























by a strong analytical chemistry group to a com-
plex . . . operation.” That the analytical chemists,
particularly W. C. Butts, G. Goldstein, D. W.
Hatcher, and I. B. Rubin, are becoming increasingly
involved in our biomedical research is I believe a
good thing both for the biologists (who typically
have done their own analyses) and for the analytical
chemists.

This interaction, between the analytical chemists
and the biologists, illustrates the power of our inter-
disciplinary style in a way peculiar to Oak Ridge.
There are few institutions, outside the AEC labora-
tories, where biologists interact so closely with
chemical engineers, analytical chemists, and even
metallurgists. This unusual interaction, which we
perhaps take for granted, is now being discovered
by NIH. I would expect that we can look forward to
much further interest by NIH in these peculiarly
Oak Ridge ways of injecting into our biomedical
research our physical and engineering know-how.

Isotopes — Particularly in Medicine

The interaction between biomedical science and
physical science at ORNL is further exemplified
by much of the work of our Isotopes Development
Center. The traditional core of the ORNL isotopes
program has always been the development of special
radioisotopes for medicine, and 1968 was a very
good year in this regard.

I shall illustrate what we did by mentioning briefly
the gallium-67 project carried out at the ORAU
Medical Division. Gallium-67, which decays by
electron capture and emits medium energy photons,
was produced in the ORNL 86-inch cyclotron for the
ORAU Medical Division. Looking for localization
of gallium in bone, Drs. C. Lowell Edwards and Ray-
mond L. Hayes of ORAU were surprised to note the
very good localization of the carrier-free gallium-
67 in soft tissue t1 rs.  ~ leadisnowk ~ :fol-
lowed up because of the importance of finding new
or improved agents for soft tissue tumor localiza-
tion, especially in connection with radioisotope
scanning.

The gallium story gives only a small inkling of the
enormous impact that isotopes continue to have on
medical research and practice. Perhaps a better
measure of the isotopes’ role is given in a report
issued last July by the National Center for Radio-
logical Health in which we learn that isotopes were
used in the treatment or diagnosis of 1.7 million
patients last year.
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Fundamental Research Based on Big Machines

I turn now to another characteristic of places like
ORNL —the exploitation of very big scientific ma-
chines for basic research. Of the large machinery at
ORNL, the High Flux Isotope Reactor remains
unique. It continues to operate well at 100 Mw,
creating the highest thermal neutron flux in the
world available for research. A reactor very much
like HFIR is being built jointly by France and Ger-
many in Grenoble; a replica of HFIR had been sched-
uled to be built at Argonne but unfortunately was
canceled early this year.

As was expected, HFIR has provided the world
with more heavy transuranics than had ever been
made before. During the past year from the HFIR-
TRU complex have come 840 ug of ***Bk, 6 mg of
32Cf, 58 ug of **Cf, 43 ug of *Es, and 8 X 107
atoms of »’Fm. These have been distributed to
transuranium chemists everywhere, as well as
being used at our own TRL.

With thermal neutron beams of the intensity
available at HFIR, it has been possible to greatly re-
fine our studies of inelastic scattering of neutrons
from crystals, and of the magnetic interactions of
neutrons with paramagnetic materials. The point
is that with so many neutrons available it is pos-
sible to scatter the neutrons three times before de-
tecting them: once to monochromate, or polarize;
once to interact inelastically, or magnetically; and
a third time to measure their resulting energy or
polarization. At each scattering, intensity is lost;
hence for this sort of work extremely high flux is
particularly important (Figure 7).

To illustrate what can be done with triple axis
spectrometers, I mention the observation, by R. M.
Nicklow, P. R. Vijayaraghavan, H. G. Smith, and
M. K. Wilkinson, of localized vibrations of aluminum
atoms dispersed in a Cu-4% Al alloy. In Figure 8
the neutr inelastically scattered from the vibra-
ting aluminum atoms are easily seen as the small
peak against the five times greater inelastic scat-
tering peak attributed to the vibrations of the host
lattice of copper. In the same vein, R. M. Moon, T.
Riste, and W. C. Koehler have been able to measure
the paramagnetic scattering of polarized neutrons
by MnF,. Here the magnetic interaction (“flipper
on” in the figure) gives a signal only one-fifteenth
as large as the main diffraction peaks, and the ex-
periment would be all but impossible without the
flux available at HFIR (Figure 9).

The success of the HFIR has encouraged us to be-
























intensively in specific locations — two agro-industrial
complexes in India, one in Gujarat based on de-
salted water, another in the Ganges Plain based on
well water; an industrial complex in Puerto Rico;
and an agricultural complex in Mexico and the
Southwestern United States.

