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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), Feder
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 fir Material-
prafung (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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SESSION XI
SAFEGUARDS-RELATED PROBLEMS

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.



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 radiocactive material trans-
port in urban areas and the more subjective social effects of this process. The
social impacts assessment was performed by Battelle Human Affairs Research Centers,
Seattle, Washington and theilr 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 fromhuman errors or sabotage were examined using adaptations of
the accident analyses.

A section of New York City encompassing portions of the boroughs of Manhattan,
ooklyn, and Queens was selected for the initial application of the computer models.
Using the results of sensitivity analyses and insights gained fromdetailed 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 Material
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 latenz
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) ger shipment year for the San
Diego area, to a high of ~ 200 person rem (~ 107”7 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 nondispersible (or special) form
(metals or doubly encapsulated sources) or in dispersible (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
baggline accident analysis  (limited New York City area) rem_x}ts are approximatel
10 ° early morbidities, 10 ~ latent cancer fatalities, and 10 ~ genetic effects pe
shipment year. Economic risks from a year's shipment activity were calculated
to be ~ §107. -

For other urban areas, the expected number of latent cancer fata_]s‘lties 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

724




earlier. Here an additional factor 1is the specific character of the shipments
in each urban area. Interpretation of the results of the generic extension must
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
TTOrs. From this point the analysis paralleled that for vehicular accidents

sofar as expected numbers of health effects per shipment year wsre calculated.

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 $107.

_%xtension 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 1s 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 1l's to 100's
and expected numbers of latent cancer fatalities would range from 1l's to 1000's
in the 1limited 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 radiocactive
material release.

Generic extension of the sabotage calculations is restricted by several factors.
In general, it can be stated that the results for a pagticular 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
he 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. Inthe 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 althougha 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,l'
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
elieve your statement is correct. The increased travel distances
esulting 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 tBe 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 in 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-0743, 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

‘:f those same effects normally occurring in the population groups from

hese 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 in 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 actionms.

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:

high population densities;

shielding effects of buildings under normal and accident conditions;
the effect of local meteorology on accident consequences;

the convergence of transportation routes in cities;

diurnal variations in population;

micrometeorological effects in urban areas;

heavy pedestrian traffic.

O 00 OO0OO0OOo

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 a:
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 New York, New York
November 16-17, 1976 Arlington, Virginia
March 24-30, 1977 Baltimore, Maryland
July 13-14, 1977 Houston, Texas

. July 24-25, 1978 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 affec
and the shipment characteristics. The urban features are parameters in the var
models. For example, the model developed to estimate impacts on people in build
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 radiation-
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 generically, 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) compa
ing the perturbed impact estimates to the base case estimates to deduce which
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 amalysis, 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

es not look at the combined perturbations of different cities and different regu-
tions since the uncertainties in data and modeling would cause too small a degree
of confidence in estimates for such conditionms.

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 achieved 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 incident-
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 0.0l 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 tranmsportation
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 3 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

rbidities, no early fatalities, and $4 x 10° in decontamination costs. The

obability of occurrence of such a very severe accident is estimated to be

.0 x 102 per shipment or 1.5 x 108 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 fatalitiés or morbidities, but on a statistical basis may produce 1.5 x 10 2




latent cancer fatalities and 2.2 x 10 2 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-quantify 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 beg
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 tranportation 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.

35 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 economic
consequences. The social impacts of radioactive material transport in cities ar
significant. Nonradiological impacts are not significant. 2.

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

by Dr. U. Alter and D. Jungclaus
Gesellschaft flir 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
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 vonsidered desirable:
- the licensee will be responsible for the preventive security
of its transports in accordance with the principle of originator

responsibility;

- 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.
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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.

in the Federal Republic of Germany and the international recommen-
dations and conventions were concretized in so-called catalogs of
security measures.

The requirements arising out of the special conditions prevailing .

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 in 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/
oryrail.

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.

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

Up to now, raad 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 gain in 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.

These surveillance measures include:

- surveillance of all transports by a transport control
center;

- 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 in 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 train 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 mcps (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 1oo %.

For transportation by rail, communication systems are being tested
which will ensure a voice communication from the transport vehicle
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 major aim is not an increase in
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 train.

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
siding to an intermediate storage facility, a reprocessing plant

or a border station of the neighboring railroad administration thus
avoiding the stays at switchyards which would be necessary for nor-

‘Pnal freight trains.

hus, as in 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. Schiiler, 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.

Question 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 train 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. Schiiler
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, IATA - 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
1ike 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. A1l 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 Ticense 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-1line, 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 IATA-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.

A11 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
Lufthasa 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 IATA regulations). What 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 i11 at Boston airport - no go?
ridiculous - problem solved.

0ff goes the 8th 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"
impossinle.

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 Paris 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,
yves 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 Paris
convention is ratified by many countries but some of them require in
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.

Question by J. A. Andersen, USA: What package was the 5§ ¢ ur-
anium carried in, by air, from the FR Germany to .Japan?

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

Dr. P. Erlenwein
Gesellschaft fiir Reaktorsicherheit (GRS) mbH
Glockengasse 2
5000 K&61ln 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 classifiéd 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.

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, in
turn, depend on the respective IAEA recommendations (Infcirc 225).

fects of a release of radioactive materials of a transport to the

vironment 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 in the environ-
ment which may be caused by the dispersion of the released radio-
active materials in the environment. Finally, the security category
is determined on the basis of given limits.

Qe hazard potential with respect to release depends on the possible
n
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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.
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Fig. 1 provides a survey of these requirements:

Major System Elements in Transportation Protection / Road

:. Category I
[0
g § Propulsion Protected
%g Undercarriage Protected
E'g Control cab Special type

‘[—1 o Container/Casks Special type
k Transport Control Redundant communication systems
0 Center
-
g & : .
E 8'3 Police office Telephone
8}3%‘ Escorting Vehicle e.g. Walkie-Talkies

Crew Several crew members

ﬁ Redundant communication systems
H
0
[} Guards Several guards
ﬂ Redundant communication systems
o Communication Systems Independant Telephone Connexions
9 Radio Control Center
8.0 1
23-8 Schedules and Lists Transportation Schedule
o oo Alarm Schedule
LAl List of strong points
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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
1lift this immobility during the delay time.

Any manipulation on security equipment shall cause an automatic
alarm at the transport control center. This requirement alone justi-
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 in the entire territory of the Federal Re-
publik of Germany, with the exception of just a few areas, and
offers the same transmission band-with as the conventional tele-
phone nétwork. 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 telegrams. 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
within 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 in 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 in 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 in 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 1980 and intends to make available another 148 channels in
an additional network by the end of 1984.

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 in the order of magnitude of seconds
will reduce charges should not be neglected in 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 in 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 in 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. Berger, 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? 1In 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. Schiiler, 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.
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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.

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,
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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 1lbs 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 could
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
safeqguards 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.

758




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 safequards
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 coming 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
would then be stored at an overseas military base. When the overseas

ustomer receives his export license, he would be able to claim his
aterial 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.
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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 is 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 year's 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 under-

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
relatively high strain rates. However, little test data for irradiated

‘ cladding exist for strain rates above 0.05/sec. It is anticipated that

strain rates on the order of 10%2/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

pressure as a function of time.
from the literature.

FAILURE FAILURE
MODES EVENT
BUCKLING CRACKING
RUPTURE FRAGMENTATION
BRITTLE FRACTURE VAPORIZATION
FATIGUE LEACHING
PCI
MELTING
RATCHETING
EUTECTIC

Chief among them are:

Various fuel failure modes have been identified
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

FAILURE MODES
Failure Ductile Brittle Ductile Brittle
Environment | Fracture Fracture p Meiting Corrosion Creep
T C. Cracking® Frag L C * C. Cracking Thinning or Thinning L. Cracking
or tation or - or Vaporization or
Vaporization Thinning Thinning C. Cracking
X or
Fragmen-
tation
Pressure Thinning C. Cracking L. Cracking L. Cracking - - - L. Cracking
or
Thinning
or
Fragmen-
tation
Deceleration | C. Cracking C. Cracking - - C. Cracking - - -
or or
Acceleration Thinning
Corrosive - — - - - - C. Cracking -
Vapor or
L. Cracking
or
Fragmen-
tation

*C = Circumferential
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

CIRCUMFERENTIAL LONGITUDINAL

TEST CRACKING CRACKING THINNING
BURST - X X
TENSILE X —

BEND X - X

For thermal failure mechanisms, Table 4 shows the types of failure events
that result from various failure modes as related to the nature of the temperature

change.
TABLE 4
THERMAL FAILURE MECHANISMS
ENVIRONMENTAL FAILURE MODE
LOADING
RATE MELTING | EUTECTIC | OXIDATION | BURSTING | RATCHETING
cycLiCc - —_ - - CRACKING,
THINNING
RAMP CLADDING | CLADDING | CLADDING | CRACKING -
LOSS LOSS, LOSS,
THINNING | THINNING
IMPULSE — — — CRACKING -
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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
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pin temperature. Although this is only slightly greater than the regulatory
(TAEA) condition, it should be noted that for typical cask decigns 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
term (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 U0 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

Dg (EQUIVALENT

EVENT FRAGMENT DIAMETER)
NORMAL OPERATION AND
REMOVAL FROM REACTOR 1.16 mm
SEVERE IMPACT 72 ym
THERMAL SHOCK 10 um

Based on a literature review of the fracture behavior of U0 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 UOj.

Table 5 lists the values of D, 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

.667
£ = o0.81 (/n)°8
e
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 CRAC, 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
CK input source term have been specified in terms of the cask internal environ-
ent, 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.
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DISCUSSION

Question by S. Willjamson, United Kingdom: You referred to a
temperature of about 800 C as being a failure temperature of fuel
cladding in 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.

Question by N. A. Eisenberg, USA: The model described in you’
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
in 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 in the case of heavy
mechanical load (mechanical reduction of the fuel element). It must
be possible in this way, for example, to obtain information about
behaviour under strong impact stresses by examining some fuel ele-
ments which were dropped during handling in the reactor pool. I re-
peat the guestion. 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 in 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 aspects

Dipl.~Ing. Gernot Baier

DORNIER SYSTEM GMBH

In the FRG transports of nuclear material by various traffic means
have been carried through. The basis for the security of these
ransports are featured in the security measurement catalogues
published by the ministry of the interior.

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 Dornier 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,

- the general endangering due to robbery and misuse of highly
enriched nuclear material.

‘It 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. orderer, 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,

-, transport means and corresponding infra structure

- 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 transport 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.

Because of the possibility of transporting specially heavy

and huge containers, the ship-transvort 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 nust be significantly differed in
inland- and sea-going vessel transports considerind ‘the past
employment. Thus the transport statistics of the Physikalisch-
Technische Bundesanstalt = awproval authority for such transports -
shows that up to now with inland-vessecls,no transwvorts
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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 which 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.

Subseguently,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 ideca to an internal delinquent, to get

exact transportation data (e. g. internal postage, discussions

with collecagues, open letters ctce.).
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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 ciréle of persons involved in the individ-

ual transportation planning institutes, should be kept as small

as possible and that the persons involved must 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-companies 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

in future with inland-vessels, a number of security measurements
‘hould be employed. Here, only some of them are mentioned.
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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 IAEO 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 1978 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 statgd, that the transport of spent nuclear
material with inland-vessels could be considered as an unbroken
transport following the existing security conditions . 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.

t and each country has its own philosophy. I fear that if all your

oposals 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?

Question by K. Schneider: Security measures have to be carried
T

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 measuresshould 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

Dornier System GmbH

1. 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
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State of the Art of Ajr 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
- Frankfurt - Manchester
- Frankfurt - Briissel

- Frankfurt - Paris

- Frankfurt - Kopenhagen
- Kd8ln - London

Out of Europe:

- Frankfurt - Bombay (Transit
- Frankfurt - New York

- Frankfurt - Chikago

- Frankfurt - Toronto

- Frankfurt - Boston
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- Frankfurt - Washington

- Frankfurt - San Francisco
- Frankfurt - Los Angeles

= Prankfurt - Sah 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, which may be applicable for this
purpose. But it is essential that the type belongs to
category A of commercial helicopters (FAR Part 29), that
means ;

- bimotor design

- higher safety level specially regarding flight performance
- IFR-equipment.
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The payload and the loading-volumina of the helicopter

must be determinéd 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 flir Flugsicherung,
like all other flights.

The following regulations for air transports regarding
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

- law on the transport of dangerous goods

- recommendations for the safe transport of radio active
goods (IAEO, 1973)

- air traffic law

- Announcement of the ministry of traffic on the authorization
of transporting dangerous goods in airplanes

- IATA-restricted articles regulation

- air traffic authorization -regulation
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- nonproliferation treaty, transfer authorization from
EURATOM

- and others.

