


THE COVER: Silhouetted against the
dome of Johns Hopkins University Med-
ical Center in Baltimore, C. D. Scott
prepares a body fluid sample for detailed
scrutiny in one of his two chromato-
graphic analyzers. For more about this
fabulous new diagnostic tool, see story
on page 1.

Editor
BarBarA LyoN

Consulting Editors
DaviD A. SUNDBERG
A. H. SNELL

Graphic assistance is provided by
Graphic Arts and Photography
Departments of the ORNL Division
of Technical Information.

The Review is published quarterly and dis-
tributed to employees and others associated
with the Oak Ridge National Laboratory.
The editorial office is in Room 283, Building
4500-North, Oak Ridge National Laboratory,
P. O. Box X, Oak Ridge, Tenn. 37830.
Telephone: 483-8611, Extension 3-6510
(FTS No. 615-483-6510).

12

22

35

' VOLUME 3, NUMBER 2

The Chemistry of a Man
By C. D. Scort

The Consulting Statistician:
Who Needs Him?

By MaARrRvVIN A. KASTENBAUM

25 Years of Creative Support
By H. E. SEAGREN

Benefits vs. Risks in Nuclear Power
By WALTER JORDAN

The INOR-8 STORY
By H. E. McCoy

FEATURES
AMW, 20
Books, 31

OAK RIDGE NATIONAL LABORATORY

OPERATED BY UNION CARBIDE CORPORATION o

FOR THE U.S. ATOMIC ENERGY COMMISSION

Nt eVievy

OAK RIDGE NATIONAL LABORATORY

FALL 1969 |

UNION
CARBIDE

|























































control requirements spurred a development
program for “manipulator booting” which would
permit a longer operating life before replacement.

In the past decade we have differentiated be-
tween non-program-related activities and program
support. Those activities which must continue in the
(strictly hypothetical) event the entire R & D staff
goes on vacation for the month of August qualify as
“standard” plant services. They, in short, guarantee
the operability of the Laboratory when September
rolls around. These activities lend themselves more
readily to normal industrial approaches and systems
control, and are conducted in such a manner as to
minimize interference with the research and
administrative staffs.

“Programmed” Maintenance

At one time it may have been acceptable to place
a bucket under the leaking roof of a wooden, war-
time building and concentrate the available labor
on meeting military deadlines. Today, in permanent,
multiple-occupancy buildings, someone must con-
cern himself about the preservation of the capital
investment. Ray Ruel, a maintenance management
consultant here from Industrial Engineering Insti-
tute, told us last February that the ultimate goal of
the maintenance staff should be to put itself out of
business. While this objective is remote, we have
proceeded with a number of work-simplifying, prob-
lem-identifying measures to pinpoint costs, schedule
assignments and extend the operating life of
buildings and equipment.

The foreman’s pocket notebook with penciled
comments on spare parts, equipment history, and
reminders for future checks is no longer the basic
maintenance file. A “programmed-maintenance”
system has operated for over five years. Components
of utility systems, building service equipment,
mobile equipment, and some operating equipment
for process systems have been located, identified,
and numbered. The servicing of over 8,000 plant
equipment items is based on computer-scheduled
cards that direct the specific items to be checked and
specify the scheduled period by week, month or year.
All lubricants are coded to simplify procurement
and minimize any confusion in their application.
The identification of bearings and V-belts now offers
some simplification of stores stock.

In accumulating cost and observing repair fre-
quencies we can provide data to justify higher
quality materials and parts. As John Ruskin once
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said, “There is hardly anything in the world that
someone cannot make a little worse and sell a little
cheaper—and the people who consider price alone
are this man’s lawful prey.” The faucet in a lavatory
sink is a simple device, but the time spent main-
taining a thousand faucets is appreciable. We are
observing the total, long-term costs of a faucet with
washer and valve seat as opposed to the total cost
of a washerless faucet over the same time period.

The operability of a safety shower is vital to a
person who has just been splashed with an acid. We
have sought out each device, installed a plug valve
to permit maintenance without shutting off the area
water supply, provided a portable catch tank, and
now operate a semi-annual test program. Two men
work for six weeks on this routine to operate each
of the 544 safety showers and 44 eyewash fountains,
correct any defects and reseal the valves for in-
stant use.

Progress in Waste Disposal

Radioactive solid waste handling in the WWIIdays
was a necessarily impromptu activity because of the
security situation, the urgency of demonstrating
reactor and chemical processing systems, and the
supposition that the entire project was short-term.
The physical boundaries of the first two “burial”
sites have been identified tentatively by “eye-
witness participants.” We are now opening up Solid
Waste Storage Area #6. To date, our disposal oper-
ations have handled five million cubic feet of solid
waste and used 135 acres of ground.

