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ABSTRACT

This annual report, the twelfth in a series, provides a brief descrip- |

tion of fuel performance during 1989 in commercia! nuclear power plants and an I
indication of trends. Brief summaries of fuel design changes, fuel surveil: !
. lance programs, fuel operating experience, fuel problems, high-burnup fuel :
|

i

:

N experience, and items of general significance are provided. References to

b more detailed information and related U.S. Nuclear Regulatory Commission

q evaluations are included.
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1.0 EXECUTIVE SUMMARY

Interest in fuel performance during 1989 focussed primarily on extending

burnup, with a goal of determining optimum fuel rod utilizatiun without intro-

ducing increased leakage or other problems; a concomitant goal remained the
determination and elimination of the causes of fuel rod failure.

In the s ctions that follow, the burnup levels attained .. 989 are dis-
cussed; the 1989 reliability of fuel rods along with the primary .auses of
fuel rod failure and the corrective actions Leing taken, are presented; an
overview is provided of the major non-fuel core-related problems encountered
during the year.

1.1 EXTENDING BURNU"

On the basis of the lettpr‘reports to the Nuclear Regulatory Commission
from the nuclear fuel vendors'' ' for calendar year 1989, an overview of the
highest currently achieved burnups is given below. The data are from boik
fuel assemblies remaining in-core and those discharged during 198°.

Burnup
Vendor ____Plant or Test Type  (GWd/MTU) Lommen:t
ANF Tihange-1, Belgium PWR 50.0 highest to date
Big Rock Point BWR 4]1.0 highest to date
0.C. Cook, 17x17 PWR 44.0 discharged 1989
Gundremmingen-3, BWR 40.0 discharged 1989
FRG 9x9
BWHL Mark GdB, LTA PWR 58.3 Uo.-6Gd.0,
Mark BZ, LTA, 15x15 PWR §8.3 Zirc -4 grids
C-t ANO-2 PWR 43.0 discharged 1989
§t. Lucie-2 PWR 42.0 discharged 1989
702 rods discharged 56-39.9 highest to date
GE BWR 245 bundle average
BWR 60 peak pellet exp.
W Zion-1 & -2 PWR 35 4 assemblies -ve.,
§ cycles
North Anna-l PWR 58.4 lead assembly ave.,

4 18-mo cycles
North Anna-] PWR »60.0 lead fuel rod ave.

1.1
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Burnun goals are being extended to obtain basic information on fuel rod
behavior as fue! rod lifetimes increase and to determine the feasibility of
longer-term use of fuel, with the goals of minimizing spent fuel waste and
ensuring safe extension of reactor rcycles to a routine period of 24 months.
About 90% of BWRs and over 80% of PWRs in the United States operate on nominal
lay?ontpﬂor 24-month refueling cycles; the remainder operate on 12-month
cyclées,

Among the affects of longer cycles are an increase in cladding
corresion, fuel assembly bowing, fuel rod and assembly growth, and a possible
degradation and increase in defect size because th failed fuel rr4 remaing in
the core for a longer time before removal

.Hestinghouse‘” has found that neither extended burnup (assembly wverage
of 55 GWd/MiU and hevond) nor extended residence times (seven cycles, to 2
discharge burnup of +0 GWd/MIU) has led to increased coolant activity, nor,
therefore, to increased fuel failure/leakage.

Similarly, Advanced Nuclear Fuels'' detecied no fuel failures due to
inherent manufacturing or design factors following irradiation to 50 GWd/MTU
during 1989,

1.2 FUE. RELIABILITY

Along with the ?ood fuel performance to extended burnups, the industry
as a whole has experienced a steady decrease in reactor coolant lodine-131
Jctivity over the last severa ears. Average coolant activities quoted for
calendar year 1989 “or PWk:''""'"', normalized to stand: d co.lant perification
rate and .orrected {gr tramp uranium, range from <0.001 wCi/g to € J23 uCi/g.
The industry medi.: ''' coolant activity for BWR's 72 1989 i1s 83 uCi/sec.

The decreasing lodine-131 coolant activities indicate an increase in
fuel reliability. Representative wuel reliability Jevels for 1989 were
99.997% or better throughout the industry for Zircaloy-4 clad fuel in PWRs,
when “del failure due to debris-caused fretting is not included;''* "
appr.ximately 99.986% for stainless-stee' clad fuel, due to a vulnerability to
debris-induced fretting in type 304 SS cladding:'~' and 99.98%'"' for the GE
8x8 BWR fuel.

Primary fuel failure causes during 1989 were debris-induced fretting for
PWR fuel anu pellet-cladding interaction (PCI) and crud-induced localized cor-
rosigr (CILC) for BWR fuel. Summaries of these failures during 1989, plus
comments on other core components, are provided below.

*.2.1 Primary Cause of Fuel Rod failure in PWRs - Debris Fretting

The major cause of the few fuel fﬂt]ures that do occur in PWRs is
debris-induced fretting. Westinghouse'™' estimates that debris fretting
represents the primary leakage mechanism for approximately 80% of the identi-
fied fuel rod leakers. Similarly, Combustion Engine¢ ing'" ' esiimated, on the

1.2
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basis of “uel examinations, that about 75% of the leaking fuel that occurred
during 1989 wa. cau.ed by debris fretting of the Zircaloy-4 cladding. This
process occurs when bits of metallic debris in the primary coolant, which have
fallen into the roactor primary coolant during maintenance operations or have
broken loose from the reactor components, are swept through the system, get-
ting caught at the orifices at the bottom of the fuel assembly spacer grids or
other restricted areas. Vibrations induced by coviant flow cause the debris
to rub against the fuel cladding until & breach develops. Following increased
Jodine-13]1 activity in the coolant during reactor operation, the fuel failure
is ganeral'y confirmed during reactor shutdown periods by ultrasonic testiny
(UT) and visual observation,

Utilities have taken aggressive acitien to halt debris-tretting. First,
a major effort has been extended to prevent further introduction of debris
into the system, with apparently good success. In addition, a number of
design changes are being testeq to minimfz@ the effect of fretting from the
a'ready existing debris: ANF''' and BWFC'‘' have extended-length end fittings,
most of the length of which is of solid stock., BWFC also has lowered the
spacer grid to take advantage of the solid portion of “he end cap. Combustion
ingineering and Westinghouse have spacer grids (the GUARDIAN® “*' and the
Dibris Filter bottom Nozzle (DFBN)'"' respectively) with smaller holes to
screen out more of the particles before they can reach regions of eaposed fuel
rods.

1.2.2 Primary Causes of Fuel Rod Failure in BWRs - PCI and CILC

General Electiic has found pellet-cladding interaction (PC!) and crud-
induced localized corrosion (CILC) to be the only two causes of cladding
perforation in BWRs in recent pericds. Although the effects of PCI can be
alleviated by slow ascent to full reactor power, efficiency is lost by this
tactic. GE is finding in lead use assembly (LUA) trials that Zr-Tiyned
(barrier-coated) cladding is effective in resisting PCI.

Crud-induced localized corrosion is now known to occur under certain
conditions in the presence of Cu in the coolant system. The solution is to
monitor the water chemistry carefully and to eliminate the sources of copper,
originally from the condenser tubes and filter demineralizer condensate
cleanup systems. Alson, manufacturing processes have been developed which
produce Zircaloy alloys that are more resistant to corrosion.

1.3 NON-FUEL CORE-RELATED PROBLEMS

In addition to the major problems encountered for fuel performance in
reactor, as discussed above, there were several types of recurring problems
that warrant mention, preblems with other core components, with fuel and core
component handling, and with procedures.

¢« Non-Fuel Core Components - There wers five events in 1989 involving
thinning of in-core instrumentation tubes. (See Section §.1.3.)




¢ Fuel Handling - Fourteen fuel handling incidents occurred in 1989,
including: four in which fuel assemblies were dropped or came loose
¢nd were out of 1ine with their destination (Sectiun 5.1.7 and
§.2.1); two in which assemblies were placed in an incorrect posi-

: tion (Section 5.1.7, 5.1.8); and one in which a fuel assembly was

h bent (through fa1\ure to follow procedure) (Sections 5.1.8 and

i 5.2.4.). Seven additional fuel handling events involved procedural

violations, personnel error and administrative control deficiency

(Sections 5.1.9, 5.1.10, 5.2.1, 5.2.35).

g + Control Rod Malfunction, Failure and Maintenance/Installatior

: Problems - Seventeen events (eight in foreign countries) involving

the control rods or their controlling mechanism occurred during
i 1989, including rod failure, rod wear and cracking, and support pin
problems (Sections 5.1.15 - 5.1.19, 5.2.6, 5.2.7).

¢ Personnel frror - Sixteen events in 1989 were due to personnel
errors (two in foreign countries), one to personnel fatioue and one
to miscommunication (Sections 5.1.36, 5.1.37, 5.2.22, 5.2.23);
these are in addition to the fuel handling probiems attributed to
personnel arrors.

o Failure 1o Follow Procedures, Defective Procedures - There were

. eleven events in 1989 in which there was non-compliance with

| procedures (Sections 5.1.58 & 5.2.18) and 18 events in which thr
nrocedures had failed to include adequate information to prevent
the problems that occurred, training w~as inadequate, or there were
management deficiencies (Sections 5.1.32 and 5.2.19).

From the numbers above, it is clear that. of non-fuel core-related
problems, control rods require significant attention. By far the most
frequent causes of problems, however, are people-related: failure to follow
procedures, procadures with insufficient information and personnel errors
(such as pushing the wrong button).
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'f‘ 2.0 INTRODUCTION

| This report is the twelfth'®'™ in a series which provides & compilation

| of the available information on nucleesr reactor fuel performance, particulariy

: new developments on the one hand and non-catastrophic of f-normal behavior and
problems on the other. A discussion of the evolution of the content of the

f §:;gsn}m§eports can be found in the "Fuel Performance Annual Report for

The NRC regulation 10 CFR Part 50, Paragraph 50,73(a)(26)(i1)'"" requires
| reports on events in which the plant, including its principal safety barriers,
r was seriously de?raded or was in an unanaly7ed condition. Reporting on normal
5 operation surveillance results, genevic problems, and design trends is not
| required by NRC 10 Cfﬁlngr by the NUREG sevies entitled "Nuclear Power Plant
| Operating Experience "47) and the Electric Power Research Institute (EPRI)

reports.

Thus the primary intent of this Annua! Report series is to summarize fuel
design changes and progress of the concomitant testing programs, progress
toward high burnup goals and the problems that arise (whether due to condi-
tionc within the reactor or to operations and operators), fuel system problems
(especially generic ones) that are of concern during the reporting period, and
trends of general significance. References are provided for additional and
background information. The main focus of the Annual Report for 198% is on
fuel operating performance during calendar year 1989, but there is some over
lap with 1988 for continuity and with 1990 where the information has been
received and is pertinent.

The sections in this Annual Report for 1989 are as follows:

1.0 Executive Summary

2.0 Introduction

3.0 Fuel Design Changes and Summary of Surveillance Programs
4.0 Fuel Operating Experience

5.0 Problem Areas Observed During 1989 (problems with control rods and other
non-fuel components are in Appendix B)

6.0 Trends
7.0 Summary of High Burnup Fuel Experience

8.0 References
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Appendix A--Historical Background on fuel Reliability
Appendix B--Problem Areas Observed During 1989 with Non-Fuel Components,

As f basis for the design changes discussed in Sectiun 3.0, typical fuel
assembly ”‘gar:ueters and operating conditions for current light water
veactor (LWR) fuel rod designs for use in pressurized water reactors (PWRs)
and boiling water reactors (BWRs) are summarized in Table 1, Included in
Table 1 and in the sections that follow is information on fuel from these five
vendors:
th

1. Advanced Nuclear Fuels Corporation (ANF),'" Richland, Washington
. Babcock and Wilcox fuel C.’amp.anru.r(BMFC),“'1 Lynchburg, Virginia
Combustion Engineering, Inc. (C-E),'” Windsor, Connecticul

General Electric Company (GE), San Jose. California

(S B

Westinghouse Electric Corporation (W), Pittsburgh, Pennsylvania,

(a) The terms "fuel assembly” and "fuel bundle" are used interchangeably by
the nuclear industry, although gencrally the former term is associated
with fuel for PWRs and the latter term with fuel for BWRs. A BWR fuel
assembly consists of a fuel bundie and the open-ended channel that
encloses the bundle.

{b) Previously known as Exxon Nuclear Company, Inc., (ENC): ANF is a Siemens
Company ,

(c}) Previously known as Babcock & Wilcox Company (B&W); the BaW Fuel Company
(BWFC) is a partnership between B&W and the American subsidiary of a
French consortium of Cogema, fFramatome, and Uranium Pechiney.

(d) Combustion Engineering, Inc. is now affiliated with Asea Brown Boveri
(ABE) .

2.2
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TABLE 1. Typical Fuel Assemblv Parameters '’/
swre esw''®) i fg—"
——Jengor _ Eactor Switemi ___ Eycior Svs £ LE 2 2 N SN SN SR SENN - SEE - SR -
{_ fuel Rod Array 15615 a7 155 1SaS 1007 i d6ad6 MaOd 15208 10xd7 3Sa0S $T7 Bx 929 7w Bat Bt
! Reactor Type o g PR s B3 R o vdE PR ] P p auw £ AT e £
; Asvemblins per {55 205 157 157 m ’ 217 2 121 193 182 192 193 560 724 784 560 580
: Fuel Rods 20 ¢ 204 4 2e e 2™ 19 s e 4 e owm 0 " 53 2
. Por Assembly
: tapty tecations 17 3 7 2 2 20 ) " 2 5 2 T . ' mes 1 2
| Fer Assembly
fiog Pitch, e 28 M3 w3 e M7 @29 M1 M43 126 13 126 W3 s 7 W3 162
; - (in.) (0.568) (0.502) (0.567) (0.563) (0.496, (0 580) (0.5063; (0.556) (0.5€3} (0.496) (0.363) (0.496) (0.842) (0 572} (0.738) (0.640) (0 640)
! Systew Pressure, 152 158 136 13§ 155 155 18§ 135 155 155 155 185 4 .07 M 4 Y
; “ea {pria) (2200) (2250) (2015) (2015) (2256) ({2250) (22%6)  (2250) (2250) (27%0) (2250) {Z2%0) (103S) (026} (IG3S) (I03S) (1038}
. Care Average $1.4 1.3 8275 8225 8225 BS %A 956 S8 W4T 98] 1047 .57 &6 50,732 S0.51 9.5
; A Power Density,
| . Hf"l«
L9 3
| verage 1962, 203 a1 ma pe wo W2 w3 ;e pa  me s w2 121 »I 18 113
- om (kL 6-20) (5.73) (5.53) (5.68) (5.43) (6.09) (S.54) (6.1%) {6.70) (544} (670} (5.44) (L.63) (.68 (7.009) (545} (538
Axia) Pesk (HGR, 244 26 251 258 26 MO0 200 243 WD 2136 2640 24 1826 175 1737 248 3134 i
v oan &, e (7-4) (682 (7.66) (1.76) (8.42) (7.31) (6.41) (744) (B.08) (6.53) (8.08) {6.53) (6.02) {5.36) ¢5.16) (709 (5.99) &
| oo, ki/m (/fe)
| Max. Peak LHWGR, 310 488 06 4.6 427 515 427 S6.8  BlLY MS B9 . SMS 4% WMI. smr e s
; kifm (xWft) (E.16; (7°.20) (M.5) (M.85) (13.0) (16.3) (13.0)  (11.3) (188) (13.6) (:85.83) (68 (10.5) (115 (138 3.4 (13.4)
Hax. Fuel 230 2796 248 26 1977 7140 1880 2060 236 1870 2200 ITA7 2080 2060 7840 4830 1880
' Temp., *C (F) (4244) (a155) (3900) (3'0) (3500} (3890) (3M20)  (A160] (4250, (3400) (3987) (3T} (3T60) (3705) (ea30) (3325)  (3435)
| Core sewrage 13009 saslc ol 300 300l 20 236 20 280 ze0 ez 365 res 28 219 1s 1w
tarm
! T g
*ax. Lecal 5,000 5000 55,000 35,000 35,000 50,000 55,000 50000 SC.000 50,000 $7,500 52,000 35,000 5,000 40,000 40,000 45000
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3.v FUEL DESIGN CHANGES AND SUMMARY OF tUEL SURVEILLANCE PROGRAMS

U requires

| Fuel System Design, Section 4.2 of the Standard Review Plan
| that planc for testing, inspection, and surveillance of fuel be submitted and

i' reviewed for each domestic nuclear power plant. The plans should include pre-

| irradiation verification of cladding integrity, fuel system dimensions, fuel i
| enrichment, burnable poison concentration, and absorber composition. Postir- |
| radiation surveillance plans are dependent on whether the fuel design is an |
| existing or a new design, and if the fuel exhibited any unusual behavior or

r characteristics. These plans are then referenced and/or summarized in the

| plant’s safety analysis report (SAR). A supplementary fuel surveillance pro-

; gram appropriate for new fuel designs is noted in Reference 32.

| Provided below is a summary ¢f current design changes and fuel surveil-

| lance proarams for each of the five fuel vendors, plus a summary of the sur-

| veillance programs being conducted by EPRI. Each section will address designs
| introduced in 1989, if any, improvements made in the past two or three years,
| and the surveillance programs under way to test these designs.

| The information presented in those subsections is taken frcm the vendors’
? responses to the annual request from the Nuclear Regulatory Commission (NRC)

| for individual vendcy input on fuel experience, design developments, etc.

} The responses vary in length from 1/2 page of text with 3 or 4 tables ar” a
couple of figures to formal documents consisting of 15 pages of text anc

| 10 pages of tables and figures, so that there is no uniformity in content or

! format. Because of this discrepan.y n the provided information, no attempt
3 has been made to present this information in a more uniform manner.

3.1 ADVANCED NUCLTAR FUELS CORPORATION (ANF) - (PWRs and BWRs)

The informat?ﬂn which follows is taken from the "ANF Annual Fuel Per-
formance Report.” Additional data and discussion are available in the 1991
Proceedings of the Internationa! Topical Meeting on Fuel Performance.' '’

3.1.1 QDesign Changes

|
l
i
t
|
E No new design changes were specifically noted by ANF for 1989. Ongoing
| design evoluticn is Aiscussed in a 1991 paper.''' Some aspects of this evolu-
E tion are: the introduction of the 9x9 array with several configurations of
| water rods, variable axial concentrations of gadoiinia, beta-quenched clad-

. ding, use of fuel rod clips to prevent fuel failures due to baffle jetting,
; and the introduction of high therma' performance sracers and intermediate flow

mixers.

|
r
5
f
|

The introduction of BWR 6:% wnd PWR 17x17 fuel rod arrays has generally
led to the reduction of rod ' heat generation rates. Additional benefits
that result are lower fuel ter:: ratures, less fissicn gas release, decreased
pellet-clad interaccion and lTower clad stresses. In addition, the smaller
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TABLE 2. (contd)

Planned No.
{Comp leted Schedu led Interim

o No.) Oper- Cumpletion  inspections
S m Jfuel Type'®!  Power vlant mq.h:m of Progeam
destingnouse (comtd) 14 & ;M?“’ Foint Beach-2  a(4)\™) tos) s
Demo
oxw Sumer-1 aater! (aq) i
(VANTAGE -5
:Eﬁ?’ Fuei 1 Point-3 )
' ue urkey Point- 2 <y i
'FBA Fual  Turkey Point-4 (e) & Fx
Rods
IFH Demo .\  McBuirs] {2) -
ng‘o“'w 3P
‘ ants - - --
kawiy(“‘n s
ZIRLO-C Yad North Anna~1 KIS RN
- Fuel Rod
hs 1y
m R. E. finna l(()‘”) o -

{a)

LTA = 1ud test cssanbly. = mixed axide (U0 ) fuel. K = petrofit fuel design,
D = demonstration, OFA-Oemo : Demanstrat jon Opﬁutuﬁ fuel Assembly, IFBA = {ntegral fuel

burnable absurber, 'PM = intermediste flow mixer, FPIP = Fuei Performance [mprovement Program,

uFBN = debris H'iter bottor nozzle, ZIRLO = an no“naed zirconium alloy cladding that contains
niotium,

Far thiy lntry. am'l the following entries for BWFC, scheduled mlet ion means completton of

Irradiation.
LTAs af an advanced, extended-burnup design,

~ Arkansas Nuc lear Goe-Unit 1 (alse known as AnO-1).

