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A0 S TRAC T 

This report describes the Transuranium Element Program at Oak Ridge National 
Laboratory, Research with the heavy elements i s  discussed along with plans for pro- 
ducing gram quantities of the transuranium elements. The High Flux Isotope Reactor 
and Transuranium Processing Facil ity are described, along with the irradiation and 
c hemical processing studies now i n  progress. 
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1. THE TRANSURANIUM ELEMENTS 

Transuranium elements are those with atomic numbers higher than uranium 
(atomic number 92), which i s  the heaviest naturally occurring element. O n  the 
earth the transuranium elements are a l l  man-made and were unknown prior to 1942. 
Scientists have now prepared and identified 11 transuranium elements: neptunium, 
plutonium, americium, curium, berkelium, californium, einsteinium, fermium, mende- 
levium, nobelium, and lawrencium. The some 90 known isotopes of these elements 
are shown i n  Fig. 1.1. A l l  are radioactive and in  time w i l l  revert to lighter elements. 

Some isotopes of the transuranium elements such as neptunium 237, plutonium 
239, and americium 241 have already been produced i n  quantities sufficient to supply 
normal research needs. The higher isotopes of plutonium and americium and the re- 
mainder of the transuranium elements have not, and their production i n  research 
quantities i s  the objective of the U. S, Atomic Energy Commission's transusanium 
program. 

Our knowledge of the transuranium elements began with the discovery of nep- 
tunium in  1940 by scientists working at the University of  California at Berkeley, and 
additional elements have been added to the periodic table almost yearly since that 
time. Some were discovered in  most unexpected ways. Routine chemical identifica- 
tions of the substances contained in  the fa1 lout from the first thermonuclear explosion 
indicated that very heavy uranium isotopes had been formed by the exposure of uranium 
i n  the device to the extremely high neutron flux that existed for microseconds. These 
heavy isotopes, up through mass 255, had quickly decayed by beta emission to form 
the heavier transuranium elements. Further study of the fallout material resulted i n  
the discovery of einsteinium and fermium, The element most recently added to the 
periodic table was lawrencium, element 103, prepared and identif ied i n  1960 a t  the 
Lawrence Radiation Laboratory. 

2. TRANSURANIUM ELEMENT RESEARCH 

Transuranium element research includes the study of almost 10% of the known 
elements. The intensive study of so large a fraction of the atomic population i s  of 
inherent interest to the scientist, and under the stimulus of the atomic energy program 
an active and fruitful f ie ld of research has developed around the transuranium elements. 
Ten new elements and nearly a hundred new isotopes have been synthesized since the 
discovery of neptunium i n  1940. A new concept, the "actinide series," has unified 
the chemical behavior of the new elements, the phenomenon of spontaneous fission 
has been found to be a general property of the very heavy isotopes, and investigations 
of nuclear structure i n  the transuranium elements have been instrumental i n  the de- 
velopment of a unified model of nuclear structure. Techniques and ideas developed 
i n  transuranium research have found application i n  such diverse fields as medicine, 
stellar astrophysics, oceanography, and industrial chemistry, typifying the cross- 
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ferti l ization of research so typical of contemporary science. 

Much of the work on transuranium elements has been accomplished i n  spite of 
severe difficulties due to the toxici ty of these materials and the tiny amounts of the 
heavier isotopes that have been available up t i l l  now. With the formation of a 
national program and planned facil i t ies for large-scale production of transuranium 
isotopes, the limitations on quantity w i l l  be largely overcome. Existing research 
programs can be extended by the application of more powerful methods of investi- 
gation suited to ordinary chemical-scale operations. Some previously inaccessible 
areas of study may be explored by existing techniques, and the work of synthesis of 
new elements and isotopes w i l l  be extended to further limits. Some of the transuranium 
research activit ies that w i l l  benefit most from the production program are indicated 
briefly i n  the following paragraphs. 

