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May 17, 1999

The Honorable Shirley Ann Jackson
Chai r man

U.S. Nucl ear Regul atory Conm ssion
Washi ngton, D.C. 20555-0001

Dear Chai rman Jackson
SUBJ ECT: USE OF M XED OXI DE FUEL | N COMVERCI AL NUCLEAR PONER PLANTS

During the 462nd nmeeting of the Advisory Commttee on Reactor Safeguar
ds, May 5-8, 1999, we

conpl eted our response to the Conmm ssion request, included in the Marc
h 5, 1999 Staff Requirenents

Menor andum that the ACRS consider the inpact on the revised source te
rmif high burnup or m xed

oxi de fuel (MOX) were used in place of conventional uraniumfuel in co
mrer ci al nucl ear power plants.

We had the benefit of the docunents referenced.

The U. S. Departnent of Energy is proposing to dispose of sone fraction
of the Nation's excess

weapons- grade plutonium by converting this plutoniuminto MOX for use
i n comrercial nuclear power

plants. There is, however, rather limted operational or regulatory e

xperience with the use of MOX

in the U S Even the experience in other countries is not extensive.

We have not had the opportunity to review anal yses by the U S. Departm

ent of Energy on the safety of

the use of MOX in comercial nuclear power plants, nor have we had the
benefit of hearing NRC staff

views on this subject. There are technical issues that wll nmerit con

sideration in evaluating the

safety of using MOX. W think there are policy issues that the Comm s

sion may want to consider in

t he eval uation of applications for the use of MOX
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Because current regul ations are predicated on the use of |ow enrichnmen

t urani um oxi de fuel rather

than MOX, applications for the use of MOX may be burdened by needs to
propose anendnments to numerous

prescriptive regulations. To facilitate the evaluation of application

s to use MOX, the Conm ssion

may want to encourage the use of the risk-infornmed approach delineated
in Regul atory CGuide 1.174,

"An Approach for Using Probabilistic R sk Assessnent in Risk-Infornmed
Deci sions on Plant-Specific

Changes to the Licensing Basis," to amend |icenses of currently operat

i ng nucl ear plants. For

simlar reasons, the Conm ssion may want to consider requiring that su

ch applications adapt the

revi sed accident source termdescribed in NUREG 1465 for determi nistic
saf ety eval uati ons.

Techni cal issues that arise in the analysis of risk at plants using MO
X focus on the vulnerability of

fuel to neutronically induced core disruption and the different invent
ory of radionuclides avail able for

rel ease fromthe fuel during accidents. The differences in neutronics
and coupling between neutronics

and

thermal hydraulics result in different responses of MOX and convention
al fuel to reactivity transients.

The differences in responses are consequences of changes in Doppler an
d noderator reactivity feedback,

and decrease in delayed neutron fraction, which decreases the response
time of MOX to reactivity

transients. These dynam c characteristics of MOX pose both safety and
control issues that will require

the staff to conduct careful review of the neutronics analysis of reac

tor cores with MOX. Most experts

beli eve now that the nunber of MOX fuel assenblies and the percentage
of plutoniumin MOX shoul d be

l[imted to reduce the vulnerability of the core to these neutronic eff
ects. W are aware that the

Ofice

of Nucl ear Regul atory Research (RES) is in the process of upgrading th

e tools available for the analysis

of coupl ed neutronics and thermal hydraulics. As part of this work, R
ES i s assessing uncertainties in

t he

neutroni cs anal yses, including uncertainties in the effective del ayed
neutron fraction for fuels rich in

pl utonium W encourage this work so that inproved analytic tools wl
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| be available to the staff when
t he
time comes to evaluate an application to use MOX

W are aware of experinental studies that show there to be enhanced re
| ease of fission gases to the

fuel -

cl addi ng gap during reactor operations with MOX relative to convention
al fuels. This may sinply be an

effect caused by fuel tenperature. W are also aware of anecdotal acc
ounts of the results of

VERCOURS tests in France dealing with the rel ease of volatile radionuc
| ides such as cesium from MOX

under severe accident conditions. Results of these tests reveal ed tha

t during the early stages of core

degradation, releases of volatile radionuclides fromMOX are nore exte
nsive than from conventiona

fuels at simlar |evels of burnup. At higher tenperatures at which ex

tensi ve degradation and nelting of

fuel take place, integral releases of the volatile radionuclides are s
imlar in the two types of fuel

The

hi gher rel eases of volatile radionuclides at |ow tenperatures (<2000 K

) are consistent with the peculiar

nature of porosity that develops in MOX during burnup and are, apparen

tly, sensitive to the

het er ogeneity

of the plutoniumoxide distribution in the fuel. Whether these higher
rel eases of volatile

radi onucl i des

are adequately estimted for safety anal yses using the rel ease prescr
ptions provided in NUREG 1465 wi | |

not be known until further data and anal yses becone avail abl e.

W are aware of a test of the vulnerability of MOX rods to reactivity
insertion. The safety

significance

of the results of this test could be interpreted nore confidently once
results of the ongoi ng NRC

research

programon reactivity insertion in high burnup fuels beconme avail abl e.

Public attention has been drawn to the higher actinide inventories ava
ilable for release from MOX t han

fromconventional fuels. Significant releases of actinides during rea
ctor accidents would dom nate the

acci dent consequences. Models of actinide rel ease now available to th
e NRC staff indicate very smal
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rel eases of actinides fromconventional fuels under severe accident co
nditions. There is substantial
uncertainty in these predictions. The staff is attenpting to validate
the predictions of actinide
rel eases
through its participation in the PHEBUS- FP program of experinmental stu
di es of radionuclide rel ease and
transport. There is sonme hope that the PHEBUS-FP programor a follow
on programw || include tests of
MOX degradation and fission product rel ease. W encourage the NRC par
ticipation in this internationa
col | aborative research and hope that definitive results will be availa
ble for evaluating the
appl i cations
to use MOX

Conpari sons are sonetines drawn between the inventories of actinides i
n MOX and the rel eases of

actini des observed in the accident at the Chernobyl nuclear plant. Su
ch conparisons are not valid in

light of the peculiar nature of the accident at Chernobyl and the fact
t hat radionuclide rel eases are

strongly dependent on the details of accident phenonena. It is notewo
rthy that the rel eases of

actini des

during the Chernobyl accident were due alnost entirely to fuel dispers
al rather than vaporization. It

will

be inmportant to ensure that fuel dispersal events such as steam expl os
ions and high pressure nelt

ej ection

are of acceptably |low probability at plants that propose to use MOX

Qur Subcomm ttee on Reactor Fuels will continue to follow progress in
both the use of high burnup fue

and the use of MOX at commerci al nucl ear power plants. W are partici
pating in a Quadripartite

Working G oup wth our counterparts in France, Germany, and Japan that
deals with these topics. W

plan to report our observations and conclusions to you, as appropriate

Si ncerely,

/s/

Dana A. Powers
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Chai r man
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