Current-design assemb|ies containing axially-biankered fuel columny

turrem-(bsw& nmu“ with special Zircaloy cladding materials and EPR| creep collapse
specimen ©'usters '

Current-design tueﬁjiu with Vifted rodr and cladding having 3 known sy ira. stcentricity in
wall thicsness. "

* Current-design assemblies utilizing kw-abgu% ton spacer grid matertas {Zircalay-4,.

Two of these four [TAs are reconsi tu*able.

Gadolinia LTAs of an au-dnced, extended -burnup design.

Mathfinder LTR with 12 fuel rods with advances Zircalov cladding miterigls: € rods have

¢ adding with pure zirgonium linerc on,: ” ingide surf: 2 of the 2ivcaloy ¢ladding and * rods

 have beta-guerched, lircaloy-4 tubmg

Some as [c}: additional cycle of irradistion.
Four LTAS »th Zircaley-4 clad Tuel rods to resiace fue! aszemblies wit' stainless steel-ciad

- fuel rods. , i
 Haddam Neck is «1so known as Connectic |t Yankee.
© Four 17 @ 12 lead fuel assembiies (Mark-Bd LA).

For Combust ton Etginser? w's mijor fral research and deve lopment programs, the tab'e (~iries

o show the status au of mid-!38¢

Standara-gesign, high-burnup program.

Standard and advanced Tuel design LTAs,

Hot cell examination of high birnup fuel yet to be performed.
Burnable puisow ifradiation program.

- Standard surveillance poogram.

Standard and ddvanced ful‘ dasign, Righ~burnup pregram.

Advanced ¢ladéing dessgns.

Hot vell examination of high exposure control element ansemt)ies.
Twa buntiles with barsier ¢ladding 1nvolved.

Four bumdley with improved denign features invo lved,
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TABLE 2. (contd)

Footnotes for Table 2 nontinued below.

(1)

{14)
(ki)

s, (i)

ks (ﬂ)
il (nn)

o
vi‘: f{oa}

{aq)

rr«)

$8)
{1t}

{wv)
{ww)
{xx)

(yy)

Five bundles with improved design features involved.

Four bimdles, Program objective: lead use GF 8 x 8NB.

Six fuel bundi.e-. Program chjecti o: ¢lagding material process vari.ibles.

Four fue! turdles. Program cbjective: lead use &7 8 x BNB-1 fuatures.

Six fuel bundies, Test objective: Cladding material process variables effect.

Four LUAs representing lead use GE B x BNB production fuel.

£ight fuel assemb|ies were irraniated as part of an FPRI program for their fourth consecutive
18-month opercting cycle; four of the eight were in relatively high power pusitiors and atlainea
ar assembly everage burnup of about 58,100 MTU at discharge (May 1982); the liid fuel
assembly average burnup was 58.417 Mud/MTU,

The two OFA-Deme assenblies in Farley-1 and the ¢ . assemblies in Salem-! were discharged in
1984 after four cycles fm'(“’mml jon. Burnuy achieved: 39,178 MWd/MT" n Farley-1, and
34,470 MWd/MTU 1n Balem-1.

Nonuestructive postirradistion examinations were performed. The essenblii.s were in good
mechanica! condition with no signs of deterioration. See Reference 28 for the examinat ion
results.

Two OFA-Demo assemblies,

Ore of the two OFA=Dem: aﬂﬂbnn was re-~inserted fur irradiation (fifth cycle) and achieved 2
burnup of 52,888 MWd/MTU. One standard fuel assembly (the symmetric partner to the OFA Demy
agsembly in Cych ‘) was also irradiated for a fifth cycle and atiained an average burnup of
52,088 Mwa/uty, 6 A

The two assemblies achisved a burnun of 35, 588 M/HTU,( ) were disgharged in 1554 after

3 cycles, and were examined,

Two ussemblies,

The four assemblir - completed their second cycle of irradiation tn 1983, Subsequent examination
shoved one assemb’y had nine fatlec fuel rcds [cause: fretting wear at hottom Incare) Spacer
grid). The oiher three assemblies were in good condition, were returned to‘i core for a third
and fourth oycle of ﬁrrwlatzm’ were discharged in 1985 and were examined. AVer:je burnup
achigved was 48,342 Mwrd/MTU,

Nondestruct ive examinatians performed on the d-cycle OFAs at the end of 1886 confirmed gocd per-
formance through 4 cyc'as. The assemblies were in good mechanical condition with no signs of
deterioration, Zee Reference 46 for the examination esults.

Four assemb)ies begar power pruduction in wycla 2 in December 1984, completed two cycles of
irradiation in March 1987, and were reinserted for a third cycle. Each of the Summer
demorstrat ton agsemblies contzins 43 IFBA rods. The asserblies alsc have IFMs.

The four assemblics completed their third cycle of irradiation and were discharged 1n 1988 after
attaining an accumu'sted average burnup of 46,858 MWd/MTU.

The 4 {FB\ rogs were monitared du,ing irradiation by in-core instrumentéation.

There were 28 TFBA rods in each of four demonstration assemblies, which allowed removal of some
of the rods for postirradiation examination,

One chavasterized !FM dracer grigd demepstration assembly.

Three fuel agsemblies «.th DFBNs.

The Juel rods attaired a burnup of over 21,000 MWG/MTU n their first cycle, which was completad
during February 1988, The rods are espected to surpass a burnup of 57,800 Mwd/MTU at the
completion of a third izradiation cycle.

“Iwt demonstration fue) assemblies with ZIRLO-c lad fuel rods began irradiation in Jurc 1887

LIRLU s an advance” 2ircontum alloy that contairs niobium. ZIRLO {s a trademark of
westinghouse T lectric Cerporation, Fittsburgh, Pennsylvania,

Four assomb)ies with We ' inghouse mi'xed oxide fue! rods were involved. The mixed oxide (U2
Pul) fuel rods for Ginna were manufactured by Westinghause but their irradiation was not na?t of
& Vest inghouse deve lopment program,

The four as:i=amb)ies were .rradiated for the fourth cycle {ti¢,, they were ‘n the Cycle 11-14
cores} and vere discharged. Average burnup wa. "8 SUF MWC/MTU,

2.5
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15x15 fuel assemblies, began in 1984,

330 ultyasonic examination of the fuel rods showed no leakers.
side examination showed that the beta quenched cladding had higher than

L L [ S e T NS [ S T = - . -

3.2.2.1 The DOE/Duke/APSL/BWFC/Extendad- *-Buzm_!mum_g_g.m_um
AH0-1) [Joint effort among the U.S. Department of Energy, Duke
Power Company (Duke), Arkansas Power & Light (AP&L). and BWFC.]
Recent performance milestones include:

Mark BFB 15x15 - Irradiated one of four advance lead test assem-
blies (LTAs) to a burnup of §7.3 GWd/MTU in 1988. These LTAs
feature increased fuel rod plenum volume, decreased fuel rud
initial fill-gas oressure, thicker fuel rod cladding, fully
annealed Zircaloy-4 qu.de tubes, and several fuel rods containing
annular pellets. Hot cell examin tion of one LTA, compieted in
1989 after H&rgg cycles, confirms good performance &t

17 GWd/mMTy. e

Mark-BW15 - LTAs completed their third cycle of irradiation ir
cycle 15 of Haddam Neck (Connecticut Yankee) in September 1989. An
Echo 330 ultrasonic examination showed no leaking fuel rods even
though debris had damaged many of the stainless steel clad fuel
assemblies in cycle 15. Growth measurements after three cycles,
with new upper end fittings after the second cycle, showed a fuel
rod growth margin of 0.45 inch. Full batch implementation started
with cycle 17 in 1991.

Mark-BW17 - Four LTAs finished a second cycle in February, 1990 aid
poolside examinatior showed them to be in excellent condition after
27.7 GWd/MTU.

U0,-Gd,0, extended burnup series - This design features urania-
gadolinia fuei, annular fuel p2lleis, annealed guide tubes,
Zircaloy-4 intermediate spacer grids, and a removable upper end
fitt‘ng. Results of hot cell examination of 17 fuel rods from one
LTA from the first cycle of irradiation, ended in 1984, have been
completed and the results displayed the expected trends. One LTA
has been irradiated through a fourth cycle in Oconee-1 to

58,2 GWd/MTU. Published progress reports are given in References
61-7§. The urania-gadolinia prog-am was scheduled for completion
in 1990.

3.2.2.2 BWFC/Duke Low Absorption Grid Program (Oconee 1 & 2)

Full hatch implementation of the low absorption grids of Zircaloy-4, for

3.2.2.3 BWFC/Duke Advanced Cladding Pathfinder Program {Oconee 2)
The Pathfinder program completed its third cycle in February 1988. Echo

3.6

As of December 31, 1989 a total of 1043
of these fuel assemblies had been irradiated, with a maximum assembly burnup
of 58.3 GWd/MTU.

However, pool-



expected oxidation.”®’ This finding, coupled with results from similar p-oi-
ects, have led h abandoning further evaluation of beta-quench claddiny appli-
cation in PWRs, (Note: This finding contrasts with the results of ANF's

tests of B-quenched cladding in BWRs. See Section 4.1.2.)

3.3 COMBUSTION ENGINEERINC INC. (C-f) (a division of Asea Brown Boveri
Combustion Engineering Nuclear Power - ABB) - (PWRs)

The Combustion Engineering letter report from which the following sec-
tions are taken is in Reference 3. More recent information is found ia
Raference 8.

3.3.1 Design Changes

No specific defggn changes were noted by Combustion Engineering in their
1989 Jetter report.'’’ A general discussion of C-E design evolution through
1990 ran be found in Reference 8; particular attention is given to the
pe»formance of the following C-E desigrs:

o Zircaloy-4 cladding with lower nominal value and narrower range of
allowable tin content and a high integrated annealing parameter.

e frbia mixed with the UOZ as a burnable absorber for PWR fuel man-
agement of high buinup, extended cycle operation.

o Debris resistant designs, in particular the GUARDIAN® debris
straining bottom grid.

s System o'’ featuring an all-Zircaloy, reconstitutable fuel
structure that has a lower core position in the reactor vessel,
which reduces radiation fluence in *the nozzle region and improves
the expected small break loss-of-cooiant accident (LOCA)

periormance

3.3.2 Surveillance and Performance Programs

High burnup, extended cycle cperation concerns are being addressed by a
series of Lead Fuel Assembly (LFA) program: as discusse ij the 1988 and 1991
International Topical Meetings on LWR Fuel Performance. ™ ' Both standard
and advanced fuel designs are beiny evaluated. The performance programs
currently in progress will provide hot cell evaiuation of fuel and cladding
with peak local burnup apprcaching 70 GWd/MTU. These programs include:

o Zircaloy-4 Fuel Rod and Assembly Guide Tube Growth
e Zir- Yoy-4 Fuel Rod Corrosion Behavior

e Erb.. Irania Fuel Behavior - Four Lead Fuel Assemblies containing
0.9 w/c Erbia in 3.4 w/o enriched U0, fuel pellets, fabricated in
1989, are operating in Calvert Cliffs TI.

3.7
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3.4 GENERAL ELECTRIC (GE) - (BWRs)

The General Electric design and surveillance information which follows
is taken from Reference 4. More recent information through August of 1990 is
given in Reference 75.

3.4.1 Design Changes

GE nas made a variety of design modi“ications over the years to improve fuel
corrosion resistance and overail fuel performance. Modified features include
water roc¢ configuration, spacer and upper tie plate, cladding surface treat-
ment (involving material and heat treatment), axial zoning of gadolinia, fuel
rod helium prepressurization, nellet “‘mensiuns, and peilet density. For PCI
failures, the bavrier concept tor preiecting *  fuel cladding with Zr-lining

has been tested since 1979, with periodic pooi-side examination of representa-

tive bundles and fue) rous. Test:s in Quad Citics-2 have incluaed power
increases for additional PCI recistance demonstration. No PCIl-induced Zr-
bar, ier fuel failures have bean found in more than 680,000 barrier fuel rods
exposed to at least one reactor cycle of operation.

CILC failures were discovered in 1979 in plants with copper alloy con-
denser tubes and filter demineralizer condensate cleanup systems, under
certain specific conditions. Ffollowing the development of an out-of-reactor
test of the suscep..bility of Zirraloy to in-reactor noouler corrosion,
manufacturing processes have been developed to improve the corrosion
resistance of the Zircaloy starting material and to maintain that corrosion
resistance throughout the fuel cladding fabrication,

3.4.2 Surveillance and Performance Programs

The fuel surveillance program adopted by GE and accepted by the NRC is
described in four NnC reports.'“'“’ A summary of the GE lead use assembly
(LUA) surveillance program is contained in Table 3. Seversl of the Lead Use
Assembly programs currantly underway are discussed delow:'”

+ 1983 LUAs - Four LUAs were loaded into Peach Bottom-3 in 1983 at
the beginning of cycle 6 to test improved spacer and unper tie
plate designs, axial zoning of gadolinia, and variations in clad-
ding thickness, pellet dimensions, and fuel rod helium prepressuri-
zation, Poolside examination after one cycle in August 1985 and
after two cycles in November 1987 showed characteristics of normal
operation. Peach Bottom-3 returned to service in December 1989.

e 1984 "UAs - Five LUAs were loaded into Duane Arnold in 1985 at the
beginning of cycle 8 to test water rod configuration, improved
spacer and upper tie plate designs, cladding surface treatment,
axial zoning of gadolinia, and variations in fuel rod helium pre-
pressurization, pellet dimensions, and pellet density. Poolside
examinations were made after one cy~le in April 1987 and after two

3.8
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JABLE 3. Summary of Ongoing Lead Use Assembly Sury;i]lance Programs
General Electric as of December 31, 1989'"
No. of Gundle Average
, Comp letnd Exposure At
ko, of Cycies of vast Outage
~Llrogram = _Resctor fundles  Operation  _  GWU/MTY Objectives
Barrie~ LUA'e Quad Cities-1 1 5 43 “arrier cladding
1983 LUA's Peach Bottom-3 - 2 24 Improved design features
1884 LUA's Duang Arnuld 5 2 28 Improved design features
1987 LUA's Hatoh-1 4 i 12 Lead use GEB x BNB
Corrosion Hatgh~2 € 1 13 Cladding material process
Performance variables
GES x BNB-1 Cotper 4 { 8 Lead use GEB x 8KB-)
Channel LUA's features
Carrosg ion Hatch- & Cladding material process
Performance variables
1987 LUA's Peach, Bottom-2 “ Lead use GE8 x BNB

<.cles in October 1988, showing characteristics of normal operation.
The next poolside examination wi< scheduled after the third cycle of
operation in 19%0.

e 1987 LUAs - Four LUAs representing GEBx8BNB product’ n use were
No evidence of CILC was

loaded into Hatch-1 in 1987 (cycle 11).
found after one cycle in 1988.
scheduled after the second cycle of operatin

The next poc'<ide examination was
1990.

¢ C(ladding Corrosion Performance LUAs - Sir LUAs were loaded into

Hatch-2 in early 1988
(cycle 12) to test cla
conditioning.
variable cladding corrosion performance.

(cycle 12).

examination after one cycle in 1989.

écycle 8) and six in Hatch -1 in late 1988
ding material, heat treatment, and surface
Both reactors have historically exhibited highly

After one cycle and expo-
sures up to 13,000 MWd/MTU, visual inspection revealed little or no
visible nodular corraosion along the full length of the fuel rods.
The next poolside examination of Hatch-2 bundies was scheduled in
1991, for Hatch-! in 1990.

o GEBxBNB-1 Channel LUAs - Four LUAS representing GE8x8NB-1 produc-
tion fuel bundle design features were loaded into Cooper in 1988

Normal characteristics were found during poolside
The second examination was

e e T T
t L=

scheduled for 1990.
1987 LUAs - Four LUAs representing production fuel were loaded into

Peach Bottom-2 in 1989 (cycle 8). Poolside examination was
scheduled for 1991.

3.9
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o Ir barrier-coated cladding - Thirty two demonstration Zr barrier-
anted gundles are currently operating in their fifth cycle in Quad
ities-2.

3.5 MWESTINGHOUSE ELECTRIC CORPORATION (W) - (PWRs)

The Hestiaghouis report WCAP-8183, "Operational Experience with
Westinghouse Cores"'' is the basis fer the following sections.

3.5.1 Design Changes

No new design changec were specifically noted during 1989. An overview
of Lhe m;tinghouse design evolution is given in a 1991 paper by H.F“ Balfour
et al."*" and in the letter report summary of 1989 fuel experience.'’ These
ongoing developments include:

e The Deoris Filte~ Bottom Nozzie (DFEN) - The DFBN has smaller flow
ies than previous fuel assembly bottom nozzles in order to mini-
wmize passage of metallic debris large enough to cause fretting dam-
age to fuel rods, while still providing a pressure drop equivalent
to the previous fuel assembly bottom nozzle.

o Optimized Fuel Assemblies (OFAs) - To improve fuel utilization by
enhancing neutron modevalion and reducing parasitic capture, ldx14
and 17x17 OFAs employ a s'ichtly-reduced fuel rod diameter compared
to the non-OFA design, fuel rod, wnile retaining the same fuel rod
yitch. While the top and bottom grids in the 0%As are made of
Inconel, intermediate grids are of Zircaloy.

¢ VANTAGE 5 and 5H Fuel Assemblies - The VANTAGE 5 assembly has the
same optimized fuel rod and Zircaioy grids as the OFA and has been
improved further by incorporating features which reduce fuel cycle
cost, increase core operating margins, and improve design and
operating flexibility. These features include:

Integral Fuel Burnable Absorbers (IFBAs)
Intermediatc Flow Mixer Grids (IFMs)
Axiai blankets
- A Reconstitutable Top Nozzle (RTN)
- Increased discharge burnun.
+« The VANTAGE S5H contains the VANTAGE 5§ features but uses the non-OFA
fuel rod of the Westinghouse Standard (LOPAR) fuel assembly and new
low pressure drop Zircaloy grid design, Approximately 80% of the

fuel pellets in an IFBA rod are coated with a thin zirconium boride
coating which serves as a burnable absorber. [FM grids are small
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mixing vane grids that are located in the upper spans of the fuel
assembly, between the Zircaloy structural grids, to provide movre
margin for departure from nucleate boiling.

The VANTAGE 5 assembly has features that reduce fuel cycle cast, increase crre
operating margins, and improve design and operating flexibility. These fea-
tures include integral fuel burnable absorbers (IFBAs), intermediate flow
mixer grids (IFMs). axial blanksts, a reconstitutable top nozzle (RTN), and
increased discharge burnup.

"The VANTAGE ~ assembly has the same optimized fuel rod and Zircaloy
grids as the OFA" and has been ‘mproved furtner by incorporating

features which reduce fuel cycle cost, increase core operating margins,
and improve design and ogerat‘ﬁg flexibility." These features include:
"1) "ntegral Fuel Burnable Absorbers (IFBAs), 2) Intermediate Flow
Mixer Grids (IFMs), 3) Axial blankets,” 4) "A Reconstitutable Top Nozzle
(RTN)", and 5) "Increased discnarge buroup." "Approximately 80% of the
fuel pellets in an IFBA rod are coated with a thin zirconium diboride
voating which serves as a burnable absorber. IFM grids are small mixing
vana gv’'ds that are located in the upper spans of the fuel assembly,”
"betwaen the Zircaloy structural grids,” to pruvide more margin for
departure from nuclea*e boiling.

