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The Establishment, Nurturing, and Fruition of a
National Transplutonium Production Program

(SUDE 1)

All scientists acknowledge the contributions of those that have gone before. One

who expressed this idea best said "if I have seen further than most men, it is because I

have stood on the shoulders of giants." In the field of transuranium element research, this

is an especially appropriate metaphor since the shoulders of Glenn T. Seaborg are

certainly capable of lifting us a long way up, both figuratively and literally.

We also have something else remarkable: we can actually point to the time and

place when a key event took place that made a significant difference in our scientific lives.

Oh, certainly not as significant as the discovery of fission that was commemorated a

couple of years ago, but significant nevertheless. On October 24,1957, Dr. Seaborg sat

down and wrote a letter to his friend Lewis L. Strauss, Chairman of the U.S. Atomic

Energy Commission. Dr. Seaborg urged the creation of a unified national effort to

prepare and study the new transuranium elements in larger quantities than had been

previously available. He went further and laid out a plan to generate hundreds of grams

of 244Cm and then irradiate that curium in a very high flux reactor. I have here a slide that

excerpts the key phrases from Dr. Seaborg's letter. (SUDE 2)

Chairman Strauss replied that the suggested programs were well worth pursuing as

rapidly as possible to do so, given the usual funding constraints. He specifically

endorsed a near-term irradiation of ^Pu in the MTR and indicated that the Commission

definitely had plans for the development and construction of very high flux reactors.

In January 1958, the first meeting of the "Ad Hoc Committee for Reactor Actinide

Production" was held in Washington, DC. There ensued a detailed study of available

stocks of feed material and intermediate products, of amounts of heavy elements that

could be produced by various irradiation and processing schemes, of research needs,

and of the feasibility of Dr. Seaborg's recommendations. The proposals of this committee

to implement a Commission-wide transplutonium production program were brought

before a meeting of the AEC Laboratory Directors on November 24, 1958, who

unanimously agreed that a high flux isotope production reactor should be designed and
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constructed at Oak Ridge National Laboratory. It was further recommended that large-

scale ^ P u irradiations should be started immediately at the Savannah River Plant (SRP).

These recommendations were quickly approved by the Atomic Energy Commission and

the irradiation of 12 kg of 239Pu began in January 1959.

(SUDE 3)

The next slide shows the makeup of this Reactor Actinide Committee. The same

group of scientists later became known as the Transplutonium Advisory Group and in late

1964 they were officially named the Transplutonium Program Committee and formed into

an advisory body to the Director of the Division of Research. Unfortunately, Chetham-

Strode suffered a sudden and untimely death on December 23, 1965. O. Lewin Keller

subsequently became ORNL's representative. When this group became the

Transplutonium Program Committee, they were also served by official observers from

several headquarters program divisions, the Pacific Northwest Laboratory, and the

National Reactor Test Site.

I don't want to leave the wrong impression. Transplutonium element research did not

begin in 1957. Indeed, by the time Seaborg wrote his letter, 23 years of research in the

field had yielded nine new elements (eight of which were co-discovered by Seaborg), and

a great many new isotopes and a lot of other interesting nuclear phenomena, such as

fission. (Since 1957, only eight new elements - maybe nine have been discovered.)

There were active programs at several national laboratories and in other countries as well.

But it was clear that the difficulties were increasing geometrically. Seaborg was right.

The time was ripe for bringing big guns to bear on the problem. His letter stimulated the

construction of new production facilities at Oak Ridge, but it did something else: it got

the AEC to organize itself to take on the study of the heavy elements as a major national

program. The key to this organization was the Transplutonium Program Committee.

The Nurturing Phase

It was this committee that developed the Seaborg proposal into a workable plan and

got it approved by the AEC. It was this committee that gradually melded the efforts of

the various research groups into a coordinated interim program. They encouraged
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greater collaboration between groups at different laboratories. They helped plan joint

production projects. They obtained access to high flux positions in AEC production

reactors for long-term irradiations. In short, a very successful national Transplutonium

research program was already under way before the initial shipments flowed from the

new facilities at Oak Ridge, nine years after the committee's first meeting.