In 1945 the 2300-V power lines to the Graphite
Reactor fans were the critical electrical distribu-
tion item. Most of the plant was served by 480-V
circuits. The total plant load in 1947 was 2800 kVa.
A conceptual study at that time set a maximum
future load of 5 MVa for a proposed new line from
Y-12. Today we have eight 13,800-V circuits serving
the general X-10 valley with a peak plant load of
36 MVa.

In the late ’40s a few air conditioning units
provided more stable conditions for counting rooms
and other instrumentation systems. “Comfort”
systems were taboo. The requirement for controlled
exhaust from labs and pressure differentials be-
tween office and other work areas for radiation
safety led to a necessity for general air conditioning
systems. The X-10 site now has approximately
9,000 tons of refrigeration capacity in major sys-
tems and another 500 tons in window and wall units.
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everyone. Some insect pests have been overcome by
the ingenious method of sterilizing a large number
of male insects with radioisotopes before turning
them loose during the mating season. Irradiating
wheat before it is stored can greatly reduce the
losses due to insects. Spoilage of potatoes or straw-
berries can be greatly reduced by gamma radiation.
We are just beginning to see the introduction of
radioisotopic power plants for use in space satellites,
undersea beacons, and heart pacers, to mention a
few. Just to list the applications of radioisotopes
would make a thick document.

The fields of biology and medicine have been rev-
olutionized by the introduction of radioisotopes.
The number of shipments of radioisotopes to hos-
pitals in this country is in the many thousands
every day. At Johns Hopkins University Hospital
about 400 patients a day are given diagnosis with
this new technique. Thyroid tumors are spotted by
the radioiodine that is concentrated there, brain
tumors by their affinity for radioactive technetium.
Heart function can be measured by the length of
time it takes for chromium-51 to become diffused
into the blood stream. These medical procedures
are typical of the hundreds of applications of iso-
topes in modern hospitals in the diagnosis and treat-
ment of disease. And although nuclear power plants
are not required for the production of these valuable
isotopes, nuclear reactors are. And I think that the
critics would be hard put to argue that research re-
actors for isotope production are somehow safer than
reactors for production of electricity.

I could easily devote many pages to the benefits of
nuclear energy. However, there are also risks. Those
radioactive isotopes that are so useful when prop-
erly purified and diluted also represent a major
hazard. The possibility, no matter how remote, of
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spreading millions of curies of radioactivity over
the countryside is not a pleasant one to contem-
plate. The critics present a gloomy picture. How
likely is it to happen? Before discussing that ques-
tion, I would like to recall for you some of the risks
that you encounter in everyday life.

Hazards of Living

In order to get a feeling for the numbers involved,
consider the probability that an average member of
the population will die during the next hour due to
disease such as heart failure, cancer, etc. The figure
is about one in a million, so I would write it

P=10"%hr

It appears that people are willing to accept risks
of about that same magnitude provided it is volun-
tary and the benefits are personal and real. For
example, the risk of being killed while riding in an
auto is about 107%/hr of exposure, about one-tenth
of what it was a generation ago. There have indeed
been significant advances in automobile safety. The
risk of riding in a commercial airplane is also about
10-%/hr, which means that air travel is some ten
times safer than auto travel on a mileage basis.
Air travel in private planes is a much more dan-
gerous undertaking; fatalities in these flights are
some 20 X 10~%/hr of exposure; 20 times as risky as
commercial air travel. And yet many people wil-
lingly take the risk. But they do it of their own free
will! No one imposes the risk upon them. It would
appear that so long as the individual has a choice
he is willing to accept risks considerably greater
than his normal risk of dying by disease, provided
the benefit to him is very real and immediate. On
the other hand, if the risk is imposed upon him
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Brookhaven report some 10 years ago. The authors
assumed the worst possible combination of circum-
stances. They gave no credit for containment in es-
timating that half of the fission products would be-
come airborne; they assumed that the accident
would occur during an atmospheric inversion and
low wind velocity, so that the fission products were
carried straight toward a population center with
very little dilution or mixing. Under these catas-
trophic but highly unlikely circumstances up to
3,000 people could be killed, assuming evacuation
were not possible. For some reason it is much more
acceptable to the public to kill 10,000 people in a
series of small accidents than to kill 3,000 in a single
event. Nevertheless it is the stated mission of the
nuclear industry and the regulating agency to make
the possibility of such an accident exceedingly re-
mote. How do we go about it?

