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In recent years it has been my custom in these
talks to point out that ORNL is where the action
is: we find ourselves increasingly at those critical
intersections of technology and society which
underlie some of our country’s primary social
concerns. During 1972 these involvements have
boiled over into a series of incidents that make
many of us long for the good old days when what
we did at ORNL was separate plutonium, measure
cross sections, and develop instruments for de-
tecting radiation.

ECCS Hearings

Perhaps the most exhausting of the Labora-
tory’s encounters with this interface between
science and society has had to do with the Hearings
on Acceptance Criteria for Emergency Core Cool-
ing Systems for Light-Water-Cooled Nuclear Power
Reactors (to give the hearings their full name). In
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brief, the issue is this. The probability of a serious
reactor accident is extremely small; but no matter
how small this probability, the entire nuclear
community is dedicated, through careful engi-
neering and analysis, to reducing this probability.
The most serious accident that has been hypoth-
esized is the so-called loss-of-coolant accident
(LOCA): a double-ended pipe rupture that would
deprive the reactor of its coolant. To mitigate the
consequences of such an event, light-water reactors
are equipped with emergency core cooling systems
(ECCS) that are designed to keep the core flooded
under all possible situations. Without such cooling
one cannot prove that the reactor might not melt
through the containment; hence a reliable ECCS is
considered vital to the safety of high-powered
nuclear reactors.

I reviewed these questions in my 1970 talk. At
the beginning of this year the Commission insti-
tuted hearings to review the operating limits placed
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on reactors and on the ECCS. These limits are
intended to ensure that under all credible situa-
tions a reactor meltdown could not occur.

Several members of the ORNL staff have par-
ticipated in these long and arduous hearings: W. B.
Cottrell, P. L. Rittenhouse, D. O. Hobson, C. G.
Lawson, D. B. Trauger. In the course of the
hearings, our experimental observations have been
examined in excruciating detail by both inter-
venors and vendors. On the whole, the ORNL
findings have admirably survived this almost un-
precedented scrutiny. For example, the observa-
tion of Rittenhouse and Hobson that zirconium
embrittles significantly even at temperatures below
2300°F if it is kept at such temperatures long
enough is now accepted; and our old findings that
channels can be blocked by swelling of fuel
elements after blowdown will, I believe, be given
weight in the revised criteria. Of particular impor-
tance has been the work of a special ORNL task
force, headed by R. B. Briggs, which has combed
over the 20,000 pages of testimony to help the
AEC regulatory staff prepare supplemental testi-
mony based on information brought out during the
hearings.

Our participation in the ECCS hearings raises
the question of whether the Laboratory, as an
institution, can arrive at a consensus on technical
matters as complex as those required to analyze
the events that follow a loss-of-coolant accident.
This question obviously does not have an unequiv-
ocal yes-or-no answer. The guiding approach to
answering such questions is honesty. Where differ-
ences of opinion on technical matters remain
within the Laboratory, we must acknowledge these
differences and point them out to our sponsors.
ORNL consists of individuals: though management
can, and must, recognize that not all opinions can
be given equal weight, I think we must use
sparingly the power to pronounce institutional —
as opposed to individual — judgments.

The ECCS hearings have just been closed. Each
of the parties to the proceeding will now sum-
marize its position, an environmental impact state-
ment will be incorporated in the record, and the
complete record of the hearing will be presented to
the Commission for final decision concerning the
criteria.

Environmental Impact Statements

The second of the year’s activities fraught with
great public implication is the preparation of
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environmental impact statements for reactors. We
now have approximately 70 people serving as an
extension of the AEC regulatory staff working on
these statements; they have completed 13 state-
ments and are working on 11 others. Our budget
for this activity during FY-73 is $2.7 X 10°.
ORNL has acquired a reputation for preparing
careful and detailed impact statements. They have
embodied in full measure both the spirit and the
letter of the National Environmental Policy Act
(NEPA). One of our statements (Indian Point-2°
prompted Anthony Roisman, an attorney for the
Environmental Defense Fund, to say: ‘“The AEC
has taken on responsibility [under the National
Environmental Policy Act] and has acted respon-
sibly. There is no doubt that the AEC is now doing
the best job of any federal agency in implementing
NEPA.”

Of the environmental impact statements we
have prepared, the Indian Point-2 statement has
had the most consequence. The issue was joined
when C. P. Goodyear, from the Environmental
Sciences Division, noticed that the area around
Indian Point on the Hudson is used as a spawning
ground for striped bass. The concentration of
young striped bass in the Hudson peaks noticeably
in this area. The larvae, being poor swimmers, are
easily entrained in the intake water conduits and
are destroyed. Altogether, Goodyear estimates that
30—50 percent of the young striped bass would be
killed each year at Indian Point-2, and that this
could lead to a corresponding reduction of the
adult population of these fish within eight years.
The environmental impact statement therefore
recommends ‘. ..that the applicant consider the
incorporation of a closed-cycle cooling system . ..
by July 1973. After approval of this system by the
AEC, it should be installed for operation no later
than January 1978.”

The installation of cooling towers at Indian
Point might cost as much as $182 X 10% over the
plant lifetime. Thus a recommendation to install
them can be made only after the most serious and
searching review of available data. ORNL and the
AEC regulatory staff have studied the question
from several angles, and the result seems incontro-
vertible: the striped bass like to spawn around
Indian Point, and therefore a power plant in that
vicinity is likely to cause serious damage to this
species.

It now appears that our work on environmental
impact statements will continue for a long time.
Moreover, as the Commission’s interests go beyond
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view continues to be that we do have acceptable
ways of handling these wastes: either by storage in
vaults or by disposal in salt. To be sure, vault
storage requires active surveillance that we can
hardly guarantee over the thousands of years the
wastes remain dangerous. Salt still looks like an
entirely feasible site for long-term storage, and one
that requires minimal surveillance. It is perhaps
reassuring that West Germany has come to the
same conclusion: low-level wastes now are being
stored in a salt mine in West Germany, and plans
for storing high-level wastes in salt are going ahead
there.