3. 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 secrct.

The transport from the take-off airport and the loading

of the airplanc will be cexecuted 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 performed
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.
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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 rccommended
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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 nuclecar material in an accident may ‘
specially be seen in the procurement of containers proved

to resist any stresses in accidents. Furthermore, an improve=
ment could be made in the take-off and landing phase, where
the guidance of the airplanc could further reduce the accident
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risks (e.g. take-off 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 large number of persons, which are involved

in the planning and authorization procedure of nuclear
material transports, the information about the transport
concerning load, proccdure, date of the transport is
widely scattered. This information could be misused.
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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
the passengers has to be carried through by suitable
measuremtns. Besides that, all transports should steadily

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.

Transshipment:

On transshipment a sufficient surveillance of the trans-
shipment procedure and the airplane itself (as well as

an eventually necessary intermediate landing) has to be
guaranteed. The transshipment-times must be kept as short
as possible by exact planning. The personnel should also
be confidentially tested. The NM has to be transshipped
only in hardly accessible parts of the hold.
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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 manocuvrability and deep flight
possibiliteis of a helicopter.
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Betriebsphasen
(Hauptgruppen)
Stand Rollen  Start- Flug- Lande-  unbe-
phase phase phase kannt
Ursachen
(Hauptgruppen)
Ges. %
Verantwortlicher Luftfahrzeugfiihrer 2 18 1 33 59 0 123  (20,4)
Zweiter Luftfahrzeugfihrer 0 0 1 3 9 0 130 422
Flugprifer 0 0 0 0 1 0 1 (0,2
Sonstiges Personal 19 11 15 85 20 1 151 (25,0)
Flugwerk 3 9 22 19 20 2 75 (12,4)
Triebwerksanlagen .2 4 1 27 7 0 51 ( 8,4)
Systeme 7 3 4 17 9 0 40 ( 6,6)
Instrumente, Ausristung 1 0 0 3 0 5 (0,8
Flugplatz- und Nav, Bodenanlagen 0 0 0 0 1 0 1 (1,8
Wetter 0 0 2 81 6 0 89 (14,7)
Sonstige Unfallursachen 7 ) 6 21 10 1 45 ( 7,5)
Gesamt 41 45 72 289 153 4 604
Fig. 3: Analysis of Accidents in Dependence of the Reasons

(Max. Start Weight of

the Airplanes > 5700 kp)



DISCUSSION

Comment by R. Schiiler, FR 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 in 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.

Questionby 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 in 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*

‘ INTRODUCTION

This paper describes the shipment of a partion of a cantaminated, pressurized
water reactor (PHR) steam generator from Surry, Virginia to Richland, Washington.

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 with
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 107 Pa (3000 psi). These extreme conditions con-

ibute to the formation of corrosion products, some of which are circulated through
reactor core and become radioactive. The corrosion products over a period of
me 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-AC06-76RL0O-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
radicactive 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 constructionofafacility 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
ups 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 ~7.62 cm (3 inches) thick and designed to withstand pressures up to
2.07 x 107 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 8) 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

.go times less than the allowable 10 mR/hr at 1.83 m (6 feet) from the edge of the
arge.

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.

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 Toading 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 generator 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 barge 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
WASTE 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.

23 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.




2.2

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 Tow 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 Tead
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. Engelmann, 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.

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, O. 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

perations 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 (IATA), 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
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

l 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

ontrol of the drawings, specifications, and associated inspection
heck 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.

‘ An essential part of this program is the preparation and
e

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. 1In addition, the plan designates the

ppropriate signature authority responsible for the various
‘unctions. 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

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 files of the Hazardous Material Inci-
dent Report (HMIR) system operated by the Material Transportation Bureau of the
US Department of Transportation (DOT) with additional information obtained from
the files of the US Nuclear Regulatory Commission (NRC). A principal objective
of th‘lf paper is to summarize US accident/incident experience for the past ten
years,” providing a concise statement of radioactive material (RAM) package failure
description for the transport modes of truck, rail and air.

Operated for the US Department of Energy (DOE) by Sandia National Laboratories,
the TTC acquires hazardous material incident reports fromthe (DOT) on a continuing
basis. This information, plus similar information acquired from the NRC, provides
a radioactive material accident/incident database which presently (June 1980) con-
sists of 659 data entries. The present holdings of the HMIR system approximate
86,500 entries for all classes of hazardous materials, including 524 radioactive
material entries, or 0.6 percent of the total 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-line data base management system for rapid storage, retrieval, editing and
analysis.

The DOT regulatory requirements for reporting a hazardous material incident
are specified 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 direct result of moving hazardous material: (a) a person is killed, (b) a
person receives injuries requiringhospitalization, (c) estimated carrier or other
property damage exceeds $50,000, (d) in the case of radioactive material there
is suspected contamination, (e) fire, breakage or spillage occurs involving etio-
logic agents, (f) continued danger of life exists at the accident scene. From
this summary of the requirements for reporting a hazardous material incident, one

an conclude that the requirements for reporting an incident vary widely. The 659
ta entries in the accident/incident data base are events which meet the regula-
ry requirements for notification of DOT and NRC of the event occurrence. The

main theme of this presentation will be that a detailed examination of the reports
in the database will reveal that some of the events canbe classified as transport
accidents, some events involve handling accident conditions and others are simply
incidents which meet the regulatory requirement for reporting the event and do
not involve accident conditions. Sucha classification of events is shown inTable
I and is 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 |
| s, B8
| |
| Total 659 |
| |

In the interpretive analysis of thebasic DOT and NRC information, a distinc-
tion is made between an accident and a reported incident. Two types of accidents
are categorized, as shown in Table I. For the purposes of this analysis, a reported
incident is classified as a transportation accident if there is a vehicular accident
involving the vehicle transporting the radioactive material. Other incidents are
classified as handling accidents if during the course of handling, Toading, etc.,
an accident occurs, for example, a package is dropped or run over by a vehicle.

The remaining classification, the reported incident, excludes transportation
accident conditions. An example of a reported incident typically involves the
detection of surface contaminationon a radioactive material package or on a trans-
port vehicle. These observations are often noted during 1oading or unloading opera-
tions. Such events generally involve no package failure, no release of radio-
active contents and the absence of any accident conditions during transport. For
this type of event the terminology "reported incident" has been used to classify
the event. For the US experience to date, it can be observed from Table I that
the total reported events include 85 transportation accidents and 110 handling
accidents.

The 85 transportation accidents listed in Table I were classified by trans-
portation mode as shown in Table II.

TABLE II

Radioactive Material Transportation Accidents by Mode

| |
‘ Transport Mode Number of Accidents Number of Packaging Failures |
|

| |
| Air 5 1 Type A |
| Rail 5 1 Type A |
= Highway 75 39 Type A |
i 28 |

| I
i 85 41 Packaging Failures |
|
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Table III summarizes some of the information that can be retrieved from the
accident/incident data base. 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.

TABLE III

Transportation Accident Analysis Summary

RAM Packages Description
Involved in Package of Material
Accidents Description Description of Events Released
Packaging 38 Type A --> 5 Release --> | 3 Urban ------ > |*Uranium Ore
Failures* Events *Sand (LSA)
(with release) ‘RAM (not
otherwise
specified)

2 Non-Urban --> EUranium Oxide

Packaging 3 Type A
Failures*
(no release)

Packagings in 660 Type A
Accident with 10 Type B
No Failures

TOTAL 711 packages involved in 85 accidents

* The 41 packaging failures involved 38 Type A paekages which released radio-
active material.

Multiple numbers of packages can be carried on a single vehicle and five
separate and distinct 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 Springfield, Colorado, accident
involved 29 packaging failures which released approximately 5400 kg of uranium
xide; this was defined as a single release event. For the five release events,
he material released was described as uranium ore, radioactive sand (low specific
activity), uranium oxide and radioactive material (RAM-- not otherwise specified).
It is interesting 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 conditions, but produced no packaging failure
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, transportation accidents, handling accidents,
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TABLE IV

Accident/Incident Data Base Chronological Summary

Annual No. Annual No. HMIR* NRC** Transportation Handling

*Reported events received from HMIR system, DOT.
**Reported events received from NRC.

|

|

| Year Releases Events Events Events Accidents Accidents
|

| 1971 5 10 10 N/A 5 0
| 1972 4 19 19 N/A 1 2
| 1973 7 24 24 N/A 0 11
| 1974 9 59 59 N/A 5 14
| 1975 1 44 a4 N/A 5 23
| 1976 14 59 57 2 2 6
| 1977 16 112 96 16 10 16
| 1978 18 140 85 55 19 14
| 1979 25 170 120 50 29 23
| 1980 5 22 10 12 9 1
| (through

’ 5/8/80) i -3 o ok Jierd
: 114 659 524 135 85 110
|

|

|

|

|

TABLE V

RAM Transportation Accident Summary

Transportation
Year Accident Total

Transport Mode
Rail Highway Air Other

Releases

| [

[ |

| |

| | |

| s [

|- .3970 5 T 4 0 0 | 1 Release-1971-Hwy

| 1972 1 [E 1 0 0 |

| 1973 0 | 0 0 0 0 |

| 1974 5 | 1 4 0 0 |

| 1975 5 | 0 5 0 0 |

| 1976 2 {~&70 2 0 0 |

{1 1977 10 | ¥ed 9 0 Q | 1 Release-1977-Hwy |
| 1978 19 | 0 18 1 0 | 1 Release-1979-Air

| 1979 29 | 2 23 4 0 | 1 Release-1979-Rail '
| 1980 9 | 0 8 0 1 | 1 Release-1979-Hwy |
| | (Courier | |
| (through | Service) | |
} 5/8/80) : = i it I :
} 85 ‘ 5 74 5 1 II 5 Release Events {
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TABLE VI

RAM Handling Accident Summary

[
Handling |

| [ |
| | |
| Accident | Transport Mode | |
: Year Total ‘ Rail Highway Air Other | Releases :
|
| i i [ |
| 1971 0 | 0 0 Q=20 | 0 |
| 1972 2 | 0 0 2.0 oy =Alr |
| 1973 1 Figetst) 2 9:4 -0 | e Aly |
| 1974 14 .o 1 13,0 b 24 Ay |
| 1975 23 5.0 6 14 2, Freight Forwarder | 2, Hwy |
| | 1, Marine | 1, Air |
| | | 1, Frt Frd |
| | | 1, Marine |
| 1976 6 | 0 2 4 0 [ e |
| | | 1, Hwy |
| 1977 16 1" - 4 9 1, Freight Forwarder | 4, Hwy ]
| | 1, Warehouse | 1, Warehouse |
| | | 1, Rail |
| | | 1, Air |
| 1978 14 | 0 7 7 9 | 1, Hwy |
| 1979 23 { i il 9 13 1, Courier Service | 3, Air |
| | | 3, Hwy |
| 1980 1 ] 0 0 1130 | 0 |
| e n N5 " gp. 8 IS |
| | | |
{ 110 } 1 31 72.- 6 I 26 {

release of radioactive contents and accident occurrences by transport mode. The
following observations apply to Table IV. The accident/incident database receives
most of its data entries from the HMIR system of the DOT. The other principal
data source is the NRC. The HMIR data originated in 1971 and the NRC data
originated in 1976. Any calculation of rate of occurrence of accidents and
incidents should be performed with caution since the overall accident/incident
data base consists of elements with differing chronological origination dates.

The most representative view of accident and incident rates is to express
their occurrence as fractions (or percent) of total shipping volume. The mos
recent estimate of total shipping activity in the US was performed in 1975.
Estimates of present shipping activity are presently being investigated and are
the subject of another paper at PATRAM 80 (see PATRAM paper 185). Until new
estimates of shipping activity are available it is not possible to gain an accurate
ssessment of the percentage of accidents and incidents based upon numbers of
| adioactive material shipments.

To conclude, it is important to note that the accident/ incident data base
described in this paper represents the accumulation and organization of existing
data sources available in the United States. This data acquisition is followed
by interpretive analysis of the information, and this 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 this report is the importance of performing a detailed
study of the incident reports and any attached documentation. It is recognized
that after such an examinationof radioactivematerial transportation incident data
that all of the reported events are not transport accidents, hence the stratification
of the accident/incident data as shown inTablel. Sucha classification 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-c1?ssif1ed (i.e., transport accidents, handling accidents and reported
incidents).

accident/incident data base for radioactive materials. The results of such a
analysis canbe used to provide information about the envirommental impacts asso
ciated with the transportation of radioactive materials. In addition, such an
analysis can provide information which is useful in the formulation of the regula-
tions governing the safe transportation of radioactive materials.

