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Abstract

This paper reviews the safety and licensing differences between MOX and UO2 BWR and
PWR cores. MOX produced from the normal recycle route and from weapons grade material are
considered.

Reload quantities of recycle MOX assemblies have been licensed and continue to operate
safely in European LWRs . In general, the European MOX assemblies in a reload are <40% of all
fresh assemblies, and operate on annual cycles to burnups <45,000 MWD/MTHM.

In the U.S., fuel vendors have undertaken studies to examine the feasibility of disposing of
weapons grade plutonium in LWRs. These studies included review of the safety parameters of MOX
assemblies versus UO2. These studies indicated that no important technical or safety related issues
have evolved from these studies.

The general specifications used by fuel vendors for recycled MOX fuel and core designs are
as follows:

• MOX assemblies should be designed to minimize or eliminate local power peaking
mismatches with co-resident and adjacently loaded UO2 assemblies. Power peaking at
the interfaces arises from different neutronic behavior between UO2 and MOX
assemblies.

• A MOX core (MOX and UO2 or all-MOX assemblies) should provide cycle energy
equivalent to that of an all-UO2 core. This applies, in particular, to recycle MOX
applications. An important consideration when burning weapons grade material is rapid
disposition which may not necessarily allow for cycle energy equivalence

• The reactivity coefficients, kinetics data, power peaking, and the worth of shutdown
systems with MOX fuel and cores must be such to meet the design criteria and fulfill
requirements for safe reactor operation.

Both recycle and weapons grade plutonium are considered, and positive and negative impacts
are given. The paper contrasts MOX versus UO2 with respect to safety evaluations. The
consequences of some transients/accidents are compared for both types of MOX and UO2 fuel.
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1.0 INTRODUCTION

The key to successful operation with MOX assemblies is in the neutronic design of the fuel
assemblies and the core as it affects steady state characteristics like power distributions and shutdown
margins, the core behavior under accident conditions, and fresh and spent fuel storage.

Table 1-1 presents typical isotopic compositions of recycle and weapons grade plutonium.
The composition differences are sufficient to alter the operational behavior and safety analysis,
primarily as related to temperature and void coefficients as well as on-site handling.

TABLE 1 TYPICAL ISOTOPIC COMPOSITIONS OF RECYCLE AND WEAPONS GRADE
PLUTONIUM

ISOTOPE, WT. %

Recycle Pu
("Reactor Grade")
Weapons Grade

2 3 8Pu
1

<0.1

239Pu

59

93

Pu
24

6

2 4 V Pu
11

I

242Pu

5

<0.1

2.0 NUCLEAR DESIGN CONSIDERATIONS

The neutronic behavior of mixed oxide fuel differs from that of UO2 fuel designed for
equivalent service on a number of points. These differences have an important effect on the nuclear
and core design for cores with MOX fuel. They also have significant safety implications. The main
points of difference are discussed in the following sections. In general, for most parameters, the
differences are greater for recycled as opposed to weapons grade MOX. Table 2 summarizes the
impact of both recycle and weapons grade MOX versus UO2 on nuclear parameters.

2.1 REACTIVITY REDUCTION VERSUS BURNUP

The reactivity reduction with burnup is slower for MOX fuel than for UO2 fuel (PWRs and
BWRs). This applies particularly to recycled MOX. As a result recycled MOX assemblies would
definitely have the following characteristics relative to equivalent UO2 assemblies:

• Much flatter reactivity loss versus burnup, leading to
• Less power sharing in MOX assemblies at low assembly burnups
• More power sharing in MOX assemblies at higher assembly burnups

2.2 IMPORTANCE OF ABSORPTION CROSS-SECTIONS

The absorption cross-sections of the main plutonium isotopes are about twice as important as
forU-235~in the thermai energy spectrum. As a consequence:

• Xenon poisoning is lower and the xenon transient induced power distribution
oscillation hazards are diminished

• Control worths tend to be lower, and control clusters (PWR) or blades (BWR)
tend to be less efficient

• The soluble boron worth is substantially lower

Again, the influence of recycled MOX on these items would be greater than weapons grade MOX.
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TABLE 2 IMPACT OF MOX VERSUS UO, ON PARAMETERS

PARAMETER

Reactivity Behavior
with Burnup

Absorption cross-
section at Thermal
Energies

Epithermal
Absorption
Resonances

ITEM
AFFECTED

Power Sharing
MOX/UOj

1.