Energy

The energy crisis, which became quite apparent
last year, has deepened. One result is that everyone
wants a piece of the energy action. In the 92nd
Congress there were 18 congressional committees,
189 congressional publications, and 338 bills intro-
duced dealing with energy. Though there is much
milling about, my impression is that all of the
studies, symposia, and committee reports present
much the same overall conclusions.

These conclusions were well summarized by
the Cornell-NSF Workshop on Energy and the
Environment held in February. I mention this
study partly because one of the panels (on Tech-
nological Options) was organized with the help of
Roger Carlsmith and involved several ORNLers or
ORNL alumni, and partly because the conclusions
of this and similar studies will almost surely affect
the future directions of ORNL.

Two technological developments were seen as
central: clean energy from coal (either by gasifi-
cation or by liquefaction); and nuclear energy,
particularly the breeder. [To be sure, the panel
urged that alternatives to the Liquid-Metal Fast
Breeder Reactor (LMFBR) be kept viable, but this
is, in the larger sense, a detail.] What relief we get
from our energy crisis will come, within the next
20 years, from coal and uranium. On these two
points most everyone now seems to agree; and it is
gratifying to see that coal people and uranium
people are talking to each other constructively and
sympathetically.

In a quite different category of feasibility and
immediacy are the other potentially large energy
sources — geothermal, solar, controlled fusion. In a
much lower category, largely because they repre-
sent such relatively small energy sources, are wind,
tides, ocean thermal gradients, renewable organic
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fuels, garbage. The NSF workshop also devoted
some attention to reduction in demand for energy,
a matter that is now receiving attention in many
quarters. Thus the study focused attention both on
the supply and the demand aspects of the energy
crisis.

Most, but not all, of what we do on energy at
ORNL is an attempt to increase supply by various
technolog™ ' options and devices. But we are also
examining the demand side of the picture. Under
our NSF-RANN program, J. C. Moyers has found
that, if we were to insulate our homes 20 percent
above FHA standards, we could decrease energy
consumption for space heating 20 percent; or that
we could double the efficiency of air conditioners
at very little cost penalty; and an economic
analysis by T.dJ. Tyrrell and Duane Chapman
suggests that a one percent increase in price of
residential electricity would eventually reduce
demand by about 1.3 percent.

Turning to supply, I mention first clean energy
from coal. Thus far we have not done very much
more than try to become educated. We have
requested and hope to receive from the AEC
$150,000 to review the current technologies of
liquid and gaseous fuels from coal. Natural gas is
the ideal fuel for residential heating and many
other uses because it is clean and cheap. It is
projected that by 1985 there will be a shortage of
17 trillion SCF per year, which is about two-thirds
of our present consumption. Thus, one of the big
challenges for the U.S. in the next 25 years will be
to build a substitute natural-gas industry using coal
or lignite as the raw material. Coal liquefaction will
be another important challenge, because here we
are talking about getting adequate supplies of
liquid fuel, all of which we now get from petro-
leum. But it is also estimated that by 1985 we
could be importing 56 percent of our oil supply,
which would seriously strain our balance of trade.

We have also received $360,000 from NSF-
RANN to begin a more serious examination of the
potassium vapor cycle. A.P. Fraas and his asso-
ciates have operated small turbines on K vapor as
part of the early attempts to develop auxiliary
power for space; and for many years Fraas has
urged that a relatively straightforward way to 55
percent thermal efficiency would be to use boiling
potassium as a topping cycle. This seems to have
been an idea that came before its time; but now we
have money to do preliminary work.

As for solar energy, ORNL is engaged in two
studies. First, we have as part of our NSF work
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tried to decide for ourselves just how much large
solar energy power plants that embody the Meinel
selective absorption films might cost. Our answer —
$3000 per kilowatt for the first plant, perhaps
$1200 per kilowatt for later plants — is not too
reassuring. At $1200 per kilowatt, power would be
generated for about 2.5¢ per kilowatt-hour. Now
nuclear power from light-water reactors would cost
2.5¢ per kilowatt-hour only if the price of uranium
went up to $260 per pound; and at this  ce the
amount of uranium is very large indeed. Thus we
now look upon solar energy as a long-term backup
which would be needed only if, for some reason
other than economics, nuclear energy should prove
to be unacceptable.

There is another approach which deserves
mention — the use of solar energy to enhance
biological production of hydrogen or methane.
Some thinking along these lines is being done at
ORNL, particularly by G.D. Novelli and Kurt
Kraus, but our ideas are still in a rather rudimen-
tary stage.

Another important study is devoted to the use
of hydrogen as a means of storing or transporting
energy. This is again an old idea that we first
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proposed about 10 years ago when we were
studying agro-industrial complexes. J. W. Michel
headed a task force this year that studied H, and
other synthetic secondary fuels for the AEC and
the Office of Science and Technology. From
studies such as these, one gets the impression that
eventually hydrogen will be our main secondary
fuel. When this will happen, of course, no one can
predict.

Both solar and geothermal energy represent
very large resources of relatively low-grade heat.
Using this heat efficiently for generating electricity
has always been awkward. I am pleased therefore
that ORNL, under AEC auspices, has begun to
explore the use of ammonia as a bottoming cycle,
possibly for a geothermal plant, or even a conven-
tional plant, since the use of a bottoming cycle
might diminish the release of waste heat.