2.1 Chemical Research on the Transuranium Elements 

The development of tracer and submicrochemical techniques has made i t  pos- 
sible to learn a great deal about the general chemistry of the transuranium elements. 
From the results of many experiments, some with only a few atoms of the synthetic 
elements, the elements from actinium to  element 102 have been shown to be members 
of a second rare-earth series with properties rather similar to one another and to the 
naturally occurring rare earths. Current research continues to elaborate both the 
similarities and the differences i n  chemical behavior among the two groups of ele- 
ments. O f  particular interest are the minute individual differences in  chemical 
behavior between members of the same group---for example, the amounts of a 
transuranium ion in  solution absorbed by ion exchange resins (Fig. 2.1). These and 
other problems i n  the descriptive inorganic chemistry of the heaviest elements are 
now being attacked by a combination of spectroscopic and structural techniques. 
Much progress can be expected when larger quantities of the elements are made 
avai table. 

Both the rare-earth and actinide elements are characterized by  the presence 
of from one to fourteen so-called "f electrons" i n  the atom, the outside electrons 
remaining nearly identical. These f electrons are rather deeply buried i n  the elec- 
tronic cloud of the rare earths, but seem to extend much farther out from the nucleus 
of the transuranium elements. Although such f electrons occur i n  other regions of 
the ~ e r i o d i c  table, the transuranium elements may be the only region i n  which this 
type of electron takes part in  the formation of chemical bonds. Molecular spectros- 
copy, x-ray diffraction, and al l ied structural studies can be expected to ~ i e l d  much 
information on these questions. 

Perhaps the most significant chemical implication of transuranium element 
research arises simply from the fact that these elements have the heaviest nuclei 
and most complicated electronic structure of the known elements. The basic theo- 
retical treatments of atomic electrons and chemical forces depend strongly on 
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Fig. 2.1. Absorption of some transuranium elements on ion exchange resin. 
The vertical scale on this figure measures the fraction of the transuranium element 
absorbed on a sulfonated polystyrene cation exchange resin from a solution of 
6-norma I hydrochloric acid. 



concepts derived from experiments on the lightest elements. I t  may happen that 
intensive study of the properties of the transuranium elements w i l l  require extension 
and modification of these theories. A promising start on a few of the elements avail- 
able i n  sufficient quantity has been made already by the methods of quadrupole and 
atomic beam resonance and the theoretical study of optical spectra. The insights to 
be gained i n  this work w i l l  pay large dividends i n  a deeper understanding of a l l  the 
elements. 

2.2 Solid State and Metallurgy of the Transuranium Elements 

The rather extensive work of recent years on the solid compounds and metals 
of uranium, neptunium, and plutonium has revealed a research area of rather unex- 
pected richness and complexity. Even the binary compounds with common elements 
l ike oxygen display a wide range of structures and compositions, frequently with 
continuous transition regions between the simple atomic ratio, or stoichiometric, 
phases (Fig. 2.2). 

The metallic structure and properties of plutonium metal have been studied 
intensively because of i t s  technological importance i n  weapons and power reactor 
programs. The metal i s  almost a museum of unusual behavior, exhibiting no less 
than six structural forms, some with semiconductor-like electrical resistivity, nega- 
t ive coefficients of thermal expansion, and most unusual atomic arrangements. 
These studies have served as a stimulus to the recent interest i n  metal physics i n  
general and have provided important insights i n  this field. 

Preliminary indications are that the solid state physics of the heavier trans- 
uranium elements may be equally fruitful, but the detailed examination of these 
elements must await the production and distribution of the larger quantities of 
material resulting from planned production programs. 

2.3 Nuclear Physics of the Transuranium Elements 

Nuclear physics i s  concerned with the properties of the different atomic 
nuclei (isotopes) rather than with the elements as such, and one of the principal 
goals of the large-scale transuranium product program i s  the provision of a wide 
range of isotopes i n  useful amounts. A t  the heaviest end of the isotopic range 
additional target materials w i l l  be made available for cyclotron bombardment and 
the production of new elements and isotopes. A t  the same time, many lighter trans- 
uranium isotopes can be made i n  high purity by a combination of reactor irradiations 
and special separations. The result w i l l  be the extension of theoretically and prac- 
t ica l ly  important studies to new areas. 

