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I consider the convening of this International Conference on Nuclear

Waste Transmutation a benchmark in the development of nuclear power in

the world today.

The nuclear industry, in the past 25 years, has gone through a

series of successive successes and failures as well as periods of

optimism and pessimism to the point where today it takes some amount of

courage to propose examining alternative methods of nuclear waste

disposal which might also involve the development of alternative fuel

cycles. This in essence is the purpose of this International Conference.

Nuclear energy has generally been recognized by responsible people

in many countries in the world as an important factor in our total energy

system. For nuclear energy to become even more acceptable in the future,

several major issues must be resolved. These reduce basically to three

problem areas.

The first is that the industry must prove that it can safely and

responsibly operate light water reactors. In other words, the Three Mile

Island Syndrome must be overcome. Experience with LWRs throughout the



world has shown them to be highly reliable and safe machines. Even under

adverse circumstances such as existed during the Three Mile Island

incident, injury and exposure of the public was minimal. A continued

increasing record of safe and economical operation of LWRs when compared

with the availability of fuel and the environmental problems of alternate

energy sources will eventually lead to the widespread acceptance of

nuclear energy by the public.

The second problem is provision and assurance of a long-term supply

of nuclear fissile fuel. The present direction in solving this problem

is the development of breeder reactors. Because of the U.S.

Administration's policy on nonproliferation in addition to the public's

effort in energy conservation, the need for commercializing breeder

reactors is being delayed in the U.S. There are in addition other

possibilities for providing a longer term fuel supply for the

conventional LWR technology. These include extraction of lower grade

ores and even breeding fissile fuel with the use of accelerators.

The third problem and one of great concern, from the public's point

of view, is the management and disposal of nuclear waste materials. The

present U.S. policy is the solidification and long-term terrestrial and

geological storage of transuranic and long-lived fission product waste.

This method indeed may be the ultimate solution to the problem. However,

the question can be asked, "Has the scientific and technical community as
,/

well as government agencies been/diligent, objective and innovative
/

enough to examine other avenue^' of nuclear waste treatment?"
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The development of nuclear power for supplying the world's

energy needs was initially brought about through the successful efforts

of establishing a nuclear weapons capacity, as well as through the

successful development of nuclear propulsion systems for the naval

submarines and surface vessels. For these purposes, the nation needed

concentrated sources of fissile materials, especially plutonium. Thus,

the development of aqueous reprocessing and especially solvent extraction

processes which culminated in the Purex process was mainly directed

toward the purpose of extraction and production of concentrated plutoniura

sources for the weapons program. The Furex process was later adapted and

projected for the civilian light water power reactor program as well as

for the planned breeder program. However, light water reactors do not

require highly concentrated plutonium fuel elements. They require

elements containing only a few percent of fissile material. Thus why

have we concentrated mainly on a fuel cycle which projects Purex

reprocessing for extracting and producing concentrated plutonium which is

then diluted back again with natural uranium to make up the desired fuel

element concentration? It appears that the reprocessing is performed

mainly for the purpose of decontaminating burned fissile fuel. Are there

any other fuel cycles and reprocessing systems which are more suited to

the civilian power reactor needs? Why can we not turn the system

around? For example, can we conceive of extracting the short-lived and

stable fission products which can be readily disposed of while allowing

the fissile transuranics and long-lived fission products to remain in the

fuel cycle to be fissioned and transmuted to short-lived and stable
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products? In other words for the civilian reactors program we should be

seeking reprocessing systems for extracting waste products rather than

extraction of concentrated fissile uranium and plutonium sources. This

alternative approach would also be consistent with our policy of

nonproliferation of weapons materials because the process system would

not separate concentrated fissile material.

Permit me now again to trace back our attitude on nuclear waste

treatment over the past four decades.

In the forties and fifties we concentrated on producing a nuclear

weapons arsenal. So we developed plutonium concentration processes and

stored the wastes in well constructed storage tanks. However, you

couldn't get the weapons production people or the defense agency to even

think about long-term or alternate methods of disposal. They were under

great pressure to produce strategic weapons material and could not be

bothered with waste material.

In the fifties and sixties we concentrated on making the civilian

power reactors work. You could not get any nuclear physicists to even

think about what will happen to the fission product waste. During this

period, the technical community never envisioned a problem with nuclear

waste, because after all the military was handling it in tanks and that

seemed to be adequate. At least no one complained. You could not blame

the nuclear physicists because they were intent on proving operability of

the power reactors.

In the sixties and seventies, we began to establish and practice

strategic arms limitations with our adversaries and began to decrease our
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weapons ma^ari, . production. We also began to eliminate the reprocessing

of nuclear fuel. The country also woke up to the fact that not only do

we need a solution to our nuclear weapons proliferation problem but that

we also need a long-term solution to the nuclear waste disposal problem.

The projections were that with the anticipated growth of the nuclear

industry, waste from commercial operations would begin to far exceed that

from the military establishment.

Whereas in the forties through the sixties there was essentially no

effort in the long-term solution to nuclear waste disposal, today almost

one-third of the U.S. research and development budget for nuclear energy

development which amounts to about three-quarters of a billion dollars is

allotted to commercial nuclear waste disposal management. Practically

all of this expenditure is concentrated in the single-minded approach of

solidifying the waste and storing it in geological-age formations. There

has been relatively little thought, let alone any support for alterntive

methods of disposal. We must now ask ourselves whether there are

alternative approaches to the nuclear waste problem. Transmutation may

be such an alternative.

