
- - _ _ _ - _ _ _-- -__ _

'

.

NUREG/CR-3950
PNL-5210
Vol. 7

Fue1 Per:formance Annual
Report :for 1989

<

.

Prepared ty
W. J. Ilailey, F. M. llerting/PNL
S. Wu/NRC

Pacific Northwest Laboratory
Operated by
Battelle Memorial Institute

Prepared for
U.S. Nuclear Regulatory Commission

9207270321 920600
PDR NUREG PDRCR-3950 R

_ _ _ - _ _ - - - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ - _ - - _ _ _ _ _ _ - _ _ _ _ - - _ _ _ _ _ _ _ - _ _ _ .
..



n n r _ .

e e

-
_

AVAILADILITY NOTICE

AvaAetam of Reiereroe Mvents Cned in NhC FutAcatons %

Most documents rhed in NRC pubkat ons woi be avautAe from one of the following sou cesr

1. The NRr. t%bc Document Room 2120 L Street. NW. Loner Level Washington. DC 20 % 5

2 The Supenntendent of Eteuments. U S Gov +rnment Printing Ofbce. P O Bos 37N2 Wa shen;t on ,
DC 20013 70B2

3 The Nationat Technical inf ormaton Servu e Stringheid, VA 22101

Atthour,h s. e listhg that follons represents the mapnty of documents ched in NRC pubbcat.ons. it is net
intended to be exhaustwo.

Ref erenced documents av66|able for tr.spection and cop, lng f or a fee ft om the NRC Pubhc Document Room
~

include NRC correspondence and internal NRC rr+moranda, NRC butetins. ca cutars, inf ormation notices
g

inspection and investigattor notic es; lcensee event reports, vendor reports and c orrespondenc e ; Comm s.
sion papers; and applicant and licensee documents and correspondence

The following documents ! the NUREG senes are availab'e f or purchase from the GPO Sa+s Program
formal NRC staff and contractor reports, NRC-sponsorer conference proceedings, interaabonal agreement
reports, grant pubhcations and NRC bsuMets and brochures. Mso avaaab6 are tega..w v g#oes f.R C
requiabons to the Code of rederal Regu aficns and Nacica! Reg M oryCc m o m an:es.r

Documents available from the National Technical Informabcn Service r-rlude NUPEO.neries reports and
technical t eports prepared by other f eder at agencies and reports prepared by the Atomic Energy Comm s-
tion, forerunner agency to the Nuclear krqutatt.ry Commission

Documents avas|able from pubhc and special technical libraries include att og+n hterature items such as
book s. Journal articles. and transactsons . F rPra! RegWtr notices, Federal and State le yslabon and c on.
gressional reports can usuaDy be obta ned from these I,branet

Documents such as theses. d.ssertations, torOgn reports and transWbons and non.NRC conference pro.
ceedings are availatste for purchase from the erganitation sponsonng the pubhcation ced

Single ;opies of NRC draf t reports are avadab'e free, to the entent cf suppiv. upon wntten requert to the
"

Office of Administration. Distribution and Mail Services Section. U S. Naciear RegJatory Commission.
Washington OC 20'55.

Copies of industry codes and standards used in a substantive manner in the NRC regu: story process are
maintained at the NRC Library, 7920 NorfoL Avenue. Bethesda. Maryland for use by the puble Coces and
standards are usually copynghted and may be pur_ hased from the ong nating organ! ation > if they are
Amencan Nabonal Standards, from the American National Standards institute.1430 Broaduy. NE A York.
NY 10018.

s

DISCLAIMER NOTICE

Ths ieport was prepv as an accuunt Of wo* cponsorod tay an ageocv of the Un tv) States Government,
Neither the Unitod Stats ; Jovernment nor any agency thereof, or ano of their emp:oyees. ma6 es any wan ant f,
exprets0d Or ImphOd, Or assumes any lega! habihty Of f esponS.behty 7r any thdd part[$ 140, Or the results Of
Such Uso, Of any information, apparatus, prOdct or prOCOss d:sCIC seC in in:s report Or repreeents that its ute

by 6_h third paily would not in'nrQe pnvatWy ownoa rights
a

|
|

-- ---- - - _ _ _ _ _ -.__ _ _ _ _ . , _ _ _
..



, .

.
. .

NUREG/CR-3950
PNL-5210
Vol. 7

.

Fuel Performance Annual
Report for 1989 :.

|

:
.i- t

!.
1

>

f
,

,
.

.

'

. _ .

; Prepared by- .
'

AV. J. lialley, F. M. Ilert!ng/PNL
-: t- S. Wu/NRC

i- l acific Northwest Laboratory- '

:n;- Operated by'
_.

,

Battelle Memorial Institute-
0

(,c

(Prepared for .
_ . . . .

< '

W U.S. Nuclear Reculatory Commission i

- .

$

'

r

i

9207270321 920630
<

*

4
- PDR NUREG PDRCR-3950 R''

.

>
. . _ . .- - . . - . . . _ . , _ . - . _ _ . . . . . _ . _ _ . _ _ . - _ - - . . _ _ - , - _ . _ _ . _ . - . . . ,



, . _ __ _ _ _ _ _ - _ _ - _ - _ _ - _ _ _ _ _ - _ _ _ _ _ - - _ _ _ _ _ _ - _ - - _ _ _ - _ _ _ - _ _ _ _ _ - _ _ - - _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ .

. 4

.. . |

|

L<

^ "
. >

O
.

AVAILA8luTY NOTICE ')
?:

Avaliability of Reference Materials Cfted h NRC Pubicataons *

'

Most documents cited in NRC publications wl3 be available from one of the folowing soutcos'

12 -The NRC Pubtw Document Room. 2120 L Street, NW., Lower Lev % Washington, DC 205$5 -|
.

2. . The Superhtendent of Documents U.3. Govemment Printing Off,ce, P.O. Box 37042 Washington, !
. DC 200134082 [

t

: Si The National Technica!Information $strylce, Springfield. VA 22161 '!
w &

i Although the asting that follows represents the majority of documents etted in NRC publications, it is not j
intended to be exhaustive,

~ 7
!

Refstenced documents available for inspection and copying for a fee from the NRC Public Document Room |
Include NRC correspondence and internal NRC memoranda: NRC bulletlns, circulars, information not6ces, '

7
. Inspection and Investige*'on noticos keensee event reportet vendor reports and correspondencei Commis. ;ji

sion paperst and applicant and licensee documents and correspondence, [
:i

The foliowing documents in the NUREO series are available for purchase from the CPO Sales Programl !

& '

formal NRC staff and contractor reports, NRC. sponsored conference proceedings, intmational agreement
,

reports,= goant publications, and NRC booklets and brochures, Also available are regulatory guides, NRC
- regulations in the Code of Federal Regulations, and Nuctent Regulatory Commission issuances, +i+

I. Documents avallable from the Nat6onal Technical Information Service include NUREG series reports and
; technical toports prepared by othar Federal agencies and reports prepared by the Atomic Ef"tgy Commis.

.,
alon, forerunner agency to the Nuclear Regulatory Commission. -

- ""
Documents available from pubile and special technical librarles include all open literature items, such ss ;

'*y; books, journal articlea, and transactions. . Federal Reglster notices. Federal and State legislation, and con.
g 3, : grossional reports can usually be obtained from these libraries. |

Documents such as theses, d!ssertations, foreign reports and translations, and non-NRC conference pro.
9eedings are available for purchase from the organization sponsoring the publication cited.

Single cop 6es of NRC draft reports are avaliable free, to the extent of supply, upon written request to the
Office'of Administration. Distribution and M ; Services Section,~U.S. Nuclear Regulatory Commissionc !

'

Washington, DC . 20555, i

m Copies of industry codes and standards us&d in a substantive manner in the NRC regulatory process are
maintained at the NRC Ubrary,7920 Norfolk Avenue, Bethesda, Maryland, for use by the publicJ Codes and
standards are usually copyrighted and may be purchased from the originating organitation or, if they are ,i

American National Standards, from the American Natinnal Standards institute,1430 Broadway New York,+
,

NY' 10010c i
-

,

;w ;

% -
'

_
f1

|
5+

' ' , ,

,
't .:,

"

DISCLAIMER NOTICE > >

p ; This report was prepared as an account of work $ponsored by an agency of the United States Govemment.
''

i Ne ther the United States Govemment re any agency ther')of, or any of their employees makes any warranty, |
0 - exp'essed or implied, or assumes any legal liability of resronsibility for any third party's use, or the results of

; ;Och use, of any information,' apparatus, product or process disclosed in this report, or represents that its use :;
'

L by such third party would not intringe privately owned rights. ;

f

* '

6

2 L

3; *

'

.

3 -

-

, -
,e .

- - _ _ _ _ _ . - - _ - . - .
_ _ _ _ . - _ - - - _ _ - - _ _ _ _ _ _ - _ _ - _ - _ -



. ~ . _ _ _ __._. ._ _ _ _ . _ _ _ -- _ _ _ _... . _ . _ . . _ __. . _ _ _ _ - __

|

.

NUltliG/ Cit-3950
PNie-5210
Vol. 7

-
- 1., ...

Fuel Performance Annua.

Reaort for 1989

f

r

N1anuscript Completed: September 1991*

Date Published: June 1992

4

Psepared by
W. J, liailey, I', N1, lirr'.t.'e, Pacific Northwest I ahoratory

'

S. Wu, U.S. Nucicar llegulato.y Commiwior

Pacific Northwest laboratory
llichland, WA 99352

l'rci'ared for
Division of Systems Technology
Omcc of Nucicar iteactor lleguhtion
U.S. Nuclear Itegulatory Commission
Washington, DC 20555

4

NitC FIN 1,1478

.

3

v - -,,-.=.,--,-vw--w,--e-r- e, e*w - - , , . , w er*.-y,,- - .m -w+mv ,,--, w ----ww w m , m- -w v e~, -wrim- ~ e e =



. _ . . . . _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ - . _ _ _ - - - . _. ._ . . _ _ .-

.

:

!

AE TRACT

1his annual report, the twelfth in a series, provides a brief descrip-
tion of fuel performance during 1989 in commercial nuclear power plants and an ;

indication of trends. Brief summaries of fuel design changes, fuel surveil-
lance programs, fuel operating experience, fuel problems, high burnup fuel
experience, and items of general significance are provided. References to

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

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 utilization 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 sections that_ follow, the_ burnup levels attained 1. '989 are dis- |

cussed; the 1989 reliability of fuel rods along with the primary .auses of
fuel rod failure and the corrective actions being taken, are presented; an i

overview is provided of the major non-fuel core-related problems encountered
during the year.

!

1.1 fXTENDING BURNU?o

fromthenuclearfuelvendors',5{eportstotheNuclearRegulatoryCommissionOn the basis of the letter
for calendar year 1989, an overview of the

highest currently achieved burnups is given below. The data are from both
fuel assemblies remaining in-core and those discharged during 1989.

Burnup
Venior Plant or Test Type (GWd/MTV) Comment

ANF Tihange-1, Belgium PWR 50.0 highest to date
Big Rock Point BWR 41.0 highest to date
D.C. Cook, 17x17 PWR 44.0 discharged 1989
Gundremmingen-3, BWR 40.0 discharged 1989
fRG 9x9

BWFC Mark GdB, LTA PWR 58.3 U0,-Gd 0
Mark BZ, LTA, 15x15 PWR- 58.3 Zirc 7 34-grids

C-E ANO-2 PWR 43.0 discharged 1989'

St. Lucie-2 PWR 42.0 discharged.1989

702 rods discharged 56-39.9 highest to date

-GE- BWR >45 bundle average
BWR 60 peak pellet exp.

-W Zion-1 & -2 PWR 55 4 assemblies :ve.,
5 cycles,

North Anna-1 PWR 58.4 lead assembly ave.,
_

4 18-mo cycles1

North Anna-1 PWR >60.0 lead fuel rod ave.

1.1
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. .- Burnup goals are being extended to obtain basic information on fuel rod
behavior-as fuel 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 cycles to a routine period of 24 months.
About:90% of BWRs and over 80% of PWRs in the United States operate on nominal

- cyclea. gor 24-month refueling-cycles;-the remainder operate on 12 month
18-mont

Among -the effects of longer cycles are an increase in cladding
corrosion, fuel assembly bowing, fuel rod and assembly growth, and a possible
degradation and increase.in defect size because th failed fuel rH remains in
the core for a longer time before removal

NWestinghouse has- found that neither extended burnup (assembly. average
of_55 GWd/Miu and bevond) nor extended residence times (seven cycles, to a
discharge burnup of 40 GWd/MTU) has led to increased coolant activity, nor,
therefore, to increased fuel failure / leakage.

mSimilarly, Advanced Nuclear Fuels deteded no fuel failures due to
inherent manufacturing or design factors following irradiation to 50 GWd/MTV
durirg 1989.

_1.2 fjjb RELIABILITY
_

Along with the good fuel performance to extended burnups, the industry
as a whole has experienced a steady decrease in reactor coolant. Iodine-131

calendaryear1989'orPWk:gaQ' ears.
activity over the.last seve Average coolant activities quoted for

, normalized to standt d coclant p'irification
rateandsorrectedjl{rtrampuranium,rangefrom<0,001pCi/gtoC023pCi/g.
The' industry mediu coolant activity for BWR's in 1989 is 83 gCi/sec.

The decreasing Iodine-131 coolant activities indicate an increase in
fuel reliability. Representative 'uel reliability levels for 1989 were-

99.997% or better throughout the industry for Zircaloy-4 clad fu l in PWRs,
when 'ael failure'due -to debris-caused fretting is not included;g"3*H _

_

appNximately 99.986% for stainless-steel clad f
debris-inducedfrettingintype304SScladding;gl,duetoagulnerabilityto.

and-99.987d for the GE
8x8 BWR fuel .

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

,

''12.1 Primary Cause of fuel Rod f ailure in PWRs - Debris Fretting

The major cause of the few fuel fylures that do occur in PWRs isdebris-induced fretting. Westinghouse estimates that debris fretting-
represents the primary leakage-mechanism for approximately 80% of the identi-
fied fuel rod leakers. Similarly, Combustion Engins ing"y estimated, on the

1.2
,
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ibasis of fuel _ examinations, that about 75% of the leaking fuel that occurred
during 1989 wa , caused by debris fretting of the Zircaloy-4 cladding. This
process-occurs when bits.of m6tallic debris in the primary coolant, which have
fallen into the reactor 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 coolant flow cause the debris
to rub against the fuel cladding until a breach develops. Following increased
Iodine-131 activity in the coolant during reactor operation, the fuel failure
is ganerally confirmed during reactor shutdown periods by ultrasonic testing
(VI) and visual. observation.

