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Mar. 16, 2001 

MEMORANDUM TO: ACRS Members and Staff 

MEMORANDUM #: AWC-103.2001 

FROM: A. W. Cronenberg 

SUBJECT: ACRS Review Issues: MOX Fuel License Amendment Requests 

SUMMARY: To support of treaty obligations to dispose of excess plutonium from weapons 
programs the Department Of Energy (DOE) is taking a lead role to burn MOX fuel (mixed-oxide 
fuel; [PU-U]02) in commercial LWR plants, notably the McGuire and Catawba PWR plants 
operated by Duke Power. The MOX project is part of a bilateral agreement between the U.S. 
and Russia, whereby each country will dispose of approximately 34 metric tons of surplus 
weapons-grade plutonium, much of which will come from dismantled weapons. 

This memo summarizes potential safety issues to be addressed by ACRS, related to its review 
of the anticipated License Amendment Requests (LARs) for the McGuire and Catawba PWR 
plants, to allow the use of MOX fuel (mixed-oxide fuel/[Pu-U]02) in these commercial LWRs. It 
should be noted that the safety issues discussed here primarily serve as a starting point for 
ACRS review efforts; they should not be viewed as a complete listing of the full breath of issues 
that may arise as NRC proceeds in its review of the McGuire and Catawba MOX-LARs. 

ACRS Review Issues for MOX Fuel Use in Commercial Reactors 

The Department Of Energy (DOE) and Duke Power Co. have signed an intent agreement, 
whereby the McGuire and Catawba PWR plants are to be used to burn MOX fuel. Since these 
are pUblicly owned commercial power reactors, they fall under the regulatory domain of NRC. 
Here we discuss some of the issues ACRS will be called upon to address in its review of MOX 
fuel for use in commercial reactors. 

Existing regulations for commercial plants have not anticipated the use of MOX fuel, although 
some US MOX fuel testing efforts was conducted in the 19070s. There is greater experience in 
Europe and Japan with MOX fuel fabricated from recycled spent LWR fuel, which is comprised 
of reactor-grade plutonium, but little of this experience addresses conditions outside the range of 
normal operations. Indeed, experimental studies of MOX under severe reactor accident 
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conditions have just begun in Europe. The Europeans' have noted that MOX behavior is 
sufficiently different from that of usual U02-based fuel, that some European regulatory 
authorities have been moved to impose more limiting burnup restrictions on MOX than they 
impose on conventional U02fuel. 

It should be noted some differences exists between MOX made from recycled LWR spent fuel 
and MOX fabricated for burning of weapons grade Pu, which largely relate to Pu isotopic mix 
and fuel morphology effects. The MOX fabricated in the US to satisfy Pu-weapons reduction . 
commitments is almost entirely Pu-239, while MOX from recycled European and Asian LWR fuel 
contains a mix of Pu-isotopes (Pu-239, Pu-240, and Pu-241), which stems from parasitic 
neutron capture of fissile uranium and decay [for example: 92U238 + on1 =192U239 

] = 94PU239 + 
2C,SO)]. Morphology differences also exists, where Pu from recycled fuel is embedded in the 
U02matrix on an atomic scale, while MOX for weapons Pu reduction will be made from a batch 
mixture process, so that Pu-239 is added to the U02matrix on a gram scale. Contentions have 
also been made that MOX will pose qualitatively different source term threats in the event of a 
reactor accident. The technical data to confirm or reMe these contentions are not now 
available, and will need to be addressed by the staff in its review of Licensee Applications for 
MOX use. 

Initial efforts to burn MOX in US commercial reactors center on DOE agreements with Duke 
Power to put lead MOX test assemblies in the McGuire reactor and later to do batch loading in 
both-the McGuire and Catawba plants. Although there may be little impact of on overall plant 
safety performance related to the MOX lead fuel demonstration program, a full-scope safety 
review by the agency will be needed for follow-on batch loadings which may involve upwards of 
1/3-core loadings of MOX fuel. Principal issues for ACRS review can be expected to center on 
the adequacy of NRC fuel behavior and neutronics codes to handle MOX. 