Some of us started to think about transmutation in the early sixties

and recognized rather quickly that, with the use of thermal reactors, the

transuranics can be readily transmuted and fissioned. However, for the

long-lived fission products, especially cesium and strontium,

transmutation in thermal reactors would be difficult because of the

relatively low thermal neutron cross sections for these isotope. Indeed

that is the very reason why we find that these long-lived fission
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products survive in the thermal reactor. In order to transmute these

radioactive isotopes at a reasonable rate, one must provide such high

neutron fluxes that this virtually eliminates the use of thermal reactors

for safety reasons. However, other devices can be considered. These

include charged particle accelerators interacting with a target material

which can produce spallation neutrons in relatively large quantities.

Thermonuclear fusion reactors can also provide large amounts of neutrons

for use in transmutation. There may be other devices. The point I am

trying to make is that all types of nuclear reactions and devices should

be considered and examined to make a reasonably thorough evaluation of

the possibility of utilizing nuclear transformations as they might apply

to fission product transmutation. In conjunction with transmutation,

alternate fuel cycles and isotope separation processes must also be

considered and evaluated. In fact storage of fission products in the

fuel cycle and in the power reactor itself may become a part of the

system. If we can think of machines for producing radioactive isotopes

for a number of applications, why can we not think of producing stable

nonradioactive isotopes from unstable radioactive isotope materials

resulting from nuclear power plant waste.

There are those who raise the spector that any nuclear transmutation

or alternative technique would be much more costly and economically not

competitive with storage. This is the best way to limit the development

of new approaches to transmutation and use of new devices. He should

first devise methods and techniques that will obtain the objective

required then determine what economic penalties would result. Of course,

economics and cost of operations are important factors in

-6-



judging accepts!ii.Trty •" -. j;.'an approach. However, economics should not

be controlling in developing new approaches to transmutation of

long-lived fission product waste.

There are those who say, we only need to be concerned with the

transuranics, that is with the 26,000 year half-life plutoniura which

requires a quarter of a million years to decay to biologically safe

limits. Some studies even recommend the need for transmuting the quarter

of million year technetium-99 and the 15 million year iodine-129.

However the 30 year half life fission products cesium and strontium which

make up a large fraction of the fission product waste, require from 300

to 1000 years storage to decay to biologically safe levels. Storage for

this time pariod seems to be acceptable by some. However, this time

period is still much beyond man's lifespan. Histories of many

institutions indicate that they rarely survive for even this limited

extended period of several hundreds of years. Records of inventories

tend to become lost and forgotten in that time fr*me. This is the reason

why we should also make every concerted effort to search and apply our

nuclear physics to the problem of converting the long-lived fission

product waste to more benign materials. Since nuclear physics brought

these wastes into the world why should not nuclear physics find a way of

disposing of this waste?

There are several other disturbing aspects of our nuclear policy

today which I think are profoundly affected by the military programs. We

tolerate storage of long-lived plutonium in the form of nuclear weapons

all over the world. One can argue that since we tolerate storage of this
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material that we should also be able to tolerate nuclear fuel element

storage without reprocessing. It is inconceivable to me that we have

built up an inventory of weapons plutonium so that it must watch over our

security for a period of thousands of years while we, in turn are then

committed to watch over the plutonium inventory for this same long period

of time so that it does not get to be used either by us or other

countries in the form of weapons. It is, however, conceivable that the

world powers may begin to recognize that we should slowly dispose of

these weapons materials because they are too dangerous and a threat to

the world's security to have around for millenia. Therefore, it is

conceivable to me that someday we will sign a Salt III agreement and we

will be seeking methods of disposal of bomb material. The only viable

method of disposal of this material is by transmutation in light water

thermal reactors. I calculate that we can supply our electrical power

needs in the U.S. for the next ten years if we were able to use the

stored weapons materials from the civilian power program. The world wi'l

also realize that it is extremely wasteful to have so much fuel stored in

an energy-starved world. Of course, this won't happen overnight because

of our divided mistrusting world. However, it just might happen someday.

I tell my anti-nuclear friends that if they are serious about

discontinuing the nuclear age, that we must first rid ourselves of

nuclear weapons materials and that the only way to dispose of weapons is

to burn the fissile material in nuclear power reactors and to utilize the

power derived therefrom. In fact, I can go one step further and claim
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that the world needs nuclear power reactors to be available to dispose of

nuclear weapons. After we dispose of nuclear weapons, then we can decide

whether nuclear power is worth any of the alleged risks attributed to it.

Storage of fuel elements without reprocessing will build an

inventory of fissile material that will eventually exceed our weapons

material inventory. Therefore, the extraction of fissile material and

transmutation to short-lived and stable material is just as important as

the proposition of reducing the weapons material stockpile.

The keynote then of this conference would be to begin to seriously

explore and evaluate all avenues of nuclear reaction alternatives and the

associated fuel cycles to long-term geological age storage of

transurancis and fission product waste. I believe we still have some

time to explore and make these definitive and comparison studies before

we rely only on present technology and reject all else out of land. The

problem is too important and there is really not enough information

available to make single-minded decisions at present.

I recall back in 1944 and 1945 at Oak Ridge and Los Alamos the

excitement of developing a device that would win the war against

tyranny. I believe we should stir up some excitement in attempting to

apply all of our science technology and imagination to positively rid

ourselves of the long-term hazards of the long-lived radioactive waste

materials.

When I explain the transmutation possibility to my laymen friends or

strangers that I meet around the country, I obtain a very positive

response and they ask why are we not working on this possibility.

Certainly the publics perception and acceptability of this disposal
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method will be positive compared to the specter of facing watching over

nuclear waste cemeteries to the end of time.

Let us now go forward and present and exchange ideas on

transmutation so that we can obtain an objective and valid evaluation of

the subject.
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