Utilities have taken aggressive action 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

designchangesarebeingtestgtominimgetheeffectoffrettingfromthealready 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 gp. Combustion

and the
Dt:brisFilterbottomNozzle(DFBN)gacergrids(theGUARDIANSrespectively) with smaller holes to
Engineering and Westinghouse have

screen out more of the particles before they can reach regions of exposed fuel
rods.

,

1._2.2 Primary Causes of Fuel Rod Failure in BWRs - PCI and CILC

General Electric has found pellet-cladding interaction (PCI) and crud- e

induced localized corrosion (CILC) to be the only two causes of cladding
perforation in BWRs in recent periods. 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-lined
(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. Also, 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, problems with other core components, with fuel and core
component htnJ11ng, and with procedures.

Non-Fuel Core Components - There were five events in 1989 involving*

-thinning of in-core instrumentation tubes. _(See Section 5.1.3.)

1.3
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Fuel Handlina - Fourteen fuel handling incidents -occurred in 1989,.

including: four-in which fuel assemblies were dropped or came loose
end were-out of line with their destination (Section 5.1.7 and
5.2.1); 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
bent (through failure to follow procedure) (Sections 5.1.8 and
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, 5.2.5).

Control Rod Malfunctiondailure and Maintenance / Installation.

Problemi - Seventeen events (eight in foreign countries) involving
.the control' rods _or their controlling mechanism occurred during
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 Error - Sixteen events'in 1989 were due to personnel.-

errors (two in foreign countries), one to personnel f atioue 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 problems attributed to
personnel arrors.

Failure to 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 the
procedures had failed to include adequate information to prevent
the problems that occurred, training was 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, procedures with insufficient information and personnel errors

_

(such as pushing the wrong button).

|
|.
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2.0 INTRODUCTION

This report is the twelfthM 8) in a series which provides a compilation
of: the available information on nuclear reactor fuel performance, particularly
new developments on the one hand and non-catastrophic off-normal behavior and
problems on:the other. A discussion of the evolution of the content of the
currenp eports can be found in the " Fuel Performance Annual Report fcr
1988".

The NRC regulation 10 CFR Part 50, Paragraph 50.73(a)(26)(ii)(28) requires
reports on events in which the plant, including its principal safety barriers,
was seriously degraded or was in an unanal;>7ed condition. Reporting on normal
operation surveillance.results, generic problens, and design trends is not
required by NRC 10 CF nor by the NUREG sedes entitled " Nuclear Power Plant

10peratingEgerience"f2b2'and the Electric Power Research Institute (EPRI)
reports

Thus the primary intent of this Annual Report series is to summarize fuel
design changes and. progress of the concomitant testing prngrams, progress
toward high burnup goals and the problems that arise (whether due to condi-
tione 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 1989 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 a, fellows:

1.0 Executive Summary
,

y

2.0 -Introduction

|- 3.0 - Fuel Design Changes and Summary of Surveillance Programs

4.0 Fuel Operating Experience

-- 5 . 0 Problem Areas 0bserved 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-.

|

2.1
'

!
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Appendix A-41istorical Background on Fuel Reliability

Appendix B--Problem Areas Observed During 1989 with Non-Fuel Components.

Asggbasis for the design changes discussed in Section 3,0, typical fuel u

assembly parameters and_ operating conditions for current light water ;

reactor. (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 f rom these five
vendors:

.l. AdvancedNuclearFuelsCorporation(ANF)/*d Richland, Washington

2. Babcock and Wilcox Fuel Company (BWFC),hI Lynchburg, Virginia

3. Combustion Engineering, Inc. (C-E),(d) Windsor, Connecticut

4. General Electric Company (GE), San Jose, California

5. ' Westinghouse Electric Corporation (W), Pittsburgh, Pennsylvania.

,

d

-(a) The terms " fuel assembly" and " fuel bundle" are used interchangeably by
the-nuclear industry, although generally 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 bundle and_the open-ended channel-that
encloses.the bundle.

(b)_ Company.
Previously known as Exxon Nuclear. Company, Inc., (ENC); ANF is a Siemens-

L(c) _Previously known as Babcock & Wilcox Company (B&W); the B&W Fuel Company
-(BWFC) is a partnership- between B&W and the American subsidiary of a
French consortium of Cogema, -Framatome, and Uranium Pechiney.

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

,

4
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TABLE -1. Typicar Fuel Assembly ParametersW
'

'
i

BWC (Elit04) BWC ().O4I ' I
r

per Emtse 5nte-1 sea-ter setml 1 C.t W # W M A* sat w Cf ' LE 1
Fuel Red Array ' 15:15 .- 17:17 15x15 - 15:15 .17:17 L 14:14 16:16 - 14 14 .35x15 - 17:17 15 15 17:17 8x8 Su9 7x7 '8 8 Ens
Reactee Type M M 'M M M' M M M PWR ,M M M swr- Bwt 8=1r . - Swa BWR '

Asseeltes per 177 2D5 157~ 157 193 , 217 217 121 193'' 193 .193 193 ' 560 724 764 554 560 .Core 1157)

Feel Rods 208 264 204 ' 204 264 ~176 -236(a) 3 7, .
Per Asseely -

.gg4 .264 204 254 ' 60 80 '49 -63 62
'

t-
,

Impty Locatiens 17 25 71 21 ' 25 20 20 17 21 ' 25 - 21 25 4 1' home -. I 2 i

-

.

Per Asseely

Rod Pitett, 14.4 12.8 14.3 14.3 ' 12.6 '14.7 12.9 14.1 14.3
um (in.) . (0.568) (0.502) (0.561) (0.563) ' (0.496j (0.580) (0.5063) (0.556) (0.563), 12.6

14.3 - 12.6 ' 16.3 14.5 18.7 16.3 16.3 i
(0.496) (0.563) (0.495) (0.642) (0.572) (0.738) (0.640) (0.640)

System Pressure, 15.2 15.5 - 13.6 13.9 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5 7.14 7.07 ' 7.14 7.14 7.14 *

MPa (esta). (2200) (2250) (2015) (2015). (2250) (2150) (2250) (2250) (2250) (2250) (2250) (2250) .(2035) (Ic26) (1035) . (Jc35) (1035)
Core Average , 91.4 107.3 82.!5 22.25 82.25 - 72.5 96.4 95.6 98.1 104.7 '98.1 104.7 40.57 46 50.732 '50.51 "49.15 *

a

Power Density,y'
kW/ liter ;.

Average LER,NI ~ 20.3 19.8 18.1 18.4 17.8 20.0 18.2 20 3 22.0 17.8 '22.0 17.8 15.2 12.1 23.1 17.9 17.7'
kwis (kw/ft1 16.20) (5.73) (5.53)- (5.60) .(5.43) (6.09) (5.54) (6.26) (6.70) (5.44) (6.70) (5.44) (4.63) (4.68) (7.049) (5.45) (5.38) ,

Azial Peak LHGR, 24.4 22.6 25.1 25.5 27.6 - 24.00 21.00 24.36 26.40 21.36 26.40 21.4 18.24 17.5 27.72 21.48 21.24 6in an A.c ?* (7.44) (6.85) (7.66) (7.76) (8.42) (7.31) (6.41) (7.44) (8.04) (6.53) (8.04) (6.53) (6.02) (5.34) (9.16) (7 09) (6.99)[' Rod, kW/s dW/ft) ,

'

Mar. Fe'ak LER, 53.0 49.9 . 47.6 47.6 42.7 53.5 42.7 56.8 61.7 44.6 51.9 54.5 47.6 37.7' 60.2 44.0 44,0
t

; kW/m (kW/f t) , (16.16) (9.20) . (14.5) (14.5) (13.0) (16.3) (13.0) (17.3) (IS.8) (13.6) (15.83) (16.6) (14.5) (11.5) (18.35) (13.4) (13.4) .

,

!4 Max. f uel 2340 2290 2149 2J49 1927 2140 . 1880 2260 2340 1870 2200 1747 2040 2040 2440 1830 ' 1890 ij Teep., *C (F) '(4244) (4155) (3900) (3'30) -(3500) (3890) (3420) 14100) (4250p (3400) (3997) (3177) (3700) (3705) (4430) (3325) (3435) i
) Core average , 3.30ICI 3.15IC' ICI 3.41ICI 3.40ICI 3.89ICI 2.36 2.90 2.80 2.60 3.02 3.65 2.65 2.8 2.19 1.80 1.99 - )

4.00
Enrigtzent
wt% '"U

.

v
,

.

Max. Local 55,000 55,000 55,000 55,000- 55.000 50.000 55,000 50.000 50.000 50,000 47.500 52,000 35.000 55.c00 40.000 40.000 45,000
incosurId)Mwd /M7U

i cLdains try.4 2ry-4 304ss 2ry-4 2ry-4 2 ry-4 2ry-4 fry-4 2ry-4 2ry-4 2ry.4 try-4 . 2ry.2 Z ey-2 2ry-2 2ry Z 2ry.2 |Material *II
|
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3.0 FUEL DESIGN CHANGES AND SUMMARY OF JUEL SEV_ Ell, LANCE PROGRA%

WFuel System Design, Section 4.2 of the Standard Review Plan requires
that plans for testing, inspection, and sur veillance of fuel be submitted and

L reviewed for each domestic nuclear power plant. The plans should include pre-
irradiation verification of cladding integrity, fuel system dimensions, fuel'

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
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 cr current design changes and fuel surveil-
lance programs 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 prograns under way to test these designs.

The information presented in these subsections is taken frcm the vendors'
responses to the annual request from the Nuclear Regulatory Ccmmission (NRC)
for individual vendor input on fuel experience, de_ sign developments, etc.
The responses vary in length from 1/2 page of text with 3 or 4 tables ara 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 in the provided information, no attempt
has been made to present this information in a more uniform manner.

.

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

formance Report."yn which follows is taken from the "ANF Annual Fuel Per-
The informat

_.

Additional data and discussion are available in the 1991'

Proceedings of the Internationa! Topical Meeting on Fuel Perfor mance. U

3.1 1 Desian Chanaes

No new design changes were specifically no Ongoing
design _ evoluticn is discussed in_ a 1991 paper.',t)ed by ANF for 1989.Some aspects of this evolu-
tion are: the introduction of the 9x9 array with several configurations of

: Water rods, variable axial concentrations of gadolinia, Deta-quenched clad-
ding, use of fuel rod clips to prevent fuel failures due to baffle jetting,
and the introduction of high thermal performance spaters and intermediate flow
mixers.

The introduction of BWR 9t9 and PWR 17x17 fuel rod arrays has generally
,

.

heat _ generation rates. Additional benefitsled to the reduction of rod ' n o
that result are lower fuel tem ratures, less fissicn gas release, decreased
pellet-clad interaction and lower clad stresses. In addition, the smaller

3.1
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diameter rods in BWR 9x9 arrays appear to provide greater resistance to
failure, due to decreased pellet-cladding interaction (PCI).

3.1.2 Surveillance ano Perfoimance Programs

The ' status of ANF surveillance programs over several years in specific
reactors is summarized, together with tne surveillance information for other
vendors, in Table 2. Additional general information is given in Reference 7.

.

3.2 B]LWll)E_L COMPANY (BWFC) Iformerly BabcoEk & Wilcox Compan_y
(B&W)1 - (PWRs)

Report."(gasis for this section is the "B&W Fuel Company 1989 Fuel Per formance
-The

ings of the International Topical Meeting on LWR Fuel Performance.'4 Proceed-
Additional, updated information is available in the 199

3.2.1 Desian Chances.

8WFC made no specific changes in 1989 to the design parameters of the
Mark B, Mark C, and 15x15 stainless steel clad fuel rod array assemblies.
Typical BWFC fuel assembly design parameters for the various current designs

,

are given in Table 1. Developments over the past two years or so include the
following:

For the Mark B8 design (1988):

upper end fitting made easily removable, to facilitate field.

reconstitution

increase in upper _to lower end fitting distance, to provide moree

room for fuel rod growth

increase 'n length of lower fuel rod end plug, largely solid' metal,.

and lowering of position 'of lower sgfaG.r 9-id, to trap debris below
the spacer grid at the solid portic:. d the end plug.

For the Mark BW17 design, a debris resistant- Swer end fitting is in
development. This design is compatible with.Westim,nouse Standard and
-Optimized Fuel Assemblies (0FAs), and h: rloating spacer grids, thicker fuel
rod cladding, and a double fuel rod plenum.

