
IRRADIATED FUEL STORAGE AND TRANSPORT: A SWEDISH PERSPECTIVE

D. MENNERDAHL
E Mennerdahl Systems, XA0102889
Taby, Sweden

Abstract

This paper gives the views of the author and may not correspond to the views of the Swedish industry or the
licensing authority. The views are based on experience from consultation to the Swedish licensing authority and
from participation in international cooperation, in particular in the OECD/NEA NSC Working Group on Burnup
Credit (ref. 1).

1. LESSONS TO BE LEARNED FROM THE TOKAIMURA CRITICALITY ACCIDENT
ON SEPTEMBER 30,1999

If not before, the Tokaimura criticality accident in Japan on September 30, 1999 should make
it clear to decision makers and criticality safety specialists in the world that the formulation of
defence-in-depth, risk-informed, double-contingency principles etc. are not sufficient for
adequate safety. Adequate understanding of all individual issues of importance as well as of
the total "picture" is required.

Contrary to conclusions in many assessments of the Tokaimura accident, it was not primarily
caused by incredible human errors by the operators or by criminal negligence of licensing
conditions by the company. Such errors and negligence should have been expected, based on
experience from previous industrial operations.

The accident was caused by incorrect safety assessments, in particular the risk assessments.
Not only the plant operator, but also the licensing authority made those incorrect assessments.
Criticality was not considered a realistic event. After the emergency initiation in 1984
(licensing), a long sequence of mistakes was made by the operator and by the authorities. It
seems as if the original incorrect assessments in 1984 were not questioned later. "Criticality
can't happen, don't waste time, money, training or other resources on worrying about it"
seems to have been the conclusion by the operator and licensing authority from the first
incorrect assessments.

The emergency condition at the JCO plant started about 1984 when the license was issued.
Unfortunately, there was no alarm system for this type of emergency. This is a major lesson to
be learned. Criticality safety specialists in the industry and at licensing authorities should
never assume that existing safety assessments are correct without checking at frequent
intervals. The original assessments (methods or application of methods) could be incorrect.
Another accident source is that the real world has changed since the original assessments were
made.

The incorrect safety assessments for the JCO plant must have been the result of lack of
training. Not of the operators but of criticality safety specialists. Incredible mistakes are
frequently made by operators, by plant management, by safety departments, by licensing
authorities and by criticality safety specialists. A trained criticality safety specialist knows
this.
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One of the most promising consequences of the Tokaimura criticality accident is that
communication between plant operators on significant events will be improved (NS-Net in
Japan, NEI in the United States). Also authorities and international organisations
(OECD/NEA, IAEA) will participate in collecting and presenting such information. This new
communication is a recognition that the lack of training of safety specialists was a significant
source for the Tokaimura accident.

Only time will tell if the new interest in better communication on events will help to train
criticality safety specialists. A later section contains some examples of events and of special
designs that could be useful to train criticality safety specialist in burnup credit assessments
and to validate the methods.

2. CAUTION IS MOTIVATED IN INTRODUCING NEW METHODS IN NUCLEAR
CRTTICALITY SAFETY

Burnup credit involves new methods for criticality safety control. Often in the past, criticality
safety specialists have found that incorrect methods have been introduced. Once they have
been introduced, accepted and approved by the authorities, they have often been difficult to
correct. A license application that has been approved once is often used as a template for the
next application. Some of the general limitations may not be obvious during the first
application. All considerations may relate to the current plans only. If the general limitations
of the method are not clearly defined in the first application, it is possible that they may be
neglected later.

Burnup credit requires good understanding of the possible variations in the fuel assembly
isotopic compositions and distributions. There are efforts made by different organisations to
compile such data. Reactor parameters that influence the composition are void, temperature,
pressure, burnable absorbers, position in the reactor, etc. The isotopic distribution varies
within a fuel assembly and between similar positions in different fuel assemblies. Axial and
radial (or horizontal) variations need to be considered. An OECD/NEA NSC Working Group
on Burnup Credit has made various calculation studies during 10 years. Some participants
have drawn general conclusions on methods for burnup credit, but the truth is that real fuel
has not yet been introduced (horizontal burnup variations). Many interesting results have been
obtained, but the subject has turned out to be more complicated than originally expected.