As a result of existing programs, the cross sections, or probabilities, for neutron 
capture and fission have been measured for most of the presently important reactor 
fuels such as uranium-235 and 233 and plutonium-239. With the development of 
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Fig. 2.2. Tentative phase diagram for the uranium-oxygen system. This 
figure illustrates the compounds formed between uranium and oxygen as a function 
of temperature and the relative amounts of uranium and oxygen. The several areas 
on the diagram represent specific compounds or mixtures of compounds thought to 
exist under the indicated conditions. 



economically feasible power reactors, such precision measurements must be extended 
to many more of the transuranium isotopes. This work w i l l  require gram quantities of 
isotopically pure material. The experimental and theoretical attempts to understand 
the fission process itself are a l l ied to this work and w i l l  receive continued emphasis 
as more fissionable and spontaneously fissioning isotopes become available. 

The study of radioactive decay by alpha-particle emission has made much 
progress due to the large number of a lpha-partic le-emi tting isotopes discovered i n  
the transuranium elements. Nuclear spectroscopy of these isotopes has yielded a 
systematics of alpha decay (Fig. 2.3), the beginnings of a systematic correlation of 
nuclear energy levels. The combination of large-scale reactor production with 
particle accelerator techniques holds great promise for extending these correlations 
and the understanding of nuclear structure derived from them. 

The experimental results already obtained in  the investigation of nuclear 
energy levels of transuranium isotopes have contributed greatly to the development 
of our most successful theories of nuclear structure. There remain large gaps i n  this 
understanding, however, and much more experimental work on the whole range of 
isotopes accessible w i l l  be required. This f ie ld w i l l  continue to be one of the most 
active i n  transuranium research and wi l l  receive additional impetus from the pro- 
duction and isolation programs planned. With sufficient material available, the 
fu l l  range of cyclotron, reactor, and spectroscopic techniques can be brought to 
bear on this important area. 

2.4 New Transuranium Elements 

In some respects, new-element synthesis i s  a re-creation of the cosmic pro- 
cesses that formed a l l  the chemical elements. There i s  evidence that transuranium 
elements are now being made on a huge scale i n  supernovae. Such processes l ikely 
preceded the formation of our own solar system, but such transuranium elements 
would have decayed long ago to more stable elements i n  the time since the solidi- 
fication of the earth. The production program now planned bears more than passing 
similarity to these stellar processes. 

The discovery of each successive new element has been more dif f icult  than 
the last and has depended cri t ical ly on the avai labi l i ty of suitable target isotopes. 
I t  i s  impossible to set a reliable l imit  on the ultimate number of new elements that 
can be made; however, i t  appears now that at  least several more w i l l  result directly 
or indirectly from the increased production and research effort. 

Among the interesting possibilities for these yet unknown elements are chemi- 
cal properties quite different from those of the known transuranium elements. Element 
No. 104, for example, should resemble zirconium and hafnium rather than other 
transuranium elements. Investigating its chemistry i n  the few seconds before decay 
wi I I present an interesting experimental challenge. 



MASS NUMBER (A)  

Fig. 2.3. Alpha decay energies. The total energy released by alpha-particle 
emission i s  shown here as a function of mass number for most of the known alpha- 
emitting radioisotopes. Dotted lines indicate the extrapolated predictions for undis- 
covered isotopes. Systematic correlations of this type have been extremely valuable 
i n  transuranium-element research. 



Some recent theoretical work has indicated the possibility of new types of 
fission and unusual nuclear shapes in  the heaviest elements. Exploration of these 
questions i s  an exciting prospect. 

