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-New or Improved Computational Methods
Nodal- Transport- Monte Carlo
-Advanced Software for Reactor Design and Management
-Benchmarks and Validation of Code
-Nuclear Data
-Advanced Reactor Design
Fast- Thermal-Research-Reactors
Any Reactor closely related with new Fuel Cycle
-Experiments, Measurements, and Analysis
-Perturbation and Sensitivity Analysis
-Pu Recycle
-Pu disposition
-Transmutation
-Fuel Management
-Kinetics Methods, Codes, and Experiments, Transient Analysis
-Reactor Operation Performance
-Criticality Safety
-Neutron Beam Utilization

-Artificial Ihtelligence and New Computer Architecture
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AMERICAN NUCLEAR SOCIETY
INTERNATIONAL CONFERENCE ON
MATHEMATICS AND COMPUTATION,
REACTOR PHYSICS,
AND ENVIRONMENTAL ANALYSES

PORTLAND, (May 1-5, 1995)

INVITED LUNCHEON SPEECH

M. SALVATORES
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Desplte maturity In reactor physics and in the related applied
mathematics domain which has given rise to effective
calculation tools for industry, new developments are underway
to improve the models which describe the typical complexity of
a non-conservatlve system.

Super computing Is the frame for thess developments, and
often also its driving force : however, systematic experimental
validation is still essentlal, although in danger due to decrease
in funding. Innovative vs fashlonable approaches are also to
be aimed at.

The difficulties experienced in other fields (e.g. nuclear data)
should warn on the challenges to keep alive an effsctive
expertise in a strategic domain for the future of nuclear energy.

1. MATURITY AND NEW CHALLENGES IN REACTOR
PHYSICS

If we look back to the last twenty years, the trend in the
development of reactor physics has been, after having
reached a remarkable malturity in basic phenomena
understanding, to develop reliable tools for industry.

The challengé has been to apply quality assurance
principles to these developments, 1o enlarge data bases for
validation and to provide robustness 1o these tools.

Besides, there has been a new wave of theorstical
developments. A few examples will be enough to confirm
this statement :

» the development of generalised periurbation theories in
the seventies-eightiss,

* the new developments In the theory of the diffusion
coefficient by Gelbard, Deniz, Benoist, Fischer and
others,

* the development, stili underway, for the ultra fine

energy treatment of resonance self-shielding in
heterogeneous lattices.

44-20

Theoretical developments, but also new calculational
methods such as :

» the generallsation of nodal methods,

* the three-dimensional treatment of the deterministic
transport,

* the new development In Monte-Carlo methods to
handle core problems and full energy treatment of the
resonance and high energy domain,

« the new advanced thermohydraulics methods, and the
coupling with neutronics, critical flux and turbulence
treatment, the development of new sensitivity and
uncertainty analysis and its application to safety
analysis.

Some Investigations have been made in new fields, such
as stochastic transport theory, or chaos theory and its
application to the analysis of BWRs stability.

Finally, new applications are envisaged at the frontier with
other disciplines, such as the transport and migration of
radioactive nuclei in the geologic environment of a waste
deep storage.

A.MAJQB.EAQI_QB_LSQEEBQQMMMQ
A major factor has been the new computer generations
development. Super computing has been the frame for

these developments. | would say that it has been its driving -
force too.

To illustrate this point let me make an example. Late in the
seventies an attempt was made in the frame of the OECD
Nuclear Energy Agency Commitles for Reactor Physics, to
promote  an Infernational  benchmark for a
3-Dimensional kinetics calculation intercomparison related
to time-transient - configurations of LWRs. This attempt
failed at that time, essentially for lack of sufficient
participation.

A new attempt in the early nineties has been on the
contrary a major success, with a large International
participation of R and D organisms and industries. A
classical rod-gjection configuration description gives rise to-
day to spectacular visual images related to the post-
treatment algorithms of powerful kinetics codes.
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3. ATREND :WILL IT CONTINUE 2

Will this trend for development continue in the next
decade ?

The answer Is : probably yes, for the following reasons :

« the Industry-oriented tools can become even more
effective, with improved user friendliness,

e the trend to reduce approximations Implies the
reduction of lo-day's margins and this in turn Implies
improved economy,

» better answers can be given fo safety issues,

« Improved adaptability is required to new problems and
potentlal new requirements related to innovative reactor
concepts.

There are a few indications of this continuous trend :

at some Institution, a new generation of computer
codes Is-being planned (for example in the field of
neutronics) to cope with the probabie evolution of the
computer environment of the year 2000 and with the
more tlght requirements In terms of qualhy, portability
and reliability of the code systems at that time horizon.

The trend, as | said, Is probably there, but | do not think
that it Is all the story.

In particular, will reactor physics development in the next
decade be essentially focused on the "computing™ reactor
physics aspects ? The typical complexity of the non-
conservative systems which are the object of investigation
by reactor physics, does it still require innovative
approaches to understanding. Does it still require
experimental verification ?

44-21

4. THE NUCLEAR DATA FIELD EXAMPLE

Before altempting an answer to these questions, let me
turn to a differsnt fisl” to see if there are lessons to be
lsarned.