¢ The VANIAGE SH coutains the VANTACE 5 fuel features but uses the
non-0FA fuel rod of the Westinghouse Stundard (LOPAR) fuel assembly
and a new low-pres.re drop 2Zircaloy grid design. Approximatey
: 0% of the fuel pellets in a~ IFBA rod ire coated with a thin
zirconium boride coating that furctions as a burnable absorber.
IFM grius are small mixing va grids that are located in the upper
spans of the fuel assembly, be..een the Zircaloy structural grids,
to provide meve margin for departure from nucleate boiling.

o ZIRLO™ (iadding - This advanced cladding csata'ns niobium, which
provides additional resistance to corrosion, to permit fuel usage
at higher burnups and/or #igher temperatures,

3.5.2 Surveillance and Performance Programs

The fue! nerformance summary on a plant-by lant is provided in Table 2.
o Summaries of several surveillance programs folluw:

e Optimized Fuel Assemblies (OFAs) - From 1979 to 1986, ten demon-
stration OFAs (six 17x17 and four 14x14) were irradiated in four
reactors (Point Beach Unit 2, Beaver Valley Unit 1, Salem Umit 1

; and Farley Unit 1) to assembly average burnups in the range of

! 33,850 to 53,000 MWd/MTU. A1l assemblies were discharged in good

| cordition except one that suffered fretting wear due to a

' nonstandard step in the manufacturing process.
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In 1989, thirty two plants operated with at least one region of OFA
fuel. Observations of OFA fuel at mcre than 20 plants during 1989
confirmed govu overall performance. The following 1989 statistics are
for at least one OFA region in-core:

No. of Peak Region Ave.
Plants Lycles _Burnup MWd/MTU
29 1st 22,000
27 2nd 38,300
25 3rd or 4th 45,400

VANTAGE 5 and VANTAGE 5H Fuel Asseablies - Four VANTAGE 5 fuel
demonstration assemblies (17x17) were loaded into the V.C. Summer
Unit 1 cycle 2 core and began power production in December of 1984.
After three cycles of irradiation they were discharged in September
of 1988 with an average burnup of 46,050 MWd/MTU. A1l four demon-
stration assemblies exhibited no mechanical damage or wear and the
iFM grids had no effect on the adjacent fuel assemblies. 'ndividual
VANTAGE 5 fuel features have been demonstrated at other nuciear
plants: IFBA demonstration rods at Turkey Point Units 3 and 4 and
the IFM grids at McGuire Unit 1. Full regions of reload fuel with
at least one VANTAGE 5 fuel feature were in operation in 38 plants
during 1989, including:

- 13 plants with ful)l regions containing axial blankets,
36 plants with RTNs, 14 with IFBAs, § with IFM grids,

- 21 plants began operating with the Debris Filter Bottom Nozzle
(DFBN), and

- 23 plants with assembly modifications for high burnups.

In addition, twe plants operated with an initial region of VANTAGE 5H
fuel during 1989.

ZIRLO™ (lad Fuel Rods - Two demonstration assemblies containing
ZIRLO™ clad fuel rods began irradiation in the North Anna Unit |
during June 1987. Their First cycle was completed in February 1989,
with a burnup over 21,000 MWd/MTU., One of the assemblies was
inserted for a second cycle and was expected to achieve a burnup of
about 37,000 MWd/MTY n =arly 1991.

3.12
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4.0 FUEL OPERATING EXPERIENCE

As of the end of 1989, the total number of fuel assemblies that w re in,
or that had coupleted, operation in the United States was over 110,500
Aover 65,700 in BWRs and about 44,800 in PWRs). The total number of fuel rods
in fuel assemblies all over the world, as supplied and reported by the five
major U.S. nuclear fuel vendors in their annual letter reports to the Nuclear
Regulatory Commission, is over 15 million (about 4.2 million BWR type and
10.8 million PUP type): this compares with 14.4'% million fuel rods
throughout the world in 1988 (4.6 million BWR type and 9.8 million PWR type).

As of the end of 1988 there were 108 operable, licensed commerf£?l
reactors in the United States,'”’' These plants generated 529.4 Twh and
achieved an average capacity factor of 61.7 % in 1989; the corresponding
figuresléor 1988 are 525 iWh and €3.3% respectively, from the same
source.

A synopsis of domestic fuel performance is pruvided for each of the five
domestic vendors in the sections which follow. The fuei integrity ratings of
fuel from each vendor are also provided. These ratings are normally obtained
from lodine-131 activity leveis initially, followed where possibie by gas sip-
ping or ultrasonic measurements: these methods are described in References 99-
108. To assess the overall performance of fuel rods, th? Institute of Nuclear
Power Nperations (INPO) Fuel Reliability Indicator (FRI)''*™ has become a
commonly used standard., The FR! for PWRs 15 the Jodine-131 coolant activity
Tevel normalized to a standard cieanup system flow rate (a]sq referred to as
the "uncorrected activity”) and corrected for tramp uranium'™’ and alter-
nately referred to as the "corrected activity" or FRI vilue. For BWRs, the
FRI value is determined from the rate of fission gas r< . ease measured at the
steam jet air ejector. Lower FRI values are qualitatively indicative of fewer
failed fuel rods in the core. The rule-of-thumb average lodine-131 activity
in reactor coolant is about 1.2x10" uCi of lodine-131 per gram; in general,
levels above thys value signal the presence of leaking fuel rods. The
specific coolant activity te:hnical specification limit for each reactor
depends on such factors as reacicr power and coolant purification flow rate.

(a) This is lower than the number given in the Fuel Performance Annual Report
for 1988 because it is from a different source, The total number of
assemblies consists of a count of the in-core assemblies from Table 1 of
a report from the Department of Energy "' and the number discharged,
from Tab'e 5 of the same Reterence,

(b) The figure for total electrical power generation given in Reference (19)
is derived from a different source and is higher by about 5%.

(¢} Tramp uraniuym is finely divided uranium oxide particles suspended in the
coolant or deposited on core surfaces.
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Historical information on fuel failure rates n BWRs and PWRs is provided
in Appendix A. It 3hou1d be noted that the definition of failed fuel is not
uniformly app]ied;“ in many cases the number of fuel failures is inferred
from 1nd1rec} ?vidente, while in other cases only directly observed failures
are counted, '’

Although overall commercial reactor operating experience rontinues to be
excellent, there are sporadic events involving damage to or failure of fuel;
those events are discussed in Section 5.0 and Appendix B.

4.1 ADVANCED NUCLEAR FUELS CORPORATION (ANF)

ANF fuel performance and fuel rod integrity through the end of 1989 are
described in Reference 1.

4.1.1 Fuel Performance - Fuel Utilization and Burnup

As of the end of 1989, a total of 16,480 fuel assemblies containing
1,957,723 fuel rods had been irradiated, abot 64% in BWRs and 36% in PWRs;
and ANF fuel had been loaded into 47 commercial light water reactors (LWRs)
(22 BWRs and 25 PWRs) in the United States, Europe, and Asia. The ANF fuel
experience through December 31, 1989, is summarized in Table 4.

The expouure distributian,gf ANF fuel rods and assemblies, as of the end :
of 1989, is shown in Figure 1.'°' The highest exposure levels reached by ANF
fuel to date are 41.1 GWd/MTU in 1985 for a group of BWR fuel rods irradiated
at Big Rock Point in Michigan and 50.0 GWd/MTU in 1986 for PWR fuel irradiated
at Tihange-1 in Belgium. ANF's BWR 9x9 fuel assemblies and PWR 17x17 fuel
assemblies reached new high burnups in 1989: BWR 9x9 fuel at Gundremmingen-3
in Germany reached 40.0 GWd/MTU and PWR 17x17 fuel at Donald C. Cook-2 in
Michigan reached 44.0 GWd/MTU.

(a) A two-volume report''’’ published in 1980/1981, elaborates on the
reporting of abnormal degradation and fuel failures. The threshold for
what constitutes abnormal degradation is not uniform throughout the
industry. Therefore, the degree of degradation reported has not been
uniform. The definition of failed fuel is tied to the functional, legal
and detection reguirements on the fuel. The designation of fuel as
failed depends on which functional requirement is not met (safety,
commercial, or design), whether or not there is a legal contingency on
that requirement (technicai specification, fuel warranty, or design
basis), and which indicator is used (coolant or off-gas activity,
sipping, strain, or deflection). ODefinitions of fuel damage, failures,
and coolability, as these terms are applied in the NRC's review of fuel
system designs, are provided in Section 4.2, Fuel System Design, of the
NRC Standard Review Plan (SRP).“

4.2
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IABLE 4. Summary of Advanced Nuclﬂur fuels Corporation Fuel Experience
tirough December 31, 1989

A. Fue) Assenblies

In_Core . Rischarged .
Maximum Maximun  Yots) No.

Reactor  No. of Fusl  Burnup, No. of Fuel Burnup, of Fuel

JLpe . Aszemblies.  GWA/MTU  Agsemplies GMA/MIU  Assemblies

8WR 7,674 4.4 2,647 4.1 10,521
PR 1.989 45.0 3,910 50.0 5,959
Tota) §,663 6,817 16,480
B. Fuei Rods

Reactor __aninﬁl,ﬁﬁdim_nnwﬁww

Jype 1a Core charged .10t

Bue 525,862 176,686 702,548

PR 447.902 807,273 1,255,175

Total 073,764 982,959 1,957,723

(a) Average of extended burnvp rod. transferred to a new host fue)
assembly.

4.1.2 fuel Rod Iatearity

Historically. the overall ANF fuel rod integriiy, based on failures that
were ju ?'QF frou fuel related or unknown causes, has remained at bstter
tian 99. 94% : In 1989, the tael rod reliability remainea better than
93.997%. Failure stattsf(cs on all ANF fuel rods throug! December 21, 1989
are provir - in Table §S.

Te + .ess the reltabiltty of ANF fuel, ANF uses ithe [NPQ FRI described
above. The FRI distribution [or ANF PWR and BWR fuel i¢ shown in Figure 2"
and is derived from the 1989 vearly average for each reactor that operated
with ANF fuel in the core. The median value for all PWR reactors containing
ANF fuel is 1.2 {IO uti/ml, which compares well with the INPO PWR median
value of 2.0x10 pti/ml The median value for BWR reactors containing ANF
fue) in 1989 is 2.70x10™ uCi/ml, wita the industry median being 9.30x10"
uCi/ml. ANF did not have any failures attributed tu design or manufacturing
in 1989, The five-year trend in the ANF FRI indicates a continued improvement
in fuel periormance,

4.1
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© IABLES. ANF Fuel Rod Failure Statistics as of Decomber 31, 1989’

Failed Fatled

ode Burrup Rods Bursup
Le2s Than Lesy Than
No. of Werranted, Warranted, AN Bthnrfﬂf

Reactor Trradletes  Fyel Relateg J&m&&sgggt Solloea Do Jotal Fatlyres
deee.  _Reds 00 N Rete  Bo. No.  Rate. Mo, | _Aate
B 182,548 50 ¢.senx af P 0l i3 # P 161 ¢ P23
PR LSS i€ geRix 14 £y 2] B ppex i L
fotal 1,967,723 3 020 21§ gz € 2 Bpan 164 #2isy

(2) Failures not examined and/or abowe warranted burnve.

Quring 1989, leaks'® in cladding attributable tu causes other taoan
fuel desiyn or manufacturing were found by ANF Lo be from debris in the
cggsg?t stroam trapped or fodged where 1t could cause frettiny of the
cladding.

ANF standard cladding continued to show @ood corrosion performance in
all reactor environments, basad on corrosion data collecten during 1989,
These data were wbtained at three PWRs and four BWRs. Bata-quenched cladding
reached exposures as high as 39.6 GWd/MTU, exhibiting resistance to corros of
- particularly in those BWRs whic™ are characterized as susceptible to crud-
induced localized corrosion (CIMC). (Note: This contrasts with BWFC's finging
§b:£ztg ;uns beta-quenching provides no particular advantage. See Section

4.2 Bk FUCL TOMPANY (BWFC)

20, The performance and integrity of BWFC fuel turoughou? 1989 is provided
~in the letter report in Kaference 2.

. 4.2 fuol Performance - Fuel Utilization and Surnup

’ s A cummary of B&W Fuel Company’'s fuel rod experience, from the startup of
ST their first ea.tor &the-l) in April 1873 through Lecember 1989, is
' ?rn¥1g?a ;n(gabia . The operating status of BWFC-fueled reactors is shown
n Table 7.'

Batch average burnups for the BWFC 15x15 Mark 8 fuel desian have

. increased from 27.0 to 37.0 GNd/MTU. The peak burnup of a discharged fus!
assembly (an LTA) in 1989 is 58.3 GWJ/MIU following four cycles in core. The
“burnup ﬁﬁaerience for BEFC-supplied Zircaloy-cl. 4 fuel is summarized n

“ Table 8'°' and for BWFC-supplied stainless steel-clad fuel in Table 9.°°

i (a) "lLeaks" refer to the release of fission product: te the primary coolant
rf~; through a breach in the fuel rod c'adding,
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Cumulative Number of Rods

Irradiated Through Dec. 1939:

a. Maximum Rod-Average
Burnup, GWd/MTU

b. Mean Rod-Average Burnup,
GRd/MTU

Total Number of Rods
Irradiated in 1989

Number of lrradiated Rods

Incove on Tec. 51, 1989:

a. Maximum Rod-Average
Buroup, GWd/MTU

b. Mean Rod-Average Burrup,

- Ghd/MTU

Number of Rodc Discharged in

1989:

2. Maximuit Rod-Averaue
Burnup, GWd/MTU

b. Mean Rod-Average Burnup,
G /MTU

Estimated Number of Leaker
Rods Generaied 1n 198%
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1989 Performance Summary for WC(-
{(Cumalative to December 21, 1989)
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fFuel

Stainless

Sieel 15 x 15

07,100
6.2
27.8

32,028

32,028
39.7
26.0

QSD(E:

1,055,216

£0.8
27.1

247,712

257,712
40.C
21.6

70,304
60.8
25,5

8Lf1

Supplied Fuel Rody'®’

! Lype
Jivcaloy-Clad Fuei: Fuel |

i ray Iwe |

{Mark L) (Mark oW)

I x i Al x]i).
i 056 1,056

36.4 15.5
30.1 15.3

1,086 ;

1,086 _
15.5 |
15.3

Three Mile Island Unit 2 is excluded from this t=bulation.
Rased on a combination of ultrasonic inspection ano v.sual inspection
during reconstitution. A1l failures examined had “cbris wear on clad-

ding near bottom end cip.

Estimated from equilibrium coolant rudio-jodine behavior during ful.-
power opevation, or LUT examination of Ffuel assambiies.

4.7




b |




A s ae iR g L e s

Im Summary of Bury Eﬂeﬂmce for SWFC-Supplied Zircaloy-Clad Fuet'®
: {December 11, ':“339)

Assewb lies Discharged
Assenii Hes Ircore Assemi Vigs VThriugh

A g N M . gl ite
Suroge., /I,

Spssmhines Mo of Pods  Assemblies Moo of Rpds  Amuemblies Mo of Bods

NP ] PR L T %

810 4,8 £ 18816

5 ¢ @ ] :
Rk ALNE to 6 B0 I T 0 v ¢ 832 |
il 5,000 to 12,000 4 $.192 5 11,548 1% 0,87 |
iﬁl-' 12,000 tc 16,900 128 24,568 ’ @ 154 77,874
o 16, Bo0 <o 20,008 224 36,542 3 6,846 192 39,936 f
i 20,000 to 24,008 152 31,824 e £, 864 138 68, 64d ‘
A1) 24,008 to 26,809 ta 39,30 6 130 1M 240, 144 |
F}_ 8,508 to 37,080 Pl 41,508 T 4,568 1,85 218,856 |
!;3‘ 32,000 to 30,068 e 71404 48 8. 520 snale) 115,136 |
i.; s 56,800 1o 46,008 4~ 518 n 11,97¢ 32 &4, 06k 5
b 40,008 to 44 890 5 1.04@ a1 8.528 8 5,648 '
iy 44,800 1o 48,008 2 ¢ ¢ ] 12 7,060
It 48,200 to 52,900 ¢ : 0 ¢ 1 o0 |
8 S7.008 to 56 80 H P i ! 1 208 '!
6,090 5o 69,080 | i i I R S :
}':-' :;ff= v TRTALS 1,239 .02 A3g ’R, 384 3.589 825, 720 !
” Aty S 3\0) Three Mile I8l5ad Unit 7 §a exclired from titx tabulation
& b) L ludes two nonremonst itutabis 1X x 17 L0872 Mark ().
' {£)  laglidies two reconytitulable 17 x 1) L7A's {Mark R}
id} " Includes four L7 1T Lead Assewbites (Mark o)
;
Of 32,028 stainless steel clad rods irradiated, an estimated total of 2
. 450 leaking fuel rods developes, due tn extensive damage from debris freiting. ;
SIS All stainless steel clad rods were irradiated in the Hacdem Neck (Tonnecticut |

Yankee) reactor; the fuel rod performance was determined by ultrasonic exami- i

nation and visual inspections during an extensive reconstitution effort during

the cycle 15 to 16 rafueling. In spite of the large number of leaking rods in

© the one reactor, the average coolsnt iodine level for 1989 was slightly more

Pa than one fourth of the 1980 level, as is evidant in Table 10. The performance
- for stainless staol clad rods represents a fuel integrity of 98.6% for 1989,

e, 0
AL

The number of 'eaking fuel rods shown in Table € was estimated by means ]
of radio-iodine activity at rful) power operation and is therefore a best nuess A
only. The BWFC ultrasonic testing method, the Eche 330 ultrasonic system,

which uses a Lamb wave to detect the presence of water in the fuel-in-clad cap

in individual fuel rods, permits a more precise determinalivn of the number of

4.9
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TABLE 10. Avcrage Steady State Cog*ant lodine Activity
for BEW Designed Plant:

1-131 Activity,

Date SRS 4 V4 TR
1980 0.086
1981 0.046
1962 0.031
1983 0.04)
1984 0.0%1
1885 0.031
1486 0.014
1987 0.023
1988 0.035
1989 0.023
4.3 COMBUSTION ENGINEERING INC. (C.E)

A summary of the performance of Combaﬁtion trgingering fuel during 1989
e

is given in the C-£ annual letter repo
4.3.1 tyel Performance - Fuel Utilization and furiup

The highlights of the C-E fuel performance for 1982 are discussed below:

A summary of Combustion Engineering Fuel Irradiated and/or Dis-
charged and the batcn averaged buruups achieved in 1989 is pre-
sented in “able J1. The highest batch averaged burnup in reactor
at the f 1986 was 43,000 MWJ/MTU at Calvert Cliffs I1. The
highest . .« sveraged burnups at :1scharg;dduring 1989 were 43,000
MWd/MTU 2. Ari nsas-2 (ANG-2) and 42,000 /MTU at St. Lucie-2,
However, batch-averaged burnmup at discharge of 56,800 and 4L 200
MWd/MTU at Culvert ?L}ffs 1T and 51,600 MWd/MTU at Arkansas-2 were
experienced in 1988""" and are not includod in the current table.

The cumulative irradiation experience of active and discharged all-
Zircaloy C-F asszublies through December 31, 1989 is shown in Table
12. The total number of C € supplied roas, in reactor and dis-

tha egsén 1989, wac 1,556.158; the total rumber of C-b sisemblies
was 7,756.

The status of the major (-£ Fuel Research and Drvelopment Programs,

as of mid-1990, has been incorporated into Table €.
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4.3.2 fuel Ro¢ Integrity

The corrected coolant jodine-131 activities reported for each reactor
cycle at plants operating with C-f fuel are listed in Table 13. The corrected

- activities were obtained using the INPO (institute of Nuclear Powsr Operators)
standard FKI methed described in paragraph 4.0.

o+ In Figure 3'" the significant decrease in the average corrected
coolart activity for all plants with C-£ fuel over the 19871903
perin! is plotted. The average plait activity at the end of 1979
was 0.0996 uCi/g, the median C 0023 uli/y. These values compare
reasonably wetl with the ipqustry sorm. as reported by INPO for the
U.5. "R industry ir 1989.

o It is estimated that 75% of the leaking (ue) that orerated during
1989 was caused by debris-induced frsttiug wear of the Zircaloy-4
fuel rod cladding. Many of these leaking fuel rods were removed
and replaced with non-fueled rods during v 5fuelinv outages, using
C-E fuel assembly reconstitution methods.'

o The overall reliability of - fuel at the end of 1989, excluding
failures que to debris-irduced wear, is estimated to exceed
99.99%. 'Y

4.4 GENCRAL ELECTRIC (GE)

A summary of the GE fuel performance and fue) rod integrity is given in
Referente 4.

4.4.1 fuel Performance - Fuel Utilization and Burnuo

Ac of December 31, 1989 cver 3.8€ million GESxB fuel twpe production
Zircaloy-clad UD, rods were in or had completed oparation in commercial BWRs,
The romulative number of fuel rods in GEﬁ;B bundles loaded, as a function of
calendar year, is presented in Figure 4.7 As of December 31, 1983 over
1.54 miilion G¥ fuel pods were i~ operation. The GE core loading by fuel type
is shown in Figuee 5.'% A: of Uecewber 31, 1989 GE had joaded approximately
1.17 million PLi-resistant barvier fuel vods in commercial IWLs.

in 1989, eichteen domestic and eight overseas RE ONR plants containin
GE fue) had refuelinu outages, resuiting in over 3800 new GE 8x& fuel bundies
being loaded. Over 50% (or 12 reloads) of this new fuel wis the latest GE

production fuel desiyn {GEBxBEB and GEBxENE).

