











ization of target material due to energy dissipation
of the projectiles in the target during bombardment;
thin films are usually poor heat conductors. Actu-
ally only one projectile in millions “reacts” with a
target nucleus; the other particles merely pass
through the film without significant interaction
and minimal energy loss. Targets in thin-film
form are necessary to permit reaction products,
such as scattered projectile particles or recoil nuclei,
to be emitted from the target without significant
change in their energy or direction.

The dream of every accelerator physicist is to
have an exactly countable number of atoms of a
single nuclear species, only a few atoms thick,
spread over an area at least ten times as large as
the area bombarded by the projectile beam. With
this arrangement nuclear interactions could be
studied with perfect resolution. Of course this is an
unrealistic condition, but such perfection is the goal
of the target fabricator; every effort to produce such
a target is made so that the most meaningful re-
sults in this very important realm of nuclear physics
research can be obtained.

To prepare thin films one depends on the physical
properties of the material itself to hold the atoms
together in a regular array. Such a film must with-
stand the stresses and strains induced by thermal
fluctuations, pressure changes, and other severe
environmental conditions to which it may be sub-
jected within an accelerator. Since dissimilar nuclei
are many times undesirable and reaction products
emitted both in the forward and back directions
from the target must be observed, target films are
frequently made self-supporting, that is, they have
no backing material holding them together. The
cohesion of the target atoms alone must provide
support for the film, as in a soap bubble. Many
techniques of chemistry, physics, and metallurgy
have been used in achieving sufficient film strength.
Procedures such as vacuum evaporation, electro-
depeosition, chemical vapor deposition, mechanical
rolling, and sputtering have been employed.

In 1961 when I first arrived on the target prepa-
ration scene, the technology was in its infancy and
centralized target fabrication was mostly of local
interest. Four years earlier the first serious attempt
at organizing such a function had been made by
P. S. Baker and Ed Olszewski as a service to the
physicists at the High Voltage Lab. In 1960, after
three years of activity in this field, the fact that this
function was of value to nuclear and solid state
research on a local, national and international
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basis was recognized by A. F. Rupp and A. H.
Snell of ORNL and T. R. Jones of the AEC’s Division
of Research. More emphasis was placed on this effort
by adding three technical staff members and three
technicians. Consolidation of isotope research
sample preparation within a division whose per-
sonnel were experienced in handling valuable
isotopes seemed a most expedient method of achiev-
ing the best service in the shortest period of time.

Reassignment of personnel eventually resulted
in B. J. Massey directing the efforts of this modest
activity under the supervision of E. Beauchamp.
At that time (1961) the Isotope Target Laboratory
had as its assets five major pieces of equipment and
the liability of little experience. After all, where
could one develop experience in preparing films
that were sometimes difficult to see, almost too
thin to handle, and made out of materials that
most chemists had only read about in books? By
1962 some development efforts were in progress
to fabricate more difficult samples and achieve more
precise control on sample characteristics. When
Massey retired the direction of the program fell
to me.

Rolled Foils

Two techniques of thin film preparation were soon
found to be the most important because of their
versatility. These techniques were the rolling of
metals and the vacuum evaporation of elements and
compounds with subsequent condensation of vapors
in film form on surfaces from which the film could
be stripped.

Rolling of metals is an age-old technique used
to produce foils of malleable elements by squeezing
between revolving hardened cylinders. Aluminum
kitchen foil is an example of the value of this tech-
nique. Although metallurgical textbooks very in-
frequently refer to forming foils of thicknesses less
than 0.002 cm, it is this realm of thickness that
forms the starting point for the rolling of accelerator
target foils. The beauty of a rolled metal foil is that
its physical characteristics closely approach or are
identical with those of the bulk metal.

For ductile metals such as iron, copper, and nickel,
cold rolling (i.e., at room temperature) is usually
no problem and, of course, isotopes of these metals
can be easily formed into targets by this process.
However, not all elements are so cooperative. Many
are highly reactive to atmospheric gases; some are
soft, causing them to stick to the roll surfaces; still
others are so brittle that they crack under the pres-































This issue of the Review introduces a book review section. Alex Zucker, associate director of the
Electronuclear Division, has written book reviews for Physics Today and The Nation, and honors
the Review by consenting to take charge of its Books column.

The first reaction is revulsion. After all we are
each an individual, all our traditions teach us that
this individuality is to be nurtured and prized above
all else. Just because we are different from everyone
else, we are valued for ourselves alone. If I were
married to one of 40 editions of the same woman, it
would take a great deal to convince her that I love
her for herself alone, and that the other 39 of her
clone leave me cold. And possibly they would not
leave me altogether cold. On the other hand, cloning
is a form of immortality. If your genetic material
survives intact, is death of the somatic exostructure
a calamity? Many people now feel that they survive
in their children; how much more desirable would it
be to be immortalized in one’s clone? And this raises
the immediate question—who gets cloned? Are
there competitive examinations, review boards,
fixed criteria, or supercomputers to select the
immortals?

We see from this one example that biological dis-
coveries raise profound questions in the social
sphere. There are legal, ethical, and sociological
aspects in such developments that are far more
urgent than similar questions raised by discoveries
in the physical sciences. And what makes the matter
so serious is that the new biological discoveries are
nearly upon us, perhaps two or three generations
away, and that we are not even making any moves
to cope with them. The biological time bomb is
ticking, Taylor would say, and we continue to sit
blithely on top of it.

