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~-FOREWORD-

The special report which ig here submitted is the result of
a discussion at ARC Headquarters in which it appeared desirsble
that I should undertake a review of the objectives of PRNC with an
analysis of the present status. In the main text and appendices,
I have brought together what seem *o me the most illuminating
materials for the purpose.

Inevitably the document reflects my personal experience in
more than 25 years of work in connection with develeping countries
in South America, Africa and Asia on behalf of The Rockefeller
Foundation. The opinions expressed, however, are strictly my own
and the Foundation has not been asked tc endorse them. The same
is true for the University of Puerto Rico.

My personal involvement with the program in Puerto Rico
naturally introduces scme degree of bias in judgment. As far as
possible, however, a detached pesition has been maintained,

Since this is not a scholarly treatise, a complete listing
of sources is not attempted. However, I wish to note four excel-
lent sources from which materizl has been taken:

Man, lend snd Food, by Lester R. Brown. Foreign Agri-
cultural Economic Report No. 11, U. S. Department of Agriculture,

1963.

Regources in America's Future, by Hans H, Landsberg,
Leonard L., Fischman, and Joseph L. Fisher. The John's Hopkins
Press, 1963,

Civilian Nuclear Power - A Report to the President, U. 8.
Atomic Energy Commission, 1962.

A _Comprehensive Agricultural Prosram for Puerto Rico, by
Nathan Koenig. U. 8. Department of Agriculture and the Common-
wealth of Puerto Rico, 1953.

Since developmental and educational programs are inherently
possessed of a long time scale, they can bring little peolitical
reward to any administration. To the extent that the beginning of
a new venture becomes politically identified with the administration
in power at the time, the ultimate success of the program is likely
to be handicapped. GQuick results of substance are usually impossible
and by the time the real values have emerged, the political issues
nave changed and frequently the initiators themselves may have long
since disappeared from the political scene. There is a long term
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continuity to educational and technological development that
precludes any merked partisan political benefit. In this respect,
technological development, both national and international,
resembles the areas of foreign policy and defense in the long lead
time between the initiation of projects and the emergence of the
practical results.

Notwithstanding this characteristic, it is also possible to
blend long term and short term values so that a mix of benefits may
be achieved in the time scale. In developing the Puerto Rico Nuclear
Center, the effort has been made to secure such short term results
and, while so doing, to strengthen the base of the longer range
programs.

A
John C. Bugher, M~ D.
September 15, 1964




An Examination of fthe Program Objectives cf the
Puerto Rico Nuciear Center

Jorm C. Fugher, M.D,, Director
GENERATL, BACKGROUND

Among the varicus efforts to implement the "Atoms for Peace"
program which was initizTed in 1953, was a gpecial one directed
toward Latin America. Cenerally, this arcse out of the belief that
(1) the non-miiitary applications cf atomic =nergy could serve to
accelerate greatly the processes of development, and (2) the Latin
Americarn countries were facing economic problems of increasing
severity which could only be met Ty more effective technclogical
a8 well az sonial development. Generally, the underlying consid-

erations for poth of these assumptlons had not been clearly stated.

Under the pressurs of wespons requirements, the AEC itself
had not pursued with conviction its own program of peacetime appli-
cations. The ultimate necessibty of gwitching to muclear power on
a wide scale was acknowledged but the generous resarves of fossil
fuels tended to alleviate any sense o Urgency. At the policy
level, the technical problems of nuclear power regotors and the
time scale of their soluticn were generally underrated. The ex-
ploitation of radicisotopes in medicine, agriculifure and industry
did not have the emotional impact %o those developing foreign
policy that costly and massive atomic power staticns possesseds

This factor, combined with a widespread misunderstanding of the







With the desire to accelerate atomic energy development in
Latin America, it appeared to those in charge of the program that
consideravsle benefit could be obtained if the United States were to
establish a medest training center somewhere in Latin Awmerica where
the work could be pursued in a Latin enviromment and where Soanish
would be the dominant language. By this means, it was considered
that the "cultural shock” received by a student would be lessened
and that als attention to his studies could be more effective than

if he were to be received in one of the Continental centers.

Study of the possibilities rather guickly led to the conclusion
that for practical purpeses the only location in Hispano-America
where the ABEC could meintain both supervision and operaticnal control,
was in Puerto Rico. Since a reactor was to be the center of activigy,
operational control for the assurance of sa®ety was indispensable.

Te follow the ususl contractor pattern, the natural choice was the
University of Puertoc Rico, a young institution that as a consequence

1

of "Operation Bootstrap” had been compelled to grow at a prodigious

rate and had at the time (1956) approximately 15,000 students.

Contrary to the pattern previcusly followed by other universities
in their development of AEC programs, the University of Puerto Rico
did not begin on a basis of existing post-graduate studie;. A few
members of the faculty had had personal experience in research in

nuclear physics and radiation chemistry, but there was no well

established interest ir nuclear science in the University. Al




available Zunds and resoarces had been meors than absorbed by the
exceedingly rapid growth of the student body at the undergraduate
level.

Notwithstanding the problems implicit ir this academic
situation, conversations were initiated with the authoritlies of the
University as a result of which a contract was signed in 1957 estab-
lishing the Puerto Rico Muclear Center as = trairing center for
Latin Americans. A training course in radicisotope techniques
modeled on that given at the Oak Ridge Institute of Huclear Studies

was initiated at once and bullding plans were formulated.

Because the College of Engineering was ‘ccated at the Mayaguez
Campus at the western end of the island, the decision was made that
the resctor and the mairn componeats of the Center zhould be constructed

s . s G G, k. B3
there, Medical activities were being centralized at Ric Pledras,
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near San Juan, in a large Mediczl Centue: a seccond comporent
was construcited as a pari of that Center to houss rvadiation therapy
and the medical applications of radioisotopes together with the

basic radiocisctope technigques course.

With the availasbility of the fzecilities of the new institution
and the widespread publicity given its establishment, the immediate
response was good, with most of the students being interested in
learning the basic techniquss in handling radioisotopes. Interest

on the part of students in the University of Puerto Rico was







cuitural climate of the University of Puertc Rico was still an
advantage in permitiing visitors from other countries to concentrate

on their studies as a result of the reduced problems of adjustment,

The rapid development of graduate studies in the Nuclear
Center accelerated plans in the University, and Master of Science
degree programs became established in chemistry, physics, biology,
engineering and agriculture. While the number of students from other
countries remained fairly constant until the present year, their
gqualifications and general preparation have steadily increased.
During the current year, there has been an upturn in the number of
students from other countries, largely as a reflection of the

improvement in the level of educational effort.

The impact on the University of Puerto Ricc has been striking.
The number of graduate students of Puerto Rican origin has increased
sharply and gives indication of continuing tc increase further. The
new graduate program in Wuciear Engineering has been received with
enthusiasm. Chemistry and physics attract increasing numbers of
graduate students and in the process these disciplines have acquired
additional scientists so that special research supplementing that
asscciated with graduate teaching has been a natural result., A
vital part in the development of the physical sciences in the
Miclear Center has been the close cooperation with the Departments
of Physics and Chemistry of Brookhaven National Laboratory. Through

the efforts of several staff members of these two departments it has




been possible to develop fruitful research in a short span of time.

Tt was evident from the beginning that a project of tae
dimensions of PRNC, while operating in several disciplines, could
not undertake to cover adequately all of their content. Nor would
it be desirable that the institution should attempt to pursue
programs which would require a large Ilnstallation for their suc-
cessful completion. It was the consensus that PEEC should undertake
£o emphasize work in those areas which are Legt attacked or an
island in the tropics; it would give especial attention to thoze
major problems of importance to the United States whose solutlon
requires a laboratory in a tropical setting. The physical sciences
forming the foundation upon which the tiological sciences must oe
erected, a major effort would be made in mathematics, chem’ stry and
physics, but with a focus on research which can be conducted To
advantage in a small operation and also which would give the greatest

ultimate support to the biological and medical activities.

The evolution of the program along the lines outlined has
resulted in an institution whose general orientation is toward fatin
America but whose program in great part is directed to significant
problems of continental United States. What some of these problems
are will be set forth later in this discussion. The essentisl point
is that PREC is no longer simply & training center for Latin Lmericans

but a teaching and research institution, located in the tropics, which

is deeply engaged in scientific problems of major significance to




the United States. There now exists a flexibility of organization

and & pedagogical and research competence that make it possible to

respond to any one of several program plans.

LATIN AMERICAN DEVELOPMENTAL OPPORTURITIES

During the past 15 years there has been much play on words in
considering assistance to other countries. Terms such as "developing",
"emerging", "nations ir transition”, etc. have tended to obscure
certain hard principles. Fational development is a continual process
and is never ended. Trouble arises when economic progress in some
areas lags tehind the poterntial implied in the state of political

and social development of those areas and 1n the world at large.

Whatever may be the degree to which ouiside stimulus may be
applied, ultimately the economic and scclal development of a region
mist depend upon the efforts of the peoople o the region themselves.
Without & dedicatlion to the appropriate goals on the part of the
peoples concernad and without the will to achieve these goals, no

important Lenefift can te expected from outside assistance.

Modern development carnot simply repeat the past sxperience
of the more affluent socleties. The acceleration which is part of
the spirit of the <ime rasuires that modern fechnology te applied
to the protlems fo bz solved, even thoge of primitive societies.

.

I'nese techneclozies recuire an educational sophistication which in

many iznstances dees net exist locally. To talk of industrial




development without emphasizing the requirements placed on education
is to insure fatlure of any program so constituted. Education iz a
laborious process which does not lend itself to grest agcceleration.
The time scale is that of human development. Yet 1f the lmorovement
ol a soclety is to be achieved, the education and training ol the
vouth are indispensable. Political stability is necessary and to
this end vprograms such as improvement of housing and the development
of desirable services may do much, hut the abvsolutely vital factors
lie in the educational system both at the elementary and advanced

levels.

Although in the present context we are concerned with sclentific
and technological development, it is essential to bear in mind that
the educational effort must embrace many and diverse disciplines.
Technological development must necegsarily vproceed from & reascnacly
stable economic and political base. Technolegy which does not
contribute to economic Improvement and an Increase in productivity
is gelf defeating and will te of only passing importance. Turther-
more, even diverse technologies must be integrated and maintained
in an overall balance. Llectriecal power production implies an
industrial structure to absorb 1t and eupley it creatively. Trans-
portation and communicaticns are vital. Despite industrislization,
an expanding and efficient agriculture, capable of freeing the
country from importing foodstuffs that can well he produced locally,

must be achieved if economic and social balance is to ke atiained.




RAW MATERIALS

Technology involves the bringing of scientific knowiedge and
practical skills *c operate uporn the raw materials of a region to
carefully chosen and defined ends. The availability of the raw
materiais of & modern gociety then becomes of substantizl impcortance,
Primitive societies are limited to the uge of raw materials which
occur in easily processed form., Thus, metals such as copper, tin,
gold and silver were early used in place of stone implements
because of the ease of separating them from other substances and
their ccecurrence in nature in high concentraticn. Later, iron
became of utility and as technological reszources increased in
sophisticaticn, aluminum and numercus other metals difficult of

extracticn and fabrication cams into commeon use,

Although hydroelectric plants have been of substantial impor-
tance in industrial pewer development. the industrial strength of
modern nations hag depended chiefly upen power derived from abundant
supplies of fossil fueis, Far more is known about the reserves of
coal and petroleum in Burope and North America than in South America,
giving the impression that the latter contirent is seriously deficient
in these materials. This may well be true, but it is also obvilous
that with vast regions which have either been explored very super-
ficially or not at all, any comparative estimates are almost
certain to be pessimistic with respect to fossil fuels in South

America. Notwithstanding this, it does appear that in most countries
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of the southern continent, fossil fuels are either scarce, difficult

of recovery, or remote from any prospective market.

On the other hand, large deposits of minerals are knowm in
Brazil and the Andean countriez and it is almost certaln thet vast
ore deposits exist whose presence is not now suspected. Large
deposits of copper, tin, platinum and gold have long bveen known in
the Andes but in recent years great resocurces in iron, alumlinum,
thorium, uranium and zirconium have veen uncovered. It sppears that
although Letin American countries are generally energy poor, this
need cnly be & temporary state. The potentials for energy from
fossil fuels and especizlly from nuclear materials are impresgive
and probably more than sufficient for any forcseceable demand. It
may well te that much of the fosgil fuel may be found to be uneconowmic

for energy purposes in comparison with nuclear energy by 1980.

Agriculture in Latin America in its technology is at least a
generation behind that of North America. large areas of the
equatorial portion of the South American continent have relatively
low fertility and much of the western portion of the continent is
mountainous. However, there are vast areas of high fertility in
the great span of latitudes and there is probably no crop of agri-
cultural importance that cannot be produced to advantage in Tatin
America.

Portions of Latin America are arid, especiaslly along the

Pacific borders of South America. Notwithstanding this, rainfall
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in its totality is atundant and vast gquantities of water rush to
the sea in the river systems, the greatest of which is the Amazon.
Watershed redistribution is possible on an increasingly substantial
scale zo0 that huge areas exist which may be opened to agriculture
through irrigation. One of the first of such projects is being
pushed to completion in Perd east of Lima where a tunnel 10 miles
long penetrates the continental divide at high altitude to bring
water from the wet eastern slope of the Andes to the arid west,
also producing a large amount of electrical power in its descent

to the lower levels. Tt may eventually bte economic to move great
quantities of water over mountain ranges by a combinatior of pumping
followed ty hydroelectric power generation on the descending side,

using nuclear power to achleve energy balance.

In summary, Latin Americs possesses all the raw materials
reeded Tor the future and has them in abundance and of ftypes especially
well suited to a naiclear vower economy. Critical raw materials, In
amount and availakility, are more than adequate for the immediate
future and modest exploration will undoubtedly btring to light

gdditional resources a8 time progresses.

SCCIAL FACTORS
The Opanish and Tortuguese heritage ixr the Tew World was &

society essentially feudal in outleok. Those in a favored position

of wealth and pelitical vower could enjoy the test that Furope could

afford in culture and education. The great mass of the people,




L3

however, could anticipate little in the way of educaticn save
through the ministrations of the Catholic church. There resulted
a gap between the culturcd and educated aristocracy on the one
hand and the mass of unlefiered peasantry on the other. There was
little tendency to develop a creative and effective middle class;
even with the introduction of moderr industrizl techrology, there
was a striking lack of the "foreman" category of worker, one who
could translate advanced technology into practiczl accompliztment
and zct both as leader and teacher in developing craft skilis.
For many years this gap was filled in some degree from Zurope but
in the main continued to exist as it does, with some exceptions,

to the present day.

The onset of World War TT brought a profound change in the
orientation of Latin America. Culturally linked to Spain and
France and commercially to Germany and England, the countri=s com-
prising the Spanish and Portuguese portions of the Wew World turned,
by necessgity rather than by choice, to the United 3States. Long
suspicious of the "Colossus of the North", an attitude not discour-
aged by *“he influential Eurcpean elements, the rapidly elaborated
links with the United States were viewed with considerable
apprehension, especially by the older and governing generation.
There was great concern that the drawing together of the countries
0 this hemiegphere, enforced by the sweep of world events, would

regult In the economic, pelitical and cultural contreol of the entire
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region by the United States and the loss of national and cultursl
identities. While this concern may have lessened with time, it is
g potent factor in determining the manner in which Istin American

countries assoclate themselves with the United States and with each

Because of the Burcpean orientation of Latin Americs, the
educational system that developed in the various countries followed
the pattern then preveiling in Spain and France. Mass education at
the elementary level was not the objective so that the scholastic
interest touched only a fraction of the children. Here and there,
forward looking leaders attempted to achieve a more adequate access
to education, at least at the elementary level. Generally, however,
the educational base remained wholly inadequate with the situation in

the universities even worse.

With respect to higher education, one must recall that there
were universities in Spanish America long tefore any such educational
centers were ecftablished in what is now the United States. There is
an unresolved debate as to whether the National University of Mexico
or Han Marcos University of Lima, Perd ig the oldest institution in
the New World. San Marcos niversity was operating over a century
hefore Harvard University was establicshed in the Massachusetts
Colony.