2.

3.

4.

1.

2.

3.

Xenon
Poisoning
Control rod
worth
Soluble Boron
worth
Assembly
design
Moderator
Temperature
Coefficient
Doppler
Coefficient
Void
Coefficient

EFFECT

RECYCLE Pu

Flatter Depletion:
• less power fresh

MOX low
burnup

• more power
high burnup

Higher cross-
sections of
plutonium give
lower thermal flux
harder spectrum and
less efficient
thermal region

More numerous
resonances in
epithermal range
and fission/capture
cross-section
resonances lower
than at thermal

OF MOX
WEAPONS
GRADE Pu

Behavior closer to
UO2

Less of an impact
due to the lower
plutonium fissile
loadings to
compensate for Pu-
240 neutron
absorption

Some evidence of
somewhat greater
impact on
coefficients

1MI

POSITIVE

Higher local
peaking at low
burnup with no
impact on margins

Lower, less
oscillation hazard

1,3 More negative:
• improved cycle

stretch
2. More negative -

better response
to rod drop
events

'ACT

NEGATIVE

At higher burnup:
• more fission gas

release
• more clad

corrosion

Lower, less
efficient fixed shim
Lower, adversely
affects cold
shutdown safety,
post LOCA
behavior

1,3.More negative:
• exacerbate over-

cooling events,
or pressurization
transients

• increases hot-
to-cold swing

COMMENT

Less impacts with
weapons grade
MOX

On one-to-one basis
weapons grade Pu
core would behave
more like UO2 core
than recycle Pu core
regarding affected
items

On one-to-one basis
coefficients
somewhat more
negative than
equivalent recycled
MOX core if
weapons grade
MOX employed



TABLE 2 (Continued) IMPACT OF MOX VERSUS UO2 ON PARAMETERS

PARAMETER

Delayed Neutron
Fraction

Decay of Pu241

Pressure Vessel
Fluence

Batch Isotopic
Variability

ITEM
AFFECTED

Transient Power
Increases

Fuel Reactivity (at
longer than
anticipated times
between
manufacturing and
operation)
Vessel Damage
Rate

Manufacturing
Related
Uncertainties

EFFECT

RECYCLE Pu
Smaller

Important due to
relatively high Pu241

content

Higher fast flux at
low-moderate
burnups

Relatively large
variability batch to
batch

OF MOX
WEAPONS
GRADE Pu
Smaller than
recycled Pu

Nil

Similar

Little or no
variability batch to
batch

IMPACT

POSITIVE NEGATIVE

Faster power/flux
rises in
uncontrolled rod
withdrawal,
overcooling events
Reactivity loss (less
cycle energy) due to
decay of fissionable
Pu241 for recycle Pu
cases

Accelerated PWR
vessel damage if
MOX assemblies
are placed in critical
peripheral locations
Increased
engineering
uncertainties built
into MOX fuel/core
for recycle Pu cases

COMMENT

Withdrawal event
rise eased by lower
rod worth, more
negative Doppler

Not of particular .
concern for BWRs



2.3 MIXED MOX and UO2 CORES

The difference in neutronic behavior between MOX and UO2 assemblies, unless designed against,
results in flux rises (high power peaking) in the plutonium fuel rods at the interfaces between
uranium and plutonium PWR assemblies. Since MOX assemblies will reside next to UO2 assemblies,
flux rises that can occur in the plutonium rods at the assembly interfaces are minimized by plutonium
enrichment shaping in PWR assemblies.

