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\. INTRODUCTION

A review of fuel/target performance of the Savannah River Reactors is made to
compare their in-core performance with that of the commercial nuclear
reactors in the U.S.

Il. SUMMARY

The following conclusions on the SRP fueltarget performance are drawn from
this review.

1) The SRP fuel/target performance is comparable to that of the commercial
nuclear reactor fuels in terms of in-core fuel reliability level.

2) Fuelitarget reliability fevel for SRP has improved significantly since1971
from that of pre-1971 period. :

3) Increase in coolant activity level due to fuel/target failures has been
controlied by the coolant (or moderator) purification system without having
extended reactor shutdown periods for cleanup or releasing any
radioactivity to the environment.

. DISCUSSION

The data on fuel performance of commercial nuclear reactors are available
through "Fuel Performance Annual Reports” (References 1 - 9). The NRC requires
the nuclear power plant licensees to report whether the plant including principal
safety barriers (i.e., fuel cladding, reactor coolant system boundary, or
containment) was seriously degraded or experienced an unanalyzed condition. As
a part of this report, fuel vendors have provided their fuel operating experience

to the NRC, and the NRC annually publishes brief summaries of fuel design
changes, fuel surveillance programs, fue! operating experience, fuel problems,
high-burnup fuel experience, and items of general significance. The fuel
performance data of the commercial nuclear reactors used in this companson

are from those annual reports.



The fuel/target performance data of the Savannah River reactors were obtained
from References 10 and 11 and also from searching through the Reactor Incident
Reports.

It should be pointed out that dueto some of the differences in fuel assembly
design and their operating environment between these reactors, as listed below,
a direct comparison is difficult.

1) Difference in cladding material (zircaloy tube vs. aluminum tube or slug)
2) Difference in fuel rod geometry (rod vs. annular tube)

3) Reactor operating condition (high temperature & pressure vs. low
temperature & pressure)

4) Burnup difference

5) Length of fuel cycle

Theretfore, this memo only presents a surmmary of jn-cqre fuel performance in
terms of Fuel Beliability Level which is a measure of in-core fuel failure rate
as defined in Table 1.

Table 1 shows that generally the commercial nuclear fuel reliability levels are
about 99.9% or greater. The SRP fuel reliability level is about the same as that
of commercial reactor fuels. The operating procedures for SRP. reactors require
the reactor to be shutdown to discharge any failed assembly when it is
detected. Commercial reactors are allowed to be continuously operated if the
coolant activity level is below the Technical Specification limit. However, the
increased coolant activity level due to fission products released through the
failed cladding is usually reduced by the coolant purification system for both
commerciai nuclear reactors and the SRP reactors. There has been no impact on
public health or safety from the failures incurred during normal operation in
either SRP or commercial nuclear reactors.

Tables 2 and 3 show the major fuel failure mechanisms for commercial reactor
fuels and SRP reactor fuel/target, respectively. The current major contributor
to commercial nuclear fue! failure is an external cause such as debris-induced
fretting wear. By definition, such failures are not factored into the
computation of the fuel reliability level. Failures due to the other causes have
been reduced by design and fabrication process improvements.
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The major causes of the SRP reactors' fuel/target failures are manufacturing
defects such as poor bonds or pin-holes in the weld closure. On one occasion, an
error in the BOSF (burnout safety factor) calculation led to a number of target
failures which resulted in local burnout of some of the cladding and target

material. Reference 10 indicates that most of the failures occurred before

1971, and most of them are slug failures rather than fuel or target tube

failures.

Based on this review, the following conclusions can be drawn for the SRP
fuel/target performance.

1) The SRP fuel/targset performance is comparable to that of the commercial
nuclear reactor fuels in terms of in-core fuel reliability ievel.

2) Fueltarget reliability level for SRP has improved significantly since 1971
from that of pre-1971 period. (Less than 20 percent of the total number of
failures occurred since 1971.)

3) Increase in coolant activity level due to fuel/target failures has been
controlled by the coolant (or moderator) purification system without having
extended reactor shutdown periods for cleanup or releasing any radioactivity
to the environment.



(a)

Table 1. Fuel Reliability Levels

Total Number of Rods Fuel Reliability Level

EuelVendor  lnadiated up to 1985 (106) Between 1983 and 1985

(b)

B&W 1.2 99.990% - 99.996%
CE 0.9 99.98% - 99.996%
Exxon 1.1 99.994% - 99.998%

GE 2.8 > 99.99%

(c)

W 4.2 99.996% - 99.999%

(d (d)

SRP 15.3 99.999%

Note: (a) Reliability Level is defined as[100- 100 * (number of failed rods/total number of rods
irradiated in cores}]. These do notinclude any fuel failures due to external causes such as
baffle-jetting, debris-induced fretting, and other off-normal core conditions.

(b} TMI-2 data are not included.

{c) For Westinghouse fuel, the reliability level is estimated by using coolant activity (1131) level
of 5x10-4 uCi/gram per failed rod.

(d} 15.3x 106 fueltarget tubes and slugs have been irradiated during 124 reactor operating

years between 1953 and 1988. The SRP fuel and target reliability level is for the period
between 1953 and 1988. The reliability levels for the commercial nuclear reactors during
1960s and 1970s are not available.



Table 2. Major Failure Mechanisms of Commercial Nuclear Reactor Fuels

1. Internai contamination (internal zirconium hydriding due to hydrogenous
impurity such as moisture introduced during fabrication).

2. Manufacturing defects (defective material, welding flaws, enrichment
mixup).

3. Mechanical damage ¥ (fuel mishandling, debris-induced fretting wear).

4. Fuel cladding interactions (pellet-clad interaction due to rapid local power
change).

5. Accelerated corrosion (heavy buildup of crud scale that caused the cladding
surface to overheat to abnormally high temperatures).

6. Fuel rod bowing (fuel rod bowing due to rod growth by irradiation).

7. Cladding collapse (cladding collapses due to in-core densification of fue! or
unpressurized fuel rod).

8. Baffle jetting ’ {vibration induced by coolant jets from baffle).

* Note : Fuel failures caused by these failure mechanisms are not included in the
fuel reliability level calculation.



Table 3.

1. Defective fabrication (poor bond or nonbond at weld closure of cladding,
pin-holes within weld closure, marred cladding surface, improper heat
treatment).

2. Corrosion of cladding.

3. Grain growth within uranium metal during irradiation.

4. Incorrect burnout safety factor calculation (power-flow mismatch due to
error in burnout safety factor calculation).

Note : The SRP fuelitarget reliability level was calculated based on ait the
failures caused by the failure mechanisms listed above including some
unknown causes.
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