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Introduction

This information report provides an updated review of GE experience with production and
developmental BWR Zircaloy-<lad UO; fuel rods through December 1990, This expernience
includes successful commercial reactor operation of fuel bundles to greater than 45,000
MWA/MTU bundle average exposure (approximately 60,000 MWA/MTU peak pellet expo-
sure).

The performance of GE 8X8 fuel types contirues to be highly successful as demonstrated by
an overall fuel rod reliability rate from 1974 to the end of 1990 of greater than 99 98%.

GE BWR Fuel Expenence Base

As of December 31, 1990, over 4.0 million GE 8XE fuel type production Zircaloy-clad U0,
fuel rods were in, or had completed, operation in commercial BWRs. Figure | shows cumu-
lative 8XR8 fuel rods loaded as a function of calendar year. As of December 31, 1990, over
1.5 million GE fuel rods were in operation Figure 2 tllustrates GE's core loadings at the end
of 1990 by fuel type. As of December 31, 1990, GE had loaded approximately | .37 million
pellet-clad interaction (PCI) resistant barrier fuel rods in commercial BWR's. The GE fuel
manufacturing facility in Wilmington, North Carolina, is producing 100% of its 1991 load as
barrier fuel.

In 1990, sixteer: domestic and six overseas GE BWR plants containing GE fuel had refueling
outages with over 3300 new GE EX8 fuel bundles loaded Nearly 80% of this new fuel
loaded was GE's latest production fuel desi: -~ GEXXSEB and GESXENB

One of the most important aspec:s of the GE fuel design piocess is the in-reactor peiform-
ance monitoring of a design before and after its introduction. In keeping with the GE philos-
ophy of test-before-use, lead use assemblies (LUA's) containing selected key design features
are used to demonstrate the satisfactory performance of these features and to provide lead

expernience for future production fuel. The fuel surveillance program adopted by GE and ac-
cepted by the NRC is describad in References | through 4.

A summary of GE's lead use assembly surveillance program is corvained mn Table | Exami-
nation results are provided below:

A.  Bamier Fuel Program

The goal of this program was the demonstration of a Pellet-Cladding Interaction (PCI)
resistant fuel under conditions which would provide statistically significant results. The
PCl-resistant fuel features the barner concept to protect the fuel cladding from failure
caused by PCIL. The barrier fuel program consisted of four lead use sesemblies, loaded
into Quad Cities—1 in 1979 at the beginning of cycle 5, and a demonstration reload ot
144 bundles with Zr-lined cladding placed into the core of Quad Cities-2 in 1981 at the
beginning of cycle 6






MMNH) MW




typical of normal operation. The second poolside examination of these bundles was
completed in March 1990, after two cycles of operation, and showed characteristics
typical of normal op=ration.

6. GEll Lead Use Assembiics

In 1990 four GEI1 LUAs were loaded in each of three reactors ( Two BWR 4s and
one BWR 5). Poolside examinations of these bundles are scheduled to begin in
1991.

IV.  Geneng Fuel Performance Mechanisms

Pellet-cladding interaction (PCI) a d crud-induced localized corrosion (CILC) are the pni-
mary cladding perforation mechanisms that have affected fuel performance in recent periods.
As described below, product improvements have been developed that w. - entially elimi-
nate these two fuel rod failure mechanisms.

A. Pellet-Cladding Interaction

Light Water Reactor (LWR) nuclear fuel is susceptible to fuel rod cladding perforation,
commonly called pellet-cladding interaction (PCI) failure, when subjected 1o fast power
increases at moderate to high exposures. Operational procedures (PCIOMRs) which in-
volve slow approaches to power, have essentially, but not completely, eliminrted PCI
failures i LWRs, but at the cost of reactor capacity factor losses. z rconium barrier fuel
was invented by GE as a material soluaou 1o the FCl failure problem. Extenzive test
reactor and laboratory tests along with successful in-core power ramp demonstraiions in
the Quad Cities Unit 2 power reactor have shown that Zr-barrier fuel is convincingly
failure resistant. Barrier fuel was commercizily introduced by GE in 1983 With the
succesful completion of the Quad Cities-2 barrier demonstration program, GE recom-
mended the removal of all PCIOMR operating restrictions on GE barrier fuel. Over 5C
reactor cycles of operation have been succesfully completed b; GE barrier fuel without
restrictive PCIOMR controls. The effectiveness of the GE barrier cladding design fea-
ture has been confirmed by the extensive commercial reactor experience where not a
single barrier fuel rod failure due to PCI has been observed in over 920,000 GE barrier
fuel rods completing at least one cycle of operation. PCI failures are expected to be
eliminated within the next few years as the population of non-barrier fuel (29% of all
GE fuel currently in operation is non-barrier) is discharged.

B. Crud-Induced Localized Comosion

In 1979, an unexpected failure mechamsm of localized fuel rod cladding corrosion was
revealed in some BWRs. Poolside exammnation of the failed fuel rods revealed plant
corrosion product (crud) scale deposits with high copper concentrations. The nature of
the failures led to identification of special conditions of environment, operational histo-
ry, and material-susceptibility that must occur simultaneously to cause failure. These
crud-induced localized corrosion (CILC) failures have been limited to plants with cop-
per alloy condenser tubes and filter demineralizer condensate cleanup systems



Fuel examinations, surveillance, and extensive research have led to a practical under-
standing of this mechanism. A reproducible out-of-reactor test for measuring the sus-
ceptibility of Zircaloy to in-reactor nodular corrosion was developed by GE and corre-
lated to in-reactor performance (Reference 5) This test confirmed a previously
undetected variability in the susceptibility of Zircaloy to in-reactor nodular corrosion.
This test has been patented and made available to the industry on a non-profit basis
through the ASTM.

Manufacturing processes have been developed that both improve the corrosion resis-
tance of the incoming material produced by the Zircaloy vendors and further ensure that
improved corrosion resistance is maintained throughout the fabrication processing to
yield final size fuel rod cladding that is more resistant to in-reactor nodular corrosion.
These processes have been implemented in the production of all GE fuel to provide a
high degree of assurance that adequate corrosion resistant properties are achieved.

Conclusions

GE has developed a substantial fuel experience base thai, coupled with an aggressive fuel
surveillance program, has provided significant feedback on statistically significant numbers
of fuel rods with regard to the performance effectiveness of design, operational and manufac-

turing changes. 1: is concluded that the experience gained with GE production and develop-
mental fuel continues to demonstrate the high reliability of the GE designed BWR fuel.
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Figure 2

GE BWR Fuel Rods in Operation on 12/31/90
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