2.4 ABSORPTION CROSS-SECTIONS OF THE PLUTONIUM ISOTOPES

The absorption cross-sections of the plutonium isotopes are characterized by absorption
resonances more numerous and much higher in the epithermal energy range (0.3 to 1.5 eV) than those
of uranium isotopes. The ratio of fission to capture cross-sections of these resonances is generally
lower than at thermal energies. For MOX cores, this leads, in general, to moderator, void, and fuel
temperatures (Doppler) coefficients which are more negative than for equivalent UO2 fueled cores.

There is some evidence that on a one-to-one basis, the net effect of the use of weapons grade
plutonium as opposed to recycle plutonium would be to make feedback coefficients somewhat more
negative. This is more than likely a consequence of the different isotopic compositions as shown in
Table 1-1 and different spectral hardening for the same fuel cycle service between recycle and
weapons grade MOX.

The more negative coefficients together with the reduced boron worth tend to exacerbate core
over-cooling transients in PWRs or core overcooling and pressurization transients in a BWR.

2.5 DELAYED NEUTRON FRACTION

The delayed neutron fraction is smaller for B9Pu (0.22%) than for 235U (0.67%), thus a MOX
core will react faster in a prompt critical event than a core fuelled with UO2 assemblies. Accident
kinetics in uncontrolled rod withdrawal or excessive cooling situations will differ, and flux increase
will be faster. Since 241Pu has a delayed neutron fraction close to B5U, as MOX fuel burns the
aforementioned impact will become closer to that of an all-UO2 core.

2.6 DECAY OF PU-241 INTO AM-241

Normally the effect of the decay of 41Pu into 41Am on reactivity over the period of time
between manufacture and reactor startup is correctly accounted for by the reload core designer. If the
MOX fuel does not startup on or near the intended date, it would have an adverse effect on core
reactivity one the MOX fuel irradiation does start. This is a consequence of the buildup of the
absorbing isotope 24IAm. This issue would not arise with weapons grade derived MOX.

Taking all of the above into consideration, the MOX fuel vendors have been providing MOX
fuel and core designs which, at most, have required only minor changes in equipment and systems.

3.0 SAFETY CONSIDERATIONS OF MOX VERSUS UO2

The thermal hydraulic design for a MOX core is unchanged from a UO2 core. However, the
differences in the nuclear parameters as outlined above have very significant effects on the safety
evaluations. Table 3 summarizes some safety information for PWRs.

3.1 SEVERE TRANSIENT EVENTS

The most severe transients for the PWR cores are breaks in the secondary side and rod
ejection. Unscheduled opening of a secondary valve (safety valve, steam generator relief valve, or
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turbine by-pass steam line valve) is a category 2 event while a double ended main steam line break is
a category 4 event. Both events are within the design basis core overcooling transients.

3.1.1 BREAKS IN THE SECONDARY SIDE

The rupture of a steamline induces a secondary side blowdown that intensifies heat exchange
with the primary system and lowers the primary temperature and pressure. The rise in core moderator
density increases reactivity because of the negative moderator coefficient. The negative Doppler

TABLE 3 PWR REACTOR SAFETY EVALUATION COMPARISON OF MOX AND UO>

EVENT SOURCE EFFECT OF MOX IN CORES
Overcooling Transients
(Breaks in Secondary Side)
1. Category 2 Secondary

Valve opening

2. Category 4 Double Ended
Main Steam Line Break
(Consequences may be
less severe with weapons
grade Pu due to more
negative Doppier
Coefficient)

EdF

S i e m e n s -

Margins to recriticality lower
No recriticality for 30% MOX core
Major impact with MX is lower boron worth

Prompt critical in 30% MOX core (less favorable
kinetics)
More severe power rise (peak <10 % rated power)
DNBR below dryout conditions
No system changes required

