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DISCLAIMER OF RESPONSIBILITY 

This document was prepared by or for the General Electric Company. Neither the 
General Electric Company nor any of the contributors to this document: 

A. Makes any warranty or representation, express or implied, with respect to the 
accuracy, completeness, or usefulness of the information contained in this docu
ment, or that the use of any information disclosed in this document may not 
infringe privately owned rights; or 

B. Assumes any responsibility for liability or damage of any kind which may result 
from the use of any information disclosed in this document.
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1. PROPOSED PROGRAM 

The decision by the federal government to delay nuclear fuel reprocessing has 

encouraged studies by the nuclear fuel vendors of methods to reduce uranium 

utilization. An increase in discharge fuel exposures is one method which can 

be used to reduce uranium needs and improve fuel cycle costs. Current licensing 

analyses for General Electric reload fuel are performed for peak-pellet exposures 

up to 40,000 MWd/ST.* The Monticello extended exposure fuel program is the first 

of several anticipated programs whereby lead burnup bundles will be extended 

to peak-pellet exposures of 50,000 MWd/ST or higher. Information to be obtained 

from these programs will be used to systematically determine the impact on fuel 

reliability and weigh the advantages of extended exposures relative to other 

uranium utilization improvement methods.  

The fuel assemblies to be operationally extended were first inserted into Monti

cello at the beginning of Cycle 3 (Reload 2) in 1974. These assemblies (8D262) 

include the three highest exposure 8x8 fuel assemblies, one of which is a pre

characterized surveillance bundle and five lower exposure assemblies from the 

same reload batch. It is intended that these eight bundles will be operated 

throughout Cycle 8 in symmetrically loaded locations. The three highest exposure 

fuel assemblies will be examined to ensure assembly integrity prior to insertion 

for Cycle 8. It is anticipated that some minor bundle adjustments or modifica

tions may be necessary to accommodate the differential irradiation growth of 

water and fuel rods at exposures exceeding 40,000 MWd/ST. These dimensional 

changes may be required to assure proper interface of the rods with the upper 

tie plate and will be based upon measurements to be made during the examination 

prior to Cycle 8. After Cycle 8, the integrity of the extended exposure fuel 

bundles will be again ascertained and two of the highest exposure bundles and 

two of the lower exposure bundles reinserted for Cycle 9. All four fuel bundles 

will exceed 40,000 MWd/ST peak-pellet exposure during Cycle 9 with the highest 

exposure bundles approaching 50,000 MWd/ST. It is anticipated that all extended 

exposure bundles will be discharged after Cycle 9.  

*ST indicates short ton.
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2. FUEL MECHANICAL DESIGN ANALYSIS 

Exposure-dependent fuel mechanical design analyses for the extended exposure 

bundles have been performed for conditions which meet or exceed expected Cycle 

8 operating conditions. Models, assumptions and material properties used 

in these analyses are those documented in Reference 1. Calculated results are 

given below. These results will be updated as required for Cycle 9.  

2.1 FUEL ROD THERMAL ANALYSIS 

Safety evaluations are performed and measured against established safety criteria.  

The consequence of calculating values which exceed such criteria is that fuel 

failure must.be assumed to occur. For plant normal and abnormal operation, this 

is not permissible. Fuel failure is defined as a perforation of the cladding 

which would permit the release of fission products to the reactor coolant. The 

mechanisms which could cause fuel damage in reactor abnormal operational tran

sients are: (1) rupture of the fuel rod cladding due to strain caused by rela

tive expansion of the U02 pellet, and (2) severe overheating of the fuel rod 

cladding caused by inadequate cooling.  

A value of 1% plastic strain of the Zircaloy cladding has been established 

as the safety limit below which fuel damage due to overstraining of the fuel 

cladding is not expected to occur. The Fuel Cladding Integrity Safety Limit 

ensures that fuel damage resulting from severe overheating of the fuel rod 

cladding caused by inadequate cooling, is avoided. Of these criteria, only 

the linear heat generation rate associated with the 1% plastic strain safety 

limit is affected by increased fuel exposures. Analyses performed for the 

extended exposure fuel bundles resulted in values of 15.5 kW/ft at a peak-pellet 

exposure of 50,000 MWd/ST for U02 fuel rods and 16.3 kW/ft at 43,000 MWd/ST for 

urania-gadolinia rods. Both values include the 2.2% power spiking penalty docu

mented in Reference 1. These results assure that the same minimum margin to 

1% plastic strain (175% of minimum steady-state power) reported in Reference 

1 is maintained. These linear heat generation rate values are used during specific 

evaluations of transients due to single operator error or equipment malfunction 

to ensure that the safety limit is not exceeded.