Traditional US LWRs utilize enriched uranium, with 3-4 wt-%of U-235, to achieve criticality, while 
MOX based fuels using weapons grade Pu would probably consists of natural U-238 mixed with 
an enrichment of about 4-7 wt-% Pu-239. Since Pu-239 exhibits a higher thermal fission cross
section than U-235, there is an increased reactivity effect for MOX fuels over that for U-238/U
235 based fuels. In addition to neutron cross-section effects, there are other reactivity 
associated differences between U02and (U,PU)02 based fuels. One effect is the lower beta 
value (delayed neutron fraction) for fuels incorporating Pu-239, where delayed neutrons largely 
influence reactor control during operation and transient conditions. Likewise, differences exists 
in the number of neutrons produced per neutron absorbed in the fuel, or eta value (MOX has 
higher eta than U02). Differences also exists in the neutron energy spectrum produced by U02 
and (U,PU)02 fuels. License approval for MOX based cores will require that such effects be 
incorporated into industry reload analysis tools (codes), as well as agency neutronics codes 
used for audit purposes. At present, the NRC has not initiated any code update efforts 
regarding MOX. 

To some degree U02and (U,PU)02 fuels differ somewhat in mechanical properties. MOX fuel 
has a melting temperature about 20 degrees lower then uranium based fuel. The thermal 
expansion coefficient for MOX is about 1 % higher then uranium based fuel, which offset 
somewhat by a higher creep rate and increased plasticity of MOX. Differences in their fission 
prodUct composition also influence fission product chemistry, overall fuel valance state, and 
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source term characteristics. Uncertainties in core degradation phenomena for MOX exists and 
attendant MOX melt interaction effects with core components. Differences in fuel type and 
fission product composition will also alter somewhat source term characteristics, where present 
NRC source term analysis basis (NUREG-1415) has not been qualified for MOX use. 

DOE plans to first proceed with a demonstration program of a limited number of MOX test rods 
in the Catawba and McGuire reactors; where we anticipate that the regulatory review of the LAR 
(License Amendment Request) for the lead fuel testing program will be of a similar nature as the 
LAR for Watts Bar related to tritium producing absorber rods. For Watts Bar several standard 
AI20 3-B4C absorber rods were replaced by substitute absorber rods made of Li-AI02 for tritium 
production. Because of the limited number of absorber rods replaced, the NRC safety review of 
the LAR for Watts Bar demonstration program was of a somewhat cursory nature. The NRC 
staff will also review Duke Power's proposed LAR for the replacement of standard U02 fuel rods 
with substitute MOX fuel rods; likewise, because of the limited number of MOX rods involved in 
this lead fuel testing program, the NRC review effort could be minimal. This however will not be 
the case for full-scale burning of MOX in the Catawba and McGuire reactors. The regulatory 
review will need to be much more comprehensive when core loads may contain upwards of 
1/3-MOX. The ACRS will need to develop a position as to wether its review of the LAR for the 
lead fuel test program should include the full-scope of issues related to full-scale MOX use. In 
other words, should the ACRS review of the Lead Test Assembly-LAR be something equivalent 
to a dry-run for approval of full-batch MOX loadings, where essentially all the information that is 
needed from the lead test assembly approval be the same/sufficient to support the safety case 
for full-batch MOX loadings. Another question of regulatory perspective concerns the use of 
Reg. Guide-1.174 (Use of PRA in Risk-Informed Decisions on Plant-Specific Changes to the 
Licensing Basis). If the licensees LAR is based on RG-1.174, ACRS will need to judge if the 
RG-1.174 criteria are adequate for approval of both the lead fuel LAR and the LAR for full-scale 
MOX use in Catawba and McGuire. Although, the burden of demonstrating the safety of MOX 
will largely fall upon the Department of Energy (DOE) and the reactor operators where the fuel 
will be used, the NRC does need to develop an understanding of the safety issues raised by the 
use of MOX and be prepared to define for the applicant the information needed to support the 
request for MOX use. 