The Laboratory plays a supporting role in these
studies. We are, however, charged with primary
responsibility for studying agro-industrial com-
plexes in the Middle East. A group of about a dozen
agronomists, economists, chemical engineers, politi-
cal scientists, and reactor experts has been mobilized
under J. A. Lane and C. C. Burwell to study the
applicability of the agro-industrial idea to the
troubled Middle East. The study is being conducted
with the cooperation of the IAEA; participating in it
are experts from various Middle East countries as
well as from other government agencies in the
United States. A most likely site for development
seems to be along the Mediterranean Coast near
Borg el Arab. The land there is fertile, and the cli-
mate is superb; in fact, during Roman times, this
area was cultivated intensively. The group has
also begun studies of complexes in the region around
El Arish near the Gaza Strip and a location in Israel
proper.

It is too early to say just what will come of these
studies. That they may have wide-reaching effect
is suggested by the inclusion in the political plat-
forms of both national parties of recommendations
for nuclear desalting plants in the Middle East.
From the strictly economic and technical stand-
points, the studies we have made so far seem to me
to be convincing. Yet I suppose all of us would feel
more comfortable if the 1000-Mwe light water reac-
tors under construction, or the very large evapora-
tors, were now operating. Solving today’s social and
economic problems with tomorrow’s technology is
risky. This merely points again to the high prior-
ity that ought to be given by our government to
demonstrating the technologies on which the Nuplex
depends: big reactors, preferably breeders; big
evaporators; and intensive agriculture based on a
sparing but reliable supply of distilled water.

Work for Other Agencies:
Civil Defense, Urban Research, Environment

Our small civil defense project has rather natu-
rally become involved in other problems of the city.
We now have small contracts from Housing and
Urban Development to study nuclear energy cen-
ters for cities, handling of solid wastes, and tunnel-
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ing. Each of these tasks flows easily from other
interests at ORNL: to make underground shelters
one needs tunnels, which however could also be
used as transportation and communication arteries.
To provide a clean source of energy for a city —in-
corporating possibly schemes for recycling waste
waters —requires nuclear technology coupled with
knowledge of how to clean up contaminated waters.
As for solid wastes, we have acquired much expertise
over the years in handling radioactive solid wastes,
and this experience may be applicable to the han-
dling of the city’s wastes.

How far we go in directing our civil defense pro-
ject toward broader concerns of the city is difficult
to say. We have had contacts with officials of HUD,
and they have expressed interest in what more
ORNL might be able to do about the city, beyond the
specific tasks we have already undertaken. It has
also become apparent that civil defense in our cities
can hardly be separated from other aspects of the
city, and our civil defense advisory committee has
urged us to broaden our base to include matters
more properly of concern to HUD. In particular,
realizing our weakness in the social sciences, we
have begun conversations with the University of
Tennessee regarding collaboration between ORNL
and social scientists at UT who are interested in
the city.

The other major new contact with outside federal
agencies, in connection with environmental pollu-
tion, has not fared so well. A proposal drafted by our
ecologists and by others concerned with the environ-
ment at ORNL to study eutrophication of streams
and its relation to land management and agricul-
tural practices has for the time being been turned
down by the FWPCA. On the other hand, our ecolo-
gists have been asked to participate strongly in the
International Biological Program; they would co-
ordinate the many related projects at universities
and government stations concerned with the East-
ern United States biome. This project would be
sponsored jointly by NSF and AEC.

Education

Of our many educational activities I can mention
but a few. The UT-Oak Ridge Graduate School of
Biomedical Sciences now has 15 students. The Oak
Ridge Engineering Practice School, a counterpart
of the MIT Practice School, has begun to operate.
And as a result of recommendations by our com-
mittee reviewing educational activities at ORNL,
Ralph Livingston has been appointed liaison
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transport system—adds about 1,000 kilometers
of new line per year and converts 2,500 kilometers
of existing line to electric motive power. Motor
transport and maritime transport have also made
great strides, and the Moscow subway system,
initiated in 1932, has grown in the past 35 years to
122 kilometers with more than 80 stations erected.
Subways now also exist in Leningrad, Kiev, Thilisi,
and Baku. The daily number of subway passengers
in Moscow alone is over 4,000,000. The combination
of Soviet transport networks within cities and be-
tween cities and rural regions suggests substantial
capability for evacuating urban dwellers to areas
outside the city. In addition to having the experience
and capability for evacuation, the Soviets are ac-
quiring the organization. There is a civil defense
transport service, operated by a specialized staff,
and there are also dispersal leaders, still another
specialized category of civil defense personnel as-
signed to evacuation.

Rural Civil Defense

The other side of the evacuation of urban dwellers
from the cities is the reception and protection of
these evacuees in the country. The Soviet rural
civil defense program addresses itself to this matter
and has three other important aims as well: (1) fur-
nishing manpower for rescue and emergency restor-
ation work in the city, (2) assuring the output of
agriculture in wartime, and (3) protecting people,
livestock, food, fodder, and water supplies against
radiological, chemical, and bacteriological weapons.
Emphasis is on protection against fallout in the
country. Thus, there are explicit manuals with de-
tailed instructions, both on erecting hasty shelters
out of materials at hand and on converting vegeta-
ble bins to fallout shelters. There are also instruc-
tions for providing fallout protection for livestock
both by adapting farm buildings as shelters and
by driving the cattle into forests and other sheltered
areas away from the probable direction of the ad-
vancing radioactive cloud. Builders of individual
houses are encouraged to construct simple “cover”
in basements with bricks allotted to them for this
purpose.