There are some exceptions to this generalization;
not everyone is phlegmatic. Gerald Feinberg has
recently written a book, “Prometheus,” in which
he advocates that people start thinking now about
setting up international juries to deal with the
immense social questions involved in attempts to
improve the human race. There seems to be no
question but that we will soon be able to engineer
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improvements in man himself, yet Feinberg’s book
has met with an astonishing amount of apathy and
antagonism, and only sporadic applause. Certainly
he has not yet moved mankind to any concrete
action. Society faces future problems only reluc-
tantly, first because current problems are pressing
in on all sides, and second because so many problems
envisaged for the future never really materialize.

Taylor has a little list. In the immediate future,
say the next 20 years, he sees the following develop-
ments in human biology and medicine:

1. Transplantation of organs and perhaps limbs.

2. Tampering with the procreative processes. This
includes, besides birth control, the manipulation
of sperm-egg combinations such as test-tube fertili-
zation of ova, choice of sex, ete.

3. Ability to postpone clinical death. Here we deal
with the evergrowing capability of medical science
to keep a moribund person from crossing the bar.
The question is raised: How much effort is to be ex-
pended to keep any one person alive, when it is
clear that death is only being kept at bay and recov-
ery is impossible? Are some people worth a greater
effort than others? I am sure that the medical tour
de force marshalled by Soviet medicine to keep
Nobel Prize winning physicist L. Landau alive after
a car accident is not routinely available to Ukranian
peasants.

4. Drugs that modify the mind. One learns a great
deal about mind expanding properties of halu-
cinogens in connection with the current drug prob-
lem. It seems possible that drugs will be developed
to enhance intelligence, to regulate such emotions
as aggressive behavior in criminals, and perhaps to
erase significant parts of an individual’s memory.
For those who recoil from this kind of possibility
Taylor provides reassurance in the form of a quota-
tion by J. O. Cole, Chief, Psychopharmacology
Service Center, NIH:
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“I consider it unlikely that current methods can be
used to develop a new drug with any specific and
reliable effect on either the freedom or the control
of human mental processes, although I confidently
expect that new types of drugs with different effects
on brain functioning and behavior will be uncovered
by present drugs development methods. . .. The
difficulties appear to be well-nigh insurmountable.”

—Still, the possibility remains, and if not in
twenty years, then in a hundred and twenty, man
will be able to tinker with brain functions.

5. How long will it be before man can create
life? In a sense this has already been accomplished
in 1965 by Spiegelman at the University of Illinois,
who put together non-living nucleic acids to pro-
duce a virus which could go on and multiply indef-
initely. The crucial step in this line of development
is the ability to design viruses to our specifications.
These can then in principle modify the DNA of the
host organism and thus lead to genetically new
species.

Further in the future, but definitely possible in a
generation or two are:

1. More precise methods for control of the brain
including extensive mind modification, enhance-
ment of intelligence in man as well as animals,
memory editing.

2. Extension of life. This is a broad category that
deals with the possibility of induced hibernation or
prolonged coma, where for example an incurably
sick person is put to sleep until a cure is developed
for his disease, when he is revived, cured, and pre-
sumably presented with such a whopping bill that
he will drop dead on the spot. Along similar lines
Taylor predicts real prolongation of life, which
means an extended span of youthful vigor physically
and mentally. In the next few generations a start
will be made on organ regeneration in humans, and
the development of cloned mammals.

Beyond the two-generation limit lies pure spec-
ulation. But Taylor likes to speculate and he pre-
dicts such diverse inventions as disembodied brains,
synthesis of complex living systems, gene insertion
and deletion, brain links with other brains, with
computers or directly with machines. Predictions
over a long time span evidently lead to the land of
science fiction, mainly because they cannot foresee
completely new developments which then deflect
science into completely unexpected paths. )

It is easy to ridicule Taylor’s time bomb. Most of
the things he foresees in the next few years won’t
come to pass. The economics of some processes are
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clearly prohibitive and likely to remain so for the
next few generations. The road from knowing some-
thing in principle to perfected engineering practice
is long and rocky. Many things never make it, viz.,
the transmission of power by radio waves. But to
judge the book as a try at revealed prophecy would
be to miss the point. Taylor’s time bomb is ticking if
only a fraction of the biomedical inventions is per-
fected. It is ticking even if he has erred by a factor of
three and the things he predicts by the year 2000
don’t come to pass until the year 2050. After all, our
children’s children will be alive in 2050, and the de-
cisions we make, or more importantly the decisions
we fail to make now, will crucially affect their lives.
His point is that the time bomb is ticking and man-
kind blithely ignores it. The moral questions, the
legal questions, the immense social consequences if
even a few of his predictions come true are stag-
gering. And where are we now? In the gaslight age
so far as the relationship between science and
society is concerned. At the moment it seems to be
impossible to decide whether a child born as a result
of artificial insemination is legitimate or not. With
the legal profession thus foundering in the shallows,
what will happen when the heirs of a man who
died of coronary failure sue a large hospital for
$1,000,000 because a new heart was not trans-
planted in time. Soon life-extending methods will
be practical. Youthful vigor may last to the 120th
year. What are the consequences to our labor mar-
ket? Yet another question is raised when we con-
template tinkering with brain functions. What
happens if everybody’s IQ can be raised to 150 by
artificial means? Who decides to go ahead, and what
kind of a world do we create this way?