Thus we see glimmerings of activity in many
aspects of nonnuclear energy: energy demand,
coal, hydrogen, transportation of energy, topping
and bottoming cycles. What we are doing now is
relatively little, but I would venture to predict that
bigger things will come. The AEC has organized, in
its Division of Applied Technology, a department
devoted to General Energy Development under
former ORNLer J. C. Bresee. Whether — as the
press has speculated — the AEC will in fact become
very heavily involved in all aspects of energy, I do
not know. Whether or not this happens, I would
point out that in many ways ORNL is beautifully
situated to play a large role in energy. The skills we
have developed under the auspices of various
agencies — ranging from social aspects of energy
demand to production of hydrogen and power
plant siting, from biological utilization of solar
energy to superconducting transmission — repre-
sent a powerful scientific resource. I can hardly
believe that these potentialities will be overlooked
when responsibilities for research in nonnuclear
energy are assigned.

Liquid-Metal Fast Breeder Reactor (LMFBR)

I shall be brief in summarizing some of what
we have done in reactor development.

Our largest reactor effort continues to be in
support of the LMFBR, with emphasis on the
Fast-Flux Test Facility (FFTF) and the first U.S.
demonstration plant, which is to be built in Oak
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FFTF component designs and to develop methods
for improving designs for the demonstration plant.

Because of our expertise in the field of
high-temperature materials, a team of ORNL
metallurgists headed by P. Patriarca has assumed
the key national role in the development and
evaluation of materials, fabrication techniques, and
nondestructive testing methods for the LMFBR
demonstration plant steam generator and inter-
mediate heat exchangers. In addition to substantial
in-house development work, this role involves close
liaison with and coordination of the efforts of the
several potential industrial producers of these
components.

I can but mention by title other areas of the
LMFBR where we have worked this year: fuel
cycle, high-temperature thermometry, criticality
measurement techniques, and fast-neutron cross
sections.

Molten-Salt Breeder Reactor (MSBR)

The molten-salt program has made important
technical progress during the year. It now appears
almost certain that the surface cracking of Hastel-
loy N observed when we dismantled the MSRE was
caused by the fission product tellurium. But H. E.
McCoy, aided by J. H. Shaffer, R. E. Gehlbach,
and R. E. Clausing, seems to be well on the road to
a fix for this unpleasantness. Particularly hopeful is
the observation that several modifications of
Hastelloy N that confer immunity from radiation
embrittlement seem at the same time to cure the
tellurium cracking disease. This may be one of
those rare cases where nature is working for us: a
single additive, titanium, may cure two serious
deficiencies of Hastelloy N.

Progress also can be reported on the contain-
ment of tritium in molten-salt reactors. R. A.
Strehlow and H. C. Savage have very recently
shown that Incoloy-800 (an alloy of nickel, iron,
and chromium widely used in steam generators)
readily forms an oxide film which markedly
reduces the r~—~r*‘lity of the metal to tritium. It
seems likely tnat a similar film can be produced
and retained in a molten-salt reactor steam gener-
ator. If so, the film should decrease tritium
permeability by at least a thousandfold, and
tritium release from a molten-salt breeder could be
restricted to tolerable limits.

The MSBR program ~ under serious scrutiny.
The Commission earlier this year was invited by
the Joint Committee on Atomic Energy to review
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the project with a view to deciding its future. In
anticipation of this review, the Laboratory pre-
pared a detailed technical assessment of the status
of the MSBR program. This 416-page study is a
model of responsible and knowledgeable technical
analysis. Our recommendations to the Commission
are summarized in the following statement:
‘... we believe an MSBR program should proceed
in three steps:

1) Continuation and some expansion of the pres-
ent effort to advance the technology and to
demonstrate solutions to several technical prob-
lems.

2) After several years, .. the outcome of Step 1 is
encouraging, construction of a molten-salt
breeder experiment by the AEC to obtain a
conclusive test of the features of the concept.

3) Finally, if the results of Step 2 are favorable,
scaleup by industry to full-size commercial
breeder reactors.”

As of the moment, the final verdict hangs in the
balance.

Gas-Cooled Reactor (GCR)

Perhaps the big event in reactor development
this year has been the emergence of the high-
temperature gas-cooled reactor as a serious com-
mercial type. Gulf General Atomic has sold six
large HTGRs totaling 5400 MWE, with the first
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The critical product, peak density times mean
particle confinement time, is 2 X 10'!. This is
quite respectable for Tokamaks (the goal is 10'?),
and ORMAK has checked empirical scaling laws
that had indicated that a fat, compact torus is
more promising than an extended, skinny one.

A major shutdown of ORMAK is planned for
March. At this time, two neutral atom injectors
will be added to heat the ions to about 1 to 2 keV,
which will be well into the so-called ‘‘collisionless
regime.” In this regime, the average ion will go
completely around the torus several times between
collisions with other ions. This is the regime in
which a fusion reactor will have to operate, and it
has not yet been reached in Tokamaks. The
number of injectors (two) is significant; I said four
last year, but O. B. Morgan and his colleagues, T. C.
Jernigan, L. D. Stewart, and W. L. Stirling, have
doubled the output, and it’s clear now that only
two will be sufficient. Of course, other improve-
ments will be worked into ORMAK during the
March shutdown, among them measures to purify
the plasma and refinements in the laser diagnostics.
Next year will be an even more significant one for
Tokamaks.

Last year I mentioned also the ELMO Bumpy
Torus, but merely as a concept. In the meantime,
this experiment has been blessed by the CTR
Standing Committee —and funded. Construction is
now well along. Next year I hope to be able to
report in some measure on the performance of this
novel plasma confinement scheme.

The Laboratory is also involved in fusion work
in other wi, . A major problem is sseen in the
radiation damage that will occur in the vacuum
wall of a fusion reactor. The wall will be hot, and
14-MeV neutrons, at fluxes of well over 10'* per
cm? per second, will displace every atom hundreds
of times, and thus induce radiation damage far
more severe than is expected in a fast fission
reactor.