3.2.2 Surveillance and Performance Proarams

BWFC is cooperating in several fuel surveillance programs. Those in
--which there is progress of particular ;nterest to report are:

2

3.2

--
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TABLE 2. Major Fuel Surveillance Programs: Status Through 1989

Planned N7
(Completed Schedaled Interim
No.) Oper- Completion Inspections

Verder Ftel Type *I Peer Plant p,M no Cycles of Frogram _.jo_,DeteI

Advanced Nuclear Fuels 15 x 15 Robin:ov 2 5(5) Complete 1

(formerly Exxon 14 x 14 Prairie 1, land-2 3(3) Complete 1

Naclear) 8x8 Oyster Creek 5(5) Cceplete 5

11 x 11 Big Rock retnt 4(4) tceplete 3

14 x 14 Ginna 5(4) 1992 3

17 x 17 Blayais-3 4(3) 1992 2

8xB BP-2 4(2) 1991 2

.' 4 Calvert Clif f s 3(0) 1993 0

15 x 15 Felisades 3(2) 1993 0

Sx9 Hatch-2 3; ) 199% 1

9x9 hatch-I 3(J) 1495 2
-

B&W Fuel temoany
15 x ?5(c)

Oconeed b(bi *
cartnership between 15 x 15, Arkansas-1(d) 4 Completsd 3

Babnock & Wilcox and 15 x 15 Rancho seco 3 1900 2
IUthe American sut- 15 x 15 Oconee-2 4 Completed 4
I9Isidiary of a French 15 x 15 Oconee-2 3 Completed 3

consortium) 15 x 15(h) Oconee-2 1 Completed 1
IhI15 x 15 Oconee-1 3 Comp'eted 3
I17 x 1/ N Ocenee-2 3 Completed 3U'15 x 15 Cconee-1 4 199P 3
IkI15 x 15 Oconee-2 3 Completed 2

15x15N Arkansas-1 4 Completed 3I *

IN Haad3m % ck "I 3 Completed 2
I15 x IS

IO)17 x 17 hcg 1 ir e- 3 1991 2

Combustien 14 14 Calvert Clifft-1 5(5) Completed 5
IP)Engirieering 14 x 14 Fort Calhoun 6(6) Cor'plet eu

14 x 14 Ca. vert Cliffs-1 5(5), Part 1g Compleg 5

14 x 14 Calvert Cliffs-1 5(5), Part 2 1991 5
II14 x 14 CalvertCl|djs-2 3(0* 1996 0f

16x160I Arkansas-2 3(3) Comple ud 3

s

16x16f Arkansas-2 3(3) Compig 3
16 x 16 Arkansas-2 5(5) IV3. 5

I16 x 16 St. Lucie-2 3(2) Compieted 1 -

I t, ~ 16 Palo Verde-1 3(2) 1992 2

16 x 16(") Pale Verde-1 3(1) 1994 1

14 x 14 *) Maine Yankee 12(12) 1991 3I

General Elect.uc BarrierLg Qaad Ci te -1 (5) -- --

1983 LTA*I"'I
Peach % ttom-3 (2) -- --

Due n Arnold (?) -- --

1984 LTAs( }1937 LTAs Hatch-1 (1) - --

Cctroston Hatch 4 (1) -- --

q
ren oreag

Coopec (1) -- --1988 LTAs
Cerrosinn Hatch-1 -- -- --

performeg ,

1931 LUAs Peach Ectten-2 -- -- --

Westinghoune (gg) North Anna-1 4(4) -- --

17 x 1 FA- Farley-! 4(4) (ii) 4

Demo) 5(E)

17xIgFA- Salew i 4(4) N, -- 3

Demo)

17x1]FA- Beaver Valley-1 3(3)(I ) -- 3

De=o)

3.3
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TABLE 2. (contd)j
_

,

Planned ko,
(Completed Scheduled Interim
ho.) Oper* Cwplet ton Inspections

Venrfor Fuel Type (s) Power Plent- s t i_no C yr),g of Proq*anm to Date

Westirghouse_(contd) 14 x 1 FA- Point Beach-2. 4(4)(""I (oo) 4'
. Demo)

. 17 x 17 'Sumer-1 3(3)IPI)- (qq) 1
'

(v_AN T AGE-5
' Demo)-
IFBA Fuei_ Turkey Foint-3 g2) -- --

- Rods

U BA g fuel. Turkey Foint-4 (2) -- --' '

Rods
:lFM Demo .McGuir'-l (2) - --

'.t Assembly -

DFBN 3 Plants b- -- --

Assembly (uu)
ZIRLO-Clad North Anna-1 3(1)IVV)
- Fuel Rodgq
M - R. E. Ginna -4(4)IYYI -- --

LTA klead test assembly,-H0(a) D = demonstrationi 0FA-Demo =2 = mixed oxide (U0,-Pu0 ) fuel. ( = retrofit f uel destgr.,3
Demonstration Optimize 8 fuel Assembly, !FBA = integral fuel

burnable absorLer. TFM = interrnedtate flow mixer. FPIP = Fuel Performan;c Improvement Program,
bFBN = debris filter bottoir nozzle. ZlRLO'= an Advanced circonium alloy cladding that contains-

niobium. ,

-(b) _ (For this entry,- and the following entries for BWFC, scheduled completion means completion of
irradiation.

(c)- LTAs of an advanced, extended-burnup design.
(d)_ Arkansas' Nuclear Goe-Unit 1 (also known es AND-1).

-(e), Current-design assemblies containing axially-blanketed fuel columns.
-(f) : Current-design assglg with special Zircaloy cladding materials and EPRI creep collapse

specimen c'.usters

(g)> . Current-design gegiet witF lif ted rodr and cladding Mytng 3 known spirai eccentricity in
wait thinness.

(h)- Currer,t-design assembl.les utilizing low-absTwo of these four LTAs are reconstitu+able.gion spacer grid materia ((lircalcy-4b( t)
.(j) ~ Gadolinia LTAs of an ar .anceds extended-burnup design.

, (k) "athfinder LTA with 12-fuel rods with advancec Zircalov cladding materials: S rods have
cIddding with pure zirconium linerc ong insice surf t a of the Zircaloy cladding and 4 rods .!

have beta +ouenched, Zircalcy-4 tubing.
(1)- Same as (c); additional cycle of irrcdiatim.
(m) _ F0ur LTAc i.ith Zircaloy-4 clad fuel rods to renlace fuel assemblies witk stainless steel-clad

fuel rods.
(n)- - Haddam Neck is 61so known as Connectic it Yankee,

.(o) - Four 17tx 1) lead fuel assemblies (Mark-BW LA).
-(p) - For Combustion. Engineeri tg's major fnl research and development programs, the tabie entrics

show the status. as _ of mid-D90 '
'(q). - Standard-design, high-burnup program.>

- (r) - $tandard and advanced fuel design LTAs.
'

(s)- Hot cell examination of high thrnup fuel yet to be performed.
-(t) Burnable poison irradiation program.
'(u)_ Jtandard surveillance p.ogram.
|(v) Standard and idvanced fuel design, high-burnup prcgram.
(w) Advanced cladoing designs. _

fV,-
(x) Hot teli exarnination of high exposure coritrol element assemblies.
(y) two bundles with barrier cladding involved;

'

- ( t ). Four; bundles with improv'd design features involved.

. 3.4

-

F

, e c- e n- w -i w v. , -- w e <-,www .,,--.w., , . - - .+-,+v,- , . , , . ---,wv .---m. . - --r - rw #w- a- ---



_ . . . ._ __ _ _ _ _ _ . . __ _ _ _ _ _ . .

,$e

1

TABLE =2. -(contd)

Footnotes for Table 2 continued bebw. ,

.

_ (aa) Five bundles with' improved design features involved.
^ (bbi - Four twndlesi Program objective: lead use GE 8 x BNB.

(cc) . Six fuel bundie*, . Program objectiu: claoding material process vari.bles.
(dd)E four fuel bundles. -Program objective:. lead use GT 8 x 8NB-1 Datures.
(ee) Six fuel bundles. Test objective: Cladding material process variables effect.
(ff) Four LUAs representing lead use GE 8 x 8NB production fuel.
(gg) Eight fuel assemblies were irtaalated as part of an FFR! program for their fourth consecutive

18-month opercting cycle: four of the eight were in relatively high power positions and attainco
. ar assembly everage burnup of about 58.100 gTU.at discharge (May 1989); the 1( ad fuel

assembly average burnup was 58.417 mwd /MTU,
(hh) The two 0FA-Deme ass mblics in Farley-1 and the t;s assemblies in Salem-1 were discharged in

1984 after four cycles for g 9ination. Burnur achieved: 39,170 mwd /Mf" in Farley-1, and
34.4N mwd /MTU in Salem-1.

(11) ' Nondestructive postirradiation examinations were performed.' The assembli.s were in good
mechanical condition with no signs of deteriorat tan. See Reference 28 for the examination

'
.__ results.(
(jj) -_Two 0FA-Demo assemblies.

(kk) V0ce of the two 0FA-Demo agbiles was re-inserted far irradiation (fif th cycle) and achieved a
burnup of 52.800 mwd /MTU. One standard fuel assembly (the symetric partner to the OFA Demo

~

.assemblyinCych6{}wasals irradtated for a fif th cycle and attained an average burnup cf
52.080 mwd /HTU.

,
'(11). The two assemblies achhved a burne of 35.500 mwd /MTU[I were discharged in 1 34 after

3 cycles, and were examined.
(m) ~ Two assemblies. __ _

irradiation in 1983. Subsequent examination(nn) The'four assemblir' completed their second cycle et
showed one assembly had nine faileo fuel reds 'cause: fretting wear at bottom Incnnel spacer

7 grid); The othen three assemblies were in good condition, were returned tog core for a third
achieved was 40,340 MVd/MTU.g were discharged in 1985 and were examined.
and feurth cycle of irradiat Aver:ge burneo

.(oo) Nondestructive; examinations performed on the 4-cycle CFAs at the end of 1986 confirmed good per-.
formance.through 4_ cycles, The assemblies were in good mechanical condition with no signs of

" deterioration. See Reference 46 for the examination 'esults.
i(ppf. Four_ assemblies began power pruduction 16 Cycle 2 in December 1984, completed two cycles of "

irradiation in March 1987, and were reinserted for a third cycle. Each of the Summer' i

-

demorstration assemblies contains 40 1F8A rodsc The assemblies also have IFMs,4

. . -(qq). The four as3emblics completed their third cycle of irradiation and were discharged in 1988 af ter
attaining:an accumulated average burnup of 46.050 MWJ/MTU.

'

(rr) ' The 4 IFS) roos were monitored duJing irradiation by in-core instrumentation.
!1 (ss) There were 28 If BA rods in each of four demonstration assemblies, which allowed removal of some

'

|' | .. of the rods' for postirradiation examination.
(tt)L One characterized IFM vacer grid demonstration assembly.
(uu) Three fuel assemblics i.th DFBNs.
(vy) _The hel rods attaine'd 'a burnup of over 21,000 mwd /MTo in their first cycle, which was completed ,'

;

"ducing February.1989. lhe rods are expected to surpass a burnup of 57.200 MVd/Miu at thei

codpietion of a third irradiation cycle;.'

s

~y ,(ww) two_ demonstration fuel assemblies with'ZIRLO-clad fuel rods' began irradiation in June 198L
'Z1RLt> is an advancel zirconium alloy that contairs niobium. . ZIRLO is a trademark cf,

L. Wstinghouse E lectric Ccrporatinn, Pittsburgh, Pennsylvania.
- (xx) Four assemblies with Weeinghouse exed exide fue! rods were involved. The mixed oxide (U2 -,

h |Pue)fuelrodsforGinnaweremanufacturedbyVestinghousebuttheirirradiationwasnotpaftof
(f ( Vestinghcuse developt ent program.'

The four asumHies were -aradiated for the fourth cycle (Ce., they were in the Cycle 11-14
L ; 1(yy) .-- cores) and rere discharged. Average burnup wa. 98.500 mwd /MTV.E

u

3.5
|
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3.2.2.1 -The DOE / Duke /AP&L/BWFC/ Extended-Burnup Proarams (Oconee 1 and
ANO-1) IJoint effort amona the U.S, Departmeal of Enerav. Duke
Power comoany (Duke). Arkansas Power & Licht (AP&t), and BWFC.1

|

Recent performance milestones include:
-

-

Mark BEB 15x15 - Irradiated one of four advance lead test assem--

blies (LTAs) to a t'urnup of 57.3 GWd/MTV in 1988. These LTAs i

feature increased fuel rod plenum volume, decreased fuel rod
initial fill-gas pressure, thicker fuel rod cladding, fully
annealed Zircaloy-4 gG de tubes, and several fuel rods containing
annular pellets. Hot cell examin:. tion of one LTA, completed in
1989aftergrgcycles,confirmsgoodperformanceat-

17 GWd/MTV.

Mark-BWIS --LTAs completed their third cycle of irradiation ir*

cycle 15 of Haddam Neck (Connecticut Yankea) 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
L 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 ond|. .

poolside examination showed them to be in excellent condition after,

'

27.7 GWd/MTU.
'

UO -Gd 0 extended burnup series - This design features urania--

.
# 23

| gadolinia fuel, annular fuel pallets, annealed guide tubes,
-

Zircaloy-4 intermediate spacer grids, and a removable upper end
-fitting. -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._3 GWd/MTV. Published progress reports are given in References
61-71. The urania-gadolinia program was scheduled for completion
in 1990.

3.2.2.2 BWFC/Ouke Low Absorption-Grid Pro _ gram (0conee 1 & 2) <

,

Full batch implementation of theilow absorption grids of Zircaloy-4, for
L 15x15 fuel assemblies,-began in 1984. As of December 31, 1989 a total of 1043
L of these fuel assemblies- had been irradiated, with a maximum assembly burnup-

of 58.3 GWd/MTU.

3.2.2.3 BWFC/ Duke Advanced Claddina Pathfinder Proaram (0conee 2)

The Pathfinder program completed its third cycle in February 1988. Echo
'330 ultiasonic-examination of the fuel rods showed no leakers. However, pool-
side examination showed-that the beta quenched cladding had higher than

,
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1

expected oxid: tion.(70 This finding, coupled with results from similar proj-
'

cation in PWRs.g abandoning further evaluation of beta-quench cladding appli-
ects, have led

(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 EM INEERING INC. (C-fd (a division of Asea Brow 3_foy_et.1
Combustion Enaineerina 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~in
Raference 8.

3.3.1 'DesistL Chanaes.

1989letterreport.ggnchangeswerenotedbyCombustionEngineeringintheir
No specific de

A _ general discussion of C-E design evolution through
1990 can be found in Reference 8; particular attention is given to the
performance of the following C-E designs:

Zircaloy-4 cladding with lower nominal value and narrower range of*

allowable tin content and a high integrated annealing parameter.

Erbia' mixed with the U0 as a t,urnable absorber for PWR fuel man-.

Jagement.cf high burnup,2 extended cycle operation.

Debris resistant designs, in particular-the GUARDIANS debris*

straining bottom grid.
,

I73)System 80 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 l_oss-of-cooiant accident (LOCA)
performance.

3.3.2 Surveillance and~ Performance Procrams

High burnup, extended cycle-operation concerns-are being addressed by a;_

seriesof.LeadfuelAssembly(LFA)programsasdiscusseg'gthe1988and1991'

|_
International' Topical Meetings on LWR Fuel Performance. Both standard
and advanced fuel designs are being evaluated. The performance programs
currently in-progress will provide -hot cell evaluation of fuel and cladding
with peak-local burnup approaching 70 GWd/MTU. lhese programs include:

g <

.- Zircaloy-4 Fuel Rod Land Assembly Guide Tube Growth'

Zirn loy-4 Fuel Rod Corrosion = Behavior.

i

ErL.,.-1rania Fuel Behavior - Four Lead Fuel Assemblies containing.

|
0.9 w/c Erbia in 3.4 w/o enriched 00 fuel pellets, fabricated in7

1989, are operating in Calvert Cliffs II,'

3.7
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3.4 RENERAL 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 I

given in Reference 75.
,

|3.4.1 Desian Chances
jr

GE tias made-a variety of design modi #ications over the years to improve-fuel I
corrosion resistance and overall fuel performance. Modified features include '

water rod configuratioa, spacer and upper tie plate, cladding surface treat-
ment (involving material-and _ heat treatment), axial zoning of gadolin-ia,_ fuel
rod helium prepressurization, nellet O mensior,s, and pellet density. For PCI
failures, the barrier concept for protecting * fuel cladding with Zr,-lining
has been tested since 1979, with periodic pool-side examination of representa-
tive bundles and fuel rous. Tests in Quad Citias-2 have included power 1

increases for additional-PCI retistance demonstration. No PCI-induced Zr- !-

bar.-ier fuel failures have _been found in more than 680,000 barrier fuel rods j
exposed to at least one reactor cycle of operation, 1,

!