2-1



NEDO-24202

2.1.1 Fuel Cladding Temperatures 

The cladding surface temperature is calculated using the cladding surface heat 

flux at a given axial position on a fuel element in conjunction with the overall 

cladding-to-coolant film coefficient. The models used are noted in Reference 1.  

The inside, average, and outside cladding temperature during normal operation at 

the end of Cycle 8 are not calculated to exceed 780 0F, 747 0F, and 714 0F, respectively.  

2.1.2 Fission Gas Release 

The amount of fission gas released during a time increment is calculated based 

on the fission gas generated and fission gas release fraction. The calculated 

maximum fission gas release fraction in the extended exposure fuel rod with the 

most limiting peaking factors is less than the 25% noted in Reference 1.  

2.1.3 Incipient Center Melting 

The fuel is designed so that fuel melting is not expected to occur during normal 

steady-state fuel power operation which remains valid even at extended exposures.  

2.2 FUEL ASSEMBLY MECHANICAL EVALUATIONS 

The fuel assembly is evaluated by analyses, tests and experience to demonstrate 

fuel assembly structural integrity. When analyses are used to demonstrate struc

tural integrity, resulting stress and/or strain levels are compared to the asso

ciated mechanistic limits documented in Reference 1. Results of the fuel rod 

mechanical analyses of the normal and transient loads for the extended exposure 

fuel are given below. The results of the combined LOCA and seismic evaluation 

documented in Reference 1 do not change.  

2.2.1 Cladding Creep Collapse 

Cladding creep collapse evaluation was performed with the models documented in 

Reference 1. This calculation demonstrated that cladding creep collapse is not 

expected to occur in the event of a maximum overpressure transient for an exposure 

of of 50,000 MWd/ST.
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2.2.2 Stress Evaluations 

Fuel rod stress analyses of the extended exposure bundles were performed with 

the model documented in Reference 1 for operation through Cycle 8. These analyses 

showed that the fuel design ratios were well below 1.0.  

2.2.3 Deflection Evaluation 

The operational fuel rod deflections considered are a result of manufacturing 

tolerances, flow-induced vibration, thermal effects, and axial load. Deflections 

of the extended exposure fuel rods were combined and compared to the fuel rod-to

fuel rod and fuel rod-to-channel spacing deflection limits given in Reference 1.  

This comparison demonstrated that the fuel rod clearance criterion was met.  

2.2.4 Fatigue Evaluation 

The cyclic loads considered in cladding fatigue analysis are coolant pressure 

and thermal gradients. The analysis performed for the higher exposure fuel was 

based on previous and projected operating cycles through the end of Cycle 8, 

maximum and minimum pressures, and the stresses determined in Subsection 2.2.2.  

The cumulative fatigue damage was calculated to be less than the allowable 

fatigue limit.  

2.3 FUEL ROD CORROSION, HYDRIDING AND FRETTING WEAR CONSIDERATIONS 

2.3.1 Potential for Hydriding 

The potential for hydriding is discussed in Reference 1 and is not affected by 

higher fuel exposures.  

2.3.2 Fuel Element Energy Release 

Significant boiling transition is not possible at normal operating conditions 

or under conditions of abnormal operational transients because of the thermal 

margins at which the fuel is operated and the high fuel burnups. It can, there

fore, be concluded that the energy release and potential for a chemical reaction 

is not an important consideration during normal operation or abnormal transients.
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The insignificant energy released in the event of boiling transition reported 

in Reference 1 does not change because of extended fuel exposures.  

2.3.3 Fretting Wear and Corrosion 

As discussed in Reference 1, no significant fretting wear or corrosion has been 

observed throughout a continuing fuel surveillance program. Increased exposures 

are not expected to significantly change the observed results. The fuel bundles 

which will operate to higher exposures will also be visually examined before 

loading in Cycle 8.
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3. IMPACT ON RELOAD ANALYSES 

All of the models documented in Reference 1 are applicable for use with higher 

fuel exposures. Some inputs into these models are exposure-dependent, however, 

which, in turn, are reflected in calculated results. A description of these 

exposure-dependent changes is given below.  