To a marked extent the univercgities of Latin America have followed




the pattern of organization of San Marcog which in turn was modeled
on the structure of the University o RBologna, a format that was 20
unsatiasfactory that it was finally abandoned in Furope. To an
unhappy degree this pattern of isolated special colleges, serving as
active political centers, of Taculty subservience to student domlnatlon,
and the lack of continuily of strong leadership has remainsd with the
national universities throughout Latin America. Junly in the last
decade has effective movement toward the reform of higher educstlon
made any headway-

The strong dissimilarities between the universities of the United

leca

=

States and those of Latin America in administrative siructure, inte
tual objectives and approach to naticnal issues and problems have made
effective cooperation difficult. A4s mutual understanding advances, the
obstacles to productive intercommunication will becomsz less formidable;
but extensive readjustments in the structure of higher education ars
necessary throughout Iastin America if these countries are to achieve

full uge of the scientific and technological advances of the present

erg.

It is freguently assumed that the facile solution of such dif-
ficulties is the sending of large numbers of students to the United
States or to other countries to study in the universities. There are
several reasons why this sclution would be futile, not the least of
which is the fact that thers is no room in existing American institutions
for the large number of students that would be necessary. Of almost

equal weight is the consideration that the academic structure of Latin
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America must be reformed st the same time and that this must be a

growth Trom within.

Ultimately, we arrive at the conclusion that the production
of the large number of teachers required must be accomplished in
the countries concerned. The key to the academic reform would seem
tc be the gelection of a much smaller number of oubstandingly
competent and dedicated persons for advanced education in the crucial
diseilplires with the expectation that they will become the university

leaders for the training of a new generation of teachers and educators.

At the same time this is going on, there must be a massive effort
to widen the coverage of elementary education, to create the necessary
physical facilities, and 1o emphasize the training of good elementary
teachers contemporaneous with vigorous university reform and the drive
toward academic stability. All of this must spring from the conviction
of the leaders; external assistance cannot he a substitute for the
national dedication of a people to the improvement of their own
country .

In every country of Latin America there now exists a high rate
of population increase. The accomplishments in health and sanitation
have lowered death rates but birth rates have continued high with the
result that South America shows the world's highest rates of population
inecrease. {Fig. 1) At the same time, there is a shift in age distri-

bution as adults live to greater ages as a rule and share in the
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general increase of life expectancy.

The population incresse is usually viewed with alarm. The

Tact is that the continent 1s grossly underpopulated and will continue
to be so for many years to come. Sound economic development requires
some reagonable level of population density if satisflactory progress
is to be made. The disturbing character of the current South American
population growth is in the tendency for the people to concentrate in
a few large urban centers and neglect the utilizatlon of the great
resources of the region. It becomes as much a problem of distribution

as of numbers.

Education, as is all development, must be precccupiesd with the
nature of the scecilety to Le served in the ensuing decades. As an
exaemple, medical education must be formulated in terms of the socisl
structure and health problems the mature physician will serve, not
those of periods already past. This, of course, is not a dilemma
unique to Latin America, but becomes critically important in any
soclety which is undergoing rapid change. The exceedingly high rate
of population increace of Latin America adumbrates a host of social
problems upon whose acceptable sclution future political and economic

stability will depend.

THDUSTRY AND AGRICULTURE
Furely agricultural countries are generally economically

handicapped and from this arises the common belief that the remedy
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often this resulits in The neglect of agriculilurce with

of new problems which may be even more difficult than the origi
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set, Food is an absclate recessity and reliance on external supplies

creates a situation of inherent instability.

Traditiconally, Latin America has been scli sufficient in food

and has been avle to export significant amounts. In recen

[54]

however, Latin America has become a net food importing area, tThu
jeining the Communist Block, Asia, Africa and Europe in accepting
either chrenic and widespread malnutrition cor, as in the case of
Europe, dependence on cverseas food supplies. The Unites States
and Canada have become, according to recent studiez of the 1. 5.
Department of Agrisulture, the breadbasket of the medern world,
(Fig. 2) Upon the great incrsase in asricultural productivity of
the North fmerican area, the minimal nutriticn of a lavge part of
the world now depends. The agricultural surpluses cf which we
complain would be rapidly eliminated if the neads of the [ree (or
semifree) world were to be met in significant degree, There 1is
no net overproduction of agricultural products; in fact, the
contrary is the case and the substantial ircrease in total and
man-year agriculiural productivity is cone of the greatest cf
world needs.,

With over cne half of man's calory intake aloné derived from

D

the direct consumptiorn of grains and most of the remainder indirectly
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from grains through meat, milk, eggs, ete., the production of grains
is the best single indicator of the general state of agriculture of
a region. A succinct deseription of the relative deterioration of
Latin America in grain production is guoted from the U.8. Department

of Agriculture study: Man, Lend and Food.

"latin America: Surplus to Deficit

"No other geographic region has experienced a
deterioration in its standing in world grair trade comparable
to that of Latin America. During the late 1930's the region domi-
nated the world grain market as a supplier. It exported more
grain than North Americe and Oceania combined; 1t was an
important supplier of wheat and its net corn exports accounted
for almost three-fourths of those of all regions. By 1960/61
Latin Americe had relinguished its impressive advantage and,
in spite of its vast natural resources, emerged as a net deficit
region.

"A not inconsiderable effort was made in Latin
America, especially during the 1950's, to raise output by
expanding the area used for grain production. This effort
resulted in an expansion ¢f the grain producing area by nearly
one-third over that of the prewar period, but population
inereased two-thirds and efforts to push up yields met with
little success.

"Total production gains of some L2 percent during
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the period did not compare unfavorably with many other
regions but population grew 66 percent, much more than
in any other region. latin America’s population was
growing at a rate easily in excess of 20 percent per
decade from 1930 to 1960. This stage of rapid popu-
lation growth, with all its attendant problems is only
now being approached in Africa and Asia.

"In spite of the decline in per capita grain pro-
duction from 254 kilograms in 193L4-38 to 21h in 1960/61,
availability has risen from 180 to 216 kilograms per
person. This has been achieved by sacrificing net
exports, which amounted to T4 kilograms per person in
1934-35, and beconing a net importer o the extent of
2 kilograms per perscn in 1960/61. Of this 76-kilogram
change in the per capita trade position, 40 kilograms
were required to offset the decline in output per person.
The remaining 3¢ kilograms represent an improvement in
per capita consumption. Thus while per capite cutput
was declining 16 percent, per capita consumption was
rising 20 percent, btut at the expense of exports and

the foreign exchange so vitally needed for industrialization."

Part of thne solution %o the agricultural problem in Iatin
Americs lies ir the traditional methods of plant breeding and crop

improvemsnt along with the diminution of the losses from plant
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diseases and insect pests. Another lsrge and highly important area
P 2 38

is in the application of power to the agricultural proceus. As in

licgtion of powsyr

industry, the worker must guide and contro

}_...1
gy
=
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a
=)
=

to his operations; he cannot be the prime mover himself in a pros-
Lerous «oconcmy. Even animal power is no longer economlce save in

the most unusual circumstances. Rural electrification and the appli-
cation of electrical power to farm operations, especially those with
fixed machines, and the use of liguid Tuels for mobvile machine
operations are now part of zgricultural developrent. A1l these

imply & well developed system of roads, communication and electric

power distribution.

A third essential element in the advancement of asriculture is
an imaginative and balanced chemical industry. In nearly every
country and certainly in every region, all of the raw materizis Tor
the manufacture of fertilizer on a large scale axiszt. Tf power can
be produced where it is needed, then fertilizer manufzciure may
profitably proceed close to the areas to be served. The vtilization
of nitrogen from the air for conversion to amnonia can yield larse

amounts of oxygen together with significant amounts of notle gases,

all of which Iind their market in a balanced industrial sceciety.

Approached in this manner, agriculture is essentially =
chemical industry in which solar snergy iz converted to chemical

energy in a great complex of synthesized products. The fead materials

for this chemical operation are the minerals of the soil together with
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the trace elements, water, and fertilizers, themselves the producis
of other chemical operations. For the crucial step of solar energy
conversion we have no prospect of any system even remotely approaching

the efficiency of the enzymes associated with chorcphyll.

In a balanced eccnomy, therefeore, agriculture is not so much
a way of life ag it is a part of industry, drawing upon mechanical
and chemical manufacturing for its equipment and part of its raw
materials;and in turn delivering to the scciety a series of elaborately
synthegized products, some of which can be consumed immediately while
the remainder become the prime material for other manufacturing

processes.

The generation c¢f power where needed makes 1t possible to
disperse industrial manufacturing in the same sense that agriculture
may be diepersed without loss of efficiency. The growth of industrial
slums becomes no longer inevitable nor even profitable, and a far more

harmonious distribution of population and rescurces becomes possible.

It is not suggected that each Latin American country should
be self sufflicient in 21l things. There is every reason, however,
for each country *to develcp g balanced industrial-agricultural complex
that will produce loecally mozt of the items consumed in large velume,
leaving 1o internstional trade those products which reauire extremely

elaborate technology or very large capital investment in order to be

profitable. The pattern of the industrial-agricultural complex will




differ from country to country, depending upon local rescuress and
¥y Y s I g 4L
It should be at once reasonsbly obvioug that the Key Lo “ns
development of the balanced eccnomy 1s the availabllity of low cosi
power at the sites where it is needed. In ths long run, nuciear

vower 1s the only form which can meet all of the criteria. Although

the time scale iz & protracted one, it appears thal

o

Llectricity ans

1.

process neat will be produced in Latin Americe irom wuclear reacilon:z

far sooner than could have been anticipated only a Tew years ago.

The radiocactive and fissioning atom is not of interest solely
btecause of the liberation of energy as heat for power. Nuclear
radiations constitute the mest powerful tools known for modifying
biological systems, especially in the genetic sense. The radiation
geneticlist uses nuclear reactions as a means of greatly compressing

the genetic time scale by which he can bring together within e

]
Hh

years specific genetic changes that in the natural course ol events
might well have required a century. The application of nuclear
energy to agriculture is still about as embryonic in terms of its
ultimate possibilities as in the case of generation of glectrieal

power. We have scarcely taken the first steps.

WUCIEAR ENERGY IN TATIN AMERICAN DEVELOFMENT
In the foregoing sections it should be apparent that nuclear

energy has an important and azt some polints a key role to play in the




future development of latin American countries in much the same
sense as in the United States, Cultural and zocic-zconomic dif-
ferences will medify the patterns but the fundamental principles
hold good for all, The benefits to be achieved in accelerated
national development will require the investment of tuge amcunts
of capital but the prospects are dismal indeed unless there is
brought to a high level cf competence at the proper time the large
mimbers of well trained engineers, scientists and managers that
will be required. A greatly increased emphasis on educsztion at all
levels is necessary, together with a series of reforms in the aca-
demic structure and functioning of universities throughout Hispano-
America,

It should be further apparent that while muclear energy has a
vital part to play in the future of the Americas, it is not a panacea
for all of the problems of soc{%ya In the utilization of nuclear
reactions, man has made available to himself one more way of adeapting

the forces of nature to his cwn well being.

THE PRNC IN LATIN AMERICAN SCIENTIFIC DEVELOPMENT

If one accepts the needs for socio-economic development of
Letin America that have been sketched in this paper, then one may
inguire as to what role, if any, should be assigned to Puerto Rico
and especially to the Puerto Rico Nuclear Center. What advantages
are attached to the location in Puerto Rico? To what extent are

developmental programs snd methods pertaining to Puerto Rico

r




applicable to the problems of geograpnically hige countries zuch

as Brazil?

The main thesgis of the entire discussicon Is that the graat
imperative in Latin American development is education,-- educatiorn

that is pushed to a high level of excellence and competence 1n 21l
phases of Intellectual life, but especially in science and technology-
The main job must be done by the citizens of the countries irvelved
but the first seed must come from without. Thers should be an op-
portunity for advanced students to observe at the operating level
the advanced technclogy which they are studying; ard the circumstances

of that demonstration should be as closely related Lo thos

i

of their
own countrieg as 1s possible. There 1s littlie deubt but that the
recent history of Puerto Rico, after allowing for the important
differences, exhibits many of the same perplexities that now are
tecoming crucial in South America. With i1ts mixed racial origins,
its Hispanic derived culture, its original reliance upon primitive
agriculture, its insular character and its tropicsl location, it

is a microcosm which contains many of the wost difficult probleus
that Letin countries have to face. 1In addition, 1t possesses
rolitical stability, a population of sufficient size to be
glgnificant yet small enough to be adaptable to new programs, a
society receptive to new concepts of development and an imaginative
generation of public officials of high standards of public service

and personal integrity.
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While the solutions to problems of Puerto Rico may not be
directly applicable to those of other regions, the situations
are sufficiently similar to arcuse expectations that the mammer of
solving the problems in Puerto Rico might suggest the appropriate
approaches in other countries. Stated in more direct terms, the
Puertc Rico Ruclear Center will best serve its mission in ziding
Latin American development through the utilization of nuclear
energy by attacking fundamental problems of Puerto Rico and the
general reglon, including the southern part of the United States.
The dimensions of the project and the economic and cultural climate
in which it cperates tend to give confidence that the manner of
solving Puerto Rican problems in Fuerto Rico may bear closely on
practical solutions to similar situations in the continent to the

south of us-

It was with this general philosophy in mind that the University
of Puerto Rico began a series of academic "sight liftings" in the
Fuclear Center, pointing the program to graduate and post-doctoral
studies of a caliber to attract outstanding young scientists from
the Taculties of South American universities with the objective
that they would return to help build up the departments with which
they might be associated. The emphasis was placed on quality and
selentific advancement rather than on numbers. A significant and
vigorous research program was obligatory and this has been progres-

sing repidly in development with the research projects being poeinted
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level of performance than is usually meant by the term. Graduate
education and its associated research become in themselves training
at 5 mature level. Im the process the student is stimulated to think
of his national problems and to project possible practical weys of
attacking them. The scientific output of his work becomes available
to all and, with time, some of this work may have an appreciable
economic impact in the area. A good example of values obtained in
this way is in the studies of retardation of spoilage of tropical
fruits througn moderate doses of radiation. The arrest of ripening
of bananas, mangoes, etc. can permit a marked reduction of losses

in shipping and of the requirements for refrigeration. All of this
work has been done by graduate students and can continue for a

congiderable pericd of time into the future.

At the same time that the level of performance in training
and education was raised, a major effort was undertaken %o develop
research which could be supported by the program divisions of AEC.
Hepe the objective is the ressarch itself, rather than training;
but these activities have had a profound effect on the vigor and

content of the training programs.

The present status is that slightly more than one half of the
total progrem of PENC is devoted to training and education with
the other porticn teing concermed with advanced research. A

condensed program description is given in Appendix ©. All of the
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research 1s directed to matters of concarn to the United States

1

ard to the immediate Caribbean regicn. Among these activities
are these devoted to developing knowledge concerring the lerg-
term effects of radiation and fission products on marinc life

ard similar questions pertaining to the cyeling of radicactive
elements in tropical forests, guesticns which are intimately
linked with the feasibility of constructing a new canal thrcugh
Central America or the Isthmus of Panamd using nuclear explcsives

for the earth removal.

Also, the present dynamic program of PRNC in training radio-
therapists for the treatment of cancer opens up unusual opportunities
for significant research in this area. Puertoc Rico, for reasons
unknown, has a very high death rate from carcinoma of the csophagus
and the cervix uteri, with a strikingly low raite of malignancy of
the testis. The organization of medical and health services permits
ready access to the entire population for studies which, while
important to Puerto Rico, would be relevant to the situation in

other countries, especially the United States. (Sce Appendix C).

As the result of these program developments, the Wuclear
Center is now in such a state of balance that it can readily
respond to a change of emphasis as desired; that is, it can in-
tensify its graduate education activities, or it can exert more

drive in the area of primary resesrch, The point ig made here
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that policy choices need not be forced by the limitations of
circumstances but rather should be made in terms of national and

internationsl needs and policies.

PROGRESS OF PrRENC IN RELATION TO THE FIVE YEAR PLAN

In February 1961, an analysis of the Latin American needs
for training and education was made the basis of a five year plan
for PRNC. The text of this is attached as Appendix B. Program
development has rather closely followed the plan and most of the
specific projections have already been implemented and, in some
instances, have already advanced heyond the level contemplated at

the four year point.

The scientific program has generally advanced well save in
agriculture. There have been serious handicaps resulting from the
ingbility to expand the physical plant in phase with the program
plans. The lack of space has been partially offset by the generosity
of the University of Puerto Rico in making available & number of

laboratories on the several campuses.