CILC failuresiere discovered in 1979 in plants with copper alloy con- |

. . denser _ tubes and -_ filter demineralizer condensate. cleanup systems, under
,

certain specific-conditions, _ Following the development of an out-of-reactor |
test of the .suscep ibility of Zircaloy to .in-reactor noculcr 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 Proarams )

describedinfourNRCreports.gr*amadoptedbyGEandacceptedbytheNRCis
lhe fuel surveillance pro

A summary of the GE lead use assembly j

Assemblyprogramscurrentlyunderwayarediscussedoelow:gloftheleadUse
(LUA) surveillance program is contained in Table 3. Seve

a 1983 LUAs =four LUAs were loaded into Peach Bottom-3 in 1983 at
the beginning of cycle 6 to test improved spacer and upper 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.

--1984't0As - 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 cycle in April 1987 and after two

3.8
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' TABLE 3._ SummaryofOngoingLeadUseAssemblySurgeillanceProgramsGeneral Electric.as of December 31, 1989 >

No, of Gundle Average
Completed Exposure At

| Ns. cf Cycles of Last Outage
Proaram Reaj;1er Bundles' Operation Gvi/MTV Objectives

Barrie- LUA's Qaad Cities-1 1 5 43 %rrier cladding

1983 LUA's Peach Bottom-3 4 2 24 Improved design features

' 1984 LUA's Duane Arnuld 5 2 28 Improved design features

1987 LUA's Hatch-1 '4 1 12 Lead use GE8 x BNB

Corrosion Hatch-2 6 1 13 Cladding material process
Performance variables

CE8 x BNB-1 Cooper 4 1 8 Lead use GE8 x SNS-1
= Channel LUA's - features

Corroclon Hatch 4 C =-- - Cladding material process
Performance variables

'

1987 LUA's Peach Bottom-2 4 - -- Lead use GE8 x BNB

Ucler in October 1988, showing characteristics of normal operation. -

The next poolside examination w a -scheduled after the third cycle of
operation in=1990.

1987 LUAs - Four LUAs representing GE8x8NB productb n use were.

loaded into, Hatch-1 in 1987 (cycle 11). No evidence of-CILC was
found after one cycle. in _1988. The next poeleide examination was
scheduled after the'second cycle of operatire b 1990.

Cladding Corrosion Performance LUAs - Six LUAs were loaded. into-.

Hatch-2 in,early 1988 (cycle-8) and six in Hatch -1 in late 1988
(cycle'12) to test cladding material, heat treatment, and surface
conditioning. Both reactors have historically exhibited highly
variable cladding corrosion performanca. After one cycle and expo-
sures up to 13,000 mwd /MTU,- visual inspection revealed little or no
visible nodular corrosion along the full length of the fuel rods.
The next poolside examination of Hatch-2 bundles was scheduled in
1991, for Hatch-1 in 1990.

.- GE8x8NB-1 Channel LUAs - Four LUAS representing GE8x8NB-1 produc-
tion fuel bundle design features were loaded into Cooper in 1988
(cycl e .12) . Normal ' characteristics were found during poolside
examination after one cycle in 1989. The second examination-was
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.

.
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Zr barrier-coated cladding - Thirty two d'emonstration Zr _ barrier-*

coated bundles are currently operating in their fifth cycle in Quad
Cities-2.

1

3.5 WESTINGHOUSE-ELECTRIC CORPORATION (W) - (PWRsl

The Westinghou
Westinghouse Cores" g report WCAP-8183, " Operational Experience withis the basis for the following sections.

- 3.5.1 Desion Chances

-No new-des _ign changee were _ specifically noted during 1989. An overview
of. thegstinghouse design evolution is given in a 1991 paper by M.g Balfouret-al. and in the letter report summary of 1989 fuel experience. These

- - ongoing developments include:

The Debris Filter Bottom Nozzle (DFBN) - The DFBN has smaller flow.

tes than previous fuel assembly botton nozzles in order to cini-
'ioze 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.
l

_0ptimized _ Fuel Assemblies (OFAs) - To improve fuel utilization by.

enhancing net. tron moderation and reducing parasitic capture,14x14
and 17x17-0FAs employ a slightly-reduced fuel rod diameter compared
to the non-0FA design, fuel rod, wnile retaining the same fuel rod
91tch. While the top and bottom grids in the OVAs are made of

-Inconel, intermediate grids are of Zircaloy.

VANTAGE 5 and SH 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)

- Intermediate Flow Mixer Grids (IFMs)
i

Axl al : bl anket s-; =-

- A Reconstitutable Top Nozzle (RTN) !
l

- Increased discharge burnup.

. The VANTAGE 5H 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. IFM grids are small

| 3.'0
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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 more
margin for departure from nucleate boiling.

The_ VANTAGE 5 assembly has features that reduce fuel cycle cost, increase care'

operating margins, and improve design and operating flexibility. These fea-
tures include integral fuel burnable absorbers (IFBAs), intermediate flow
mixer grids (IFMs), axial blankets, a reconstitutable top nozzle (RTN), and
increased discharge burnup.

"The VANTAGE assembly has the same optimized fuel rod and Zircaloy
grids as.the 0FA" and has.been i proved further by incorporatingm
" features which reduce. fuel cycle cost, increase core operating margins,
and-improve design and operating' flexibility." These features include:
"l) '.ntegral: Fuel Burnable Absorbers (IFBAs), 2) Inttrmediate Flow
Mixar Grids (IFMs), 3) Axial blankets," 4) "A Reconstitutable Top hozzle
(RTN)", and 5) " Increased disenarge burnup." "Approximately 80% of the
fuel pellets-in an-IFBA__ rod are coated with a thin zirconium diboride

taating which serves as a burnable absorber. IFM grids are small mixing -

vano gr'ds that are located in the upper spans of the fuel assembly,"
"betwaen the Zircaloy structural grids," to pruvide more margin for
departure from nucicere boiling.

The VANTAGE SH coatains the VANTACE 5 fuel features but uses the.

non-0FA_ fuel rod of the Westinghouse Standard (LOPAR) fuel assembly
-

and a'new low-pres;Jre drop-Zircaloy grid design. Approximateiy
80% of the fuel pellets in ar. IFBA rod 3re coated with a thin
zirconium _boride_ coating that functions as a burnable absorber.
IFM grids are small mixing vrn grids-that are located in the upper
spans of;the fuel assembly, beneen the Zircaloy structural grids,
to prnvide mc4re margin for departure from nucleate boiling.

ZlRLOS C cdding - This advanced cladding contatn niobium, which.

provides additional resistance to corrosion, to permit fuel usage
at higher burnups and/or higher temperatures.

3.5.2 -- Surveillance and Performance- Proarams

-The fuel performance summary on a plant-b3 lant is provided in Table 2.
Summaries of several surveillance programs follow:

Optimized Fuel Assemblies (0FAs) - From 1979 to 1986. ten demon-.

- stration 0FAs (six 17x17 and four 14x14) were irradiated in four
reactors (Point Beach Unit 2, Beaver Valley Unit 1, Salem Unit 1
and Farley Unit 1)~ to assembly average burnups in the range of
33,850 to 53,000 mwd /MTU. All 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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i

n.

,1

In11989,-thirty.two plants operated with at leasti one region of 0FA
fuel. Observations of 0FA fuel at more'than'20 plants during 1989
confirmed.goou overall performance. The following 1989 statistics are

- for at least one 0FA region in-core:
i

No. of Peak Region Ave.
Plants Cycles Burnun mwd /MTV

29 1st 22,000
'

27 2nd - 38,300-
25 - 3rd or 4th 45,400

VANTAGE- 5 and VANTAGE SH Fuel Assemblies 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 /MTV. All 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 nuclear
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

-i at least one: VANTAGE 5 fuel-feature were in operation in 38 plants
i during 1989, including:t

- 13 plants with full regions containing axial blankets,

- 36, plants with RTNs,14 with IFBAs,,5 with IFM grids,
~

21Eplants_ began operating with the Debris Filter Bottom Nozzle'

(DFBN), and.

23 plants with assembly modifications for high burnups.-

In: addition, two plants operated with an initial region of VANTAGE SH
-fuel during 1989.'

,

ZIRLOS Clad Fuel Rods - Two demonstration assemblies containing - '

=

ZIRLO*' clad fuel rods began irradiation in the North Anna Unit 'l
during June 1987. Their first cycle was completed .in February 1989,
with'a burnup over 21,000 mwd /MTV. One of the_ assemblies was
. inserted for a second cycle and was expected to achieve a burnup of -

se about 37,000 tiWd/MTU in narly 1991.

3.-12
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3.6 fMCTRIC POWER RESEMLJLLlRS_LITUlf (EPRI) PROGRAMS

The current status of the EPRI fuel performance surveillance program is
thesameas,tpveninthe1988AnnualReportandisdescribedintworeports. N'" EPRI's research and development plan for 1987-89 is describec

Two EPRI reports * g.ation on the program is available in Refer-Additional inforin Reference 84.
R contain information on design changesences 85-87.

associated with BWR fuel. Use of the BWR Power Shape Monitoring System is

coolantactivityandfuelrodfailuresisdescribedina1986 report.{ogdescribed in Reference 90. Collection and formatting of data on reac
The

report,pgfPWRsilver-indium-cadmiumcontrolrodsisdescribedina1986lifetim

tiydrogenwatpg,Ir chemistry for BWRs is discussed in a 1987
report.D3) A 1987 paper includes information on advances in LWR fuels.
Zircalogi'gxidation and hydriding under irradiation are discussed in a 1987
report., Guidelines for improving fuel reliability are described in a 1989
report. #

[
w
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4.0 FUEL OPERATING EXPERIENCE -

As of the-end of 1989, the total ' number of fuel assemblies that wp e in,110,500 ,r)or that had cotopleted, operation in the United States was over
.(over_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 (abou["j.2 million BWR type and10,8 million PWP 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 1989 thereactorsintheUnitedStates.yIwere108 operable,licensedcommergiglThese plants generated 529.4 TWh and
achieved an average capacity factor of 61.7 % in 1989; the corresponding
figures for 1988 are 525 TWh and 63.3% respectively, from the same

)source.

A synopsis of domestic fuel performance is provided for each of the five
domestic vendors in the sections which follow. The fuel integrity ratings of
fuel from each vendor are also provided. These ratings are normally obtained
from Iodine-131 activity levels initially, followed where possible by oas sip-
ping or. ultrasonic measurements: these methods are described in References 99-
108. To assess the overall performance of fuel rods, th
PowerOperations(INPO)_FuelReliabilityIndicator(FRI)p"gstituteofNuclearhas become a
commonly used. standard. The FRI for PWRs is the Iodine-131 coolant activity
level normalized to a standard cleanup system flow rate (alg referred to asthe " uncorrected activity") and corrected for tramp uranium and alter-
nately referred to as the " corrected activity" or FRI value. For BWRs, the
FRI value-is determined from the rate of fission gas release 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 Iodine-131 activity
in reactor coolant is abo'ut 1.2x10~3 pCi of Iodine-131 per gram; in general,
levels above this value signal the presence of leaking fuel rods. The
specific coolant activity te,:hnical specification limit for each reactor
depends-on such factors as reacter power and coolant purification flow rate.

1
g
! (a) lhis .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
l' assembliesconsistsofacountoftheigc,oreassembliesfromTable1of
L a report from the Department of Energy > and the number discharged,
L from Tab'e 5 of the same 'Ref erence.
! (b) The figure for total electrical power generation given in Reference (19)

is derived from a different source and is higher by about 5%. '

(c) Tramp uranium is finely divided uranium oxide particles suspended in the
coolant or deposited on core surfaces.

I: 4., g
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Historical information on = fuel failure rates in BWRs and PWRs is provided
in Appendix A. It

- uniformly applied;Ighould be noted that the definition of failed fuel is notin many cases the number of fuel failures is inferred

are counted.Qvidence, while in other cases only directly observed failuresfrom indirec

Although overall commercial reactor operating experience continues 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 LDVANCED NUCLEAR FUELS CORPORATION (ANF1

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

4.1.1 ~ Fuel PerfoTJmance + 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, about 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.

of 1989, is shown in Figure ldgf ANF fuel rods and assemblies, as of the er.d
The exposure distribution

The highest' exposure levels reached by ANF
fuel to date are 41.1 GWd/MTV 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/MTV.

~

,

.

M(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 requirements 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 (technical specification, fuel warranty, or design
basis),. and which indicator is used (coolant or off-gas activity,
sipping,, strain,. 'or deflection) . Definitions of fuel damage, failures,
and coolability, as these -terms are applied in the NRC's review of fuel

-

systemdesigns,;areprovidedinSgction4.2,FuelSystemDesign,ofthe
NRC Standard' Review P1an.'(SRP).I3

4.2

. - . - _ . . _ - . ,-_--- _ _ - - - . - - . ...- -



www
nqW ,;:p. :.;g, 4, .

- - - - - --- -- - - - - - - - ~-

w v x / ;/ +. ,yesw , ;~
' ''-

g n ~. ;M Q$ i ' y , M _+ 1i

- '. s f
"1

3
;

% 'r, & c,. Ap; ..

,45 _j|

;;h:p/MQ. i6h d,kk
. .. . . . .. . . .

''

p: -

m ,
.

l
? C-

~ ^I
& ,n

w t / ' JAEh 35ummiryfof Advanced Nuc1cgr fuels Corporation Fuel Experience'
..

pg , , ~ 1through December:31R1989 j
3-"

s. 4m w+ + v~
_

,-;:+>.