3. PRODUCTION OF THE TRANSURANIUM ELEMENTS 

A very high-neutron-flux reactor (the High Flux Isotope Reactor, HFIR) and a 
highly specialized chemical processing faci l i ty  (the Transuranium Processing Facility, 
TRU) are being bui l t  at  Oak Ridge National Laboratory for production of gram quan- 
tities of the transuranium elements. The heavier transuranium elements can be readily 
made in  small amounts by bombarding uranium or plutonium nuclei with heavy ions 
in  an accelerator. To prepare larger amounts, however, i t  i s  cheaper to use a nuclear 
reactor and transmute plutonium by successive neutron captures into the desired ele- 
ments. This process requires many years at  neutron fluxes available i n  present research 
reactors, 5 x 1014 neutrons cm-2 sec-l, and much of the material formed decays back 
to lighter elements during the long irradiation time. For this reason, the neutron 
flux designed for the HFIR i s  3 to 5 x 1015 neutrons cm-' sec", almost ten times 
that now available i n  research reactors. 

Starting with plutonium 239, the heaviest element available i n  large quantities, 
the capture of 13 neutrons i n  an atom i s  required to reach californium 252 (Fig. 3.1). 
In  a nuclear reactor, most of the plutonium i s  lost by fissioning and only 30% i s  
transmuted to plutonium 240. A similar loss occurs a t  each of the even-odd isotopes 
up the chain of heavier elements. For instance, another 20% is'lost by fissioning of 
plutoniurn 241 and 9% by fissioning of curium 245; eventually only 0.3%of the origi- 
nal material remains when californium 252 i s  reached. I t  i s  therefore necessary to 
start with thousands of grams of plutonium 239 to obtain grams of californium. About 
12 successive irradiations are required for complete conversion of the original plu- 
tonium 239 into berkelium, californium, einsteinium, and fermium with a good yield, 
and the material must be chemically processed after each irradiation to recover 
products and unused feed material. The series of operations involved i s  shown i n  
Fig. 3.2, starting with the ini t ial  irradiation of plutonium 239 and ending with the 
separated transuranium elements for research. 

Since the fissioning of plutonium 239 and 241 produces large quantities of 
heat, the early stages of the irradiation should be made i n  a large reactor at  mod- 
erate neutron fluxes. Plutonium 239 i n  10-kg batches i s  now being irradiated a t  
Savannah River as a first step i n  this process. This irradiation w i l l  be continued 
unti l  most of the fissionable isotopes of plutoniurn are passed, at which time only 
about 1 kg total of plutonium 242, americium 243, and curium 244 w i l l  remain 
along with 9 kg of fission products from the plutonium. The plutonium, americium, 
and curium w i l l  then be separated chemically from the highly radioactive fission 
products and shipped to Oak Ridge National Laboratory. 
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Fig. 3.1. Production of the heavy transuranium elements from plutonium 239. 
This chart illustrates the major path of transuranium element production by successive 
neutron captures. 
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Fig. 3.2. Production scheme for the transuranium elements. 



Further irradiation of the plutonium 242, americium 243, and curium 244 for 
12 to 18 months in  the HFIR wi l l  ~ roduce  a fraction of a gram of berkelium, califor- 
nium, einsteinium, and fermium, and almost 100 grams of curium 246 and 248. After 
chemical processing to recover the transuranium elements, the curium isotopes can 
be reinserted i n  the HFlR for repeated four-month periods to make gram quantities 
of californium, hundreds of milligrams of berkelium, tens of milligrams of einsteinium, 
and a mil ligram of fermium. These materials can then be isolated chemically for use 
i n  various research programs, 

When this point i s  reached, i t  w i l l  be possible with the HFlR and TRU to make 
many transuranium isotopes of great interest to researchers. For instance, irradiation 
of the curium isotopes for a short period, 1 day, w i l l  produce 100 mg of berkelium 249 
and 1.5 mg of californium, Californium produced i n  this way i s  mostly californium 250 
and 251---isotopes that do not have the problem of rapid spontaneous fission associ- 
ated with them as do californium 252 and 254, This  material can be used to study 
the chemistry of californium without resorting to heavily shielded cells. In the same 
way a gram of californium may be irradiated for about 30 days i n  the HFlR to produce 
about 60 milligrams of einsteinium, one milligram of fermium, and perhaps measurable 
amounts of sti l l  heavier elements. Also, while stored i n  TRU many of the isotopes 
decay by alpha emission to isotopes of lighter elements in  an almost pure form. For 
instance, a gram of californium stored for six months wi l l  produce 100 mg of almost 
pure curium 248 by decay of californium 252. This curium can then be isolated 
chemically for research. 

