-page 
story supporting nuclear power? Even in the face of this 
gruesome imagine, the majority of the public in the U. S. favors 
nuclear power and supports the building of more nuclear power 
plants. And this is happening even considering the accident 
at Three Mile Island. The reason? A simple and logical one -
the public is finally beginning to be aware of the growing 
severe energy shortage in the next 10-20 years. The public 
is noticing that the horrible effects of nuclear power which 
are claimed by the anti-nuclear people are not happening. 
The anti-nuclear people said that if a nuclear power reactor 
lost its cooling water, the core would melt and sink into 
the earth - the China Syndrome. They predicted that such '• 
an accident would kill thousands of people and contaminate 
hundreds of square kilometers of land. Well, Three Mile 
Island lost its cooling water, uncovered its core, and 
nothing melted. Nobody died and nothing got contaminated. 
The Kemeny investigation report showed that even if it had 
melted, there still would not have been anyone hurt by nuclear 
radiation. For the first time, the public had some proof 
that the nuclear industry might be right and the anti-nuclear 
activists might be wrong. But is the public still vulnerable 
to the attacks of the critics? How can we bring about this , , 
change in public attitude more quickly? 

Here in Germany, you have reelected Helmut Schmidt, just a 
month ago. Like the U. S., you Germans are heavily dependent 
on foreign oil. More than half your energy needs are supplied 
by oil, and you have large stockpiles to carry you through 
Middle East wars. But you are also beginning a large program 
to increase domestic coal production and to strengthen your 
nu^^ar program. And you have one of the very first and best 
pl^^B to get rid of nuclear waste for all time - a salt mine. 
Thl^^Rnch and the Russians are going ahead with great speed 
on breeder reactor programs. Nuclear power programs are 
beginning to expand all over the world. Why? Not because ' 
the public has suddenly become aware that nuclear power is 
safe, but because the public is beginning to understand the 
need for nuclear power. ' • 

I I A 
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In the U.S., we have just elected a new President - Ronald 
Reagan. I see a strong likelihood that there will be a major 
change in the nuclear policy of the U. S. over the next four 
years. Mr. Reagan is a strong supporter of nuclear power as 
a major building block for our national energy and defense 
programs as well as for the world. Four years from now, I 
expect that our nation will have made major decisions to go 
ahead and make final disposal of nuclear waste, to reprocess 
spent nuclear fuel, and to move forward on the breeder re
actor program. I believe that the highest officials in our 
government will recognize just how important nuclear power 
really is, and set a policy for nuclear power growth. The 
public will follow and support that policy. That public 
support will start a groundswell that will carry us into 
the 1990's, although we'll still be ten years behind where 
we should be. 

The war in the Middle East between Iran and Iraq has turned 
some people toward nuclear power, but I don't suggest start
ing more wars just to change the mind of the public. Nor do 
I seriously suggest that we should have more nuclear reactor 
accidents, although I do think that if there had been more 
serious accidents with no serious consequences, it might be 
quite helpful iji the long run in shaping the public attitude. 
We have had some serious transport accidents involving nuclear 
materials, but there have not been any significant nuclear 
consequences. Can we take advantage of this kind of informa
tion to change the public's attitude? I think so. In one 
way, I'm glad we had the accident at Three Mile Island! It 
had to happen someday; now let's take advantage of it. I 
think it has already helped us, and will help us even more 
in the future. The accident demonstrated the remarkable 
desgree of safety built into nuclear powerplants which allows 
them to withstand such an accident without releasing dangerous 
amounts of radioactivity. Shipping casks for nuclear spent 
fuel have similar high degrees of safety built in, and we 
need some more demonstrations of that. The crash tests done 
at Sandia Laboratories in the U. S. in 1977 and 1978 were 
very useful, but what we need now is a "good" transport 
accident - a real one to show just how safe nuclear trans
port really is. 

Another result of the lack of good perspective on nuclear 
hazards is the amount of attention being given to emergency 
planning and response. We are spending far too much time 
setting up complex and expensive emergency resonse and evac
uation plans aimed at nuclear hazards when those plans 
would be better directed toward other more common and more 
serious hazards. Local officials have found a new status 
symbol - their emergency plan. There almost seems to be a 
competition as to who can evacuate the most people the fastest! 
I understand how difficult it is to deal rationally with 
accidents that have a very low probability of occurence, but 
which have a high consequence if they do occur. But I find 
it difficult to understand why we should become so preoccupied 
with planning for accidents that have a low probability and a 
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low consequence. Does yellowcake really present such a hazard 
that a special emergency plan is necessary for it? Again, it's 
too bad in a way that we have not had more transport accidents 
to show that this level of public concern is not justified. If 
there had been more accidents, and if we had been given a green 
light to go in and clean them up, the concern would be lower. 
But there are no green lights these days, only red ones. Those 
of us in the nuclear industry have great confidence in our abi
lity to deal effectively with common accidents, but we have not 
radiated this confidence to local officials or even to national 
regulatory agencies. 