The point is that biomedical research is pro-
gressing at an ever accelerating pace. If we are
unprepared for the impact which is sure to come,
there is the danger that a complete moratorium on
science will seem like the only answer by a bewil-
dered electorate. On the other hand, it is possible
that democratic institutions cannot survive in a
world where elites can be created at will, and where
they can maintain themselves indefinitely by pre-
empting the benefits of science for themselves, and
keeping the majority of people in thrall by workable
methods developed by the scientists in their employ.

The explosion in the physical sciences we have
witnessed in the past 100 years has changed the
world, the explosion in the biological sciences
threatens to change man himself. Should we not
now take notice?
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a large stainless steel form, or “mandrel,” fabricated
to the necessary dimensions, highly polished, and
inserted in the prepared cylindrical glass tube.
Once the ends were suitably formed, the whole rig
was transported to the Y-12 foundry, where there
was an oven large enough to accommodate it. There
the glassblowers would attach external vacuum
pumps and increase the heat in a programmed
sequence. The glass tube would shrink to the man-
drel, be cooled, and then be returned to ORNL,
where the mandrel was removed from the tube and
the tube finished and annealed. It was a whale of a
job!

Quite a few heavy challenges came through the
shop in those days. John Dabbs and Louis Roberts of
Physics Division came up with a special require-
ment for an integrated set of double helium-nitrogen
Dewars that would try the patience of a saint. They
wanted the largest possible liquid helium and
nitrogen reservoir volumes, but with the four-inch-
long working end to have an OD of no more than
16 mm and an ID of no less than 10 mm. Within
this space there had to be four concentric tubes,
each four inches long, sealed one within the other
and yet free of contact, strong enough to withstand
partial pressure of 107 torr, yet with very thin
walls. Lester Norman did a fine job on it and then
went on to silver coat the Dewars with a clear view-
ing strip left on. The tip tubes were all hand drawn
to specific diameters.

Through this period the glass shop was adding to
its staff in order to handle the heavier work load.
We hired O. J. Kingsbury, who has since left, and,
pleased with our success in training Mellon, Nor-
man and Epperson, we got Paul Hatmaker, Bill
Vermillion and Gilbert McKinney in as trainees.
Our optimism proved to be justified.

Not all our bright ideas turned out successfully;
occasionally we would stub a toe. In the early 1960’s
an engineer from the Reactor Division wanted a
transparent model of a reactor which would allow
him to study the characteristics of coolant flow
around the fuel rods. He hedged his bet by putting
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work on this into both the Y-12 and X-10 shops.
He needed a piece of hexagonal tubing of very pre-
cise inside dimensions to contain the model rods,
plus a round cylinder with an expanded dome like a
bubble on top of it. The dome was to have a conical
depression in its top in order to divert the upflowing
coolant equally along the inside surfaces of the
dome. It became obvious to us that a carbon mandrel
would be needed on which to form the dome. The
Special Materials Machine Shop turned out a mag-
nificent carbon form, exact in dimension to the
specifications of the prints and with allowance for
the calculated heat expansion of the carbon. In the
meantime, the Y-12 shop was working on the hex
tube, a job they whipped by drawing a tapered
hexagonal mandrel through a five-inch, medium-
wall, pyrex tube of the type used on blueprint
machines. The result was perfect. On the other
hand, the intense heat needed for our forming proc-
ess caused the glass to devitrify, a change which
destroys its transparency, and this turn of events
effectively killed our job. At about that time the
customer relaxed his requirements, and the Y-12
shop finished up a dome by normal glassworking
technique. Win some, lose some!

The early days of the transuranium separation
project in Chem Tech caused a few headaches for
Elder Mellon and Lester Norman. All of the glass-
ware that was produced for that project, called
Truex, was done by these two men, and they held
up nobly under the disappointments of breakage
and the strain of specification. Whenever several
parts are required as spares for in-cell operations,
they must be exact duplicates of the part they may
replace. In this age, when precision of fabrication is
taken as a matter of course, the bench glassblower
is somewhat beleaguered by such requirements,
since his is primarily an art in use of the eye, the
hand and the flame, and also because glass grows
and shrinks considerably and with varying pre-
dictability as its temperature changes. Many of the
parts in Truex were mounted on rigid aluminum
racks from which stopcocks and other parts were
further held in place within aluminum cups, which
were filled with epoxy cement around the stopcocks.
This kept them from breaking when the taps were
turned on and off by slave fingers. Elder and Lester
were on this job for the better part of a year, never
worked a bit of overtime on it, and met all schedules
required.

In 1961 it was decided that the shop required
enlargement in order to improve the quality of its

21




services as well as meet the greater work load com-
ing in, and to handle the more diverse types of work
being requested. The expansion took in part of the
chemistry machine shop and extended into space
previously occupied by parts of the Analytical
Chemistry Division. With this expansion the ORNL
glass shop became the largest in the Southeast: in
floor space, in machinery, and in manpower. At
about this time Bill Ellenburg joined us from Y-12
and K-25.