- .w

FF.sTT P '
L A; . Fuel Assemblies

m s, --
,
a

P@G
W3 b ' ',

< " . -
,

,,

DischaraedIn Core
. T

K F ^y ' ' :n 1m s ;. s
1 ..

. . Maximum Maximu:n ._ Tots 11No.,

% @n$pSd [.
LRcact'60 JNo. ofTruelL LBurnup,. No.:of; Fuel Burnup, of Fuel

@% ^
4 Type _. L Assemblies - MMX . Anemblies fiWM1! Assemblies,

^ r 'x'
>

dMs (BWR1 ' 57,674; 34,4~ 2,047;; 41.1W 10,521' l

p& m u;~33_'iPWR Zi@i 4 5_ . 0. LEQ 50.0 -5.959W y
.

._ ___ . ,

eo
49'9 JT$til; :9,6631 6,817 16,480 _g,

Mn L w , m i'

$f!MW| ' )B,: [uei Rgst >

MMF
'

,' . t

.MOfg" ,
L 2 Rektor; Ndsbjc_qLJyelRods I

1 1 Type J Dln Coret iDischarget Total-u.w . ,

M ,| Ri A .8WR5 '525,8621 :17,6,686 702,548
.

.w . .:
O Ms- ' A PWR '* !447.9QL FA7,JJ L151Jll ,

n % e "

g g F f' j Totali '|S73;764( 983,959 1,957,723
-n, . ~ - ' .w ay . .

ppom - , :

hm:NgE Ma)? Avera9e;of. extended burne;f ros transferred to a new host fuel
e

%f%A J Lassemblyp ),n. ,

D%f y)'

_W 17 - . .- -
,

3g %"; L:4:1.2k f ueURodilntearitv -
m, p pp., . , - .n
N y-- w

l

M@ M M
'" Mistorically, theJoverail ANF fuel rod / integrity, _ based on failures that

N" 5than 991994L1gtin 1989f the fael rod reliability rsmaineo better than
/were7 judged?t from fuel?reldted or_unk_nown causes,.has remained at better *

D9 3

kV ' ~ ' 991.997jdMm taVe?pf@viMiin Table 5'.g3
Jailuro:statis es on'allJ ANF4 fuel rods |througir December 31,'1989 -

o
ph 4 'H

WS li 56 xesnthe rellability of ANFf fuel, ~ ANF uses .the INPO- FRI describefI -

M .E M above d The|FRI distribution for|ANF:PWR_and BWR fuelsic shown-in Figure 2
A}d$ WandMsiderived: frou the 1989 -yearly 7,verage for each reactor _ that operated

.

n '' iNwith; ANFs fuel in' the core.aTheEmedian' value for all! PWR reactors containing
.

$gf W > valuesofe2;0x101 pCi/ml The median: value;for BWR reactors containing ANF = .

fANFxfueFis h2610Nyci/ml.1 which compares well with the INP0 PWRcmedian i7

%!R pCi/ml; with thefindustry medisn being 8.30x10" a

S@$@$%jfuel?infl989Ets;3470x10M Ci/mlk ?ANFLdid not-have any: failures attributed to desfgn:or manufacturing
p Miin}1989bnThe'five-yearstrepdinthe_ANFfFRIindicatesacontinued' improvement

iGF J if n fueliperformanc'e.; *
~
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* , ,eg L-TABLE ~5. -ANE Fuel Rod; Failure Statistics as~of Deccmber 31, 1989m .
-

,
;

/
_ kods Barnup' |Rodt Burrmp

Failed:- Tailed,

_q 3' "
-- Len Than - - Lest Than

, No. of Jarranted, Varranted, . Att Other -

-

; Reactor? . irradiated _ Fuel Delateq, _ Core R Isted .,fjllum lqtal.Faibgnt

9, Twe - Rods k _- }By;_, no: Rate k }) L - % . % t e._,

i Bn :- 787,$48; . to - f 001% ~ 99 9,9)A% 13' 8 f f2% ' 161 0 P23% ~|4
| J P_vR . |U21b ,lf UD5 Lif UQ3 y Ulf; U} . U25
% Total :1;957.723 66. :0,223%- 212 : 0.911% 06 f.ff4% IM f.819%

i4
"

.;
:;(e)l f allures not examined ard/or above warremted tune. ~:!

.

'
:

Ouring1985, leaks (*I in_ cladding attributable to causes other taan
_ , '" - fuel design or' manufacturing wcre found by ANF to be from debris in the' --s

| coolant strdam trapped ododged where. it could cause fretting of the-
ccladding.:- se

-ANF~ standard' cladding continued to show good corrosion performance'in
allLraactor environments, based on corrosion data collectea during.1989.

.

o
1

?These data were obtained at three PWRs and four BWRs. Beta-quenched cladding-

-reached exposures at high as 39,6.GWd/NTU, exhibiting resistance -to corros:or -
y

- -,
' 1 3 particularly-in those BWRsLwhich are characterized as susceptible to crud-

..

,

/ cinduced localized corrosion (CILC). . (Note: This contrasts with BWFC's finding- :
1 ", that in PWRs beta-quenching'provides no particular' advantage. See Section-*

3.2,.2.3.)
'

'

?4,2 B&W FUEL ref1PANY_ j WFCl
'

The; performance and integrity of BWFC fuel throughout 198911s provided
4

3, in the letter report-in hference -2. ',

14.2.1- Fuel-Performance - Fuel Utilization an[ Burnune *
.

, ,
_.

[A ' summary of _ B&W fuelf Company's fuer rod experience, from-the; startup of '

theirJfirst reactor!
!provided2in Table 6.fQ'conee-1) in April 1973 through Lecember-1989,_ is

''
,

- The operating = status _of BWFC-fueled reactors is shown
Lin:T abl e'-7. W

-

",

Batch!a'erage burnups for the BWFC 15x15 Mark-8 fuel design have'-

v
1 increased from 27.0:to 37;0 GWd/MTV. The peak 'burnup of _a discharged LfueT
Lt .-

;burnuppp(an- LTA)- int 1989 is 58.3 GWd/MTU following four cycles 1n core.
? assembly

.
The-1

*LT erience for!BWFC-supplied Zircaloy cli ; fuel is summarized
iTable: 8 'and for BWFC-supplied stainless steel-clad fuel in Table 9].. ' ' + ,

h -(a) iLeaks"!fefer to the- release of fissian product.; to' the primary coolant,

through aLbreach in the. fuel rod c7 adding.
~

,

::ba
_

\ .

4.5 -
'

3

4

-

# T
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m r. . . :. a. -_._..--a. . . . ~ . . . , , _ . _,. , . . . , ,_.-,..,a.-_..m- -.,- - - , ,
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tWJLA. 1989iPerformanct-Summary for ~ BWFCQupplied Fuel Rodd*l
?

~

(Cumniative.to December 31,1989)
a

9W Futl Rod Type .i,__

9 Zircaloy-Clad f ueh fuel
o~ . _ _

Assembly'R0d ArR Y ]yfe
- ' Stainless . -(Hark L) (Mark BW) ;

Rp; . _ Steel _ H x 15 U 'x 17 ,_J11_j]
i

l.= Cumulative Number of-Rods'
.

107,100 1,055,216 1,056 1,056
Irradiated Through'Dec. 1989:,

'

=a. Maximum Rod-Average ~ 39,2 50.8 36.4 15.5
- :BurnupfGWd/MTU'.

,

27-.8 27.7 30.1 15.,3b. :Mean Rod-Average Burnup,
GWd/MTU . ,

L2. : Total ~ Number of Rods - 32,028 247,,712 1,056_. ;--

Irradiated 1in 1989--,

i3..;Humber of Irrediated Rods -- 257,712 -- 1,056
,

Jncore|on Pec.-31, 1989:
40.G- -- 15.5-a. Maximum Rod-Average --.y

-Burnup, GWd/NTU-

21.6_ - 15.3gn bic ; Hean - Rod- Average - Burreup, - --

'GWd/MTU),

' ( %f4; Number 'of; Rodr. Discharged . In 32,028 70,304 -- -

T 1989:,
-

' .

,,

"
.

39.7 60.8 - --a. Maximura ' Rod- Average
''Burnup, GWd/MTU .

.

.,

i -_b. 'Mean Rod-Average Burnup, 26.0 25.5 --- --'

ly GWd/HTilx
*

5. - Estiniated Numberfof Leaker . 450 - BM -- --.
'

~ h
-

;RodEGensatedJin 1989;
o

.

T(A): Three Mileilsland; Unit 2;is excluded from this. tabulation.
..

.

:(b)f Based on'a combination of ultrasonic -inspection ano ;vjsual inspection
'' .during reconstitution. All f ailures examined had c'ebris wear. on clad-

. .. ding near; bottom end cup'

S(c)? LEstimatsd:from. equilibrium coolant radio-iodine behavior during fuli- '

: power . operation,:or UT7 examination;of- fuel- a.ssembiies.
>y

,

.f-

'

i

>

E

6

-. ' '7

,

4.7
"

,

..

W 4 , , ,_,

-
_ , _
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R)-IAN E 7. Operating Status of BWFC fueled Reactcrs*

(December 31, 1989)

Maximum Assembly
Burnup diWd/lilQ_. _

,

Discharged
Reactor Incore to Date

Reactor Cycle mwd /MTU _ mwd /MTV__

Oconee-1 12 40,595 58,310
.

Oconee+2 11 34,646 42,820<

Oconee-3 12 35,594 42,740

TMI-l 7 33,956 33,863 -

ANO-1 9 34,972 57,318 ,

Rancho Seco 7 0 38,-268

Crystsi River-3 7 .38,793 35,350

Davis Besse-1 6 33,690 40,300

McGuire-1(*) 7 27,700 NA

Connecticut Yankee ') 16 0 36,000U

___ ..

(a) Westinghouse-oesigned reactor with four Mark-BW LA's.
(b)- In refueling and undergoing fuel assembly reconstitution.

4.2,2 Fuel Rod Intearity

-In-l')S9 a total of eight leaking fuel rods occurred out of 257,712 BWFC
Zircalcy-clad rods irradiated. leaking from Zircaloy-clad rods was determinea -

from coolant radio, iodine levels during full power operation and from ultra-
.No plant generated more than three leaking fuel rods; in-sonic-inspection. *

_

enly two plants uere there'more than one leaking fuel rod. The-cause of these
events has not yet been identified; in past years, coolside examination of
lekking fuel rods showed debris in the' core and spacer-grid fretting to be_ the
primary causes of leaking fuel. The performance'of BWFC 7itcaloy-clad rods
during-1989 represents a fuel integrity of 99.997%.

An inveatigation basad on ultrasonic testing results determined that
- manufacturing variation contributed to the spacer grid fretting. Corrective
action >was taken to prevent those variations and a program is in piace to

,

follos both- spacer grid manufacturing and fuel performance to prevent further
occurrence of the problem-

4.8

. .
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;_ @ LBhlLJ L Summary of Burnup Eger1ence for 8WFC Supplied Zircaloy-Clad fuelf*I'
'

.{ December 91,E1989)'
<

. . i
,a . Assemblies Discharged

,
i- - Assemblies Incore' Assemblies .

lhrough -'
_ _1

Fuel Asstmbly . - 3 . Dec t-ter ? ! 1989 _ _ fHsch,rce,,j;Lin 1c89 - ,,,, ,,,,pg,gqn,JL,,,1239 -
Average . . ..-hos of. -

No, of ho. of -
j( |-SV1tWL_W,. ;il,?21,- --- As smhlies ' No. of Pyts . ls ***blin . . % of Rodt '[s e blies .No. of Rods--

L;[ _8 tof 4,0051 . 52 - 18,61t* 8 9 8- {

4,N. f_to?. 6,000 4 104 213632 0 V- 4 832 1
+

_, ;
JA; : 3,f23 to -12,870 44 ^ 9,152 56 31,648 159 33.P72 |

L!?,8f0 tc 16,223- :120 24.960 8 8 134 . 27,672
7

--

~i
: 16,Be8 to 2i,028 J 224' 4G,692 3?- 6,656 192 33.936 r

20,022 to 24,f00 - 153 31,824 33 -6,664 339 68,640 ,

j- ~ - 24,022 to"to,522 189 39;3!t{d) g 3.3,73 3, j g4 ,) 249,144R +

IB,Ee6 to 32,250- 201 -41,828 46 3,563 _1,257 21t5,E56.,

..

115,136'_ [N*
32,ff8 to 30,206 ' 193 ' 71,474 43 6,329 553

335,00Lto 45,020 44' .- 9,152 '- 172 14.976 312 E4,8% f
'

- 40,20f to.44,fD . 5 1;D42 el 8,$28 E9 - G,648 -*

44.,000 to 48,f02: 0 i f 9 12 2.060 '

.

f 46,220 to S2,rta .: 5- 8. O e 1 tes
-SI M 3 to-56,00 > 0 D -- 1 2 t'l - 1 228

.- .r

J56tf8to68,026L P- -0 ,,,,1 ff! 2 _,, Ali .3. 7 3,

'I'
TOTALS' 1,239 1257,712 333 74,324 3.999 B29.120

UN
_ .. .,

' -(a)1 Three Mlle Is1,snd Unit ? is excluried from tMs tabulation.-
' -(bla ine)udes tw nsnreconstitutabis l7 x 1711 A N ' Mark C),,

' (c) dincMes tno reconAtitt. table lii 1T i.iA's -(Mark Cft).
7td)1 Includes feve 17 x 17 tem Assembites (Mark tN).

. -

: ;

... Off3M028 stai$less steel clad rods irradiated,-an estimated total: of- N-

_ f450 leaking fuel- rods developed, due~ to extenslye damage from debris- fretting., -

:All~ stainless steeltclad rods were irradiated in the Haddem Neck (Connecticut
*

LYankee)treactor;1the fuel rod performance.wasDdetermined by ultrasonic'exami - o
; - ; nation and visual inspectionsiduring an extensive reconstitution effort during' '

the cycle 115- to 16 T afueling, . In| spite of- the large number of leaking rods in. , ,

. the-one" reactor,1the= average coolsnt- iodine level for 1989 was slightly more
',

@i - for. stainless st201 clad' rods representsia' _ fuel integrity of 98.6%. for 1989.
than one' fourth of: the:1980-level, tas is evident in Table 10. The perfornance

- :
y
~

s
. . . .

cThe number of Jaaking fuel rods; shown in Table |6 was estimated by recans :,

: of radio-iodine activity 1at ft.11 power: operation'and ~ is therefore -a best (luess,

%, only. 'The?BWFCiultrasenic testing method, the Echc 330 ultrasonic system,
.

fwhich uses: a' L' mb-wive .to detect. the- presence of water in' the fuel-to-clad gap :a, o

;; in.11ndividual? fuel- rods,1 permits a more-precise determination 'of the number of
/

~
|

a

f

.' ' ].