This formidable problem is being attacked on a
rather modest scale in the Physics, Metals and
Ceramics, and Solid State Divisions. The 6-MV Van
de Graaff is being equipped with a source of heavy
ions, because a beam of vanadium ions (for
example) penetrating into vanadium can produce
displacements at a rate sufficient to reach ~100
per atom in a few hours, without introducing
impurities. Alternatively, impurities can be intro-
duced at will. The expectation is that, with
sufficient understanding, this kind of ion-induced
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damage can eventually be used to predict the
character of the neutron-induced damage.

Meanwhile, the metallurgists are studying alloy
systems that may have inherent radiation-resistant
characteristics and are irradiating them at the
highest available reactor fluences. One of the alloys
being studied is vanadium—20 percent titanium.
The work by Kenneth Farrell, Alan Wolfenden,
and F. W. Wiffen shows the remarkable resistance
of this alloy to void formation after irradiation to a
fluence of 1022 neutrons per cm? at 550°C. The
vanadium specimen was strewn with voids, while in
the alloy specimen void formation was completely
suppressed. Thus there is reason to hope that
suitable alloys will be found that are indeed
sufficiently radiation resistant to meet the oper-
ating conditions of a CTR device.

This is the kind of information that will be
vital when the plasma experts finally get their
plasmas under control, and the fusion people will
be squarely (you might say) up against the wall.

Biomedical Sciences

1972 has been filled with much excitement for
our biomedical sciences. Everyone in Oak Ridge
has heard of BCG; but perhaps everyone does not
realize that the significance of M. G. Hanna’s
findings that BCG could cause regression of certain
guinea pig tumors does not lie in this fact alone.
Regression of some tumors by BCG is not in itself
new. Rather, it lies in the observation that BCG
apparently mobilizes scavenger cells (histiocytes)
that ulf and destroy the tumor in a hitherto
unsuspected fashion.

Again, the frozen mouse embryos of David G.
Whittingham, Peter Mazur, and S. P. Leibo are well
known; the mice grown from them have graced the
front cover of Science. What may not be so widely
known is the apparently immediate practical con-
sequence of this very clever technique. Cattle
breeders have for some time been implanting
embryos in foster mothers. The embryos have been
stored in the wombs of female rabbits; these
“biological thermos bottles,”” being small, could be
transported to the foster mother conveniently.
Unfortunately, the cattle embryos survive in this
foreign environment only a few days. If the new
embryo freezing technique can be applied to cattle,
it may revolutionize this industry by making it
possible to preserve embryos from highly desirable
animals indefinitely.
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The energy required to produce these three
metals now consumes about 3% of the total U.S.
energy budget. In the future this percentage might
double or triple because of lower grade ores and
increased demand via substitution. Such growth
can be slowed down by increasing recycle. We
estimate that reasonably high-purity aluminum
scrap can be recycled (melted) for an energy
expenditure only 2 to 5% of that required to win
the metal from high-grade bauxite ore.

The Environment and Materials Management

Our research into the problems of pollution
abatement has taken two directions: first, waste
management, emphasizing recycling; second, toxic
elements. I will merely mention the various waste
management activities, because these stories need
to be described in their own right, and I cannot do
them j e here. Ji son and ' colleagt
in the Water Research ___jram have been very
successful in applying dynamic membrane hyper-
filtration (reverse osmosis) to such important
industrial nasties as kraft paper mill bleaching
wastes and textile mill dyeing wastes. Experiments
on actual wastes indicate that by tailor-making the
membranes one can either clean the water to a
degree suitable for discharge or provide sufficient
treatment for recycling of the water and, in some
cases, for recovery of chemical constituents as well.
In addition, Frank Snyder and I have been study-
ing the feasibility of a regional system of solid
waste management for the greater Knoxville-
Chattanooga area. This system, which we call
Wasteplex, would emphasize waste utilization and
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recycling on a large scale with the anticipation that
the economies of scale can offset transportation
cost of getting the wastes of a 29-county area to a
central site. We recognize here the fact that if
capital-intensive waste recycling is to be practical
for that half of the U.S. population living outside
metropolitan areas of 500,000 or more, then
regional waste management will be required.

Controlling Toxic Elements

In the Fall 1971 issue of the ORNL Review,
Robin Wallace described his trials and tribulations
in putting together the best selling report Mercury
in the Environment — The Human Element. We
have now written a sequel which we call Cadmium
— The Dissipated Element. In doing this work we
have had to think long and hard about controlling
the man-induced flow of toxic elements into the
environment. Economic reasoning gives a theoret-
ical model through cost-benefit analysis for apply-
ing controls. First, for any pollution source you
assess the costs of abatement as a function of the
level of cleanup of the waste streams involved;
then, you measure the damages in terms of
biological as well as aesthetic impacts as a function
of the levels of emissions and assign dollar values to
the damages. The optimum level of abatement is
that for which the cost for removing one more unit
of toxic element discharge is equal to the benefit
of that removal in damages avoided. Any greater
degree of control would result in costs exceeding
benefits, and any lesser degree, the opposite.
Control is achieved by setting emission standards
or taxes or by offering economic inducements.
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The trouble with this model is that, in the case
of toxic elements, we do not have the information
required to make such an analysis. Well, that’s just
fine. It means we all have a lot of useful research to
do, which will, no doubt, keep many of us busy for
years to come. We will get ecologists, biologists,
epidemiologists, and sociologists busy on quanti-
fying the damages. Armed with this intelligence,
the economists can assign costs. Engineers can
spend their time figuring out the price of abate-
ment as a function of alternative technological
strategies. (This, by the way, may be the most
cost-effective research, but as an engineer, I am
biased.) In all seriousness, we should try to do
much of this work. Some of it is being done in the
NSF-founded RANN program Ecology and Anal-
ysis of Trace Contaminants and the joint Purdue-
ORNL project Environmental Aspects of Cad-
mium. However, we should recognize at the outset
that an entirely satisfactory answer may never be
found. As Alvin Weinberg has suggested, the
determination of long-term low-level effects char-
acteristic of environmental toxic element contami-
nation will be very difficult to quantify: the
determination may be ‘“trans-scientific.” For ex-
ample, there is evidence that cadmium accumula-
tion may cause kidney damage after 50 years of
exposure to dietary intake levels which are only a
factor of two or less above normal, but actually
quantifying the increased probability of kidney
damage as a function of cadmium dose rate could
take years of research. In addition, there is the
problem of placing a dollar value on these damages.
What is the value of human life? Or, if you don’t
happen to be people oriented, how would you set a
price on the life of a bald eagle? Or, more
appropriately, perhaps, how do you put a value on
the last two bald eagles? These may be ‘“trans-
economic’ questions.