Jus^^MS months ago, in Vienna, a worldwide group of experts 
in ̂ ^^ear transport met to consider what changes, if any, 
are^rceded to the IAEA regulations. These regulations have 
been in use for many years and have produced the excellent 
safety record we have been talking about. The experts agreed 
that the regulations provided a very high degree of safety, 
and recommended no major changes. They produced a revision 
of the regulations, but the changes are more of form than 
of substance. They are very good regulations. But does the 
public give much credit to the nuclear industry for good regu
lations? No. The public instead finds great delight in stories 
about how dangerous is uranium hexafluoride or yellowcake 
or uranium mill tailings. 

The "overkill" by the news media of insignificant hazards 
is part of the problem. For example, the deliberate controlled 
venting of krypton-85 from Three Mile Island amounted to about 
1-21 as much krypton as was released during the accident itself, 
which hurt no one. But the news media still made headlines 
over the controlled venting. 

Another part of the problem is regulations and reporting 
requirements that put too much emphasis on small things. It's 
difficult for the public to distinguish between small problems 
and large ones; they both get a lot of press coverage. 

In the nuclear field, we report everything to someone, and 
every report requires an action by tne regulators. For example, 
the existing waste ash piles from coal power plants in the U. S. 
generate 10 times as much radon as the existing uranium mill 
tailings. Millions of dollars are being spent on cleaning up 
the mill tailings, mostly because of the publicity, not the 
hazard. And nothing is being spent on cleaning up the coal 
ash piles. A transport accident involving yellowcake gets 
as much attention for the regulatory agencies as one involv-
ing^^^t fuel. 

rhe ̂ BRptance by the public of the transport of nuclear ma
terials is tied very closely to the acceptance of nuclear power 
Ltself. The public often rejects nuclear transport, not so 
nuch because the public thinks that nuclear transport is not 
safe, but because they think it's not necessary. Technological 
ictivities which are much more dangerous than nuclear transport 
ire accepted because the public is convinced that society can-
lot do without them. Let's look at some examples. 
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Just one year ago, 240,000 Canadians - a quarter of a million 
people - were evacuated from their homes because of a rail 
accident near Toronto. The accident released dealy chlorine 
and phosgene gases. The story of this accident made the headlines 
in the U. S. and Canada for a day or two and then was quickly 
forgotten. The Three Mile Island accident resulted in a few 
hundred people being evacuated and no harmful releases, but 
has been in the headlines of the newspapers for 18 months. 
This illustrates the strange and puzzling way in which society 
responds to the many risks of industrialized living. Why? 

What accounts for the phenomenon that produces so little con 
cern over chemical accidents and instant headlines about eve 
the hint of nuclear danger? It's not just a reaction to the 
ghostly qualities of radiation. Many chemicals - carbon 
monoxide, for example - are colorless, odorless, tasteless, 
and deadly. It's also not just that nuclear power is new 
and unfamiliar. Commercial nuclear power is over twenty years 
old, whereas the relationship between many chemicals and cancer 
is much newer than nuclear power. 

Society reacts differently to risks of different types, even 
though a mathematician might say the risks are equal. Coal, 
for example, is much more dangerous than nuclear power when 
one considers the combined risks of mining accidents, black 
lung disease, air pollution, acid rain, and carbon dioxide 
buildup. But how many anti-coal demonstrations have we seen? 
We live happily with one technology - the automobile - which 
causes 50,000 deaths each year in the U. S. alone. 

In the U. S., there are at least 300,000 people who die each 
year just from the effects of smoking cigarettes. Everybody 
knows that, and we get tired of hearing it (especially the 
smokers). That's not news, and the news media isn't interested 
in making an issue of it anymore. Cigarettes cause more pre
ventable illnesses world-wide than any other single man-made 
influence. Here we have no deaths from nuclear power over a 
period of many years, and~?ear of nuclear power is still a 
number one news item. Why? 300,000 people each year is like 
1000 Boeing 747 jumbo jets crashing each year, killing every
one aboard. A thousand crashes a year! The public would not 
stand for such a series of disasters. But the public is will
ing to pay the price of that many deaths from smoking because 
the public wants its cigarettes. The public is willing to pay 
the price of gasoline and tens of thousands of highway deaths 
each year because the public wants automobiles. 

