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ABSTRACT

During the mid-1970s, there was increasing concern
with the possibility that highly enriched uranium (HEU),
widely used in non-power reactors around the world, might
be diverted from its intended peaceful uses. In 1982 the
U.S. Nuclear Regulatory Commission (NRC) issued a policy
statement that was intended to conform with the perceived
international thinking, and that addressed the two relevant
areas in which NRC has statutory responsibility, namely,
export of special nuclear materials for non-USA non-power
reactors, and the licensing of USA-based non-power reactors
not owned by the Federal government. To further address
the second area, NRC issued a proposed rule for public com-
ment that would require all NRC-licensed non-power reactors
using HEU to convert to low enriched uranium (LEU) fuel,
unless they could demonstrate a unique purpose. Currently
the NRC staff is revising the proposed rule. An underlying
principle guiding the staff is that as long as a change
in enrichment does not lead to safety-related reactor modi-
fications, and does not involve an unreviewed safety ques-
tion, the licensee could convert the core without prior
NRC approval. At the time of writing this paper, a regu-
latory method of achieving this principle has not been
finalized.
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INTRODUCTION

The principal purpose of this paper is to summarize current
thoughts of the staff of the Nuclear Regulatory Commission (NRC)
about licensing considerations in connection with the replacement of
high enriched uranium (HEU) with low enriched uranium (LEU) fuel in
non-power reactors in the U.S. When it was proposed several months
ago to write this paper, the NRC staff was still working on the on-
going rule-making procedure, and it was intended to present and ex-
plain the final approved outcome. However, because this is a com-
plex issue, some questions have not yet been resolved.

It must be made clear though, that the NRC Commissioners have
established a policy that the agency will take steps to encourage
the owners of non-power reactors subject to its jurisdiction to con-
vert their reactors from the use of HEU fuel. This policy was first
announced in 19821, was amplified in the proposed rule in 19842, and
has been reaffirmed by Commissioner Asselstine at this conference,
as well as at the 1984 Argonne meeting of the RERTR program.

In the United States, as elsewhere, nuclear reactors may be
grouped into one of two broad classes, power reactors, that are used
for the commercial production of electricity, and non-power reac-
tors, that are useful for research, development, education, and
testing. All of the first class are licensed and regulated by NRC,
but only those non-power reactors not owned and operated by the
Department of Energy (DOE) or Department of Defense are licensed and
regulated by NRC. Thus, the following remarks apply only to the
NRC-licensed nonpower reactors in the United States.

Before moving on to more detailed discussions, it is important
to mention a broad admonition and constraint imposed by law in the
US on the nuclear regulatory process. The Atomic Energy Act, under
which both DOE and NRC function, encourages and supports nuclear
research and development, and therefore asserts that reactors useful
for these purposes are to be subject to the minimum regulation nec-
essary to protect the health and safety of the public. NRC must
comply with that law.

BACKGROUND

In order to help clarify the reactor licensing situation in the
US, I will summarize the history and add a few words about the US
regulations. The US Atomic Energy Act of 1954 provided the legal
basis for the US Nuclear energy programs. A single agency, the
Atomic Energy Commission (AEC), was established to carry out the
law. In accordance with the law the AEC developed procedures and
regulations for licensing reactors that it did not own, but also
built and operated many reactors that it did own but which were not
subjected to those regulations. The licensed reactors consisted of
both commercial power reactors and non-power reactors dedicated to
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research, test, and education. In general, both classes of licensed
reactors are subject to the same regulations, but because of the
recognized larger potential radiological impact on the public, addi-
tional more prescriptive requirements have evolved for power reac-
tors. After about twenty years of experience, Congress changed the
law, establishing the current Nuclear Regulatory Commission (NRC)
whose function is to license and regulate nuclear facilities, and
assigning the other functions of the AEC to a different agency that
is now the Department of Energy (DOE). This department continues to
own and operate nuclear facilities that are not subject to NRC's
regulations, and continues with a mission to help promote nuclear
science and technology, including some financial and fuel's assis-
tance to university reactors. DOE, of course, has supported the
RERTR program.