For these reasons 1 am not sure cost-benefit
analysis will ever be an effective way to establish
toxic element control policy. So, while working on
obtaining the knowledge for a cost-benefit analysis
I would suggest two additional activities which I
believe would help enormously toward developing
a rational, albeit somewhat arbitrary, toxic element
control policy.

First, I think the nation should consider an
accountability system for toxic elements in order
to determine the quantity of material flow in
society, and thereby better identify potential
sources of environmental loss. The Environmental
Protection Agency is now obtaining some emission
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data specific to toxic elements through the report-
ing system of the Refuse Act of 1899 and through
the provisions of the Clean Air Act. Further
information should be forthcoming as a result of
the adoption of the amendments to the Federal
Water Pollution Control Act (called the National
Water Quality Standards Act) recently enacted by
Congress over presidential veto. To me, the effec-
tiveness of this reporting system could be enhanced
greatly if mass balance data on toxic elements were
required of industry — not just emission data.

My second suggestion relates to the fact that
toxic elements tend to accumulate in the environ-
ment near emission sources. Over long periods of
time, soils and sediments can become contami-
nated enough to poison man’s food supply. Natural
recovery, after pollution is stopped, may take a
very long time. It seems to me that a potentially
important control signal could be the rate of
increase of toxic element concentrations in the soil
and sediment sinks as well as in the air, the water,
and various biota. We could arbitrarily establish a
dictum that, regardless of the damage, we don’t
want toxic element concentrations to increase with
time faster than some determined value. We in-
crease controls until the rate is slowed below that
value. The work necessary to determine what
controls are needed (over and above the account-
ability system mentioned above) is periodic moni-
toring of levels in the environment. Some periodic
monitoring of air and water is already practiced by
EPA, the Geological Survey, and other agencies,
but for the case of toxic elements this needs to be
expanded to (at least) soils, sediments, and plants
near the major sources of emission. Since we are
talking, usually, about very low levels (i.e., parts
per billion to parts per million), chemical analysis
is always a question. For this reason I would
suggest that a National Environmental Specimen
Bank be established in which specimens collected
periodically around the country would be stored.
In this way, as analytical techniques improve,
retrospective studies of one toxic element or
another could be made to determine the rates of
change. Also, such a specimen bank would be very
useful in the future evaluation of materials not
now suspected of being environmentally damaging.
Such a banking system could be administered by
the National Bureau of Standards or by EPA, and
specimen collection and storage might be set up on
a regional basis and be entrusted to land-grant or
other universities.
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By Alex Zucker

Savie OLp STuEkE

Only One Earth, by Barbara Ward and René
Dubos. W. W. Norton & Co., New York (1972).
225 + xxv pages, $6.00.

WHAT A SUPREMELY INTELLIGENT
BOOK! And what an enormous area the authors
attempt to cover. Nothing short of a description of
the earth, man’s effect on it, and the consequences
and perils involved in the interaction between man
and the environment. Only One Earth was com-
missioned for distribution to participants of the
United Nations Conference on the Human Environ-
ment held in Stockholm last summer. It was
written by Barbara Ward and René Dubos. Ward is
a renowned British economist who specializes in
international development. Dubos is an eminent
pathologist and bacteriologist whose energies lately
have been turned to environmental problems. The
purpose of the book was to provide each member
of the Stockholm Conference with a clear and
reasoned account of mankind’s environmental
problems, to give a brief historical treatment about
how these problems have come to be, what their
likely consequences are, and what we can do about
them.

Not unexpectedly, we find the spotlight
focused on those areas of environmental concern
which are international in scope, either because
they involve interactions between nations, or be-
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cause they exhibit a large degree of commonality
among nations. The book is a result of unprece-
dented eclecticism. Over 150 consultants in various
fields, and from nearly all the concerned nations,
were invited to comment on the draft of the book,
and, as the authors say, their comments were given
thorough and impartial consideration. It must have
cost the authors a great deal of effort to digest so
much material, to include so wide a variety of
views, and still to produce a book that is clear, that
presents a unified position, and, above all, that is
so eminently literate.

The breadth of Ward and Dubos’ perspective is
awesome indeed. The book begins with a brief
history of the planet; it next describes the develop-
ment of commercial and industrial human activity
and then goes on to treat in some detail the
problems connected with energy: ‘‘In the last
analysis, everything is energy ....” The usual
pollution problems are cataloged: air pollution,
pesticides, water pollution, solid waste disposal,
problems of urban growth, etc. The presentation is
everywhere honest. No problem is dismissed as
trivial, no easy solution is peddled to the unwary.
In just over 200 pages the uninitiated reader will
have acquired a first acquaintance with the more
prominent features of the total environmental
problem. For those who have been here before, the
book is a little disappointing; nothing really new is
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presented, nothing arrests the mind except the
felicity of style. In almost primer fashion the
authors repeatedly mention cost-benefit calcula-
tions and the need to imternalize external costs.
Overpopulation is plangently deplored; preserva-
tion of the natural environment is advocated. The
overall impression of the book is that the authors
want to ease a potentially hostile reader into
environmental consciousness by rational argument
and by skillful marshaling of facts. They don’t
want to excite him and they don’t want to arouse
latent antagonisms. The book is never hysterical,
never desperate. In fact, and perhaps surprisingly,
the authors, after presenting a particularly thorny
environmental problem, almost always go on to say
that technological and sociological solutions exist,
that they are essentially at hand, that their costs
are not insuperable, and that mankind, if it will
only think clearly and act reasonably, can live
happily ever after on this planet. An unexpected
mixture of Cassandra and Candide.

