











understanding of aging, to mention only two examples. Inevitably the Laboratory finds itself
called upon to apply its experience in the conduct of large-scale biological research to the
difficult problems of pollution and carcinogenesis. In the course of our civil defense work we
become involved in urban redevelopment, since utility and transport tunnels planned for re-
development projects are obviously useful for civil defense. And there are many other such
avenues— in isotope technology, space, atomic physics — {oo numerous to list here, but touched
upon in our report where the Laboratory contributes both to science and to society.

Thus Oak Ridge National Laboratory, through its primary concern with nuclear energy,
is drawn naturally, and to our country’s advantage, inte water, poliution (nuclear power is
perhaps the most fundamental approach to cleaning our air of fossil fuel residues); fertilizer
and thence food (via ammonia synthesis); civil defense, and thence the city; big biology and
the broad problem of radiation and other insults to the biosphere. Of course the Laboratory is
not equally involved in all of these things. Yet the extraordinary consequences of the develop-
ment of a truly cheap, and ubiquitous, energy source seems compelling to all of us. The
Laboratory, having laid the beginning of a technological foundation for a new attack on many
of mankind’s oldest social problems, is urgently wanting to get on with the task. To those who
entered the nuclear energy enterprise during the war, 1966 carries back memories of 1943,
when the job was so clearly seen by all, and when only the limits of human endurance could
keep us from getting on with it.

But there is a difference. In 1943, Clinton Laboratories conducted little basic research.
Today Oak Ridge National Laboratory carries on an enormous amount of basic research. And
it seems clear that the Laboratory’s capacity to do so many things, and to do them well, in
no small measure depends upon maintaining our strength in the basic sciences. For the
Laboratory’s strong involvement, first hand, in the basic sciences gives a tone and quality to
our applied endeavors that we could never manage if we did not nurture basic research so care-
fully. The pages that follow illustrate this: that applied research done in a basic atmosphere
has a sophistication that is hard to duplicate in a less scientific environment; and that basic
research done in an applied atmosphere has a kind of no-nonsense aggressiveness that is hard
to duplicate when basic research is done entirely by itself.

A laboratory lives for vears like 1966. Yet, with all these new vistas opening, it seems
likely that there will be many more 1966’s in ORNL’s future. Certainly there is no lack of
deeply important problems to which large-scale scientific technology can contribute. The
multidisciplinary style of places like Oak Ridge National Laboratory —their coherence, their
close contact with basic science, their flair for getting after very big and difficult matters—
will surely continue to pay off. We look forward impatiently to recording these coming achieve-

ments in future Annual Reports.
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-reduced the problem to a manageable nuisance. The
- "off-gas problem did not again seriously interfere
with the operation of the reactor.

After this delay, power escalation was resumed,
and in May the heat removal system reached its
maximum capacity of 7500 kW. From then until the
end of the year, periods of operation at high power
alternated with shutdowns- some planned, others
necessitated by failures in peripheral equipment,
but none that resulted from a deficiency in the re-
actor concept.

The longest shutdown was for ten weeks, begin-
ning late in July, after one of the radiator cooling
blowers—left over from an earlier project—broke
up from mechanical stress. While new blowers were
being procured, an array of graphite and metal
surveillance specimens was taken from the core to
be inspected for corrosion or damage.

The end of 1966 found the MSRE in the middle
of a run at full power that lasted for 30 days until
terminated for a scheduled inspection of the new
blowers. During 1966 the reactor was critical for
2766 h and produced 14,183,000 kWh of heat. Of
more significance than these figures, however, was
the favorable outlook for the molten-salt concept
that emerged from the MSRE operation.

Chemical and Metallurgical Performance. Opera-
tion of a molten-salt reactor requires unusual com-
patibility of the reactor materials: molten salt,
unclad graphite, and Hastelloy N (an alloy of nickel,
molybdenum, chromium, and iron). Both analyses
of the fuel salt, which was sampled frequently, and
the reactivity behavior showed that, as expected,
the salt was quite stable under all conditions. This
was confirmed by the surveillance specimens re-
moved from the core, which indicated that there was
no significant deposition of wranium on the graph-
ite—less than 1 g on all the graphite in the core.

Corrosion of the metal was practically nil—the
change in corrosion product concentration corre-
sponded to only about 0.0001 in. of generalized
corrosion in the 18 months that the fuel had been
in the system. Tests of the surveillance specimens
showed no metallographic evidence of surface at-
tack. Also, these specimens gave reassurance that
the mechanical properties of Hastelloy N were more
than adequate for the radiation exposure planned
for the reactor vessel.