First, the fission products are contained in fuel
elements which would melt only if cooling were to
fail. Second, the fuel elements are contained within
a primary coolant circuit which undergoes the most
thorough series of tests and inspections that any
pressure vessel has ever been subjected to. Then the
whole works is contained within a large steel or con-
crete containment vessel. Finally there is an ex-
clusion area surrounding the power plant and a low
population zone outside of that. This should result
in considerable dilution of the radioactive fission
products before they reach the population center as
well as introduce a delay so that evacuation can
begin.

In order for the radioactive fission products to es-
cape, the fuel elements must melt, the primary
vessel must burst and the containment vessel fail.
And should all these failures occur coincidentally, it
appears that probably no more than 5% of the fission
products would become airborne rather than the
50% assumed in the Brookhaven report. Even so,
the release of 5% of the radioactive products under
unfavorable atmospheric conditions would be seri-
ous. And we can see ways that that might happen.
However, bear in mind that when a mechanism for
an event can be postulated, then the design can be
modified to make that particular mode of occurrence
most unlikely. It is true that fate has a way of fi-
guring out another path to an incident that was not
foreseen. But the designers and builders of nuclear
power plants have exercised sophisticated ingenuity
and expended large sums of money to make the
plants as safe as they know how to make them.
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There have been accidents and releases from ex-
perimental reactors. The releases have been small
and no member of the public has been injured. A
power reactor in Windscale, England, caught fire
and did spread a considerable amount of radioiodine
over the countryside, thereby contaminating milk
supplies and crops. The reactor was not in a con-
tainment vessel so perhaps 2% of the fission prod-
ucts did escape. No power reactor in the United
States has been similarly involved. There were some
fuel elements that melted in the Fermi reactor but
neither the primary nor the secondary containment
were violated. The prophets of doom have heavily
dramatized these reactor incidents, pointing out
that it can happen in spite of our best efforts. How-
ever, don’t these accidents prove, rather, that a
fairly major release of radioactivity can occur, such
as Windscale, or SL-1, without anyone outside the
reactor building receiving a tolerance dose of
radiation?

The $64 million question still remains, and that
is whether we have succeeded in reducing the risk
to a tolerable level —i.e., something less than one
chance in ten thousand that a reactor will have a
serious accident in any year. Thus when we have
one hundred nuclear power stations in operation,
not too far in the future, an accident once every
hundred years might be expected. And if a hundred
people were to be killed, such as now happens in a
major airline disaster, it is a lower calculable risk
than that taken by many facets of U. S. industry
today.

Have we succeeded in reducing the hazards to
such a low level? We can only say that we have ac-
cumulated so far some 100 reactor years of accident-
free operation. That is a long way from 10,000 so
it doesn’t tell us much.

The only way we will know what the odds really
are is by continuing to accumulate experience in
operating reactors. There is somerisk but it is surely
worth it. I am impatient with those who cry “wolf”
when there is so much to be achieved. On the other
hand it is a mistake to use the head-in-the-sand ap-
proach and say it can never happen to us. We and
the public should be prepared to face the possibility
of a nuclear incident, just as we live with the pos-
sibility of major earthquakes which will exact a
large toll in property and lives. Only a few people
advocate abandoning the West Coast. I hope only a
few advocate abandoning nuclear energy that prom-
ises so much for mankind.
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true, and must sound odd to a used-car salesman.
There is also a gossipy section which classifies
scientists into “players,” “operators,” and “by-
standers” and gives some characteristics of each
subspecies.

McCain and Segal talk at length about the train-
ing of a scientist, about his formal as well as his
informal education. They advocate a broad, unspe-
cialized curriculum for the aspiring candidate. “The
plea is for a liberal education at the undergraduate
level — attuned to the broad reaches of current knowl-
edge and thought.” And specialization is not only in
science: ©...in a typical business-administration
program the student gets approximately twice as
many specialized hours as does a physics major.
Perhaps business is more complex than physics; or
perhaps the object of a business school is to produce
the equivalent of a trained seal. Among their other
excellent qualities trained seals perform on com-
mand, present a uniform, neat appearance, and slide
smoothly through the water, creating no waves.”

\-_s-..
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Now here is a statement that is sure to gladden
the heart of a physicist or a seal with aspirations
businesswise. It may even attract an unsuspecting
youth to a career in physics, where he will soon
find out that his education is very specialized and
that he will be attuned to the broad reaches of cur-
rent knowledge only at the price of great personal
commitment.

McCain and Segal display an astonishing breadth
of interest in the closing sections of the book.
Chapters are entitled “Science in the World,”
“Ethics, Free Will and the Scientific Study of Man”
(14 pages for all this), and there is even a section
describing how a scientist should write a research
proposal to the funding agencies. This is all pretty
shallow stuff. The impression one gets is that the
authors have emptied their heads of all material
about science or in any way related to it, and strewn
it, like the results of a weekly shopping trip to the
A & P, on the kitchen table. Santayana described
it: to “spread a feast of what everybody knows.”