In the process of remodeling, we gained a new
picture window into the corridor which, as rumor
has it, was Lab Director Weinberg’s idea. Who-
ever’s idea, it serves well as a physical barrier to
invasion by mere spectators, yet allows full visibil-
ity to them from the hall. During several Open
House ceremonies here it has provided the perfect
buffer for crowd control and safety while affording
maximum satisfaction to the visitors’ curiosity and
interest in the shop’s operations. Visitor comment
seems always to be about the same, the most com-
monly heard remark being, “Golly, that looks like
interesting work!”

When the ORNL Fabrication Department accepted
control of the Y-12 glass shop early in 1963, we
proceeded with plans to integrate the two shops.
We had as our purpose increasing the service
possible to both plants. With this shift we gained Ed
Greeley, Jim Kerns and Dave Creigh. This has
allowed manpower exchanges when needed to meet
the fluctuating demands of the two plants, and also
helps to keep all of our glassblowers up to date in
the different technologies required to satisfy the
widely differing requests that come in.

Along in late 1965, I happened to learn the Oak
Ridge Associated Universities (then ORINS) was
conducting a study on skilled manpower needs in
the Southeast under the auspices of the Department
of Health, Education and Welfare. Wendell Russell
at ORAU was the man in charge, and I called him
one day. It seemed that Wendell had come up with
some facts that showed there was a serious shortage
of certain skilled workers in the area, including
glassblowers. He asked if I would be interested in
getting a glassblowing course together for them.
I agreed, subject to the Laboratory’s ok. At the
same time, the Board of Directors of the American
Scientific Glassblowers Society authorized me to
cooperate with ORAU in any manner needed to set
up a curriculum in glassblowing. Earl Longendorfer
obtained the necessary tentative approvals for
Laboratory participation and we took off. By this
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time the Office of Economic Opportunity under
HEW had set up the needed funds and apparatus
for its Training and Technology (TAT) program,
under the combined auspices of OEO, University
of Tennessee, ORAU, AEC, and Y-12, where the
school was to be located. We trained people who
were between 18 and 40 years of age, and ninety
weeks later we had graduated 26 glassblower
trainees, many of them women, who were snapped
up by glassblower employers. These men and women
are now well on their way in a useful career that
promises them a good possibility for continued,
above average income. Winford Spangler, son of
Ott Spangler in Chem Stores, was one such trainee.
He joined us in late 1967 and is now in our Y-12
shop. Ed Greeley and Bill Vermillion participated
fully in this teaching program. I consider it one of
the most fulfilling jobs I've ever had.

Glasswork at the Y-12, Biology, and ORNL shops
differs greatly in type. Our Y-12 shop has always
had to deal more with large forms and repetitive
work simply because of the customers it serves.
Ed Greeley and the others in our Y-12 shop have
always shown an inventiveness and willingness
helpful to our customers. They are expert in the
fabrication of square and rectangular plate glass
boxes, something any glassblower will tell you is
tricky business. Their developments in swaging and
die drawing techniques have been adopted in all of
our shops. Biology tends to the smaller, more del-
icate jobs, and with constant revisions, since all of
the work is experimental, although there may be
some repetitive work when a design is finally tied
down as applicable to a general type of experiment.
Glassware conceived and fabricated in the Biology
Division has, on occasion, found universal appeal.
Biologist Jack von Borstel came up with two ideas —
one for a wasp anesthetizer and another for a cover
slip holder, both of which have been widely copied.
In fact, the anesthetizer is now commercially avail-
able. Norman Anderson, an enormously prolific idea
man, designed for his MAN Program the first
centrifuge tube ever to have a wall taper parallel to
the lines of centrifugence, resulting in very sharp
and straight gradient lines within the tube. He and
his group were later to come up with the beautifully
simple liquid gradient device which sharply reduced
costs for such equipment.

At ORNL itself we find subtle changes in work
needs through the years. More and more of our
fabrications are of fused silica now that ultraviolet
and high temperature effects are coming under
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Clarence and Jane Larsonand | were having dinnerinthe Herceg-
Novi Yugoslavian Nuclear Center when the phone rang: Belgrade
calling Dr. Larson. Five minutes later a slightly overwheimed
Dr. Larson returned to the table: “That was the Associated Press
in Belgrade. President Nixon has just sent my name to the Senate
for confirmation as a member of the Atomic Energy Commission”.
Dr. Moljk, President of the Organizing Committee of the Third In-
ternational Conference on Science and Society, broke out a bottle
of Serbian champagne and we all drank to the Larsons’' success
and happiness in their new life in Washington.