And let me make a flashback to the International
Conference on Nuclear Data and Applications, held in
Washingtors DC in 1975 {I st remember the remarkable
contribution of Eugene Wigner at the roundtable on
accomplishments and future trends, a little bit disappointed
since he was missing "crazy ideas”).

The Nuclear Data domaln was an area of scientific
maturity, but at that same fima its success gave rise to a
sense of changing of priorities and no urgency was seen in
a further development (and funding) of nuclear data
activities.

At the middle of eighties, new challenges, partly
unexpected, parily due to new requirements for new data or
for reduced uncerainties, generated some attempts 10
inverse the trend for declining interest.

Today, even industry in some country begins to worry of
the loss of expertise in the nuclear data field and some
steps to revive it are taken.

In the meantime however, experimental facilities have been
closed down for lack of funding and most expertise is gone
with them. We rediscover today that to inject new blood, it
is necessary to launch the tralning of new scientists before
all expertise will be lost. And we discover also how difficult
it is to motivate young scientists in what is a long training in
a shaky environment in terms of clear commitments and
funding.
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5. BEACTOR PHYSICS AND EXPERIMENTS

In reactor physics, there will always be, in my opinion, the
need for simplified methods, both for design needs or for
survey of new ideas and concepts. In this respect, !
remember that Pelerls has written somewhere In his book
"Surprises In Theoretical Physics®, that *... a simple-minded
approach which does not probe too deeply gives for most
purposes lhe'right answer... This is not an uncommon
situation, which Wolfgang Paull liked to call the law of
conservation of slopplness”.

We need to understand the physics with simplified models
but we definitely need both validation against more
sophisticated analytical methods and against experiments.

As an example, when wa lock at the coolant void reactivity
coefficient in a PWR with mixed UPu oxide (MOX) fuel, we
think that we understand the physics, but when one says :
due to the physics of Pu behaviour in a MOX PWR lattice,
wa have to limit the Pu content in the fuel to, say, 10 %,
safety authorities will certainly ask for the experimental
evidence to do so.

11

Or if one envisages 1o use new burnable poisons (like
Erbium) in a PWR lattice to optimise the irradiation
performances, exparimental validation Is needed, to cope
with Incomplete knowledge of new materials basic data.

In a different field, when weapon-Pu disposal is envisaged
in new reactor cores which use Pu w/o U fuels, who will
trust even sophisticated calculations to demonstrate the
safety characteristics of these cores without some
experimental validation ?

If we want to optimise the storage of irradiated fuel in
existing facilitles, criticality-safety calculations will benefit
from sophisticated Monte-Carlo methods, but in the
meantime extended’ validation experiments have been
planned and are performed in several countrles.

New Ideas are being developed to handle the back-end of
the fuel cycle. New reactor systems are proposed to
minimize fusl cycle radiotoxiclty risks.

An example is the class of hybrid systems based on the
coupling of a particle accelerator and a subcritical fission
reactor. :
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As you all know, one of the promoter of these systems is
the Nobel prize winner Carlo Rubbla. After one-two years of
debates, he has set up a limited demonstration experiment
(at CERN in Geneva) that, significantly enough, he did call
*FEAT", and he Introduced a first seminar to announce the
experimental results recalling that "the proof of the pudding
Is... In the heating I".

More experimental validation is certainly needed for these
psculiar source-driven subcritical systems : will we have
available the necessary experimental facilities and the
associated fundings ?

Nothing is less assured. In fact, in front of these needs,
which will very probably continue to arise, we have been
experlencing a dangerous trend to close experimental
facilities for zero-power integral experiments. Cost-benefit
analysis are more often required before new funding
decisions are taken and all of us know how difficult it is to
establish this type of analysis on sound basls.

Safety requirements are becoming at the same time more
stringent and, when applied to ageing installations, they
can induce new costs and burdens.

13

Moreover, there is a problem of continuity of expertise and
of scientific development in experimental techniques.

To cops with the requirements to improve reactor
performances and to reduce operation margins, the focus is
on the reduction of uncertainties on physics parameters. As
we have seen, a first step is certainly related to the
elimination of method approximations and to the
development of more sophisticated models.

But we will be left with the problem of the limited knowledge
of nuclear data and with the inherent experimental limitation
of basic microscopic cross-sections measurements.

Integral experiments can supply the missing information, at
the condition that their accuracy be comparable or better
than the target accuracy on the physics paramelérs for
which an improved knowledge is required.

To achieve this result, only high accuracy integral
experiments will be useful.

ERs
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A high accuracy integral experiment, will need the use of
Improved and sometimes Innovative experimental
techniques to meet the requirements. You have a good
example of this approach in a paper presentated at this
conference on delayed neutron Integral experiments and
thelr analysis.

The message Is clear: it Is difficult to conceive reactor
physics (as any other applled physics field) without a sound
experimental actlvity In support of it.
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6. INNOVATIVE VS FASHIONABLE APPROACHES

Let me turn now to what | have taken up to now for
granted : we can improve our analytical tools, taking
advantage of the spectacular development of computer
software and hardware. Super computing, parallel
computing etc. are potentially transforming our approach to
physlcs problems and our methods of work.