As graduate programs have come into operation there has been
a sharp upturn in PREC students from Puerto Rico. (Fig. 3. Table 1)
Participation from Tatin fAmerica has been slow in development asg
far as mumbers are concerned. In FY-196L4, of the 35 foreign students,

19 (or over one half), were in medicine and public health programs

at the profesgional level.
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Latin American ‘nterest in PRXC will develicop as the institution
develops a reputaticn for aelentific ewxcellience and as 1t becomes
Letter knswn to the universities of the various countries, Fersonal

visits by staff members tc neads of departments of lesading univer-

sitfes in Tatin America are indispensable for developing mutual

T

.

understanding and cooperative interchkang

esr Plan would resulit in some relatively

kol

A revislon of Lhe Filve
minor changes. As events have meved, we would probably now give more
weight to the early development of ruclear power in Latin America.

In the fourth year of the plarn, we are already much farther along in

nuclear power activities in latin America than we had anticipated.

Marine Bleology and Terrestrial Ecclogy have progressed at a
rapid pace as has the University's rrogram in Marine Biclogy. The

Solid State Physics program is abouf on the anticipated schedule.

We now are moving toward a jolint KIE-ARC cancer preogram which
will be much more broadly based than that cullined in our original
plan. Puaerto Rice should becore ors o the major United States
centers for cancer regearch.

Although the Five Year Plan stressed the develcpment of research,
it was essentially a program for Education and Training., Table IT
shows the operations and equipment cosht prejectiecns with which can

be compared the actual costs for the regpective fiscal years. It
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Cper.

Equip.

Total

Oper.

Equip.

Total

QOper.

BEquip.

Total

TABLE II

“omparison of PRNC Costs with Five Year Plan Projections
Program 07 lraining and BEducation

FY-1958 FY-1959
Proj. Actual Proj. Actual
- 119,068 - 283,180
. be, 552 - 226,193
- 159,620 - 509,373
FY-1961 FY-1962
Proj. Actual Proj. Actual
859,000 753,764 1,203,500 | 1,208,593
272,000 188,683 228,000 97,405
1,131,000 gL2,4kT 1,431,500 | 1,305,998
FY-1964 FY-1965
Proj. Actual Proj. Actual
1,650,000 1,105,997 1,790,000 | 1,146,000
100,000 70,000 100,000 82,000
1,750,000 1,175,997 1,890,000 | 1,228,000

FY-1960
Proj. Actual
- 450,263
» 222,606
- 672,869
FY-1963
Proj. Actual
1,450,000 | 1,181,0L2
250,000 225,395
1,700,000 | 1,406,437
FY-1%66
Prod, Actual
1,920,000 | 1,4:%,000
100,000 100,000
2,020,000 | 1,556,000




TABLE IIT

af

Comparison of PRNC Total Costs with Five Year Plan Frojections

Fiscal Year

1958
e 51
1960
1961
1962
1963
1964
1965
1966

A1l Programs:

05, 06, and 07

Cperations and Eguipment

Projection

$1,131,000
1,431,500
1,700,000
T, 50,000
1,890,000

2,020,000

Actual

159,620
509,373
672,869
gz, L7
1,Lob,6L7
1,938,99k
1,941,657
2,117,000

2,594,000 (Est.)

% Prog. 07
of Total
100
LOG
JR.6;

100

O
O

~1
o)
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is evident that if Program O alone is considered, there has been
a persistent underfinancing in terms of the job to be done. The

result is that Program 07 is about where it ecould have been and

should have been at the end of FY-1962.

Cn the other hand, special research has been developed
rapidly with the introduction of Programs 05 and 06. Programmatic
research, although not primarily designed to serve the research
needs of graduate education, does offer a substantial opportunity
for a limited number of graduate students. In Table IIT, therefore,
the total costs of all programs are compared with the projections of
the Five Year Plan. From this it 1s evident that the total ex-
penditures in PRNC by AEC are now appreciably more than projected

in the Five Year Plan.

As noted, special research aids a program in graduate education,
but the one does not substitute for the other. At the level of
funding now available for Program 07, it is not possible to operate
adeguately in all of the disciplines involved. Considering all
factors, it would appear that a fully effective program in Training
and Education will require approximately $l,SO0,0DO yearly in
operations and $100,000 for equipment, or $1,600,000 total. This
level should permit s productive effort in agriculture and medicine,

with parallel emphasis on reactor applications and physical sciences.




It is suggested that Frogram 07 should hold at approximately
this level until further experience has indicated a definite

need for additional expansion.

CONCLUSICNS AND RECCMMENDATIONS

1. The utilization of nuclear energy is an essential and,
in some instances, critical factor in ILatin American develcopment.
To the extent that the United States participates in this develop-
ment as a matiter of national policy, the nuclear energy activities
should be pursued at an appropriate level,

2. The necessary base for technolegical development “n Latin
Mnerica is a great acceleration in education at all levels with a
rapid strégthening of the sciences in the universitiss together

with the necessary reforms of university structure and functicn.

3. Puertec Rico is highly suitable for advanced training in
the application of ruclear energy to developmental problems since
in this microcesm the student may explore, not only the theoretical
approaches, but also may observe at first hand the applications to

the practical problems of a small socilety in rapid development.

b Agriculture, for the purposes of this discussion, forms
a complex with industry and both may be greatly benefited through

the introduction of nuclear energy.

5. The Training and Educaticn Program of the Nuclear Center
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should be further developed along lines similar to those now in
operation. For the foresecable future, it should level off in
costs at about 25% more than the current level. Research, which
is essential to graduate education, should continue to be directed
to problems of primary importence to the United States, or ‘o its
foreign policy, so that direct benefit to the nation may be forth-

coming from this operation in the tropics.

4. Programmatic research should continue 1ts orderly develop-
ment to the extent dictated by the national interest. The inves-
tigations should be those unigue to a tropical environment or those
whose nature indicates that the tropical location of PRNC can confer

a definite secientific advantage.

7. The primary misslon of the Puerto Rico Nuclear Center should
continue Lo be in relation to Latin American development, but the
doors should be opened to a greater extent to advanced students from
the United States. To the extent that it is AEC policy, the same
consideration should be extended to a small number of nationals of

other countries.

8. Tn conformity with the policy decisions, the physical plant
should be amplified to achieve greater efficiency and coordination.
The University of Puerto Rico should continue to serve as the
operating contractor and encouraged to maintain the pace of uni-

versity development in the sclences that it has recently demonstrated.




9. The integrated medical services of Puerto Rico and the
umisual frequencies of some forms cof cancer, establish an at-
fractive cpportunity for cancer research in cooperation with
NIH.

10.  The Five Year Plan, written in 1061, still constitutes
a reasonable statement of program cbjectives. The Training and
Education activities have not reached the full level projected
in the plan but generally now stand in reasonable harmony with that

plan when special research is considered.
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APPENDIX A

ADVISORY COMMITIEE FOR BIOLOGY AND MEDICINE
to the
UNITED STATES ATOMIC ENERGY COMMISSION
Washington 25, D.C,

Box 1823-U,P.R. Station
Rio Piedras, Puerto Rico

October 26, 1960

Memorandum
To : Mr. John McCone, Chairman AEC
From : The Advisory Committee for Biology and Medicine
Subject: The Rele of Nucleazr Energy in Inter-American
Development

The renewed crisis in Latin America demands reappraisal of the
position, policy, and procedures of the United States.

in simple terms, the great need of Latin America is a substan-
tial increase in productivity ~- an increase not only in absclute
quantity but above all in human terms. Without a substantial aug-
mentation in man-year output, there can be nc real Improvement in
the general standard of living.

“ur policy of aid has been: (a) to send technicians to Latin
America who know how to increase food production or improve public
health, (b) to keep our hands on the purse strings. These two
policies carry their own btuilt-in weaknesses.

With respect to (a), we do not encourage our youth to take up
forelgn service as a career and we have few schools to frein foreign
technicians. Often the technicians we send abroad have never been
out of thneir home environment before and they cannot wait to get
back. 7They seldom can speak the local language and they want to
escape the fleas and the flies and get home as soon as possible,

In regard to (b), to give people money and then to tell them
that it must be spent acceording to the gospel of the G,A,0. is
stultifying and self defeating.

We of the Committee suggest that a new approach is needed.
Clearly, the AET cannot revise American foreign policy but it can




Ly

"leaven the loaf" by setting up a pilot plant, possibly through the
Inter-fmerican Nuclear Energy Commission or the Puerto Rico Muclear
Center.

0f concern to us is the application of modern technology in a
reasonably sophisticated and informed society. This is egquivalent
to saying that one of the essential requirements is a radical and
rapid elevation in the guality of education, particularly in the
scientific fields. The education program in science must be directed
to the establishment of a broadly based sclentific competence from
which can emerge the specialists upon whom the pace of development
must ultimately depend. This is the seed corn for the great crop of
technolegical progress.

Wuclear science can play a definite part in accelerating the
pace of development to a degree commensurate with the development
of the educational system of each country. Here one finds the
uniguely powerful tools which in the hands of the expert may dra-
matically compress the time scale of human progress. In the short
{ime that nuclear energy has been available for peaceful develop-
ment, only the most superficial application of these remarkable
tools has been attempted, especially in agriculture where Latin
American needs are among the most crucilal,

The contribution of nuclear energy is thus seen to be a very
broad one in a general upgrading of science and technology. Taking
Latin America as a whole, the areas of top priority for nuclear
activities are agriculture and medicine with muiclear power develop-
ment coming at a much more delibverate pace except in special areas where
it can contribute economically to the prompt utilization of proven
resources.

What approaches are feasible and also most productive? The
most important ones in the long run are in the field of education.
Here, as in other areas of developmenti, programs of immediate bene-
it must be combined with those of long term values. An under-
privileged populace will not be content with rewards in the inde-
finite future. Some results must be obvious in a short span of
time and these are likely to show at different levels of education
in the various countries.

1. Education

The pace of development in education is that of human
growth. The expansion of good education depends upon the develop-
ment of capable and dedicated teachers. Ultimately, this is a
university responsibility. In the meantime, however, certain
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and a climate in which scientific research may progress
are essential. Implied are standards of student selec-~
tion and limjitation of enrollment in the universities
and a strong administrative asuthority in mature angd
responsible hands. Most of the ILatin American univer-
sities require some degree of reorganization to provide
the cultural and scientific basis for professional
education and to establish the structure of post-
graduate studies.

The encouragement of national research and educational
councils could facilitate the organizational changes
which are necessary.

2. Research

Both the tradition of scholarship in the sciences and the
physical means for its activity must be encouraged and assisted.
Equipment for research can be provided from external sources but
the intellectual climate is the responsibility of the institution.

A few major research centers are needed. These generally
should be associated either with a single university or a group of
universities. Group associations of this kind are still very new
and experimental in the U.fH.; they are unknown in Latin America,
but the prospects are reasonably good in some countries.

Again, all fields of science are included but special emphasis
should be upon the physical and biclogical sciences that bear upon
basic agricultural, medical, public health, and engineering problems.

3. Program emphasis

For the generalities to have meaning, the program must
be expressed in terms of specific goals and priorities. These
need to be stated as a result of consultation among experts who
have special knowledge of the problems and resources of the various
countries, Tentatively, the primary emphasis In muclear science
might be upon agriculture and medicine in terms of human mitrition
and the secondary one upon the development of new power sources.

a. Agriculture: In the agricultural field, neither the
production of calories nor contemporary market value
is an adequate goal. The complete nutritional
requirements of man should determine the direction of
agricultural development., A program giving speecial
attention to research and develcpment in the follow-
ing fields could be exceptionally rewarding:
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Plant Breeding. Generally, the work of the plant
breeder is directed 1o achieving the most satisfac=-
tory reassortment of existing genes and the pace is
determined by the growth characteristics of the plants
concernad. Entirely new characters, or mutations,
ocour relatively infrequently. However, the adapta-
tion of important food plants tc different envirorments
may regiire the presence of mutant characters in order
to succeed. The various forms of nuclear radiation,
and especially neutrons, may be the means of achieving
this objective through their capacity of increasing the
frequency of mutations,

It would be desirable to direct primary attention
to dmproving the quality, productivity, and resistance
to disease of food plants already established in the
varicus climatic zones, but especially in the tropics.
Cn the basis of new knowledge thus gained the second
step could be the adaptation of plants of desirable
features from other parts of the world and from dif-
ferent cliimatic zones,

In many tropical regions, the effective development
of a dairy industry is hampered by the lack of nutri-
tious forage capable of growing on poor land and upon
hillsides. For example, in Puerto Rico, the trailing
indigo meets these needs excellently save that it is
toxic for cattle. The development of a mutant variety
lacking the toxic factor could make possible the pro-
fitable use of marginal land in a highly desirable
nutritional shift involving the expanding consumption
of dairy products.

So0il Fertility. Throughout Latin America, with its
great range of scil types and conditiong, far more
must be known concerning the availability of essential
elements if productivity is to be increased substan-
tially. Particularly with respect to the trace
elements is there need for & large amount of work for
upon these elements not only does the vigor of the
plants themselves depend, but also much of human mal-
nutrition is the result of their deficiency. Radio=
isctopes are indispensable for these studies and may
be the only means by which some of the problems may
be resolved.
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Of cutstanding vwitiilty in this fieid iz activation
analysls which ensbies the rapld estimation of extre-
mely minute amsunts of many elements, drne technique
reguires a souree o noutrons go that the procedure
must be carried out in those centers possessing
riclear reactors,

Water Resourges. The study of the waler resources
of a country including undergroand storage and nove-
ment may be greatly facilitated by miclear technology.
The measurenent of nafural tritium is of the greatest
value and may direstly indicale the degree of depen-
dence of underground suppliez upcn local rainfall.
Radioisctopes guch as tritium may be added in small
amounts at critical points Lo determine the speed and
volume of underground flow. Fuclear technology thus
becomes an adjunct to other prcocadurss in the full
delineation of the water resources of a country, &
study that 1s eﬂsentzal for inzelligent planning of
agricultural, incdustrial and urban develioprment,

Medicine: The grestest single contribution of nuclear
energy to clinical redizine and publiic hesalth in the
next decade willi prokably lie In *the broad area of
diagnosis. Wrile many of the health problemsg of Latin
America result from infecticus disease, complex and
little understocd metaboiis disturvances are fregquent
and also often intermingled, Some of these distur-
banzes are matritional in corigin while the basis of
others 1s completely cbscare. Procedures involving
the use of Z-14% and -3 “asged organic compounds must
e moved from the roese:

s T croh laborzicorics to elinical
practice as rapidly as possiole. Tnus raqair@Q the
clogest of associalion hetween The muciear centers
and those ¢f medi~al education and «linical research.

In the field of there are important
=

areas of inserst biclicg o] : riiclear sclence may
make significart contributionsg., Ior example, radio-
isotopic ftagging of moscuitoes in thelr natural
environment teo de<ermine their fiight “ahge, life
span and other population characteristics has been

&

very Litfie ompicyed; yet th
which esgerntial information 20
many importent infeltiosus disezses may be ubta ned.,
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c. Muclear Power: We huve stated that the development
of nuclear power in latin America must inherently
proceed at a slower pace Lhar ihe nuclear applications
in agriculture and medicine. Partly this is due 1o
the state of the art, but largely it is related to the
rate of growth of the power market in any given country
which in turn is linked with other economic factors of
industrial and urban development.

While cne must be prepared %o accept delayed returns
in this field, we feal that the most serious considera-
tion should be givern o the establisrment of a few
nuclear power stations in regions of critical power
shortage. 1In this connection, we feel that the choice
of Puerto Rico for s developmental plant was a parti-
cularly happy ore as a first step of a sound Latin
American program.

b, Method of operalicn

A developmental program for Latin America should presup-
ose the active financisl participation of all the assocciated coun-
ries. TInevitably, it would “all to Lhe U.S. to carry a large
share ¢f the finarcial burder. It then becomes tempting to some
to insist that the U.S. should airectly control the expenditure of its
contribution. Experience indicatas, however, that operation
throusgh an international o nization such as the Organization of
the American Swvates in the lonz run leads to the greatest degree
of real cooperative endeavor and the preservation of national dig-
nity. In the recently established Division of Scientifiec Develop-
ment of OAS, with the associated Inter-American Nuclear Energy
Commigeicn, there appears Lo e st hand the necessary organizational
structure for the purpose,

3

Long experience in cooperative undertakings has shown that the
best results are obtained when there is only = smallminority of
foreipn nationals of high competence en aged in a project. Turther,
for each foreign naticrnali, there should be a counterpart from the
host country. These paira should work together in complete unity.
The termination of service of the foreign national will then always
leave a well trained and competent local rerson Lo carry on,

We stress our conviction that AREC should not develop its
international program in isclation but rather that it should take
the lead in achieving clcse integration with all other agencies of
government which have respeonsibilities for scientific development
and for the improvemenl of education. The program cperations of
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these agencies should be based upon a common philosophy and should
generally move along lines that are mutuelly reinforcing.