This was the most dramatic moment of the conference. But
there were others. This, the third conference, is the product of a
quite unlikely collaboration between Oak Ridge and the Yugoslav-
ian Nuclear Energy Commission. In 1963, shortly after we had
held the first of our Oak Ridge summer science and humanities
conferences, W. W. Grigorieff of ORAU happened tomeet Dr. Anton
Moljk. The idea of a similar conference in Yugoslavia came up, was
accepted-and, with official blessings both from our State De-
partment and from the Yugoslavs, the first conference was held
in Herceg-Novi in the summer of 1964. Seventy scientists and
humanists, mostly Yugoslavs and Oak Ridgers, attended the
first conference; 120 were at the second in 1966; and over two
hundred came this time. Among the participants were many West-
ern Europeans as well as delegates from Czechoslovakia, Ro-
mania, Poland, and East Germany. The Russians had accepted,
but failed to show up. Drs. Larson and Grigorieff and | represented
Oak Ridge; other North Americans there were Dr. N. Sackman of
System Development Corporation in Santa Monica, Professor
L. Zadeh of Berkeley, Professor J. H. Milsum of Montreal, and
Mr. Leclerc of the U. S. Embassy in Belgrade. Dr. Zadeh was a
little puzzled meeting Clarence Larson at this conference since he
had just come from a conference in Czechoslovakia at which he
had met Robert Larson, Clarence’s son who is an expert on state-
system computation.

This third conference was entitled “Forecasting the Future’.
To engage in this most human activity, Dr. Moljk had assembled
representatives of almost all disciplines: administrators, engi-
neers, natural scientists, social scientists, humanists, philoso-
phers, writers, jurists, politicians. (The path just outside the center
was newly paved because it had been rumored that Tito might
appear at the conference, and the town of Herceg-Novi wanted
to be prepared.) There were even people there who called them-
selves “futurologists’”, a word | hardly believed existed. The futur-
ologists lately have been much in view what with the showing of
the movie “2001 - A Space Odyssey”, and the publication last
year of “The Year 2000". In this book, Herman Kahn and Anthony
Wiener list 100 inventions they expect will be achieved by 2000
A.D., 10 less probable ones (like controlied fusion and direct input
into human memory banks), and 10 highly unlikely ones (like anti-
gravity). | figure that ORNL is working on 10 of Herman Kahn’s
likely inventions (desalting, genetic engineering, tunneling, trans-
uranics, etc.), on one of his less probable ones (CTR), but on none
of his highly unlikely ones (atleast not on Laboratory time).
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Containers designed to carry large quantities
of radioactive material must be able to withstand
the most severe accidents. If a container is physi-
cally tested, the following assaults must be de-
livered to it in the order listed to determine their
cumulative effect on the package:

First, free drop: A free drop through a distance
of 30 feet onto a flat, essentially unyielding, hori-
zontal target, in which the cask strikes the target
in a position for which maximum damage is ex-
pected.

Second, puncture: A free drop through a distance
of 40 inches, in which the cask strikes, in a position
for which maximum damage is expected, the top
end of a vertical, 6-inch-diameter cylindrical steel
bar mounted on an essentially unyielding horizontal
surface.

Third, thermal: Exposure to a thermal test in
which the heat input to the package is no less than
that which would result from exposure of the whole
package to a radiation environment at 1475°F for
30 minutes with an emissivity coefficient of 0.9.
The surfaces of the package are assumed to have an
absorption coefficient of 0.8. The package shall not
be cooled artificially until three hours after the
test period unless it can be shown that the tempera-
ture on the inside of the package has begun to de-
crease in less than three hours.

Fourth, water immersion (for packages contain-
ing fissile materials). Immersion in water to the
extent that all portions of the package to be tested
are submerged under at least three feet of water
for a period of at least eight hours.

It is not necessary to conduct the actual tests if
engineering evaluations or comparative experi-
mental data can clearly show that the container
would be capable of performing satisfactorily under
the prescribed test conditions.

To put safety in the proper perspective one should
note that the shipping rate for all shipments of
radioactive material is currently estimated to be
300,000 packages per year in the U.S. and that
statistically one out of every 10,000 shipments will
be affected by an accident of some kind. While it
is impossible to design a container to survive all
types of postulated accidents, it is encouraging to
note that in no case over the past 20 years has a
container carrying a large quantity of radioactive
material been breached or involved in a major fire.
Such a record attests to the care used in the pack-
aging and transportation of radioactive materials
so far.
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Types of Sources Shipped

Radioisotopes shipped in normal commerce emit
either alpha, beta or gamma radiation, neutrons,
or combinations thereof. The activity shipped can
vary from microcuries to megacuries and the pack-
ages used to contain it can weigh a few ounces or
many tons. Such variations make standardization
very difficult.

In addition to isotopes, both unirradiated and ir-
radiated fuel elements are shipped; the former
category has only a criticality problem, whereas
the latter has both a shielding and criticality prob-
lem.

As the sources and packages get larger, the heat
load produced as a result of the radioactive decay
becomes greater. Heat loads can produce undesir-
ably high internal temperatures if the package
does not permit reasonably efficient transfer of
heat from the source to the environment. Although
there are some notable exceptions, the heat load
is generally not a problem until it gets into the
kilowatt range.

Casks for spent fuel are often large and heavy
and are capable of dissipating tens of kilowatts
of heat to the environment without incurring exces-
sive temperatures in the fuel elements themselves.

The sources most often shipped are in solid form,
although it is not unusual to ship either radioactive
gases or liquids. These latter forms present more of
a problem because of their inherent mobility in the
event of a break in their protective container.

Transuranium sources are interesting in that
they offer a wide spectrum of emissions from a
relatively small group of isotopes. In addition to
the alpha, beta and gamma emitters, some are fis-
sionable and others fission spontaneously. Several
have high specific heat releases. As might be ex-
pected, many transuranium elements present a
variety of challenges to the shipping cask designer.