The cxperience of GE production and developmental BWR Zircaloy-clad U@,
fuel rods through Uacember 31, 1089 incl.ded ruccessfal commercial reactor

operation of fuel bundles to greater than 15,000 MNd/MTU bundle average wxpu-

sure and approximately 60,000 MRd/MTU peak oellet exposure.
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T4BLE 13. Corvected lodine-131"" in the Primary Cooiani pf Reactors
Curtaining Combustion Engineering fuel in 1989

Covrest aa %

Fuel Baginning End of iodine 131 |

Bl L cagle.  pffycle.  _ Dweie . utizel® |

* Ard insas-2'" 7 05- 18-8d 09-25-89, 0.0190 1
» 8 11-18-%9 02-15-61'* 0.0003

5} Calvert C1iffs-1 1t 07-01-88 11-15-91'¢ 0.0130 |

iz :
Eﬁ,’ Catyert Cliffs-2 8 06-13-87 03-17-89 0.0582G
%¥-~ Fort Ciitoun 12 01-25-89 02-17-90 0.C016
A faine Yankee e 12-13-88 04-07-90 0.0002

i Palo Verde-1 2 03-01-88 04-08.£% 0.0300 |

o valu Verde-2 . 06-18-88 02-14-90 0.0100 |

' Palo Verde-3 1 10-25-87 03-05-85 0. 0067 |
Saint Lucie-? 4 11-22-87 02-05-d3 0.008]

b 04-25-89 10-51-96 0.0009 |

San Onafre-2 4 12-09-87 09-08-89 0.0145 3

5 11-17-89 08-15-91"" 0.0003 :

San Cnotre-3 ¢ 08-16-88 01-15-90 0.0023 |

Waterford-? 3 05-29-88 09-22-u9 0.0028 |

4 11-19-89 03-15-91'% £.0050 :

Yankee Rowe 26 01-13-L 06.23-80 0.0020 §

. S

{a) corrected for tramp ursnium and normalized to the seme cleanup rate using

the standard INPO amethod.

{b) ctnd-of-cycle or end-of 1989 values.

(d) Projectea end-of-cycle cate,

~{e) Contains fuel from Comhustion Enginesring ard another supplier.

4.15

{c; Arkansas Nuclear Mne-Unit ) (also known as AND-2).
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o 0.06 | Lad La L Zero
12341234[1234]123“‘"‘"“
vl 1087 | 1985 1989 1 1980

i : Calendar Year and Quarter

: * INPD Stondard Method Decomber 31, 1888
:f‘ 39708048.2
Llr  FIGURE 3. Corrected Coolant [-131 Activity* Versus Time'"

i

r 4.4.2 fuel Inlearity

ih The GF8x8 fuel types have an wverall fuel reliability rate from 1974 to
L

Bin the end of (B89 Of greater than 59 98%.

i

oy 4.5 WESTINGHOUSE ELECTRIC CORPORATION (W)

IR A

ﬁ?‘" Tne summary of fuel perforrance and fuel rod integrity from Westinghouse
) for 1989 ic found in Rererence 5

i 4.5.1 Fuel Performance - Fuyel Utilization and Surnup

i 8

i During 1985, 57 PWRs were refusied with Westinghouse fuel, and two

lants started initial commorcial power operation. A& total of 73 cowmercial
s have useu Westinghouse-suppliied Zircaloy-clad fuel. These include 14x14,

T
i

EA‘ 15%18, and i7x17 fuel assemblies: 45 of these have operated with 17x17

B assomblies through 1989,

2

]

3

3

]
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. At the ond of 1989, & total of abo.t 2.56 million W Zircaloy clad fuel
rods was in operation, representing 10,480 fuel as.emblies. Including dis-

hf:d”, charged funl, the number 0 irradiated ¥ Zircaloy-clad fuel rods totals 6.7
{;;' million, representing approximately $,000 fuel assemblies.

%‘: , The average burnup of all W discrargnd teel (¢ about 78 GWd/MTU, and the
A

summary of buruup thrsu?h the end or 1988 is presented in Table 14, As

shown, there are over 174,000 Westinghouse Zircaloy-clad vods (in core and

discharged) with assembly average burrap: of 40 Jwd/M;U or more. ihese repre-

sant 3368 fuel assemblies with assembly average burnups greater than

36 GWd/MTU, of which 772 hud assembly averive burnups greater than 40 Gwd/MTU.

¢'g}an§;by-p1ant status report showing peak region averaye burnup s given .n
ble 15 ;

4.5.2 fue! Rod Integrity

i The 1989 coolant activit) Yevel distribution for W-fueled piants,
e uncorrected and normalized, is shown in Table 16. In Figure & i* can be saen
g Chat thhough the percentage ot plants exmbiting uncorre. ted activity fevely
L Iower than 0.01 uli/g peaked at 8F% in 1987, it was still 80% in 1989, end
thers i3 an overal! shift to lower activity levels over the years even as thr
o number of plants iicreases; the nunber of plants exhibiting activity levels
, above 0.02 aCi/? cdecreased from 33% in 1982 to 2% in 1988 and 1989; and . i
g;agts using W fuel have exhibitel lodine-13]1 activity above 0.1 wli/g since :

e A e 3

average burnup of all ¥ fuel (in-core plus discharged) is about 25 GHA/IU. A i
|

LRt - R
SR, _—

W R

| S

bDuring 1989 reéfuelinn ocutages, ultrasonic testing (UT) examinations were
performed un ten reactors with the highest <oolant activity to identif leak-
ing rods. Thirty-two leaking fuel rods were found in nine reactors Of Lhe .
eleven, rods exanined to date, eight wery leakine hecause of debris induced
fretting, cne because of a manufacturing-related prebler, and for two there
wa?dno confirmed primary failure mechanism bul tell.tale hydriding was
avident . 1

Nestinghouse reports no fuel failares due te corrosion or rod bow with
any of its fuel, no failures due tc zrimary hydriding since changes in manu-
facturing process and specification: were made in the early 198Cs, und no ;
evidence of fuel failure Jue to baffle jetting o cladding zoliapi: during ‘

P e P T AN P e ey e,
= ool
B . ;

e

l

Ei 1939. f
g 4.5.3 Mo -fuel Core Componants

?}! e Rod Clustar Control Assemblies (KOLAc) - Over 2700 Wastinghouse |
b\ Full-lengti: RCCAs are currently in service. Operatisral experience :
i has de_ermingd that they are susceptitle 1o fretting wear against ;
se. uppec internal guide cards while fully withdrawn and stationary,

and to hairline zracks at the vips. In addition, the full-lenqth
nifnium absorber RCCAs exhibit localized hydridiag ir additirn to

A A T
e L hly

!

- f
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TASLE 14, Zircaloy-Clad fuel Burnup Status Through 1969: Assemd \ywise
Burnup Distribution of Westinghouse Zircaloy-Clad Fuel Rods
A. LIRC Active Rod Burnup Status as of 17/31/8%- Combined Fuel lypes:

Assenblywise 18 x 14 15 x 15 16 x 16 17 x 17 Totals
: u B/ Rods .= _Rods = Bods = Rus = _ Reds

+ 3,999 7,160 28,560 9,400 143,088 188,208

0
4,000 - 7.999 19,260 50,592 3. 760 158,928  22.54C
§,000 - 11,9899 24,976 16,320 8,165 284 597 335,483
12,000 - 15,9%% 14,272 156,932 34,075 271,128 336,407
16,000 e ]9,999 ‘swssg ‘9,16‘ 3\760 28‘0064 35?|8“7
20,000 - 23,999 27,804 42 432 3.760 165.528 239,524
24,000 - 27,999 £5,931 36,158 8,460 194,568 265,067
28.000 - 31,999 22,458 37,128 7,520 185,652 256,658

32,000 - 35,999 24,330 32,438 3,055 64,736 224,257
36,000 - 39,999 17,005 11,628 1 880 73,382 103,805

40,000 43,999 4,296 5,616 0 14,520 24,732
44,000 - 47.999 0 9 0 1,168 3,168
48,000 - 51,999 9 g n n 0
52,000 - 55,999 0 0 0

0 0
56,000 - 59,999 0 G B b o e TR
TOTALS 203,051 37,216 84,835 1,947,266 2.562,366

B. ZiRC Discharged Rod Burnup Status as of 12/31/89 Combingd Fuel fypcs:
Assemb\ygise 14 x 14 15 % 1% 16 x 16 17 x 17 Totals

Burnup, MWU/MIU.  Rods = _Faus . Redy . Reds. Rods
o - 3,999 0 f 0 0 ¢

‘tooa v ?;999 "292 0 0 4,488 8.?81
8,000 - 11,998 23,249 6,528 6,815 54 384 90,97¢
12,000 - 15,999 18,067 50,388 9,63% 172,920 251,010
16,000 - 18,98y 61,785 82,6 6,1 364,584 525,065
20,000 - 73,999 03 .32: 108,344 7,75% 183,52 333,572

24,000 - 27.999 128 AQQ 123,26  20,68C 328,439 600,815

28,000 - 31,999 135,616 262,336 23,735 395,736 837,423
32.@00 A 35.99& 2151597 238'884 20!?10 “09,395 38‘508?
36,000 - 39,999 75,144 151,572 8,69% 265,975 501,386
40,000 - 43,999 20,408 35,516 1,880 by , OO 124,802
44 900 - 47 999 2,148 13,056 0 3,696 18,900
48,000 - 51,299 0 0 Y L6 264
52,000 - 55,999 0 816 f 528 1,344
56,000 - 59,999 g 9 s 056 1030

TOTALS 738,076 1,105,272 105,815 2,230,618 4,179,48)
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JABLE i3. (contd)
ZIRC Jotal Rod Burnup Status as of J12/31/u8 Combined Fuel Types:
gnaonbi ise 14 x 14 15 x 15 16 x 18 1" x 17 Totals

s e e

- A Reds . Reds . Rods.  _Rods . __Rods |

, 0 - 3,99¢ 7,.860 28,560 9,400 143,08% 188,208 |
Y 4,000 - 7,929 23,553 50,592 3,760 163,410 241,321
r 8,000 - 11,999 48,225 22,848 15,980 338,976 426,029 A
3 12,000 - 15,999 32,339 67,320 43,710 444,048 587,4]/
a 16,00C - 19,299 77,614 141,790 9,670 A48, 248 877,912
3 20,000 - 2,999 81.12% 15,778 11,515 328,680 573,093
i 24,000 - 27.999 154,411 149,324 29,140 523,007 865,882
s 28,200 - 31,999 158,074 319,484 31,255 £35 288 1,094,08)
: 32,700 - 35,999  739,&7 271,320 21,268 574,.32 1,108,344 |
% 36,000 - 39,999 92,149 163,200 10,578 339,367 605,291
| 40,000 - 43,999 23,702 47,432 1.680 80,52C 123,534 |
; 44,000 - 47,999 2,148 13,056 0 6,864 22,068
; 48,00y - 51,9499 0 0 0 264 264

52,000 - :;999 0 816 . 528 1,344 |
B 86,000 - 59,899 .0 M TESE e | SRRSO (. R Py, :
{ TOTALYS, 941,127 1.432,438 190,350 4,177,882 6,741,847 ;
N ;
Nt desigu basis uniform hydviding. "Eddy current inspections of the :
i hafniua R2CA. bave shown thut safe operation of the affected plants is
3 not compromised, &t least through the third 18-menth cycie or a fourth :
g~ annaal cycie * |
?* o Durnsble Absocber Assemblies (8A3) - The Wel Annular Birnable ‘
ff Absorvess (WABAs) haveo been used routinelv since 1983, No new
i incidents were reported with WABA: in 1989,
Kf s Scurres and Plucqing Devires - No operational problems were E
ki, reporied with thimble piugging devices during 1989,
) :
;r.A.‘.
e
E_, 1
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m mttimusa Fuel Verformance Status Roport -
(throuah Decuuber 31, 1989)

1985

Getg of ¥ et ' Current  “eax %
: flectrical Cyrtsn  Average
T f&u o' t&rm Spaie Union YAeevrlee $.A, /68 .- w.In i
g 2 Switzerland  Nordostscnee izeriychn 868 W 15,408
gl , fraftwerke AG
A EoGin T8 A Rudhoster Sas « Fleetrie 12769 it 1%, 468 i
Point Beact ) S, Ciengngin Fleste e Fower Wi 1 . 1
Paint Beach i LTIE R Y Wisnons'is flectrio Fewar 22 1& i, U y
o Bureyel CNLE) @3 A ¥irgritla £lectric Fowsr &1 i a5, 958 l
 Tgtkey Foint-t U5A Fiaciga Power & Linkt nrt i 58,268 ]
Surry-# -2 virginta Eleciric Fowar 2173 i » e E
indian Peint-2 TR vongaTiceted £disen 7113 1R ot
Turkey B4 TR Y Flbetde Power & Light T 1?2 39,130 ,
Toonad i Ll BB Commonwed “th €410 B/7S i .90 "
prafrie Tatandd . WS4 Nortnern States twar \2/73 13 08,750 3
Ttow2. UE . Commomeed 1th §d¢5or, 12/n 1 86,718
Kowaunew . USaA Wisponsin Pup . ic Service N . W, s
Prairde leiv? U A Notthesr Ttetes Power 12/ 13 36,190 i
CBOE s 1 e Indisen & Mickigan [ e s 1} 36,408 o
CTeedan L BEA, wet land Sevecal FletriG 218 i 31,948 ;
:Nwt T s furthesst Ur1T6ties 11478 é ¥ ase i
non-ve~finghoune pilant witn W tieghause fues;
Inefian Point-3 LSA, Power Authosity of the 576 ? LIS | 5
e State ot hew York 1
. peaver Valley! Us A Duguatre Light /1 7 AN '
TS Rl . o Pubiie Sesvice Flestric /b 3 94,520 :
5 . ; & dns 3
o KORISY Xorea torea flechrin Power 1T \# KT
L Farleyl LIS Alghaca “ower Cimpany & 14 45,470
L. Conk-2 .k Tatte.n A Mighsean Elao EVETY 15,578 o
North Sad i YVirginia L leet-ie Power Al 18 SR ¥
Nl et U.S 4, ¥irgiria Elattria Poee Lig ) i A 1w l
Sequoyah-i 5.3, Tenmes: 88 ¥a ! luy Anthor ity 10788 i 5, 450 iy
alew? U5 A P BY e Serwite Flen, K fan /81 5 3,599 b
rfltW‘ TR Alahana Fower Lrwpany Rl t S0 :
mmq 054, vke Power Comyany /81 ﬁ 38,93 o
: "
:
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i
}
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IABLE1S.  (cwitd)

Date of | irst
Elstrdcal
—lOr

M AT

ierel
i
/83
LEL ]
lirea
583
L
1785
1785
2/8¢
z/8s
688
1085
288
L
588
/8

(¥ T

1/8¢
78
3w
16
&8
&3
LT3
aray
§78a

Current
{ycle
R
&

A
E
&
&
B
4
4
4
i
3
b}
4
3
3
4
3
4

s

B e W hE M PR e

-

Aver age

Poak Rtegign )
2.,

35, 840
34,769

35,85

8,008

%, 320

7.0 1
ST
4408
35,200 " B
EERIT; ;
W, ,

RN L A
9,540 Ly !
39, 458 _ 3
79,990 A
R
33,860

-

19, 8%

26,250
23 hog
35
19,90
24,470
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.90
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1
|
| TABLE 16. Sumsary of Cooiant Act vity in 1989'"
x Jor Westinghouse Corporation Reactors'™
ncorrectad L1 _Corrected LI |
iy Axtivit{ Ranqe No. of Percentage o, Percentage
& Plants  _inRenge.  Plants  _iv Raoge.
o.o:o to o.wo ] 2% 1 2%
0.010 to 0.030 1] 18% 7 12% |
: 0.003 to 0.010 17 29% 10 16% I
i 0.001 to 0,003 17 28% 13 21% |
Below 0,001 15 24% 30 49% i
= . » . . 8 - J
e }a; 1-131 values are given as of the end of 1989 (December basis). |
L b) Normalized Measured data. |
i = {c) Normalized Measured data corrected for tramp uraniuan. ]
(d) A1 data have becn normalized to 100% power and the same cleanup i
Al ra‘*e. :
A oY r
i !
Eﬁgf:f IABLE 17. Comparison of Coolant Activity™ roﬂ 1982 to 1989 !
@#ﬁw it in Westinghouse Corperation Reacfors : !
fif 1949 1989 1982 1942 F
A Activity Range Ro. of % in No. of % in :
i (-13), wlilg) Plants Range Plants Range 5
: 0.10 to 0.30 - v 4 |
£ 0.930 to 0.10 1 2 10 38
0.010 to 0.0 11 18 3 11 :
0,003 to 0.010 17 28 8 3 @
0.001 to 0.003 17 28 2 8 |
Below 0.001 15 24 2 8

{a) 1-131 uncorrected values are fur the end of each year
{December basis), All data have been normalized to 100% power
and the same clean-up rate. Uncorrecied - Uses rormalized
measured data with no adjustments for Lramp uranium.
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5.0 PROBLEMS OBSFRVED DURING 1989

This section contains infovmation on events or items that involve actual
or potersial fuel failure or danage or are »f Joncern or interest to tie fue!
usystems, Because of the length of the section and the amount of detailed
information provided, part of Section 5.0 15 placed in Apperdiy B, In gen-
eral, fuel relaled evenls are placed in Section 5.0 and nonfuel related events
are placed in Appendiv B. There are @ few exception: to the events placed in
Appendix B. To aid the resdor, an index for Sectyon 5.0 s provided hare and
in Appendix B.
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8.1.11:0

8.1.11.2

5.1.11.3

$.1.12 Debrys

WRT L At UGBS T L B S g S e A
$.1.12.2 Diable Canyorr-1 . . . .« .« 0 4
§.1.12.3 Qiablo Canyon-1 . . . . . . ..
5.1.12.4 Wes: nghouse Fue! . . . . . . . . .+ . ..
§.1.12.5 Vermont Yonkee . . . . . . . .. .
5.1.13 Failure of Inflatable Seal ., . .. . . .. . . ..
e R O L
5.1.14 Control Rod Operaticn . . . . . . o v v v ..
$.4.14.1 Davis Besse-1 . . . . . . 44
R PR T S L R A ST
8.7.04.3 River Bend . . . o v 0w ey e
S0 00N St tARE- . " s e d e A L R
5.1.15 Control Rod System Failure/Malfunction . . . . . . .
P s BRI R R RO e L AR S SR
LEARE Fort L WP e A e F B s
§.1.05.3 Mct Y g p W e @ W TR k& A wiw
NG IRRE Bopaped 1. o it il WU S e Ty WA b A
5,1.15.% Prairie Island-2 . . . . . ... .,
9.1.18.6 furke’ Point-4" . . . . . . . i i sl
A0 7 Yankee BOWR . .o nute s e w e s
B T T T O

11 Fuel Hurdling: Other Events ., ., . . .
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5.1.1.10 Argenting

1t do fndicated in a 1999 artrcle’"™ that at Aegentina’s Atucha-1 on
Au?ust 27, 1938, three damaged fuel-bearing preisure tubes allowed some fuel
:: lets and other detris to fall into the vessel of the prototype presiurized
avy water reactor (FHWR). fFxtracting the fuel pellels and metal shards
(many tiny in size) from the radioact ve vesse! has been a logistical and
engineering nightmare. Scores of other pressure tubes are being inspected by
the Comision Nacional de frorgia Atemica (CNJA), for porsible damage from
motal fatigue or corvosion, which could be possibla causes of the mishap.

§.1.1.11 Belgun

Out of nearly 41,000 Belgonuclesire mived oxide Sgoy7rﬁgr) fuel rods
irradiated to date. no failures have nccurred since 1980, " OF the
41,000 rods, over 38,000 seve made by the MIMAS process. The few failures
experionced before 1980 were due to causes tha', at the Lime, also affected
commercial VO, fue',

$.1.1.12 fLrance

& French paper''?’ presentad at a symposium in Augist 1909 includes o
discussion of degradation problems acteq in their PHRs. Rubhing has been
encountered on the surface of Zircaloy-4 fuel cladd ng (due to cross flow
through baffle joints, loose parts, grid contact or manufacturing defects), on
A1S1 304 stainless stee) contro) rod tubing (due to hydraulic disturbance and
contact with guide tunes), and on AIST 216 stainless steel in-core instrumen
tatior tubes (due to movement against guide tubes). There have been numerous
failures in service of Allgy X750 guide tube piry due to stress corrosion
cracking (a phenomenon well documented in the Viterature). Defects have alco
been encountered in core baffle assemb\g fining bolts, which have been
attributed 1o a variety of possible mechanisms (fatigoy, corrosion, Creep,
etc.) combined witn severe radia’ ~~ conditions,

in another paper (by P. L. Anuersen vt 31.) at the same symposium, it
was indicated that {rradiai.en-essisted stress corrosion cracking, & praoblen
observed in the early 19605 in fuel eluments and associated with nigh ¢ladding
stresses due to fuel swelling, has been detected maw racently in lower-stress
components such as instrument dry tubes and control olade handles and sheaths,

5.1.1.1% France
It is stated in a 19€9 articte ' that flectricite de France (FOF) has

irdicated that ever half of the fwel Failures in their system so far are due
to events external to the fuel itself,
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5.0.1.14 India

A vecent artic'e'™ provides information on atomic power stations iu
Ind‘a. The Tarapur station had as many as 100 fuel bundle; develop pinholes
i, both BWR units in “he f.rst cg::o. One of the incidents at the Madras
station involved a pair of fuel dles getting scuck in the pressurized heavy
wate: reactor’s ( "8) fael transfer port.