4.9-
n e

;, ,

m_
I:
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LAJi1LL Sum.cary of Burnup Experigce for BWe'C Supplied Stainless Steel Clad
Fuel (December 31,1989)

!- Assetlies 0 isde'gt+d
Assenbiles in:cre *) A m blies T r"v%hI

f.iel AMembly _Z,Qge"ttr}b IM9 ,_ ,h * aA3 ed * D oj ,,,,,jj$ c*! M 31J%

. _ _
Average ho of h;; cf No. of

h2h$jitljj_ hsa,bliet ho rf Chs h*d Qej h L cf R vig Ajygy' bi s eg h;_p,f O d4

8 to 4,ff0 f 7 P 0 0 8

4,0N to B.N0 0 2 16 3.h4 16 3.?L4

- 8,0N to 12,N0 t f M 0 080 72 L4?3

_ 12.N2 tc 10.D?? O e N 4,060 M 11.454

10..fM t o d. f N 3 0 7 e 12 2.449
.

N.Na to 24.cN e e n ,3a u 6,98
-

24 !N to 23,021 0 0 21 LH4 r5 11.424

28,CN to 32,N2 0 0 ;0 2.040 M 11.832

32,02.1 to N,N2 0 2 3S 1. 7! ? 32 t- M ".?4

3L 220 tc 42,072 e t 45 0 94 19.176

42,U2 to 44,NP P P 0 t P ___t
10iMS ? O '57 RE3 f?2 !&.128

-

_

(6) Da fuel anerelie: incore as of Dece ter ;1. 1983. All f a l asse C 'e3 r e oH lo w d for debr u
cleanfrg, tr.s yction enc recuaat',tu*im .

(t) Irciades fcar usa d fest istembilts eith Zircalcy c ha f al run

leakers. To date, nine ultrasonit inspections have been performed on five
BWFC-designed reactors (Arkansas Nuclear One Unit 1. Oconee-1, Oconee-2,
Ocenee-3, and Three Mile Island Unit 1) plus Westinghouse's Connecticut
-Yankee. The ultrasonic data revealed a large uncertainty it. the cadio-

'

chemistcy projections. Investigations continue, combining visual inspection
with the other nethods for comparison and improved determinations. -{

_

4.2.3 Non-{pel Core _Cygonents.

Fuel Assembly Holddown Springs - In 1989, 19 broken holddown springs
were found at two reactors - Oconee-2 and Oconee 3 - in fuel assemblies that

i ' . ere tc be reinserted. The springs were reolaced, inasmucn as the determina-w
' tion has been made that the broken springs do-not pose a safety concern for
continued reactor operation. Efforts to prevent broken springs include the
use of increased wire diameter, the use of Inconel X-718 instead of X-7E,0, and

;

- a change in the spring manufacturing process.
r

<-

4.10
x
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IAhkO..AverageSteadyStateCopfant'IodineActivity
'

-

for B&W Designed Plant:;
'a

I-131 Activity,'
+ - .

^_.
- -:QMg gd/a '

gy
1980 0.086

1981 0.046 ;
'

*

~1982 0.031
,

1983 0.04) ,

1984 0.051 - i

1985 0.031 !
, ,

1986 0.014

[ 1987 0.023
,

1988 0.035
;

,

1989 0.023

7
4. '3 COMBU1 HON EllGJMfM[{g INQ ICf,El

_

.

I . is:given"i.n-tbe~C-E_' annual-letterreport.gttonEngineeringfuelduring1989
" ALsummary of the performance of Comb r

N -

'

4' 3.1' -[.ug) Performann - Fuel .ljtilitaliOD Jnd QuEdLD
~

.

The highlights of the_ C E fuel performance for .1989 are discussed below:
3

~ .: ATsummary of Combustion Engineering Fucl Irradiated and/or Dis-
~

-:s
. charged and the -batch averaged buniups achieved in-1989 is pre-,, '.-sented in 'able.11; The highest batch; averaged burnup in reactor.r "

'

fat:the , f 1989 was 43,000, mwd /HTU at Calvert C1.if fs II. The i
L highestE. .cs ' averaged burnups at discharge during 1989 were 43,000'

mwd /MTU,a Ark nsas_-2 -(AN6e2) and 42,000 mwd /MTU at St. Lucie-2.
_However,1 batch-averaged burnup at. discharge of 56,800 and 4D a00- ,

! mwd /HTU'atCalvert-{l]ffs 11 and _51,600. mwd /MTU at Arkansas-2 were
Joxperienced in 198.8 and are not-included in the current table.

'The cumulative irradiation experience of active and' discharged all-:.. .

|Zircaloy' C"E assemblies through December 31.1989 is shown-in Table ;
'

12. The total 1 number of C-E supplied rods,?in reactor and dis- '

i .

charged in 1989,_ war 1,556,158; .the total number of C E- 61semblies*
~

< . was.7,756_

.- The status of the major C-E Fuel Research and Orvelopment Programs,
ias of.-mid-1990, has been incorporated into Table 2.

,
I

ah.

~ 4.11
o

i
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y& L , JRLLE .Sumargf Corabustion. Engineering; Fuel 11rradiated and/or _ Discharged ic
i in 1989 -

'

n ><?n ,'P i' geurofAueeb' Led : J fj g er of lyg,1 pods Batch Avtreged'~- '!_
'

Reactor /: ' Fwl.
-In Reacter. .

.
let etector. BvLrmtt WM@TU - -!. .. .. . .

'et End:- :Otsenarged at !nd- 01s W rged: On Deci -. At 2

Uuel CveN) ji1Q _ of fev 'pfbe YmI . .g_Jfpr : IVi'm Ygg- L }JJR - ()JiW's .._. ;
s' Arkansas 2/-u 1. " 17 ' e 4,012 '

. 1143 4
8' *; ,360 m |: 1

;(Cycles 766)\ ti . -0-- 49 . 2 - - ~ 43,006
.

H 28 32 . 6,35? 7.fze "$,500 37,008: :!
"

i

7 68. 0 15.317 P 19.010 4-
'

K 64 e '34.,416 0 tP@ 1< --

.,

:" Calvert K .09 0 12,144 t. 34,1f0 - - -

CUf(m-1/' L -. - 82 9' 9,157 O| 23.0f0 -- O
1(Cycle l_A) - M- ?? 9 _15. fee 8~ 13.PfD

'
c- - .

_ ,

C Ca lwet x H. .69 .0 12.144 21 43.0ta --

Cliffs-?/ J~ = Ga " 0 17,50f 3 ')4,223 --

f-(Cycle 4)e K 88 8 14.822 5 2L 800 -~ ,

TurtCalhouA/- M. 44 6. 7,552 8 25,008 I-

;(t'rcle1211~ M: 44 f 7,5% ' 1 12,t93 ~~4 '

?

'Naintr Yarb el' .N - 64 : 9- 1M60 8 ?',500
-

j-+3

| --(Cycle .1111- -P _12. 3 12,4E7 3 27,9th +
3

,

.Q' 72- 0 12,4(4 9 !?.ff8'
-

,

R L(CycIe2).- '
B: 97 ' 4 2h340 ' 9 28.368 - !:Palo Verde-1// -

'

C: .64: _f 14'726 U 25,272 ~
,

s
'" '

'Di 80- i: 18,525 8_ 12,510
_

*--

,

,gg- : Palo Verde-2/ - 98' - 69 2' 1T dB0 8 10.sih3
,W, f(Cycle 2); C F,4 _2 14,72D 8 29,002

'
s-~

- +

_g
'

J ': - 108 . 2' .74,4f2 0 16,$20'
-

, ,

'

_^
_Falo Verde-3? A: 09. - 2 -16,284 9 15,234 --

g .

F_(Q:le-1); ~ B := : -' ed ; e 73,702 ' 0 l' 190 *
-

' '

C: . 64 8 14,7N e- !?,572L
,

-+

e

i dst tNIO2/i- 0- -

14 ~ '
'

57 .f944 13.2M 33,622 4?,0202
1

%2n ' "(Cyclet 4&5E;~ '( | ?-C ' $T 27- ,13,E12 ' E ,006 :. $5,0M '33;U00 -
,

~

FS : 76 ; -8 17,535' 8 73, EM -

W-, , G: ' 83 , 10. It 443 0 9,gae-

9 |
--

W ,

= :
.

. .SaTOncfre-2/ .AE i- I ..-V : 236- 1.lBO 15,982- 29J0(
. .

W ,

t. lf.ycles 4M)1 :DL O' 16? f- L3,176'- -- '30,990:

LE- .0? - 68 u ,B 70,320 36,8419 '-~

4 >_ ;F: its- 0- 14.117- 0' 23.420 -
4

LGf "108 -. 'O 04,117: e 500 v

$sn_0 efro-3/- AL :5 B- t,48 :-0 - RfL200 --

(Cylle4)< On 16 L |8- 3,776 L2 28,9M -. -

? p
'

.E'-- 86 -- 0 20.320. G- "32,0 K e
~

= T 103 L 0- 24.1;ta 0 .19,673 - g,
4

9;9; . > ,

7f .?
m

^f
s

e I

f %

,N

4.I2
- ,

--
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I ntE 11 (contd)

hve+er 9 Atrblies _,, M ; t g! fue sR&u Fatch4evraged
f v %,f.jiMiti.__in Reactor in kento- e

. Atg

b u tcr/ ruel at Erd Otttharged at Erso D iscN egt d on Dec.

(FuelCElt1. h*JD _of Year EF"in YtE dYPL OM211C?E 2123 2)t9 Pfit
Waterford-3/ C. 1 41 124 9,6/ 4 29.fJW J?,PB3

(Cyc ks M 4) D th 44 11.?32 10. M0 33,502 24.002
L $4 3 ! $ . i'X f 1%2?> -

f 84 2 18,$:4 0 1,5?? -

Yante< Rome A E 40 2 9,132 - 31.020
(Cydes 19123) S 3S 0 E,22? f 20.170 -

C 40 0 9,294 8 10.100 --

!

TASlE 12. Combustion Engineering Burnup Experience With All-lircaloy
~

bAssemblies: Status as of December 31, 1989

in Care Feel Dischataed I a l Discharge 1 Fuel
Assemites with Ancelies e st h Aspelin with

%el Aneely _ Premu.tLM Pen f a m riz e ruc ng;_, h323rugj w %ds ,
! Batch-b erage No. of fuel No. cf No a+ Fuel ha c' ho cf hel M Of

A btl.hu b1r!11L b!1.f_%M01rt.2E.p!9 Apmb11tL T.ht'L riS; rb H e>R

e to 3.5%) 256 57.424 0 0 0 0

4,NJ to 7.999 J- 2 E 1.f4a # !

6.223 ,o 11,9% 2n 07,218 25 4 470 ?N 40 !N

lat?8 to 15,M9 201 53 SH 414 97.172 190 35,M'

16 J N to 19,903 437 H ,364 Mi 77.?si 24 3.640

Tr 230 to 72.933 248 48,354 If5 58.036 0 2

14JF2 to 27,5:4 254 02.7E0 942 155 % 0 i

28,N3 to 31,933 347 74.156 1.P23 183.5'.8 0 P

J2,f22 to 35.9 B lie 34.1E3 832 176 H4 ? O
4

3EJ22 to 39,SH 49 11,3M 432 U.304 0 0
;

40,0 H to 43,r.,99 $50 33230 3 58 63.1 4 7 F

44,fH to 47,9 M .B P 3 0 2 0

'40,N 2 to 51,993 / 2 3 '73 2 0

52,0E0 to $5,9 % 0 2 1 176 0 0

16,2M t, 59,093 0 2 4 701 ! __f
2.570 543,2J0 4,764 933.247 4N 7L L91

-Total Assemelten Leolied a 7,75e

Tetal f w l R cs Sv; plied = 1,!S6.158

t

4,13
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-,4.3.2 t fle_LPA(Llit eari t.y ;
s

- - The corrected coolant-iodine-131 activities reported for each reactor
cycl _e:at _ plants operating _ with C E fuel are listed in Table 13. The' corrected

-activilles were obtained using the INP0 (Institute of Nuclear Power Operators)
standard FRI method described in paragraph L O.

In _ Figure; 3m the significant decrease in the average corrected*

coolart ' activity for all plants with C-E' fuel over the 1987-1989
:periej is-plotted. . The-average plaat activit.) at the end of 1939

' . as.0.0096 uCi/g, the median 0,0023 pCi/g. These values comparew

reasonablylwell with'the igustry norm; as reported by INPO.for the
U.S. NR industry ir.1989

It is estimated that 759, of the leaking fuel that operated during.

1989 was caused by debris-induced fretting wear of the Zircaloy-4 ,

-fuel rod cladding. Many of these leaking fuel rods were removed
,

:C-E fuel assembly reconstitution methods."gfueling outages, using
and replaced with non-fueled rods during r

'

The overall reliability of C-E fuel at-the end of 1989, excluding.

' failures=99997%.Ifuetodebris-irducedwear,isestimatedtoexceed
.

4!4:jfNCRAt'ElIERIC_.fiEl
'

,

,

A. sunmary of the GE . fuel- performance and fuel rod integrity is given __in,
Referente 4.

4.4.1 Fuel:P.gformaaqe - fuel Uli.lization and Burnup
*

.
-Ac of-December 313 1989: over 3.8 nillion GE8x8 fuel type production--

Zircaloy-clad UO rods were in or. had completed operation in commercial .BWRs,7

.The camulative number of fuel rods-in GEg'8 bundles loaded, as a function ofcalendar ' year, is presented in Figure 4.- As of December 31, 1989 overa

is-shownLinFigure5.gdswereimoperation.
1.54 million GE fuel The GE core _ loading by fuel t.ype

As.of_becember 31, 1989 GE had loaded approximately ;

1.17 million PClaresistant barrier fuel rods in commerclal 3WRs.

In 19~89, eichteen domestic and eight-overseas I;E 31WR plants containing-
GE fuel hadJrefueling' outages, resulting in over 3800-new GE 8x8 fuel bundles :

be_ing _ loaded. -Over. 50% (or 12 reloads) of this new fuel was the latest GE'
production-fuel _ design (GE8x8E8 and GE8x8NB).