While Soviet authorities acknowledge that the
rural civil defense program has lagged behind its
urban counterpart, nevertheless, it has been con-
siderably upgraded in the last two years. The recent
introduction of the fifteen-hour program into grades
five, six and seven of their elementary schools and
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the strengthening of the training program in grade
nine have reduced the discrepancy between the
instruction offered to rural and urban school
children. Further, the press, radio, and television
are playing an increasingly important role in pre-
paring the rural population in methods of pro-
tection.

Shelters

Soviet authorities emphasize the importance of
shelters as the most effective means of defense
against nuclear weapons. There are numerous
kinds of shelters, such as subways, which are
equipped with heavy blast doors; substantial, iso-
lated, single-purpose shelters (largely for key
government and party personnel); and basement
shelters in apartment houses and public buildings.
Certain mines, also, have evidently been designated
for use as shelters.

Large public shelters are equipped with heating
systems and with filter-ventilation units that keep
out radioactive dust and chemical and bateriological
agents. In addition to water, food, toilets, medical
chests, and bunks, they contain crowbars, picks, and
shovels for breaking holes in the walls, if necessary,
and for dismantling obstructions. There is also a
box of clay for sealing cracks, and there are burlap,
rags, and binding wire for wrapping patches on
damaged air ducts. Standard equipment includes a
supply of radiation measurement instruments and
protective clothing to enable selected personnel to
make radiation reconnaissance missions and to
conduct the urgent operations outside the shelter.
Portable radios are on hand to establish communi-
cations with local civil defense headquarters and
with rescue units.

Detailed articles with tables and diagrams appear
in the Soviet literature on adapting building base-
ments as “cover.” Since “cover,” unlike shelter,
does not protect against chemical and bacteriological
weapons, individual protective means must be
used when seeking refuge. Householders are also
expected to bring along their own food, water, and
first aid kits when taking cover in apartment house
shelters. It is noteworthy that in the majority of
cases, the ceilings in building basements support
only their useful loads and can therefore withstand
only the load from weak shock waves with a maxi-
mum pressure of 1', to 3 psi. Thus, in setting up
cover In existing basements, it is necessary to re-
inforce ceilings to withstand loads from shock waves
and the possible cave-in of the building.
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Protection of Industrial Operations

Soviet planners are aware of the importance of
continuing industrial operations during wartime.
To secure the survivability of industrial installa-
tions, they urge dispersion of industry, duplication
of production, missile defense, and the removal, in
some cases, of the most essential industrial plants
to the interior at the beginning of war or when war
threatens. Still another approach is to reduce
industrial vulnerability by strengthening the plant
buildings and their contents against possible damage
from nuclear weapons. Thus, we come across the
recommendations in Soviet literature that civil de-
fense chiefs at various installations should organ-
ize qualified groups of people to determine the
vulnerability of basic units, assemblies, and equip-
ment on the basis of prognosticated damage assess-
ment and to consider ways to reduce it. One way
would be to slant new construction and reconstruc-
tion towards this end.

It is the director or head of each industrial estab-
lishment who is in charge of the civil defense plans
and the procedures to safeguard the personnel,
buildings, and equipment in the event of nuclear
attack. He usually has a civil defense chief at his
plant to assist him, but the ultimate responsibility
falls on his shoulders. Among the most readable
articles in the unclassified Soviet military litera-
ture are those describing how individual directors
of large enterprises secure their establishments.
An example is the account of Grigory Petrovich
Garmash, assistant director of a large Kharkov
tractor plant and a reserve officer. Men like Comrade
Garmash must indeed be dear to the hearts of the
Soviet civil defense heads. Comrade Garmash knows
that “the mnportant thing is to prevent panic.”
“Experience suggests,” he remarks, “better to see
once than to hear about ten times.” With this prac-
tical guidepost in mind, Comrade Garmash organ-

ied civil defense teams in each shop and section —
tour decontamination teams from the test experi-
ment shops, six medical detachments from the fuel
equipment shop, and a team for technical emergency
work from the repair machine shop. In all, ten
civil defense services were established at the trac-
tor plant—the three mentioned above and seven
others, inclv*ng services for fire protection, preser-
vation of puu.uc order, blackout and power supplies,
and shelter and cover. Elaborate plant exercises
were or~~—‘~ed in which 800 people participated.
That Comrade Garmash means business is shown

WINTER 1969

by the following story. Several times Comrade
Garmash told the chief of the ZhKO (Housing and
Communal Service Section): “‘Put the shelters in
order.” The latter promised. But he did not act.
Then he was punished by the director. Now the
shelters are in order.” (You had better believe it!)
While it is not possible to know just how many plant
directors rise to their responsibilities as whole-
heartedly as Comrade Garmash, there is reason to
believe that there are at least a fair number that do.
There are many stories in the literature similar
to the one told about Comrade Garmash.