As we may remember, the first several nuclear reactors were
operated with natural or low enriched uranium fuels. As high en-
riched uranium became more readily available, it was used in some
reactors to improve or optimize certain characteristics. Soon, even
though probably not clearly required by performance considerations,
HEU became the fuel of choice of both the US Government and reactor
operators, and was used in most non-power reactors except those of
the TRIGA type. Even for those, however, an improved version of the
zirconium hydride fuel was based on HEU.

While research reactors were gaining wide international accep-
tance and use, concern continued to grow that the increasing quanti-
ties of HEU used for non-power reactor fuel were increasing the
potential risk of diversion to an undesirable level.

NRC ROLE

As noted earlier, NRC responded to the increasing concern about
diversion of HEU fuel by issuing a policy statement in 19821. Among
other things, this policy included an intent to encourage NRC li-
censees to convert their reactors from the use of HEU fuel. In a
second step, in 1984, NRC published a proposed rule for public com-
ment that would require all licensees to cease using HEU fuel unless
they could qualify for a defined unique purpose exemption 2. A large
fraction of the affected licensees expressed their concerns that
conversion would require license amendments with a potential for
public intervention that would involve unbearable litigation effort
and costs, and even in the absence of litigation, conversion wou
require the expenditure of scarce money and manpower resources.

The proposed rule acknowledged these two potential costs, and
expressed concern about them, but did not include explicit provi-
sions for coping with them. Both because a guiding principle of the
reduced enrichment program was to avoid any significant negative
impact on reactor performance, and because of the provision of the
Atomic Energy Act noted above, the Commission directed the staff to
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revise the proposed rule to make conversion dependent on assured
funding by the federal government, and on the avoidance of public
intervention in conversion licensing actions not accompanied by
significant additional reactor changes. The staff has drafted a re-
vised version of the rule that does require that federal funding for
all conversion-related effort be assured before conversion is ini-
tiated. The question of public participation has not been resolved
at the time of writing this paper, but is a continuing concern. It
is evident that NRC should avoid inadvertently causing excessive
financial burdens on non-power reactor licensees in its efforts to
reddress the results of previous government policy.

OBJECTIVES AND APPROACHES

In order to issue a reactor license, the NRC staff must pro-
perly conclude, for each individual reactor, that there is reason-
able assurance of no significant hazard to the public. However,
many of the technical considerations can be generic. The staff is
approaching conversion from HEU to LEU in that way, though not all
steps are resolved at this time. The example discussed below of a
generic environmental assessment currently in use suggests the fea-
sibility of generic reviews for fuel conversion also.

Several years ago, with reaffirmation about five years ago, the
staff developed a generic environmental assessment for the licensing
of non-power reactors that concluded that for such reactors licensed
to operate at 2 MW and below, there was reasonable assurance of no
significant impact on the environment or the public resulting from
continued operation. This conclusion was based on a large number of
detailed individual reactor safety reviews and on extensive operat-
ing histories of such reactors. In recent years the staff has re-
newed nearly 30 reactor licenses, and has relied on this generic
environmental assessment, in conjunction with a review of an indi-
vidual environmental report in each case to determine if there are
any special features that render the generic assessment inappli-
cable. No exceptions were found.

Similarly, the staff's preliminary consideration of the prob-
able changes in reactor parameters and operating characteristics
resulting from conversion from HEU to LEU has revealed no new haz-
ards considerations. Therefore, we are considering grouping the
reactors into categories, such as not more than 2 MW power level,
and reviewing within that group the potential hazards to the en-
vironment and the public due to the change of enrichment of the
fuel. Table I gives a tentative grouping of all NRC-licensed non-
power reactors using HEU.