Much of this is admirable and indeed essential
for a book designed to produce in Stockholm an
atmosphere conducive to a certain measure of
unity among the nations. The conflicts are sharp.
In this case the adversaries are not aligned along
the east-west axis but rather in the north-south
direction. Most of the developed nations are in the
north; much of the environmental damage is
caused by overindustrialization of northern lands.
The southern countries feel very strongly that they
are being told by the north to sacrifice economic
development in favor of preservation of the envi-
ronment. Quite rightly, they feel that they should
not be the only ones to bear the burden of the cost
of such action. The north-south dichotomy goes
deeper, however. People in moderate climates in
Europe, North America, and Asia see nature as a
friend and a source of inspiration, full of spiritual
value. Nature, in European and Far-Eastern poetry,
is second only to love. A walk in the forest or the
contemplation of a lake arouses in us emotions of
calm and beauty. But we must bear in mind that
these reactions are by no means universal. To
inhabitants of harsh climates, nature is more often
an enemy than a friend. In the southern climates
the sun is harsh, the jungle treacherous, and the
vast desert areas uninhabitable and hostile. It is not
surprising if the drive to preserve the environment
in the south is tempered by skepticism, or if an
airport ranks higher on the value scale than a
swamp.
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There are other problems. Population densities
in the south are such that even great technological
successes carry with them the shadow of impos-
sible social consequences. For example, the green
revolution has at least temporarily averted starva-
tion in many parts of the world. But the green
revolution means that food must be produced
efficiently with heavy application of fertilizers and
pesticides, and with as much machinery as possible
on relatively small acreage. It benefits few and
throws many on the dole. True, a nation like India
can now feed itself, at least in times of normal
rainfall, but the new agriculture raises the real
possibility that half the Indian population may in
twenty years be on welfare. No nation can tolerate
the conditions under which half its population is
out of work, and the authors clearly point out that
the first need is to balance the requirements of
employment with those of productivity. While
every human being is entitled to the essentials of
life, he is also entitled to feel that he is a valued
human being. To this end a person must be
employed in a useful way. A society whose sole
concern is increased productivity will fail if it does
not consider the equally important human value of
universal useful employment.

The book unfortunately avoids making policy
recommendations. It doesn’t, for example, discuss
the relative merits of effluent charges, pollution
permits, or special taxation as alternative methods
for controlling air and water pollution. It doesn’t
dwell on any particular international environ-
mental problem such as the pollution of the Baltic,
the possible degradation of the Mediterranean, or
the unfettered exploitation of hydropower in
Africa. It is understandable that Ward and Dubos
try to avoid irritating anyone. But the net result is
too bland for my taste. The book not only eschews
recommendations, it also avoids listing the options;
and this is its greatest failing.

The authors have chosen to paint with a muted
palette as they try to convince the reader, by
reason and through an accumulation of an enor-
mous amount of data, “that each man has two
countries: his own and the planet Earth.”” The fact
that the Stockholm Conference was a success and
that we are now witnessing the parturition of an
environmental arm of the United Nations indicate
that the book may have played an important and
successful role, and that Ward and Dubos have
chosen the right strategy for their particular
audience.
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sight-seeing on Monday. However, after arrival I
discovered that I was to give an opening plenary
lecture. To satisfy the interpreters I had to spend
several hours on Monday at the University writing
the talk. I managed to do this under difficult
circumstances, since various Russian geochemists
approached me to discuss our ORNL researches.
Also, I was asked to write some material for the
Russian press, which I did. Later that day I was
able to do some sight-seeing with Drs. Ryzhenko
and Malinin before attending an elegant reception
for special guests of the Congress at the Prague
Restaurant. The tables were laid abundantly with
wines, vodka, red and black caviar, meats, deli-
cacies, and, later, desserts. I returned to my hotel
at 10:00 PM in time to review my lecture for the
following morning.

Opening of the Congress

On Tuesday morning the opening speakers
were invited to a social in the president’s room at
the University starting at 9:00 AM. A large buffet
of caviar, meats, cookies, wine, and coffee was
offered, making for an amiable informality among
the speakers, who included Vinogradov, Soviet
Minister of Geology A.V. Sidorenko, and Pro-
fessors N. I. Khitarov, A. I. Tugarinov, and A. B.
Ronov, among others. At 10:00 we filed onto the
stage of the main auditorium to face the 1500
delegates and to present the opening talks. I felt
pleased with my own presentation, with the
presentations of the other speakers listed above,
and with the subsequent invitation from Minister
Sidorenko to visit with him at the Ministry on the
following morning.

After a hurried lunch I was asked to participate
in a conference before 30 members of the press,
together with Khitarov and Tugarinov. We dis-
cussed the significance of the Congress, our own
researches, and applications of geochemistry. That
afternoon I cochaired the session on Hydrothermal
Processes, and later had a round-table discussion
with approximately ten physical chemists and
geochemists from several laboratories. The dis-
cussion centered on our ORNL work in relation to
their own studies. After a lively, friendly session, I
arrived back at the hotel at 8:30 PM and had
dinner with several delegates just before the hotel
restaurant closed.
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Meeting with Soviet Minister of Geology

On Wednesday morning Ryzhenko and the
Minister of Geology’s Chief of Protocol, V. N.
Philippov, arrived at the Hotel Leningradskaya to
take me to my appointment with Minister
Sidorenko. Beforehand, his chauffeur drove us to
Red Square for a little sight-seeing. Arriving at the
Ministry at 10:00 AM, we were ushered into the
Minister’s office, where we sat at a large conference
table, partaking of a small buffet of assorted
cookies, coffee, and tea. There were five of us:
Sidorenko, Ryzhenko, Philippov, a man from the
Russian Foreign Office, and myself. This was a
general session of pleasantries, lasting two hours. In
addition to his government position, Sidorenko is a
scientist and full member of the Soviet Academy
of Sciences. He spoke only Russian, which was
translate by Philippov. I started the conversation
by discussing Sidorenko’s plenary lecture on fossils
in Precambrian rock. We then talked about our
ORNL researches on high-temperature water solu-
tions and their significances to geochemistry and to
the Geochemical Congress. I introduced the subject
of general science education, and we exchanged
some thoughts on this topic. We next talked on
progress toward international understanding and its
encouragement through international conferences.