I t  i s  anticipated that the HFlR wi l l  be i n  operation by January 1964 and the 
first ful ly irradiated targets wi II be ready for processing by July 1965. Processing 
of these targets w i l l  start about October 1965 in  the TRU faci l i ty to provide about 
200 milligrams of californium and a corresponding quantity of berkelium, einsteinium, 
and fermium for research early i n  1966 (Fig. 3.3). This production wi l l  continue, 
and the first gram of cal!fornium wi l l  be reached i n  1968. 

Smaller amounts of transuranic elements w i l l  be available before these dates. 
About 1 gram of curium and 10 grams of americium are now being irradiated i n  
research reactors at  the Idaho Reactor Test Station and w i l l  be processed i n  1963 
and 1964. Th is  irradiation should yield about 100 micrograms of californium i n  
1963 and another 200 micrograms i n  1964. A t  least two HFlR targets w i l l  be dis- 
charged after six monthsVisadiation for processing i n  1965, making 1 milligram of 
californium available for research uses i n  that year. The products of these small 
irradiations wi l l  be processed i n  the facilities at Oak Ridge National Laboratory 
used for development of processes for the TRU facil i ty. 

3.1 High Flux lsotope Reactor 

The HFBR i s  now under construction at Oak Ridge National Laboratory (Fig. 
3.4). The reactor w i l l  cost $12,000,000 and i s  scheduled to begin operation i n  
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Fig. 3.3 Production of separated californium. This chart gives the 
scheduled accumulated production of californium by the HFlR and TRU. 



Fig. 3.4. Photograph of the HFlR Under Construction at ORNL. 



January 1964. The HFlR i s  intended primarily to produce gram quantities of the 
transuranium elements, and its type, size, and power level were chosen on this basis. 
However, with the extra facilities being bui l t  into it, the HFlR w i l l  be useful for 
many experiments requiring very high neutron fluxes. 

The design chosen for the HF lR  was a fuel element i n  the shape of a hollow 
cylinder surrounding a central region f i l led  only with water (Fig. 3.5). This arrange- 
ment, called a flux trap, produces a much higher slow-neutron flux i n  the central 
region than exists in  the fuel element itself. The fast neutrons made i n  the fuel 
element by the fissioning of uranium 235 pass from a l l  sides into this central region, 
where they are slowed down and "trappedu by the water. The useful neutron f lux 
in  this central region w i l l  be 3 to 5 x 1015 neutrons cmm2 rec-l, almost a factor of 
10 greater than the flux in  existing research reactors. 

The fuel element itself i s  made i n  two concentric rings to facil i tate handling. 
The inner ring contains 171 fuel plates and the outer ring 369 plates. The plates, 
involute i n  shape, are made of a uranium 235 alloy sandwiched between two sheets 
of aluminum. Each plate i s  only 1/20 of an inch thick and i s  spaced i n  the fuel 
element 1/20 inch from its adjacent plates. While the reactor i s  in  operation, 
cooling water flows down between the plates to remove the heat produced by fis- 
sioning of the uranium 235 fuel. A t  fu l l  power the reactor generates 100,000 ki lo-  
watts of heat. This heat i s  removed by the cooling water and dissipated i n  a nearby 
cooling tower. 