As in the example of the generic environmental assessment dis-
cussed above, the staff would have to conclude for each reactor that
there were no special features that rendered the generic evaluation
inapplicable. The following are two ways in which that could be
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Table 
CATEGORIES OF HEU FUELED

NON-POWER REACTORS
LICENSED BY USNRC

1. High Power Density
2 - University

11. Unique Fuel Configuration
3 - University
2 - Commercial

111. High Power >5 MW)
- University
- Government
- Commercial

IV. Medium and Low Power 2 MW) Plate Cores
13 - University

V. TRIGA FLIP Fuel
4 - University

- Commercial
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done: (1) each licensee would submit an application and an analysis
for his proposed conversion in the usual way that other amendments
are applied for, or 2 the licensees as a group would work with
RERTR to assemble pertinent information, data, and analyses in a
broad-scope document, and each licensee would submit a copy of that
document, along with a comparison between his specific reactor para-
meters and those embodied in the generic analyses. The NRC staff
will continue working with the Argonne group and licensees to ex-
plore flexible generic approaches to the review and evaluation of
conversions.

DISCUSSION

In the previous section, it is implied that a license amendment
will be required. In most cases, that is probably true, unless the
conversion would meet the current criteria of 10 CFR 50.59 of the NRC
regulations, or some other mechanism can be found for relief from an
amendment. Part 50.59(a), reproduced below, allows certain types of
changes to a licensed reactor without prior NRC approval. If appro-
val is required, in most cases it is accomplished by means of a li-
cense amendment.

§ 50.59 Changes, tests and experiments.

(a)(1) The holder of a license authorizing operation of a
production or utilization facility may (i) make changes in the
facility as described in the safety analysis report, (ii) make
changes in the procedures as described in the safety analysis re-
port, and (iii) conduct tests or experiments not described in the
safety analysis report, without prior Commission approval, unless
the proposed change, test or experiment involves a change in the
technical specifications incorporated in the license or an unre-
viewed safety question.

(2 A proposed change, test, or experiment shall be deemed to
involve an unreviewed safety question (i) if the probability of oc-
currence or the consequences of an accident or malfunction of equip-
ment important to safety previously evaluated in the safety analysis
report may be increased; or (ii) if a possibility for an accident or
malfunction of a different type than any evaluated previously in the
safety analysis report may be created; or (iii) if the margin of
safety as defined in the basis for any technical specification is
reduced.

In the previous section, nothing was said about out-liers, that
is, those reactors that wouldn't qualify for inclusion in a category.
Presently, the only alternative suggested is a case-by-case submit-
tal by a licensee, review by NRC, and issuance of a license amend-
ment by NRC. However, unless significant reactor modifications not
required by the change in enrichment were made, the staff antici-
pates that the licensee submittal need only address parameters and
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characteristics of the reactor altered by the fuel change. Figure 
is a schematic flow diagram of the approach just discussed.

In the above approach, it has not been indicated that the path
of minimal effort on the part of the licensee will lie with no
change in the physical dimensions and hydraulics characteristics of
the fuel elements upon conversion. Nor has the NRC staff suggested
that the LEU fuel design must be optimized to achieve the maximum
possible margins between safety limits and operating conditions in
each case. Instead, NRC has a long-standing policy to standardize
reactors when feasible. Therefore, we urge the licensees and DOE to
propose standardized fuel parameters that will satisfy licensees'
performance requirements and still provide bases for NRC to conclude
logically that changing the fuel enrichment would cause no signifi-
cant impact on the health safety of the public.

CONCLUSION

At the time of writing this paper, the NRC intends to issue a
revised rule requiring all licensees to convert from HEU to LEU un-
less they qualify for a unique purpose exemption. The revised rule
is expected to have a provision making conversion dependent on as-
sured federal funding. The revised rule also is expected to include
provisions for avoiding public involvement on issues related closely
to conversion from HEU to LEU. The schedule for issuance of the
revised rule is currently uncertain.
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