Sidorenko, lastly, discussed Lenin as a scientist.
He referred to specific writings and books by
Lenin, all of which were in his office library. We
had a most enjoyable and friendly session, and I
valued the rapport that we developed.

The Vernadsky Institute

After the visit with the Minister of Geology,
Ryzhenko and I arrived at the University in time to
have lunch and to learn that Vinogradov had
invited me, with about twelve other foreign dele-
gates, to visit the Vernadsky Institute of Geo-
chemistry and Analytical Chemistry that after-
noon, about a kilometer from the University. I was
disappointed that I could not take the scheduled
bus tour of Moscow arranged for the foreign
visitors, but the very efficient, young Dr. L. N.
Kogarko stated that it would not be possible, and
that she would arrange a special tour for me later.

The Vernadsky Institute is in a 20-year-old
university building that is typical of many through-
out Western Europe.- There are about 800 working
people at this Institute, which has the greatest
reputation in Russia for both geochemistry and
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analytical chemistry, and the laboratories are well
equipped. Vinogradov, the Institute’s director, is
also a vice-president of the Soviet Academy of
Sciences. During recent years he has visited the
U.S.A., particularly NASA, to discuss the space
programs and to present related Russian researches.

We arrived at the Institute at 1:00 PM and were
ushered into Vinogradov’s inner office. Coffee was
served, after which we gathered around a confer-
ence table with Institute Professors ‘Khitarov,
Tugarinov, Ronov, and others. Vinogradov then
detailed the organization of the Institute and the
work under each professor. The visitors, who
included Professors R. E. Folinsbee, F. G. Smith,
D. M. Shaw, and E. M. Cameron of Canada; Y.
Wyart of France; J. Konta of Czechoslovakia; I.
Barnes of the U.S.A.; and H. H. Moenke of the
German Democratic Republic, were then offered
the choice of several tours of the Institute. We, as
guests, were given essentially complete freedom

during these tours. For example, I stayed with one
group for a while, then left by myself to join
another group, and later talked separately with
other people in the Institute. I also visited the
museum, which consisted of two rooms, one of
which was a replica of Vernadsky’s study.

After two hours we again assembled in the
Director’s office. When all were seated, Vinogradov
spoke of the importance of experimental physical
chemistry to geochemistry in the attainment and
interpretation of properties of high-temperature
aqueous electrolytes. He then gave me a personal
invitation to do research at the Vernadsky Insti-
tute, an honor to which I responded with thanks.
He continued with a discussion of his thoughts on
the origin of craters on the moon and followed
thro 1 with c«¢ ents on the 2at value of
international conferences toward increasing the
understanding among scientists. After agreeing
with his latter thoughts, I commented on general
science education for all the population as a
way toward greater understanding, to which
Vinogradov responded with a smile that this was an
old story.

After further exchange of comments, Folinsbee
asked whether we could see the Russian lunar
samples. Vinogradov promised that we would be
able to see the samples later; we saw them, in fact,
at the Vernadsky Institute on Friday.

Ryzhenko took me back to the hotel, and that
evening I went to the ballet for performances of
works by Chopin and Borodin, and also in the
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Russian contemporary mode, at the Bolshoi
Theatre. I missed my scheduled taxi, but by
quickly learning the subway system, I managed to
get to my front row seat just as the ballet started.

Tour of the Kremlin

On Thursday, following a short morning ses-
sion at the Congress, Ryzhenko took me to the
Metropole Hotel to join a group for a tour of the
Kremlin. I had assumed that a bus would take us to
the Kremlin, but instead our group walked the
distance, a little over a kilometer, to a particular
entrance. Inside, we visited and saw the famous
churches and different buildings, and the palace
museum of the Kremlin that contains treasured
collections of the Czars. At the end of the tour I
strolled back to the Metropole Hotel to meet
Ryzhenko.

The Moscow Power Institute

After lunch, Ryzhenko and I kept an appoint-
ment at the Moscow Power Institute, the foremost
institute in Russia for training power production
engineers, comprising about 10,000 students and
faculty. I had asked to visit the Institute for two
reasons. First, I wanted to speak with academician
M. A. Styrikovich, director of the High-Tempera-
ture Institute, about the forthcoming International
Conference on High-Temperature Aqueous Chem-
istry to be held in January at the University of
Surrey in England. He and I are both members
of the organizing committee. And second, I wanted
to see the work there on high-temperature water-
electrolyte chemistry related to steam cycle power
generation. Unfortunately, Styrikovich and his
wife and fellow scientist, Dr. O. I. Martynova, were
in Italy for an extended stay; however, his asso-
ciates were expecting me and provided a very good
reception. These people included Drs. V. S.
Polonsky, V. L. Menshikova, and B.P. Golubev
(electrical conductances); I. S. Kurtove (solu-
bilities); and M. I. Reznikov (liquid-vapor equi-
libria). After a preliminary discussion of the
research programs on high-temperature steam and
solutions, I toured the laboratories and spoke with
the individuals concerned with particular programs.
Later, we returned to the main office for coffee
and cakes and a final discussion, after which I was
chauffeured back to the hotel.