The heavy elements to be bombarded by neutrons are encased in aluminum 
tubes 2 feet i n  length and 3/8 inch in  diameter which are welded shut at each end 
to form a target rod. In the central region of the reactor core there i s  space for 31 
such target rods. Heat i s  also generated in  these rods due to fissioning of some of 
the transuranium elements i n  the intense neutron flux, and the rods are cooled by 
flowing water down along them through the target region. 

A large cylinder of beryl lium metal surrounds the fuel element and acts as a 
neutron reflector. The control rods, which are actually "control cylinders" formed 
from thin metal plates, operate i n  the annulus between the fuel element and the 
beryllium reflector. These control cylinders contain silver and nickel, which when 
inserted into the reactor absorb neutrons readily and quench the nuclear reaction. 

The reactor i s  mounted i n  a large tank through which the cooling water flows 
(Fig, 3.6). The cooling water enters through two large pipes at the top and flows 
down through the reactor assembly and out through a large pipe at  the bottom. The 
heated water i s  then pumped to large heat exchangers containing about 40 miles of 
tubing needed to dissipate the 100,000 kilowatts of heat from the reactor. The tank 
containing the reactor w i l l  be submerged in  one end of a long pool of water. The 
reactor itself w i l l  be 26 feet below the water level i n  the pool. The water above 
the reactor provides the needed shielding and allows access to the top of the reactor 
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Fig. 3.5. HFlR core. Target rods, shown schematically at  the center of  
the core, are surrounded b y  concentric annular regions of fuel plates, control 
rods, and beryl lium reflector. 



Fig. 3.6. HFlR Vessel and Shield. The reactor core i s  contained in a 
cylindrical pressure vessel with a removable, flat, upper head. 



for refueling or changing the target rods. The remainder of the long pool w i l l  be 
used to store used fuel elements, since they w i l l  be highly radioactive and w i l l  re- 
quire almost as much shielding for safety as the reactor itself. 

In  add; tion to the central region for the production of transuranium elements, 
a number of other positions i n  the reactor are being equipped so that many experi- 
ments requiring intense neutron fluxes may be done simul taneously. There are 28 
vertical holes into the beryllium reflector which can be reached from above. These 
holes w i l l  provide scientists with a flux of about 1 x 1015 neutrons cm-2 sec-' for 
their experiments. In addition, there are seven large tubes provided for experiments 
requiring more space, 

I t  i s  expected that the WFBR wiII  be completed by duly 1963. Engineers w i l l  
then require about six months for intensive checks and tests before the reactor oper- 
ates at  fu l l  power i n  1964. 

3.2 Chemical Processing of the Transurani urn Elements - 

The chemical separations required for production of the heavier transuranium 
elements present a combination of problems not previously encountered i n  the atomic 
energy program. Americium, curium, berkelium, californium, einsteinium, and fermium 
are very similar i n  their chemical behavior and likewise similar to the rare-earth 
elements that are produced by fission. Present methods of separation i n  use for spent 
reactor fuel are inadequate for their purification and isolation. The transuranium 
elements may best be isolated in  strong chloride solutions, which introduce severe 
corrosion problems. The toxicity of these very radioactive elements i s  much greater 
than that of plutonium, inhalatior! of a small particle of californium, for example, 
being equivalent to inhalation of 100,000 particles of plutonium of the same size. 
In addition, several of  the heavjer isotopes, such as californium 254 and fermium 256, 
fission spontaneously a t  a rapid rate to produce not only gamma rays but neutrons 

from which persons handling ?he elements must be protected. The shielding and con- 
tainment of the highly complex chemical separation process therefore must be equiva- 
lent to those of  a small nuclear reactor. Because of the d i f f icu l t  chemical separations 
and the extreme hazards involved i n  handling these elements, no existing AEC faci l i ty  
i s  capable of doing a l l  the chemical processing involved, and a new facility, the 
Transuranium Processing Facil i ty (TWU), i s  being designed and bui I t  at Oak Ridge 
National Laboratory. The Facility, estimated to cost $8,700,000, w i l l  be ready for 
operation i n  1965, when the first irradiated targets are ready for processing. 