Prevention of Panic

A fundamental and publicly underscored goal of
the Soviet civil defense program is the prevention
of panic. Soviet strategists like Sokolovsky recog-
nize that the explosion of nuclear weapons could
easily cause an outbreak of panic. Should this occur,
uncontrolled streams of refugees could disrupt the
deployment and mobilization of the armed forces,
and, further, the effectiveness of rendering aid to
the civilian population itself would be seriously
hampered. Therefore, Soviet defense planners have
taken two lines to counter the possibility of a col-
lapse of morale: (1) they have created a service
within the militia with the explicit purpose of pre-
serving order and morale and (2) they continue to
instill patriotism into the population and also the
readiness to bear hardships. The most recent effort
to promote love of country and loyalty among the
young has been the passage of the Law of Universal
Military Obligation in October, 1967, by the Twenty-
Third Session of the USSR Supreme Soviet. This
law seeks to “achieve a profound understanding of
personal responsibility for the Soviet state by the
future servicemen” (the young people in the new
compulsory pre-service training program) by “patri-
otic indoctrination” and to “strengthen ideological
conviction and unflagging loyalty to the motherland
in the youth studying in the clubs . . .” The law is
also designed to bring about “a further improvement
in the work on military-patriotic education of the
Soviet people, and the formation among them of the
necessary moral and psychological qualities which
permit withstanding, if necessary, the severe tests
of war...” Leaders like Tolstikov believe that
“civil defense will be much stronger if the morale
and political unity of the citizen is strong and the
citizens are rallied around the true ideas which can
inspire people to heroic deeds and sacrifices.”

23






- are nevertheless cautioned: "It should not be
wigotten that a lesson or studies with all their
entertainment are work and not fun. Like any labor
they require willful physical and mental strain.”

In summer camps, where emphasis is on putting
into practice what the children learned in the class-
room, pennants, citations, and buttons are awarded
for excellence in drills and exercises. The best de-
tachments are singled out for gifts, and there is
occasional television coverage of the exercises so
that the children can have the treat of seeing them-
selves on the TV screen.

At industrial plants, competitions are held among
the various civil defense squadrons with awards for
the winners. Distinguished performances in all
areas of civil defense are cited in the literature.
Directors of large industrial establishments, shop
heads, instructors, and ordinary factory workers
have an equal chance to be named, for example, in
Military Knowledge. Conversely, those who fla-
grantly shirk their civil defense responsibilities may
also get to read about themselves in a journal.
Comrade Blinov, instructor in a highway technical
school, is a case in point. The unfortunate comrade
was citedin Military Knowledge for his lackadaisical
attitude toward his civil defense duties. He declined
to make use of the special classroom set aside by
the directors of the technical school for a special

civil defense office; he failed to acquire sufficient
training equipment and visual aids, and those he
did get were kept in a state of disorder. And worst of
all, the lessons conducted by Comrade Blinov both
“in content and in method are beneath criticism.”
Poor Comrade Blinov!

Soviet Willingness to Acknowledge
Inadequacies

The Soviet literature is curiously lacking in
bravado when it comes to discussing the civil de-
fense program. While there are many examples of
successful programs, there is also a significant
sprinkling of criticism throughout: excellent civil
defense training materials are available, but the
best use is not made of them; there is a paucity of
actual dispersal exercises for workers; certain civil
defense plans look good on paper, but there is a
discrepancy between how they look and how they
are; training in rural civil defense camps for chil-
dren is still “thoroughly bad” in many instances;
there are not enough gas masks at seventy-five
percent of the camps in a certain region. The willing-
ness to cite inadequacies along with accomplish-
ments shows the earnestness in the Soviets’ desire
to improve the program.

Summary

On the whole, the Soviet civil defense program is
comprehensive, well integrated, and substantial.
This is not to say that it is above criticism. The
Soviets themselves admit the discrepancy between
the civil defense blueprint and the current edifice —
the plans are well conceived but their implementa-
tion, imperfect; there are pockets of apathy as well

inefficiency and, in some cases, poor quality of
performance.

And yet, the Soviet civil defense effort is impres-
sive. There is no question that the Russians have
made considerable strides in their attempts to up-
grade the program. In the last year alone, civil
defense planners have introduced (1) compulsory
civil defense instruction for school children, youth,
and factory workers; (2) better training for those
who teach them:; (3) more detailed and concrete
evacuation plans; (4) greater realism and practicality
in the scenarios; (5) an improved communication

system; and (6) extended radio, television, and news-
paper coverage.