A potentially significant problem is the buildup
of transuranium elements in light water reactor
fuel. Specifically, curium-242 and 244 will be pro-
duced in excess of 10 grams per ton of fuel each if
the fuel has received greater than about 25,000
Mwd/ton burnup. (Production of these isotopes in
plutonium recycle fuel will be considerably greater
than the value noted here for the same burnup.)
Since these two isotopes fission spontaneously with
a yield of between 1 and 2 X 107 n/sec-gram, and
the neutrons are emitted at energies in the MeV
range, significant dose rates from neutrons may be
measurable outside the cask.

0ak RIDGE NATIONAL LABORATORY Review




External dose rates are limited, of course, to those
values specified in the regulations. Whatever con-
tribution the neutrons add must be matched by a
decrease in the gamma dose rate. The problem is
one of moderating and capturing the neutrons be-
fore they can leave the cask. Since light water fuels
are now being designed for burnups in excess of
30,000 Mwd/ton, the neutron problem could exert
significant influence on the cask design and thus
affect safety and economy.

Types of Containers Used

Lead-shielded containers are the most widely
used today when dense material is required for
shielding. Lead is inexpensive and easily fabricated
in odd shapes. However, both steel and depleted
uranium show promise in replacing lead for specific
jobs.

Steel and depleted uranium have the advantage
of high melting temperatures, a point of importance
when considering accidents involving fire. Although
comparable in cost to lead, an all steel cask of identi-
cal cavity size will weigh considerably more, thus
decreasing the payload per unit of cask weight. The
material cost of depleted uranium is considerably
greater than lead, but because of its density, a
uranium cask will weigh less than a lead one of
identical cavity size. Thus economics and safety
can both affect the choice of shielding materials
used.

Other materials have found use as shielding ma-
terials for shipping containers. Dense concrete,
for example, is sometimes used to shield neutron
sources. An 11-ton concrete cask is used for trans-
porting milligram quantities of californium-252
or up to ten grams of americium-243 or curium-244.
It is limited to sources producing 50 watts of heat
or less.

Safety requirements have had a substantial ef-
fect on container design. The two most difficult
accident conditions that containers must survive
are a 30-foot free fall and a 30-minute fire.

At first glance the solution appears to be to encase
all containers in a shock absorbing insulation ma-
terial. Such materials are not difficult to find, but
the solution is seldom this simple.

Since radioactive materials continuously emit
energy which shows up in the form of heat, insulat-
ing a shipping container will cause the temperature
of the heat-emitting source to rise. Presumably,
with a good insulation, a source could get hot enough
to melt—a most undesirable effect.
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Certainly small isotopic sources can be handled
with relative ease, particularly if the internal
temperatures produced by an external fire consti-
tute a greater threat than the internal tempera-
tures produced by insulating the container (a cir-
cumstance that is often the case). Larger heat
sources are not so easy to handle.

In order to transfer and dissipate heat with rela-
tive ease under normal conditions and yet protect
the source against fire, the French have suggested
placing a third steel shell an inch or so outside the
two that normally contain the lead shielding. The
annulus would be filled with wet plaster contain-
ing an excess of water. Under normal conditions
the water provides an excellent heat transfer path
between the two outer steel shells. If the container
becomes involved in a fire, the outer shell is de-
signed to rupture, whereupon the excess water is
boiled away. An air gap is thus produced with the
now dried plaster, forming a porous layer which
resists the flow of heat from the cask exterior to
interior.

The British prefer to buy their fire protection
by using all steel casks. Even though the payload
is less than for a lead-shielded cask of the same
weight, there are other advantages to steel: it will
not melt in a normal fire, and deformation on impact
is reduced.

ORNL’s Role in Container Research

The Laboratory has for a number of years been
evaluating models of irradiated-fuel shipping casks
in anticipation of the need for design guidance to
ensure the continuation of the excellent safety
record established by both government and indus-
trial concerns. Structural integrity and heat trans-
fer have received most of the attention since results
of impact and fire are the most difficult to determine
analytically. Ironically, because of the excellent
safety record of the nuclear industry, little practical
experience has been gained over the past 20 years
regarding the actual effect of major accidents on
radioactive materials containers.

The Chemical Technology Division began test-
ing containers over seven years ago by dropping
them on a pad of concrete and steel armor plate
constructed for the purpose behind the steam plant
in the 2500 area. The first containers so tested were
birdcage types, used to ship fissile material. Later
K. W. Haff of Isotopes Division initiated a program
of testing and redesigning isotope containers. The
result was several new container concepts, notably
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Resistance to puncture of steel shells backed by
lead shielding has been under investigation for
several years. H. Nelms and A. E. Spaller have in-
vestigated the punching action of 6”-diameter steel
pistons on both flat and curved steel plates backed
with lead. The drop specimens, ranging in weight
from 25 to 85,000 pounds, were fabricated from both
carbon and stainless steel. Their studies led to the
widely accepted equation for the required thickness
for resisting such assaults:

t = (W/8)>"
in which t is the thickness required to resist com-
plete penetration, W is the cask weight in pounds,
and S is the ultimate tensile strength of the outer
shell material in psi.