However, are there evident guidelines to streamline the
Improvement of theorstical reactor physics msthods
towards a kind of "adaptation” (in a sense) of physics to the
new computer environment ?

Should one use the paradigms imposed by a kind of
“utilitarian science” approach ?

This Is general problem of to-day scientific development,

anditis encountered in many other fields and disciplines.

For its opening Issue of 1995, the "Nature” magazine has
chosen to deal with this type of problems.
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In an article with a title concelved in the form of a question :
"The year of ulllitarian science ?°, the authors stress the
limltation of the "utilitarian® approach. They argue that the
implementation of a stuctly utllitarlan approach® will prove
more difficult that its advocates believe” and they add that
“the danger that the effect on young people already (and at
least In the West) uncomforiably unwilling to foliow
technical careers, could be even more damaging”.

This last statement seems to me of particular value for the
scientific disciplines related to nuclear energy.

If the ‘utilitarian” paradigm is to be taken with care, it
seems that an innovative approach to the theoretical and
analytical development of reactor physics should be
favoured.

In this respect, however, | think that a clear differance
should be made between true "innovative™ approaches in a
scientific discipline (like reactor physics) and "fashionable®
approaches.
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As far as innovative approaches one of my favourite
examples is taken from the remarkable book of d'Arcy
Thompson™ On Growth and Form", originally published in
1917 and which retains still today its relevance.

D'Arcy Thompson in a chapter devoted to "falling drops”
remarks that "to let a drop of ink fall into water is a simple
and most beautiful experiment... The descending drop turns
in a complete vortex-ring ; its expands and attenuates ; it
waves about elc”.

But "Instead of letting our drop fall freely, one may use a
hanging drop, which while it sinks, remains suspended to
the surface”. The text goes on with a marvellous intuition :
"the figure so-produced is closely analogous to that of a
medusa or Jelly fish".

And "not only do we recognize in a vorticoid drop an
analogue of medusoid form, but we seem to be able to
discover various actual phases of the splash or drop in the
all but innumerable living types of jelly fish...™.

D'Arcy Thompson adds that "of course it is hard 1o say how
much these analogies imply but they indicate how certain
simple organic forms might be naturally assumed by one
fluid mass within another, when gravity, temperature,
chemical composition etc., play their part”.
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18

How often do we play in our daily research work with “drops
and medusas" ?

It is only a pure academic point of view ?

In this respect, | think that chaos theory and fractals
applications In reactor physics seem to point to the right
direction.

Moreover, are we sure to have fully exploited the potential
of eigenvalue separation measurements In a large
dacoupled core ?

The full description that we have developed of the reactor
as a non-conservative system by means of adjoint systems
and neutron importance functions, could it be applied to
other non-conservative systems ? And can we learn more
from the behaviour of these different systems ?

To conclude on this particular point, and to put in the form
of an allegory the potential risks associated to the
combination of rutilitarian science” and "fashlonable”
approaches, let me tell you the theme of a story of Arthur
Clarke about the nine billion names of God.

18

A community of Tibetan monks is devoted since many
centuries to the task of writing down the 9 billion names of
God, at the end of which, the world will be accomplished
“and will disappear.

The task is obviously cumbersome and the monks, tired at
last, ask for help IBM software enginesrs.

The task is completed in few months. But suddenly the
promise of the end of the world Is realised, and the IBM
techniclans discover with dismay, that during their night trip
back to the valley, the stars are disappsaring one after the
other in the sky.

Clearly, the monks had chosen an utilitarian approach,
looking for the fashionable to cope with it |

The lesson can be that, having forgoﬁen the sense of the
original task, no room was left for a sensible and innovative
approach!
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7. AFEW CONCLUSIONS

My conclusion is that to keep alive experimental facilities
for reactor physics development Is an urgent priority and
also that there Is a need to explore multidisciplinary and
innovative approaches.

But both these points indicate a third domain of relevance
to maintain alive reactor physics and related disciplines.

1 mean hers the adequacy of training and teaching of young
reactor physicists within Universities and Research and
Development Institutions.

It has always been an indication of vitality, the fact that for
a particular discipline the teaching metheds and contents
were adapting quickly to new needs and directions in the
application field.

Moreover, it seems to me that efforts In the training and
teaching domain cannot be afforded by a country in
isolation. Reactor Physics schools are decreasing in a
dangerous way and international cooperation seems to me
to be the only valuable way to go.

21

The exchangs of teachers and post-doc students should be
organized and fostered, as the set-up of international
courses to favour not only the exchange of experiences ‘
and approaches but also to provide a wider range of
opportunities for young reactor physicists.

Moreover, the international cooperation can trigger the
establishment of "centers of excsllence” (from nuclear data
to applied mathematics), which can achieve a better
visibility in front of policy makers.

| am sure that much can be accomplished in this way to
keep the highest scientific standards throughout the reactor
physics community, having in mind that these high
standards can only be achieved if the true objective of our
activity Is more than technical accamplishment ; that is, if
our objective is true understanding. And, to quote Roger
Penrose, "understanding Is, after all, what science is all
about - and science is a great deal more than mere
computation”.
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