Although the committee now had a lesser role in guiding production efforts, they

continued to recommend allocations of the valuable materials to those groups and

experiments that were in a position to make the best use of them. At first there were

substantial discussions over these committee recommendations. As the years went by,

the pie got bigger and bigger making it easier for all to get sufficient materials for their

research needs.

(SLIDES OFF)

Dr. Seaborg did not sit idly by during this time. He was appointed Chairman of the

Atomic Energy Commission in 1961. I'm sure he had plenty to occupy his attention

besides transplutonium elements; nevertheless, I believe he was the one who went before

Congress and gave his enthusiastic testimony in support of two new construction

projects, the HFIR and the associated processing plant, then known as TRU and now as

the REDC. And as you all know, Dr. Seaborg has continued to maintain a strong interest

in these programs even today.

At this point, I need to take a deep bow to the Savannah River Plant for the

tremendous assistance that they provided to the National Transplutonium Element

Program. During the design and construction of the Oak Ridge facilities, two lots of 242Pu

feed were prepared at Savannah River by long-term irradiation of approximately 10-kg

batches of 239Pu, and then an extra push was given to the program by irradiating some

of the 242Pu at Savannah River to provide feed to the processing facility before the HFIR

could bring targets to maturity. Initial criticality at the HFIR occurred in 1965; however,

the first targets were not loaded until August 7, 1966, after a substantial test"ng program.

The first hot processing campaign was completed in November 1966 on prototype HFIR

targets irradiated at Savannah River. That campaign yielded about 180 ^g of ^Cf.
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Savannah River continued to boost the National Transplutonium Element Program

indirectly by producing 3 kg of 244Cm for the Space Power Program and then embarking

on a Californium-I Campaign to produce multigram quantities of 252Cf for a Market

Evaluation Program. As it turned out, the market for ^ C f did not develop as rapidly as

anticipated and the Multi Purpose Processing Plant being built at Savannah River was

never completed. About a third of the irradiated materials were shipped to ORNL for

processing. The 720 mg of 252Cf that ORNL recovered was returned to SRL for the

Market Evaluation Program, but eventually we were allowed to include the recovered

curium fraction (rich in 246Cm and 248Cm) in feed to the HFIR. This advanced recycle feed

allowed us to reach and sustain a level of production approaching 0.5 g/year beginning

in 1972. ft also allowed some elbow room in the HFIR target island to undertake

irradiation testing activities and production of high-specific-activity radioisotopes, plus

some free time at the REDC to undertake other activities.

The typical mix of products arising in mainline irradiation-separation campaigns is

illustrated on the next slide. (SLIDE 5) The next slide shows those secondary products

which can be recovered from the primary products by subsequent chemical separations.

(SLIDE 6)

As I mentioned before, by special effort, we were able to supply individual research

groups with unusual isotopes, special isotopic purities, or special chemical forms. The

next slide shows some of the wide-ranging projects that have been undertaken.

(SLIDE 7)

(SUDES OFF)

Now it's time to talk about fruition. What was the outcome of this program? The

most obvious outcomes were the new facilities, of which I will show some pictures a little

later. More important is the fact that over the years, we have made about 1500

shipments of transuranium element products to various research groups. Most of these

have gone to five or six major DOE National Laboratories and few shipments have gone

to universities, but a handful have gone overseas, mainly in support of collaborative

efforts with U.S. scientists. About 50 universities have taken advantage, at one time or
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another, of the opportunity to use small, encapsulated 252Cf neutron sources in their

educational programs.

The tracer-level chemistry of the elements that we can produce was worked out long

before we got into production. As isotopes of each element became more available, a

common use pattern emerged. The first microgram quantities would be used by nuclear

structure people to improve their knowledge of modes of decay, half lives, nuclear levels,

etc. A little larger sample made it possible to perform cross-section measurements.