The information presented above represents an analysis of a transportation l
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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

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

INTRODUCTION

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
Kingdom. The quantities of activity packed and transported vary from fractions
of a microcurie - 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)s 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

. 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 kilocuries 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 containers
(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.

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 radiocactive 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 radiocactive
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 summariz.
in Table 1.

TABLE 1

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

Total
final
Total packages
individual Total through
packages final London
from TRC packages Airport Damaged
(x1000) (x1000) (x1000) Packages
1975 200 124 61 13
1976 214 138 73 22
1977 236 154 86 20
1978 255 147 77 ¢ 16
1979 263 155 67 12
1980 (Jan-Sept) 263 124 51 6
1,431 842 415 89

These may be further subdivided into categories as follows:-
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TABLE 2

Summary of Damage to Packages by Transport Category

1975 1976 1977 4978 1 1979% #4980 'Total

(to date)

Inactive - - 1 g - ke 2

Exempt 2 5 8 5 3 4 27

‘III' I 1 6 3 3 2 - 15
i = - - - - 4 1

TIE 10 10 8 /e % 1 43

B - 1 - - - - 1

Total 18 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

4975 1976 15977 1978 1979 1980 Total

(to date)

A. Slight damage to

outer - 4 6 3 1 1 15
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 8 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 radiocactive
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 50mCi Yttrium (90Y) Silicate colloid. -
used for internal therapy - in a standard Type A container was crushed, the vial

broken and activity spread.
DISCUSSION ’

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
1ifttrucks, 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 number 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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(2)

TABLE 4

Reduction in numbers of small packages despatched

Nos/Week
/.
3 -’.———'——_—- \/
o / Total
4000 "
b et
Ng \\
~
~
3000 L ‘\\‘_’,,.-__.
Outers
2000 L
1000 | e T
Small Type A
."-.,-—-'~'—.—.—-—.,..-.
Small Exempt
e i N :
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. Th
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 under 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?

erpack is limited so that the sum of individual A2 fractiggs is less
an unity. In practice sums are mostly of the order of 10 X AZ.
2. Category III.

‘: Answer: Each individual pack is within type A limits. The

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

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.Hadjiantoniou, J.Armiriotis and A.Zannos
Health Physics Division

"Democritos" 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
in excempt category and large quantities in 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 in the
activity limit of the content. The content limits are prescribed so
that in the event of a release in a severe accident the consequent
hazard is not unacceptable. These activity limits are tabulated for
each individual radionuclide (1,5).
When a radionuclide is in "special form" that is in a state which
would be virtually non dispersible after the release from its package,
the activity limit A; applies which is greater than A;.

The packages carried by the aircraft were either of Type A or
in 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, inside a
cardboard box. Inside the fruit can the radioactive material was in
one or more small glass bottles, sometimes in a closely-fitting plastic
container, sometimes in 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 a
the end of the runway and crashed on a public road passing paralle
to the airport fence and at a level 5 meters lower than the runway.
The crash was followed by fire without explosion. The fire was spread
quickly inside the aircraft.

As soon as the airport authorities were 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 6f 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.

‘indings

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 temperaturg 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
1dds,

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
that a high degree of dispersion is an advantage from the radiation
protection point of view. But still there remains the guestion 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 ?

TABLE 1

Packages carried by the aircraft

Number of
Packages

Category Label Index Radioisotopes and Activities

‘ pu-238 3 Ci

Special form (Disc.

Sources)
Na-22 2 mCi Injection
3 ¥IT Yellow 2.2 Pm-147 10 mCi Solution
I-125 63.5 uCi) Labeled Comp.
TRITIUM: 37.76 mCi) and
c-14 100 wuCi) RIA kits
I-125 10 uCi) Labeled Comp.
26 i White 0 TRITIUM 33.4 mCi) and
o2 E<14 180 wuCi) RIA kits
I-125 220 wuCi) Labeled Comp.
11 XMPT TRITIUM 322 uCi) and RIA kits
Cc-14 1.9 uCi Liquid Scint.Std

T8 B'L B 2

Total Activities

Pu-238 8. Ci
Na-22 2 mCi
Pm-147 10 mCi
TRITIUM 71.5 mCi
I-125 2935 uCt

c-14 281.9 ucCi

Radioisotopes and activities carried by the aircraft




T AB.L:B i3
Fruitcan damage classification

(approximate estimation)

Damage % of the total number

Fruitcans without any loss
of their content

Fruitcans with partial 14 ’
loss of their content

Fruitcans with total loss
of their content

40

46

+Fig.1. Fruitcan with Pu pellets traped in the melted lead container.

830




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

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 Mihama 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

the Tokai port are shown in Table 1. The longest navigation is from Genkai power
station and it takes about 86 hours. The shortest is from Fukushima power sta-

Distances and Required Hours of Navigation from the each power station to
l tion and it takes 7 hours.

3) Distribution of Water Depths

The distribution of water depths on navigation route is summerized in Table
2. Accumulatively, 547% of the navigation route has the water depths less 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" ‘

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.

SR 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.
(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.




(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. 1In 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) 1In 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 7 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 1lid 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) 1In 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 107 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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Table 1. Navigation Distances and Required Hours

Distance Required Baute
(mile) Hours (H) 2
Fukushima Power Station 70 -

The Tokyo Electric Power Co.

Hamaoka Power Station
(Omaezaki Port) 230 21
The Chubu Electric Power Co.

Mihama Power Station 820 75 Via
The Kansai Electric Power Co. 4 Tsugaru
Shimane Power Station 930 85 Via
The Chugoku Electric Power Co. Tsugaru
Ikata Power Station
The Shikoku Electric Power Co. o s
Genkai Power Station 940 86 Via
The Kyushu Electric Power Co. Osumi
Table 2. Distribution of Sea Water Depth
g accumulative 7%
depth (m) 3 o3
0 - 100 221 22.1
100 - 200 5l.9 54.0
200 - 500 s 75.0
500 - 1000 14.5 89.7
1000 - 1500 8.8 98.5 ‘
1500 - 2000 0.5 99.0
2000 < p 8 100.0
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Table 3. Main Specifications of "Hinoura-Maru'

Gross Tonnage

Length Overall

Depth (to upper deck)

Full Load Service Speed

Main Engine

Loaded Casks

1,290 Tons
78.25 M

5.85 M

abt 11 Knots
2,500 P.S.

4 Casks

Table 4. Outline of Casks Used in Japan

NH-25

Excellox-3A HZ-75T
Dimension
Length (m) 5.8 5.9 5.8
Diameter (m) 2,72 2.3 1.3
Weight (t)*? 71 91 33
Loading Capacity
BWR No. of Assemblies 12 17 2
Weight (MTU) 2.4 3.3 0.4
PWR No. of Assemblies 5 7 1
Weight (MTU) 253 3.2 0.4
Cooling Natural Natural, Natural

Forced Air or
Forced Water

%) The Cask for the Spent Fuel Testing Laboratory
L) Including Fuel and Skid
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Table 5. Amounts of Fuel Transported, 1978-1980

HZ-75T Excellox-3A NH-25 Total

No. of Fuel No. of Fuel No. of Fuel No. of Fuel
Casks (MTU) Casks (MTU) Casks (MTU) Casks (MTU)

1978 ~— o 14 30.1 R = 14 30:1
1979 10 28.0 4 92 2 0.8 16 38.0 ‘
1980 16 47.4 2 4.6 2 0.9 20 52.9
Total 26 75.4 20 43.9 4 1.2 50 123:0

Table 6. Radiation Dose Rate of Casks

Case 1 Case 2 Case 3 Case 4 Case 5

Fuel

Type BWR PWR BWR PWR BWR

Weight (MTU) 2.4 2.0 3.8 2.8 0.4

Burn up (ﬁng) 9,451 19,300 15,100 27,400 5,972

Cooling Time (Day) 1,722 1,145 965 576 17 450

Radioactivity (Ci)  6.85x105 1.5x106 1.6x10° 4.7x10 2.5%x10
Cask Model f’;c\ell"x ?’;Zell“ HZ-75T HZ-75T  NH-25

Radiation Dose Rate
on Cask Surface
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 1lm 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? 1Is this a misprint?

2. What are the total weights of the casks?

Answer: 1. This is a misprint in 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. Tomachevsky, 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. Tomachevsky: 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.

‘ In addition, the design criterion for sea-going vessels carrying

ent fuel has been developed, in order to make the probability of
collision and submerging accidents as small as possible.
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FABRICATION EXPERIENCE OF HZ-T5T SPENT FUEL SHIPPING CASK

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

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: (1) 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-T5T 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-T5T 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 numerical analysis was applied
using finite element method, which was tobe 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
ximately TO°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 304
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 T0°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), compression 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. L.

The calculated shrinkage thus obtained was approximately 0.6 per cent of the
‘total length, that is, 24 mm for the length of 3,939 mm.

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 numerical analysis was verified and applied
to the fabrication. The cylinders of the HZ-T5T Cask were measured of their
length after bonding and the rate of shrinkage was approximately 0.6 per cent.

Temperature (°C)
direction of bonding

S

,Fig. 2 Temperature transient of
lead bonded elements

320°C

170

Fig. 1 Lead bonding applied to
lead shield cylinders

stress (kgf/m?)

20 shrinkage (V)
{ 0 5T
10 5

=1. /| strain (V) =

20 40 60
nusber of stops

Fig. 3 Stress-strain hysteresis
curve of lead bonded
stainless steel (E-1)

Fig. 4 Process of shrinkage of
lead bonded stainless
steel




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 NaI (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.

Gamma probing was applied to all over the lead shield by moving the set of
the Cobolt 60 source 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-TS5T Spent Fuel
Shipping Cask, i.e. 180 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.

/s i . / 7

/

/

S e scintillation
single ©-60_source b P
main
channel 7
amplifier /
PHA . 3 4 lead shield /
f/ A z
counter Hg pulse~ e ~

generator driving motor | /
/|

yoke /

driving A

control Y
process AD turning /
ReRGTy S erhan, improver roller .

control
O F .

shielded test room
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Fig. 5 Layout of gamma probe test and instrumentation
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Date: 17/6/1980

Unit: NO.5 CASK

Line OF Scan I NO.175

Source: %9Cc 6.5C%

photon peak: 123ch.for 117 Mev
138ch. for 1.33Mev

Backgoound: 183-269cpm

Scanning Speed: 800WN/mn

Lead shield

Count rate(CPS)

300
ACCEFTANCE LEVEL

60 1bo0 2800 3000 «doo
Axial length from cask bottom(em)

Figure 6 An example of the result 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 LO 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, 84 KW.

Therefore, tests were performed under the following conditions and
sequence;

Case 1 84 KW and natural air cooling
Case 2 84 KW and forced air cooling

Case 3 : LO KW and natural air cooling
Case 4 : 84 KW and forced water cooling

The arrangement of the test equipment is shown in Figure T.
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 T and were
connected to automatic recorders. Contact pyrometers were used to measure the
surface temperature of the cask.




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 Cases
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 computer program "TRUMP". In the thermal analysis, the cask temperature
was assumed to be circumferentially 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 By g+ (Tao - Ta)

Q
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 ooncluded 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.

than design value and that the thermal analysis method gave conservative and

It was confirmed that the cask had greater heat dissipation ability
adequate results. .
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Main Particulars of the HZ-T5T SPENT FUEL SHIPPING CASK

Classification

Dimension

Weight

Capacity

Design Paramet

Fuel
Cladding

Length (including Impact Limiter)

Outside Diameter
Cavity Diameter
Cavity Length

Lifting Weight in Reactor Building

Cask on Transporter

PWR Fuel
BWR Fuel

er of Fuel
PWR
U0p

Zircaloy

Enrichment, U235

Average Burn-up (max.)

U Weight per Assembly

Cooling Time (min.)
Assembly Length

3.4 %

33,000 MWD/MTU
450 kg

120 days

4,203 mm
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Type B (M)

5.91
a.27
0.95
4.5k

approx.
approx.

=i

75 ton
80 ton

T assemblies
17 assemblies

BWR

UO2

Zircaloy

2.8 %

27,500 MWD/MTU
195 kg

120 days

4,470 mm




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. 6, the ac-

cessibleosurface temperature of the HZ-75t cask was evaluated to bg
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
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 React
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:

1 d.w.1. = 100 pCi/cmz, 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 | 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
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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.1l. 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 157 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/l. 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.