§.1.1.15 Sweden

It is indicated in a 1989 articie ™ that sipping (1.0 , leak testing)
at o Swedish BWR (n ust 1984 identified fatlure of four, First-cycle,
64-rod, water-cross (SVEA) fuel assemblies in u mixed 8x8 und SVEA cove. The
cause of the fatlures mas dryout, “he principal ceasor for the fuel rod over-
power was, in each case, the combined influence of excessive bow of channels
of two high burnup Bx8 fuel bundler adjaconi to toe failed assembly. large-
bow channels were being recycled an had axposures of §A,000 (o 68,000 Mvd/
MY//: bow measurements showed a markec gcceleration of bow in the range of
40.000 to 5U.0C0 Hed/MTU. ABE Ates indicates that great caution et be used
in re-using BWR fuel channels. The fuel -ailuie mechanism is not inherently
rela.ed to the SVER desion.

5.1.1.16 Sweden

Additional information on the channel box bvwinq probilen neted at o,
Swaden’s Oskarshamn-2 (BWR) in August 1988 1. previded in s 1089 article '

§.1.1.17 Sweden

It is stated in a 1989 article!'™ that Sweden’s Oskarshamn-3 was shut
down for two weeks in De ember 1988 because of a fuei fuilure, The failed
fuel assenhly was found by sipping; toe nctivtta was coming from one “severely
damaged"” rod, The failure 35 unusual br tause they “have had very good

“uxrqr%nnce' otherwise with ABB-supplied fuel.

5.1.1.18 Sweden

An article'™" published in February 1989 indicates that fuel failures
have occurred during the past five vears in seven Swedish plants {four BWRs
and three PWRs). The fue)l rod failure rates are about € 003% per year. The
fuel rod fairlures are listed on the next page.
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5.1.¢6 Issyes/Copcerns with Gieneric implications

Thire ware eight events or items of interest (six in 1989, two in 1988)
n the U3, &4 four eveuts or items of interest (one in 1939, three ir 1988)
wn foretar countrins that {wvelvd Vss.es or concerns with generic implica-
tiors. Those events ¢ ftems of interest are des-ribed below.

5.1.2.1 frungwick ¢

Broswi v« fost all ?gg;sito power  cauce; repair crew error) for
10 hours on Jung 17, 18797 The operators had to teip the unit manually,
to avold possible core power oscillationy, even thoygh they knew the trip
meant joss of uft-site power to emergency systemi, Decauss MRU changed BWR
npcrltinz procedures late last year to require a trip 1n the ciycimstances
Bronswick was in. NRC considers che Brunswick incident to have safety signif
fcance because the unii was dependent n its emergency diesel generators *o
power emergency “wses “or 10 hours, precursor to a station blackout and an
fcertified main contributor to the ~iik of core melt.

5.1.2.2 South Tesas: |

Information pullished in 1989 iadicates that Westingtiouse rotified South
Texas-1 on Sept r i, 1988, of the existence of a flor‘,ponaly similar to
that identifird in other Westinghudse four-loop plants. '™  The flow anomaly
is a thermal -nydraulic instability in the reactor vesse)l that results in a
slight decrease in coolant flow to certain ireas of the reactor core. The
departure from nuc eate boiling (ONB) penalty rezulting from the anomaly
ecceeds the availahle generic margin, AL that time, Westinghou:2 recommended
naintaining =“eactor coolant system flow above 400,000 gpwn until further
analysis can be Lompieted.

An updated report was issued by the licensee in Dece?pgr 1988 and infor-
mation from thal report was published by the NRC in 1989.''*"" Recenily com-
pleted safety anslyses for South Texus-] support operation at the Technical
Specifica*ion reactor coolant system flow rate of 395,000 gpm. lmplementation
of the new -afet) analyses requires a revision to the design basis as dis-
cussed in the Final Safely Analysis Report (FSAR) and Technical S?ecifica—
tions. Unti! the changes are approved by the NRC, the utility will maintain &
conlant t1ow at or above 400,000 gpm when operating at 100% power.

5.1.2.3 Wolf Creek:]

A 1989 articie!'™ indicated that the potential for swelling in the
c"ddiﬁﬂrff thin bpafntum contiol "rodiets,” firat noticed in 1985 at Wolf

- Creek, was a4 "full-fledged safety concern.” Thke concern centered on the

possibility that a swollen contro} gpd could slow drop time or occlude the
irner diameter of its guide tube. '™  Subsequent safety amalysis showed that
the maximuw increase in individual rod ﬂr?P times in the worst-case scenario
would be less tian one-tenth of a second. '/ Of the fourteen U.S. PR

(11 operating units and 3 under construction) equipped with hafniun control
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determined that the degradation in 28 thimble tubes exceeds 50% of (he wall
thickness. During the current refueling outege, *3 Lubes will be replaccd and
12 tubes will be repositioned. “hirteen other tupes showed degradation of
less than 35% of the wal! thichuess.

5.1.3.3 South Texas-1

One of the tasks scheduled to bs perrormed during the rafuo)ing outage
that is to start on August 4, 1989, at South Jewas-1 s to instal) thicker-
willed .n-core instrumentation thimbie tubes, '’

§.1.2.4 Belgiwm

A January 1989 article''™ includes a discussion of ihe wear on ‘n-core
instrumentatior guide tube thirbles and the striking variations in the wear
exhibited by three groups of Belgizn plants: Tihacge-1: Doel-d and Tihange 3;
and Doel-3 and Tihange-2. Those results emphasize the imporiance of subtie
design differences. 1t was 1150 noted in the article thal it was not widely
gnown that :hrou?h—n&ll cracking of three in-core thimbles occurrod at a V.8,
plant (Salem-') in Marcn 1981,

$.1.3.5 france
See Section 5.1.1.12 for details on this 1989 item of interest,

5.1.4 Crud-Induced Localized Corrosion (CILC)

There were three eveuts or items of interest regarding crud-induced
localized corrostiun (CILC) that involved U.S. plents. Items of interest were
published in 1989 and 1U88; events occurred starting a: sarly as 1980. The
events and items of interest are described below.

5.1.4.1 Hatch-1 and -2

Hatrh-* and -2 were designed with Admiralty brass condenser tubes and
filter-demineralized 7leanup systems; hence, (bey both have been susceptible
to CILC failyres because the condenser tubes contoin @ small amount of

“Thhlad Since 1980, about 108 fuel ascemblies experiencod claduing
tuilures during 13 °f5§?’ 15 cycles during the decade; most of the failures
were caused by CILC.''™ There have besn thrwe barrier rod faijures (these
were the result of manufacturing detects) '™ During the past year, the
wtility has had the tubing in the main condensers replaced with titanium
tubing: however, it will take some time- -nechaps over « vear--for the resctor
water copper L’ve1s to decrease far enough to make CILC failures very
unlike)y, ot

5.1.4.2 Limwrcick:d

Ariicles published in 1989 ard 1988 provide additional infurmelion on
toe indications of damaye to fuel ¢iadding by crud induced localized corrosion
(CILE) that were discrvered at Limerick-! durinu a refueling outane that ended
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IABLE 21. ;?Al:u Spiting or Radi~active Gas Release Events at Nomestic
ants

Number o Tota! Number

Year Llants. _.of Events
1989 1 !
1988 ] i
1987 2 2
s 1986 5 28
y,' 198% 4 1
ﬁ? ] 1984 : 16
i 1983 10 6
r o 1982 13 136
Pt 1961 12 219
5"5 1980 § 2

éﬁ ' 5.1 7 WWMMMMMMMJQM

ih., There were five fuel handling events (two in 1989, twe ‘n 1%0R) at U.S.
b¢sz ~ plants and one in 1989 ir France in shich fuel wag dropred or the potential
Fﬁi-{ for damage ex‘sted. Those events are described below.

s

i)

5‘1','1 'Mﬂ.‘.);

A _ On February 28, 1958, 4 fuel rod was dropped at Limerick 1 during fue)

o reconstitution activis .es,'"™ There was no release nf radicactivity, The

! fuel rod was retrieved, inspected, found to he urdamagec, and veturned to its
proper locsiion. Dropping of the fuel rod was due to inexpesience and tatigue

of the fucl handler,

3.1.7.2 Wortu Anna: and_-2

b An zvent occurved on April 2{, 1988, &t the spent fuel storage pool that
L is shared by kc+th Anna-1 and -2," The licerser’s operarors attempted to

- insert a new ({.&., vonirradiated) fuel asserliy into a spent fuel storage
rack position alveady contzining a spent fuel assembl,. Both fuel assemb)ieg
were visually inspec’ed; no damage was noted.
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§.1.7.3 Palisades

As the u?gzs guide structure was be.ng removed at Palisades on
September 3, it was ooserved that a fuel hundle had been removed from
the core and was hanging “iow the upper guide structure. The fuel buadle
(K-28) was separated from the siructure and se' in a restrained configuretion
atop tha core. The cause of the event was atiributed to the bundle adhering
to the bundle guide .ins on the upper guide struciure. A gauge obtained from
the fuel verdor was used Lo verify tie plate Jocating hole center-to-center
sparing nd inner diameter bore. No significant devialions were noted,
Inspection of the guige pins indicated that no vending hed occurred, nor wes
any physical damage induced. Root cause for the eveup"s,jpdotarmtnate.
{nformation on this 1988 event was pub)isaed in 1988, "7 1"

§.1.7.4 Yogtle:l

in 1989, the WRC published informatio. 0. an event that involved a power
supnly disturbance on October 20, J“dbw.ft Vogtle 1 that icd to a computer
memory loss in the refueiing machine. ' The refueling nachine halted with
sp. it fuxl bundle 5C42 surpended cirectly over its previous core location,
The bundie war magual .y Yowered and core altecvatious were temporarily scopped
When core alterations were resmed, Tuel bundle 5047 was unlatoned in order to
withdraw Lhe refycling machine mast, Hewever, the fuel bundle was not fully
inserted and was apparently resting on ils guide pins. When unlatched, the
“uel buncle leaned sideways and came (b rest against the core vaffle. The
fue: bundle was removed from the core and transferyed t the fuel handling
buiiding. Visual examinations revealed no apparent damsge to the fuel pbundle.
Full insertion of fuel bundles is confirmed by the computoy circuitry while
the refueling machine is under computer contrcl. However, less arecise
methods are emploved dw ing marva) operation. Specific measvre, ton enhance

Cfut) insertion confirmation of furl bundles during manual operations are being

evrluated and are expected to be implemented by Fetruary 1 1989,
$.1.7.% [france

Severa)l events occurred in rapid suctetsion on September 1, 1989 at
St. Laurent-Al, a gas-cooled reactor. A fuel element broke ‘oose from the
haralTing machine and fe') soven meters into its original positinn, with no
apparent consaquences. While attempting to ‘nopect the channe! contuining the
fallen fuel element, two more frel elemonts were cdropped, one from five meters
and the otler from one meter, also with no apparent consequences. Tinally,
normal ventilation of the fuel hand] ng mathiine was intarrupted by a separale
accidont, and for 40 minutes an emergency ventilalijon system was y;gg to
encure cooling of the “uei @lements in the fuel handling machine, '

508 fusl Hangling:  Fusl in lncorrect Position

There wure two fuel handling event. in 1989 at U.S. plants that involved
placing of « fuel astembly in an incorrect position, The<o events are
described below.
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5.1.10.2 Browns terry-2

Om January 5, 1978, with 74 fuel assemblies loaded, fuel loading at
Browns Ferry-2 was halted by plant management (o evalvate NRC concerns with
the reload procedires. NRC was cor~erned the. fuel loading was being
performed without adequate neutron _onitoring due to inadequate safety raview
of Technical Sg:;i{tgrtion amendments. Information on this 1888 evini was
pubiished in 1989.'"

5.1.10.3 Srunswick-1

An NC7 vesident inspector discovered that the standb, Jas treatment
system, which would ve used to ﬁrocess radipactive gas in the event of a
Mishap, was noperable during the period December 11-14, 1888, at which time
irradiate¢ fuel assomblies were being moved rside the secondary containment
bu!1d?&gzat Brunswick-1l. [Information on this 1988 event was published in
1989, %

5.1,10.4 Byron-1

The NRC cited Byron-1 for viclation of NRC safety regulations cn
October 12, 1988, during lowering of tha water level in the refueling arec for
maintenance, Waler was removed by a pump from the reactor vessel faster than
it was draining inte the vessel from the refueling area. The water level in
the reactor remained well above the top of the fuel an® adequate cooling capa-
bi' ity vas available., Since the suction point of the pump is above the top of
the feel, drawing water at the point could net result in the fuel being uncov-
erad. The incident occurred Lecause plant personnel reliad on visval observa-
tion of the waver level in the refueling area, whicn proved to bde misleuding,
and on a temporary witer level device that did not accurately indicate the
level, JInformation on this 1988 event wags published in 1589,

§.1.10.5 Clirton-}

On Janvary 22, 1989, it was determined tnat reactor core aiterations
were being performed al Clinton-1 in one quadrant of the core without an
operable source renge monitor (SRM) in the,&Qjacent guadrant, which is a
viotation of Technical Specification 3.9.2'""" The cause of thic event is
attributed to utility licensed operator error,

5.1.10.6 darris-1i

Plant personncl at Harris-1 were in the process of traasferring spent
fuel from Lhe shipping cask to the spent fuel storage pool on August 27, 1989,
when it was discovered thet the fuel building operating floor equipment hatch
was in thgh§;orage location on the operating deck und not irstalled as
required. Fuel movement was immediately stopoed: fue! novement vrooumed
after the hatch was instalied. The event was caused by procedural
inadequac ies,
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5...10.7 Point Beach-]

At Point Beach-] on Aprii 20, 1988, a warning device (flashing red

Tight) was not in use duriag a fuel assembly transfer, whicn is & violatien of
the plant’s procedure (HP-3). The radiation field at the containment wall
excerded 1000 mrem/hr. During the time the red Jight was inoperative, fewer
tnan 10 irradiated fuel assemblies weve sent through the fuel transfer system,
When fuel is moved through the trans:er canal, radiation emanates from a gap
between the containment wall s.d the containment floor and transient dose
rates of up to 6,000 mrem/hr are observed for approxiq&}ply 10 seconus.
Information on this 1488 event was published in 1989.°

§.1.11 Fuul Handling. QOther Events

There were two other fuel handling events [one in 1989, one in 19088} a!
L.§. plénts and one item of interest on fuel handling at Toreign plants.
Those events and the item of interest are described below.

5.1.11.1 Davis Besse-l

Fuel lcading at Davis Besse-] was dolayed when luose parts were dis-
covered in the reactor vessel on July 2, 1988. The Jebris consisted of twe
pieces of high pressure injection/make-up nozzle therm~l sleeve, an wpparent
¥gsgttﬁ£?p. and a rag., Information or this 1388 event wa:z published ip

¢ [.11.2 San Onofre-2

On September 20, 1989, core slterations (remova’ of in-co 2 nuclear
instrywsats) were performed at San Onofre-2 withoul complete containment clo-
surg, ' The event was atiributed to ceficient administrative contrils.

5.1.11.3 USSR

The Soviet Uninn plans to operate a clesg%~fue§ cycle; hence, spent fuel
his to bn transported t. reprocessing plants. ' Thus, transport of spent
fuel from VVER-1000 reactors is npe of the main challenges facing the Soviet
nuclear powey industry. According Lo tne safety regulations at YVE" 1000s, it
ig on;y wussihle to unload rpent fuel from on-site storage when the reactor is
shut down.

5.1.12 Debris iy Reactoy Vessel/Poteptial For It

There were tarep events in 1986 at U.§. plants ond one item of imerest
pertaining to plants in the U.S. and other couptries that invoive debris in
the reactor vesse) or the potertial for it. These events and the item of
interest are described below.
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NO_ A FEW _IN 1890)

Described below in 24 sections are various new problems with fuel
systems that occurred in 1989 (plus & few in 1990).

5.2.1 Zuel Systews: Failures, Damage, or Poteatial for Demage

There were 7 events (1 in 1990, 6 in 1989) at U.S5. plants and 17 events
(1 in 1990, 11 in 1989) at clants in other countries concernan? fuel systems
that involved failures, damage, or the potertial for damage. Those events are
described balow.

§.2.1.1 Haddam Neck'*

The occurrence of an unusually Jarye number of defective fuel rods (213
leaking fuel rods in 67 fuel assemoiies) at Haddam Neck has made the utility
extend their outage (originally scheduled fovs§Fptember 2 Lo November 2. 1989)
by iwo months to repair the fuel assemblies.'’ The fuel rod failures are
being attributed to tiny debris left in the primary cystem from the previous
outage.

The licensez for the reactor (one of the iast using stainless steel-clad
fuel rods) is in the process of obtaindn? & license to use Zircaloy-clad fue)
rods instead of stainless stesl-clad fuel rods.

5.2.1.2 Haddam Netck

Ultrasonic testing on November | ; 1989, revealed & significzant numpe-
of failed fu2) rods at Maudam Neck.'"™' Approximately 233 failed fuvl rod:
were identified in 88 of 109 fue! assemblies scheduled for reinsertion. The
feilures were caused Dy debris-induced fretting. The debris Jodgea between
the lower fuel assembly nozzle and the first spacer grid. Although the source
of the debris has not boen confirmed, it appears ta be a machining by-product
from the thermal shield support system repairs that were performed during the
tast refueling outage. The affected fuel assemblies that are to be reinsevted
in the core will pe roconstitutey to remove the failed rods. A root-cause
evalration of the svent it ta be conducted.

5.2.1.3 Haddam Neck

A recent article'™ indicates that Haddrm Neck has extended its outage
to repair 286 degraded fuel rods in B8 fuel assemblies, most of which the
Ticensee suspects are leakers. The cause of the protiem s being attributed
to tiny debris left in the primary coolant system from previous outage work.
The licensee stated that "...It's rars for Conrecticut Yankee to have any

-

{a] The following four entries (Sect*ons 5.2.1.1, §.2.1.2, 5.2.1.3. and
5.2.1.4) pertain to the same event. Although debiis-induced fretting is
an old problem, it is naw at haddaw Neck.
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e - leaking fue: pins.” The licensee is in the process of getting zpprovel to

veplace stainless steel-clad fuel rods with ones clad with Jircaloy.

§.2.1.4 Haddam Neck

Haddam Neck has extended its o.*oge untit at }eas} Qpril 1990 because
fuel damage is more extensive thun or yinally thought. “*""  The reactor has
243 fuel rods in 88 fue) assemblies with through-wall cracks caused ty metal

~ flakes left over from a job done on the thermal shield during the last outage.

The flakes, the (argest of which is the size of a fingernail, apparently
caused nicks and some cracks. Ceventy-five percent of the damaged fue' rods
aave been in the outer two rows of rods of the fue! assemblies. Tne fuel
assemblies are being clean J and reconstituted.

5.2,1.% Limerichk-2

On June 13, 909, at Limerick-2, the center siringar ascembly containing
seven startup neutron source pins urthreaded from the Lop of the assom?&x and
dropped approximately 35 feet through the water to the cask yit floor, v
Visual inspection (by underwater comera) indicated thaetl of  sow  pin was
damaged (amounted %o >$2,000). The pin was determined to be un. c2ptable for
use. The event was the result of a persenne] error and a procedural
deficiency.

5.2.1.6 Oyster Creak

A review of the contairment spray system Togic ou March 8, 1988, deter-
mincd that the system at Oyster Creek would not perform o5 expected during a
dasign(ggfis loss~-of-coolant accident (LOCA) due to the design of the system
logic. This occurrance is cunsidered to nave potential safety signifi-
cance in that the loss of net positive suction heat (N'SH) to the core spray
pumps could lesd to core damage Juring 4 LOCA. Any core damage woild be
winimized by the fact that olner source: (f water external to tne primary
containment would be used to provide ¢poling to the core if tn: torus was
unavailable.

