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The Integral Fast Reactor (J.FR) concept is a promising innovative approach

to competitive economi .s and inherent safety, which has potential for resolu-

tion of many of the technical and institutional issues that today represent

barriers to fast reactor commercialization. The key features of the IFR con-

sist of:

- A pool type plant arrangement which reduces building sizes and

construction commodities, and allows inherent safety characteristics

to be provided that are key to achieving competitive plant costs.

- A metal fuel based core design which further enhances inherent

safety characteristics, and forms the basis for simplifying the

fuel cycle processes.

- An integral fuel cycle with colocated fuel cycle facility based on

compact and simplified process steps, which promises competitive

costs for the fuel cycle too, and provides deployment flexibility

for the system as a whole.

Both the basic concept and the technology base were demonstrated through

actual integral cycle operation in the EBR-II complex during late 1960's.

With this as a base the present concept takes advantage of technological

advances made since then in the areas of metal fuel burnup capability,1*2

pyrometallurgical reprocessing technology, and reactor safety technology that

take advantage of the intrinsic properties the system possesses to give it

superior and inherent safety characteristics.

*Work performed under the auspices of the U»S. Department of Energy.
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This paper elaborates on inherent safety characteristics of the IFR

concept. Sodium-cooled fast reactors provide a high degree of inherent safety

because of the low pressure coolant operating far below its boiling point and

the natural circulation capability for shutdown heat removal. The IFR exploits

the intrinsic characteristics of LMFBRs to further enhance inherent safety by

maximizing the use of a large heat capacity of the pool design and providing

capability for passive accommodation of postulated accidents. As a result of

this concentration on inherent safety, a plant design has evolved which does

not require the action of any active system, including the reactor scram

system, to prevent core damage and/or provide large time margins for correc-

tive action for any anticipated transient or unlikely component or system

failure. Passive shutdown heat removal systems are highly reliable, operating

on natural circulation. Because of the large heat capacity of the pool plant,

approximately 24 hours are available for corrective action even if all normal

heat transport and shutdown heat removal capability is lost. All structures

are redundant so that failures of reactor vessel, core support, etc. do not

lead to ''ore damage. Important plant structures are cooled by passive means

to maintain integrity in the case of loss of all electrical power.

The metal fuel based core design provides a number of important inherent

safety advantages. The sodium bond or fission gas entrapped within the fuel

alley matrix may provide a self-dispersive mechanism that plays an important

role in early benign termination of transient overpower accidents. The high

thermal conductivity of metal fuel results in favorable reactivity feedback

characteristics in extremely unlikely events, such as loss-of-flow without

scram, so that the severity of the event is significantly reduced. In loss-

of-flow without scram, avoidance of sodium boiling and core disruption

requires reactivity feedback which causes power to decline on a time scale
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similar to that of the decaying flow. Declining power causes a partial

collapse of the fuel rod radial temperature gradient and generates a positive

fuel feedback component (Ooppler and axial expansion). The high thermal

conductivity of metal fuel minimizes this positive component and greatly

improves margins to boiling. Figure 1 compares the coolant outlet temperature

increase during loss-of-flow transient without scram betveen oxide and metal

fuel. The large margin to boiling for metal fuel implies that even in the

case of complete loss-of-flow combined with complete loss-of-heat rejection

capability and failure to scram, approximately one day is available for

corrective action.

The superior inherent safety characteristics described above are unique

to the IFR concept — the combination of the large thermal heat capacity of a

pool plant and the high thermal conductivity of metal fuel — and furthermore

these characteristics can be easily validated through straightforward

experiments.
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Fig. 1. Increase in Reactor Outlet Temperature During Loss-of-Flow
Transient Without Scram: Comparison of Oxide and Metal Fuel
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This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
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