2o 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 134cs in the concentration range 5 - 100 uCi/l, 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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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.
illustrated in fig. 3.
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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 157% volume loading of TiO2
absorbs about 5 times as much radiocaesium as do several pigment-free polyure-
thanes.
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Clearly, caesium absorption in the paint must exceed 100 pCi/cm? before re-
lease of activity can produce smearable contamination above | d.w.l. The results
shown in fig. 4 are based on a pond water concentration of 100 uCi/l, but absorp-
tion of caesium did not reach 100 pCi/m2. The Winfrith flask is loaded and unloaded
in ponds containing not more than 1 pCi/l of radiocaesium, yet contamination levels
detectable by smear frequently exceed 1 d.w.l. Therefore there must 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/l.

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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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.
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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.

00T
- )
w
>
w
-
£ ao\x
o . WATER
= : Lo
3 :
vy
S 60
-
=
=
< 40
(¥
(o)
8 o
<C
g i o PEconN 9o
&
& b . b SDG3
3 8 3 8 g L ) N WSS

12 16
IMMERSION TIME (HOURS)
DECONTAMINATION BY IMMERSION AT ROOM TEMPERATURE

Ehiga o d

< DISCUSSION AND PLANS FOR FURTHER WORK

The absorption of radiocaesium from pond waters into paint films has been
studied in the laboratory, and this work has provided an explanation for the
phenomenon of "flask sweating'. Absorption by a newly painted surface is lower
than absorption by abraded or weathered paint. Absorption by pigment-free paint
is very low, even after abrasion, and it can be argued that pigment-free polyure-
thane should be used as the top-coat on transport flasks. It is known of course
that paint degradation by ultra-violet light is enhanced in the absence of pigment;
on the other hand, many flasks avoid exposure to U.V. by the use of covers. The
Winfrith 50 Te flask has been repainted recently using standard pigmented poly-

rethane; half of the flask area has had an additional coating of pigment—free
lyurethane.

A decontamination process which can reduce total absorption of caesium to
less than 100 pCi/cm? would avoid operational problems due to flask sweating.

Effective methods have been identified in the laboratory, and will be tested using
full-size flasks.

Ref 1: D.A. BAYLISS, P. WALKER: Some aspects of the Surface Protection of
Nuclear Plants. 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-
painted surfaces.

Suspended crud can lodge in 1lid joints, and can collect inside.
flasks, causing problems when maintenance is to be carried out.

Question by A. Onodera, Japan:l.Does your figure indicate that
immersion of the flask in 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 in cold water for 24 hours. 2. We have developed
special reagents to dissolve crud formed in 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. 1Is
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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THE USE OF THE MONTE CARLO NEUTRONICS CODE MONK
FOR THE CRITICALITY 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(1) was developed
within the UKAEA for the Criticality 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 (2) 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. 1In 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, in
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 form 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
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being considered.

In fission-to-fission tracking neutrons are tracked from birth in 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 kgef 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
criticality is that MR = 1. The program also derives a value of kgee from MR
but this is somewhat problem dependent and if keff is required it is pref‘erable.
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 in 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 criticality 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 pin Clusters separated by water
gaps and, in many instances, neutron absorber plates.

The geometrical flexibility of MONK allows such a package to be specified in
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 in place can also be represented
together with any absorber plates and the flask body can be described in as much
detail as is deemed necessary.

The "accident case" presents rather more problems, not so much in performing
the calculations as in 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.

10% of the fuel in a flask breaks up into particles sufficiently small to allo
them to mix with water and then settle to form a slurry of UOp and water at the
most reactive concentration — namely around 1.5 gm 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%.

It has been the practice in the UK to assume that under accident conditio:‘

Following an accident of sufficient severity to cause fuel to disintegrate
one cannot assume that the flask will still be in 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 UOo/water
slurry will obviously settle in the bottom of the flask whichever section this
happens to be. Hence in 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 in 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 keff which
can be up to about O0.06 greater than that of the corresponding undamaged package.
Some typical values (although with somewhat narrower range of Keff values) are
given in Table 1.(3)

. TABLE 1

CONFIGURATION Keff
Undamaged Normal transport position 0.8712
Damaged Normal transport position 0.8611
Damaged Rotated through 45° 0.8852
Damaged Rotated through 90° 0.9069
Damaged Rotated through 135° 0.8819
Damaged Rotated through 180° 0.8931

It should perhaps, be made clear that normal practice within 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 in terms of increased reactivity and hence reduced payload.
For example, the concentration of boron normally present in 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 in a
typical case were:-—

. Keff

unboronated water 0.9722
water containing 1000 ppm boron 0.7810
water containing 1600 ppm boron Di71d2
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In making criticality safety assessments one generally uses the Fission
Tracking option of MONK which yields a value of keff 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 in 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.(l)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
estimate of the standard deviation associated with kgee (or MR). The criterion
for accepting a package as safe which is generally used in the UK is that kepf +
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 in 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 in 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 pin cladding. Any errors which
may exist in 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 in 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,Py) O2 fuel pins
(c) Arrays of MIR type fuel elements in water

Experiments with low enriched UOp fuel clusters in simulated flask configu-
rations have been made recently by the Experimental Criticality Group at
Battelle's Pacific Northwest Laboratories(4)(5) and by a CEA group at Valduc (6),
Some of these experiments included neutron absorbing plates between fuel pin
clusters and others included lead or natural uranium reflecting walls. The
Battelle group have also made experiments on mixed oxide lattices (7).

Experiments with arrays of MTR type fuel elements in water were made some
time ago at Oak Ridge

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
within 2-3% in kgps but for the mixed oxide lattices the agreement was not so good
and keff was over-estimated by almost 5% in some instances.
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DISCUSSION

Question by A. Olivieri, TItaly: What water densities were con-
sidered in 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 keff'

e that the water is at full density if the packages do not have
nificant spaces between them since in 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.

.ﬂ When considering arrays with water outside the packages we as-
g

Question by M. S. T. Price: A modern LWR transport flask
carrying, say, 12 PWR fuel elements if calculated by the methods
described in your paper would have a high k £ value. Should there
be any trend to the use of higher initial efitichment in PWR fuel
I anticipate that the keff would be unacceptable using your stated
criterion

keff e SR a0 95

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. 1Indeed the conservative assump-
tions described in the paper have led already to the limit being
reached in 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 congignor in being certain
of the burn-up of the fuel. As we know, it varies with the location
of the fuel in 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 criticality 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
Physikalisch-Technische Bundesanstalt
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 fiir Materialpriifung" (BAM), which studies the
mechanical and thermal behaviour of the packages. The PTB deals primarily with
criticality 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 criticality 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 criticality safety is proved by means of computer pro-
grammes. This is caused by the fact that great difficulties arise when simu]a-‘
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

866




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 criticality 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 "Bilbis".
The main features of this type element are shown in table 2. The criticality
safety report of the applicant was written by the "Gesellschaft fiir Reaktorsi-
'herheit”. 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-Cade "KENO" (2)
to calculate the effective neutron multiplication factor (keff) of the flooded
package. The results of these calculations show that an infinite number of floo-
ded packages is subcritical. 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 1A"
Outer container: dimensions: length 6530 mm

width 1730 mm
height 1730 mm

material: 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 meighbouring

elements
spacing between absorber plates: 70 mm
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Table 2: Description of fuel element

type: DWR-Element Reactor "BIBLIS"

fuel material: UO2

fuel density: 10.35 g/cm’

fuel mass (UOZ): 605 kg

enrichment: St

number of rods: 236 = 16 x 16 (- 20 control. rods) ‘
active length: 3900 mm

diameter of rods: 9.08 mm

outer diameter: 10.75 mm

cladding material: Zircaloy-4
pitch: 14.3 mm

arrangement of rods: quadratic

Some further aspects were studied, namely

- the reactivity effect of higher temperature
- the 1nf1u§nce of cpanging 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. A1l 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 keff—va1ue of the flooded and fully water-reflected package was determined.
The keff 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 fiir 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 libraries are based on ENDF/B-IV
data. The following 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 B1 method. The flux 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 126 thermal energy groups are collapsed in order to gene-
rate microscopic group constants with 60 energy groups

- by one dimensional transport calculations using the Sn method or the colli-
sion probability 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 flux in each region of the one-dimensional Sn calcu-
lation and are inserted into the Monte Carlo code.

The calculations made for a number of 186 rods for each element yielded the
following result: keff = 0.9022 + 0.007. This result is about 3.5 % Tower than
the result of the calculation with GAMTEC cross-sections and the KENO code.
Changing the number of rods per element reduces the keff volue which also
confirms the criticality safety report of the GRS. The MORSE-K calculations
confirm that the conclusions of this report are acceptable. Regarding the
criticality aspects it was therefore decided to give the approval for the
package in the fissile class I according to the transport regulations.

The examples given here show the principles which will be observed by the
PTB when approving the fissile class package design:

1) The criticality safety report is to be prepared by the applicant who must
consider the criteria of the relevant transport regulations

2) The PTB may require the complete 1listing of computer calculations in order
to check the input data and to control the conformity of this data with the
‘ structure of the package including the fissile content
3) Parts of the calculations will be repeated in order to ensure that the cal-
culation method (e.g. the Monte Carlo Method) available in the PTB used
with the same cross-sections is applicable

ta
4) Independent calculations using newer cross-section data based on ENDF B Iv§
will be carried out to avoid systematical errors of the basic data.
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By means of a one-dimensional Sn Programm, it 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 criticality calculations
given by any applicant. Thus the public safety requirements involved in
transport of fissile material are duly fulfilled.
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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. 1In the outer part of the cask there are additional
holes filled with polyethylene.

lish a library of nuclear data which can be used in the Federal
ublic for calculations of criticality and also for design calcul-
ations for fast and thermal reactor?

Q Question by A. R. Baker, United Kingdom: Is it intended to es-
P

Answer: Up to now there are no activities to be seen in this
field. Mr. W. Thomas from the "Gesellschaft filir 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 1'Energie Atomique

light water reactors and requires to design and to build large capaci
shipping casks for the corresponding fuels. In the design of such casks, the
criticality 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
criticality 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.

The present development of electronuclear power in France is based c’
t

In this purpose, critical approaches have been performed in the criticality
facility of Valduc (Commissariat a 1'Energie Atomique) with four U[4.75]0,
fuel rods clusters. These experiments consisted in 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

The characteristics of U[4.75]0, rods are presented table I and
figure 1.

Table I - Characteristics of fuel rods

FUEL CLADDING

: Material : U0, : Material : Aluminium alloy

: Pellet diameter (mm) : 7.9 : I. Diam. x 0. Diam. (mm) 8.2 x 9.4
: Height of fuel (mm) : 900 : Composition (wt %) :

: Exact enrichment : 4.742 % 235y $ Al : 98.85

: Oxide density (g/cm®) : 10.38 : Mg : 0.47

: Sum of impurities in Boron g Si s 0.43

: equivalent (g/cm3®) : 5.19 10-© : Fe 3 0.22

Zh .t «0.08 ‘

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 mg 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.

EXPERTMENTAL RESULTS

The experimental results are given in table II and plotted figure 2.

Table II - Experimental data and results

: Reflecting walls YR 2 S : Critical :
so B 3 5 ¢ Height HC 2 keff + 30
Material : (mm) : (mm) : (mm) C (mm) ;
4 Water 3 0 3 3 s - 3 507.4 g 1.011 + 0.014
2 $ 5 z » : 530.1 -
10 2 * 3 574.3 -
15 H » 3 661.5 : 1.001 + 0.014
20 3 & : 729.6 . 1.016 + 0.014
25 3 = s 841.4 2 1.004 * 0.014
30 : - : > 900 5 -
Lead : 100 : 20 2 2.3 $ 539.8 : 1.019 + 0.014
+ 2 20 : 25 : 638.5 3 1.008 + 0.014
Water ] : 20 ( 50 ¥ 694.0 $ 1.005 * 0.014
Steel : 150 ¢ 20 2 2.3 3 515.5 : 1.008 * 0.014
+ $ $* <20 5 25 s 618.4 : 1.006 * 0.014
water . . . . -

In order to use these critical experimental data as benchmarks, the
composition (in 1024 atoms/cm3) 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 in 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 U0, 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 wuses 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 : 30 (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 - 30 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 + 30 < 0.987
(The probability corresponding to this criteria is # (0.9987)2 = 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 + 30 < 0.97
(keff calculated with the preceding method)

It is to be noted that this criteria is only valuable for calculation
results ; nevertheless in 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 criticality safety studies of shipping casks
for light water reactors fuel elements.
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(1]

[2]

REFERENCES

Alain HOFFMAN, Frangoise JEANPIERRE, Alain KAVENOKY, Michel LIVOLANT,
Henri LORAIN
APOLLO - Code multigroupe de résolution de 1'équation du tramnsport pour
les neutrons thermiques et rapides

Note CEA - N 1610 (1973)

R. CAIZERGUES - J.P. MARIOT - J. MORET-BAILLY - G. POULLOT - J.R. TEILLET

MORET : un programme Monte Carlo pour le calcul rapide de coefficients de

multiplication effectifs de milieux fissiles dans des géométries complexes
Rapport CEA - R - 4752 (1976)
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TABLE IIT COMPOSITION

(atomic concentrations in 1024/cm®)

stainless bottom plug lower grid boral p.lale reflecting walls fuel rods
:  steel $ + : water + plug + : ¥ i s : $
air :Z3CN18/10 : water (b) : stainless steel (b) : water : clad :  boral lead :  steel : fuel (¢) : clad (a)
| density 0.001293 7.90 1.2989 6.2394 0.99820 2.651 2.6189 11.34 7.8 10.38 2.70
| lelement
Al- 0.01068 0.01626 0.059177 0.041858 2 0.059535
B : :  0.032375 : 0.00000029 :
) C 3 g 0.008089 0.000548 : :
Cr 0.016467 0.01141 : :
3 Fe 0.061341 . 0.042520 0.083831 0.000064
. H : : 0.054872 0.002380 0.066742 : :
Mg 5 : : 0.000334
Ni 0.008107 0.00562 ;
N ;0.00004325
0 ;0.0000108 0.027436 0.001190 0.033371 0.046406
Pb : : : : 0.032965 :
Si : 0.0003348 0.00024
35y : 0.0011118
238y 0.022051 :
(a) wt % : Al 98.85 - Mg 0.5 - Si 0.43 - Fe 0.022 Remark : upper plugs, upper grid and spring may be neglected
o i o g y
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Print 1 : One fuel cluster Print 2 : Four fuel clusters

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?