When the availability moved up into the milligrams, inorganic chemistry became the name

of the game. We expected that solid-state science would go for these exotic elements

and gobble them up at the gram level. This is apparently not going to happen and the

only solid-state research that I know about is that which can be conducted on mg-sized

samples.

Has any good science resulted from these efforts? I can't answer that question,

personally, although I do know that over half of the speakers in this symposium have

received materials from us. Of course not all of their talks are necessarily about work

done using our samples. In an effort to obtain an answer, the DOE requested two

reviews by the National Research Council. The positive recommendations are shown on

the next slide. (SLIDE 8)

I will now take you on a pictorial tour of the HFIR and the REDC accompanied by a

commentary such as a Tour Guide might give. (SLIDES &-28)

The final topic discusses the one product of the National Transplutonium Program

that has practical applications (that is, if you are willing to concede that fundamental

research is not practical). (SLIDES 29-35) Thisis25ZCf. The first two slides describe the

discovery of 252Cf and the properties that make it useful as a neutron source. The next

two describe the applications. The next two cover the history of the Market Development

Program, which is pretty much phased out now, with most residual responsibilities

transferred to Oak Ridge. The final slide illustrates the uses of 252Cf that has been sold

and commercially fabricated into neutron sources.
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Berkeley, October 24, 1957

The field of new transuranium elements is entering an era where the participating

scientists in this country cannot go much further without some unified national

effort which can only be authorized and coordinated by the Atomic Energy

Commission itself.

The future progress in this area depends on substantial weighable quantities

(say milligrams) of berkelium, californium, and einsteinium. The acquiring of this

depends upon our country's entrance into a two-fold program:

(1) The irradiation of substantial quantities of 239Pu as reactor fuel elements, and

the reirradiation of the products ... to form hundred gram amounts of 244Cm

and higher curium isotopes...

(2) The irradiation of the curium in the suggested "very high flux reactor."

G. T. Seaborg



AD-HOC COMMITTEE FOR
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JANUARY, 1958

A. R. Van Dyken, AEC, Chairman

Richard W. Hoff, LRL (Livermore)

Paul R. Fields, ANL

Richard Dodson, BNL

Robert A. Penneman, LASL

T. Raymond Jones, AEC, Vice-Chmn.

D. E. Ferguson, ORNL

Albert Ghiorso, LRL (Berkeley)

A. Chetham-Strode, ORNL

Clark H. Ice, SR



TYPICAL ANNUAL PRODUCTION

Mainline Products

NUCLIDE AMOUNT

241-243Am, g 3
244Cm, g 65 (117 total Cm)
249Bk, rng 40
252Cf, mg 440
253Es, mg 2
257Fm, pg 1



SECONDARY PRODUCTS

2 4 9 Bk - 2 4 9Cf
252C f _

253C f _

255Es - 255Fm

253,254,255^



NRC 1983

... recommended that, due to the value of the research conducted with these

elements, the operation of the High Flux Isotope Reactor (HFIR) and the

Transuranium Processing Facility at Oak Ridge National Laboratory be continued

in order to provide a continuing, adequate supply of these uniquely produced

materials. It further recommended that the status of this research and the need

for continued operation of these facilities be reviewed in three to five years.

NRC 1990

For all these reasons the continued availability of transplutonium elements and

isotopes should be assured well into the 21st century, and continued research

should be supported.



CALIFORNIUM-252

Element No. 98 Discovered in 1950 by Seaborg, et al. (244Cf)
252Cf Found in Debris of Mike, First Thermonuclear Test, at Eniwetok (1952)

Nuclear Properties

• Half Life 2.645 y

• Branching Ratio 96.9% a

3.1% s.f.

• v 3.768 neutrons/fission

• Neutron Emission Rate 2.314 x 1012 n- s"1 • g"1