Burnup credit also requires good understanding of potential scenarios in which the fuel
assemblies may be involved. This is an area where past experience could be very important
for safety. It is not enough to have a method that predicts the neutron multiplication factor
correctly in a specific scenario. To be able to evaluate parameter variations, approximations
and incidents correctly, the real fission distribution, energy spectrum, etc. must be modelled
adequately by the method.

To identify all scenarios that could lead to criticality, it is necessary to understand both the
fuel assembly variations and the variations in the volumes surrounding the fuel assemblies.

Validation of burnup credit methods involves not only cross section validation but also
computer code convergence and other tests. Specifications of the fuel assembly history in the
reactor and the resulting fuel characteristics need to be verified.
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Early proposals for burnup credit methods were based on a flat burnup profile model, using
the average burnup for the assembly, in all sections of the fuel assemblies. This is probably
adequate for specific scenarios but not for a general method. The limitations of the flat profile
methods have been noticed during recent years, but there may still be unexpected
complications. The potentially strong horizontal tilts of the burnup in a single assembly were
discovered quite late. New PWR fuel designs with axial burnable absorber zones create other
complications.

3. CREDIT FOR FUEL BURNUP AND/OR FOR GADOLINIUM PRESENCE

Fig. 1. shows how gadolinium credit and fuel (uranium and gadolinium) burnup credit are two
different concepts that may be combined. This figure is slightly modified from a previous
presentation.

eff
Gd credit with burnup control

Burnup credit,
without Gd credit

Gd credit with control
of burnup maximum

Gd credit
without burnup control

Conservative value
• for storage without

burnup control

Gd credit with control
of burnup minimum

Reduced
burnup debit Burnup

L1 L2 L3 Burnup

Figure 1. Gadolinium and burnup credit and control.

4. VERIFICATION OF IRRADIATED FUEL CHARACTERISTICS

It is important to recognize the potential isotopic and geometric distribution variations in
irradiated fuel. The verification methods need to be designed with such potential variations in
mind.

5. STORAGE OF IRRADIATED LWR FUEL

Storage of LWR (both PWR and BWR) spent fuel in Sweden is of the water pool type. This
applies both to the nuclear power plants and to the independent spent fuel storage facility
CLAB. Burnup credit has been seriously considered more than 10 years ago (ref. 2) during the
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planning and design of compact storage canisters for CLAB. A decision was made not to try
to get burnup credit licensed. Instead the canisters were made of boron steel to reduce keff, the
neutron multiplication factor.

Gadolinium credit is applied at the nuclear power plants and at CLAB. This means that some
consideration of possible changes in the fuel (including depletion of uranium and gadolinium
and buildup of plutonium) specifications as a consequence of irradiation is required. However,
no credit is taken for burnup of the fuel. Depletion of gadolinium without simultaneous
depletion of uranium is not considered credible. There is no need for control of burnup.
However, presence of gadolinium rods must be controlled administratively. In the past, rods
have been removed from fuel assemblies at the nuclear power plants. Gadolinium credit is
also applied to fresh fuel fabrication and transport.

6. TRANSPORT OF IRRADIATED LWR FUEL

Transport of irradiated fuel is normally made with the fuel in dry condition but wet transports
have also been made. The most commonly used transport package for spent fuel is French,
with the original safety reports and authority certificates written in the French language.
Recently, some of the allowable contents of the French certificate have been based on burnup
credit. Those contents have not been approved in Sweden and there is no request to get them
approved. The current transport certificate does not take credit for gadolinium in irradiated
fuel.

The French transport package design used for irradiated fuel transport in Sweden has another
feature of interest to burnup credit evaluation. There is a potential for some of the fuel at the
ends to reach regions where there is no boron neutron absorber. The safety reports specify that
the fuel section outside the boron region must not be more than about 15 cm. This type of
evaluation is more complicated if burnup credit is applied. The scenario is similar to the
accident condition that was discussed during Phase LIB of the OECD/NEA NSC Working
Group study on burnup credit.

A peculiar situation has existed during the last year. There has been some discussion in France
on the integrity of the fuel during a postulated transport accident. The package design has been
approved in France on the condition that it is always dry inside, even in the case of a
postulated accident. First of all, this means that there must not be any potential for leaving
water in the package before transport. Second, if there is a transport incident that could result
in fuel damage, the package must not be unloaded in clean water. In Sweden, the normal
procedure is to unload the irradiated fuel in clean water. In France, the normal procedure is to
unload the fuel dry or with borated water. The safety situation is more complicated in Sweden.