Airline flight attendants receive about 200 times as much exJ^^^ 
radiation each year as the people received who live near Thr^^H 
Mile Island from the accident. Those people insist on the r ^ ^ 
to keep on flying even in the face of increased radiation exposure 
and even if they happen to be pregnant! Why? Because they are 
willing to pay that price to continue their career.. 
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People are naturally more willing to accept the risks of a 
voluntary activity - especially one from which they receive 
a direct and obvious benefit - than the risks of an involuntary 
one. But a larger part of the explanation lies in a general 
public confusion. Recently it seems that just about everything 
is dangerous to your health - nuclear power, chemical wastes, 
pesticides, antibiotics, bacon, tampons, eggs, sugar substitutes. 
Just about everything seems to cause cancer - what you do, what 
you eat (or don't eat), where you live. In the face of such a 
systems overload, it's very difficult to be very rational. It's 
as difficult as for an American to correctly pronounce "filnf 
and^unf zig". id^Hmi 

Ls^obe 
Arl^^B risks really increasing, or are they just being adver-
tis^a better? On one hand, we are running out of empty space 
when chemical and biological wastes can be dumped. We're able 
to measure smaller and smaller amounts of chemicals - amounts 
that were not detectable at all just a few years ago. So we 
are becoming more aware of risks that have been around for a 
long time. But on the other hand, more industrial activity and 
fewer natural resources combine to produce new dangers. 

It will be very important in the 1980's to deal with the combina
tion of a highly developed technical capacity to generate and 
measure risks with a very poorly developed social capacity to 
perceive, control, and manage those risks. 

So the excellent record of nuclear transportation over more 
than 30 years doesn't count for much in the eyes of the public. 
No deaths, no injuries, and no interest in such a good record. 
The public will respond only to a perceived risk, and the 
acceptability of that risk is directly a function of how much 
the public thinks it needs the activity that produces the risk. 
When the public is convinced that it needs nuclear power in order 
to maintain its standard of living, then the safety questions 
will become of minor importance. 

We have looked enough, certainly for tonight, at the insides 
of this crazy nuclear energy box. What is the way out of it? 
How can we bring a better perspective on nuclear power and 
nuclear transport? How can we turn off the influence of the 
anti-nuclear activists and turn oil the public to our own views? 

Advertising! Information, facts, visibility. We've got to be 
seen before we can be believed. And we've got to change our 
message. It's pretty obvious that the message we've been 
carrying these past twenty years isn't doing the job. I believe 
we Ĵ fct redirect our efforts. We've spent too much time and 
moi^^^rying to impress the public with how safe nuclear power 
is.^Bnd it hasn't really sold well at all. We've allowed 

ourselves to be put into a corner by the anti-nuclear activists 
and we've ended up fighting from a defensive position, with the 
other side calling the shots and setting the rules. 

The history of man shows that few wars have ever been won just 
defending oneself. It is the strongest sttack that wins, in 
wars, in sports, and in public opinion. In World War II, 
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England was losing when she was on the defensive. When she 
came up to speed and took the offense (with a little help from 
her friends), the momentum shifted and the Germans ended up 
on the defense. We fought defensive wars in Korea and Viet 
Nam, and lost. 

It's time for nuclear advocates to take the offensive. We 
should stay away from the safety issues, and we should ignore 
the anti-nuclear activists. We'll never convince these anti-
society people of our own beliefs; let's stop trying. Let's 
stop making it so easy for them to be heard. They have only 
a bark; they have no ijite other than what we give them. It's 
time for us to bark. ^ ^ ^ 

Albert Einstein was one of the greatest scientists ever. Bi^Bre 
was also one of the greatest friends of mankind. He believed 
very strongly in the future of nuclear power, and told anyone 
who would listen that the facts of nuclear energy "must be 
taken to the village greens". 

There will always be a small group of noisy anti-nuclear, 
anti-society, anti-progress, anti-technology people. Let's 
shake their dust from our shoes, and march into the word war 
with our own public relations campaign. Let's advertise nuclear 
power. Let's convince the public that they can't do without 
nuclear power. Let's convince them that the transport of 
nuclear fuels and medicines is vital to their well-being and 
to their pocketbooks. Let's motivate the public to fight for 
nuclear programs rather than against them. Let's convince the 
public that they should become pro-nuclear activists, just as 
they are pro-automobile activists and pro-cigarette activists. 
If you try to take away their automobiles or their cigarettes 
or their televisions, you'll have a real fight on your hands. 
When they feel that way about nuclear power, we won't have 
to argue safety anymore. 

It won't be easy to turn this thing around, but the alternative 
is worse - to keep on as we are going now. It's worth the 
effort. As nuclear power goes, so goes nuclear transport. 
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