The surveillance specimens made it possible for
the first time to measure the deposition of fission
products from molten salt fuel during reactor opera-
tion. For these measurements, successive 0.01-in.-
thick layers were milled from the graphite samples,

and the concentrations of fission products in them
were determined from the radiation emitted. Fis-
sion products having the noble gases xenon and
krypton as precursors were present as expected, and
their concentration gradients could be correlated
with the half-lives and diffusion properties of the
precursor gases. Also present, however, were molyb-
denum, tellurium, and ruthenium, which do not
have gases as precursors. These same fission prod-
ucts were found on metallic wires exposed to the
gas above the molten salf in the pump bowl, and we
believe that they must exist as gaseous compounds.
With respect to breeding performance, it is fortu-
nate that they appear to deposit preferentially on
metal surfaces.

The behavior of the important fission product
xenon-135 has been more favorable than we had
hoped. We find that this high-cross-section nuclide
is stripped very efficiently from the fuel into the off-
gas; the poisoning effect is reduced to one-sixth of
what it would be if all the xenon remained in the
fuel.

Nuclear Performance. Operation of the MSRE con-
firmed the adequacy of the basic nuclear data and
the computational methods used for predicting
reactor-physics characteristics. Low-power tests
showed that the predictions of critical loading and
control rod worth were quite accurate, and this
success was repeated when the dynamic tests in-
dicated that the reactor behaved as predicted and
was stable at all power levels. h

Mechanical Performance. The salt pumps, the
mechanical components most essential for the mol-
ten-salt concept, ran flawlessly except for the small
leakage of oil into the pump bowl. By the end of
1966 the fuel and coolant salt pumps had each
passed 9000 b of trouble-free operation. The fuel
sampler-enricher was used to take 88 samples in
19686, the only significant failure being an electrical
short in a control cable. Otherwise, mechanical
troubles were confined to peripheral equipment—
the conventional machinery ancillary to the salt
system. Maintenance proved quite feasible, even
for a job such as replacing the off-gas filters, which
had not been specifically planned in advance.

Significance of MSRE Operation. In its first year
of operation, the MSRE has shown that a molten-
fluoride reactor can be operated at temperatures
above 1200°F without corrosive attack on either the
metal or the graphite parts of the system, that re-
actor equipment can operate satisfactorily at these
conditions, and that, when necessary, the radicac-
tive equipment can be repaired or replaced.
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having a capacity of 20,000 gal/day. After operation
in Oak Ridge, the pilot plant will be moved to an
OSW station for tests with seawater.

The conceptual design of a 250,000,000-gal/day
vertical-tube evaporator plant has been started,
in order to provide a basis for evaluating the poten-
tial of this type of evaporator in comparison with
others. Because of the high performance of the new
vertical tubes, it is already clear that costs lower
than for flash plants can be expected.

Major efforts in the multistage flash evaporator
development program have been devoted to obtain-
ing evaporator tubes at lower cost. Cooperative
efforts have been undertaken with tubing manu-
facturers who will supply samples of tubes with
surface shapes that will improve their heat transfer
properties. Improved heat transfer was found in
ORNL tests of horizontal condenser tubes grooved
to improve the inside film coefficient and plated with
nickel phosphide or gold to provide dropwise con-
densation.

Reactor size extrapolation studies, performed by
subcontractors, have shown that several types of
power reactors can probably be built to produce

3,000,000 to 10,000,000 kW of heat, the range of
interest for large desalting plants. Preliminary
estimates indicate that large versions of these re-
actors, which were selected because they are in the
most advanced stages of development, can produce
steam for costs in the vicinity of 10¢ per 1,000,000
Btu. Parametric studies of large desalting plants
indicate that steam costs of about 4 to 5¢ per
1,000,000 Btu will be needed to achieve the produc-
tion of fresh water from the sea at costs low enough
for agricultural uses (about 10¢ per 1000 gal). It
seems certain that water can be produced at costs
low enough for U.S. municipal and industrial uses
{about 30 to 40¢ per 1000 gal) even without further
advances in technology.

Process application studies have disclosed several
ways in which low-cost electricity from a large
desalting plant could be used to manufacture other
products, to reprocess sewage and other wastes, or
to remove the scale-forming constituents of sea-
water. Such by-product uses for electricity may
make dual-purpose plants attractive in areas where
the present demand for additional electric power
is small.