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 UO2 rods in water
or air have been determined.

Answer: I would like to point out that using the APOLLO pro-'

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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NEUTRON ISOLATION OF PACKAGINGS WITH A BORATED COMPOUND USUALLY USED IN FRANCE

D. HAON* - L. MAUBERT* - C. BOCHARD*¥*
* Commissariat a2 1'Energie Atomique
*% Société ROBATEL-SLPI

' For the shipment of new or spent fuels, the packagings manufactured in

rance contain a layer of borated 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 N10 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 :Polyethylene : Polypropylene : Plaster : Colemanite (1) : Water

N 8 ) 41 ; 0 T 6 s 25
N9 41 0 s 3% 8 20
N 10 0 s 40 3 32 : 8 20

(1) Colemanite is a mineral which composition (wt %) is :
B,0; = 43.3 - Ca0 = 24.5 - H,0 = 20 - Si0, = 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

.L. 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

respectively 1030° C - 650° C -
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

composition (wt %) is

superficial
interior layer was preserved.
compound is surrounded with a thermal protection,

105° C

Al,0, = 48 - Cement

et 40°

C.

for example

registered at the .end of the test (30 minutes)
40 minutes after

= 18 - Plaster = 8 - Water = 26

2. The mecanical properties are very near these of building wet plaster.

3. An integrated flux of 1.8 .

1017 neutrons

material (which only looks a greyish colour).

4. After dessication,
0.078 g/cm® and 0.010 g/cm3.
neutron shielding. The fission neutrons being fast,
by light atomic mass nuclides

thermal poisons (B and H).

The first

study has

Hansen and Roach 16 group

configurations

the contents

are
the

layer were calcinated and that the
The withstanding to fire is ameliorated if the
N2 which

. cm-2 has not degraded this

in Hydrogen and Boron are respectivel
This is a necessary condition for an effective
they must be slowed down

CALCULATION RESULTS

been performed to
isolation effects of compound N8,

Cross

sections. Keff

evaluate the
with the transport code DTF IV using the

reflection

are calculated for

- 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 in 235U, the thickness of the slab is

1Brom

- plutonium nitrate aqueous solution (300 g/l Pu).
Both considered fissile systems were chosen on account of their different
fast in the case of metallic uranium and thermal in the case
of plutonium nitrate.
The compositions of materials introduced in the calculations are given in

neutron spectra,

the table II.

(H and C) before their absorption by neutron

and

two

TABLE II
Material i Density Atomic concentrations (in 102% atoms.cm-3)
Initial i Carbon 0.0220078 Calcium 0.0016503
Compound 1.244  : Hydrogen 0.0673644 Boron 0.0005617
N 8 : Oxygen 0.0186126 Silicon 0.0016884
(S + Si)
Compound N8 i Carbon 0.0220078 Calcium 0.0016503
after 0.932 : Hydrogen 0.0464691 Boron 0.0005617
dessication : Oxygen 0.0081826 Silicon 0.0016884
(S + 8i)
Metallic
uranium 18.8 289y 0.048184
Plutonium L espi 0.0007560 Oxygen 0.03671
:nitrate aqueous: 1.438 : Nitrogen 0.003024 Hydrogen : 0.05527

solution
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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(1l').
thickness.

For instance this value is about 0,06 for a 20 cm

- The coumpound N8 is a poor reflector since the keff of metallic uranium

slab,
The critical thickness

24
like these of packagings.

water, this thickness is 6.

reflected by compound,

1 cm.

is 0.715 while reflected by water, keff = 1.
of a slab containing plutonium nitrate aqueous
solution (300 g/1 Pu) reflected by compound is 10 cm while reflected by

The second study has been performed with cylindrical configurations more
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

water reflector.

The results are given in table

values would be critical with a
III and plotted on figure 2.

TABLE III
$ keff * 30 (a)
: Compound 3
CASE : thickness Metallic U :Plutonium nitrate:
(cm) w3 solution

2 0.815, + 0.012 0.750 * 0.019
A single Initial 5 0.881 * 0.014 0.822 * 0.019
5 cylinder : compound 745 0.904 * 0.017 0.822 + 0.019
:(infinite height): 10 0.905 * 0.017 0.822 + 0.020

reflected by

a variable

thickness of 2 0.776 * 0.011 0.703 + 0.019
compound : Compound 5 0.845 * 0.013 0.780 + 0.017
after 1.5 0.873 + 0.015 0.785 + 0.019
:dessication: 10 0.873 = 0.016 0.798 + 0.020
: Infinite number : 2 1.631 + 0.023 1.258 + 0.020
: of cylinders Initial 5 1.074 £ 0.030 0.935 + 0.022
: disposed in : compound 7.5 0.998 + 0.028 0.874 + 0.021
3 triangular 10 0.941 * 0.022 0.847 + 0.022

pattern array

surrounded by
: a variable 2 1.799 + 0.020 1.365 + 0.016
thickness of : Compound 5 1.213 £ 0.027 1.002 £ 0.020
compound after 1.5 1.034 + 0.025 0.901 + 0.021
:dessication: 10 0.952 * 0.024 0.852 + 0.023

(a) 0 : 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 mm
height 2055 mm - a layer of compound 157.5 mm thick (necessary value for the
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 235U in the form of U-H,0 mixture at any
moderation. The keff of an infinite arrangment 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.

CONCLUSIONS

This compound has two properties which make its use attractive in 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 in fissile
class I or fissile class II with a very large allowable number.
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THE DOSE RATE SURVEY OF SPENT FUEL PACKAGES

P.T. BLUM and P. MORIN
TRANSNUCLEATIRE

S. IAZAREVITCH
‘ NUCLEAR 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 which 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

This consists of moving the cask at even speed in front of fixed counters
‘Jected 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.

887




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.

as bench marks for qualification of shieiding calculation codes, or for

- this type of instrumentation will also be preferred for measurements us
determination of the radioactive sources in a cask.

Exemples of recording and interpretation

Fig. 2 concerns the results of measurements performed on 25 april 1979, with
a collimated gemma monitor, along a TN 8 cask loaded with 3 PWR fuel assemblies
having following characteristics:

Active length s 2985 m Burn-up : 35000, 32000,
Uranium mass $ 43578 kg 32000 MWd/tU
U5 enrichment C 3.18 % Irradiation time : 990 d
Av. specific power: 38.5 MW/tU Cooling time : 3904

As shown on Fig. 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 mm thick resin layer, crossed by
copper cooling fins.

The gamma monitor (type SPP3 of SAPHYMO-STEL) was a scintillation counter
(NaI-T1) 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 snd the maximum gamma 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.

On Fig. 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.

mex i
Sk 1.45) seem due to the fact that cal

culated Build-up factors were merely approximative for such a complex
geometry (shielding and radioactive source).

The irregularities of this graph (
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3. CHECKING OF EFFICIENCY OF CASK NEUTRON POISONS BY NEUTRON DOSE MEASUREMENTS

The neutron dose rates at proximity of a cask loaded with spent IWR fuel may
be used to check its multiplication coefficient and therefore the integrity of the
built-in neutron poisons that control its criticality.

The method consists of comparing 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
£illing with water (required before their unloading in a pool).

For a periodic control, it is generaly sufficient to verify that the cask
tiplication coefficient does not change significantly from one transport
campaign to the next one from the same reactor. But, it is also possible to derive
from 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 IWR
reactors, generates by irradiation neutron emitting isotopes such as Cm 242 and
Cm 244.

The amount 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 ccefficient (k)
- the neutron transmission coefficient from the fuel to the point P

_ So
M= 2T (1)

The value of the multiplication coefficient for the package filled with water
is derived from 2 neutron dose rate measurements at a same point P:

- a first measurement (M1) when the package cavity is dry (transport
conditions)

- a second one (M2) after its filling with pure, cold water (cooling before
pool unloading):

. The ratio between these measurements gives :

m, T Tk, " g (2)

where subscripts 1 and 2 refer respectively to the package without and with
water.
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For a given package, the ratio T,/T, is a constant which can be calculated
accurately by neutron transport codes. Thérefore Eq. (2) enables us to derive k,
from k1 , using the formula:

T
%:1—%x§x“—h) (35

As for a package containing IWR fuel, k1 is- close to 0.20 (comprised between
0.15 and 0.30 according to the number (assemblies) and not significantly
influenced by the conditions by built-in neutron poisons, one may assume, in first
approximation that T,/T, (1-k,) is a constant (A) for a given package type.

e ®

Eq. (4) may be used to asses the multiplication coefficient of the package
and therefore to check the integrity 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 k1 equal to

2(1-k, )
0.20 as this corresponds to a relative error -1—% of 6.25 %
1

For more accuracy, it is always possible to calculate k1 by code calculations
of the MONTE-CARIO or Transport type, as indicated later.

The ratio of neutron transmission coefficients (T, /T2) 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 msy 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 calculati
results. In particular, the assumption of a homogeneous neutron distribution
U 2%5 spectrum, does not cause more than 2 % error on the ealculated value of Al

Using above simplified assumptions, one obtains for the TN 8 cask:

B
T—2 = 0.347 (0.354 for actual spectrum and neutron distribution)
1

and A = 0.278 (8.25 % precision)
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Comparison between experimental and code calculation results

Neutron measurement at surfzce of TN 8 cask loaded with PWR fuel irradiated
at 30 400 MWd/tU gave :

.
M—_126

Introducing this value M1/M? and that of A previously calculated in Eq. 3,
one obtains: o

k2 =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 calculate the multiplication coefficient by means of usual
codes.

The table 1 indicates the results using a MONTE-CARIO 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 APOLIO <4>.

The conservation of this model (infinite length, absence of grids, perfect
pin array, etc.) could explain the differences between experimental and code
results.

The table 1 also indicates experimental multiplication coefficients (k)
obtained:

1. Using the results of the simplified calculation of A, previously exposed
(arbltx‘ary value of k , transmission coefficients calculated with
simplified assumptions).

2. Using more accurate values for k

and T and 'l‘ obtained by code DOT-III
(ky = 0.159, T,/T, = 0.354).

1

Medium in cask cavity Code MORET Code DOT-III Reutron Measurementa
1 2

water (kg) 0.674 + 0,07 0.6465 0.65 + 0,03 0.62

air (1-:1) 0.159 + 0,05 0.159 - -

Table 1-TN 8 Package — Multiplication coefficient when loaded with 3 PWR fuel
assemblies irradiated at 30 400 Mwd/tU
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4. CHECKING OF POWER GENERATED BY CASK CONTENTS

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
temperature and their operation procedure provides for long immobilisation before
departure.

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. l’
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 temperature 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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Fig. 1 - Set up for dose rate record and results
obtained around the TN8 cask
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Fig. 2 - Regards of gamma irradiation along the TN8 cask
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DISCUSSION

Question by Mr. Ottati, Italy: I would like to know if you have
performed and neutron dose rate measurements along the axis of
the container, and what the results are compared to the calculations?