How effectively the Soviets could protect their
urban population from nuclear weapons either
through urban shelters or preattack evacuation to
rural areas is not easy to determine. But, should
war occur, there is at least one important goal that
they might well approach: the maintenance of
morale and prevention of panic. A disciplined popu-
lation, having high morale and well trained in how
to make the best use of the warning time at its
disposal —be it two minutes, two hours, or two days —
is not likely to give way to panic or to give up in
resignation. It is indeed difficult to estimate how
many lives would be saved and how many lost, but
the state of discipline and morale of those saved
would be an extremely important factor in enabling
them to withstand the severe hardships of war and
to work toward victory and recovery.
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public. The story of naming the following heavy
elements is told by Seaborg in his book, “Man Made
Transuranium Elements” (Prentice-Hall, 1963).
Element 97 was called berkelium after the city of
Berkeley, California, and Element 98 was named
californium after the university and state where
the work was done. However, this latter name does
not reflect the observed chemical analogy of Ele-
ment 98 to Element 66, dysprosium, as the names
of americium, curium and berkelium signified that
these elements are chemical analogs of europium,
gadolinium and terbium, named after a continent,
a scientist and a city, respectively. In announcing
their discovery in the Physical Review, the authors
commented, “the best we can do is to point out, in
recognition of the fact that dysprosium is ramed on
the basis of a Greek word meaning ‘difficult to get
at,” that the searchers for another element a century
ago found it ‘difficult to get to California.’”

The Manhattan District of the U. S. Army Engi-
neers camouflaged well the giant wartime operation.
The name of the town of Oak Ridge itself is a cover
name. After the location was found which satisfied
the requirements, a name was sought which would
not arouse suspicion. One of the ridges in this hilly
area was called Blackoak Ridge, and therefore the
name Oak Ridge was chosen as being sufficiently
bucolic and general to be used as a cover name for
the residential area. The plant operations were
called Clinton Engineer Works, after the nearby
town of Clinton.

The Metallurgical Laboratory of the University of
Chicago was another innocuous cover name; of
course, its scope greatly exceeded the field of metal-
lurgy. It was the precursor of the present Argonne
National Laboratory. It is of interest to recall how
this institution acquired its name after the war, As
the Laboratory outgrew its campus facilities, ad-
ditional space was provided in a wooded area be-
longing to the Cook County »>rest Preserve District.
These preserves being named after famous World
War I battlegrounds, the site in question was called
Argonne Forest. Although the newly created na-
tional laboratory was established at a new site after
the war, some distance from its Argonne Forest, for
sentimental reasons it has retained the wartime
name. The District’s activities at Columbia Univer-
sity carried the name SAM, an acronym for Sub-
stitute Alloy Materials.

Br--vsing through the lists of index headings,
abbi..iations, nicknames and acronyms, one learns
that Mighty Mouse represents a proposal for a het-
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erogeneous enriched-uranium heavy-water-cooled
and moderated research reactor, related to the Ar-
gonne Advanced Research Reactor, or A*R?, and
that Juggernaut is the Argonne Low Power Re-
search Reactor. Much work went into creating
acronyms with special meaning, as witness the early
high-speed computer at ORNL, the ORACLE (Oak
Ridge Automatic Computer Logical Engine).

Attempts were made to systematize code designa-
tions. For example, the underground nuclear tests
at Los Alamos were designated first by names of
burrowing animals such as Bandicoot, Bobac, Aard-
vark, etc., a seemingly appropriate category. Even-
tually, however, the list was exhausted, and sub-
sequent test series were named after fish, birds,
colors and even alcoholic drinks.

During the war, code names were needed for the
actual sites of the large projects. Oak Ridge, Hanford
and Los Alamos were designated Sites X, W and Y.
At Berkeley, the Oak Ridge Y-12 plant was known
as Shangri-La. The DuPont group in charge of the
X-10 site where ORNL is now was part of the Ex-
plosives Department of that company, and was called
the TNX Division, although this had nothing to do
with the explosive trinitroxylene.

Whimsy

Sometimes, new terms have been introduced into
the language because somebody deliberately tried
to be funny. Thus, an Oak Ridge waste tank con-
centration plant carried a sign for a while after the
war, Lower Slobovian Distillery, after the “country”
popularized by the cartoonist Al Capp; this was too
much, however, and a superintendent who was not
amused removed it.

At Los Alamos, at the Kappa site there were in-
stallations called Eeny, Meeny, Miney and Lower
Slobovia, the latter apparently for its isolation.

Reactors are the most impressive and exciting
devices of the nuclear age. Let us examine reactor
name compilations to see how they were acquired.

Many of the names given to reactors during the
last two decades have been quite prosaic; they are
simply initials of rather unimaginative identifying
terms. The first one was the historic CP-1 (Chicago
Pile #1); eleven months later the first true reactor,
with a sizable power level was in operation. This
was the X-10 reactor, now a registered national
historic landmark. Going through the series as listed
in various compilations, we encounter names that
do not stir the blood of the reader: MTR (Materials
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to the Geneva Conference, newsmen got hold of it
and no censorship could prevent references in vari-
ous languages to the swimming pool reactor: réacteur
piscine, Schwimmbadreaktor, etc. Today, pool-type
reactor is a generic term.

