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The Proposed Fuel Cycle for the Integral Fast Reactor
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L. Burris and L. C. Walters

One of the key features of AllL's Integral Fast Reactor (IFR) concept

is a close-coupled fuel cycle. The proposed fuel cycle is similar to that

demonstrated over the f i r s t f ive to six years of operation of EBR-II,

when a fuel cycle f a c i l i t y adjacent to EBR-II was operated tn reprocess

and refabricate rapidly fuel discharged from the EBR-II.

Locating the IFR and i t s fuel cycle f a c i l i t y on the same site makes

the IFR a self-contained system. Thus, there would be no shipments of

fuel to or from the s i t e . Fission-product wastes would be processed and

stored on s i te for long periods of time—perhaps the l i f e of the reactoi—

before being shipped to a waste repository for ult imate storage.

Because the reactor fuel and the uranium blanket are metals, pyro-

metallurgical processes (shortened to "pyroprocesses") have been chosen.

A pyroprocess is one in which the fuel i s processed in the metal l ic

state, y ie ld ing d i rec t l y a metal product suitable for fabr icat ion of new

fuel elements for return to the reactor. Thus, product-conversion steps,

which can be cumbersome and expensive, are avoided. Another advantage of

a pyroprocess is that short-cooled fuels can be processed because process

reagents (metals and very stable salts such as BaCl2 and CaC^) are

highly resistant to radiat ion damage.

The objectives of the IFR processes for the reactor fuel and blanket

materials are to (1) recover fissionable materials in high y ie ld ; (2) remove

f iss ion products adequately from the reactor f ue l , e . g . , a decontamination

factor of 10 to 100; and (3) upgrade the ' oncentration of plutonium in
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uranium sufficiently to replenish the fissile-material content of the

reactor fuel. After the fuel has been reconstituted, new fuel elements

wi l l be fabricated for recycle to the reactor.

The proposed process1" is i l lustrated schematically in Fig. i .

The process steps chosen for the IFR fuel and blanket materials are

electrorefining of fue l , after dissolving i t in cadmium, to remove

fission product elements from the fuel , and halide slagging of molten

uranium blanket material to extract plutoniuni into a halide salt with a

plutonium-to-uranium ratio large enough to replace plutoniuni burned out

of the discharged fue l . 0

Proposed methods for handling the radioactive wastes are as follows.

The waste fission gases, xenon, krypton, and small amounts of t r i t ium,

may be easily trapped, compressed, and stored in gas cylinders pending

conversion to a more suitable waste form. The salt waste from electrolysis

w i l l be converted to oxides by treatment with stean; the oxides wi l l then

be incorporated into glass. Solidified cadmium from the electrorefining

step may be a suitable waste form, needing only to be sealed into a steel

canister for disposal.

Experimental Results

Experimental work on the IFR process has been under way for less than

one year. Uranium, containing noble metal fission products and cerium as

a representative of rare earth elements, has been dissolved in cadmium

and electrorefined in many laboratory runs. Excellent separation of

noble metal fission products, good separation of cerium, adequate separa-

tion of zirconium, and the potential for high product recovery (>99%)



were demonstrated. Electrorefining of uranium-piutonium alloys is

expected to commence in March 1985.

Experimental work on halide slagging is expected to begin in

March 1985, also. This work wi l l be an extension of laboratory experiments

performed in 1967 by Chellew and Steunenberg"* in which they demonstrated

the feasibi l i ty of enriching plutoniur.i in uranium by preferential extrac-

tion of plutoriun from a molten uraniurn-plutoniun alloy into a rcolten

halide sal t .

Fabrication of Hew Fuel Elements and Subassenblies

The reconstituted fuel alloy and the uranium product of the halide

slagging step are cast into fuel and blanket rods, respectively, by

injection casting. In the injection casting process, molten metal

(fuel alloy or blanket uranium) is rammed into precision-bore Vycor tubes

5 6 7and chil led rapidly. ' ' The Vycor molds are removed from the fuel
Q

pins by crushing, yielding directly pins of the proper diameter. These

are cut to the proper length and installed in a stainless steel cladding
Q

tube, along with sodium for a thermal bond between the pin and cladding.

An end piece is welded into the open end of the cladding, after which the

elements are incorporated into new fuel subassemblies for return to the

reactor.

Injection casting has been used for 20 years to fabricate new fuel

for E8R-II. Recently, the IFR fuel alloy was cast into pins to be used

to evaluate the performance of IFR fuel in EBR-II.

Future P»ans

The objective of the first two years of IFR development is to

establish feasibility of all aspects of the concept—core design, fuel



fabr icat ion and performance, safety, and reprocessing. I f the key

f e a s i b i l i t y questions are successfully resolved during the next two

years, a fu l l - sca le demonstration of the fuel cycle in the EBR-II Fuel

Cycle Fac i l i t y vr i l l be proposed. The fuel material would be IFR-type

fuel i r radiated in EBR-II and FFTF. The enphasis of development work

would then s h i f t from chemical process development to plant equipment

design and materials handling.
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