V. M. Valyashko for dinner at his apartment at the
University.

Family Dinner at the Valyashkos’

The invitation for dinner Friday night came
from both Professor M. G. Valyashko and his son,
V.M. Valyashko. Their families share a large
apartment of about 120 square meters in a building
attached to the main structure of the University.
The two families comprise, in addition to the four
adults, two small children. With two other guests,
Dr. Ken Sugawara of Japan and Professor Mario
Dall’Aglio of Italy, we had a delightful evening. Dr.
Sugawara was secretary of the International Asso-
ciation of Geochemistry and Cosmochemistry,
which, with the Soviet Academy of Sciences, was
cosponsor of the Congress. We discussed ma _
topics, from comparisons of life in various coun-
tries to Professor Deryagin and ‘“‘polywater” (see
ORNL Review for Winter 71). When the three of
us left, the Valyashkos, as a gracious gesture, gave
us each a hand-painted wooden bowl.

The Friday evening with the Valyashko fam-
ilies emphasized to me that a moderate number of
families in Russia may be dedicated to science. For
example, M. G. Valyashko, his son, and both wives
all have doctoral degrees in chemistry. During the
week, several scientists had casually mentioned to
me that their wives, sons, or daughters were also
scientists.

Leaving Moscow

On Saturday, Ryzhenko insisted on seeing me
off at the airport. Since the plane to Leningrad was
two hours late, he and I had some more time to
discuss out ttual interests: ionization equilibria
in water solutions at high temperature. I finally
discovered that he considered ionization constants
in units of molality, whereas our group at ORNL
uses units of molarity, thus resolving our puzzle
over interpretation. I left Moscow for Leningrad,
where, over the weekend, I managed to see the
Hermitage Museum, two performances of the Kirov
Ballet (The Stone Flower and The Fountain of
Bakhchisarai), as well as a performance of the
opera Boris Godunov.

Some People and Observations

It was gratifying to be able to meet and talk
with Russian people other than scientists. I fr--—~
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all of these people, met by chance, to be very
friendly and helpful. Intourist, the government
travel agency, operated most efficiently for me.
The women attendants on my floor of the hotel
were friendly and courteous and provided pleasant
conversation, albeit in Russian. I had little diffi-
culty in riding streetcars in Leningrad and in asking
directions and using maps and other visual aids,
although the language barrier is considerably
greater than in Western Europe. As in other parts
of the continent, people were quite anxious to
help. I should like to summarize a few of the more
interesting encounters and observations.

After the ballet in Moscow, around 10:00 PM,
I walked to the National Hotel to have dinner. The
restaurant was crowded but I managed to get a
large table, which I suggested sharing with five
Russians who were also seeking a place to sit. They
had arrived earlier from Dagestan, 1600 kilometers
distant, and were wrestling in the Moscow cham-
pionship tournament the next day. One spoke
English, a school teacher in addition to being a
wrestler. I ordered a big dinner. They, having eaten
earlier, ordered cognac. We had a very pleasant
hour together, with much friendly discussion and
“toasts to our lasting friendship.”” I managed to sip
very little cognac, realizing the strenuousness of
the next day. On leaving, the wrestlers paid for my
dinner (about $4.50 equivalent) over my protests
and gave me a pass for the wrestling matches
which, to my regret, I was unable to use.

During the Sunday morning ballet at the Kirov
Theatre in Leningrad, I sat next to a Soviet family
of four who were on a month’s vacation from
Armenia. The husband taught _.iglish, and he and

family came to Leningrad every year to enjoy
the many cultural activities. We talked at length
during an intermission while walking with many
others around a large circle in one chandeliered
room — the exercise room! He told me that his
family had emigrated a few years ago to Iran and
had later returned to Armenia. They were a
friendly family, and we have since corresponded.

It was interesting to observe the selling of ice
cream at intermission at the Kirov Theatre. The ice
cream is weighed out in a silver dish to the exact
amount requested. The dish sits on a pan balance,

1if too ich has been added, the surplus is
returned to the container. I managed to get my ice
cream just before the start of the next act after
waiting in a short line for most of an intermission.
It was good and worth the wait.
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In Leningrad I enjoyed meeting and attending a
ballet with Drs. William B. and Patricia R. Harris,
attorneys from Washington, D.C. He is with the
U.S. Federal Power Commission, and his wife was
the Ambassador to Luxembourg during the admin-
istration of President Johnson. Dr. Patricia Harris
was later Chairman of the Credentials Committee
for the 1972 Democratic National Convention.

Also in Leningrad I met Marc Houlihan of Palo
Alto, California, a former motion picture script
writer who is now writing a history of 19th
Century Russia. He had arrived a few weeks earlier
in Leningrad, planning to stay only two weeks, but
changed his plans in order to stay three months. He
appeared to know every detail of Russian ballet
and music, including essentially the life history of
many performers, a man of lively enthusiasms and
very good company.

By coincidence, an anniversary related to the
Russian Revolution was celebrated while I was in
Leningrad. I watched several cruisers and sub-
marines, with flags flying and bands playing,

arriving up the Neva River for the celebration.
Crowds of people were walking up and down the
parks and walkways next to the river. The weather
was perfect, and I managed to take a number of
pictures. Later in the evening, fireworks were set
off over the river.

Conclusion

As a result of these eight days, which allowed
personal contacts to be made in Russia with a
discipline of science unique to ORNL, we hope to
maintain friendship with many Russian geo-
chemists. Ryzhenko has already spent ten months
in the U.S. at the University of California, Los
Angeles, and at Pennsylvania State University.
During this time he visited at ORNL for discussions
on high-temperature aqueous chemistry and its
relations to geochemistry. In all respects, I con-
sidered my participation in the Moscow Inter-
national Geochemical Congress, and the related
visits, to be highly successful.
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