The experience of GE production and-_developmentat BWR Zircaley-clad 00 g ,

fuel-_ rods through December 31, 1989 included cuccessfaF commercial reactor !
'

operation of' fuel-bundles to greater than-45,000 mwd /MTU~ bundle average expo-
sure and approximately 60,000 mwd /MTU peak cellet exposure.

4.14
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%{D
ITABLEj)fiCorrectedlodine-131 N in the Primary Coolant Reactors

? - Cwtaining Combustion Engineering fyel in 1989p'
'

,

.w
'

' ' '
. Cocrect20' a

<c , - g" Fuel :Beginning: End of- lodins l31
c Reactor- _ fvcle 'of Cycle- Cu te :_ngiLod .. l'

_
.

;1 : Arf.insas-2N 7 05-1848 09-25 89 0'0190 |.'; ~

-8- .I1 1849 02-15-SIM 0.000')
-

m

Il;p [CalvertCliffs-If 'OR '07-01-88 11-IS-91M 0,0130
#

gf / = CaPart Cliffs-2; 8- 06-13-87 03-17 89_ 0,0520'
1 ,

d' f .FhrtCLihodn. I l2M 01-29-89- 02-17 90 0 C016~. ,

Maine Yankee IP 12-13-88 ObO7-90 0.0002 -

|
'

,

3 .

,Palo Verde-1 - -- 2 .03-01-88 -04-08-09: 0.0300
,

Pa 4 Verde-2i 2 06-18-88 02-14+90> 0.0100

. ,Palo Verde 3 ;I. 10J25.87 03-05-89 0.0067-
*

. -- Saint?!.0cie-2"gg -- ' '41 11-22-87 02-01-89 0.0081
y -04-25-89 10-01-90' O.0009-W;r

,
. .

': . SanL0nufre-24 4' 12 09-87 09-08 89 0.0145 <
'

5. -11 .17-89 08-15-914 0.0003gP S 1

( '

SanOnofr%3i :4' 08il6-88- ~ 0F15-90 0.0023-'

'
- NatNford4 !3 05-29-884 09-22-89 0.0028

J

[;.f',
'

14 :- 11-19489/ 03-15-91 "I .0.0050 g
y -

M 1Vankee Rowe?< 2G '01 15-09: ;05-2s-90- 0.0020 ;,

" ^ 4 i -| -- k__ _ ,

'

< -

;-(a}ithe; standard lNP0 method.} Corrected forttramp: uranium-and-normalized to ths sue cleanup rate using
''

'"e'

4 [(b)jEndlof-cycle.:or er;d .ofr1989 values,
.

t'. _ ;(c)$ Arkansas Nuclear One-Unit 1 (also known as AN0f2).-

D$ ' |(d) Projected end-of-cycle cate, '

% 3(e)[Containsifuel from Combustion Engineering' and 'another supplier.
%,% af-y: .- n-

,
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i-|p

All U.S. PWR Plants with C-E Fuel 9
- 0.04

L tmproved
O Average of Plants Fud,

'

V Median Plant RellaNitty ,o i

d 0.03 - i

Y |r - -),t [\jc .|-<<

k O.02 -

E l
'

.m --

- { 0.01
..

W -

-

,

a"

g

-

V
' ' ' ' ' ' ' ' I i ' ' ' ' MO0.00 -

Defecu-1; 2 3 4 1 2 3 4 1 2 3 4 1 2 3 -4

!1987 1986 1989 1 1990 .

,

Calendar Year and Quarter-

. INPO Stendard Method December 31,19894" -- *

39508049.2 i

mfR!)1f.1. ' Corrected Coolant 1-131 Activity * Versus Timet

4.4.2_ FueLJnitardy -

The GE8x8 fuel types have. an overall- fuel reliability rat 4 from 1974 to'

itheendiofL 1989 af. greater than 99,98L

24.'S - RLSMNG110VSin1[JRLC (ORPORAT10h (W)

,
; The! summary of fuel performance and fuel rod. integrity from Westinghouse-'

for 1989 is found1in Reference 5,

4
M - 4.5.1 fuel- Performance ' fyel Utililalion and Burnaa

I
During 1989, 5? PWRs were refueled with Westinghouse fuel, and two-'

plants started L initial comercial. power operation. A: total of 73 commercial
.FWRs have usec Westinghouse-supplied 71rcaloy-clad fuel. These include 14x14,'

15x15, and 37x17 fuel assemblies; 45 of these have operated with 17x17
,

assemblies through 1989.

_

h
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* . At' the end of 1989,i total of aboet 2.56 million y 7.ircaloy clad fuel

= rods wakin operation,| representing 10.480 fuel asaemblies, including dis- 1

icharged fuel, the number of Jirradiated W Zircaloy-clad fuel rods totals.6.7
milllon,Lrepresenting' approximately 29,000 funl: assemblies. !-

; = l,

The ' average burnup of: all W-discharged feel is about 28 GWd/MTU, and the - I

average-burnup of all W fuel '(in-core plus discharged) is abnut 25 pgd/dTU, .A

summary of burnup through' the end of 1989 is presented in' Table 14.' As
shown, there are over 174,000 Westinghouse Zircaloy-clad rods (in-core and i

: discharged)-with assembly avercge burnups of 40 GW/>17U or more. These'repre- ;

nnt-3365 fuel assemblies with assembly average burnops greater. than i

36 GWd/tiTU,o of which 772 had assembly averaoe burnups greater than 40 GWd/MTV.
LA plant-by-plant status report showing peak region averne burnup i< given ;nn

~

Table 15.
,

L_
'

14.5.2- fuel Rod Ip_tfority
"

The 1989 coolant activity level distribution for W-fueled plants, '

,

uncorr:ected and normalized,|is shown in Table 16. In figure 6 it can be :seen
- that although -the percentage of- plants exhibiting uncorre ted activity levels
lower than=0.01 (di/g peaked at 8E% in 1987, Jt was still 80% in.1989, and ,

thern is an overall. shift t.o: lower activity levels.over the years even as the -

number of plants increases;1the number of plants exhibiting activity levels'
,

-

'-above.0.03 pCi/g vecreased'from 33r. in 1982 to 2% In 1988 and 1989; and no3

plants" using W fuel have'exhibiteel lodine-131 activity above 0.1 pCi/g since
.

1983.

U- During.1989 refueling outages, ultrasonic testing (UT) examinations were.

-performed on ten reactors with-the highest ;oolant activity to identify leak-
-ing rods- : Thirty tvo leaking' fuel rods were found in nine reactors Of-the,

r leveu: rods ~edmined to date, eight weru leaking because of debels inducede
fretting,::one because of .a manufacturing?related -probler, and for two there
was-no' confirmed primary failure mechanism but tell-tale hydriding was :
evident,

.

;e |
; Westinghouse reports no fuel failures-dde to co rosion or rod bow with - 1

;any ofiits fuel, nof failures due tc primary hydriding since changes in manu-
:facturing process 'and ispecificationt were' made in the early 1980s, and no

- !evidence-of fuel failure Jue to baffle jetting or cladding collapn during
'

f 1939;

f43.3
~

nnODrel Core Compone.atj,

-o . .

"

' . Rud Cluster Control Assemblies (RCCAs) - Over 2700 Vestinghouse
./ full-length RCCAs are currently in service.- Operational experience

hasideterminea that they are susceptible to fretting wear against ;
'E :Lppeninternal guide cards while fully withdrawn and stationary,

and to hairline cracks at'the tips. - In addition, the full-length .

hIfnium~ absorber RCCAs exhibit localized hydriding in additirn to
,

!s

rs

j 4.19
.
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E GM1LM.: Zircaloy-Clad f uel Burnap Status Through 1989: AssembiywispO |
'" . Burnup Distribution of Westinghouse Zircaloy-Clad Fuel Rods <

A, -Z1BRE Actiyg_ Rod BEDpp Stalus u,gLIP/31/89- CrmbineLF.nt _1ypea:1 y<

Asseublywise 14 r 14 15 x 15 16:x 16 17 x 17- -Totals
ILqtn_sul, MW/Qt),,, RodL - B_o_e_ _.hdL - . Rods _

_ Rgd s__ _ ;
,

.
_

04 3,999 7,160 28,560 9,400 143,088 180,208' '

-4,000 - 7,999- -19,260_- 50,592 -3 760 158,928 232,540
8,000_- 11,999- 24,976 16,320 9,165 284,59? 336,653

12,000 - 15,999 14,272 16,932 34,075 271,128 336,407
E 16,000---19,999 15,859-- -49,164 3,760 284,064 352,847

20,000-- 23,999. 27,804 42,432- 3,760 165.528 239,524 4
24,000-- 27,999- 26,931 36, MB 8,460- 194,568 265,067
28.000 - 3h999 '22,458 37,128 7,520 187,552 256.658
32,000 - 35,999 24,030 32,436 -3,055 164,736 224,257

.

36,000 .39,999- 17,005 11,628 1;880 73,392. 103,905 .

40,000 43,999 - 4,296 5,916 0 14,520 24,732"
,

44,000 - 473999 0 0- 0 3,168 3,t68
-48,000i--51,999 0 0 0 'O O -

52,000 - 55,999- 0 0 0- 0 0-'

-56,000 - 59,999 Q q Q _ _ _ 0- 0
____ __

TOTALS- 203,051 327,216 84,835 1,947,264 2.562,366 :

B. 1(BC Discharced Rod Burn _up_S_t_a_tus _ as of .L2HJ 89 Comb.lDgd fuel]yng.i:

? Assemblywise . _ 14 x 14- 15 x 15 16 x 16 17 x 17 Totals
. BaguA mwd / Mil)_ ' Rods. _fqds .39 6 _ _ J.0,ds. R,qd s

-

u
~

J0 - 3,999, 0 0- 0 0 0
.4,000L- 7,999 4,29'i

. 0 0- - 4,488 B,781
8;000 - 11,999 23,249 6,528' 6,815 54.384' 90,970-

17,000 - 15,099 18,067 =50,388 -9,635 112,920 251,010
,

16,000 - 19,999 61,755 92,6 B 6,1)G 364,584 525,065 .

''

120,000 - 23,999 53,321 109,344- 7,755 163.,'.52 333,5?? ' ''

24,000 - 27;999- - 128,4G0- 123,216 20,680 '328,439 600,811 !
_28,000 - 31,999 135,616- - 282,336 23,735 395,736 837,423-

32,000N35,999 - 215,597 238,884 20,210 409,396 884,087,

i 36,000 - 39,999- =75,144 151,572 8,695 265,9/5 -501,386 -.

40,000 - 43,999_ 20,405 -36,516 1,880: 60,000 124,302
'44,000 -.'7,999 2,14C 13,056 0 3,696 18,9004

'
''

48,000.- 51,099 0 0 0 264 260
52,000? 55,999 0 816 0 528 1,344 .

Q - 0 1.056 LOjL656,000 - 59,999 0 - _

'
TOTALS 738,076 1,105,272 105,515- 2,230,618 4,179,481

,

,

t

' '

L 4;20

.
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JABLLid. (contd) l
-- C H ZlRC 10.tal Rod Eprnup SLatus_ AsgpMJZnR_[pdingd_ FueLlyne.g:

n -

L Assemblywisc 14 x 14 15 x 15 16 x 16 17 x 17 Totals ;
D E.urnuo. NWdfjJll R,0h__- jtqd _ _ Ro(L_, Rodi__ Rodsl..

'
_

0e 3,999 7,:60 28,560 9,400 143,088 188,208 [s

:4,000 - -7,939 23,553 50,592 3,760 163,410 241,321
18,000 - 11,999 48,225 22,848 15,900 338,976 426,029
12,000 - 15,999 32,339 67,320 43,710 444,048 587,417

'

16,000 - 19,999 77,614 141,790. 9,070 648,048 -877,912
20,000 -:73,999 81:125 151,776 !!,bl5 328,680 573,095
24,000 27,999' 154,411_ 149,324 29,140 523,007 865,882-

* 28/000- 31,999-- 158,074 319,464 31,255 535 ?88 1,094,081
' 32,000_. 35,999 239,C7 271,320 23,265 574,.i32. 1,108,344-

,

36,000-- 39,999 92,149_ 163,200- 10,575 339,367 605,291
40,0001- 43,999' 24,702 42,432 1,880 80,520 149,534 1
44,000 - 47,999 2,148 13,056 0 6,864 22,068 i

^

48,00') - 51,999 0 0 0 264 264
b2,000 - 5'i,999 0 816 0 528 1,344 -

356,000 - 59,999- Q - 0 0 __._ 11.JQ ._L 15.6 ;0, ,

10TALTi 941_,127 1,432,438 190,350 4,177,882 6,741,847
,

desigibasisuniformhydriding, " Eddy current inspect-lons of the
hafnidai 3^CAi have shown that safe operation of the affected plants is

,

not' comprnmised, at least through the third 18 month cycle or a fourth. :

annual cycle.'' _ |

Burneble Absorber Assemblies (51As) - The Wet Annular B:Jrnable.

Absorbers (WABAs) have been used routinelv since 1983, No nw
' -incidents were reported with WABAs in 1989.

-

:.; Scurces and Plugging Devices - No operational problems were
_ reported with thinble prugging devices during 198%

N'
n
I

--
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n ,
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a:t - 2 TABLE 1.5. -Westinghouse fuel Perforrnance Status Report - 1989.

s ;(throuch Dace:aber 31,1989) . g
1* ;?:

Cate of O rst Current N w Region '
'

'>
~

f lectr ka ) C yr k Average f;urnup jV h-'

%
FP heectoV .,,. Jptim - - Deer %e r NL QMTi|,)_, j

-

,,,,
1

39,778- jid:se c M Cebreia- . $ph . Union:Tlectr ka $, A, 9/f4- --

8eroaw+11 Lettrer)4mt ha .tntschve) eriyebe $/69 3 35,42#'
,

Kra 6 ci o AG i

'f ~ R, D Girna ? j, $ .h Rxtester Sas a Flectric 12/09 19 3? met '

Point Beacte.t . t!.5.A. k'ucunu m (4ctric ber '12/f] 17 41,01B'

iPoint Beach-2 U.$.a. Viscote, [h tric. ber 8/72 16 af,050''

.5arry-1: U.3 fA C ruiais f,lo:fric ( M c- 2/72 If 35.2ft =

,

' '

- Torkey Folf t 3( U.L.A. T'wida Ne' & t,19ht . 11//t !! 34,750
i m , a

.