Finally, we recognize that the scientific development of o
country rmust take place within a sound soclologic and eccnomlc
structure. TForward planning must take cognizance not only of the
aspirations of people but also of the resources which nature has
provided. With the studies of resources for the future must be
associated those of population trends. The achievement of a favor-
able distribvution of population is vital to intelligent planning.
Human health and happiness may be vitiated by excessive vpopulation
densities on the one hand and gross underpopulation on the other.
We are confident that the various lines of inter-American develop-
ment mey te directed within the broad perspectives of foreseeable
gocial needs.

Recommendations:

To advance the purposes of Inter-American development, we
recommend to the Commission that it:

1. Zecognize the potential contribution of nuclesr energy
to latin fmerican development in scientific fields vital
to economic progress and human health;

na

Urge the sponsoring by the U. 3. Government of a strong
developmental program along lines set forth in this
memorandum ;

3. Invite the consultation of experts under the aegist of
the Inter-American Nuclear Energy Commission to
determine the specific objectives of a program of
economic and scientific development and their order
of priority; and

4. (Consider the desirability of assigning the operating
responsibility to the Organization of American States.

Respectfully submitted,

John C. Bugher, Chairman
H. Bentley Glass

Fred J. Hodges

James H. Horsfall

Robert Loeb

Leonidas D. Marinelli
Carl V. Moore

James H. Sterner
Harland G. Wood
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The Puerfto Rico Muclear Center, operatad Dy the Universits
2 OP 3

of Puertc Rico under a contract with the U. 3. Atomic Energy
Commission, was =stablished in Oc* “Cher, 19%7, ag part of the Atoms-

for-peace program. It grew out of the proposal made by Fresident
Eisenhower on July 22, 1996, at the Panami Conflerence, that work be
initiated to "hasten the beneficial uses of muclear foroes shrough-
out the hemisphere - both in industry and in combating disease".

The main objective of this Cernter iz to serve as an effective teach-
ing and research organization in the principal arplications of nuclear
energy. The University of Puerto Rico pive: graduate credis for the
majority of courses offered by the Nuclear Center and its principal
teaching staff are members of the Faculty of the University.

The Nuclear Center is bilingual with the fteaching predomi-

nantly in Spanish. Knowledge of English is rof reguired for admission
to the courses given. However, a reading knowledge of English as well
as Spanish is to be encouraged and, in fact, ihe great majority of
graduate students in the universities of Latin Americs today not only
read English well but also poszess reasonacle skill in speaking the
language.

The Center operates on the three campuses of the University:
Mayaguez, Ric Piedras and San Juan. At Mayvaguez, near the campus of
the Collegas of Agriculturs and Mechanic Arts , are located the reactors
and associated facilities for instruction at the Master of Science

level in Nuclear Secience and Technolosy, Health Physics, and Agricul-




tural Blo-Sclences. enpnzslis 1n ralficobliology is chiefly on

plant physiclogy ard radiatlon genetics.
At the Ric Fiedras and 2an Jugc campisas, the program 19

medically oriented in great part. Heowsver, training in radiolsctop:

L

technology is alsc gilven here with ipcreasing attention to radio-
chemistry and physical chemistry. In the medical field, the primary

emphasis is upon new method: of diagnozia of disease and in improving

]

the applications of radiaticr in the treatmsnt of cancer,
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In order for full progress in sclence to be achieved,
certain changes must take place in the structure of most Latin
American universities. Adequate conditions to permit full time
teaching and research are essential. There must be firm standards
of student selectior and limitation of enrollment, with strong
gdministrative authority in mature and responsible hands rather
than in thoses of an adolescent studert body. Most of fThe Latin
American universities require some degree of recrganization to
provide the cultural and sclentific basis for professicnal education

2

and to establish the siructurs ¢f post-graduate studies.

ITT. INTER-AMERICAN COOFERATION

IN AGVANCING THE USES OF NUCLEAR
EHERGY

A single center such asgs the Puerto Blco Nuclear Center

cammot functiorn propsrly without reference to the nesds and rescurces

of Latin Amerlica and withcu' close cooperation with other scientific
centers in the wvarlous countrics. Nuelzar gzelence must find its
proper place in the perspretives ¢f scionee 17 1T ds5 to make its full
contribution to the gsrsral wzifare.

in a recenl report to the U. 3. Atomic Energy Commission,

its Advisory Committes for BHlology =nd Medicine said:

"Nuele an play a definite part
in accelerating = develcpumsnt to a
degrees commansurate with the development of the
aducsgtional b ecouniry. Heres one
finds ths thqu» ¢ powarZul tecls which in the
hands ¢f the e ;ramatlcaLLy COTMPTCEs

T
5]
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pool zeactor of 100 kiicwatis and is developing a graduate program
around it with participation by the medical school. Venezuela has
now in operatior in its research center a three megawatt pool reactor
which constitutes one unit of a multidisciplinary research center of
sbout four times the magnitude of FRNC. Radioisotopes (often from

Farwell) are used in large quantities in practically all of the

gniversities gouth of the Rio Grande. A variety of accelerators
are in use in Mexico, Brazil, Argentina, and Chile.
the part of the U. 8.

st etiort of its kind on

onteide its serto 2ico Nuclear Center is

neither the firgi nor the largest of such institutions in Latin
fmerica. Waamt, then, should Te its long rangs missiont Clearly,

a vasi expansicn Lo i+ arother maticnal laboratory would be

nunwiac in & ‘ pEomtEs i 5 smell as that of Puerto Rico.
Weithex of the J. 8. for thae center

in Yth= variouni coun

T

ures wherein the PRIEC may be distine-

:ubstartislly te tne total scilentific

jand
1

regcurces of She Awioslian, ez tzet coree to mind at once. [Fuerto

the difficulit are o be founa. With the excep-
L

ticn of the gvall wescter st Université Levanium in the Congo, FRNC,
the Loiiien Ysotar al 37, and tae Irgtitute in Venezuela are the

gre avallable in
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Second, Puerto Rice is not only ir the tropies, it is an

sland in the trepies, and thus presents sharp 2ceiogical bourdaries
which greatly faciiitate many phases of sgricultural and medical
research. Its variety of eavirvoament makes it possible to approxi -
mate the elimatic corditicns of most of tropical America.

third, Zuerto Rice is itself a mcdel of rapid Latin American
development, Health services and sanitation actually execeed in quality

those of most of the stats so-called "dissases of the tropics”

v
5
0

T
7]

are hers elther now sradicaizd ov wapldly approaching termination.
Social and industrial developmunt o a rlarnsd basis are world famous.
The standard of living excells by far that of any Latin American
country. Yet cenditlons ars still sufficiently represartative of
those fourd ir other Latin Avericas areas that experimental results
inmauy fislds have direct applicaticn in cther countries.

Zrowm thess considsraticns, 1% would appear that PRNC

should function cccperatively rather thar comp

sitively with the

other centers of Latin Amzrica. It should be an iastitation preccen-
pied with tke problems of the tropics whick, by thair nature, must he
solved in the trcpies. Hsre isn 5 field which in the Western Hemisphor=

it shares only

Tustitute and possesses ar enormous
advantage cver the latter in thst it can ook to the nstional labora-
tories and the univerzities orf vhe U, 3. for support. PRNC @1,l0ys a
depth cf support mat d by oo othegr university or naticnal center in
Latin lmerics.

Gl

Ir. the cooperative fos

ework, the Ifuerto Rieco Nuclear Center
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mey be regarded as a unlt of a Pan American syatem of scientifie
development and regearch which should take ag its primary intersst
those ma jor problems which have special tropical reference. Simi-
larly, the other centers and institutes should be xpected to give
their most active attention to issuss distinctive of thelr regiocns.
Mo one of thege should undartake programs that are better executed
elsewhere.

To achieve the full benefits of the cooperative endasvor,
reasonably frequent conferences should be held and a consideraonle
amount of consultaticon should be encouraged. Program planning and
execution should be benefitted and a climate of cooperative scientillc
undertaking gradually =stablished.

The composition of the program of FAC must be determined by
the needs and rescurces of Iatin America. Until the present yezar, ths
Center has been directed almost exclusively to the teaching of fechnigues
in the application of nuclear energy and tc the teaching of courses
substantially at an undergraduate or slementary level., A fow years
ago, this was the type of education for which students generaily in
Latin America were gualifisd and which was primerily needed. Tthis is

now no longer the case. The rapid progress of higher education in

wm

o
o,
H

Tatin America and the flow of graduats students fo scigntifie cernters

of the U. 3. over the past decade have now meds it
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nearly all of ths lesding universities to off'er satisfactory courses of
elementary asnd technical character.

A TENC program dsvoted to the level of purely technical




a3ucation is not nseded in the Fan dmerican senso; Lt would also tend

increasingly to atiract less wsll prepared and competent students.

Ia)

Gradually the pogiticn of PRVC would ke established as one of inferior

gquality, incapable of meeting the nseds cf sftudeats from the better
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r Seuth Amszricsa.
T maintain 1tz =ffectiveness as a reglonal center, FRNC
magt achiizsve sclentific and academic distinetion iIu the fields in

This inevitably

meand 2 sniit of smphasis ooz g instruction to & post-

gr=duate currieulum agsceiated with a strons regesrch program. The

31457 in which TRNC should be most zetlive ars thoss in which there iz

arsas
cf program activity. Howsver, gradizte cdutation and ressarch in these

fialds caarot e prodoniive withoal strong rescuress ian the physical

selances. Weclear physicd ard radicochomiztry are irdispensable to the

sffective davelcprent of the bio-madical scispess. Cornsequently, an
apgiading of TN activitlos on g brosd front io iaperative 38 the

Wltheogh The Uaivicsity of is rnow g largs

atively weak; certainly
A0 A They have been sel

rassaver scthivity has boon in the Medical School.
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to the forward planning of the PRENC program. The UPR faculty cannot
supply all of the scientists with the advanced academic qualificstigns
which are needed. The development of strengith through the training of
young Puerte Ricans in U. 5. institutions would require several years,
a delay wnich would be fatal to the obJectives of PRNC. The path to
Tollow bty necessity appears to be that of strengthening the scientific
stalff by recruitment from cutside Pusrto Rico, chiefiy from the T, 5,
universities but also from cther ccuntries when suitable candidstes
may be so encouniteved. At the same time advanced tralning of young
Fuerto Rican selentlisls 1Is essential for ths future.

Mogtl of the scientists recrulted from cuteide Puerto Rico
will probebly be temporary but some should be willling to identify
themgelves permanently with PRNC., Obviously, such individuals must
be acceptable to the University as tenure faculty members if they are
to be consldered permarent members of the academic community., In auy
case, sewvice on a teave of absence basis of less than two years would
not be generally productive and there should be a reasonable prospect
that the visitlag secisntist will continue his asscciation as part of
hig activifty in his own university.

These remarks in the university framework apply equally tc
those whose aormal posts are in the national laboratories or other
specigl reszarch lnstitutlions. There should be & special elaim con
the natioral laboratories because of their complete identification

with the atomie eaergy progranm.
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On the Mayagusz campus, there 15 8 puilding with approxi-
rately 39,000 square feat of Ilcoe arza which nouses the rasearch
wagetor and the laboratd
m7mog has hosn Constrd

work in the Treplces,

house tne btralning reacton and tegehivg activitiass for which
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raerto Rico Medical
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Fiedras locaiion, toe variove programs are to be

of approximetely 22,200 zqgquare feet floor ares

completion. The new structure iz part of the
enter now under developrernt and is close to the
to the University Hospital
Centar. A small amourt of
School fin San Juan and in
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ail-6C teletherapy unit, Cobalt-A0 needles

uz sizes %otalling gbout 800 radium milligram

and othsr iltems of counting and radiation measurament

addition, ihe Radlotasrapy and Cancer program utllizes

T. Gonzdler Oncolo-

t unit

LI,
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rapy Cokal of approximately

a

=ray unlts

superficial therapy X-ray unit

milligrams ¢f radium in the form of
of various sises and activities.

D

and cells
equlpment by the Radiotherapy and Cancer

=
L,

dependent on the work load of these units as sche-

. Gomzélezr Martinez Oneological Hogpital.
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- TS AMT T o T Y
YV, URGANTZATTION OF ZENG

The general organizaticn 1s shown in the accompanying

chart. The program functlons under g

[
oo
HY
{1
3
ot
O
=
)
o]

rd two Assoclate
Directors, sach ¢f the latfer being primarily responsible for one
of the geographic subdivisicrs of the Center. The Director reports
to the Charecsllor of the Unlveraity throuzh the Desan of Medicine in

matters pertsining Lo the Rio Pledras-Sar Juan campuses and through

“the Vice-Chancoilcr in matters coneerning the Mayaguez area.

Tha malor progran aress ars g :32nted by Divisions, each

with i1te res

sective Head, who 1s responsible for the operations in
his program araa.
To an incrsasing extent the programs will tend to involve

the entir=

ar, te offset the handicaps
impossd by ths separaticn of 100 miles petween the two halves of the

organizgiicn, Mud

imperative and plans are

under way Lo s2ilve trig part of ths probizmn.  The existing telephone

gservica 15 Inadsguatls,  Fart ol 1

communicatlions lack can
be remsdisd by a wicrowsaye bear ingtallation carrying telephons,
teletyps, and toiavision charrels with furthesr provision for data

trangfey notwean Tha Twe

of the Cerntar 30 that full ad-

¢t A daves eonpating fseiiity which the Uni-

rergy Tatara,
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VI, DPRESENT PROGHAM

The prosent programs of the Nuclear Center atl Mayaguez

comprise a series of courses of instruction which lead to a Master

Science degree: -

L.

The luclezyr Science and Fooirceripg Program: The
FREC offers a 1l curriculum leading to the degree
of Magster of fence in Nuclezr Technclogy. The
course of giudy rts with the summer session

and requires 1. acsdemic yzar of 11 months.
The curriculus owg the cutline required for

the USABRC ruoelis seiencs and engincering follow-
ships and has bcen approved by ths Comnisgion for
attendance by these foellowship holders. The curri-
culum was fivst gilver in FY-195% and is designed

to glwve the students an understamalﬂg cf the theory

and operation of wiclear reactors and the associ-
atzd chemical and metalilurglcal procesgses.

Badigtioo Phaicy acd Heoltn PhY”'Qﬁ - This is a
cneg-year program flrst given in IC 9-60 and
leading to the degres of Master of oc1€nce in
Radlological Phyvsies. The curriculum is desig-
ned to provide the Mupdamental knowledge in ra-
diation physics and biophysics, Interaction of
radiastion with mettsr and living systems, dosi-
netry, instrumentatlon, and the prineiples of
pernissible exposurs and preventation of undes
sirable exposure. = stuaent is also intro-
duced to some of the legal and public relation
aspscts of radiation protection,

i
5
B
4]

Agricultural Bigsciences: new Division wag

eatablished in ilate 106C and is presently dsvel-
oping thr Mashter of Sclence programs which

=)

i s

have much in eommen ot differ in thelr emphasis,
The prospectas Lese programs ars given in
Aprendix C. heen ”'ﬂatcd in close
consuitatior with the College of Agriculture

and will, it iIs expseled, e an important channel
oy wnich the agrisuiiural applicaticns of nuclear
s2nergy will b accslerat

of
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Leaocsrch aciivities of the Oiv
alrealy been initiated with the equipment cur-
ently available. A prelimirary study of the
cftfects of npltrcrs and garma radlaticn on a
mumber of fropical plants, both as seeds and

in the vegetative form, are under way, irradi-
atod Tueli assemlies bueing utilized as high
intensity gamma sources. Cther studies in
plant physiclogy are telng cornduct

=d in co-
operation with the Federal Experiment Station
and the University of Pusrto Elco Experiment
Station.