Recriticality does not occur for envelope of MOX
cores
Margin less than for equivalent UO2 cores
No system changes required
Problems with 16 x, 100% MOX, and 18x, 50%
MOX
- recriticality can occur
- larger tanks of enriched b may be needed (avoid

dryout)

Rod Ejection Accident
(Consequences may be iess
severe with weapons grade
Pu and higher fuel burnups)

EdF

CABRI
Test

Margin to limits lower with 30% MOX core
- iess favorabie kinetics overshadows iower rod

worth
Event terminated within limits (only modest fuel
bumup)
MOX rodlet at ~ 100 cal/gram failed violently at 50-
55 GWD/MTHM. Test may not be representative.

LOCA (Breaks in Primary
System)

EdF

Siemens

Minor changes for 30% MOX core case:
- initial boron reserve increased from 2000 to 2400

ppm
- minimum concentration in sump water raised

from 1300-1500 ppm
- instruments and control of steam generator

atmospheric relief system duplicated and
emergency supplied

German LOCA requirement <10% rods fail in LOCA
For MOX, failure threshold IO-20 watt/cm lower
than UO2 due to higher fission gas release (at modest
fuel burnups)
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coefficient also contributes to the reactivity increase. If the most reactive control rod cluster is stuck
at its fully withdrawn position, criticality could occur. The worst condition occurs at end-of-cycle
where the moderator coefficient is most negative, and the boron worth is smallest.

For the category 2 event, inadvertent secondary valve opening, the licensing criterion is to
preserve the clad integrity. In effect, in France, this criterion imposes a constraint that the core
remain subcritical, during and after all automatic safety systems have been exhausted. This is
generally achieved by continual injection of boron.

For the category 4 accident, double ended main steamline break, the rapid increase in
reactivity induces a power excursion, limited mainly by Doppler feedback, and also by the boron
safety injection. The licensing criterion in category 4 involves a release limit. However, for the
steamline break, clad integrity must be assured because of the containment bypass. This imposes a
design constraint that dryout shall not occur.

3.1.2 ROD EJECTION ACCIDENT

The ejection of a control cluster in a PWR can only occur in the event of a control rod
mechanism pressure housing rupture, which exerts a violent upward pressure, due to the primary
pressure, on the drive shaft. Rod ejection is a rapid reactivity insertion event, producing a sudden
power escalation in the primary system, accompanied by severe power distribution distortion.

For a given core design, the key parameters that control this event are control assembly
worth, negative magnitude of the Doppler coefficient, and kinetics parameters (delayed neutron
fraction, prompt neutron lifetime). The former two are generally more favorable for a MOX core,
whereas the latter one is less favorable.

The local power build-up in this event is such that it can cause Departure from Nucleate
Boiling (DNB) and a marked increase of the energy contained in the fuel with attendant risks of clad
and pellet damage.

EDF calculations of this event indicate that a 30% MOX core relative to an all UO2 core
entails a reduction in margins to limits, since the less favorable kinetics parameters of the MOX core
control. Nevertheless, EDF notes that the event in the MOX core has passed licensing scrutiny since:

• The calculated energy stored at the hot spot remains below the limit value
• The clad temperature is below the embrittlement level (does not exceed 17%

oxidized thickness), and
• The peak center-line temperature of the hottest pellet does not reach mixed oxide

melting temperature.

3.1.3 LOSS OF COOLANT ACCIDENT (LOCA)

French LOCA studies have shown that for certain types of piping breaks, borated water
would be injected into the core and steam removed. Such a process would ultimately lead to a high
boron concentration in the core and a low concentration in the sump water. The minimum boron
concentration in the sump water was raised from 1300 ppm for an all UO2 core to 1500 ppm for a
30% MOX core to compensate for the lower boron worth with the latter.