3.1 NUCLEAR EVALUATIONS 

The nuclear evaluations are comprised of two analyses: lattice and core. Most of 

the lattice analysis is performed during the bundle design process. The results 

of these single bundle calculations are reduced to "libraries" of lattice reactiv

ities, relative rod powers, and few group cross-sections as functions of instan

taneous void, exposure, exposure-void history, control state, and fuel and moderator 

temperature. Because of this exposure dependence of these results, the libraries 

were expanded to include higher burnups as noted below. The core analysis is 

unique for each reload. It is performed using the above lattice "libraries" in 

the months preceding the reload to demonstrate that the core meets all applicable 

safety limits. The effects of higher fuel exposures are thus reflected in the 

core analysis results through use of the expanded "libraries." 

3.1.1 Reactivity 

Traditionally, bundle reactivities have been expressed in terms of km (i.e., 

the neutron multiplication of an infinite array of like bundles). This lattice 

reactivity is a function of lattice average enrichment, gadolinia loading, void 

fraction, hydrogen-to-uranium ratio and exposure. Hot reactivity of the extended 

exposure fuel bundles decreases by 0.05 Akm from 35,000 MWd/ST to 45,000 MWd/ST.  

3.1.2 Local Peaking Factors 

For a given lattice at a given void fraction, the maximum local peaking factor 

will occur at different fuel rods as the exposure increases. This is due to the 

different depletion and generation rate of the various fissile nuclides in each 

fuel rod. Calculated maximum local peaking factor for the extended exposure fuel 

bundles increases by 0.06 from 35,000 MWd/St to 45,000 MWd/ST.
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The local peaking factor does vary with void fraction, and this dependence is 

taken into account in the calculations used to assign local peaking factors to 

each axial segment of the fuel. The above values are for 0.40 void, as this is 

the typical average bundle void fraction.  

The local peaking factor is a nominally calculated value. The nominally calcu

lated values are appropriate, as they agree well with experimental results.  

3.1.3 Doppler Reactivity 

The Doppler coefficient is of prime importance in reactor safety. The Doppler 

coefficient is a measure of the reactivity change associated with an increase 

in the absorption of resonance-energy neutrons caused by a change in the temper

ature of the material in question. The Doppler reactivity coefficient provides 

instantaneous negative reactivity feedback to any rise in fuel temperature, on 

either a gross or local basis. Maximum and minimum calculated Doppler coeffi

cients at several exposures are shown in Reference 1.  

3.1.4 Void Effect 

The most important of these effects is void reactivity. The overall void coef

ficient is always negative over the complete operating range, since the BWR design 

is undermoderated. The reactivity change due to the formation of voids results 

from the reduction in neutron slowing down due to the decrease in the water-to

fuel ratio. Beyond 10,000 MWd/ST, the void effect is essentially constant.  

3.2 STEADY-STATE HYDRAULIC ANALYSIS 

Core steady-state thermal-hydraulic analyses are performed using a model of the 

reactor core, which includes hydraulic descriptions of orifices, lower tieplates, 

fuel rods, fuel rod spacers, upper tieplates, the fuel channel, and core bypass 

flow paths. Model details are documented in Reference 1. The flow distribution 

to the fuel assemblies and bypass flow paths is calculated on the assumption that 

the pressure drop across all fuel assemblies and bypass flow paths is the same.  

An iteration is performed on flow through each flow path (fuel assemblies and 

bypass paths), which equates the total differential pressure (plenum to plenum)
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across each path and matches the sum of the flows through each path to the total 

core flow. This analysis is insignificantly affected by extended exposure fuel.  

3.3 REACTOR LIMITS DETERMINATION 

Limits on plant operation are established to assure that the plant can be safely 

operated and not pose any undue risk to the health and safety of the public.  

This is accomplished by demonstrating that radioactive release from plants for 

normal operation, abnormal operational transients, and postulated accidents meet 

applicable regulations in which conservative limits are documented. This conser

vatism is augmented by using conservative evaluation models and observing limits 

which are more restrictive than those documented in the applicable regulations.  