Argonne National Laboratory’s family of reactors
are called Argonaut for Argonne Naught Power
Reactor. It is of interest to note that the modern
Argonauts also crossed the sea and established a
colony of such reactors in Europe: there are Jason
reactors in England and Holland.

Most of the Soviet reactors carry alphabetic des-
ignations, but there are examples of more colorful
names. The organic-cooled Arbus has aname close to
the Russian word for melon (arbuz). The Romashka
reactor of the Kurchatov Institute in Moscow is
named for the Russian word for daisy; indeed, the
design of its fuel elements resembles flower petals.

Colorful terms are still being invented. The Ten-
nessee Valley Authority announced recently that
containment structures of its new Sequoyah Nuclear
Power Plant near Chattanocoga will be lined with
five million pounds of ice cubes. It was unavoidable
that the press would call it Reactor on the Rocks.

The thermonuclear researchers seem to lean to-
ward humor and mythology when naming their
facilities. We must admit, however, that the name
of ORNL’s DCX machines, standing for Direct Cur-
rent Experiment, is not as colorful as that of the Los
Alamos toroidal pinch experiment Perhapsatron or
the magnetic mirror experiment, Scylla. Fusion re-
search is fraught with obstacles as were Ulysses’
voyages; we can expect sooner or later the appear-
ance of a machine called Charybdis. And as thermo-
nuclear fusion tries to imitate what’s happening on
the sun and other stars, it is natural that the tech-
nology has devices named Stellarator or Astron.

There are several (apocryphal) stories about the
origin of the code name for the thermonuclear fusion
program. According to one version, a scientist said
to another: “It would be good to make the fusion
energy of the sun available to mankind.” The other
replied, It sure would.” Thereupon the undertaking
was dubbed Project Sherwood.

The cyclotron at Saclay, France, is encircled by a
large ring; it was therefore logical to call it Saturne.
The name of Nimrod at Harwell, England, indicates
that it is used for hunting or searching. Familiarity
with American television is revealed by the names
of a German accelerator and a Swedish one, Desy
and Lusy; they stand for Deutsches Elektron Syn-
chrotron and Lund Synchrotron, respectively. Other
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acronyms of these interesting devices include our
own ORIC (Oak Ridge Isochronous Cyclotron), and
ORELA (Oak Ridge Electron Linear Accelerator);
LAMPF (Los Alamos Meson-Proton Facility) and
TRIUMF (Tri-University Meson-Meson Facility)
in Vancouver. A fourth university has joined the
original sponsors, but it is unlikely that the acronym
will be changed. The names of Bevatron at Berkeley
and Cosmotron at Brookhaven National Laboratory
emphasize the tremendous size of these machines.

The energy level, of course, is a very important
feature of accelerators; nowadays it is given in terms
of billion electron volts, or BeV. However, “billion”
is a false friend which confuses the trusting reader:
it means thousand million in the United States and
million million in most of the rest of the world.
Therefore the prefix “giga-”, abbreviated to G, was
adopted for the factor of 10°, and BeV became GeV.
In this connection, it has been reported that Pro-
fessor Victor Weisskopf of MIT, a former director
of the European high-energy research center CERN,
in Geneva, Switzerland, started to say in a speech,
“GeV —oh, I'm sorry; over here I have to remember
to use Brookhaven electron volts.” He thus gave an
excellent mnemonic rule: Geneva electron volts and
Brookhaven electron volts, for use in Europe and
the U.S., respectively, to indicate 10? electron volts.

Wartime Code Names

In addition to the previously mentioned Tuballoy
and Oralloy, there was also, by analogy, Myrnalloy,
for thorium, based on the name of the motion pic-
ture actress. Hex was uranium hexafluoride (usually
enriched), while D-38 indicated uranium depleted in
the 235 isotope. The term derby indicated an ingot
of depleted uranium received from the metal reduc-
tion plant. Fissionable materials were shipped in
containers held in a birdcage to prevent their stack-
ing and creating a critical mass. This highly descrip-
tive term is still used.

Codes in use at the Gaseous Diffusion Plant in-
cluded L-28 for liquid nitrogen and H-24 for helium
(based again on the atomic number and weight).
The production of the plant was reported in units
of kegs of eggs standing for kilograms of X (or 23°U).
The center of the K-33 cell floor was called 5tk
Avenue and 42nd Street, while the K-29 spread was
referred to as the Ponderosa. Many of these terms
outlived their usefulness, but the expressions green
salt and orange oxide are still used for uranium
tetrafluoride and trioxide, respectively.
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If a megaton of energy is defined as the quan-
tity (10 cal) yielded by a I-megaton detonation,
some comparisons can be made. As mechanical
energy it could raise the weight of Norris Dam 150
miles. By an additional 9 megatons of energy, this
million-ton mass then could be accelerated to 17,000
mph, or orbited. As heat, one megaton of energy
will boil into steam an amount of water that would
float a fleet, a volume of water equal to the displace-
ment of 21 Queen Elizabeths (83,676 tons). A mega-
ton fusion explosion would produce about 10*" neu-
trons. This 1-megaton nuclear detonation produces
this many neutrons in less than a millionth of a
second. In 1964, a 30-kiloton experimental Plow-
share isotope-making device ejected into each square
centimeter of its target the same number of neutrons
that it would take the ORNL High Flux Isotope
Reactor over thirty years of continuous operation
to deliver to each square centimeter of its targets.
In fairness to the HFIR, it can be mentioned that

the target-recovery problem is different.

tion project. A thorough investigation of a proposed
site therefore is mandatory and the public safety
must be ensured before plans for a project at that
site may proceed. If safety is not ensured, either a
new site must be selected, or the project postponed
or abandoned.