At San Juan-Tic Fiedras the progeans are directed mainly
toward radioisotope uvtilization and training, and medical and bio-
logical uges of nuclear ernergy. These programs are as follows:

1. ERadioisctope Tochniguas Trairips Frogram: This
iz the #u11L time Tour-wesk cousse patiernad
after a similar course offeved Tty the Cak Ridge
Tpgtituie of Wuelear Btudlss. This course
permits seientific and technical persorns sl to
obtsin trainizg in the use of radiocisctopes
g5 tracers, To utilize tThem officiently in

tegting and rogszarch.

2. Olindical Eadicisotcps Applications Program:
This 1s a Tull time program in training and
regesreh v the clinical applications of ra-
3loiantopes for diagnostic and therapeutic
parposss,  Two kinds of programs are offered:
a short tzrm pregram which mey last ons or
Twa ronths and another Long ternw program

'n ray iast from thrse months to a year.

he short course tThe more comnen diagnos-

ic procedurcs are stressed. In the long
rge therapoutic and research aspects of
P 1Y
radioisotopss 16

AT
in clinical medicine as well
atie procedures are stressed.
a3in radicisctops techniques
course has bosn succeasTully ccmpleted,

twe nogths are speat at the Clinical Radio-
ry in & Termal pregram of

=1

tgctope Laborat
< an practical work.

T T —
lecturea, scrminar

ing Program:

3. Eadiotrex apmv and cancer Traln

] £ this LVlUIdP is to teach
oF gafe use of lonizirg radiations
tyogtmert of carcer. Two types of
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Training in the Radiobiology Divisicn kas be=en limited
to the use of facilitles by nine (g) medical school students to ao
specialized experiments in biosynthesis of radicactive sulfur
components by yeast and the incorporatica of radivactive phosphorus
into the phosphclipids of different tissues of albinc rats. These
experiments were perfomed under FRNC supervision. Training by this

division has been limited by the illpess and eventual resignation

of the division head.

YII. FUTURE DEVELCEMENT AND EXPANSION

The future development and expansicn of FRNC programs
should be determined by the needs of Latin America and Prerto Rico
and the availability of gqualified staff for the programs. Tha
discussion of future development is primarily on organizational
lines for clarity and preserntatlion.

The contract for the Center proviges that it will bhe a
training and research institution, To date, howsver, ewphasis has
beer placed on training with 1ittle attenticn telng glven to

research. Experience indicates that the measvre =T competence of

=

an institution offering graduate programs lies in the guality,

vigor, and suppcrt of its v~egegrch. The davelopment of ressarch
is a prerequisite to the offering of sound graduwte level training.

Indeed, graduaste education aud rzaearch in a universiiy may properly

te considered ss high level training.
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A, Mayaguez Programs

1. Reactor Divigsion: The Resctor Division is bagically a

service division in charge of the physical plant, running the

reactors, hot cells, gamma sources and irrddiators according to

-

the needs of the other divisions, lso it iz a techrical division
and the reactor supervisors must know how a reactor works, how

its performance can be maintaired and improved, how utmost safety
can be achieved consistent with efficiency.

These are precisely the aspects that many Latin Americans
will wish to learn, so training courses are planned for them.

But to maintain the vitality of the staff and to contribute to
knowledge of reactor design and operation, the staff members must
have the opportunity te engase in research and developmert work
along these lines. This work will be done Jeintly with the Nuclear
Sclence and Technology Division for maximum effectiveness.

It iz evident that thers are many possibilities for suitable
research, development, and testing programs in reactor operations,
and these aspects should be encouraged, both for the sake of the
staff and that of potential fraineess.

The research reactor has been cperating since Cetober, 1960.
It has been checked under the manufacturer’s supervision, and the
tests have subsequently been repeated. No significant difficulties
have been encountered.

Procedures have been written for the principal training and

research operations, such as start-up, rod calibration, neutron




irradiation, ete., and operator training courses wiil be established.
Tt is planned that all grad:zates of the Nuclear Science and Technclogy
Program will be eligible to obtain a reactor operator's license.
Neutron irradiation technigues will also be established for the
routine irradiation of samples for res=arch and instruction in FRNC,
and for apy otlhier approved corganization.

As thay develcp, all servieces by tha research reactor will
be put under regular procedures. A number of Instructional experi-
ments, such as control cirzcuit characteristics and operation, approach
to ecriticality, control »3d calibration, plle oseiliation, void
regetivity, =tc. will be Jdeveloped for student use.

A six-month to a one-year program for reactor supervisors
will also be initiated. A stady of reactor operation will be carried
out, in cooperaticn witk the Meie orclogical Station, to determine
cornditions under which higher power operaticn of the reactor might
be permissible. Thesgs prcocedures may merely require sultable weather
conditions, or may Iinvoive installing and testing a semi-enclosed
coolant circuit within the pool.

Othe= appropriate ssrvices and activities, such as neutron
activaticn aralysisz, gross radiation exposurss, public Inspection
tours ete. will be established.

2. Nanlesr Scisrce and Tachnology Division: The present
activity and rscognized obligation of this division is the teaching
of the courses that maks up the curricula in Nuclear Sclence and

Technologyy th

a

responsitility for scheduling faculty, students and
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without endangering the health of those in the wletalty,
Environmental surveys will be, in part, the respongibility
of this Division. There is special interest in adeguate ecological
studies of the Rinecdn region before cperation of the Bonus reasctor.
L. Curricula: The Center at Mayaguez has offered two
curricula leading to the Master's degrea: a Mastar of Science in
Juclear Sceience and Techrology and a Master of Science in Radio-
logical FPhysics. Based on the experience of the last three years,
it is apparent that thess two curricula do not adequately meet the
uweads of the students seeking to attend the Pusrto Eico Nuclear
centar, 1 is proposed to substitute the following degres DPrograns,
all of which would require the same total number of semester oredits
for the master’s degree - {at least 30 and not more than 36). FEaeh
would caryy admission requirements arpropriats to the fisld of special -
ilzation, A1l would require g portion of ths tctal offort to be
applied to a spseiasl project, thesis, or dessign rrovlsm, as gppro-

priste Morecover, in a manrner similar to that of most prasent day

graduate schools, ths curricula wouid be about one-half gpecificd
and the other tailorsd to the individual nesds of Lhe studert. Thiz

would not jeopardize our esthorization to accept AED specigl Fellows

=

in Welsar Seisvmce grd 7 chnclogy or in Radiclogical I'hysics, put is

& change in ths sams dir- oo the requiremsnta

~Sgrilre Pull-time work
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preceding the regular fall sdmission would be avallable for the

fulfillment of unsatigfisd zdmissicon requiremsnts,

o

Master of Heience in Health Thysics: This will be
quite similar to and will replace the present M.S,
in Radiological Yhysics. The change in title is in
line with recent acticnz of both the Heslth Physies
Soclety and the AEC Committes on Health Physics
fellowships,

Master of Science 1n Nuclear Engineering: This will
ke guite similar t©w the offerings in many U. 8, Uni-
versity graduate scheools. I€ will acknowledgse the
particular cngineering btias of the candidstes for
admission, and will allow the students a specializa-
tiorn in @n aspect of mclear engineering related to
their undergraduate training. For lnstance, the
applicant with a Bachcolor's degree 1n Chemical
Frgincering would in"Lc 211y continue speclalizing

in the ¢hemistry ard teechnclogy of n¢clear fuels.
The slecTrical snglinger candidate would specislize
in reactor instrumentation and control problems,

Master of SCiﬁnCE *n feactor Physices: This will be
desigred for the students interested in the problems

ot the operation a.i application of regearch and
training reactcrs. U aiffers from auclesr engineering
in many significant ways. There will bz more emphasis
on reactor physics, the dynamic behavicr of reactors,
the zlactronic aspects of reactor instzumentation, and
the ingtrumentaticn of problems assoclated with the

unse i resctowrs. bLuch trainirg is teuomlng more
important ws reactors tecome mors numercus and varied

in desgign.

Was er of Selenes in Huclrar Secience: This is

¢nded fur the bvroad spectrum of students interested
in the ruclear agpscis of the biclogical and physical
gselegnces.  ng aegres will czrry a specification of a
ma Jor sume tople, sueh az Agronomy, Nuclear Thysies,
Radlaticon Ploloegy, Eadiuchemiatry, etce, The curriculum
will be partly urpspzelified, but will reguire thoss
courses common to all of these areas, such ag Heaith
Thyaleg, Tt wili ko desigaed to fit with the back-
grovnd and experisnce of the student, Courses will
be acceptsd by thoe academic departmernts of the
University as wepresenting graduate level work, and
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will inelude a thesis representing an investigation

of some nuclear aspect of the student's specializatiomn.

The shove recasting of curricula is based on the presumption
that there will be available, either on the Center staff or on the
faculty of the University, the variety of professional capacities that
are necessary. Although such a diversification of offerings will
vepresept some increase in average effort expended per student, it
does not represent by any means a proportional increase in teaching
load. Mary of the courses will be common to several curricula. By
meang of thesis research, design problem, or special project, the

srtuderts will in turn contribute to the resesrch program of the Center.

B. San Juan-Ric Piedras Programs

1, Radiocisotope Technigques Program: In the Radioisotope
Applications, the reeds for training in Latin America: should increase
due to the present trend and emphasls being placed on the use of radio-
isotopes in medicine, industry, and asgriculture. Along with this
increase there must be an increase in the mumber of persons trained in
the uses of redioisotopes.

Tt is evident, therefore, that for the Radioisotope Appli-
cations Training Program we should:

a, Continue the basic radiocisotope courses at the present
evel.

b. Discontinue the Radiation Protection Techniques course
in favor of an amplified program in Health Physics.

c. TIuteoduce specialized courses in the basic technlques
as applled to industry, agriculture, and clinical

diagnosis.
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. Ireclids wosearch progracs ia guprort of ths above
training ard aloLg the lines of interest of the
sta¥r. Such research could Vary ggnsrally encom-
pass the use of radiaiicas for zterilization and
chemical procassas,; the anployment of radicigo-
topas in the tsaching of basic principles in
chamistry; arnd the application of particls emitters
in pure physical or chemical vrasweanch.

2. Radlotherapy szd Jancer Pregram: It 1z felt that the
Kagiotherapy and Carncer pregram, wore than any olher PRUC program
at present, has been most gererally acceptsd In Latin America and has
had the least difficulty in attracting irair=as.  The usefulrsss of
this program for Latin Americs nan best be statea by the fact that to

date thers arsz no crganizsc i Rine Prbpeams in sadiotherapy in Latin

3 congtant lneraeass in the Cancer

problem. The Eadiotherapy ard Jo
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poteatial of the Center in radilation therapy, radiobiclogy and radio-
logical physics. The current research programs in the evaluation of
radiation response of tumors to conventional and supervoltage moda-
lities by cytological technigues will continue. New programs to be
started include tumor and tissue culture studies, effects of pharma-
2ological agents on radistlon responses, and alteration of tumor bed
circulation and oxygenation. Training course content will bes altered
and improved ss new equipment and personnel are obtained.

3, (linical Radioisotopes Program: The increasing use of
radioigsotopes in clinical medicine also makes the Clinical Radio-
isotopes Program important to Latin America. As in the case of the

training in Radiolsotope Techniques there is a demand for perscnnel

America. Thews is svery reason to believe that within the next few

years thisg progrem will have many more legitimate requests for training
than can bs accommodated.

Tt is expected that there will be no major change in the
training program of the Clinical Radiolsotope Divigion in the near
future exceph to introduze new techniques as they are developed and
proves, Ths »escarch potential is good and the current research
projects in vitamin B-12 absorption in tropical sprue, fat absorption
in *trepical spruc and iron metabolism in various anemias will be

cortinues.  dhe activities will also be ex anded to include pediatrics
P P

surgery, ophthalmology, urology and gynecology in addition to medicine.
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Additional couiprient vequirod Tor the instroction in new
techniques in clinicsl diagnesis and therapy will be procuarsd =as
PR,

4. Radiotiology FTrogram: The Division of Radiobiology will
be activated sz rapidly as 1n comsistent with other program derands in
crder that 1T may be responsitle for the teaching of the principles of

anental To all of fthe other blological and

sadloblology which are
medical programs. Inz intcraction of various modslities of radiation

with living gsycteme, both anicollular and mul
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Bince 1ts operatiors will weaguire s considerable amount of
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% Medical Pilcseclences Divieton:  This rnew Livisicn should be

with ths problems

5. Thore is zneed for




the Divisicn of Medical Biscsciences to conduct those specisl studles
and do gradusts teschilos in those areas of medicine for which the
nuclear tools are usssnatial to understanding. In this Division should
be performad thosz investigations which may uwltimately lead to new
diagnostic technigues which can be applied by the Clinical Radioiso-
“opes Divisicr.

The prioary activity of this Division will be medical research
and post-gradiusts madical tesching in broad areas of first order concern
in the tropics. Pivst amorng the fields to ve comsidered will be troplcal
nutrition. As irfecticus disease ig overcoms, the more abstruse aspects

rrogressively mors important. Gross malnutriticon

of malnmutrition bacd

is generally recogniz ag an cutstanding problem among primitive troplesal

pecples but the finewr structure of nutrition in the troples is not at all
well understond. dorsirn biochemistry, especially that of enzyme systems,

must play a rajor role and must include an exsmination of the dynamics of

Fy

trace elements, a Tizid whore present day knowledge in fragmentary in
the extrems.
This Divialcn should also concern itself with the tropical

Pperto ®icn, and atiempt to dsviss

parasitic diss
new attecks weon tham with the objective of eradicating them. Fore-
most in the 1ist 15 zckis“csomiasis; which not only psrsists in Puerto
Rice but =loownso: i the +ropics has stubbornly rsfused fo yleld to the

exigting pavlic howitn and p=nitation techniguss. New approaches are

t ig pessibles that useful answers

[N

needed in rogard o tnhls problsm and

will be formd ixn thz radicbicloglcal approach.
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These are examplss of problems of high pricority which await
the activaticn of the new program. Fuarther study of the medical
patterns of Puerto Rico will doubtless disclose mumerous other disease
entities nct now suspected. Among them, one can anticipate, will be
a number of genetically deltermined metabolic deviations or defeots

which can only be recogrired and studied by radiclegical methods.
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VITI. RESEARCH PROGRAMS

In addition to the comments regarding research activities
that have been mads in connection with the divisional plans, cer-
tain general statements are desirable. In the perspective set
forth in the introduction, it is clear that PRNC cannot attempt
to be competent in all aspects of nuclear science. It must em-
phasize those fields which are of paramount importance in the
tropics and especisally in Puerio Rico, and which at the same time
are within the capabilities of its eguipment and manpower. Its
research, therefore, cannct be conducted in all of the fields in
which 1t gives Instruction. ZInstead, the research program must
be somewhat restricted in that it should be directed at those
problemz of the region which are of primary importance and the
investigation of which can best be done in Puerto Rico.

In the blolegical area, there is a great opportunity and
need for new lineg of expleoration in medicine and agriculture.
Indeed for the near future, as has been reiterated many times in
the past, the greatest returns from nuclear energy will probably
be found in these two fields. Further, the two may be profitably
linked. “fhe study cf nutrition in man should establish lines of

prior concern for the developments in agriculture. In the medi-

I

cal domain, F3NT can act as the sparkpliug for the activation of
medizal regearch of & kind new to Puerto Rico and may contribute

both directly and indirectly to the advancement of knowledge.
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The medical brogram, which should be primarily directed to the
deficiency diseases and cancer, will enjoy the close cooperation
of the new laboratories for elinical research now being established
by the Medical School. It may look also to the other units of the
Medical Center and especially to the brilliantly conceived Region-
alization Program of Medical and lealth Services for assistance in
conducting its research. The Regionalization Program gives imme-
diate access to most of the Population of the Commonwealth and will
make available to PRNC its greal resources in records and statistics,
The potential is cutetanding for a highly preductive cancer
research program on the part of the Nuclear Center. The new Cancer
Hospital, in juxtaposition with the PRIC building at the Medical
Center, will have 102 beds together with an additional 50 beds for
ambulatory patients in the rehabilitation hospital under construc-
tion, This nospital, supported by the Puerto Rican publiec and
operated by the League Against Carcer, is an umisual one in the
degree with which it 1is integrated with the medical activities of
the Commonwealth. As part of the Medical Center, the Cancer
Hospital will be even more effe-tive, For the past 10 years there
has been practically 1004 follew-up of all cancer patients, and
through the Regicnalization Program the quality of this activity
may be substantially improved from the standpoint of medical

records and investigation.
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For all practical purposes, PRNC has available for research
purposes over LOC beds for which it does not have to provide the
capital costs or the operating expense, Through the Ccmmonwealth
Department of Healih and the community health centers, essentially

all casas of &

alignant disease on the island can be known, s0 that
the statigtics can be prastically complete. These features,
together with the fact that there are unusuzal freguencies of some
types ¢f cancer, make a program of =linical cancer research espe-
clalily attractive.