G. E. Edison and A. M. Perry in the Reactor Di-
vision have contributed work toward criticality
control on casks in which the effective multiplica-
tion factor is predicted, and Clyde Claiborne and
Milo Solomito of Neutron Physics have performed
extensive shielding studies.

The bulk of this information has been organized
into a preliminary ORNL report entitled “Irradiated
Fuel Shipping Cask Design Guide,” which not only
provides a considerable amount of new information,
but also draws upon extensive past experience of
tests and accepted engineering practice in cask
design and fabrication. Casks made from designs
based on the Guide can be expected to meet all U.S.
regulations and provide safe transport for large
quantities of radioactive materials.

With the Laboratory’s involvement now in the
Liquid Metal Fast Breeder Reactor program, re-
search is underway to develop an acceptable ship-
ping system for the fast reactor fuels that will be
used. Inherent differences between the LMFBR fuels
and the light water reactor fuels lead to new pack-
aging problems now being tackled by A. R. Irvine
and others of Chem Tech. They see the main prob-
lem stemming from the large amount of decay heat
present, caused in part by the short cooling times
of the fuel prior to shipment and the large numbers
of elements to be transported in the cask. Both of
these factors are dictated by economic considerations.

The theoretical aspects of the LMFBR cask heat
transfer are being handled by the General Engineer-
ing and Chemical Technology Divisions while
personnel in the Reactor Division are mocking up a
model of the cask cavity which will include a num-
ber of electrically heated, simulated fuel elements
and involve sodium as a primary heat transfer
medium. Information from this work will be used
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to pinpoint problem areas in the cask design and
to substantiate temperature predictions on the
finished design.

LMFBR fuel fission product inventory will be
large. Isotopes like iodine that could be neglected
in longer-cooled fuel will be present in significant
quantities. The cask must be designed to contain
all fission products in the event of an accident. Al-
though it is true that the regulations permit a
specified amount of leakage under such conditions,
it would be almost impossible to determine, either
analytically or experimentally, the quantity of
fission products that could escape, in the event
that the cask containment were breached. The ef-
fect of fire on the cask may not be considered unten-
able as long as the contents of the cask remain
intact. Emergencies, such as rupture of the fuel
cladding or discharge of fission products from the
fuel to the cask cavity, might occur; however, they
can be handled under controlled conditions at the
receiving site if the containment is not lost. The
containment problem is thus of paramount impor-
tance, and it can almost assuredly be solved by
present-day technology; Dave Watkin has several
proposed closure designs that are being fabricated
preparatory to testing under accident conditions.

No Turning Back

Radioactivity is here to stay; we must learn to
live with it. We have made great strides in learn-
ing how to control it.

It may seem to people who work with such ma-
terial daily that radioactivity is simply another
hazard and once you have learned how to handle
it, you can forget it. Occasionally such people accuse
us of falling over backwards in our efforts to keep
from falling on our faces.

Whichever side of the question you are on, there
is no doubt that the number of packages shipped
per year is rapidly increasing. While we are all
proud of the results of our safety efforts so far, there
is the possibility that the frequency of accidents is
going to keep pace with the rate of shipments, and
increased vigilance is prudent.

Certainly a continuing educational program for
the public is needed, one that will put the true haz-
ards of radioactivity in perspective. And in addi-
tion, the industry must be fully prepared to justify
the containers used in transporting radioactive
material in interstate commerce in terms of the
designs required by law for protection of the public.
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of U.S. documents, and the handling of Eurochemic
documents. Since the first advisor was from ORNL
and the program coordination was being handled
also by the Laboratory, there was extensive concern
that the transmitted technology would be only
ORNL’s. To alleviate these concerns, several dis-
cussions were held in Washington among the AEC
and representatives from five other sites. A repre-
sentative was appointed at each site who was kept
informed on all matters.

The handling of the documents presented several
unique problems. For the U.S:-originated material,
it was a matter of fast release, both for declassifi-
cation and for patent. To expedite the release,
special procedures and priorities were established
which functioned exceptionally well. Information
specifically generated for Eurochemic in answer to
specific questions from the resident advisor was
prepared in the form of reports, which were sent to
the USAEC-DIA for retransmittal to Belgium.

The Eurochemic-originated documents, issued in
four categories of classification and supposedly in
either English or French, turned out in the early
stages to be almost all in French, requiring transla-
tion prior to review or distribution. Translation
services did not then exist at Eurochemic, nor were
they as efliciently established in the U.S. as they
have since become. Except for Category 4 reports,
all Eurochemic-originated documents were stamped
RESTRICTED or CONFIDENTIAL. In addition,
many of these reports were “internal” and were
not available to member countries or Eurochemic
board members but were available to the U.S. as
part of the exchange program agreement. One
unfortunate slip-up occurred when limited-distribu-
tion, Eurochemic-originated reports were listed in
Nuclear Science Abstracts as being available from
the U.S.! These reports were not available in Europe
from Eurochemic. Eventually the problem was
resolved by restricting such reports to the USAEC
and its Prime Contractor personnel, and confining
the external distribution of such reports to the
Division of Technical Information Extension alone;
additional distribution was made only after written
release from Eurochemic.