Functions of the TWU Facility, The TRU faci l i ty  i s  being designed for the 
following maior functions: chemical processing of i rradiated HFlR targets to obtain 
i n  pure form the heavy elements For research, recovery of the unused feed material 
and refabrication of i t  into targets for further irradiation, packaging of  the products 
for shipment to experimental laboratories at ORNL and to other sites, preparation 
of the americium-curium fraction from the original plutonium 239 irradiation for 



reirradiation i n  the HF IR, preparation of special targets for irradiation experiments 
i n  the HF IR, and chemical processing of the special experimental irradiation products. 

The study of chemical procedures for isolating large quantities of the trans- 
uranium elements, now being carried on at  Oak Ridge National Laboratory, includes 
study of the basic chemistry of the heavy elements; development of separations pro- 
cesses; development of  a method for fabricating HF l R  targets; and equipment design, 
development, and testing. Processes have already been developed which appear 
satisfactory i n  laboratory equipment on a small scale. Further testing i s  required i n  
equipment and with procedures suitable for remote operation behind the heavy con- 
crete shields of the TRU facil i ty. 

The process under development for the HFlR target processing has many chemical 
steps (Fig. 3.7). The aluminum-clad targets are first dissolved i n  hydrochloric acid. 
The solution, containing aluminum, unused target material, fission products, and the 
several heavy elements desired, i s  carefully adjusted to chemical concentrations such 
that the transuranium elements are selectively extracted into an organic solvent 
mixture, a tertiary amine mixed with diethyl benzene. The extraction i s  not com- 
plete in  one step, and i s  carried out i n  a mixer-settler or pulsed column contactor 
with many stages. 

The transuranium elements thus separated from the unwanted target constituents 
are separated from one another i n  three additional steps. The americium and curium 
are isolated i n  a second solvent extraction with a different solvent, di-2-ethylphenyl- 
phosphonic acid. These two elements are to be returned as a mixture to the HFlR for 
reirradiation and need not be separated from each other. The berkelium, which i s  
isolated next, i s  first oxidized to a highly extractable form so that i t  can be sepa- 
rated from the californium, einsteinium, and fermium. Finally, the last three ele- 
ments are separated by an ion-exchange procedure similar to that used for separating 
the rare-earth elements. A l l  these operations require highly specialized equipment 
and instrumentation, since they must be carried out i n  a sealed cubicle shielded 
from the operators by 4.5 feet of high-density concrete. 

After the elements have been separated from one another, additional purifica- 
t ion w i l l  be needed i n  many instances to obtain the ultrahigh purity required for 
research purposes. This f inal purification w i l l  be accomplished i n  sma l l glass equip- 
ment to avoid contamination of the products by equipment corrosion. Even though 
this operation i s  on a small scale, a heavily shielded, sealed cubicle i s  st i l l  required 
to protect the operators. 

Americium and curium either from the first large-scale irradiation at  Savannah 
River or recovered from an HFlR target are highly radioactive and also must be 
handled i n  a sealed cubicle inside a heavy concrete shield. Therefore a process 
and remotely operable equipment are being developed for target fabrication. In 
the process the americium-curium i s  first precipitated from solution and converted 
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Fig. 3.7. Steps in the processing of irradiated HFlR targets. 



to an inert oxide by heating i n  an electric furnace. The oxide i s  mixed with pow- 
dered aluminum and pressed into a pel let, and the pellets are inserted into a precision 
aluminum tube, which i s  closed by welding to form the irradiation target. 

The same equipment and procedure w i l l  be used to prepare other highly radio- 
active elements, such as californium, for irradiation i n  the HFlR as part of the research 
program. In some cases, such as when large quantities of californium are to be shipped, 
the material w i l l  be encapsulated i n  this manner to permit safe shipment to another 
site. 