T mddition ko the researzh program described in some detail
in the prospeotss of the Dlvision of Radiotherapy and Cancer, there

g

criunity for an advanced study of chnemotherapeutic coni-

™
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pounds as adjunzis to radiation therapy and surgery. This would
invelve the syntnesis of such compounds tagged with C-1h and tritium,
and in some 1nstances with P-32 and $-35. Tissue distritution and
the metabcliis pathways of these compounds in human teings would be

compared with trat in i

8]
w

ue cultures of neoplastic and non-neoplastic

twuman oolls and to limited extent of laboratery animals. TIf the

m

clinical competence exists in PRNC and the Medical Scheool, then
these stadies shou.d be extendsd to the steady flow of leukenia in
children whicn wouid come o the Medical Center and the Cancer
Hospital 1f tners were a little encouragement.

atill anorner line of investiga®ion which is already incor-

porated in the program plan 13 the experimental study of the use of
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neutron capture reactions in nesplasms. It is not presently con-
templated to use the reactor for human therapy but rather to confine
the study to transplanted neoplasmaz in small laboratory animals,
This part of the program would function in close collaboration with
the Medical Department of Brcokhaven National Iaboratory.
Agriculture is an area whercin the Nuclear Jenter has major
contributions te make. During the past 20 years, Puertc Rico has

put primary emphasis on sceial and industriasl devaelopment, and

'3

agriculture has received

—

HESR

7.

attenfion so that its slower progress
has resulted in a relative lag. 7The nuclear secientist has much to
contribute to plant genetics, plant Physiclogy and scll fertility.
Agricuiture to a large extent invoives applied science, but the
research which is required is often of the most fundamental charac-
ter. Photosynthesis, enzymatic conversions, electrolyte and water
movements, cell respiration and the physical chemistry of inorganic
systems of low solubllity are but some of the areas of research
that are vital to the development of agriculture. Naturally, there
is especial iInterest in those systems of major economic importance.
Fundamental research may be condusted with plant systems of econow
mic consequence just as profitably as with those species of little
humen interesi., The preblem of experimental dezign is one that
requires inteliectual scopse thai goes Leyond the immediate scien-

tific problem.
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It would be the expectation that from the research program
cf PRNC there would ultimately result a substantial increase in
productivity in tropical agriculture relative to Puerto Rico.

This would presume cooperative operations with the various expe-
riment stations, the College of Agriculture and the College of
Engineering.

Farlier mention was made that one of the advantages pos=-
sessed by Puerto Rico 1s that it is an island in the tropics.
There exists, therefore, the opportunity to carry nuclear techno-
logy into marine bicleogical studies. There are many arguments in
faver of having PREC participate in this general field. One of
the most cogent argumentz 1s that ocur ignorance of the functional
biology of marine organisms is abysmal. We cannot predict with
any accuracy the ultimate effects of radioactive contamination in
any part of the ocean. The practical side of this is that policies
of waste disposgal in the sea cannot be formulated on a gound basis
in the present rnear-vacuum of accurate sclentific information
concerning the differential uptake of individual radicisctopes by
components of the plankton which in turn become part cof the food
chain leading to man.

The University of Puerto Rico already possesses a marine
biological station located at La Parguera, a situation of riech
coral growth. A szcend station is being discussed for the eastern

end of the island where the conditions ars quite different.

r
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Because of inadequate staffing and the lack of a competent and
dedicated marine biologist, the existing station has had a low
order of productivity from its inception. The possibilities
inherent in the use of radiocisotopic techniques have not been at
all appreciated.

The contribution of PRNC +o this Program should be of minor
magnitude in terms of budget. A reasonable participation would be
to add to the staff an outstanding marine bioleogist with a few
technicians to lead a program, the major support of which would
come from other sources through the University. The other sources
would be the National Science Foundation, the Office of Naval
Research and the Private foundations.

In the physical sciences, again, careful selection of the
areas of research activity must be made. While it is difficult in
nuclear physics to identify specific problems that can be better
executed in Puertc Rico than anywhere else, there are other consi-
derations that assist in making the choices. It would be desira-
ble, for example, for the research at PRNC in physics and chemistry
not only to have sound value in its own right, but alsc to be direca
ted to problems the sclution of which might have good brospect of
leading to substantial progress in other areas of research activity.
For this reason, study of the Phenomens of the solid state, parti-
cularly those concerned with molecular structure and forces, would,

leallprobability, lead to similar investigations of substances of

brimary biological intereat.
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Additionally, there are sections of muclear physics where
present knowledge is incomplete, but where the equipment of PRNC
would be admirably adapted to graduate work. Neutron activation
cross sections at precisely known energies is an example of this
type of study. The potential exists for carrying such measurements
to very low temperatures.

In the nuclear engineering field, again the reactor forms
a center about which the research program may concentrate. Studies
of radiation damage to materials and components of reactor systems
are well adapted tc Master of Science thesis work and should yield
useful scientifie information about materials for which knowledge
is now insufficient.

Plang are now being formulated for the study of the thermal
emissivity of ceramic surfaces under neutron and genma irradiation.
This program, which should begin in July of the current year, will
utilize one of the reactor ports and will begin with studies of
thermal emission from graphite at about 2,000°F. Iater, it is
contemplated that similar studies employing single ceramic fuel
elements will ke undertaken.

All of the new research programs discussed in this section
will utilize the reactor in one way or another. Some of them are
wholly reactor centered; in other cases reactor services are neces-
sary for their implementation. The production of radioisotopes:of

gshort half life is cne important function. Another is the




development. cf sclivation analysis, especially in connection with
the asricultural and medioal programs. The rezctor is admirably
designed for these irrudiations. Much remaing to be done, however,
in the exploration of ‘he neutron energzies to be favored in the
activaticn and in the effielency of vy lss height analysis for the
quantitative estimating of elements present in small quantity.
This will be essential for the program in nutrition mentioned
earlier,

Some of the resesrch prosram would dracubltedly arise simply
because ol great personal interest on the part of members of the

)

stat:

[N

. Research of tinis kind should be encouraged even though it
couid be conducied as well eilscwhere, as long as such research is
related to muclear ererszy and would not involve the neglect of

higher priority wori,

e case for erphaslzing research
throughout the PEEC rrogram 18 very simple: 1o scientific program

will long survive. A program of ap-

reundea and aynamic s

A2 struntures and character, the Puerto
Rico Nuclear Conter would not only fail to enhance the reputation

tesy It would T=il more rrofoundly in its inabi-

of the region 1t should servs.
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In summary, the advanced rasgearch programs which have been
discussed in this section may be listed as follows, together with

the operating Divisions of PRNZ that would be involved:

Program

Human nutrition

Chemotherapy and Radiotherapy
of Cancer

Marine Biology

Selid State Physics, Weutron
Diffraction Molenular
Structure

Heat Transfer under
Irradiation

x.

Divisions of PRNC concerned

Medical Bio-Bclences

Qlinical Applications of Radicisotopes
Radicbiclogy

Eeactor

Agricultural Blo-Sciences

Fadiotherapy and cancer

Medizal Bio-S2iences

Radiobiclogy

Olinical Applications of Radiolsotopes
Reartor

Agriculitural Blo-3ciences
keactor

Nueclear Science and Technology
Hadinbiology

Waclear Science and Technology
Feactor

Rezetor
Huclear Science and Technology

Tn Jable I (page 6 “are prezented the actual costs for

operaticns and equipment through FY-1960. Table II (page 37)%

exhibits the previcusly estimated and now revised ~osts under these

categories through Fy-60. In

dats of assumption of dutly by

3

¥Page rumbters refer To origiral texT. Lables are on folliowing pages.

tris table, which begins with the

the present Director, the total




FENC CTERATION COSTS FY-583 THROUGH FY-60

Py-1958% FY-1959 FY-1960
perations $119,068 $283,180 $h67,500
Equipment 1L0,552 226,193 225,000

TOTAL $259,629 $509,373 $692,500

Man Years o1 Lo 67
COEE/Mah Year

Operations 33,670 37,079 $6,973
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man-years are broken down into thelr components in order to show
the shifts in character of the personnel that are now in process.

The activaticn of research programs requires a much greater
proportion of the staff be of a technical or supporting level. It
is possible that a greater ratic of technical to sclentific person-
nel should be contemplated than is here shown {scientific personnel
is here defined as being composed of persons responsible for plan-
ning and directing the actual research and teaching), but it is
f'elt that the proportion is about right when one considers the
amount of graduate teaching that will be involved.

The cost figure per scientific man-year during these early
years is somewhat unstable as a result of the variable relocation
costs for thcse men who have to be recrulted from outside Puerto
Rico. Ag fime passes, and as staff members are recrulted from
among those receiving their training at PRNC, this source of cost
should become relatively smaller although it will always remain
an appreciable item if the policy of drawing upon the universities
and the national laboratories is followed consistently.

The annual cost of operation per total man-year appears to
be a somewhat more stable fipgure at the present time., Because of
the shift in the composiftion of the staff to include a greater
portion of technicalil and assisting personnel, the revised estimates
for TY-61 and Fi-62 show 2 decrease in the cost per total man-year.

This cost, of aprroximately $6,7C0 per total man~year, has been
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escalated as shcwn to allow for the maturation of the Program and
foreseeable cost of operations, No allowance has been made for
possible inflationary or deflationary movements in the economy
generally.

The estimatles for operations being determined on projected
total man-year costs, the cost per scientific man-yegr has been
calculated and is shown in Table ITI. There is implied a rising
cogt per sclentific man.year from approximately $21,500 in FY-62
to $25,600 in ¥Y-66. This appears reasonably in line with the
costs of cther programs of similar magnitude. It should be borne
in mind, however, that the program in Puertc Rico is actually an
oversess one and that costs will tend to be higher than for the
continental U, 8, if experience in cther fields may be taken as
a guide,

One major piece of construction is shown to be budgeted in
FY-63. Thig is an addition to the biomedical building at Efo
Piedras which would approximately double its floor area. The ad-
dition would involve extending the prosent building to nearly
twice its present length., The land is avallaple for the purpose
and since site development has been largely aczomplished in the
construction of the present laboratory, the cost of the additions
is estimated at somewhat less than for the existing structure.

Pending the availability of this addition, a temporary

animal heuse is a necessity, there being no animal quarters in the

r
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present Nuclear Center. By sharing the problem with the Mediecal
School, it is prcbable that the necessary temporary animal space
may be congtructed within the funds available for minor plant
projects.

As to further expansion beyond FY-66, it is difficult to
give a clear prediction. If the program will have fulfilled its
functions properly, there would probably be a need for further
expansicon. One can estimate that about 70 scientists is the
minimum for effeetive cperation in as many scilentific disciplines
as PRNC is commiited to serve. A very much larger institution
would overbalance the University and tend toward isolation from
the academic community. It seems reasonable to say, therefore,
that growth beyond that projected for ry-66 should depend not only
upon the needs in Latin America, but also upon the progress in the
sciences that the University of Puerto Kico has itself shown by

that time.
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ATPENDTX O

PURRED RICO WICLEAR CENTER
Cperated by
University of Puertoc Riczo
for
U. 8, Ltomic Energy Commission

August 2, 1963

Gen. Alvin R. luedecke, General Manager
U. 5. Atomic Energy Commicslon
Washington 25, . O.

Dear Al:

Your ietter of July 27 brirgs to a focus the essential dif-
ficulties in defend*ng the finanring of this Nuclear Center., Part

of the difficulty is historical. The motivation for the original
establishment of the program in Puerto REico was political to an
unfortunate extent rather than scientifisz. It is generally true
that political considerations may change with great rapidity while
the real scientific preblems must be resolved on a different and
generally much longer time scale.

Since you bring oub the basic guestion so clearly, I will say
that, in my perscnal opinion, the training of Latin Americans in
the applications cf stomic energy is a reason but not z sufficient
reason for the eztablichment and operation of a center such as
this. T am more ccncerned with the problems and needs of the U.S.;

in this szense, I believe thul there is a pretiy geod case which T
will try to state

With the exception of Brockhaven Nalional Lakoratory, our
major centers of research in the non-military aspects of atomic
energy grew on the strutture oI tre wartime and posti-war weapons
development operations. This was Inevitable for economic and
staf'fing reasons pr:rcﬂn v, but one result has been that the

greatest impact cn sole sndustry of the atomic energy pro-
gram has been in the northern poriticn of the inited States. The
seientifis protlems of iLie ccuntry, however, have no such geographic
emphasis. We have Boay of resoarch centers working on the
agricultur ‘neering problems of the more wintry
porticneg o “eniter in Puerte Rico is the only
ranted to primary problems of the

center of 2a nich ¢ :
tropics. It iz in this fromewcrk That T feel that PRNC will Justify

itz exislence and toward which I have been striving to direct its
gotivities.
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present drogram may serve to illustrate

A few examples from the
the point:

1. One of the sources of serious loss in sugar production,
especially in Alebsma, iz the cane borer {Diatrea saccheralis). An
appreciable portion cof the crop is lost each year throughout the
cane growlng regions, a loss that amounts to many millions of
dellars annually. This 1s basically a {ropical problem and is most
profitably attacked on an island. It appears from the work we have
z0 far accomplished that there is some prospect of eradicating,
rough radiatlon sterilizatien of the males, this moth whose larvae
vause 80 much damage. This 1s part of our program of increasing the
yield of sugar in proportion to the labor involved. Another phase
concerns the genetic structure of sugar cane itgelf which we are
attempting to moalfy throush neutreon bompardment of bothk sugarcane
seeds and plants to achieve & morse efficlient plant.

—B

a1

2. Tropical Marine Biology and Oceanocgraphy

PEEC is now conducting highly significant marine
the tropics. this is related to questions con-
effecta of power sors and nuclear rocket propulsion
seas. Thesge cycles are quite
1es and the irvestigationsg of
thezse of ancthner.

also yielding significant new
o' Fuerto Rico and the adjacent
1, although incidental value,
he total productivity of the

Tnese Tigures, which indicate
the uitimate poiential of fi ete., can only be obtained by
the use of radiochemicoal i aind radiolsotopes since the
hasic measurement iz of the toital photosynthesis per unit volume
0 the sea. The reszearch made these measurements
possible,

urem=anls

ocean abt various depths

3. Environmental Radiobiolgzy of Tropical Forests

In many ways related To The marine studies, the new
¥ s moving rapidly in gquantitative
ote of ruslear radistion on the growth and

in the tropics when subjected to nuclear

i & the Division of

sts oi nigher latitudes.
he ultimate damage of

program in T:IT i
evagluation of the eff
rvival of forest ©r
radiation. 7This is t

ology and Medicine o
It iz 2 study which is
MLCLoay war.

LI | s
LS Ek,_;lo;g_,
e
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L. Fadicbiology of Arthroped Borne Virises

phazge of ecology is just becoming estab-
lished and may produce 1r ormation cf the greatest public health
value. Wnile designed To investigate the effects of radiation on
naturally occeurring virug systems important to man and domestic
animals, its operations will yield much infomaticn cone cerning the
mcvement, of viruses as yet little known between North and South
America by way of the Jreater and Lesser Antilles., The recent out-
creak of encephaiitis in Florida will probably be found to be
assceiated with other centers of virus activity in the Caribbean
ared and the Department of Health of Puerto Rico has been so advised.
Because of the broad inter@sﬁ in this program, both NIH and the Com-

et

municable wisease Jenter of FiY are cooperating with us in this work.

f'\

Lasre are somo mareod differences in the frequency
S CANSGY An PuﬁY*F iczo as compared with conti-
racteristics plus some

o8 ural location for major
researsn., A ropy of a letter T have written to Dr. Endicott
attached for turther information on this phase of the

it iz not generslly realized that PREC 4n its train-

‘hartivities in cancer carries the direct medical
pongibliity for more cagcer patients than all other AEC cancer
prajects combaned, In terms of the number of qualified radiation
tlhierapists produced yearly, I beiicve that PENG is now second in
the United States, the No. 1 training center being Dr. del Regeto's
servive at Penrose Memevial Hozpizal, lolorade Springs.

irig and ressar
res

6. Solid Btate Fhysics

Wilh o ihe Timely support of the Division of Research,
PRI is vigorcusiy active in rsacearch dealing with molecular organ-
izaticn an the =olid stste.  he program utilizes neubron and X~ray
diffractzon at Mayaguoez; and a1 o P,‘dlas, involves studies of

rhotorondusiivity az o measurc radiation damage in pure crystals
of erganic semiconductora, 7

B : programg are being developed in

@ cooperation with Brcokhaven Fational Iaboratory and, especially
in the wase of the neutren diffrastion work, the establishment of a
govd program in a short time wao made possible by the active partici-
i I the Dspar ment of Physios of BNI.