Living in Belgium

From the other side of the ocean, the first resident
advisor also had his problems. Being a young
organization, and not officially a company, Euro-

chemic was not yet equipped in experience and
people to help an American get situated in Belgium.
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Housing and schooling, d la américain, were not
available. Clubhouse living for several months,
with three young and active boys, can be a nerve
wracking experience in itself. Add to this the differ-
ences in languages, eating habits, climate, and
driving (which alone can age a man years in days),
and a picture of the adjustment problems begins to
emerge.

Professionally it was also trying: have you ever
attended a meeting where six to eight languages
were spoken, many simultaneously? The Europeans
are fine, courteous people, and it is always a pleas-
ure to work with them, but differences in habits and
attitudes do pose problems.

After the first advisor’s experiences, the two sub-
sequent advisors found it successively easier to
obtain housing and other physical arrangements.
Owing however to the increasing number of people
in the project, the other problems became, if any-
thing, more pronounced. At first, essentially all
employees at Eurochemic could speak English; as
the number increased from about 30 in 1958 to
close to 600 in 1964, the language problems prolif-
erated accordingly.

Reactions

During the years we lived in Belgium, numerous
American families came to Mol and left. These
families stayed for periods ranging from one year
to over three years. It has been interesting to ob-
serve the adaptability and fluctuation of family
spirit with time. It has also been interesting to ob-
serve similar aspects for European foreigners in
terms of individual background, distance from
home, and marital status. Obviously the trends
have exceptions, but some generalized comments
can be made.

For the Americans, adaptability seems to be a
function of children’s age (because of schooling
requirements), the family’s overall health, and the
expected assignment length upon arrival. For those
families with children in the primary grades or with
older children who remained in the States, adapt-
ability was more difficult than for those with teen-
age children. It has appeared that the teenagers
become quickly accustomed to and integrated into
the stream of life; this in turn is a big factor in the
total family’s ability to adapt. Nor is this observation
unique with Americans, or with only the Mol area.
Similar reactions have been observed for the Euro-
peans and for Americans living in Antwerp and
Brussels. Family health, both at the start and later,
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Eurochemic Comes of Age

The big day for Eurochemic was July 7, 1966, the
day King Baudouin officially inaugurated Euro-
chemic by operating the dissolver loading cask for
the introduction of the first radioactive fuels. The
date was chosen because it was the same as that on
which Prince Albert of Belgium, brother of the King,
laid the cornerstone in 1959 for the first Eurochemic
construction. In the intervening seven years, the
site was transformed from scrub pines to a com-
pleted reprocessing facility. When I arrived in 1962,
the scene was a miniature of the early Oak Ridge
days.

Design and Construction Coordination

To fulfil one of the goals of Eurochemic, contracts
were made with firms from all the participating
countries. Architect engineering contracts, for ex-
ample, were made with nine principal firms, one
of which had the responsibility for coordinating.
Throughout all the design, fabrication and con-
struction phases, a recurring problem was contract
conditions and specification preparation and in-
terpretation. All such details were prepared in the
two official languages, and one or the other version,
depending on the contractor’s preference, became
an official part of the contract. A major problem was
the correct translation of these details from the
original language to the second language.

Three types of conditions or specifications were
prepared. Eurochemic general contract conditions,
Eurochemic general specifications (prepared by
Eurochemic), and detailed specifications (prepared
by the architect. The general contract conditions
were prepared in French and translated into Eng-
lish. The general Eurochemic specifications were
prepared either in French or English, depending
on the originator, then translated into the other.
The detailed specifications were likewise in one of
the two languages, depending on the architect, and
translated. Unfortunately, something is always
lost in a translation. In some cases we had two ver-
sions of the same document that were substantially
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Eurochemic Chemical Processing Plant
as it looks today. It has been
in full operation since 1966.

different. This gave rise to some lively and extended
discussions between architects using the French
version and contractors using the English version
in cases where the two versions said different things.
The time required to resolve these difficulties is
almost beyond comprehension to an American.

The European participants in the Eurochemic
project showed extraordinary tenacity and forbear-
ance in overcoming this particular problem. Add
to this all the other problems normally encountered
in a large project, and they must really be con-
gratulated for a job well done.

Once construction was completed, old problems
were traded for new. Eurochemic had decided early
on that only one language would be official in plant
operation. Fortunately for me, the choice was Eng-
lish, but the job of preparing safety analysis re-
ports, operating manuals, run sheets and daily
instructions in a foreign language to be read and
understood by others to whom it is also foreign fell
to a large proportion of the workers. One of the
early instruction programs was a series of English
courses. The progress of the Europeans in learning
a new language is phenomenal.

Test Operations

Inactive tests were initially contracted under
the architect engineers. Owing to delays and other
problems the contracts were modified. Plant start-
up operation, starting with the cold tests, was put
under the direct operating responsibility of the
Eurochemic staff. Several of the architects were
integrated into the staff at this time.

Active test operation started in July 1966 and
continued for two and a half years. With the signing
of the license application at the end of 1968, we
could finally say that Eurochemic had come of age.

Nor does this act in itself remove all problems.
There still remain fuel contract negotiations, opera-
tion planning, deficit financing and information
distribution to the participating countries.

It is clear, however, that a new era is dawning for
Eurochemic.

0OaK RIDGE NATIONAL LABORATORY Review