These observed operating limits and methods used to determine if the limits are 

met are documented in Reference 1.  

3.3.1 Fuel Cladding Integrity Safety Limit 

The generation of the Minimum Critical Power Ratio (MCPR) limit requires a sta

tistical analysis of the core near the limiting MCPR condition. Bounding sta

tistical analyses have been performed which provide conservative safety limit 

MCPRs for operating BWR plants. These safety limit MCPRs conservatively apply 

for all reload cycles including equilibrium cycle. Insertion of low-powered 

extended exposure fuel bundles does not change the conclusions of these bounding 

analyses.  

3.3.2 MCPR Operating Limits 

The MCPR operating limit is established to ensure that the fuel cladding integ

rity safety limit is not exceeded for any moderate frequency transient. This 

operating requirement is obtained by addition of the absolute, maximum AMCPR 

value for the most limiting transient from rated conditions postulated to occur 

at the plant to the fuel cladding integrity safety limit. Higher fuel exposures 

are reflected in the nuclear input data. However, due to the high exposure, 

these fuel assemblies will operate with relatively low power and will not be 

near MCPR operating limits.
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3.3.3 Vessel Pressure ASME Code Compliance 

The Monticello pressure relief system is comprised of eight safety/relief valves, 

seven of which are assumed to operate in the analysis. To assure that the peak 

allowable pressure of 110% of the vessel design pressure is not exceeded, the 

most severe isolation event with indirect scram and credit for subsequent valve 

operation is evaluated. The event which satisfies this specification is the clo

sure of all main steamline isolation valves (MSIV) with indirect (flux) scram.  

The model used to analyze this event is described in Reference 1. Higher fuel 

exposures are reflected in the nuclear inputs to the analysis.  

3.3.4 Stability Analysis 

Two types of stability are examined utilizing a linearized analytical model.  

First, is the hydrodynamic channel stability of one or more types of channels 

operating in parallel with other channels in the core. Second, is the reactiv

ity feedback stability of the entire reactor core which also involves power 

oscillations. The assurance that the total plant is stable and, therefore, has 

significant design margin is demonstrated analytically when the acceptable per

formance limit of a decay ratio less than 1.0 or a damping coefficient greater 

than 0.0 is met for each type of stability. These criteria must be satisfied 

for both usual and unusual operating conditions of the reactor that may be 

encountered in the course of BWR plant operation.  

The analysis is performed using the models documented in Reference 1 at the most 

limiting condition, which usually occurs near the end of cycle, with power peaking 

toward the bottom of the core. The most sensitive reactor operating condition 

is that corresponding to natural circulation flow and a power level equal to 

or greater than the rated rod pattern power level. Extended fuel exposures are 

reflected in the nuclear characteristics used in the analysis.  

3.3.5 Accident Evaluations 

Accidents are events which have a projected frequency of occurrence of less than 

once in every one hundred years for every operating BWR. The broad spectrum 

of postulated accidents is covered by six categories of design basis events.  

These events are the control rod drop, main steamline break, loss-of-coolant,
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refueling, recirculation pump seizure, and fuel assembly loading accidents. Con

sequences of these events with the low-powered extended exposure fuel bundles 

are not as great as lower burnup bundles. However, the MAPLHGR values for the 

test bundles have been extended to an average planar exposure of 45,000 MWd/ST.  

These new MAPLHGR values and associated peak cladding temperatures and oxidation 

fractions are given in Table 3-1.  

Table 3-1 

EXTENDED EXPOSURE FUEL BUNDLES (8D262) 

MAPLHGR VERSUS AVERAGE PLANAR EXPOSURE

Average Planar Exposure 

(MWd/t) 

200 

1,000 

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

35,000 

40,000 

45,000

MAPLHGR 

(kW/ft) 

10.6 

10.7 

10.7 

10.8 

10.7 

10.7 

10.6 

10.6 

9.8 

8.9 

8.0

PCT 

(OF) 

2197 

2195 

2196 

2197 

2199 

2198 

2196 

2198 

2074 

1926 

1791

Oxidation 

Fraction 

0.033 

0.033 

0.033 

0.033 

0.033 

0.033 

0.033 

0.034 

0.023 

0.014 

0.008
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