The larger nuclear explosives are very economical.
Thermonuclear, or fusion, explosives are generally
preferred to fission explosives for their economy as
well as the more obvious reasons. The AEC has re-
leased projected charges for thermonuclear explo-
sives. These projected charges are $350,000 for a
nuclear explosive with 10-kiloton yield and $600,000
for a nuclear explosive with 2-megaton yield. The
charges cover the nuclear materials, fabrication
and assembly, and arming and firing service. They
do not include safety studies, site preparation, trans-
portation and emplacement of the explosive, and
support. For the requisite public-safety survey con-
ducted by the Government there would be a related
service charge. These figures, issued for estimating
purposes only, are based on a projection to a time
when explosives will be produced in quantity for
routine commercial utilization and are based on an
explosive design suitable for excavation-type ap-
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plications. By comparison, 10 kilotons of conven-
tional explosive (TNT, nitromethane, ammonium-
nitrate) costs about $1 million, and two megatons
about $200 million.

Excavation with small nuclear explosives at
present is not economically compelling. The cost of
excavating rock and dirt by a single 10-kiloton
nuclear explosive is calculated to be around $2/cu.
yd., as compared with large-scale excavation by
conventional methods at 25¢/cu. yd.

Excavation with large nuclear explosives, how-
ever, costs only a few percent of conventional exca-
vation cost. A 2-megaton nuclear explosive buried
about 1,330 ft. in hard rock would excavate about
72 million cu. yd. and yield a crater about 2,600
ft. in diameter and 750 ft. deep, large enough to
create a harbor. The project cost for this shot would
be around $2-3 million, bringing the cost of nuclear
excavation down to around 3¢/cu. yd.

Nuclear explosives do not compete with conven-
tional explosives and conventional excavation; they
take over when these leave off. In excavating with
conventional explosives the explosives usually are
used only to break the rock; the broken rock is
loaded and hauled away. Nuclear explosives at
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“Economic, strategic, and political considerations
b b

quirement is about 700, and it is almost invulnerable
to destruction by sabotage and attack. The costs of
converting the present canal to a sea-level canal
and of building a sea-level canal 100 miles to the
east with conventional construction methods were
estimated in 1964 to be $2.2 billion and $5.1 billion
respectively. The costs were then estimated for the
nuclear explosive approach.

The route used in the comparison study is 48 miles
long and runs from San Miguel Bay on the Pacific
Ocean to Sassardi Point on the Caribbean Sea. It
crosses the Continental Divide where the elevation
is 1,080 ft. According to LRL’s isthmian canal
studies of 1964, an estimated 302 nuclear devices
varying in yield from 100 kilotons to 10 megatons
would be required to excavate the canal.

The estimated cost of this nuclear canal includes
several items. First there are site surveys to be
paid for. Then there must be studies to determine
not only the topography, but also the meteorology,
ecology and hydrology of this little-known region
because these affect the final disposition of the in-
volved radioactivity. The ecology must be known as
well for evaluating the effects of opening a ditch be-
tween tropical seas. Engineering surveys are needed.
About 35,000 or more natives must be relocated to
new villages, an estimated 245 miles of roads must
be built, and the work force of 650 persons requires
a town to be constructed. Harbors and breakwaters
are also included in the cost estimate, but no treaty
or defense costs are included. The estimated total
cost of the nuclear-dug canal, constructed in one-
fifth the time, is $747 million, or about a sixth that
of a new canal by conventional means.

The Atlantic-Pacific Interoceanic Canal Study
Commission, appointed by the President under
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indicate that a sea-level canal across the
isthmus would be much more satisfactory

than the present lock canal.”

Public Law 88-609, is currently engaged in evaluat-
ing the case for a sea-level canal.

Natural Gas Production and Storage

Natural gas companies are enthusiastic about
their Plowshare prospects. The San Juan Basin of
Colorado and New Mexico is underlain by a rock
formation that contains an estimated 33 million
cubic feet of gas under each surface acre. The El
Paso Natural Gas Company (EPNG) among others
recovers about 10% of the contained gas over a 20-
year period by sinking wells into the formation.
Recovery is low and slow because the producing
formation is tight, which is to say that it contains
fine pores that are partially clogged by clay and
other cementing materials. EPNG is of the opinion
that its gas wells might be stimulated with nuclear
explosives, increasing recovery to 66% and meeting
peak-flow requirements. The anticipated additional
gas production returns about 50 times the energy
from the expended nuclear devices. These explosions
convert 100 yards or more in the length of each well
into a broken zone, or chimney. They thereby may
accomplish three things: They may expand the ef-
fective well bores, through which gas permeates
into the wells, from several inches to several hun-
dred times as much; they may improve the gas
permeability of this surrounding formation by pro-
ducing cracks and microcracks for hundreds of
yards beyond the chimneys; and, because there are
voids between the chunks of broken rock in the
chimneys, they may provide gas storage reservoirs
to meet peak demands.