§,2.1.7 Eg.mt__ﬂgﬂsh.-i

On April 21, 1983, it was confirmed at Point deach-l that the estimated
vime to core uncovery, assuming a single train of the Emergency Core Conling
System (ECCS) during the time of transfer from the refueling water storage
tznk to the cont?@%aent sump, was probably considerubly shortas than pro-
viously assumed, ¢ preyions analyses had not considered entyveinment and
ctear voiding in the cove, The licensee issued an order to previde guidance
to operating crews for an event o) this type.

5.2.1.8 San Onofre-]

An evaluation at San Onofre-1 on February 27, 1689, determined that
desion provisions intended to trin the reactor in the event of a reacinr
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Germany. "™ The manipulator’s plunge was broken by a refueling platform, but
the collision spilied 67 bail bearings from a rotation device on the platform
into the open vessel, Thus far, 45 bearings have been recovered with magnets.
Bavarian regulatocs have stated that the remaining 13 hearings must be found
hefore restart of the BWR will be allowed. Utility officials acknowledge that
damage to fuel cladding from a loose ball bearing cannot be convpletely
excluded. In the meantime, 235 of the 594 fuel assemblies in the Isar-1 core
have beer replaced and inspecticd,

5.2.1.13 federal Republic of Germany I
{
!
]
J

Isar-1 (BWR) was restarted in September 1999 after West German licensing
officials ruled that the nine ball bearings assumed to be left in the reactor
after tR579u1y 24, 1989, refueling accident posed no danger to reactor
safety. In the accident, the refueling machine telescope mast manipu-
lator, suspended abovo the reactor vessel, snapped off and collided with the
refueling platform, causing 67 ball bearings to be dumped inte the core, :
About 80,000 individual reactor parts and components were inipected. Experts ,
determined that the sine ball bearinge are not likely to be dislodged by |
currents generaied by recirvculation pumps. It would have been possible to
find the bearings but since they are presumed toc be in inaccessible corners of
the core, a licensing official said "the costs would have been prohibitive
wilh reipect to the benefits accrued” in enhanced reactor safety.

§.2.1.14 Federa) Republiz of Germany |

Fuel assemblies were inspected in September 1989 at Isar-1 (BWR) in the :
Federal Republic of Germauy after a sligh&_increase in radicactivity was i
detected in the primary coolant circuit.'“™ The release was due to nairline *
crecks in a defective fuel element cladding. 1t was feared initially that the
cause w/ght b traced to tue ball bearings that were left in the primary
coolant circu -« after the recent maintenance outage. The failed fuel was in
an area tnat ‘v missing balls could not have reached, and it was decidod that ;
the cause »7 rhe avenl was probably a reaction between the cladding and the -
fuel pellets,

5.2.1.1% Federal Fepublic of Germany

West Germany's Kruemmei (BWR) has been put back 'nto operation after
nine weeks of interruption caused by a fuel avsembly that was dropped from the
crane during reloading into the water-filied storage popl '™
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5.2.1.'6 Franse

N e R i et L utnh el et i Sl N T T e

On September 1, 1989, at France's Saint laurent-A! (a gas-cooled :
reactor), a fuel element broke locwe fruw the Tuel handling svetem and fell
seven aeters 1n;% Jts original place, witk ne apparent consequence for ciad- -
ding integrity“zn‘ During attempts to inspect the channel with the fallex :
fuel element, two more fuel element:s were dropped, one from five meters and :
the vther from one meter, also with no apparent consequunces.
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rezctor was opened and some components (inc’udad 12 fuel rodis and 12 contro)
rodsj were examined. (orrosion was detected on one fuel rod, one control rod,
and uther reactor components. It is believed by tne Japanese that vhe
corrgsion may have been caused by 1vcal and limited water qualily deficiency,
A result of water Ji!f‘ changes made during some shield reinforcoment work, A
March 1990 article' "™ indicates that after 16 years of nonoperation the
reactor 1s o start up again for a six-phase power test: the yeactor is
scheduled to achieve criticality on March 29, 1990. Part of the power test is
to be performed in port and part at sea. If fuel problems arise during the
power test, it will be interesting to see {f they are traceible to the water
quaiity problem.

$.2.1.23 Switzerland

In May 1989, Asea Brown Boveri (Aﬂgj performed a complete fuel ciadding
inspection at Switzerland's Beznau-1. """ This s the first time & Swiss
reactor has undergone ultrasound fuel ¢ledding inspection, ABB ha: used
ultrasound techniques to inspect the cladding on some fuel rods in Europe, but
this work at Beznau-] was the first time ultrasound was used to imshect clad-
ding of an entire core in a European reactor. The plant operator (NOK) sus-
pected that some rods in the core of Beznau-1 were flawed: follaowing the
inspection, several single rods were replaced.

5.2.1.24 BJwitzerlang

During the shutdown for repairs on July 13, 1989, an increase in reacior
coolant activity led th% Peznau"l plant ~perator {(NOX) to sucpect & fuel
element was defective. "™ A1l 120-odd fuel elements are be ng inspected to
pinpuint the problew and to replace any leaking element,

b 2.1.25 nited Kinadom

An incident in Tebruary 1989 at Durgeness-B, a Hritish advanced gas-
covled reactor, involvid droppirg orto the top af the vesctur 2 string of new
fuel assemblies that wese being prepared for loading into the reactor,
Some fragments from shattered fuel asscemblies, which carsist of graphite
sleeves around clusters o« stainless steel-clad fuel pins, entered ihe
reactor.

5.2.7 lssues/Concerns with Geperic Implications

Tnere were two 1990 itens of interest pertaining to issuves/concerns with
generic implications. These items ave discussed below.

5.2.2.1 Krypton-85 From Decayed Spent fuel

The NRC recently issued an infurmation notice to all holders of operat-
ing Ticxises or corstructicn permits alerting them to potential problems
resiiling from the accioental release (¢.g., at the spent fuel pool working
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~ floor) of krypton-85 from decayed spent fuel. '™ Direct exposure to ti's ga.

;uﬁld resylt in & dose to the skin approximately 100 times the whole-body
fose.

5.2.2.2 Fort St. Vrain

Fublic Service Cu. ot Colorado }PSC) has ceased operation af 1ty ailing
Fort St. Vieain nuclear power plant after hairline cracks were fuund in Luhes
supplying steam to the turbine generator. The reactor had been siut down
since August 18, 1989, wher a routine test indicated a control rod problem.
While the contro) rod was being replaced, a separate 2xaminaticn of the steam
generators reveiled the cracks. Although the cracks are not a public safely
concern, &ﬁi financial burden of correcting ihem makes warly closure more
feasible. '™,

5.2.3 Upexpected Power Loss/Incrgase

There were two events (ong in 1990, one in 1989) at U.b. plants
;::olving unexpectid vower 1358 or power increase. Those events ave drscribed
oW

$.2.3.1 Cresden-2

On March 14, 1989, there was an vnexpec?s?\power incr2ase upon entering
the remote load following mode at Dresden-2.'“ The avent was due to a
procydura’ deficiency. Althuugh core flow increased to y'ightly above the
100% Simit in Tachnical Specification 3.3.6 during this event, safely cignifi-
cance wis minimal as maximum core thermal gower and othor nuclear fuel Timivs
were not exceeded. Tnis was the first occurrence in which 1004 core flow was
exccag:d while operating 1n the economic generation cuntrol (ERC) ‘oad follow-
ing wode.

$.2.3.2 ¥Ngatle-l
See Secvion 5.2.1.10 for details un this 1990 event.
5 7.4 j@a&ﬂmﬂlﬁm-ﬁm_utm.eg&mm.mmmL,Pomm-LMuu

There wor> two events in 1589 at U.S. plants ana owe event in 1990 at 3
plant in another country invelvirg fuel bandling and cases where fuel was
dropped. broken, or Conaged or the potential for dawage existed Those events
are desaribed below.

5.¢.4.1 Limerick-2
See Section 5.2.1.5 for ~etails an th™is 1986 w¢ient.

5.2.4.2 Seguoyah-] and -2
See Section 5.2.1.9 for details on this 1889 event.
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1989
1688
1987
1986
168%
1584

1983

1982

1981
1980

JABLE 22. [/contd) !

Number of |
Jdear . o Plant(s) fuel Assemblies 5
1974 j
1973 Point Beach-1 i

(a) TYwo defective fuel assemblies also found at Goesgen
(Switzeriand).
(b) Only a slight indication of damage to fuel rods was noted on

two of these assemblies, } é
(¢) Only had one fuel rod that was: bowed due to baffle jetiing. :

TABLE 23. Events lrvolving Hold-Down Springs i
o tause of Luent(s) -
: Arolen Loose Spring Broken Spring
e RS serings(s) olamp Clamp Screw(s)

Point Beach-2
Surry-1 % ;

2

McGuivre-1
McGuire-2
Ocones- )
Sequoyah-2

G DC B IX

Davis Besse~l
Gecones- |
Ocones-2
Ocpnee-3

N it D <

Arkansas- 1

Crystail Rivar-d
Davis Besse-]
Dzonee -]

Dl Dl D e~

-
N
n



6.0 TRENDS

No major nev problems surfaced during 1989. What follows is one possible
way of sorting the items in Section 5.0 *Problem Areas Observed in 1989" - by
major reactor system. This provides a system-focussed perspective to supple-
ment the problem-oriented perspective found in Section 5.0, in an effort to
uncover possible new trends in probiems.

The systems to be discussed are listed below; for easy referenze, each
entry in the foilowing text will also include its Section 5§ number. Some
pertinent entries were documerted in 1988 or 1990, they are so identified.

6.1 CONTROL RCD SYSTEMS
6.1.1 Fiow-Induced Fretting
2 Hafnium Rod Swelling
3 Insertion without Appropriate Control
4 Procedural Deficiency or Violatior/Personnel Error
5 Sticking
g Stress Corrosion Cracking
8

-
.

-

8
6
6
6.
6
6
£

-t Yo o

i

valves
Wear
RGENCY/SAFETY SYSTEMS
L SYSTEMS

1 Bowing

.
-
-
.
-
.
%

-
»

o
wro

1

2 Crud-Tnduced {oca'ized Carresion (CILC)

3 Fuel Alignowat Ping

4 Fuel Handling

% Iodine Spiking

& Ledks

7 Procedural Deficiency or Yiolation/Personne)l itrror
IN~‘.‘gRE INSTRUMENTATION

1

2

3

R

o o
ot
7
1
=
™
=
=
2
g
Pl
=
e =]
>=
—
W
=
2 ]

Axial Shape Index
Fower Exceaded
Thermal ~Hydraulic Instability
- REACTOR POWER SUPPLY SYSTEN
PRIMARY COQLING SYSTEM
1 Debris
2 Core Coolant Flow/Lowering of Water Level
3 Stress Corrosion Cracking
4 Impuritiss
.5 Unborated Water
2.6 Unanalyzed Condition
R
1
2
3
4
5
I

N O
~h
- §b v &
. l'a- o i

7
7
7
7
?

6.7

6.8 OTHER REACTOR SYSTEMS

6.8 Containment.
8
8
8
8

6.8. "Hot Particles”

6.8, Infiatable Seal

6. Mew Fuel Radiation Monitor

6.8.5 Core Operating Limit Supervisory System (COLSS)
5.9 SPENT FUEL POOLS
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§.10 PERSONNEL ERROK, PROCEDURE VIOLATIONS, TRAINING
6.10.1 Personne’ Error
6.12.2 Procedure Violation/Noncompliance
6.10.3 Deficiency in Training
6.10.4 lack of Admini:trative Control
6.10.5 Defective Procedure

6.11 UNKNOWN ROOT CAUSE

In cases in which an iten could bu classed unoer more than one catecory,
the additiona) categories are underlined in the paragrapl. where the item first
appears; the item is not listed in more thun one category. fhis etfort to
cross-reference the items 15 fucomplcte, however, and there way be duplication
in Section 6.10 on Personnel forur. The longest lists of problem items
involve Personnel Ervors, some ¢ which appear 4lso in the section on fuel
Systems. The fuel systems and the control systems, two of the major systems,
exhibit the most events.

€.1 CONTROL ROD SYSTEMS
6.1.1 Flow Induced Fretting

5.1.5.1 - Braidwood-1 & -2 - A 1989 a~ticle'™ indicates that the
control rods are to be nspected for freitiey ond wear.

6.1.2 Mafniym Rod Swelling

§ 1.2.3 - Wolf Creak-1 and Taiwan, Maanshamn (1938) - Swelling of hafnium
contrel rods has decome @ ful)-tledged safely concern.

8.1.3 nsertion without Appropriate Cnntrol

§.1.15.2 - fort S1. Veain - A conirol rod pair failed to scoan during a
scram surveillance test.

§.1.15.3 - Mchuire-z - Duving a routine rod clostee control assembly
test, a reactor trip occurred bacause control rod: dropned into the core. The
cause was marked as Unkapwn.

§.1.15.5 - Prairia island-? - In scrams ir December 1509, the elvctric-
ally energized latches that secura the reactor’s array of control rods in
thair raised position lost power, allowimg the rods to drop aad disrupting
' peatron production in one sector of the reactor. The roe! causc is essentially

§.1.15.6 - Te-key Peint-4 - The control rod system began to insert rous
automatically but stopped efter omly four steps of insertion. [he opurators
could not insert the control rods manually with the coutrol system, so the
reactor was tripped.

6.2
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6.1.% Sticking
§.1.2.9 - France, Gravelines-4 - A contvy) rod oroke off and fell to the

~ bottom of a "el assembly and its spring was stusk in the guide tube, causing

the control rod cluster to stick at an intermediate position.

5.2.6.1 - Fort St. Vrain - One of 37 contrel rod pairs <ovid not bhe
inseried more than a third of the way and became stuck ocutsiue tho reactor.
the head of one of the contral vod’s Inconel clevis pin bolts had developrd a
»r;ck. broken off, anu becons wedged between the control rod and the guide
tube.

§,2.0.2-5.2.6.5 - Finland, Olkiluoto-1 - A metallic powder wormally usec
in sandblasting was fourd in thz contrul rod drives. The material appears 19
correspond to .ld¢ stainlese steel BWR oxide layers.

§.2.6.6 - Japan. JAcRl's nuclear safety research reactor - The reac.or
railed to reach criticality when the hottom of one rod had hecome uisconnectd
2nd was still in the core.

6.1.6 Stress Cory'esion Cracking

5.1.17.1 - A-nold - In November '988, transgranular stress corrosiey
crackirg of conirel red drive piping was observed,

5 1.17.2 - Diablo Canyon-1 (1988) - Canopy seal weids an four contrel rod
drive mechanism head sdapter plugs were le«king, because of transgranular
stress corrvesion cracking.

§.1.17.3 - Pulisades (19¢8) - A total of 14 controi rod drive -eal
housings were tound to be crackes, due to contaminant-induced transgranilar
siress corrosion. Studies indicate that it would take approxiymately five years
fo;la 0.9-C-inch init+al uepth crack to propagate through the entire housing
wll,

§.1.17.4 - Piigrim (17€4-1989) - Zontre' rod drive ccllet retainer tubs
weld defects were determined tu be due to intergranular stresc corresion
cracking (1G5CC)H.

6.1.19.6 - France, Gravelines-1 - Guide tube support pins have been
replaced for the second time. A new support pin more resistant (o cracking is
under development .

§.2.1.22 - Japan, Mutsu (1990) - On this reacior which has heer hut down
for 16 years and has recentiy bean opened, corrosion has been found on ofe
fuzl vod, one contral vod and othu: reactor componi:ts, possibly due to local
and limited water quality deficiiucy.
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Al 5.1.1.54 - India, Tarpur - As many as 100 fue) jundles developed pinhoies
etk in the first cycle.

!ﬁﬁ‘} ol 5.1.1.18 -Sweden {1984-1909; - Fuel failures have ocrurred in four BWRs
G and three PWRs in the past five years.

§.1.1.19 - USSR - Fuel failures are a rrcorrent problen in the USSR,

¥ i 5.2.1.1 - 5,2.1.4 - Haddam Meck - Approximately 283 failed fuel rods were
b, identified in 38 of 109 fuel 2ssembiies scheduled for reicsert.on., These were

Wl all attributed to debris-induced fretting.

lTﬂ: . 5.2.1.14 - Federal Republic of Grormany, lsav-1 - A ralease of rad . vactiv-
el ity found in the primary coolant was fuund to be due i~ haivline cracks ‘r
fuel element cladding, probably due to pellet-cladding interaction (PCI).

5.2.1.21 « Japan, Ohi-1 - A leaking fucl assembly was found in October.

5.2.1 23 - Switzerland, Bernau-1 - Asea Brown Boveri performed a complete
ultrasonic fuel cladding inspection, the first time a Swiss reactor has undey-
gone uitrzsound fuel cladding inspection.

6,3.7 Procedural Deficiency or Vielation/Personnel Errer Related to Fue'

5.1.10.1 - Arkarsas-2 (1988) - Housekeeping discrepancies were ohse-ved
on the fuel handliing bri.dge duriny fue! handling activities.

without adequate neutron monitcoying, due to inadequate sufety review.

p

I

|

L

k

l k | $5.1.10.2 - Browrs Fervy-2 {1988) - Fue! loading may have been pevformed
E,‘ 5.,1.10.3 - Brunswick-1 (i988) - The standby gas treatment sysiem was

- ik innperable durirg a period when irradiated fuel assemblies were being movod.
4 5.1.10.4 - Byron-i (1988) - Water was remuved from ihe reactor vesus)
faster than it way being frum the refueling area.

PrTﬂt §.1.10.5 - Cliaton-1 - Reactor corve alterations were perfurmed in one
, quadrany without an operable source range monitor (SRM) in the aajecent
tg.‘ quadrant .

ﬁH $.1.19.6 - Harris-] - The tuel building operating fijor equipment hatch
f was ot installed as requircd duving the process of transferring spent fuel
%} from *he shipping cask to the storage ponl.

Bl |  5.1.0u.7 - Doint Beach-1 (1988) - A warning device wax not in use during
pone a tuel assembly transfer.

E;? » 5.2.5.1 - Three Mile Isiand-Z - Movemeni of fuel within the reacror ves-
L sei was perfarmed without the supervision of the fuel handling senior reactor
!; operator, a Technical Specification violation.

?
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-.=?_ . 5.1.20.4 - Hope Creek (1988) - The veactor was operated at 101.2% of
e s rated | , sominally, duc to nonconservative calculational errors for
Eﬁg . feedwoter flow transmitters.

o il A 5.1.20.5 - McGuire-) - The reactor operated at greatar than 100% thermal
:& - power due to Procedurs) Deficiency.
f;ﬁw 5.1.26.1 « Limerick-i (1983) - Prior to a controlled scram, the power
.{Wi began t.creasing vak to the positive reactivity effect of decreasing moderator
i temperature, a Persennel Ervor.

Loy
Eﬂ}; 5.2.3.1 - Dresden-2 - An unexpected power increase occurred upon entering
ﬁﬁ;: : the remote load following moae, due Lo a Procedural Deficiency.

i .

B 5.1.2.8 - Susgiehanna-2 (1988) - Reactor power in‘=cased to 101% due Lo a
: pressure transient, the result of nispositicning of un iselation valve, a

Persoonel freor.

§.2.23.1 - Fort 5t. Vraiy - Reactor power was found to be B3.4% (when
maximum authorized power was 82%), because a vebeat steam at temperature flow

p' 2 had not been accourted for in the secondary heat balance calculation of

4. reactor power, a Personnel frror.

o

E,J 6.5.3 Thermal-Hydrauli. Instability

Wi 5.1.2.2 - South Texas-1 (198F) - A flow anomaly occurred that was similar
o tu those in Westinghouse four-loop plants,

b 5.1.2.5 - A 1983 paper''®’ by the NRC discusses long-term resolution of
T BWR thermal-hydraulic instabhility.

Qﬂﬂ‘ : 5 1.20.18.2 - Cook-2 - The rated thermal power was wmxceaded becavse of an
TR incorrect ch@ange in blowdown constants in a thermal outpul computer program.

6.6 POMER--REACTCR POWER SUPPLY SYSTEM

§.1.2.1 - Brunswick-2 - & manual reactor trip was specified by new regu-
Yations under the conditions that prevailed in this loss of-off-site power
incident, even though the emevgency systems undes which the reactor would be
shut down would haeve to run off tho emergency diese! generators.