Answer: The dose rates that we measured in 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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SESSION XIV
PLUTONIUM SYSTEMS



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-~
Aum and enriched uranium, are obtained in numerous countries that
ticipate 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
on-board location of the package on an aircraft to an aft posi-
ion. These regulations, in conjunction with the relatively large
ze (62 cm diameter, 108 cm length, 227 kg mass) of the PAT-1
ackage for safeguards samples (which are typically a few grams

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 '

The LAARC package has been designed to meet the stringent
requirements of NUREG-0360, to accommodate approximately 40 grams
of mixed oxide (Pu0,/U0,) powders, or approximately 100 grams
of fuel pellets containing plutonium and/or wuranium, 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.

"ILAARC" 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.

REMOVABLE DOUBLE LID
PLUG
REMOVABLE
PLUG
PLATE
FAIRINGS CONTAINER
SEAL
i~ 4 REDWOOD
FEMALE
CAPSULE HEMISPHERE
PLUTONIUM

PAYLOAD: 100 g Pu OR Pu0,
TOTAL MASS: 32 kg (70 ibs)
HEIGHT: 356 mm (14in)

DIAMETER: 381 mm (15 )

LAARC (PQ:"I;'-I'Z)R ol ;
ightweight Air-Transportable Accident Resista Container
r (tPIu;on?:m Air Transportable Model 2)

FIGURE 1

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 mm(l1.6 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 TBy2 spherical containment vessel, Figure 2, is made of
A-286 iron{)ase 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. Aan
integral shear shoulder is included in the joint. This is a very
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tough sealed high-temperature and high-pressure containment. The
TB-2 remains leaktight in all normal environments and has proven
to be leaktight after the severe accident~modelling tests of
NUREG-0360.

The C-1 capsule is fabricated from Nitronic 60 stainless steel
and utilizes a torqued screw-thread joint with a sealant. The C-1
capsule satisfies the double containment requirement (for RAM > 20
Ci) of 10 CFR 71, remaining sealed in all normal environments a
after the accident-modelling tests of 10 CFR 71 Appendix B. l’

The canisters, internal to the C-1 capsule, accommodate vari-
ous sizes of reactor fuel pellets and various types of uranium
and/or plutonium salts and powders. The canisters may be equipped
with quartz (SiOy) vials or liners so that safeguards samples
extracted as liquids (e.g., plutonium nitrate) can be evaporated
to dryness, and then calcined (fired) to the oxide state. The
canisters have a PVC gasket inside the threaded cap; this gasket
seals the canister and also seals the quartz liner, if used, to
meet health physics requirements for handling and packaging into
the sealed C-1 capsule.

CERTIFICATION TEST PROGRAM

A certification test program was conducted on a group of
final-design PAT-2 packages. §Six packages were subjected to the
sequential qualification criteria for air transport of plutonium
in the U.S., NUREG-0306. These packages, listed in Table 1, were
assembled in a helium atmosphere, with various surrogate uranium
payloads representing the entire spectrum of plutonium safeguards
samples that would be utilized by the IAEA. The attitude (top,
bottom, side, etc.) of each package was varied, and the high
(104°%; 220°F) and 1low (-40°C; -40°F) temperature condi-
tions were tested, in the first sequential test, which 1is the
high-speed rocket-pulldown impact perpendicular to an unyielding
target. These conditions are indicated in Table 1. Following the
impact test, the sequential tests of crush, puncture, double
slash, fire, and underwater submersion were performed in a similar
manner on all of the packages. Figure 3 indicates the condition
of five of the packages following impact, crush, puncture, and
double slash. The burn or fire test was conducted using JpP-4
aviation jet fuel for one hour at 1010°C (1850°F) or more, in
a newly-developed burn stand (figure 4). Following the burn test,
the packages were permitted to char and reach ambient temperature,
and were then submerged underwater (>1 m) for 8 hours or longe
The packages were then disassembled (figure 5) and the TB
spherical containment vessel was recovered, examined, cleaned, a
leak-rate-tested in a helium~type mass spectrometer. Five of the
containment vessels exhibited no detectable 1leak, with a test
sensitivity of 1x10710 cm3/s; one TB-2 exhibited a leak in the
10-6 cm3/s range. Then, the containment vessels were opened
(unbolted and disassembled) in the presence of a helium detector;
strong indications of helium were detected.
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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 test requirements of IAEA Safety Series No. 6). Fol-
lowing tE%se ests the TB-2 containment vessel was leaktight
(= 1x10% cm”’/s) and the C-1 capsule, which is required to
provide secondary containment, in the U.S., for contents > 20
curies, was found to be sealed.

Individual (non-sequential) test or analysis requirements of
minal velocity and hydrostatic pressure (deep underwater),
uired by NUREG-0360, were also passed.

CONFIRMING ANALYSES

Both test and analysis are applied to confirm that the PAT-2
package meets the various statutory and regulatory requirements.
Structural analyses address all of the stated requirements, and
additionally treat the TB-2 containment vessel by finite element
analysis, and the AQ-2 overpack by an energy balance analysis.

Thermal analyses treat maximum normal operating temperature, with
thermally-active radioisotopic contents, and maximum credible
accident temperature of the containment.

Plutonium containment analysis treats the problem of plutonium
transport through very small apertures or cracks, for various
conditions including those measured on the TB-2 containment vessel
and the C-1 capsule. Plutonium containment is confirmed to be
orders of magnitude in excess of IAEA requirements (essentially,
there is no plutonium release).

Nuclear criticality analysis will confirm through the use of
benchmarked codes, that the PAT-2 package qualifies as a Fissile
Class I package, meaning that infinite arrays of damaged packages,
with the most fissionable contents permitted, and with water
shielding, remain subcritical.

Nuclear shielding analyses confirm the required protection for
biota from the effects of ionizing radiation, in both the normal
and post-accident conditions, conservatively satisfying all reg-
ulatory conditions. All of these analyses will be presented in
the PAT-2 Safety Analysis Report (SAR).

CONCLUSION

It is concluded, by the developer, that the LAARC/PAT-2 will

t the requirements of the various applicable regulations and

at a Safety Analysis Report (SAR) will be issued. This SAR will

be the basis for an application to the US Nuclear Regulatory Com-

mission for a certificate of compliance, or license. It is then

expected that this US license, with the supportive evidence of the

Safety Analysis Report, will be the basis for the issuance of li-

censes needed from the IAEA Competent Authority in using States

(nations). Then, timely air shipment of plutonium safeguards
samples will be feasible on an international basis.
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LAARC/PAT-2 ¢4 TEST PROGRAM

AQ2: TB-2:
Xo07 TOP EQUATOR
C-1 3 ea BC-4 CANISTERS —
3gm.Pu(NO3), + 2H0 (sunnocusj—”,_”.t_,w
AQ-2: TB-2:
x08 TOP CORNER POLE
C-1 2 ea BC-1 CANISTERS

50 gm. Pu0 5 (SURROGATE) f
[APPROX. 50 g UO 5 , 10 g PVC, 386 g BRASS j

16 g Si02 , 05 g H,0]

AQ-2: TB-2:

X09 SIDE-COLD EQUATOR 3' “50°F

DE 126 m/s (413 fps)
C-1 6 ea BC5 CANISTERS POST-TEST g:
120 gm. PuO » PELLETS (SURROGATE) 777-,-.1,—-.-.-.- <1070 cm3/s

[1236 g D-38, 10 g PVC, 31.4 g BRASS]

00000

AQ-2: TB-2:
133 m/s (435 fps)
X10 BOTTOM CORNER EQUATOR

C1 2eaBC-2& 1 ea. BC-3 CANISTERS POST-TEST &:
38m. Pu (S04) , - 4 H,0 (SURROGATE) i <1070 em¥s
[38U0,.10g PVC, 474 g BRASS, 19 € Si0 5,
066m{ H»50,,066m/ H,0|

AQ-2! TB-2: ((Scooo) 134 m/s (438 fps)
X11 BOTTOM POLE e
EALI POST-TEST q:

C-1 NO CANISTERS

<1070 em¥s
3gm.Pu(SO4) 2- 4 H, O (SURROGATE) v -

[3gU0,, 10 g PVC, 50 g BRASS, 18 g Sio,,,
066 m/ H,S0, 066m/ H,0]

AQ-2:
X12 SIDE-HOT 9 +220°F
132 m/s (433 1
(200/220°F) N HA 1453 o)
C-1 6 ea BC-5 CANISTERS ¢ POST-TEST &:

120 gm. PuO , PELLETS (SURROGATE) i 210710 g8l

|1236 g D-38, 10 g PVC, 31.4 g BRASS)

X15 10 CFR 71 APP A & APP B
C-1 2ea BC-1 CANISTERS
3gm.Pu(SO,) ,+4 H 50 (SURROGATE)
|38 U0, 10 PVC, 39 g BRASS, 18 Si0,, 066 m: 96% H, SO, : 066 mI H, 0|

TABLE |
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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 in 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 crite
to certify a package for air transport of plutonium. NUREG-0360
worst case criteria, combining very severe levels for each indivi
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, in a real accident. The document includes the
rationale used by the US Nuclear Regulatory Commission in defining
the criteria. j

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 in 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 in 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 1n 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. TIAEA Safety Series No. 6 requirements still apply for other
international air shipments, unless the originating nation or sta
desires to emulate the US regulation. Thoseof us associated with
this new work are sympathetic to the possible affect on the air ship=
ment of commercial or bulky quantities of plutonium; but, we have
no choice but to conform to the US government's authority in these
matters -+ the US NRC.
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ANALYSIS OF THE ACCIDENT ENVIRONMENT AND
CONTAINER RESPONSE FOR 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 4NE
United Kingdom

SUMMARY

Potential accidents in the transport by airplane of small (<500kg) type B
packages are considered, with plutonium carrying containers especially in 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 in
the very severe environment of an aeroplane crash. US law in 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 15te of plutonium
er year might be transported by 1990; air transport is a possible mode. The work

described 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 (4) 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 in order to be
able to make some judgements on test criteria and safety. The work is described
in more detail in reference (6). Impact and fire are the primary threats to
package integrity.

2. 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 in 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 (4). Finally we arrive at distributions of cumilative
probability (given an accident) vs impact speed as shown in figure 1 denormalised
for two aircraft, a BAC-111 and a B-707.
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Figure 1. Cumulative Probability Curves for Impact Speed

The definition of an accident associated with these distributions is one
destroying the airframe and kil%&ng at least 1 person. The associated rate for
Western Burope 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.  ATRFRAME 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 in
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

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.

4, 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.

4,1 Single Container

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
ulant 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 (1) deformations for a PAT-1 container. For side impact at 1?2 ms™:
predicted - 0.196m; measured 0.21m. For end impact at 135 and 142ms™': pre-
dicted 0.178 and 0.203m; measured 0.188 and 0.208m.
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4,2 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 in Table 1. This is
for a type I container in side on orientation, stowed to the full capacity of each
aircraft - 14 in line for a BAC111, 32 in line for a B707.

Table 1. Cargo Deformations

Aeroplane Velocity Approx. Number so Equivalent Hard
ms~ Deformation Damaged Target Velocity ms
BAC-111 50 .015 3 20
n 90 .05 1 138
" 120 .07 1 154
B-707 Sh 192 8 200
L 90 extreme several 310

The last column compares the velocity necessary to produce the same damage in
impact on a hard target for the most damaged container. The differences are wide.
For the lighter aircraft, cushioning by the airframe outweighs inertial 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 caréo 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 in use, released at different
heights. This is shown in figure 4.
Variations in air density and local Mach number with altitude are allowed for.

A1l 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).

e SL10 (typeI)
E
200+ --0675 end on
=
'S PAT1 (type II)
® 0675 tumbling
> 100+ &M
@ :
o
=
E ; . height
5 10 1000m

Figure 4. TFree 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 in the absolute values
of probabilities shown.

7.  ATIRCRAFT 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", 7 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 in figure 6. These
are for a weighted average of jets in service. To illustrate variation by aircraft
type we show spot values for the most severe fire in a BAC-111 and a B~747. As a
reference curve we propose the solid line in figure 6. This is arbitrary but it
has the features of medium severity with some allowance for extreme fires at low
probability.

101 ; BAC 111e B747 @

aveeseest llght
— — " severe
— proposed

fraction of fires
burning for <t

time
L) ¥ t "
100 200 t mn
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 in an air crash. ‘

8. TEST CRITERIA AND RISK
It is not the purpose of this work to perform a risk analysis. Nonetheless,
we believe such an approach (@) 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.

153"
— 15 ms1 threshold
- . 60 m<1 threshold
e
&
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== |
{ %
@
s fatalities
1 102 10% 108

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™1 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

Question by W. K. Miller, FR Germany: When it comes to finding
a solution to pressure failure in the inner container during transport
of plutonium nitrate, how much breathable aerosol do you suppose is
released?