RES has committed to conduct a phenomena identification and ranking process (PIRT
.Ehenomena identification and Ranking lable), similar to that conducted to identify high-burnup 
safety issues, to ascertain potential research and regulatory needs for MOX. Emphasis on this 
effort is directed at source term issues, although reactivity and the adequacy of current NRC fuel 
behavior audit codes (FRAPCON, FRAPTRAN, and MATPRO), as well as the agency core 
physics audit code, PARCS-3D (Purdue Advanced Reactor Core Simulator) can be expected to 
be addressed in the PIRT effort. Results from the PIRT process will position the agency to 
better respond to the anticipated applications for MOX. Such an effort will be initiated by RES 
in FY-2001. Results may point to the need for additional experimental data to address 
outstanding safety and regulatory issues. The scarcity of fuel irradiation test facilities makes it 
imperative that any PIRT recommendations for additional testing be noted at this time, since it 
can be expected that a fairly long duration will be needed to address safety/regulatory issue 
concerning MOX behavior under design basis and severe accident conditions. In view of these 
observations and concerns, the folloWing is a listing of potential ACRS review activities related to 
approval of the safety case for MOX fuel use in the Catawba and McGuire reactors. 
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A) At a minimum, ACRS must be satisfied that fuel design and acceptance criteria 
stipulated in the Standard Review Plan (SRP, NUREG-0800)/Section 4.2 (Fuel System 
Design) are satisfied for MOX. The objectives of the SRP fuel safety review are to 
assure that: (a) fuel is not damaged for normal and anticipated occurrences, (b) fuel 
damage is never so severe to prevent control rod insertion, (c) the number of rod failures 
is not underestimated for postulated accidents, (d) coolability is always maintained. 
Implicate in the SRP review acceptance criteria is that potential fuel degradation factors 
(rod fretting, strain fatigue, dimensional changes, rod bowing potential, irradiation growth, 
swelling, etc) are fully understood and accounted for in fuel assembly design. Probably 
the prime area for MOX fuel review by ACRS will center on the adequacy of knowledge 
conceming MOX behavior for Design Basis Accidents (DBA) and assurance that 
10CFR50.46 requirements are met for MOX. These include a demonstration that under 
DBA-LOCA conditions cladding peak temperatures will not exceed 2200 OF and 17-% 
maximum oxidation. For DBA-RIA conditions (for PWRs, RIA is a control rod ejection 
event) fuel integrity is assured for to 280 caVg energy input if MOX bumup remains 
below about 45 GWD/t and probably 100 caVg, if MOX bumup is to exceed 45 GWD/t ( 
based on proposed NRC policy for high-bumup U02 criteria). It is in the DBA area that 
one would expect greatest ACRS review scrutiny. 

B) ACRS will also need to assess the adequacy of licensee submittal predictions for 
site-specific exclusion boundary and off-site societal dose predictions (Le. source term 
issues) for MOX based fuel. ACRS will need to assess differences in U02 versus MOX 
source term predictions and assess the delta risk impact due to differences in source 
term characteristics. The impact of any differences in consequence analysis, as well as 
efforts that may be needed to extend NUREG-1415 for MOX applications, will need to be 
assessed. Included in this evaluation will be source term issues for Design Basis 
Accidents (DBA) for both power operation and temporary on-site storage of MOX in 
spent fuel pools. This may be a contentious area, since Pu for US-MOX will not be 
embedded in the U02 matrix as a solution on an atomic scale (as is the case for MOX 
from recycled spent LWR fuel, i.e. European and Japanese experience), but rather as 
discrete islands (mixture); so that Pu fission products may be more readily released 
form the fuel than then for solution MOX. Evidence for this type of enhanced release 
was demonstrated in the severe fuel damage program during the late 1970s and early 
1980s (note results from the doped fission product source term experiments by 
Albrech-KfK) 

C) The ACRS will need to develop a position on MOX fuel burnups limits for the 
McGuire and Catawba reactors. Is the current regulatory limit of 62 GWD/t appropriate 
for cores incorporating MOX? If not what bumup limit will be acceptable? 
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D) The ACRS will need to assess the adequacy of NRC staff review efforts regarding 
the identification of MOX fuel behavior and materials properties needs to extend the 
following NRC audit codes for MOX use, namely FRAPCON, FRAPTRAN, and 
MATPRO. 

E) In addition to the above codes, ACRS will need to assess the adequacy of staff 
review/code modification efforts related to core neutronics capabilities. For years the 
NRC core physics audit code was RAMONA; however, during the past several years the 
agency has supported development of the PARCS-3D code (Purdue Advanced Reactor 
Core Simulator-3 Dimensional) as the agency code of choice for addressing core 
physics issues. The adequacy of this code to address MOX reactivity issues can be 
expected to be a primary concern of ACRS. Issues here involve the impact of mixed 
batch core reloads involving MOX-based and U02-based fuel assemblies, the impact of 
Pu-isotope addition/migration on core physics, and the impact of different delayed 
neutron fraction (beta) for Pu. The prime question for ACRS centers on the adequacy of 
core physics codes to model MOX and how licensee code submittal predictions will be 
evaluated/benchmarked by the staff use of the PARC-3D code (or other NRC neutronics 
code). 

F) ACRS will most likely review results of the RES-PIRT (phenomenaJdentification and 
Ranking Iable) MOX effort, to help ascertain the importance ranking of safety issues 
related to MOX fuel use in LWRs. 
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