6.7 ERIMARY COOLING SYSTEM

6.7.1 Debris

§.1.1.10 - Argentina, Atucha-1 {1988) - Three damaged fuel beariny
pressure tubes allowed some fuel to fal. into the vessel; extracting the
shards has been a problem.
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7.0 SUMMARY UF HIGH-BURNUP FUEL “XPERITNCE

An histaric perspective of burnup exgeriwnco in the Uvited States for BWK
fuel is given in Figure 7 and for /WR fuel in Figure § Most of the early
data for Figures 7 and 8 were obtained from Refarence 320,

The gzals for Burnup have been veflected in the fue' reload order barsup
wivranties; in 1924 the warranty for aveaag? ?PtCh by nup for BwR fuel was
31 GWd/MTU and for PWR fuel was 36 GWA/MTU.'™""  Burnup qoals have iucreas d
from the DOL gaals of 45 GWd/MIL for BWPs and 50 GHG/MIU Yor PWRs inftiatec in
197874 Yt ahe EPRI coal of 60 GWd/MTU by 1997, The peak rod-average
buinup ‘s geverally £ to 10 GNd/MTU higher than the batch average burnup
‘evels. Surnup increases ave beirt spurred by the trend tosard 18- and 24-
month reactos operating cy<les in place of arnua' cycles, 50, that eariier pri.
dictions of steppen burnup inceeases are being outpaced, W22 A1)
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A summary of the 1989 high burn?P Pchievements of the five domestic fuel
vendors is given in the table belop '’ ®

Burnup
Mendor  __ _Plant or lesi _ lype (GW4/MIY) _  _ Comment
ANF Titange-i, Belgium PR 50.0 highest to date
Big Rock Point AWl 41.0 highest to rfate
D.€ Cook, 17x17 TWR 44.0 discharged 1989
Gundrerminnen 3, LWk 40.0 discharoed (Y89
FRG 9x9
BaltC Marx Gag, I TA W2 58.3 Lo, -6d 0,
Mark B7, LTA, 1oxib ek 58.3 Zive -4 grids
-t AND 1 PuR 43.0 dischirged 1089
Sv. Lucin-2 PWR 42.0 discharged 1989
e rods gischarzed 56-59.9 highest to date
GE BWR >4% bundly ~verage
B4R 60 peak peliet exp.
o Zinn-1 & -2 PWR 3% & assemblies ave |
5 cyeles
Rarth Apna-) { W2 58.4 lead assemhly ave.
4 18- mo cycles
Morth Anna-] PWR <60.0 iead fuel rod ave,

7.1




anua: sadxl dnuang (N3 HAE OiITIED 7 IRl

NOILY N34S IINVINYOFu3d 786L
38-Gou61 JuMN AS STv.«OuddY D330 (FIOVHIAVY HOL% 3 SNNYNE GIANZ DG T
SNNENG ID-EIAY HOLYE! TP SNNBNG G3AK3NG ®

R F

sea
066: Su6L 986L 9851 Obus ¢ 61 ZiBL B96L ¥96L 096!
r rrrimg T Ty ™71 T I J°

s —~4CXC'Y

’guzﬁ ." Y ™ . ;

sef wung 33 oﬂ&o..'ot ooo”u —~000'8

01 S ey W4, clu.ooco .. 1r8?
PARCALL 1714 O NOWY o> xS « * * 3 .mu
o sEopaetey 901 21 I _e.
pelieyis] jo Shusng #\ - doocoz T
p— it Re . 8. = i p F
weilcig 300 > t.-_L Adoonez M
wifloud Ba3 H - wmﬂﬁ- 2 R
SN2 830 )-Ug O s © s B8 3 L=

= g

e pefleuosg e = & * 9
ATTi-WSS woid o o BEF
=80} ian4 pellanpong * .- mt
y - o . -
+




3B 30X G URE (AT ¥A4 Ctisawog B RS S
NCi1VvIi4i03dS 3ONYWHOSY3E vest (3]
58 SB61 DUN A8 STYACHGdY MESNIO (IOVHIAY HOLvE) dMNHG Q30N3IXT Q)
NGNS IOVHIAY HO1VE! YOO dNNENG Q30N3IX3 (&)

=Y
O6S. 8861 o6l 861 086: 9461 Zi6L 8561 961 096!

g — ——n———w

] 17 1 4 “r . Tt < T o
siopeey LBRIOS Ul S A B L B o e 5" ey B
OB -Ril SDOY o
ieny asnoUdunsean, .. 000’8
000Z1
0C0's!
C00'0Z

BION4 G W
pafieyosig aq

o1 31 jew jon g
PAMCALY BN 10 JoNowWY
¥ ssepurBay jong

>
pel.eydsig j» sdnuwing 0007T 3
TS 0008z S
! {@07) - ; W
~ (WAL £-HE » : e s AO09E W
S :
oow wesboig 309 - _ m 8 00O 0w ;m.w
{ wRiBOig 1gd = v o © L. =
s el B = 000E ¥
903 e egInIG 5 a3 .
e 28 =« * 000°2S
JATTL V38 Woiy 3
€= jeng pelieyosig s = L) 000'as
puesan 0co'cy

!
[

" 0009



Burnup atatistictnfpr fuel assemblies discharged from U.S. BURs and PWis

A are sumarized below,

[._y'\ 5

pr EMRs

: 101989 3lone: ;

EW_ Number of assomb) ‘e Aischarged dur ing '905: 4,10] ;

i # of assembies di.charged with burnup »>25 GWd/MTU 1,761 :

? »3U GWd/MTU 458 3
»15 GMd/MTU 20 a

o Average burnup in GWd/M1U 21.%

il Cumulative singe 1968: |

3 Tote] assemb)ies discharged since 1968 41,601 :

4 # of assembl es dischargeo wich burnup >25 Gwd/MTU 15,249 :

‘ : »30 Gwd/MTU 2,253 :

;. »35 GWd/MTU 38

g »40 GWd/MTU 7

£ Average burnup in GWd, MiU 21.0 ;

P |

1n_1989 alone: |

o F

S , Nuiber of assemblies discharwed during 19A% 4,869

! # of assemblies Aischarued with hurnup »25 GWd/MTU 2,360 :

3 »35 GWd/MTU 1,434

o 5060 GWd/MTU 1 |

i Average burnup ir GWd/MTU 32.3 :

s Cumylative <iice 1998: ;

I Tota) assemblies discharged since 1968 23,691 ;

b # of assewblie. discharged with burnup >2% GWd/MT! 22,072 |

; »35 GWd,/M*1 6,444

B - >45 GW/MTU 69 |

A Av irage burnup in bWd/MTU 29.1 |

Statistics which include assembiies from other countries, with refer-
onces tu various source&g‘hrough 1988, are as follows {taken from the 1988
Fue® Performance Report' ')
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Cumilative average burnup through 1988:

Assemb {es attaining burnups >25 GWd/MTU 12,200
Fue! rods attaining burnups »36.0 CWd/MTU »6,000
40-42 GwWu/MIU >360
“WRs
Cumulative averige hurnup through 1388:
Aisembligs Rods (99% Zr-clad)
Attaiting burnups »36 GWd/MTU ~$,250 ~1.08 million
»40 GWd/MTU ~1,0850 «172,270
248 GWd/MTU 2] 4,745
»52 GWI/MTL >18 3,694
>§5 GWd/MTU 1,056
»56 GWd/MTU 10
258 GWu/MTU 4

Individual PWR veﬂgi'radiations have attained rod averﬂge burnups as
high a5 61.5 Gld/MTU. """ Concerns regarding ihe possible effects of extended
hurnup are diccussed 1o the following paragrapns.

An International Topica’ Meeting on LWR Fuel Performance was held
April 2124, 1991 in Avignon France:; this meeting was jo ntly sponsored by the
American Nuclear Society (ANS) and the Europuan Nuclear Society (ENS). Pre-
sented at this meeting were the most recent high opurnup fuel experience n the
U.S. and several foreign countries, Some of the high burnup issaes discassed
dur:;g this meeting were cladding growth, fission gas release. fuel rod and
assembly yrowth, channel box how, .ecrease in fuel thermal conductivity, and
the fuel rim effect. The papers pregented during this meeting will be dis
cussed further in fulure fuel aperat iy expecience reports.

A number of vendor publicitions rerorting on inspection of the 1rrad:
ated fuel provide va]uab?: informet fon an the effects and possible ramifica-
tions of the higher burnup levels. Summar ies of several ofﬂ*hase reports and
articles, taken from the fuel Performance Revort for 1900, """ are precented in
the parzgraphs which follow. The reposcts and articiec are discussed in
reverse chronological order because extended Curnur experience, goals and
fssues have change? with time,

A 1989 article™ indicates that high burnup fuel from two C-f reactors,
Arkansas-2 and Calvert Cliffs -1, is to be examined in hot culls at Atomic
Energy of Canada Limited's (AECL) Chalk River Nuclear Laboratories. The
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i9 fuel rods “vom Arkansas-? have burnups in ' range of 28,100 to

58,100 MNd/MTU. the 12 fue) rods from Calvert C1iFfs.]1 heve burnup values in
the range of £7,900 to 59,90U MWd/MTU. After the examinutions, AECL will dis-
pose of the fuel by burying il at Chalk River.

A 1988 Westinghou @ paper ' includes inforwation on the veriation of
fuel 10d yoowth with fluence, the varialion of fuel assemlly growth with
burnup. and ¢ comparison of the distribulion of ¢ladding corrosion after four
und five cycles of operation.

A 1968 article™ indicaves thit the current wave of high vurnup fuel
assemb) fes being discharged from reactare will vivtually end the in-reactor
testing of nigh buiaup fue' by vendors vid utilities, Funding by the U.5, for
extended burnup research has dropped oft dramatica:ly o the pav® few years
DOE’'s annual funding fell to zero .everi) yea=s 196, it had reached a high of
316 mi1lion ‘n 1979,

Licensing vf\fpel for axtended-burnup oraration s discusses by the Kkl
i 187 pepert ™ In thet paser it is indicated that i-radiation experience
to date with extendcd-burnun fue! has revealed no evidence of degradation of
fue) safety or performance for burnvps to the Nal-approved levels, The KR
kas erically upproved ba'ch averetie burnupz of 25,000 ;g 40,000 Mwd ‘MTU and
40,000 to 45,000 MUd/NIU for CwRs and PMRs respectively, '™ th regulatory
perspective on extended burnun Tuel 5 Hsursed in a 1982 paper, YT The NPC
has reviewed vendor xoP;;al reports that addvess extended burnup experience
methods and test data, '

A 1987 wesiingboust ceport" documents the resuits of post-irradiation
examinations of two PWR fuel aceeny)ies thet were irradia‘nd for five cycles,
One was an optimized fuel demonstratior assembly that attained a burnup value
of 52.7/4 MID/MIU,  The nther was a stardurd fusl assembly that achieved a
buraup value of $2.100 Mwd/M7LU. Visual inspections :howed that the fuel
assemblies wore in good mechanical condition Cith ng evidence of deteriora:
tian. High oxide thickrusses, which did nct impatr the cladding, were noted
on sevarel “white" rodg, but that corrosics Lot evior is not considered by
Westinghouse to be reprec ntalive of typical behaviar. The anomalous behavior
is believeéu by Westinghov:r to be plant. or vegion-reloted.

Projected benctits to ghq LWR furl cycle fV?H ¢ itendel buraug are dif-
cussed by DOE in papers‘“‘ WEHS and an artiety, ™™ The effects on LWR fuel
cycies of DOE. sponsorcd developrent in extending fuel burnup »re discusted in
a 1986 paper.' " Improvements 4 fuei utilizatior and performasce ave
described by DOE in a 1087 paper,' '™

Sowa’ga?yerns with ElttﬂdﬁQLbQ&ﬂup fuey are noted in three 1997
papers, U0 Two 1986 pepers' T and Table A2 (in Appendix A) indicate
that extending fues bur.up hus not had an ohvinuc detrimental effect on fucd
behavior,

A Babcock & Wilcox repury'™ fssued in Dctober 1986 includes thy exam
ination results For 16 fue) rods from & PWR Yo atsembly ivradialed in

7.6
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Al ploae. 41 1t 1y indicated in another BSW paper'™ that he oxide thickress l
~ butldup is projucted to be very sensitive to the temperature of the cladding |

~ surface. Mence, operation Tate in 1ife of fuel rods at high inear heat ger.- ‘
| wralien rates may be restrictive, |
B |
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1o
1ok Year Annyal Fuel neliabiliti, % Defect Level, % fef. No.
1989 99.997™ 3
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Westinghouse Elec*ric Corporation (M) fcontd)
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Ses reterences for realiobilicy of BuR and PWR fuel o, cespectively,
on o cumgletive basis.
The fuel retiabiiity value 1s besad a fuml failures that were judged to be ‘rom Fuel-relnted o
unknown ¢ ruses and were not cdirectiy attributable to externsl causes (e.9., Dlant-related ceuses such
as w:u jexting, frotting from the presenve of foreign obiects or other off-soramal wore

tions).
Tha *vel relisbiiity velur is Leased on uel failures “rom ail coeuses.
Arvwnl fuel relisbility nut steted (9 Bue fue! rods ind & PR fuel rods were raported as fal'edd. As
of Decunber 1979, ANF (previowsly ENG) “ad 2190 tuel assemblics in domestic and foreiyn plants.
Arvsspt fuel rettabiity rot stated €7 BuR fuel rocls failed arsd 1 or 2 MR tued rods may have f4iled),
& of Novemper 15,8, ANF (praviasly ENC) hol 1342 hool assenbl fos 'n dumest (¢ plents
Rotiubility of steiniess steol-rind fuel.
Annual fuel rod rtunbﬂigm fuel roos rot stated by ©-F, but they provided data on ec\ant
sarivity.  in their input: for the sanuai veport far 1788, C-F indicatey that the overall fuel
rad celiability of tieir fusl fabvicated since "984 is estimoted ' pe YO .997L, ewrluding railares
caused hy debris-iaduced retting wesr and by tuftie jetting 'n the Tankee Rowe plent (an slder
west ivhouse plant),
As of February 1, 1979,
Sos Figwe ) in Retarence 359,
Ser Figure 1 in MW 359 ard Figure 1 in Quferance 380,
Boxed on 1983 duta.
Raldpenlity of 8 x & fuel if fuel failures inwlving crwd indueenl (ocalized corrosion (CILL) are
exu ke,
K = cetrofit dasign, PP = prepresaurizsi,
westinghouse did not utate a fuel rogt reliab: ity (Inlegrityd value, dWestinghiase continues to
evaluate fuel perfarvance ig,” 61 Joalent activity lewel,
In Revision 5 of WOAP-8183. % Westinguowse reporied that, starting June 30, 1976, they were
reparting tusl performance in terms of ongisnt activity 'evel. Vesviegh wse indiruted thst the orinr
zoncept of a “rledd.ng defect level® fmpliss that all defects intraduce setivity intb The coolant at
the same raty however, (esk ratss of defected rods cun derroace (or increase) as o funilion Af time.
Wonck, Westirghouse decided to sharden repovting of resctor ceve ~ordition i tertw of a maber of
defects and started roporting activity of iodim‘ﬂzﬂ’g the coniant ay 8 percentage of the caziant
gesign busis activity. In Revision 9 of wCAR-BIH3, Y ? Wen e TAghouse stotes thot "tro coalant deaign
basis atctivity varies somevhat from plant to plant Jdepwriding upon sih fac\ors as resctor power &nd
cootavt purification flow rate; howover, 8 value of aspptonimarely 2 827 of jodine-137 per gram of
cooiant Water tan be used for purposes of comarison. Since the coulant design hasis sctivity wes
based wr oo inferced 1-peccont defect level, the nuw besis of reporting (metiv by produ« a number
opproainately 100 timns iacger than Tho previcus basis {inferred detects).  That s, 1 percent of
cesign bosis wctivity would peeviously have beei renorted as 0,01 pervent ditected cods.® Starting in
1982, westingbouse provided Jata o avecsge soclatt activity level Calso meximm lodine- 131 activivy
in the promary csolunt for eachk Wostinghouse-tupled veactor) in terms of »0i/g,
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1 5.1.14 Gonzrel Rod Operatien

There wery three events (two in 1988, one in 1987) &t U.S. plants and one
gvent in 1988 at a plant in a foreign country that involved contrnl rod opera-
tion. The events are described below.

5.1.14.1 Davis Besse:l

' During reactor startup (plant at 2% power) at Davis Besse on December 18,
1988, a personne) error during maintenance troubleshooting caused a group of
s contro! rods to drop into the reecter core, which stopped the nuclear cha'n

A reaction. Contro) room personnel erroneously believed that the nuclear

- reactor was continuing and resumed startup procedures by withdrawing contro)

| rods that had previously dropped into the core. Technical aspects of the

i incident were not of high safety significance, but the violations of NRC

p requirements were indicative of a significant breakdown in control of nRC-

3 licensed activities fp the control room. Information on this 1538 event was

il “blished in "989,' "%

$.1.14.2 Palo Verde.l

At Palo Verde-1 on November 5, 1988, a contro)  ement assembly (CEA)
slipped approximately 10 inches below the other CEAs in its group during
performance of a4 surveiilance test. Under the conditions existing at the Lime
s of the event, Action 6 of Technical Specification 3.3.1 requires that each CEA
1 be aligned within 6.6 inches of all other CEAs in its group. Therefore, the
unit was ir a condition outside the action statement when the CEA slipped
(cavse: apparent intermittent ground on ‘ower gripper coil). The cause of
the unit Leing in ¢ condition outside the action statement was an inappropri-
ate deletion of action requirements made during a revision of the Yechqufl
Specifications. (Information on this 1988 event was published in 1909, e

5.1.14.3 River Bend

Information was pubiished in 1989''"" concerninr . an event on June 15,
1987, at River Bend in which it was discovered that a valve that supplies
cooling water to one of the contre) rod drives was mispositioned, The utility
also discovered thut 18 lock wires on hydraulic control units attached to
several of the valves were missing. The reactor was cleared fur restart after
the utility tested and fully inserted each control rod and also did a complete
review to verify that all safety-related valves were in proper position.

6.1.14.4 Switzerlang

A Toose cordrol rod coupling was discovered in 1988 at the Leibstadt GWR
in Switzerland. """ 1t was the only Class A incident at a power reactor in
Switzerland in ;988, The federal nuclear safeiy inspectorate, HSK said this
defect, if not detecte:. and repaired, could have led to a control rod drop,

' but added tha! the reactor was designed to handle such an event.
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5.1.17.4 Pilgrim

{n 1989, the NRC published information from an updated repurt'’'"' that
was submitted by the licensee rogardiﬁg conirol rod drive collet retainer tube
weld defects that were found at Pilgrim on August 22 1984, A control vod
drive collet retainer tube had a longitudinal, through-wall crack, which was
determined to have beer. caused by intergranular siress corrosian craeting
{1686C) in the cold worked and weld-sensitized stainless steei It was deter
mined that the cracking could not lead to mechanical faitlure of the control

rod drive.

$.1.17.5 Molf Creek 1
Gae Section 5,1.2.3 for detail: on thiy 1988 event.

5.1.17.6 PWR_Primary Water Stress Corresion Cracking
See Section §.).2.6 for Jetatls on this 1989 item of interest,

$.1.17.7 frare
See Section 5.1.1.12 for volalls on this 1989 item of interest.

5.1.17.8 Erance

flectricite de France (LDF) and French safely authorities have a reed on
new crit 3' for replacement of worn contral rods, according tu a 198
article. 0 The new criteria, which are more cot ylex than the previous ones,
pasically require ENF to veplace any control rod whose cladding (. efther
pierced through or worn over 20% of ils circumference next to the seventh
guide plate, EDF estimates that this will lead to reolacement of 30 to 36
control rod clusters out of the 53 on each 900-MW PWR. A1l control -od
clusters on 900-MW PMRs are to be changed by the end of 1990. Vibration makes
the control rods fret against the guide plates. The oriain of the vibration
is linked to coolant flow around the rods, but the pheromenon ¢ still not
compievely uaderstood. According to the French, similar prohlems have appar-
ently not cropped up at comparable PWRs in other countries, notably the U.§,
and Japan, and the Mrench are trying te understand why.

5.1.17.4 France
See Section 5.1.2.0 for details un this 1959 event.

§.1.17.10 Tiiwan

1t §s indicated in a 1989 article'™ and a 1988 memorandum' "' that one
control rod could not be fully re-inserted inte Taiwan's Masnshan-1 n
September 1988, A broken tip on one of the rods was found and the hydriding
phenomenon wes identified #s the cause of e falure. See "1.2.3 Wolf

Creek-1."
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g&“m\v misaligand durin* installation due to perconnel errer (a procedural inadequacy
S and design deficienty alse coniributed tn the event).