From a practical standpoint, in the event of a LOCA, the operator is required to ensure safety
injection switchover at regular intervals so that the top and bottom of the core are successively
treated. The purpose of this is to achieve a more homogeneous distribution of the boron
concentration. In order to avoid overfrequent switchovers, the initial boron reserve content has been
increased from 2,000 ppm to 2,400 ppm. EDF notes that with the indicated modifications, the post-
LOCA behavior of a 30% MOX core is similar to that of a UO? core.
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3.1.4 MAIN STEAM LINE BREAK IN A GERMAN PWR

The main steam line break is identified as the limiting transient for Siemens MOX cores.
The worst scenario for this event is for it to occur at the end-of-cycle where the moderator coefficient
is highest by about a factor of two from beginning-of-cycle. Siemens calculations show that
recriticality does not occur in the current envelope of MOX cores analyzed, even at end-of-cycle,
although the margins are less than for equivalent UO2 cores.

Siemens indicated that for MOX cores with higher assembly loadings, eg., 16x16 designs
with 100% MOX or 18x18 KONVOI designs with 50% MOX assemblies, the steam line break event
could present a problem. Initial analyses show that with the very high negative moderator
temperature coefficient in these cores, recriticality can occur. Although this may be the case, the
Siemens calculations indicated no large power rises even with current boron systems.

3.2 FUEL STORAGE POOL CONSIDERATIONS

In Germany, the safety of spent fuel storage requires reanalysis when using MOX fuel. The
reasons for this are the higher reactivity level of spent MOX assemblies relative to UO2 assemblies at
the same burnup, and the fact that the decay heat from MOX assemblies is higher after some days
from discharge.

4.0 BWR SAFETY

As with the PWR, with MOX cores and for equivalent fuel designs BWRs have moderator
and Doppler coefficients that are more negative than an all UO2 core. The void coefficient is also
more negative and the delayed neutron fraction is smaller. Table 4 summarizes the BWR safety
information.

A transient analysis performed for KKIsar-1 with a 54% MOX core indicates that the
DOPPLER coefficient controls the events producing prompt criticality. The limiting transient for the
54% MOX core is the same as for an all UO2 core, i.e., the core pressurization event caused by a
turbine trip without by-pass, with scram on neutron flux level (first scram on valve position is
bypassed).

The turbine trip without bypass transient determines the magnitude of the MCPR at higher
power levels. This transient was analyzed for Gundremmingen with 9x9 MOX assemblies (38% of
the core) and resulted in an MCPR operating limit of 1.3 1 - 1.32 versus 1.30 for an all UO2 core.
Thus there would be a minimal loss of operating flexibility.

4.1 BWR LOCA

In German internal pump plants, and particularly with 9x9 fuels, LOCA (MAPLHGR) is not
limiting. Nevertheless with MOX in the core, the accident could require a change in boron
concentration in the auxiliary shutdown system used in the event of a LOCA.

Siemens' evaluation of the KKIsar-1 equilibrium core (54% ATRIUM™ 9 MOX) showed
that the worth of the boron in the auxiliary shutdown system decreases by 23% for MOX cores versus
all UO2 cores. This, in effect requires an increase in boron concentration from 600 to 900 ppm to
maintain the same post-LOCA behavior as an all UO2 core.

It has been calculated that the residual heat from MOX and UO2 cores is approximately the
same. Therefore, existing residual heat removal systems would be adequate in the event of a LOCA.

ABB Atom has performed licensing calculations for a core containing 50% of their SVEA-96
UO2 and 50% Siemens MOX assemblies. The fundamental result of the ABB Atom analysis was that
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TABLE 4 BWR REACTOR SAFETY EVALUATION COMPARISON OF MOX AND U02

Event Source Effect of MOX in Cores
Core Pressurization
Transient (Turbine trip
without bypass)

Siemens

GE

Scram on necrfron mix (v&ive
MCPR margin same or slightly less than in UO2 core
for 3 8-54% MOX cores with 9x9-1 and ATRIUM 9
MCPR margin reduced slightly with 100% weapons
grade MOX core (1-2%), but adequate margin
available