Yhis xesar”‘% ig not reiated to problems of the
tropics but hag arisen btecause the necessary resources and the
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scientistes who are interested in deing the work are here. Eventu-
ally, I anticipate that this fundamental physical research will
lead to new concepts and methods in the biclogical field, thus
affecting both medicine and agriculture.

7. RBadiation Effects in Schistosoma

Thig paragsitic infestation of man which causes so
much misery in tropical Africa and Asia is one of the few public
health problems in Puertc Rico which has not been at all relieved
by the developments of recent decades. The research going on here
ig concerned with the possibility of using irradiated parasites to
produce immunity. It is actually the only new idea concerning the
prevention of this disease that has developed in the last 20 years.

A similar study is being conducted at Walter Reed
hospital and there is also interest con the part of the Public Health
Bervice. Cooperation is being developed with both groups. A very
important point is that the problem is a serious one in Puerto Rico
so that this island is the logical place for such research.

These are a few of the activities which for the most part deal
with major issues ¢f the tropics and which are of special concern
to the United States. It is a falr statement that a moderate suc-
cess in any one of several of these projects would repay the total
PRNC effort many times over.

The opportunities for participation in advanced research are
making the PRNC increasingly attractive to mature scientists in
other countries., This is particularly true in organic chemistry,
a field in which PRNC, through having attracted some outstanding
people, is showing real strength. The educational impact on Latin
American countries thus seems to become a valuable by-product of
an inereasingly strong attack on fundamental problems of this part
of the world.

I hope that these remarks may be of some assistance in clari-
fying the nature of the ftransformation that has been in process.
I am also awarse that the delay in getting out an anmual report
dealing with the program content so far accomplished has been an
additional handicap. I have given the issuance of this report
the highest priority and we should have it available within a few
weeks.

I would be glad to come to Washington at any time that you
guggest. Most of our problems arise because the program is moving
at a brisk pace on several fronts simultaneously. That is a much
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more satisfastory position te distuss than one in which no activily
is present.

ot

Although not expressed in sperific project terms, the location
and the special mission of FRND has made it possible to improve
greatly scientif{ic communicatlcn with the Spanish speaking countries.
Scientists, who otherwise would not nave been avalilable, have been
drawn into programs of direct benefit to the United States and for
which United States personnel could not have been recruited. In
the long run, these activities will atrengthen the scientific resour-
ces of the respective countries and in the interchange resulting 1
am confident that the beast interesis of all will have been served.

Many thanks for ycur interest and nelp, and best regards to
all of the famlly.

Sincerely yours,

~

John O, Pugher, M.D.
Uirector

Encl.: ietter 8/7/63 to In. ¥. zrdicott
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PUERTO RICC NUCTEAR CENTER
Operatsd by
UNIVERSITY OF PUERTC FLI0
for
- ATOMIC ENERGY COMMISSION

o
Uis

Hio-Medical Building
Caparrs Heights Station
Jan Juan, Puerto Rico

August 1, 1963

Ir. Kenneth Endicott, Director
National Institute of Cancer
Bethesda, Maryland

Dear Dr. Endicott:

The Puertc Rico Nuclear Center, supported by AEC, under a
cost reimbursable contract with the University of Puerto Rico, is
a multidisciplinary project operating on the major campuses of the
University. It is oriented especially toward [atin American pro-
blems in graduate education and resesrch. The medical activities
are concentrated at Rio Piedras where the Eiomedical Building of
PRNC forms one unit of the new Medical Center and is adjacent to
the new 1. G. Martizez Oncologic Heospital.

in the field of cancer, PRNU conducts training in radiation
therapy and, under the aegis of the Cancer Hospital, admiristers
all radiation therapy for the Medical Center. It is also developing
a research program emphasizing celiular radicbiology and the epi-
demiology of certain forme of malignant disease which show unusual
frequencies in Puerto Rico. In the latter field, the program oper-
ates closely with the Cancer Control Service of the Cormmonwealth
Department. of Health by which complilete patient follow-up has been
maintained over the past years.

The Cancer Hospital, physically connected with the Nuclear
Center, 1s another and distinct operating unit of the Medical Center.
It has 106 beds exclusively for cancer patients and, in addition, oper-
ates a large ambulatory service for which another 50 beds are avail-
able in a neighboring convalescent hospital. At the present moment,
these beds are primarily devoted to medical care of cancer patients
but potentially they are also all research beds. Under the existing
agreement between the Cancer Hogspital ard the Nuclear Center, pa-
tients who remain in hospital for special examinations and studies
beyond the mirimum required for routine care may do so with the
additional costs being carried by the Nuclear Center.
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Dr. E. Endicott

The close working relationship tetween the Cancer Hospital,
the Commcnwealth Department of Hegltn and the Nuclear Center makes
possible an unusually effective access Lo nearly all of the cases
of cancer occurring in Puerto Rico and direct contact with the
majority of them. It is expected that as the Medical Center organ-
ization hecomes completely operative, a more intimate association
between the Medical School and the Cancer Hospital will develop
and that teaching and research activities with4in the Cancer Hospital
will increase.

It seems {0 me that there is developing an unusual opportunity
for advanced research in the field of human cancer. The ARC through
the Nuclear Center has already establisked a substantisl operation
in the radioclogical and radiobiological areas. This is a limited
ef%ort, however. Such subject as chemotherapy, spidemioclogy, ete.
beliong more specifically in the program responsibilities of NTH.

The logical result of these considerations might well be a joint
or strengly cooperative program in which the available resources
would be used to the maximum advantage in advancing xnowledge con-
cerning cancer in the tropies.

T weuld iike to invite a site visit on the part of yourselfl
and your staff in order that you might have a first hana knowledge
of the advantages as well as the difficulties ir the evolution of a
program such se I have suggested. T would hope that Dr. Dusnham
would also join us and that all the factors in this essentially
unique situation could be discussed. It is my hope that vltimately
a8 proposal may be developed but it does net s2eem to me that we have
yet arrived at the point of its proper formulation.

The administration of the Cancer Hospital would welcome such
a vist as T have suggested as will the Medical School. As to dates,
whatever 1s possible for yourself and Dr. Tunham will be agreeable
to us. In many resgpects, the earlier the confererce the better for
events are moving quite rapidly here.

For general orientation, T am including some background infor-
mation concerning the Medical Center, the Cancer Hospital and the

Nuclear Center.

Sincerely yours,

John . Lugher, M.D.
Dirsctor
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TIE FOLLOWING MARRATIVE WAS IUCUJDED IN Iid PRNC

BIDGET

SUPHISEI0N:

The budget proposal for FY-1966 for

is essanbizlly

ldentical with thatl originally submitted for FY-.96Y% and which in

turn was the level previously planned Tor FY-1963 in the inter-

rs$, appropriation actions rave faorced n

cutback in educztional activities,

current year resulting in the dractic reducticn of cperating pro
in FY-1965, All divisions of tha Frocrem OF are raduced o
aevoted to agriculture will be practically susvended. The Division

o Aorimiliural Bisse

=

enees

the

carrent fiseal year and a very ur

oparation, aspecially in graduate aducation whers L6 hag astracted

Seare s elie

iy oftber ivisicn, The chief

regaan 'or

Sl

is that it i3 the only division Trom whi

czn be moved into current special r

e
'

sontific percomnel are also noerhers

oy The game eonsidevstions

' ’,

exclusively to the University of Pusarto Rico, ihe Sermirstion of

erpoletment for purely budeelary realnng

onponsnis of the contract between the University wod ATC
2rilvensss

of PRNC in its Latin Americar mission of YNdueation and Truininz and
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some reduction in participation must be anticipated, particularly
in the category of those who will form the future scientifice
strength of the Latin American universities.

A substantial change has ocecurred as the result of the intro-
duction of research support on a project basis by the Divisions
of Biclogy and Medicine and the Division of Research. The financial
assistance of course has been of great value but the most impor-
tant aspect is that research at a high level of competence has been
established and that the United States now has a going nuclear
research capability located in the tropics in an environment that
is entirely propitious for theose investigations that pertain to
problems either tropical in nature or which may be most favorably
attacked in a tropical setting. An example of research which can
only be done in the tropics is the program of radioecology of a
tropical rain forest which is now fully operative. Among the
problems most favorably attacked in the tropics is the genetic work
on paramutation in corn where the fact that two crops may be har-
vested a year doubles the rate of progress over doing the same work
in the northern states.

The speclal research projects are oriented to the interests
of the United States and only incidentally to the concerns of Latin
American countries. Many of them are entirely concerned with ARC
programnatic requirements. The development of this part of the

total program thus implies a substantial change of objective. To
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a limited extent, the special research programs can absorb s few
advanced degree candidates but in general these projects are not
designed for graduate thesis research which reguires problems of
Limited time demand and the adjustment of the research to the needs
and capabilities of the student. These research programs sre es-
sential 1f the scientific stature of PRNC is to @ of consequence
however, they do not substitute for the type of research activity
which is vital to Program CO7.

Among the outstanding achievements of the current year are:

1. The successful isolation of the virus of dengue fever
in the first ocutbreak in Puerto Rico since 1918, The virue appears
to be a new type and one which can be studied only with the most
sophisticated of virological techniques. Over 20,000 perscns are
known to have been affected in this outbresk.

2. A substantial increase in intercsh in radiclogiecal
health at the graduate level.

3. By refinement of the technigues of neutron activation
analysis and atomic absorption spectrography and their application
to the guantitative measurement of stable isotopes of trace elements,
new light has been thrown on the geological history of the submarine
shelf (analogous to the continental shelf) aboutb Puerto Rico and on
the chemical mechanisms of bottom sediment formation.

Y. A new class of crganic compounds of boron which are

resistant to hydrolysis.
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5. The participation in a movement sponsored by the
Organization of Catholic Universities of Latin America to accelerate
the development of science programs at the graduate level in the
universities of Latin America with special reference to nuclear
science.

£. The establishment by the University of Puerto Rice of
a new Department of Niclear Engineering, the first graduate depart-
ment in the University. A corresponding Division of Nuclear
Engineering was formed in PRNC and Dr. José Tuis Garcle de Quevedo
resigned his position as Associate Director in order to head both
of these new activities. The new Department, although still in the
formative stage, is already attracting a gratifying number of
graduate students. The new program, while small in financial
demands, is the mest significant educational development of the
year.

7. The colonization in the laboratory of the sugarcane
borer (Diatrea saccharalis) and the demonstration that the males
may be sterilized by ilrradiation as adults.

8. The determination of the structure of 4 compounds,
copper sulfate, iron ortheosilicate, barium nickelate, and copper
formate, by the use of neutron and X-ray diffraction,

9., A study of the harzards of lesing the pool water in a
reactor of the fuel plate type with U308-Al fuel clad in aluminum

at power levels of 1, 2 and 5 megawatts taking into consideration
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the risk of the exothermie reaction of the fuel alloy.

The University of Puerto Rico has continued to make available
a considerable amount of laboratory space to help relieve the serious
overcrowding of facilities. The U.S. Forestry Service has also been
very helpful in this and many other respects.

The laboratory space which has been made available by other

agencies in many scattered locations is approximately as follows:

University Hospital 950 Bq. Ft.
Cancer Hospital 800
Medical Schoocl, San Juan 1,000
Physics Dept., Rio Piedras Campus 450
Chemistry Dept., Rio Piedras Campus 1,400
Biology Department, Rio Piedras Campus 500
Agricultural Experiment Station (U.P.R.) Loo
Forestry Dept., (U.S. Forest Service) 2,000
Physics Dept., Mayaguez Campus 1,000
Chemistry Dept., Mayaguer Campus 500
College of Engineering, Mayaguez 2,000
Totsl 11,000

To this we can add:

Temporary animal quarters, Ric Piedras 1,500
Temporary chemistry laboratory, Rio Piedras 1,500
Grand Total 14,000

Trisz resulte in a fragmented and widely scatbered operation
but without this temperary space 1t would be necessary fo suspend

large blocks of program.

Director's Office

The Director's Office operates at both Rio Piedras and Mayaguez

with most of the staff being at the former location. Accounting and
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procurement are based at Mayaguez. The separation of program and
administrative activities results in a considerable burden of
communication costs. During the FY-1953 a microwave telephone link
was established between the two parts of the Nuclear Center at an
estimated anmual cost of $31,000. Staff travel between the two
locations requires $25,000 per year for proper program integration.

Weekly staff seminars have been held at both Rio Pledras and
Mayaguez as an established activity. These will continue indefi-
nitely and have added substantially to the scientific background
of the staff.

Special training for staff members has been emphasized so that
an increasingly large fraction of the staff has had basic training
in radioisotope techniques, statistical analysis, experimental
design, etec.

The staff of the Director's (0ffice, in addition to its admin-
igtrative duties, participates in the teaching and research of
several Divisicns, and organizes and directs several special
conferences and courses such as the Summer Institute of Radiobiology
for science teachers. It is responsible for the producticn of specizl
reports concerning the activities of the Center and generally serves

a3 the focus of internal communication.

Administration and General Services

As expected, the tempo of the administrative activities as well

as the cost of the various services rose in FY-1963 and is expected
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to contimie at the present level through FY-1965 and FY-1966.
Beginning with FY-196k4, separate accounting is being kept of what
is purely administration and what represents services to the

individual divisions and programs.

Reactor

In FY-1964 the Hazards Summary Report for the Research Reactor
has been completely revised and updated. Changes have been made
where the charac . 2ristics of the reactor, as calculated by the

fabricator, differed from those experimentally determined by PRNC

2talff. Written procedurss were completed, approved and adopted for
all important operations of the Reactor Division.

Two € inch beam tubes are cceupied by the neutron spectrometry
program, and one 8 inch beam tube is occeupied by an experiment in
thermal emissivity of graphite. Open pool side irradiations are
continuously increasing in demand,

The L-77 Homegeneous Reactor has been in frequent operation,

—

]

Most of its use is for training, but there is substantial use for

research not requiring hisher #lux.

The ftrend in FY-1985% and FY-1955 will be towards the complete
occupancy of the resctor facilities, the increase in cperaticn time
from one shift to two shifts and the increase in power from one to

two megawatis.
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Buclear Science and Techuology

The Division is responsible for graduate teaching and research
in the programs for the Masters Degree in Nuclear Technology, Health
Physics and Radiochemistry offered through the University. The M.S.
degree in Physics has been established by the University authorities
and the Division cooperates in this program. Many of the graduate
students at present doing research in fields of applied physics
within the Nuclear Technology program are now accommodated in this
new program in Physics.

An increase in the research activities of the Division is
anticipated, while still maintaining the present level of teaching.
The principal fields of research will be in Heutron Diffraction
(covered in a following section), in Solid State Physics and in
Hot-atom Chemistry.

A golid State Physics program was initiated in FY-1963 dealing

with the effect of X-ray, gamma and neutron radiation on ferroelectric

crystals, It will include measurements over a range of temperatures
to detect transition points, and at frequencies up to the microwave
region. Ferroelectric hysteresis measurements afford a sensitive
method of detecting crystal damage.

The study of the neutron flux in the thermal column has led to
a proposed design for an addition te this facility. The present
configuration provides a satisfactory distribution in the vertical

access hole, but a badly skewed distribution at the horizontal beam
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outlet. A movable extension of the column, about 5 feet long has
been designed, which will produce a more uniform flux over a larger
volume.

The studies on the ceric dosimeter have lead to the important
discovery that the additicn of cupric ion stabilizes this systenm,
making 1t a3 convenient az the commonly used Fricke (feirous) system,
Marther work will investigate the effect of other cations on the
ceric dosimeter and the mechanism of the cupric stabilizetion.

The present studies on Szilard-Chalmers reactions in antimony
oxides will be continued to cover the effects of themmal and gamma,
annezling on ths distribution of radicactive antimony between +the
three and five valence states.

4 new program on the hot-atom chemistry of organic sulfur and
phosphoris compounds is planned contingent upon outside support.