Features of the Transuranium Processing Facility. The TRU design provides for 
nine cells, eight laboratories, and space for necessary auxiliaries. The cel Is are to 
be arranged i n  a l ine and w i l l  have 4.5 feet of magnetite concrete shielding. This 
concrete was chosen for its high iron and water content, both of which are effective 
i n  stopping the high-energy neutrons emitted by spontaneous fission of the transuranium 
elements. Each cel l  w i l l  have a viewing window and master-slave manipulators. Two 
cells w i l l  be used for chemical analysis of highly radioactive solutions and materials 
for process control. Four cells w i l l  be used for chemical processing; three of  these 
w i l l  contain the main line of process equipment, and the fourth w i l l  be used for 
special separations to prepare the u l  tra-high-puri ty transuranium elements needed 
for research. Two more cells w i l l  be provided for making irradiation targets for the 
HFIR and for packaging transuranium elements for shipment. A final cel l  w i l l  be 
used for inspection of HFlR targets before they are shipped to the reactor. The 
laboratories w i l l  be equipped for handling alpha active materials not requiring 
heavy concrete shielding and wi l l  be used for chemical analyses and laboratory 
development work involving alpha active materials. 

the  cells w i l l  be separated from one another by 2 feet of concrete shielding. 
This w i l l  allow maintenance or alterations i n  one cel l  without extensive cleaning 
of  the other cells. A t  the viewing-window level (Fig. 3.8), an alpha-tight box or 
cubicle w i l l  be installed i n  the cells to contain the very hazardous materials to be 
handled. This cubicle i s  not normally needed i n  a chemical processing cell, but 
w i l l  be required i n  the TRU faci l i ty because of the extreme radiological hazard of 
the transuranium elements. Four separate air-cleaning systems w i l l  be used: a 
process-vesse l vent system complete with a scrubber and three absolute f i l ters in  
series; a cubicle ventilation system which recirculates air from the cubicles through 
an elaborate air conditioning and cleaning system; a cel l  ventilation system which 
passes air through the cells but outside the cubicles and exhausts through absolute 
filters; and the building ventilation system which provides air conditioning for the 
inside of the sealed building and also exhausts through absolute filters. A l l  these 
systems wi II be equipped with radiation detectors to warn the operators i f  any radio- 
active material leaks to the outside. 

Behind the cubicle i n  each cell, there w i l l  be a deeper cel l  space for the 
tanks and process vessels which normally require l i t t le  maintenance. A l l  the oper- 
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Fig. 3.8. Transuranium processing facility. This cutaway view shows a 
cross-section of a processing cell of TRU. 



ating equipment which does require repair and adjustment w i l l  be enclosed i n  the 
cubicles, and repairs and adjustments w i l l  be made with the master-slave manipu- 
lators. Small pieces of equipment, samples, and supplies can be put into or removed 
from the cubicles by means of an intercell conveyor. The conveyor i s  so designed 
that the supplies or samples are moved i n  a sealed can which i n  turn i s  sealed to 
the cubicle before being opened so that the sealed cubicle i s  never opened to the 
cel l  atmosphere. Large pieces of equipment contaminated with transuranium elements 
w i l l  be removed from inside the cubicles by a sealed, shielded caisson. This caisson 
i s  operated from above after blocks of concrete shielding over the cells have been 
removed. The principle of containment i s  the same as that of the conveyor, and the 
cubicle i s  never opened to the cel l  atmosphere i n  removing or replacing defective 
equipment. 

The fac i l i ty  i s  being designed with three lines of containment because of the 
hazard of the transuranium elements: (1) the equipment or cubicle, (2) the sealed 
cel l  structure, and (3) the sealed building surrounding the cells. 

The process equipment i n  the TRU faci l i ty w i l l  be of an entirely new design 
i n  many respects because of the conditions under which i t  must be operated. This 
equipment i s  now being designed at Oak Ridge National Laboratory, and during 
the years that the faci l i ty itself i s  being built, the equipment w i l l  be tested and 
perfected. The building and cells w i l l  be completed i n  1964, and the equipment 
w i l l  be ready for installation and operation i n  1965. 
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