Rod Drop Event Siemens

GE

Deposited energy well below limit for fuel (4 15
Kjoules for 54% MOX ATRIUM 9 core versus 711
Kjoules allowable
Large margin to limit for weapons grade plutonium

ATWS Siemens - Not limiting
GE - Response of 100% MOX core about same as UO2 core

with weapons grade plutonium
LOCA Siemens

GE

MAPHLGR not limiting in German internal pump
plants, particularly with 9x9 fuels
Boron concentration in auxiliary shutdown systems
needs to be increased in order to maintain same post
LOCA behavior as with all-UO2 core

use of enriched Boron is an option
Residual heat removal systems are adequate
Radiological effect of LOCA appears to favor cores
with MOX
100% weapons grade MX core will not degrade
LOCA consequences of all-UO2 core
Decay heat on shutdown with MOX lower than with
UO2 (lower fission product inventory)

Stability Siemens - Theoretically MOX cores should be less stable due to
more negative feedback
Analyses showed no important differences - rod
pattern changes can have a greater effect

GE - Less stable with 100% weapons grade MOX
Slight increase in the exclusion zone
Some probably minor impact on long-term solutions
for U. S. BWRs

Handling, damage tQ an
Irradiated Assembly

Siemens - Little difference in dose eauivalent exposures between
MOX and UO2 cores at 37 GWD/MTHM

the core could operate with no restrictions. They found, however, as did Siemens, that the boron
concentration in the auxiliary shutdown system would have to be increased.

4.2 STABILITY

Because feedback mechanisms tend to be more negative with MOX fuel, it would appear that
core stability behavior should be somewhat poorer in a MOX containing core, as compared with an
all UO2 core of the same basic fuel design.

Siemens has analyzed the ATRIUM™ 9 core in KKIsar-1 and the calculations show no
important differences in stability behavior between MOX and all UO2 cores. For the 9x9-1 fuel in
Gundremmingen Siemens' investigation found that the impact on stability relative to an all UO2 core
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is small and that control rod pattern changes have a greater effect on stability than changing from
UO2 to MOX.

4.3 TRANSIENT ANALYSIS -PLANT OPERATING LIMITS US BWRs

One purpose of the transient response analysis is to set plant operating limits to avoid the
possibility of departure from nucleate boiling (DNB) for events expected to occur during the plant
lifetime. For BWRs this has been measured by the Minimum Critical Power Ratio (MCPR), which is
the ratio of the bundle power at which DNB is expected to occur on the hottest rod in a fuel bundle to
the bundle's current power level. With departure from nucleate boiling MCPR at 1 .0, statistical
considerations are added which account for manufacturing and measurement tolerances, including
uncertainties in the thermal-hydraulic correlations developed by test programs, to determine the
Safety Limit MCPR (SLMCPR).

For BWRs the SLMCPR has been established to be 1.07. It is defined such that if the most
limiting fuel bundle in the core is calculated to have an MCPR of 1.07, 99.9% of the fuel rods in the
core will not experience DNB. This is the acceptance criterion approved by the U.S, NRC.

Those transients identified which can occur due to a single equipment failure or single
operator error are analyzed to determine the most limiting transient in terms of the change of critical
power ratio which can occur. This ACPR is added to the SLMCPR to determine the Operating Limit
MCPR (OLMCPR). The core is designed and operated such that adequate MCPR operating margin
exists.

One of the more limiting transients for BWR cores is the Load Rejection with No Bypass
(LRNBP) event. Even though this event involves multiple failures, a long-standing GE-USNRC
agreement exists to consider this an initiating event as one of those in Regulatory Guide 1.70,
Chapter 15. The primary nuclear dynamic parameter influencing this transient, other than scram
reactivity, is the void coefficient. Collapse of voids due to primary system pressurization results in a
power increase.

Since the MOX fuel design has a larger negative dynamic void coefficient than the reference
design, a larger ACPR is predicted due to the void collapse associated with the transient.