7. EVALUATION OF SERIOUS INCIDENTS AND ACCIDENTS

If there is a serious incident that is believed to be a criticality threat, a burnup credit method
could be very useful to assess the realistic threat and to avoid unnecessary confusion. Without
established burnup credit methods, such evaluations are not very reliable. If a criticality
accident has already occurred, a burnup credit method can be used to evaluate how long the
criticality excursion may continue and also how to stop it. It may be important to know if the
fission centre is near the bottom of the fuel assemblies, near the middle or near the top.
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Burnup credit is not currently used to design storage pools or transport packages in Sweden.
However, the knowledge base resulting from national and international studies on burnup
credit is valuable when the potential scenarios and consequences of a criticality accident
involving irradiated fuel are evaluated. Emergency planning is usually based on "beyond
design basis" accidents.

8. EVALUATION OF REAL SAFETY MARGINS

Both the authorities and the industry in Sweden have shown interest in determining the real
safety margins and the real risks for irradiated nuclear fuel storage and transport. There are
probably several different reasons for such interest. Information to management, safety
departments and to the public is one reason. Another reason is that realistic safety margins and
risks can be used to assign priorities to safety controls carried out by the authorities and safety
departments. Often the evaluation of real safety margins and risks are carried out informally
using methods that are not validated. Burnup credit is necessary to evaluate real safety
margins and risks in the storage and transport of irradiated nuclear fuel. The lessons learned
from burnup credit studies during the last 10 years show that the previous informal
evaluations of real safety margins and risks were not adequate in a non-conservative direction.
An incorrect risk assessment can lead to loss of respect for formally established safety
controls.

9. COLLECTION OF SCENARIOS AND EVENTS OF IMPORTANCE TO VALIDATION
OF BURNUP CREDIT METHODS

To evaluate the general suitability of a proposed burnup credit method, it is essential to have a
number of typical scenarios available. This will help in determining the limitations of the
method.

The typical scenarios could be based on past experiences, on postulated events or on design
variations. Some examples follow:

1. BoraFlex Panel (BFP) shrinking in storage ponds. Gaps up to 15 cm have been noticed
in the neutron poison sheets. A common problem at many nuclear power plants in the
United States,

2. Axial regions without boron in transport packages. Administrative errors or transport
accidents could lead to this situation in the packages used for transport of irradiated fuel
between Swedish nuclear power plants and the central storage facility CLAB. The
package design is also used in other countries,

3. Monte Carlo source convergence problems. A local variation in a very large storage
pond (CLAB) was not seen by the computer code due to insufficient sampling.
Overlapping of the top part of a stored canister with the bottom part of a canister in
transfer involved about 60 cm length of active fuel. The neutron multiplication factor for
the pool was determined by only four fuel assemblies. With burnup credit the increase in
the multiplication factor would have been much larger due to axial and horizontal
burnup distributions,

4. Insertion of a single fresh fuel assembly in an array with irradiated fuel assemblies. This
is a common requirement when there is a potential for administrative errors. A modern
PWR fuel design with no Gd in the end zones (up to 40 cm long) could be the worst
case,
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5. Removal of all fuel rods with Gd from a large number of fuel assemblies (a complete
reload) was made at a Swedish reactor at Barseback about 20 years ago. The Gd rods
were suspected to have some deficiency. This was at a time when Gd credit was
considered but not yet accepted. During discussions on licensing of the spent fuel pool
about a year earlier, removal of a large number of Gd rods had been considered very
unlikely.

10. CRITICAL EXPERIMENTS IN SWEDEN

Sweden has benefited from the publication of experimental specifications from many other
countries. As far as I am aware, Sweden has not contributed with such specifications. Many
critical experiments have been carried out in Studsvik, Sweden. Some of them are quite
unique and involve specifications that are of interest in validation of irradiated fuel storage.
The experiments were made with fresh fuel, but the temperature and void reactivity
coefficient measurements at the KRITZ facility could be useful to validate both static and
transient methods. It is now 25 years since the facility was closed and it is a good time to
release the commercial protection of the specifications. Hopefully, the specifications are clear
enough to allow them to be used as benchmark problems for nuclear criticality safety even
though that was not the major purpose of the experiments.
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