Jacket design on "Game of Science.”
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becomes a multicomponent system, and the so-called
scale-up from small laboratory to large commercial
melts is an important and unforeseeable experience.

The largest portion of the development program
spanned the years of 1956 to 1958. Small melts up
to 100 1b could be made at ORNL and larger ones
of 5,000 to 10,000 Ib were made by Battelle Memorial
Institute, International Nickel Company, Westing-
house, and Haynes Stellite. The small ingots were
used as a screening step and larger melts were
made of only the compositions that appeared at-
tractive. (The screening step was taken because
these alloys cost about $6 per 1b.) The large batches
of metal, or “heats,” were fabricated by the vendors
with ORNL personnel on site in most cases. The
fabrication data derived from this were extremely
valuable to both parties involved, since this was an
unknown alloy, of which a 10,000-1b mass had to be
gotten to a useful shape. Fabrication was in the
form of tubing for corrosion studies, sheet for me-
chanical property measurements, and thick plate
for joining studies. The New England Testing Lab-
oratory near Boston assisted in the mechanical
property studies, and welding assistance was avail-
able from Rensselaer Polytech.

Hundreds of small melts were made by metallur-
gists at ORNL and large melts were made by the
vendors of the alloys shown in Table 2. All of these
alloys fabricated well except INOR-4. This alloy
contained 1.5% titanium and 2% aluminum. These
elements in this concentration form a very brittle
intermetallic compound with nickel called “gamma
prime.” It forms the basic hardener in a series of
nickel base alloys developed in recent years. Such
alloys require special fabrication procedures not
practicable for our purposes.

My casual mention that most of the alloys fabri-
cated well does not pay adequate tribute to the team
(Inouye, T. K. Roche, D. E. Rosson and G. Golston)
who worked many hours at ORNL and in the fab-
rication shops of the vendors. At this time most of
the tubing available was made by forming flat
strips into a cylindrical shape and welding the con-
tacting pieces together. This was called “welded
tubing” and had a terrible reputation for being
badly flawed. What we really wanted was a seam-
less tubing. The normal procedure for getting this
is to deform an ingot some by forging (hammering),
extrude this forged piece to obtain a tube shell (a
crude pipe with a thick wall), and draw, i.e., stretch,
this tube to obtain high quality, thinwalled tubing.
The extrusion step was the difficult part. Extrusion
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involves simply pushing the metal through a die
to obtain a particular shape. This is what you do to
tooth paste, but metals take a good deal more push.
To minimize the energy required, the metal is usu-
ally heated nearly to melting point, transferred
quickly to the extrusion press, and shoved through
the die in a matter of a few seconds. This procedure,
however, consistently gave scrap instead of a tube
shell. One of the team, in a moment of inspiration,
reasoned that the energy of extrusion alone could
be enough to heat it up and might even exceed the
melting point. The solution? Slow down the rate of
extrusion. We ended up with good tube shells that
were later drawn into miles of tubing by Superior
Tubing Company.

The corrosion experiments on these alloys showed
that the corrosion susceptibility increased in this
order: iron, niobium, uranium, chromium, tungsten,
and aluminum. It is very close to that predicted
by the relative stabilities of the fluorides, i.e., alumi-
num would like to be a fluoride more than any of
the elements listed and will be attached prefer-
entially by a fluoride salt. Tungsten is the only
element that fell appreciably out of place. The cor-
rosion rates of alloys containing only nickel, molyb-
denum, iron and chromium were found to be quite
acceptable. Jack Devan and Bob Evans showed by
two very good tracer experiments that the corrosion
rate of such alloys in a fluoride salt containing UF,
was controlled by the diffusion rate of chromium
in the metal. The corrosion reaction involved chro-
mium in the alloy reacting with UF, in the salt to
produce UF, and CrF., both of which are soluble in
the salt. This reaction can be written:

Cr(dissolved in + UF; = CrF,(dissolved + UF;

the metal) in salt)

Composition, % by weight (Base: Ni)

Alloy Mo Cr Fe Ti Al Nb W
INOR-1 | 20
INOR-2 | 16 5
INOR-3 | 16 1.5 1
INOR-4 | 16 1.5 2
INOR-5 | 15 2 2
INOR-6 | 16 5 1.5 1
INOR-7 | 16 6 1 1
INOR-8 | 16 6 5
INOR-9 | 17 5 3

Table 2. Several promising nickel base alloys
melted in the course of developing INOR-8,
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