4.3.1 STABILITY

The more negative void coefficient with the full MOX core adversely impacts the core
stability. As an illustration, the calculated decay ratios at natural circulation and rated rod line are
0.69 and 1.01 for UO2 and MOX cores respectively.

Utility requirements for interim corrective actions (ICAs) to protect against reactor
instabilities include an exclusion zone bounded by the 45% flow and the 80% load line. Some plants
have even more restrictive ICAs.

Protection from reactor instabilities is provided in the BWR by control which excludes a
zone of pump speed/flow operation on the reactor power/flow map. For the MOX core evaluated, it
would be necessary to increase this zone slightly beyond that specified for a UOT core.

4.3.2 ANTICIPATED TRANSIENT WITHOUT SCRAM (ATWS)

ATWS events are a special class of transients also analyzed in BWR safety analyses.
Because of their low probability of occurrence, acceptance criteria for ATWS events are somewhat
different than those for normal transients. These include:
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• Core coolability
• Peak nuclear boiler pressure below ASME service Level C (1,500 psig)
• Containment parameters below limiting conditions.

According GE, the response of a BWR with MOX to an ATWS event is not expected to
change. If an isolation occurs, the increased void coefficient can lead to a slightly higher power
spike, however, the remaining heat discharged to the suppression pool is a function of the makeup
injection rate and is unaffected by the void coefficient.

4.3.3 OVERPRESSURE ANALYSIS

In BWRs the number of safety/relief valves is normally set by requirements of the ASME
Code for overpressure protection. This analysis is a special transient in which the Main Steam
Isolation Valves are suddenly closed, and the normal main Steam Isolation Valve position scram is
assumed to fail, which results in a reactor scram due to high neutron flux. In addition no credit is
given for safety/relief valves opening in the power actuated relief mode. Credit is given only for the
spring mode. The acceptance criterion for this analysis is a peak vessel pressure of less than 1,375
psig (9.48 mega-pascals).

For the full MOX core design the peak vessel pressure attained during the Main Steam
Isolation Valve Failure transient is 8.80 mega-pascals, which is comparable to the results from the
UO2 reference core design.

4.3.4 ACCIDENT ANALYSIS

Reactivity accidents, such as rod drop or rod ejection (dominated by the fuel Doppler
coefficient and control rod worth) are evaluated in BWR safety analyses. Experience with these
calculations has shown that they tend to be insignificant when compared with the heat deposition
limits associated with the event. Despite the smaller beta of MOX fuel, rod worth values are
significantly lower than an equivalent uranium core. Thus, the severity of this event is reduced in
comparison with the UO2 based analyses contained in the safety analysis. Therefore, rod drop
accidents are not of concern.

For LOCAs, nuclear dynamic feedback plays an insignificant role, since the plant is
presumed to scram at the start of the event. The only other core design dependent input is the decay
heat level for the fuel after the scram. The decay heat level for the MOX core is expected to be
slightly less than for a UO2 core. In any case, the BWR LOCA analysis is dominated by the
inventory loss during the initial blowdown, and the results for a UOi core show an acceptable
response. Thus, it is concluded that a MOX core will not degrade the LOCA results.

5.0 CONCLUSION

Within the framework of current operations with MOX fuel in Europe, the consequences of
limiting transients, while somewhat more severe with recycled MOX, are still acceptable with no
system changes required. Rod ejection has adequate margin to current limits with MOX. This may
become an issue if limits are reduced based on Reactivity Insertion Accident experiments,
particularly at higher burnups. The consequences of some transients/accidents may be less severe
with the weapons grade plutonium because of a more negative Doppler coefficient (relative to recycle
plutonium).

There are no real obstacles to safety or licensing when MOX fuel, whether derived from
recycled commercial power plant fuel or weapons grade plutonium, is prudently designed and
deployed. In certain cases reactivity control systems may require some modification, but both PWRs
and BWRs are capable of using MOX fuels.
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