A five-effect vertical-tube evaporator
pilot plant is being constructed at the
Oak Ridge National Laboratory to
demonstrate the performance of im-
proved types of tubing in seven-tube
bundles. The 20,000-gallday pilot plunt
will be moved to a seacoast test site
after trial runs and performance tests
with ordinary water o Oak Ridge. In
the photograph, the first two effects
have been installed. Performance tests
will be conducted in these effects be-
fore the three remaining effects are
installed.
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¢  Other students spend from one to three years at the Laboratory en-
gaged in thesis research. During 1966 there were 50 Oak Ridge Graduate
Fellows at ORNL; in addition to these, 53 candidates for the M.S. degree
and 58 candidates for the Ph.D. were engaged in thesis work at the Labora-
tory. The Oak Ridge Graduate Fellowship Program is administered by the
ORAU. Since 1950, when the program was first established, 127 Fellows
have received degrees following completion of their thesis work at the
Laboratory.

The first AEC postdoctoral Fellow under the program administered by
the Oak Ridge Associated Universities was assigned at the Laboratory in
1965. Nine of these Fellows were engaged in postdoctoral research at the
Laboratory during 1966. In addition to them, there were at the Laboratory
60 young scientists who either held formal postdoctoral appointments,
such as those granted by the U.S. Public Health Service, the National
Institutes of Health, and the National Science Foundation, or held tempo-
rary appointments to the Laboratory’s staff of the kind that is commionly
regarded as postdoctoral.

In September 1966, the Massachusetts Institute of Technology estab-
lished a school of chemical engineering practice at the Laboratory; ten
students were enrolled in the first of four sessions scheduled during the
academic year. The school provides practical experience, under super-
vision of Laboratory staff, for young engineers who are earning a master’s
degree at the Institute. Two members of the Institute’s faculty spend full
time as director and assistant director of the school.

Under a special arrangement with the University of Tennessee, 30
members of the Laboratory’s senior staff are permanent members of the
University faculty on a part-time basis.

A formal program in Health Physics continues with Vanderbilt Uni-
versity. From 15 to 20 students spend the summer quarter at the Labora-
tory under the Atomic Energy Commission Special Health Physics Fellow-
ships, and staff members of the Laboratory’s Health Physics Division are
part-time professors at Vanderbilt.

The University of Tennessee Oak Ridge Graduate School of Biomedical
Sciences is undergoing its developmental vear. R. C. Fuller became its
director on September 1, 1966. The design of a building, to be erected on a
plot of six acres that is adjacent to the Biology Division and which the
Atomic Energy Commission has deeded to the University, is progressing.
The building is expected to be completed in late 1969. Meanwhile, space
within the Biology Division is being adapted for use by the School.

John Cook, a physiologist, has been appointed Professor of Biomedical
Sciences, effective July 1, 1967, and Donald Olins, a biophysicist, will
become Assistant Professor of Biomedical Sciences. Several members of the
QOak Ridge National Laboratory’s staff will join the faculty on a part-time
basis.

The University has purchased eight apartment buildings in Oak Ridge
for housing students and for the development of a student center. The
Union Carbide Corporation has contributed $100,000 for student facilities
exclusive of housing. Alexander Hollaender, the School’s first Professor of
Biomedical Sciences, has given his entire collection of scientific journals to
what is expected to become an excellent library.

From more than 150 applications that have been made, about a
dozen students will be selected for the first class, which will begin in the
fall of 1967.
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I. The ORNL Computing Center includes an
IBM 360/75, shown in the foreground, and a
CDC 1804-A, in the left rear. Many problems of
great complexity, often types that are completely
intractable without the use of such computers,
are handled in this center.

2. The General Safety Committee, shown here in
one of its regular meetings, wus organized in
1966. The Laboratory received the Union Car
bide Corporation’s highest recognition, the
Award for Distinguished Safety Performance, in
18686, achieving the lowest disabling injury fre-
quency rate, 0.51, in ORNL’s history.

3. Two physicians of the Health Division consult
with o radiologist on a difficult diagnostic prob-
lem.

4. Very complete analytical services are available
at ORNL. A spectrographer is determining the
purity of o separated stable isotope on a double
optical spectrograph. With this arrangement, o
spectral range is covered that ordinarily would
require two exposures.

54 Workers changing one of the 1840 filters
used in Laboratory exhaust systems. More than
1,000,000 f2* of potentially contaminated air is
filtered each minute. The filters remove particles
down to 0.3 p size with 99.95% efficiency.
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9. 6. Custom fitting of full-face respirators
in test chamber. Tests are made to deter-
mine the type of equipment for the
worker’s facial contours to give him
maximum  protection and comfort.
About 150 pieces of respiratory equip-
ment are issued to employees each day.

7. Apprentice training includes class-
room work in addition to direct instruc-
tion in craft work.

8. An automatic camera for printing
full-size copy from microfiche film—a
13-fold enlargement. A 4 X 6 in. title
microfiche can contain up to 58 pages
and a trailer microfiche up to 70 pages
of a book or report; this is convenient
for storage and handling. This camera
was designed by Graphic Arts personnel
and built in Plant and Equipment
shops.
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