Answer: Our study addressed the accident conditions and con-
tainer response rather than the releases and consequences. I showed
an approximate risk spectrum only to illustrate my point that testing
to a "threshold" (with no leakage) only gives you limited information
- you can envelope the "real" risk spectrum but you cannot get close
= o 0 F A

In generating that approximate risk spectrum we considered only
plutonium as dioxide powder, not nitrate. Our release assumption was
1 % of payload as airborne powder when the container "threshold"
impact was exceeded. I imagine nitrate releases could be high if
driven by a fire. This could overpressurise the inner container
(left vulnerable by the impact) and spray out aerosol.
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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,
untilled, 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
‘tainer 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 '"pass"
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.
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SUMMARY OF THE RISK ASSESSMENT MADE OF THE
TRANSPORT OF PLUTONIUM NITRATE

J C Chicken

1. INTRODUCTION

This paper presents an overall view of the assessment of the significance of
the risks involved in transporting plutonium nitrate from Dounreay to Windscale.
The assessment was made at the special request of the Secretary of State f
Energy and was in addition to the evidence submitted to the competent authority
demonstrate that all the relevant regulations had been satisfied.

The original assessment was made by a team consisting of: J T Daniels,
J R Beattie, M L Brown, S F Hall, J Jowett, C Wheatley, R L D Young, L E Lockett,
P L Holden, R J Williams, P J Cooper, G D Kaiser, A R Taig, J J Clifton,
A N Kinkead and J C Chicken. The interpretation that this paper gives of their
original and detailed contributions in no way detracts from the importance of
their work.

The discussion in this paper is‘'divided into seven distinct parts which are
movement, criteria, probability of rupture, consequences of release, monitoring,
decontamination and conclusions.

2. MOVEMENT

The movement consists of moving plutonium nitrate solution in specially
designed packages from Dounreay to Windscale. The packages will be taken by road
from Dounreay to the nearby port of Scrabster. From Scrabster the packages will
be conveyed to Workington by sea on a roll-on roll-off ship, this will allow the
packages to remain on the articulated vehicles they travel from Dounreay to
Scrabster on. The ship used will be one that was specially designed for carrying
heavy generating plant for the Central Electricity Generating Board. Among the
special features of the ship are shallow draft (12 ft), twin engines, twin screws,
twin rudders, bow thruster, and comprehensive navigation and communications
equipment. For the journey from Scrabster to Workington the plutonium nitrate
packages and the vehicles they are mounted on will be the only cargo the ship
carries. From Workington docks the packages will go by road to British Nuclear
Fuels Limited's Windscale works.

3. CRITERIA

In the practical sense provided the operation satisfies IAEA regulations
there is universal agreement, among those involved in the safe transport of
radiocactive material, that the operation will be acceptably safe. But for the
purpose of this exercise it was considered desirable to make a different approac
and to overtly quantify the risks involved so that they could be compared easi
and rationally with other acceptable risks.

Advice on the acceptable level of risk has been given in many publications
including ICRP Publication 26, the 6th Report of the Royal Commission on Environ-—
mental Pollution, the Rasmussen “"Reactor Safety Study" (WASH-1400), and the First
Report of the Advisory Committee on Major Hazards. The following extracts, from
the reports just mentioned, show there is a considerable measure of agreement
about what constitutes an acceptable level of risk.
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ICRP Publication 26, paragraph 118, published January 1977 states:-—

"The acceptable level of risk ..... for members of the general public may
be inferred from consideration of risks that an individual can modify to
only a small degree and which ..... may be regulated by national ordi-
nance ..... From a review of available information related to risks regu-
larly accepted in everyday life, it can be calculated that the level of
acceptability for fatal risk to the general public is an order of magnitude
lower than for occupational risks. On this basis, a risk in the range 1076
to 107> per year would be likely to be acceptable to any individual member of
the public.”

wers (1976), shows in Figure 13 for a programme of 100 nuclear reactors on

mi-urban sites in the UK that an accident causing 10 fatalities can be expected
once in 2000 years, and one causing 100 fatalities once in 10,000 years. 1In the
report attention is drawn to the fact that such risks are considerably lower than
many of the widely accepted man-made risks such as dam failures, chlorine
releases and aircraft crashes.

‘;ﬁ 6th Report of the Royal Commission on Environmental Pollution = S8ir Brian

The Rasmussen "Reactor Safety Study" (WASH 1400) in Table 5-7 of the Main Report,
lists the consequences to accidents from 100 reactors in the USA, the following:-

"At a probability of once in a million years 900 early fatalities 14000
illnesses and other damages."”

The First Report of the Advisory Committee on Major Hazards (published by HSE)
considering non-nuclear industry postulates in paragraph 19 that "a serious
accident ... more than once in 10,000 ... might perhaps be regarded as just on the
borderline of acceptability;" and goes on in paragraph 44 to identify a major
accident as one causing casualties in the range from less than 10 to over 1,000.

More recently Lord Ashby, the first Chairman of the Royal Commission on
Environmental Pollution, brought the whole issue into perspective with his sugges-
tion that there is a scale of relative values that can be used as a rule of thumb
for political decisions(l). Four points identified on this scale are: risks of
one in a million are of no concern to the average person, risks of one in 100,000
elicit warnings, when risks rise to one in 10,000 people are willing to pay to
have the risks reduced, and risks of one in 1,000 are unacceptable to the public
and there would be strong pressure to have them reduced.

From these views the criterion for the acceptable level of risk of an indi-
vidual becoming a casualty of 1075-10~6/year appears to be defensible.

4 PROBABILITY OF RUPTURE

Assessments were made of the probability of the package being ruptured as a
result of being involved in either a road or ship accident, also the probability

the package being ruptured by a fire during either road or sea phases of the
ration was assumed.

For the particular road routes it is proposed to use, and allowing for the
number of journeys to be made, it was predicted that the grobability of a package
failing during the road phase of the journey was 6.2 x 107/ per annum.

Similarly it was predicted that during the sea part of the operation the

probability of the ship being involved in a collision severe enough to damage the
package would be about 2.2 x 1078 per year. The chance of the ship simply being
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lost is naturally higher and is predicted to be of the order of 2 x 1076 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
the contents of the package would not rise significantly for the first two hours’
any fire then the temperature would rise fairly steadily and reach the critic
value of 300°C in 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 107°/year. The probability of a fire lasting more than
90 minutes, is naturally lower and was conservatively estimated to be 1 x 1077/
year. The only real source of sufficient flammable material to support such a
long fire is the o0il 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
10~9/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.l/year). It was
estimated that the probability of a fire that would threaten the package was of
the order of 10"6/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 107/ per annum.

5. CONSEQUENCE OF RELEASE

If the container holding the plutonium nitrate fails by some mechanism it is
assumed that only 1074 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 in 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 (1078-10"11 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 ome 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 109 years. The
assessed risk is clearly well below 10-1000 deaths per 104 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

. 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 Kmé. 1In reality the contaminated
area is likely to be much less than l1Km“. 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 substantiall{ lower than those common in industrial operations,
transport and everyday life 2), 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_5 to lo~6
per year given in 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 in consumer products, for activities in
the nuclear fuel cycle and so on. It is therefore in 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
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 gquantified risk was accepted
by a number of these organisations; airline pilots being particularly
au fait with the argument and considered they knew in quantified terms
exactly the level of the risk they accepted. Details of the response
to my questions are published in "Hazard Control Ruling in Britain",
J. C. Chicken, Pergamon Press, 1975. My views seem to be endorsed
by the reference I cited to Lord Ashly's views in 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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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
Pu0y or as a mixed oxide with a content of 40% PuO2, 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 inmer
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 in 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 in 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 0.20.1073 ¢
0.26.10"3 cal/sec em°C. The quantity of Pu, transported per package is limited'
45 kg and the quantity of Pu per product holder is limited to 15 kg.

The basic specifications for the package concept include amongst others :

- the conformity to the I.A.E.A. regulationms,

- an obligation to store at least one product holder containing 15 kg of Pu in
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 maximum 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 in
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 tramsit 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 in 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 operationms.

the required heat resisting and neutron thermalizing 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 in 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 constructed as a solid metal cask, equipped wit.
1

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 conmecting 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 mm 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
£ig. 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/cmz. 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 loc
ted inside the inner container. '

Transit cans with different internal diameters can be used depending upon the
type of material to be tramsported (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 tramsit
cans. A first leak-tight barrier is formed by the inner cover closing hermetical-
ly by means of a hollow metallic O-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 inmer
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
absorbing material and as a thermal insulation of the inner container against £
damage. Solar radiation is reflected by a highly reflecting outer skin. All po
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.

926




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.

Three different impact possibilities namely : side-on, corner and end-on im-
pact have been studied. The redwood in the shock-absorbers will be deformed over
a thickness of 40 mm in case of the side-on impact. The stress in the outer metal-
lic cask has been verified by means of the STARDYNE computing model; for a weight
of 21238 N of the package the highest stress obtained in the outer metal cask is
266 N/mm? 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 in
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 in the container

LB Simplified [°c Finite element calculations
cka, compo ts i

iy i B evalggtlon Top Side Bottom
Outer surface 50 49 50 49
Inner redwood wall 86 84 86 98
Outer graphite wall 122 95 96 98
Inner graphite wall 122 95 96 98
Outer transit can wall 209 127 (1) 127 1) 127 (1)
Axis of Pu powder 341 259 259 259

(1) evaluated, using a linear energy release, properly increased to take into
account the reduced inner exchange surface of the inner container. AJ

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

mputing 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 Pu0 is considered per powder bag. The Pu
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. 1f 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 keff 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
Pu0p, are stacked together and a radial water reflection of 6 cm and an axial one

of 30 cm is considered, a keff = 0.33 is obtained.
Furthermore several assumptions have been made for damaged packages. ’
If a waterleak into the tramsit 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 keff = 0.71 is obtained (corresponding to a keff increase of 0.04). If
finally a variation of the water density is assumed from 1 to 0.15 g/cm3 a keff =
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 PuO2 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 conditionms.

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 uSv/h. At 1
meter of the package, the dose rate is reduced to 5 mrem/h or 50 uSv/h.

The dose rate emitted by the naked inner container is lower than 80 mrem/h
or 800 uSv/h at the surface and 12 mrem/h or 120 uSv/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 g 80,00.00. The paper includes
a design drawing.
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INTERMEDIATE STORAGE IN CASKS




Storage of Spent Fuel in Transport/Storage casks

Keese )

Anspach) Transnuklear GmbH
Christ )

Schlich- Nukem GmbH

m>X =T

Introduction

0f 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 fragile
auxillary 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.

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 MW class of light water reactors. It has a maximum
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 period 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 Taden cask in transport and storage
conditions is about 115 t.

The cask is built 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 by a stainless
steel liner, 8 mm thick.

- The cask comprises a double 1id system with a shielding 1id
(inside) and a sealing 1id (outside). Both 1ids are equipped
with metal double 0-ring sealings with extremely low leak
rates of 10-8 to 10-2 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 1ids can be equipped with
Viton O-rings under transport conditions.

- Much emphasis is put on containment control and repetative
testing. Therefore all sealings are, as mentioned before,
of the metal double-0-ring type and can be tested 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 1id 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
to safety and Tow cost production.

- The shielding of cast nodular iron/hydrogeneous material test
models was measured. Californium 252 was used as a neutron
source as its spectrum is comparadble to the neutron source of
the irradiated fuel. Based upon those test results positions
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and dimensions of the incapsulated neutron shielding were
designed between the fins, at the cask base and on top of

%he shiilding 1id. Thus the cask body kept its full integrity
i )

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
poison.

A simplified basket of boronated stainless steel is being
developed for Tonger 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.

Manufacturing

The first TN 1300 was cast May 31st, 1980 at Thyssen-GieBerei AG

in Milheim/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.

Licensing

Two 1:3 cask models and several normal size test pieces were
produced for the type B tests. These cask models had to undergo
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 6, 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
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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) Ticensed.

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 oxide fuel.

The basic cask concept which allows short production time and

efficient low cost machining lTeads to a delivery time of only
6 to 8 months per cask.
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DISCUSSION

Question by B. Vogel, 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 in the sense
of the given specifications. When, for example, we have defined a
flaw in 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 valu'

Question by B. Balmer, Switzerland: In the case of type TN-1
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 in 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 100 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 in 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 in 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.

