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The continuing emphasis on improvement of plant capacity factor, as a major means to 

make nuclear energy more cost competitive in the current deregulatory environment, 

motivates heightened interest in long intra-refueling intervals and high burnup in LWR 

units. Our objective in  the evaluation reported here was to examine the economic 

implications of these trends, to scope out the envelope of profitable fuel management tactics 

compatible with these larger goals.[l] 
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Fuel discharge burnup is approximately related to cycle length by the re1atiod1I: 

Bd = 365.25PLnTc, W d / M T  (1) 

where P = specific power, kW/kg (-38.6 for a highly rated PWR, -2/3 o f  that for a BWR) 
L = overall cycle-average capacity factor 
l/n = fraction of core replaced each refueling 
Tc = cycle length, years. 

For current upper limits OR batch average discharge burnup (-55,000 MWd/MT), 

Eq. 1 shows that two-scattered-batch reloads appear inevitable, and even single-batch 

refueling is worth examination if cycle lengths 2 24 months are the goal. Less immediately 

apparent is the likely exclusion of fractional batch loadings (now common for n > 2 )  in the 

range 1 < n < 2; this is because, if a reasonable burnup is logged during cycle 1, any fuel 

held over for cycle 2 in the core interior would accumulate roughly twice the burnup, hence 

exceed fuel burnup capabilities. Innovative use of peripheral assemblies is not out of the 

question, however[2]. 

A spreadsheet economic analysis was carried out, focused on n = I and 2 batch 

management, each evaluated relative to a current 1 &month, 87% capacity factor cycle. 

* This project has  been funded by the INEL University Research Consortium. The INEL is managed by 
Lockheed Martin Idaho Technologies Company for the U.S. Department of Energy, Idaho Operations office, 
under Contract No. DE-AC07-94ID 13223. n 
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Factors considered were the usual fuel costs (uranium, enrichment, etc.), replacement 

energy costs during forced outages and refueling outages, the fixed costs of a refueling 

shutdown and added spent fuel storage costs; special-design peripheral fuel assemblies 

were also employed to reduce long-cycle costs. Economic parameters were the same as in 

a recent O E D  study.[31 

Figure 3 shows the net savings for n = 1 and n = 2 batch management (for reactors 

having a 3% forced outage rate, and 30-day refueling outages), relative to the reference 

case. The results show optima near 36 months for n = 1, and 24 months for n = 2. The 

significant inference to draw from this output is that one-batch management is significantly 

more expensive than two-batch management. Furthermore, cost-optimum one-batch 

management does not expose the fuel to its maximum burnup capacity, which occurs at 48 

months. 

Parametric studies were carried out varying the most important input parameters. 

While absolute annual savings (or losses) changed, the relative performance was not 

significantly different. Also worth noting are the required reload enrichments for the 

optimum cases: -5.4 w/o U-235 for n = 1 and -5.3 w/o for n = 2;  both above the current 

5 w/o licensing limit, but less than a likely future limit of 6 w/o. The most significant gain 

was realized through the use of special peripheral assemblies similar to the design in Ref. 

4. A further appreciable gain would be achieved if A N I S  technology fulfills its promise 

of much cheaper SWU. The most significant debit was when the reference 18-month cycle 

was allowed the same Iow forced outage rate and short refueling downtime as the long 

cycle cases: this essentially eliminates any net savings for n = 2. 

Profits are also sensitive to the ~ ~ a l  economic environment in the form of the discount 

rate and cost of repIacCment energy (here 10% and 25 millskWhe), which vary regionally. 

Thus, individual utilities will still find it worthwhile to evaluate specific options in the 

region n > 2. 

2 



n 

/1 I 10  

I 
I 
I 

..... ....................... ~ ....................._....................................................... -- ..... -.._..-.-.---..-.-..--.~- .... -..----..-- -..__._._.._.__ ~_.__- ~ .___ 
I 1 1 
I I 

y I 1 ! I 
1, I j 

I 1 1 
! 
! 
j .n=2 
/' 1 

~ 

I i I 
n=1 

-1 -5 ! 
Cycle Length (calendar months) 

Fig. 1 : Optimization of Extended 
Cycle Length for 1 and 2 Batch Fuel 
Management Compared to a Current 
3 Batch, 18 Calendar Month Case 



Looking ahead to the future achievement of ultra-high burnup, it appears that n = 3 or 

even n = 4 management may be preferable. As can be seen in Fig-. 1, optimum fuel 

exposure (n times cycle length) is 36 months for n = 1 and 48 months for n = 2; 

corresponding discharge burnups are about 40,000 MWd/MT and 52,800 MWd/MT, 

respectively-well within current capability. For n = I or 2, economic performance 

declines at. higher burnups, hence providing no great incentive for moving further in this 

direction. Values of n > 2 are also attractive because, for a given burnup target,'required 

enrichment decreases as n increases. The present numerical study was confined to batch 

average burnups below 60,000 MWdMT; future work will probe higher. However, 

nothing is foreseeable which is likely to change our principal conclusion that multi-batch 

management is most cost-effective, and that n = 1 loading is best regarded as a way to 

define the outer envelope of what is technicalIy achievable. 
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