5.1.18.7 Millstone:1

Four rettraining metal straps on control rod drive system hydriulic
conirol units (HCUs) were found missing 4t Milistone-1 on Auqusi i2, 1989 ¢
The event 18 stiributed to personnel crror, A specific site anaiysis is not
available to determine the cqgabi11ty af the HCUs to remain functional during
3 seismic event without the straps and thus 't is an nanalyzed condition.
Straps were reinstalled on the affected WlUs,

£.1.10.6 River bend
Sep Section 5.1,.14.3 for detaitis on this 1987 event.

6.1.18.9 lurkey Poini:3

Turkey Poiat 3 was cited by tho KRC for a vinlation of Section 5.1.6.1 of
ANS! N18.7-1977. The event occurred on January 13, 1980, when maintenance was
performed on the control rod tystem withodt documented instructions or draw-
ings appropriate to the circumstances. fuses were removed from the cystem
without a complete undersianding of what circuit=y the fuses supplied. Conse-
quently, portions of the yod control circuitry for three rods were
ue-energizes while only one rod wus thought to be affected. Durivg a plant
shutdowi, this unexpectedly vesulied in my)tipie rods dropping into the core,
:Qm;:;;npn,,nhuﬂ reactur trip. Information oo this 1988 eve t was published
ﬂ .

$.1.19 Lont=ol Pod Guide Tube Support Pins

There were six items of interes’! [including thres evenis) in 1989 at
plants in ¢wo foreign countries. The itoms awd events are described below

£.1.19.1 Federa! Repubiic of Germans

| Reytacement of centra) pins, the Kraftwerk Union (KWU) counterparis of

I thy Westinghouse-design contvol row guide tube split pins, at West Germany's

b giblis aﬁg‘ynt&rwesnr 15 10 occur over the next two years, according to a 1989
¥ article, '

l

y The pins must be examined and replaced if any crack ind.cations
e are found *his vear,

g._ 5.1.19.2 Federal Repuylic of Germany

ﬁ'J ALl fuel alignmeni pins at West Germany's Biblis-A were inspected with

J ultrasound devices, and (2 pln? @ade of Incone! A-750 were replaced with new
L sins made of austenitic steel. '™ The alianment ping at Grohnde,

vafenrhe nfeid, 2hillipsburg-2, Obrigheim, and Neckarwestheim-1 in West
. Germany have bean cr are to be insperied by Kraftserk Union (KWU). Ping havy
P been replaced at Obrignein and Grafenrheinfeld, KWy hopes to Le awarded a

B.22
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5.1.20.3 Haddam Nick

At Haddam Neck {!:0 known as Connecticut Yan.ee) on Avril ¢, ‘989, a
discrenanc{_nas discovered ;ﬂ.}hu MNesign Ba:is Large-Break (oss-of Coolant
Ace (dent (LBLOCA) ana.ysis. A nonconservative reasctor vessel lower plenum
volume was used 1n the Interim Acceptance Criteria ('AC) model. The result of
t*» e ror would be a peak cladding temocrature above Lhe 2300°F 1AC Yimit,

The {mmediate corrective action inc) ded twplementation of adninistrative

controls to redure the plant’s Technica! Specificat.an 1imit on Jinear heat

generation ratc and a corwensurate reduction in the axial ~ffset operating
wi'dow. The event was reportable pey 10 CFR 50.13(A)(2)(V)§D) sance a
conditivt. exis.ea that alone could have prevented the fulfillment of a satety
system Lo miliga.e the consequencus of an accident,

5.1.20.4 Hope Creek

bope Creek was cf.ad for violating 11s facil‘ty operating \icense by
sporating the réactor on September 21, 1983, a* 101.2% of vated power, normi
rally, with a werst case oY 102.2% of rated power. The higher power resulted
from nanconservalive calcula*iona' evrors for feedwater flow transmitters, but
the higher power was within the marqin :ssumed in the design hasis. Informa-
tion on this 1988 event was published in 1989 '"""

5.1.20 T McGuire:l

On June 3G, 989, it was discovered that McGuire-]1 vperated at gractor
than 100% thermel power. The event was assigned » cause of Liappropr ate
acvion (for calibration data, the figure from tre Operator Aid Compater was
nued, but \“@\fﬁgurc was wrong) with a contrilutory Cause of procedural
geficiency. '

5.1.20,6 North Anna-l

An input ervur in the lurge-break less-of-coolant (LBLOCA) a alysis for
the 18% steam generator :?gg plunging licensing case was d'scoversd at North
Anna-1 on Au?ust 8, 1989 ) Resulis of the reanalysis detarmined that
correction of the error resulted in peak tladding temperatures (PCT1s) that
exceeded the current iicensing basis and the 2200°F 11wt specified iu
0 CFR 50,846, As « rarrective action, administrative limits oere placed on
North An.a-1 operating parametars t¢ reduce the PUI below the 10 CFR 50.46
Timit during & large break LOCA,

$.1.21 Unanalyzed Condition

There were three events (one ‘n 1989, two in 1988) al U.S. plants that
‘nvolved unanaiyzed conditions. Those events are wescribed below.

§.1.21.)1 Grand gulv.l

On Septumber 23, 988, System £ner?y Resources, lonc, (SERY) determined
that there existed sitoations during cold shutdown and refueling at Grand
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Gulf-1 where ce.tain loads manually handled over irradiate. fue) may not have
been hounded by nna!;xnd everts and may not have been restricted by admini-
stretove controls.  Turther evaluations and administrative contrels will be
required prior fo &ﬂﬂ next outaye. Informeiion or this '988 event was
published in 1989, 'Y

§.1.21.2 Haddam Neck
See Section 5.1.20.3 for details on this 1969 svent.

5.1.21.3 Nipe Mile Point-2

hn updated report was submitted by the licensee regarding an event at
Nine Mile nm-z on April 10, 1988; the upfated report was published by the
NRC in 1989. % The reactor was inadvertently operated with grester than
100% of rated veactor core flow (it was later determined that an “indicated"
core flow of J00% of rated was an actual core flow of 104.5% of rated). The
aven, was due to a poor electrica! connec*ion and resulted in plant vperation
in an unana) v zed cond’tion

5.1.22 100% Power Exceeded
There were eight events (three in 1989, five in 1988) ¢t U.S. plants in

whach J00% of rated power was excended. Thuse mvents are discussed below,

5.1.22.1 Couk-2
See Section 5.1.70.1 for details on this 1989 event,
5.1.22.2 C(ook-2
See >ection 5.1.20.2 for details on this 1989 event.

5.1.22.3 Hope Creek
See seciion 5.1.20.4 for vetails on this 1988 event.

5.1.22.4 'a Salle 2

On Mi=ch §, 1598, two pumps that recirculate water ‘hrough La Salle 2 s
reactor vessel autrmatically shut down when the plant was being operated i
about OSX power, As a result, the gnwer level incressed to a peak of 118% of

the reactor’s rated power pefore the reactor automatiﬁgl}y shut down.

Information on this 1988 event was published in 1989.

§:1,22.5 McBuire-1
See Section 5.1.20.5 for details on thig 1989 event.
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5.1.22.6 San Onofre:-¢

It was determined on December 1A, 1988, that San Onofre-2 cperateu in
excess of 102% of rated power from Decemver 23, 1983, to Janvary 4, 1904,
because of a marufacturing defect i9 & feedwater flow venturi. Informat ‘on on
tiiis event was putlished in 15397

§.1.27 7 San Onefre-2

On Octobar 31, 1848, it wis determined that Sar unofre-7 had been ope-
rated at an estimated nciua\ power 1ightly in exc.ss of 100% for a portion of
the time between fugust 27 and October 21, 1988. Ouring tnat period, however,
the plint was never cotinualiyv cperated at groater than 100% indicated power
nor wis it operated at an ostimaed actual power in excess of 102%, thus pre-
serving the inftia: power assumption utilised in the safety analyses. Cause
of the event was a.tributed to a decveass (several factors involved) in
indicated plant powsr relative to pgsuai plant vower. Infermation on th.s
1988 avent was pubiished in 1989, "

§.1.42.8  Susaurharou-?

leydvertent reactor core isolation covling initialion and injection
occurred at Susquehanna-2 on December 15 1988, Reactor power increased to
161% during the even*  No degradation of fuel was evident. The event was the
rasult of a pressure transient due to mispo.itioning ¥ an 1solation,‘a]va uy
3 tecanician, InTormation on this 1984 event wus published in 1989,

5.1.2% UOther Pawer Limit {xceeded

There was onc eévent in 1289 at a U.S. plan® in waich an intermediale
power limit was exceeded. That event is described below.

§.1.23.1 FRort 8. Vroin

on June 23, 1989, it was discovered that the reheat stean attemperation
filow had not bqag accounten fo, 19 the secondary aeat balance caliulation of
reactor power. ' The )icease: tenk (meediate action and updated the
secondary heat balance calculation, Reactnr power was found to be 83.4%,
which exresded Fary St. Vraan's caximiy author zed cperating limit or 82%, It
was also found that the ~eactur power was it #xcess of 82% for aporoximately
four hours. The root causs for this evest was identified to be inadequate
procedures: appropriate precediral chauges have been implemented.

5.1.2¢ Unexpected Power lncrease

There wii obe event in 1969 at a U.S. plani that inwilvid an unexpected
gower increase. That cvent is described below.
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5.1.32.16 San Onufre-2
See Section 5.1.11.2 for details on this 1989 event.

5.1.32.17 Lea-d
See Section §.1.27.7 for detalls on this 1989 event.

$.1.32.18 Perey-l
See item under 5.1.15.10 for details on this 1989 event.
5.1.33 Destgn/lostallation/Maintenance Deficiency

There were three events (one in 1989, two in 1988) at U.S. plants invelv-
ing deficiencies in design, installation, or maintenance. Those events are

discussed below,

5.1.33.1 Limerick:1
See Section 5.1.18.6 too vetails on this 1989 event,

5.1.33.2 Nine Mile Point-2
See Section 5.1.21.3 for detaily on this 1988 event.

5.1.33.3 Sequoyah-2

In 1989. the NRC pablished inforwation from an updited report' ™™ that
wats submitted by the 1.censeé on an event at Sequoyah-2 on April 7, 1988, The
event involved inadequate work control vesulting in ‘wo emergency core cooling
system pLaps being inoperahle while the reactor was 1n Mode 3 (hot standby).

5.1.3¢ [quipment Inoperabie/Maifunction

Thare were five events {two in 1989, three in 1988) at U.S. plants that
g::o]ved fnoperable or malfunctioning equipment. Those events are described
ow.

9.1.34.1 Pglo Varde-2

In 1489, the NRC published infermation from an update. venort " that
was Lamitted by the licensee concerning an event on December 7, 1988, at Palo
Vorde-2 in which a new fuel radiation monitor was found to Le inoperable (it
indicated zero millirem/hour instead of the actual radiation level adjacent to
the 1w fuel storage racks). The last accurate reading wai on December 4,

1988, Tha event was attribu*ed to a malfunction of the monitor's clock;

however, the cause of the failure could not be confirmed.
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5.1.36 Personnel Lri..c

There were 13 everts (9 in 1969, 4 in 1988) at U.S. plants that invoived
personne) errors. Those events ar. described below,

5.1.36.1 Clinton:]
See Section 5.1.10.5 for details on thig 1989 event.

5.1.36.2 Davis Besse-1

See Section 1.14.1 for details on this 1988 event.
5.1.36.3 farley-l

See Section 5.1.27.2 for details on thic 1989 event.
5.1.36.4 Fort St. Vrain

See Section 5.1.18.5 for details on this 1988 event,
5.1.26.5 (imerick-1

See Section 5.1.24.) for details on this 1986 event.
5.1.36.6 Millstone:-i

See Section 5.1.14.7 for details on this 1989 event.
5.1.36.7 Millstone-3

See Section §.1.27.5 for details on this 1989 eve:!.

§.1.36.8 North Acna-l and -2
See Section & 1.7.2 for details on this 198y eveni.

§.1.36.2 Qyatec Croek
See Section 5.1.9.2 for details on this 989 event,

$.1.36.10 Qyster Creek

AL Oyster Creek on May 15, 1989, a reactor-coolant sample was nut taken
and analyzed for dose eyuivalcnt fedine-13]1 activity (such aciivity can bv an
indicator that failcd fuel is present in the core) foi\owtn? 4 roacter power
change ﬂﬂ'moro than 15% as required by the plunt’s Tec nical Specifica-
tions. '™ The root cause of the esent was personnel error. Twe contributing
factors were also evident.
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5.1.36.11 Pgrry-l
See Section §5.1.15.4 for ¢rtails on this 1989 event,

5.1.06.12 Quad Cities:)
See Section K.).1.2 for details on this 1989 event.

5.1.36.13  Susquehanna:2
See Section 5.1.£2.8 for details on this 1988 event.
5.1.37 Perscovel fatigue

There was one event in 1989 at a U.S. plant involving personnel fatigue.
That event is discussed below,

5.1.37.1 Limerick-1
See Section §.)1.7.1 for details on this 1989 event,

5.1.38 Procedural Noncompliance

There ware 10 evants (4 in 1989, 6 in 1986) at U.5. plants invelving
procedural poncompliance. Those events are described below.

5.1.38.1 (Catawbe-2

On August 25, 1989, power was reduced more than 15% at fatawha-2 within &
one-hour period but the required sample for analysie for iodine (the detection
of fodine-13]1 may indicate the presence of failed fuel) Was not taken, which
is & violation of the plant’s technical specifications.”

5.1.38.2 Davis Bease:|

See Section 5.1.12.1 for details on this 1988 event.
5.1.38.3 Diablo Canyon-l

See Sectior 5.1.12.2 for details on this 1988 event,
5.1.38.4 Diablg Canyon-1

See Section 5.1.12.3 for details on this 1988 event.

§.1.38.5 Mcouice-2
See Section 5.1.32.10 for details va this 1989 event,
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5.2.10.3 Haddam Necx
See Section §.2.1.3 for details on this 168° event.

§.2.10.4 Haddam Neck
See Section 5.2.1.4 for details on this 1989 event.

§.2.10.% Japan
See Section §.2.1.17 for details on this 1989 event '*

5.2.10.6 Japan
See Section 5.2.1.18 for detaiis on this 1989 event.

5.2.10.7 Japan
See Section 5.2.1.19 for details on this 1989 event,

$2.10.8 Finland
See Sections 5.2.6.2 - 5.2.6.5 for this 1989 event.

5.2.11 Ffuel Assembly Cooling System

There was one event in 1989 at a plant in another country involving the
fusl assembly couling system. That event is described below.

§.2.11.1 france

During refueling of France’'s Tricastin-2, it was discovered on
Jon“agy 15, 1989, that the fuel assembly cooling systewm had nol been swilched
on As only three acsemblies had been inserted at the point, there was no
heatup of the coolant; however, due to the violation of technical specifi-
cations as well as the lessons to be learned from the incident (apparently due
to an error in operating documents), the incident was classified at Level 1 on
the French nuclear severity scale.

5.2.12 Undersize fuel Pellets

There was one event in 1489 at a plant in another country that involved
undersize fuel pellets. That event is discussed below.

5.2.12.1 Undersize Pellets

On February 10, i%89, the freach Timiteo prv r at the Dampierre PWR sta-
tion after it was discovered that some fuel rod. ctonlained a few undersized

—

(a) Eriries in Sections 2.10.5, 2.10.6, and 2.10.7 pertain to the same event,
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5.2.16 Spenk Fuel Pool

There were three events in 10989, two at U.S. plants and one at a plant in
another courtry, and a 1990 iter of interest pertaining to spent fuel pou s,
The events and the ttem of inte 't are discussed below.

5.2.16.1 Eitzpatrizk

At Fitzpatrick on June 124, 1989, the surveys provided to support cngoing
work 1n \nhe spent fuel pool were inadequate to identify the presence of an
objac}sgrittlnq to 1000 R/hr on contact, which appeared in the worg
area.' "’ The object was a highly radioactive particle that floated to the
surface of the spent fuel pool. The doses of the two workers in ¢lose proxi-
mity to the source were calcilated to be 73y mrem (whole body) and 96C mrew
(extremity).

5.2.16.2 McCuire-1

In September 1909, analysis indicated that the formation of gaps in the
Roraflex neutron-absorbing material in nigh density spent fuel storage racks
.the subject of NRC Anfonlation Notice No. 87-43) was unlikely to occur in the
re ks ot MeGuire-1,'"%  However, the potential existed for a different prob-
Tem to cevelop at McGuire-1. The neutron absorber panels originally initalled
in the racks are shorter than the active fuel length of the stured fuel
assembiies. This combined with shrinkage of the Boraflex neut . absorber
could putentially nave greater effects on reactivity than t o« Jition
referred 1o in the NRC Information Potice. This event was attri.uted to
design deficiency because of the unanticipated environmental interaction.

5.2.16.3 Krypton-85 From Decayed Spent Fuel
See Section 5.2.2.1 for detaiis on this 1990 itew of interest.

5.2 16.4 Federal Republic of Germany
See Section 5.2.1.15 for details on this 1989 event.

§.2.17 Lack of Design Basis Oncumertation/Inadequate Review

There was one event .n 1989 at 3 U.S. plant involving the lack of design
basis documentatiun and an inadequate review. That event is descriced below.

5.2.17.1 San Onofre-1
See Sectior 5.2.1.8 for details on this 1988 event.

5.2.18 Procedural Nencompliance

There was one event in 1989 at a pi_nt in another country involving
procedural noncompliance. That event is dascribed below.
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5.2.18.) france |
See Section 5.2.11.1 for details on this 1989 event. ;

| 5.2.19 Defective Procedure |

o |
FAG : There were four events in 1989, three at U.S. plants and one at a plant |
e in another country, involving defective procedures. Those events are :
'&y ~ described below. |

5.2.19.1 QDresden-2
See Sectior 5.2.3.1 for details on this 1989 event,

5.2.19.2 FEitzpatrick
See Section 5.2.16.) for uetails on this 1989 event.

Ut - 5.2.19.3 Limerick-2 |
;;  : See Section $.2.1.5 for details on this 1989 event. |
RS 5.2.19.4 France |
A See Sectiui 5.2.11.1 for details on this 1989 event.

3 8.7 19.5 [rance

An ¢rroy at Gravelines-1 that left pressurizer relief valves unable to
open at treir nominil setpoints has been acknowledged as a serious defect in
the maintenance guality conirol program. The mistake was due to the insertion
of some solid screws that had bees used erronecusly for over a year and had
recently been replaced. The solid screws looked 1(5; the correct hollow
screws and had been left unmarked in the tool box.'''"

5.2.20 Nesign Deficiency

!

L There were two events in 1989 at U.S. plants involving design
FQ deficiencies. Those events are described below.
;
)

§.2.20.1 McGuire-1
S5¢e Section §,2.16.2 for details on this 1989 event.

§.2.20.2 Oyster Creek
Section 5.2.1.6 for details on this 1989 event.
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© s.2.21 fauipaent Failure

Iﬂ~€5’?. There was one event in 1989 at a plant in another count+y involving
i equipment failure. That event is described below.

5.2.¢1.1 federal Republic of Germany

See Section 5.2.1.12 for details on this 1989 event.
5.2.21.2 fede. - <eputlic of Germany

See Section 5.2.1.13 for details on this 1989 event.'®’

5.2.22 Personcel frror

There were five events in 198§ at U.S. plants and two in foreign plants
involving personnel ervors. Those events are Jescribed below.

e §.2.22.1 Limerick?
B See Section 5.2.1.5 for derails on this 1989 event.

5.2.22.2 San Onofre-1

See Section 5,2,15.1 for details on this 1989 event.

$.2.22.3 Sequovah.l sud -2

See Section §.2.1.9 for details on thic (985 event,

$.2.22.4 St Llucie-2

See Section 5.2.13 1 for details on this 1980 event.

§.2.22.5 Jhree Mile lsiand-2

See Section 5.2.5.1 for details on this 1989 event.

5.2.22.% Germaﬁy

Technicians preparing for a test on Fessenheim-1 mistakenly closed off
feedwater to a reactor cooling system of unit 2, which was operating at full

power instead of to the syqtemiyf_unit 1. The error was quickly detected in
the ¢._.rol room and cosrected. '

-

(a) Pertains to same event noted in Sections 2.2 1 and 2.1.12.
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