938




LONG-TERM STORAGE BEHAVIOUR OF
SPENT LWR-FUEL

M.Peehs, G.Kaspar, W.Jung, F.Schlemmer
KRAFTWERK UNION AKTIENGESELLSCHAFT
P.0. Box 3220, D-8520 Erlangen/FRG

.STRACT

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 KWO-pool. The
fission product release from defective spent fuel rods is mostly
related to Cs isotopes Cs-134 and Cs-137. The release approaches
zero when the Cs-concentration approaches certain equilibrium va-
lues. The effective G(Hz) value for thel3/g-radiolys1§ of storage
pool water by a spent fuel assembly is lower than 1077 Hs, mole-
cules/100 eV. Thus the Hp 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. Experiments
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. INDRODUCTION

The management of the backend of the fuel cycle starts with

the interim storage in the nuclear power plant. Thereafter 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-
gquate interim storage capacity outside the fuel reprocessing plant.

ree concepts of away from reactor storage (AFR) are pursued world-

de: wet storage in Xarge spent fuel pools, dry storage in caskes

d 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 provicde a
summary of the most essential results of this R+D-work.

24 THE LONG-TIME STORAGE BEHAVIOUR OF SPENT FUEL ASSEMBLIES
UNDER WET STORAGE CONDITIONS

2 Estimate of the Long-Time Storage Eehaviour of Spent Fuel
Assemblies on the Basis of Available Material Data

The most severe mechanical stress imposed on cladding tubes
during long-time storage results from the internal pressure of the
fuel rods. The very conservative estimate of the internal pressux‘
in case of a pressurized water reactor as related to an average
bundle burnup of 37 MWd/kgU has a result of 100 bar. 50 bar are
resulting in case of a beiling water reactor with equivalent con-
ditions. & fuel rod for pressurized water reactors has been taken
as a basis for the following reflection, with an internal pressure
of the fuel rod of 120 bar at operating temperature. This gives an
internal pressure under storage conditions of approximately ©63 bar, s
corresponding to a tangential stress gn the cladding tube of 43 N/mm“.
The G, o strength amounts to 44C N/mm“, thus yielding a tenfold safe-
ty markiin of the internal pressure stress as compared to the design
limit. Creep processes at temperatures of 40 OC and the stresses
stated before can practically be ruled out.

The average hydrogen concentration at the end of the operating
period as conservatively calculated by the fuel rod design at 220 ppm
/~1_7. Empiricsl values which lie at 30 to 150 ppm are distinctly be-
Iow this value. If the fuel rod is cooled down to zpproximately 40 °C
after the end of operating, mcst of the hydrogen wi.ich was adsorbed
by the cladding tube is precipitated in the form of finely dispersed
hydride precipitates. Integrity-controlling properties of the clad-
ding such as yield stress, rupture stress, uniform elongation and
elongation at rupture however, deperid on the hydrogen content of the
Zircaloy cladding tube.Yield stress and rupture stress are increased,
the ductility decreases due to hydrogen asbsorption. The long-time sto-
rage temperature of 40 OC lies below the ductile/trittle transition
temperature for hydrided Zirconium, i.e. in this case the cladding
tubes can withstamdelestic deformations up to the rszised yields
stress, But only negligible plestic deformations. However, plastic
deformation dnes not occur during handling of fuel assemklies since
bowing is not possible due to guidance of the fuel rods by the fuel
assembly skeleton. Therefore the hydrogen absorption in the clad-
ding tube should not exert any negative influence on the handling
and storage capacity of the fuel assemblies. As mentioned befoi'e,
the hydrogen is contained in the cladding tube as a finely dispersed
and axizlly uniform precipitate. The formation of so-called hycdride
pits by an Osswsldt ripening process cannot be erpected st 40 0CF,
Due to the small heating-up reange of the coolant vater in the sto
rage pool a2 redistribution of the hydrogen by thermal diffusion c&
be ruled out. The root of the average displacement square after @
period of 30 years zmount to 2.5 cm.

v

Ty

The corrosion hehaviour of Zirconium alloys in pressurized wa-
ter and in water vapour has been sufficiently known 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 operatlng conditions [ 2 7, the Besult shows that the
corrosion rate in the pool water is by 1010 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

el assemblies consist of Inconel and austenitic steels. It must

pointed out in this context that in the Federal Republic of

any only niobium-stabilized austenic steels are used._Stress

orrosion phenomena due to different carbon activity /73 7 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 test 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 current exsminations, di-
mensional measurement and measurements of oxide layer thickness
are carried out and evaluated to characterize the orlglnal 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. Thereiore the investigations per-

rmed emphasize in an impressive way the long-term storage stabi-
ty of fuel assemblies for light water reactors. The investigations
11 be continued.

243 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 ere 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 test 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
of the pool water depends nearly complete on the fission isotopes
Cesium 134 and 137. The activity contribution of all other fissio
products can practically be neglected. The measurements on two di'
ferent defective rods show common characteristic features. A rela
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 different in both tests. This result underlines the influ-
ence of the type of defect and possibly also of the location of de-
fects, Fig. 3 illustrates the results of tests during which inactive

esium was added to the capsule water at the beginning of the test.
The results show distinctly that the equilibrium concentration of
the Cesium activity is determined by the totzl content of Cesium in
the capsule water. This allows the conclusion that exchange mecha-
nisms play a certain part in the activity release from defective
fuel rocds besinde other mechansims. It can be recognized as well
that the activity release of individual and defective fuel rods
which stand in 2 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 may 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-
1ity =s a whole 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 irradiated
fuel assembly in the spent fuel pool were carried out in the Obri
heim nuclear power plant. A fuel assembly with an average cluster‘
irradiation of 30 MWd/kg and with an burnup increase in the last
cycle of 10.3 MWd/kgU was selected for this purpose. The investi-
gations resulted in an upper estimate of the G(Hp) value. This va-
lue is G(lp) € 10-3 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 e:periment, such as gas/water ratio, test
geonmetry, pH valuec of the water, content of typical additives of
the water, water temperature, system pressure, and radiation spec-
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trum. Therefore the measured value only applies to n t Hp-produc-
tion from a spent fuel bundle in wet storage.

3. STUDIES CONCERNING THE BEHAVIOUR OF SPENT FUEL ASSEMBLIES
UNDER DRY STORAGE CONDITIONS

Fs Estimate of the Long-Time Storage Behaviour of Spent Fuel
Assemblies on the Basis of Present Material Data

Ql Comparable to the objective of the studies of fuel assembly

aviour 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 PWR prepressurized fuel rod, because in this case the higher
stresses under dry storage conditions are to be expected in compa-
rison to BWR-fuel rods. All studies are bzsed 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 been based on the
oxidation kinetics of Zircaloy in water steam. Expecting the so-cal-
led "post-transition"-oxidation rate of Zircaloy in water vapour
based on the temperature/time pattern shown in ¥igure L, the wall
thickness reductions shown in Fig. 5 as a function of the insertion
temperature can be expected. 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 exhalation. Consequently
siderable damage to the cladding from inside may not be expected
en under dry storage conditions. This is true especially for
lodine, which initiates stress corrosion. To corroborate this
stetement 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 evperimental 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 =re higher and the expected temperature gradients are
greater than a2t 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 temperature.
The allowable concentration of 500 ppm hydrogen is based in KiiU's
experience that integrity and handling capability of fuel assem-
blies is ensured. The results show that thermodiffusion causes no
problems in dry storage of spent LWR-fuel.

Fig. 7 shows the result of an estimate of the maximum crack
length after 20 years of dry storage of Zircaloy cladding assumi
that the cracks at the beginning of the storage period have a dep
of 50,um and the critical stress intensity value is very low. This
assumption, however, is extremely conservative, because the evalu-
ation of the performance of fuel assemblies has shown that such
cracks inititated by power ramp will lead to fuel assembly defects
within a relatively short time. Thus, fuel rods, which were still
intact at the end of operation should have no cracks =t all or much
smaller cracks than anticipated. The described results shown that
the crack problem is only of importance for initial storage tempe-
ratures above 350 ©OC if at all, if however Ky-values of Cubicciotti
or Smith are taken into consideration, the cracl: propagation mecha-
nism under dry storage conditions should not be any problemn.

The stress G (i, £) resulting from the internal fuel rod pres-
sure depends on the instantaneous temperature and slightly on the
diameter increasse that llas already taken place. All known creep
laws having the form € (T,&, 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 & time period is determined by

the following equation:
At = E(T, G’,tm’c)-E(T,G',*)

This procecure is peruissible, as repezted primary creep is not *o
be expected with the stress falling over time.

The results of this calculation on the basis of two different
creep lavs are shown in Figs. 8 and 9. Consequently the circumfe-
rential creep expsnsion of the cladding tubes at an internal pres-
sure at the Teginning of storage of 100 bar (reference value rela-
ted to 350 ©C) remzins below 1 %, if the initial storaze ltemperature
is limited to 400 °C; this corresponds to 2z cdecay time of about one
year. The total time in dry storage is of less importance for the
integral creep deformation, because the creep rate gets neglizibll
after one year.

Evaluating the results on creep cdeformation onc must censidgr
that the calculations are based on a experimental data base geained
from out-of-pile creep investigation. The meterial state of the
Zry-cladding is changed during reactor operation. A better zanalysis
could he 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 byoan adequate safety margin. Thus
temperatures in the range of 350° - 370 °C should be reliable.

G 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
erformance and to confirm the predicted temperature limits for the
y storage insertion temperature. This experiments includes also
careful pre- and post-experimental characterization of the test
dle. 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-pilecreep 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 work will assess the result of
the thearetical work already performed. In parallel to this more or
less basic research demonstration test storages will be performed
using CASTOR [ 4 7 shipping and storage caskes. The first demon-
stration test with BWR fuel assemblies from the Wirgassen reactor
will already start in December 1980.

4, CCNCLUSIONS

In wet storage the fuel assemblies 2re stored under water at

a temperature of 40 OC, The internal pressure load of the cladding
tubes is only 10 % of the yield point. Cladding tube weakening 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 also present no pro-
blems for Zircaloy aged during operation. The micro- and meacro-dis-
tritution of the hydrogen in the fuel rods is adequately stable.

e long-term storage experience available to date underlines the

ourable storage behaviour of LWR fuel assemblies which may be

trapolated from the material hehaviour.

A storage experiment has started in the Obrigheim nuclear
power plant reactor to systematicelly determine the fuel assembly
storage behaviour under wet storage conditions. 18 intect and
10 defective fuel rods from Obrigheim fuel assemblies with diffe-
rent levels of burnup were selected for storage. The first measu-
renents within the scope of the storage experiments were perforued




in December 1977. It was partially possible to compare them with
earlier results gained with other aspects in mind. The eddy current
test produced no new defect indications in the intact and defective
fuel rods. The average fuel rod diameter remained unchanged within
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 will be supplemented by measuring
the oxide cozting thickness.

form operational defective LWR-fuel rods during storage. The act
vity released originated almost completely from Cs-134 and Cs-13
The release rate depends first and foremost on the degree of clad-
ding tube damage. The release rate of activity approaches to zero
after a 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 to determine the activity releasg

Experiments were performed in the spent fuel pool of the Obrig-
heim nuclear power plant to measure the formation of hydrogen due
to ﬂ/g -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(Hp) ® 10~2 H, molecules/100 eV,
as a first test result. Nevertheless, %his serves to emphasis that
the official G(H,) value is too high for its use to claculate Hy-ge-
neration during wet storage of spent fuel.

The following mechanisms potentially endangering the integrity
of fuel bundles during dry storzge were 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, H,-absorption
and thermal diffusion, stress corrosion cracking, cracg 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 assuming realistically decreasing
storage temperatures, the insertion temperature shoulcd be in the range
of 350 ~ 370 °C.

Long-term tests are being performed on unfueled cladding tube
conditions at 100 °C and 300 °C and internal pressure loading. T
specimens have different iodine concentration., Some of the speci
were additionally hydrogenated. Test periods up to 1500 days are
envisaged. The specimens ere helium leak-tested to check for fai-
lure after various test periods. After 400 days no defect occured.
Storage ewperiments with complete spent fuel bundles and with single
rods will assess *the results of the theoretical studies performed.

946




REFERENCES

AL BLB, Fuchs
Brennstabauslegung, Brennelementbetriebserfahrung
VGB-Kernkraftwerksseminar 1976

[~ 2 ] H. Stehle, W. Kaden, R. Manzel
nucl.eng.design, 33 (1975) 155 - 169

[~ 3 _] A.B. Johnson jr.
private communication

' 4 7 H. Baatz, D. Rittscher, K. Janberg
CASTOR-Casks: A New System for Transport and

Storage of Spent Fuel

PATRAM '80, Berlin, Nov. 1980

Cladding Supplier S 2 Different
Annealing s Standard
Recrystallization
Additional Treatment : No
Hydrating
Autoclaving
Hoop Stress : 62 N/mm?
95 N/mm2
Temperature : 100 ¢
’ 300 °c
Iodine Invetory : None

1. 1078 g/cm2

3 . T g/cm®
1+ 107 g/cm2

Tab. 1 Summary of KWU Zircaloy Cladding Storage Program,
Performed as Lab Test
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