The object of this work is to provide information on the mechanism
of hot-ztom reactions in large molecules and the nature of the
radioaztive organic and inorganic products formed will be determined.

The mechanism of reactions Tollowing zamma radiation of organice
compounds will also be studied in relation to reactions produced
photo~chemically, At present the gamma-induced hydroxylation of
estrogenic steroids is being investigated and the results will be
compared Lo thosz found in chemical hydroxylation (Fenton's reagent )

and biochemical {in vivo) hyd:oxylations,
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Wuclear Engineering

The youngest of the divisions is the counterpart ir the Nuclear
Center of the Department of Nuclear Engineering in the University.
The latter is the first graduate depariment of the University and
candidates must possess a degree in engineering to qualify for
gonsideration.

This division is concerned with the engineering applications
of muclear energy and research and development that may be related
toc its objectives. Emphasis is placed on reactor design, effects
of radiation upon materials of construction, metallurgy, heat
transfer, chemical processing of nuclear materials and power
production., Students will take part of their course work on the
campus but much of it in the Nuclear Center where all of their
thesis work will be conducted.

Some programs, such as that dealing with heat transfer by
radiation, are to be shifted from Nuclear Science and Technology
to the new Division of Nuclear Engineering.

The latest information is that 1% applicants have been accepted
ag candidates for the M.S. in Nuclear Engineering in addition to
the U already enrolled, making a total of 19 for FY-1965 already

assured.

Health Physics

The Health Physics Division has continued rendering its services

on personnel and area monitoring, environmental surveillance, waste
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disposal, instrumental calibration, decontamination and handling

of radicactive material., In addition it has continued participating
in teaching and training of students in Radiological Physics as well
as training of PRNC personnel in general safety. All these services
have been extended alsc to the divisions of PRNC at Rfo Piedras
where we have now a Health Physics Seciion under the direction of

a health physicist.

As a result of the reorientation of PRNC policy, the division
1s now vested with the responsibility for supervision of all safety;
radiation, industrial and fire, while each division is responsible
for sale operation of all facilities under .ts control.

For Tisgcal year 1965 some increase in services and a moderate
increase in supervision is expected. BRecause of budgetary limita-

ticns, the Division has reduced its training activities and is

L

argely concerned with health physics operations.

Agricultural Piosciences

During FY-1964, substantial progress has been made in develop-
ing a program devoted to the increase of sucrose production by
sugarcane. The use of fast neutrons in producing a maximal variety
of chromosomsal deletions and recombinations was planned. The initial
experiments were conducted with cuttings from the best variety of

Sugercans now in use. Lethality occurred at about 2,000 rads (subject

to later rasvision) indicating 2 high relative biclogical effect of
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the neutrons. Much more irradiation in the vegetative phase will
be necessary. The second phase would be to irradiate seeds by the
millions and apply mass screening procedures. The two screening
measures of most interest are growth in shade and ability to resist
drought.

Uitimately the final screening requires a quantitative estima-
tion of sucrose in each plant witheout significant damage tc the plant.
The necessary methods have been developed and have been automated
so that one technician can perform from 40 teo 60 quantitative analysis
per hour on microsamples. Both sucrose and invertase are being
determined on each sample.

The sugarcane borer (Diztrea saccharalis) has been intensively
studied to determine the possibility of control or irradication by
radiation sterilization. A laboratory colony has been successfully
established and it is felt that a satisfactory method for mass rear-
ing is possible, A fair margin was found between the sterilizing
dose of radiation for adult males and that which is lethal. In the
larval and pupal stages, the sterilizing dose is also the lethal
dose.

Nuclear volumes of many of the tropical plants (including
sugarcane) have been determined to test the formulae for prediction
of the lethal dose of radiation for each species. At the same time,
chromosome volumes have been measured and DNA per chromosome also

estimated.
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Of eight graduate students at the beginning of the year, one

transferred to another university and several will graduate this
next June. For these students, work has been very active with

courses in advanced genetics, radiobiology, seminars and thesis

research.

The progressive reduction of Program 07 support forces the
suspension of the Tralning and Education activities of this Division
for FY-1965 after being severely reduced in the current year, Only
the teaching required for the existing graduate students is provided.
Further applicants will be encourzged to apply to other institutions.

Provision is made in the FY-1966 budget submissicn for the
reactivation of the program. Whether this move is made, however,
will be dependent upon the determination of AEC interest in the
role of nuclear energy in agriculture in general and in particular
in Latin America. The potentials for the improvement of agriculture
and human nutriticn through atomic energy are almost unlimited but

the effort which has been expended has been woefully inadequate,

especially in the tropics.

Radioisotope Applications

This Division continues to offer training in the use of
radioisotopes in the physical and biological sciences. There will
be an indefinitely continuing demand for this training, especially

for students of the University of Puerto Ricoc. The basic course
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is offered five times a year and it will probably not be necessary
to expand it. With time, a larger proportion of students coming
from Latin America will have already had the equivalent in their
own universities.

The expansion of graduate work in chemistry related to radiation
and nuclear reactions has been well established. The research program,
all of which is built arcund the graduate activity, is being developed
under four sections:

1. Organic Chemistry

a. Synthesis of compounds cof interest to the nuclear field,
especially medicine and radiobiology.

b. Quantitative study of organic reactions utilizing radio-
isotopes.

2. Radiation Chemistry (sponsored by AEC Division of Biology
and Medicine, and National Institutes of Health).

This section has two major fields of activity, which
became fully operative in FY-1963.

a. Radiation chemistry and photochemistry of oxyanions.
Study of free radicals. The radiation chemistry of water in the
alkaline region will be studied.

b. Radiation chemistry and photochemistry of nucleoproteins
and the constituent molecules. Emphasis will be laid on the study
of cross linking reactions and the role of excited states in the

reactions of the heterocyclic bases.
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3. Bolution Chemistry

Deferred until FY-1966,

4, 80lid State Physics of Organic Crystals (Sponsored by AEC
Division of Physical Research)

This section studies the effect of neutron and of gamma
and X-ray irradiation on the photeconductivity of organic crystals.
Measurements have been limited to anthracene crystals; plans are
being made to extend the work to other organic crystals.

The indications are that the program of this Division will
attract all of the graduate students for which laboratory space can
be provided. A temporary structure has been erected outside the

Bic-Medical Building which can house 8 graduate students,

Clirical Radioisotope Applications

The Ciinical Applications Divieion is currently offering two
types of courses for training physicians at an introductory level;
mainftains diagnostic services at the Puerto Rico Muclear Center to
gupport i1ts teaching preogram; coperates the Radioisotope Laboratory at
the University Hospital for the Medical Staff of this Hospital; sup-
rorts with dizgnostic supplies the San Juan City Hospital Radioisotope

Laboratory on a reciprocal relationship of mutual interest; collaberates

policies of PRNC and conducts its own research program characterized

-

by work of clinical nature on problems of local and general interest.
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discontinued in the Nuclear Center due to budget restricticns,

Medical Sciences and Radiobiology

This, the youngest of the Rfo Piedras Divisions, was formed
on July, 1962 by amalgamation of the Division of Medical Sciences
with the older Division of Radiobiolegy. The actual content of the
Tield of radiobiology has been divided in a natural manner between
Agricultural Bio-Sciences, Health Physics, Medical Sciences and
Radiotherapy and Cancer. It can be said that radicbiology is
oriented te plant science in Mayaguez and to medical science in
Rio Piedras. In the latter location the small program which existed
in the Division of Radiobiology is being continued.
I. Tissue Culture Program

The first phase in the program was the development of g
central tissue culture facility. It has been evident for some time
that several divisional brograms have a requirement for the employ-
ment of tissue culture techniques., It was also obvious that the
gize of this project would not permit the successful development of
several tissue culture laboratories. The most logical solution to
The problem seemed to be the establishment of a single tissue culture
laboratory to serve the needs of all programe but in which the various
members of the staff might have affiliations with other divisions and
be directly interegted in their gspecial problems.

Beginning in FY-1964 and extending through FY-1965 several

radiobiological studies will be instituted with tissue culture cell
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lines. Chief among these will be the studies of the intracellular
capture of neutrons by organic compounds containing B-1C. The
organic chemistry section of the Radioisotope Applications Division
has been preparing a series of new boron compounds which are described
in the associated Form 189.

II. Indigenous Viruses and their Radiation Induced Genetic
Variabllity

TTII. The use of gamma radiation to modify Schistosoma Mansoni

cercariae so that they induce immunity to attack instead of causing
disease.

The procedures outlined in the proposal are, at this stage,
directed towards: (1) defining useful parameters for assessing the
effects produced and (2) comparing the effectiveness of different
approaches to the problem. This program ig scheduled over a two year
period, by which time it will be possible to decide along what lines
any further research might best be pursued, the hoped for end result
being a contribution to knowledge which may eventually help in

combating the disease.

Technical Services (Mavaguez)
This operation, which originally was part of Reactor Division,
is now separated in the new organizational structure of PRNC.
Technical Services carries the responsibility for: buildings

and grounds maintenance, machine shop, electronic shop; and the glass
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blowing shop. With the exception of buildings and grounds, ‘the
Mayaguez Technical Services, through its shops, serve the entire
PRNC and must be prepared to meet a considerable variety of demands.
The variety of jobs performed by these shops range anywhere from
general maintenance and construction work up to the most specialized
precigion jobs such as: construction of Icnization Chambers, Crystal

String Saws, High Frequency Microphones, or X-ray Spectrometers.

Lechnical Services (Rfo Piedras)

This section has charge of building maintenance at Rio Piedras,
the operation of a small electronic shop and gensral instrumental
repalr. Shop services in general and engineering supervision are

supplied by the Mayaguer branch.

Eesonance in Radiation Effects

Experiments utilizing monochromatic X-ray irradiation in the
5-20 Kev range on biological systems have been carried out. This
energy region is of congideradle importance since it contains the
K-absorpticn edges of the conztituent atoms of most living systems.
Flclogicsel systems chogen for study are those which are composed
primariiy of light elements with but traces cf medium atomic weight
tements.  Incressed inactivation of the metalloenzyme catalase,
which contains four atoms of iron per molecule of weight 250,000,

was demonsirated near the K-absorption edge of iron. Biclogical

systems under study include the zine metalloenzyme carboxypeptidase A
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and the bacterium E. coli. Biological studies have been supplemented
by investigation into the underlying physical phenomena of the ra-

diation effect.

Marine Biology Program

Research in Marine Biology at PRNC was started in January,
1962, and includes the following: Measurements of marine productivity,
determination of selected stable elements, measurement of the
concentration factors of selected marine organisms for given radic-
isotopes, measurement of radioactivity and radioisotopes now present
in the marine organisms, waters, and bottom sediments off Puerto
Rico, and background observations in physical and chemical oceano-
graphy for use in the interpretation of the first four programs.
Survey work near the new BONUS reactor site was given priority, and
has been accomplished. Activaticn analysis techniques developed
in conjunction with this program have reached an advanced state of

sophistication. This program is fully operative in all phases.

Radiation Chemistry and Photochemistry

The objective of this program is %o investigate the kinetics
and mechanisms of (a) radiation induced chemical decomposition and
(b) photo~dissociation of oxyanions. It is hoped that this work
will quantitatively determine the reactivity of oxyanions to radical
attack, will characterize the modes of decomposition of the various

excited states of anions, and will uncover evidence indicating the




123

participation of excited states in the radiation induced decom-
position. Work is underway on soluticns of nitrate icn.
Photochemical decomposition to form nitrite has been demonstrated
at wavelengths above 3040 Angstroms. Data are being interpreted

in terms of various primary dissociation steps of the excited state

and diffusion kinetiecs.

Paramutation

Genetics regulatory systems which control gene mutation are
being investigated with emphasis being given to the paramitation
system as it occurs in maize. Radiation treatments of the components
of the system have indicated that the type of change which occurs is
an inactivation process rather than a true mutational event. Radio-
sensitivity curves of the regulator responsible for paramutation
change are being obtained. The efficiency of densely iondzing
radiation from neutrons is being compared with sparsely ionizing
gamma rays as an ald in determining the nature of the mechanism of

the system.

Terrestrial Ecologsy Program I: Radicecology of a Tropical Rain Forest

The rain forest irradiastion project was started in the Spring,
1963, with the objectives of determining effects of gamma irradiation
on the lower montane rainforest near ELl Yungue and the movement of
chemical elements of fall-out in the normal biogeochemical cycles.

An area in the Taquillo Forest Reserve provided by the U.S8., Forestry
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Service has been developed with trails, towers, instrumentation,
electric power, and work facilities, A group of 12 participating
investigators from other universities began a year of measurements
preceding irradiation. The project now involves 65 phases with 15
resident scientists and student assistants. The effect of irradistion
will be assayed by measurement of animal noises, vegetation density
to light, plant and animal populations, changes in microclimate,
localized effects, cytogenetic effects, and changes in chemistry and
fallout. A 10,000 curie Cesium 137 source is scheduled to bhe placed
in the study area in December, 1964, and post-irradiation studies
will follow the exposure period. Fall-out elements are traceable
with existing levels of activity and with tracer experiments. The
level of fallout held in the vegetation is relatively high indicating
the effect nutrient holding ability of the vegetation.

Terrestrial Ecoleogy Program I1: Radiation Induced Variability in
Indigenous Arthropod-Borne Animal Viruses of Puerto Rico

In August, 1963 an outlbreak of "Dengue-like" illness reaching
epidemic proportions occurred in Puerto Rico. The Arbovirus unit
Jjoined the “ocal Department of Health and members of the Communicable
Disease Center from Atlanta in an attempt to isolate and identify
the virus. GOSueccessful isolation of a "Dengue-like" agent was accom-
plished in this laboratory on August 30, 1%63, This represented g
significant scientific contributicn to cur knowledge of viruses in

the Caribbean area.
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Field work on the regular study area continues with successful
mosquitoe and rat trapping and bleeding taking place at regular
intervals. It is hoped to have a clear picture of the arboviruses
present in El Verde before the radiation source is added. No
viruses have as yet been encountered in the El Verde material,

The Mechanisms of Antigen-Antibody Reactiong Following the Inoculation
of Mice with Irradiated and Normal Schistosoms mansoni Cercarize

Approval for this Program was received in December, 1963, and
the first preliminary experiment designed to determine the number
of sexually paired cercariae necessary to induce a standard infection
is underway. A modest mouse colony is available and cultivation of
host snails for the brogram has also been started. Previous work

indicated an acquired resistance to challenge with virulent Schistosoms

mansoni cercariae after infectien by cercariae which had been damaged
by exposure to gamma irradiation. When the cptimal experimental
Procedures have been established, it is intended to make a detailed
study of all detectable reactions ocourring between the challenging

parasite and the "immune" host.

Neutron Diffraction Program

The first long range research commitment, using the reactor,
is in the field of neutron diffraction, in cloge cooperation with
the Brookhaven National Laboratory. Two beam tubes of the PENC

reactor have been assigned to this work, and an advanced design
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neutron spectrometer is now in research operation at each of these.
One spectrometer was being built by BNL to the same gpecifications
as the newest Brookhaven spectrometers and provides PRNC with &
highly accurate and versatile instrument. A spectrometer of some-
what similar design and of comparable quality was donated to the
University of Puerto Rico by the Westinghouse Research Laboratories
and occupies the second beam tube.

In addition to the PRNC staff members working on this program,
there have been three guést scientists who have helped considerably
in getting the program off to a fine start. One of these was &
genior staff member from Brookhaven, who stayed for one year and
continues to give guidance to the program. Another is an excellent
X-ray crystallographer who was sent to PRNC by the German Government
for two years to gain experience in the planning, installation, and
use of neutron diffraction equipment. The third man is a physicist
from Kyoto, Japan, who is spending two yesars at PRNC.

Study of Radiaftion Damage in Organic Crystals using Electrical
Conductivity

Effects of neutron irradiztion on the electrical conductivity
of anthracene crystals are under study. Initial phases of the study
were limited to changes in dark and photoconductivity produced by
neutren bombardment which apparently knocks out 2 hydrogen atom from
the crystal, Electrical conductivity was selected because evidence

indicates this parameter is most sensitive to the presence of
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impurities or defects. Gamma and X-ray irradiation effects will
also be studied in the future. Another phase of this investigation
will incliude a more precise and direct technique for detemining
trap densities and depths by measuring mobility and conductivity

a2 & funcltion of temperature.