The amount of contaminated gas involved in this
scheme does not appear to be prohibitive. The gas
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reservoirs. A 50-kiloton nuclear chimney as a gas
storage reservoir would cost about $1.40 per 1,000
scf capacity; this is half or less than half of the pres-
ent cost of gas storage in the East.

On August 28, 1967, Columbia Gas Systems
Service Corporation proposed Project Ketch. Ketch
would involve a 24-kiloton shot 3,300 feet deep in a
shale formation. A proposed site was near a gas line
in the middle of Pennsylvania 20 miles north of the
Penn State campus. Other sites in Pennsylvania
and West Virginia are being considered, too. The
proposal calls for an 8-month safety study; as soon
as public safety could be ensured, there would follow
a 5-month construction period leading to the shot.
The proposed overall project time was 45 months.
The cost of this experiment, estimated at $6 million,
again would be shared by industry and the govern-
ment. The estimated results would be 2.75 million
cubic feet of voids in the chimney of broken rock,
yielding a storage capacity of 465 million scf at
2,100 psi and a daily peak deliverability of 90 million
scf.

Gas companies are not the only ones interested in
making inexpensive storage reservoirs. Nuclear
chimneys as water reservoirs have caught Arizona’s
interest. Also, the nuclear department of the Uni-
versity of Virginia School of Engineering is studying
the feasibility of nuclear chimneys with respect to
chemical industry waste disposal. Qilfield operators
are considering them for their brine wastes.

QOil Recovery

Peaceful nuclear explosives can be used in several
other ways to recover oil. Regarding mineral wealth,
Uncle Sam’s greatest treasure trove is the Green
River Oil Shale reserve in Colorado, Wyoming, and
Utah. Its two trillion barrels of oil represents about
three times the proved crude-oil reserve of the rest of
the world today. Oil companies mine the shale and
burn it in pilot-plant retorts to recover an average
of 25 gallons of oil per ton. At the going price of
$2.50 per barrel, the reserve’s one and a half trillion
barrels of recoverable oil represents a substantial
natural resource.

CER Geonuclear Corporation and about a dozen
petroleum companies have proposed Project Bronco
to the AEC. The Bronco experiment would be a 50-
kiloton nuclear detonation at the bottom of a 3,350-
ft. well in the oil shale formation 25 miles west of
Meeker, Colo. The shot would produce a chimney
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estimated to be 420 ft. high by 230 ft. in diameter.
Air, and possibly some natural gas, would be forced
down wells into the top of the chimney, where the
shale would be ignited. The hot combustion gas from
the fire, as it moved down through the chimney,
would pyrolyze the shale ahead of the fire, producing
natural gas and oil as mist and vapor. The product
would be withdrawn from the bottom of the chimney.
The fascination of this nuclear in-place, combustion-
gas-retort scheme is the elimination of the present
mining and waste problems.

Copper Mining

A method of mining low-grade copper ore is seri-
ously needed. U.S. copper consumption has increased
from 1.3 million tons in 1960 to 2.3 million tons in
1966, a 74% increase in six years. Of more concern
is the rate of increase, which was 8% in 1961 and
17% in 1966. Our high-grade reserves are depleted.
The world has richer reserves that can be developed,
but world demand is increasing twice as fast as our
domestic demand. Copper has become a strategic
commodity; with our strategic-defense stockpile
having dwindled from 775,000 tons down to 260,000,
the U.S. now sets aside part of domestic production
as a strategic reserve. One hundred million dollars
per year is invested by the copper companies for
exploration but only for reserves that offer reason-
able promise of profitable extraction. Just how much
copper the U.S. has in its low-grade-ore reserve (less
than .5% copper) will be determined only when a
new mining technology is tried and proved, giving
industry an impetus to explore the extent of this
resource.

Nuclear mining may be the answer. Kennecott
Copper Company, and others, are leaching old
stopes that had been filled with waste rock contain-
ing small amounts of copper. Finding this chemical
recovery system successful, Kennecott believes
nuclear “dynamite” is the means of economically
breaking up low-grade copper ore right where it
occurs in the ground so that the leachant may be
percolated through it and pumped to a precipitation
plant to recover the copper. Kennecott has proposed
an experiment, Project Sloop, to test the safety,
soundness, and feasibility. In Sloop, as in Bronco,
the mining and waste disposal problems of conven-
tional mining are minimized. Because of the radio-
activity involved, safety hydrology and product
marketability are major concerns of the experiment.
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