Serry-2 0.5 1 Vugtnia Ehetrtc Fewar 2/73- le X M O -:
w; s - .. . . .

..

t 'i :indfan'Potat-2. U,5 A -Twsal R'ated Edtwn - 7/73 .10- 2 ' #J -- !

"Turtey Peint4 UN, A; f %tida b u & Light 0/73 17 35/Ne-'

-Zion-1 0 1 A; torriornea*th Edisen - B/73 11 32,270
.

L:- PratrieJalands U , 5 . !.c kartncen Stues Vruer - 12/73 13 ,s6 750

Zitn62; .U.5 - Cerenwealth (dhor,.- 12/73 11 36.7ff *'

'"2 KewauneeE - - 0 1 A. MycorsinPucietcService. 3/74 ~u M ,050 ;,

,'* Prairie NWi-7 ; x 0.4 A; Northern States Poer ' -12/74 13 36,132
-

.

s. .

<

-- E C-, Lock l' ' U,5 A irdtun Miichtgen Ekc. F/75 11 36.823+ ,

~ ;Trojen. d 5.A. = %rtland General f kctrin !?/75- V 37.,740
^

-StNstose2 ... ' u ;M , ' krtheast Ot tilties . 11/75 33,45,0' -+

'

: (non-Vc-tingho@e plant with M l'tir.ghouse fu)f
, 1 .

Ind hn Point-3 - 0.5.A, Fower Auuwity of the. 5/76 1. F,513.
.

<

,
w

. $ tate et h o York
.<

LEeaverValieyl U.S IA ? Duqueire L1 @t. $!76 7- 33,4Ffi'

K5a kir 11 0 1 A, . Pt.titc~ $e vice Eieeric 12/76 :9 -34,By0 - ;

D..
,

a G,is
'

n KOR I .I ? =- . Korea
~

Joced Electr k b er; -7/77 la = 32,t91!'

,-,y- , .- .

V.%? _ Aht;.ca Dner Company - 8/77- 15 36 BIO@ .Jarleyyl ;..
'

b 0,: C. Codd U W5.4, Indli a a meh e n E kc. 3 /78 35,370 _;' ~
s

' North Jrna-1 M A. Virgin 4 Noctnc. 6c? 5/78 3 .%,970 Ei

. NO McM2 0.5 At Virgiria E h u ric N et 8/t0' i 411,1NV e
a

^ *

tSequojah-U .f 5 A ' Tegrekre V4 !)ey . Aathdr_ity. 18/88 _ 4 35,460

p - Salem 2: 65.A, 9c$1k Serv tee flee. & IN . 5/81: 5 30.310

]4t\ny-2 ' U. 5. h ;'
,

Mdata 6tr LMoanj .C!Q1 -1 51,2N -
'

'

#
McGuire-1. tts.A; .Me her tcou.y PB1 0 33,d31i1x

f

* ,

e
O'

?

. " ? 5
;

;,y :
,

-

'

e ,

(
:p ,

q = g. >
'

N? . N

3; , L 22
,

YH 2

a.. g

b ;f'u - ,,',}.q ; m'

(f .,''
'

,

wkJ/#.a a;ca.b h ..,,.,,, u .-,u....;u ,_,_.a u. .. , _ _ _ , _ , _ _ , , , _ , , _ _ _ _ _ _ _
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.JABLE 153 - (cenitd)

_

_

Date of !)rg Current Ped Negku
E int r Wa l - Cyc le Average Burms ;

- :fHnctcv ' ,,,,,)Mi f an _ per _ _fntL_ % iM/Mtn vi,

' '
' Krskb - Yvqcsicvia' Savne E!dtrarne. IP/St 0 12. fM_

U ubljano and *

(16troprivreds, lagreb '

I] 5equo.yah-R- U.5JL lennessee Ydiley Authoi tty I?/81 4 3 U 49 |C; - VfC ; Sumne-I U.S.A. South Caroline De., & Gas '11/82 5 34. 7t;9
-

'

,

;KOPI-2 r. area ' Kore4 Electric Power 4/83 0 33,955 ;

ittcGuire-! U,5 A. . W e Power t w any 5/83 6 36,118

.-Oleblo Canyon-1 U. S .. A . Pant le Gas- A Clet.tric 11/84 ' 4 39,32f '|
Mnnshan 1_ 1a% war .Iv esn faaer Capany 6:8% 4 31,02t

.

,
'

L Cd11 award . U. S J . Unton Electrtc Company )s/84 4 33.!E2
KCRI-3(wasKfiu-5) Korea .Ko5e4 Electric Power 1/85 4 34,827 - ;

Catawba-1~ 0. $ J . OJe Powr Concary 1/85 -4 35,22f d
'

Byrco-l': -U.S.A Cccrevealtn Edioon 7/85 3 33.91f
>

'

Nanshw2 ~ .Ta Mn - Tatwan Power Covaar. 2/8' 3 34 TM
- =Volf Creet - LL $ . A. Kansos Gat & Eintric S!e5 4 33,957

,

s

'Olabio Canyon 2- .;U,5.A. Pacifte Gas & Cicctric 18/65 3 69.5M
9- -Milistons;3- _U.5|A, ker theast Utilit ies ' :2/86 3 32,458

1 M ir4 (was KMU-6) : Koma Korea flectri: Pcwer 4/64 4 29,892 -,

. Cata*bef0- U.S.A Lee Power Conpany - -5/65 3- 31,454s

N 7 2=arg ._ Korea- Kcrea Electric Power 8/86 4 33.W A = t'
.(was KNU+7]

t

( JYoun% w.g-2- .Kores| Korea Elstric Pow r !!/M -3 30.M2
,E -(wab_Khu-8) - *,

r:

q + - Shearm Nrris -- U.$.A. Carolina Nwar/Lf$t 1/67 ' T 76.290
.6yrotF2 IV.L A. Cdron=calth Edison 7/87 ; 21,M2i

VogileJI. .b.5.A. . Georgia Power :3/87 2' 16,5W
,

1- Bro kiwoel -U,$ T Cavenwealth Edison 7/87 2 19.0M
vBewer Valley-2_, U.L A ' 'Duquesne Light. 6/07 2 '?J4J M- -

:-South Texas-1 - U S. A h ston u 9hting 4/e3 E 14.51i1,
s

(Bealdsxd-2- U.S.A. Commwea lth fdhon' 5/M !
!

,

;Vogtled - 1U.S.A. M .+gia % er- 4/M 9,ir/fl.

- z h tn Texas-2 U.S.A. . &m;co 1.ight ing ' $ r63 . I 5.130
i..
<, k . ~.) >

sh ,

# -

-.
,

f J

v

--

_

4

,l
I$

*
y' . -4,23 ,

*

G -

i1

'[-.
e ' ;- 5

i
-

| .: 1 - .4 ; 's

i S.'.- + , 01..M '.-4 c. i. ..%i,,.. 35_ ,,,..m,_.__a, ;_,,,,, _ , , _ , . , , , , , y. _ _ . , , a,,. ,, .. ,_ _ . . . , , . . .. s - , . , , , , , . , ,, ,
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- IAQ1LJs. - Sumary of Coolant Act-:vity _ in 1989 *'W

for Westinghouse Corporation Reactors ;

1

1!JKQIrfEtt.N 1.d}1_ _ CorJ3Lcitd_[;,13)_,, Hd.
Activit Range No.-of. Percentage No, of Percentage
%_)d_{j(Cjig

,

E] ants _in Ra i fl.an11 j,rtti. 0gp_.3.

0.030 to 0.100~ l 2% 1 2% ;
'

- '0,010^to 0,030'- 11 18% 7 12%3

[ 'O.003 to 0,010- _17 ?.8% 10 16%

O.001 to 0,003 17' '28% 13 21%-'

Below 0,001 15 34% 00 49% ,

-(a) 1-131 values'are given as of the end of 1989 (December basis). '

(b) Normaltred Measured data.
(c) Norr.alized Measured data corrected for tramp uraniu,n, ;

(d.)~ All data have been normalized to 100% power and the'same cleanup-

*K' rate,
,

,

TABLE-17. Comparison of Coolant Activit/*I freg1982to1989
.in Westinghouse Corporation Reactors ;

,

.

-19d9 1989 1982- 1B32'

_ Activity Range No; of' % in No. of % in
= f1-131' yCi/c1 Elin_1.s Regg P1 anti Rqust '

.

*

3 4O.101to 0.30 - - - -

* - 0,030 to 'O.10 '1 2 10 '38
. - - .,

- 0.010 10.0.0" I1 18 3 11
,

. 0,003-to 0,010- 17- 28. |8 31-

$ 0,001 to 0.003: - 17. 28 2 8<

,

Below 0.001 15- 24 2 -8.-

c .

?

' eI i\-

f(a); LI2131 uncorrected values are f or :the end of each yea-s

!, E(December basis). All data ~'h' ave been normalized to 100% power
|and the same1 clean-up rate. . Uncorrected.- Uses normalized ,

'

fmeasured data |with'no adjustments-.for-tramp uranium.
y,

, ,
'c

3_('-
-

!f i o

h

L 4.24 ,

!
, ;-i-( +

o
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e .a
saa unen m6am

1989 saum mass ames ans
anos ames name suan I

er,em g _ l ,saan amas assa
__

m s .

amas noms umen
1988 meme amma esas mas

unna ugue wasa sen 8
asan essa numa uma m

.

u
asue

19g7 esa suas
rumm men snea
seem emme same en
mars suas mens erze mes

,

as
1988 maan sua

emme a mese som
naus uma suas numa
usam men mese seem a
SERS 95 ys WW8ggg meen anm eum was*
= cam uma ses mass seu
aan aus u ts u

1984 anse we eau - wem ma
seem em em ,mga me

, _

aca em swa
1983 name sua una

woes en sua em rem a

um as
1992 set asse ,

em me uma uma mean n

a
1981 e ama ame

a nse was eum e e..n. e

e
1980 mm cum em ea

ses new may see mas
uma nom

1978- som sua een
wem maa men an5 m,

_

Enn- Swa-1976 m em
was r is a e s -- esa usu a

1974 ' mus- ma
as em . am. *m aus a

1972 i

er a in sa ses
__

0.001- 0.003 Cr1 0.03 0.1 0.3 1.9

. tw11ne-131 Activity (pCligP

* Data points show the numoer of plants (a)
b a given activity range.

39108049.1

[1(!L18L1. - Uncorrected React or' Coolant Act,i,v41) Distributions forWestinghouse-Fueled Plants'y~ ''-!!

-

|
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5.0 PROBLEHLQMfEylD_DUR]M.J1S2

=Thi~s section contains infirmation on events or items that invofve actual
. or potent!al- fuel failure or damage or are nf concern or interest to the fuel 4

systems.- Because of the length of the section and the-amount of detailed |:

'' = information provided, part of Section 5.0 is placed in Appendix B4 in gen-
eral, fuel related events are placeri in SNtion 5,0 and nonfuel related events
are placed in-Appendix 8. Thero.are a few exceptions to the event.s placed in

' Appendix B. To aid the reador, an index fcr Section 5,0 is provided here and-

in Appendix B ,
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, .5.01 DROBLEMS OBSERVED DURING 1989 . . ... . . . . . . ,-. , , . . . . . 5.1-
g
'

5.)- PROBLEMS-1N:1989 THAT ARE-SIHitAR-10 THOSE !N 1988 5.17'

s --
-

. . . - .

ec
. .

Failures, Damaue, or Potential '

_
;

5.1.1 Fuel:Systemsi
u for-0& nag.e 5.17 :. ....................e ,

'

.- 5.17 :-5.1,1,1- Oconee-2 . ...... . . . . . . . . .

a a
a=

'

5.1.1.2 Quad Cities-1 5.17-
m

-

....... . . . . . . .
-'

, .

5. 3 .1. 3 - Sar; Onof: e-2 5.17. . . . . . . . . . . . . . .

;

5.1.1.4 Sequoyah-l. 5.17- !
. ........ .....

:,
..

-t
_

5.1.1.5 Surry.1 5.21............ . , . . . ..;g

.

5.215.1..l.6. Surry-1 r
... ... ...........

|' 5.1.1.7 BWR Channel Bowing 5.21........... . .

.

'

-5.1.1.8 Cycle length and Its Effects on' Fuel 5.21-

. . . .

m
~~

. .

-5.1.1.9 -Westinghouse Fuel. 5.21: .,,,...... ,. .

, ' i .1 ;.-l .10 Argen t ' r.. 5.22-
. . . . . . ...........

.

S'.1. t 11 Celgiu. 5.2?.., ....... . . . . . .

er

5.1.1.12 France. :5,22.....,.,,.,..... .

+

5.225.111 131 France. .......... . . . . . . .

1 - - 5.111.1.4. .- In<il a ' -

:. . . . . . . . , . .....%..
-

1 5,23
~

5.1.i d5 5 wee n . .......,..,,,..,._ _ 5.23
,

5.23-5.1.1.16>' Sweden . ..... ....... . . . .

.

1. S.'.-l.17 Sweden 5.23L. ....,....-.........

y we
w .

5.23'
. .

x' 5 1.1.18' Sweden . ... ._........ . . .

;

| 5 ,1, 11.-1 9 USSR .5.244 ................. .

'

5.I !L20- Vermont 1 Lnkee -5.24... . . . . . . . . . .

1

5.245.1.l.21- Connecticut Yankee ... . . . . . .

--

' ~ ~.| 5.2
-

.-

. y

'1- [.
M. t.

s t

'

.,s',.h . ,r--+w. r .. v , + -e v --r v . . -e w . r+s*- . rr~,-.-.,w-m. .,w.,.- , ,,_.,,~m.-~....~.m.,-.,_.m~..~.
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5.1.1.22 France- 5.24. ...... ............

5.1.1.23 USSR 5.24.. .....,., ... .....

5.1,2 1ssues/ Concerns with Generic Implications 5.25......

5.1.2.1 Brunseic:-2 5 25. ., .............

5.1.2.2 South Texas . 5.25.. ............. .

5.1.2.3 Wolf Creek-1 5.25. . .. ............

5.1.2.4 BVR Channel Bowing 5.26.......,,, ..

-

5.1.2.5 BWR Thermal-Hydraulic Stability 5.26......

5.1.2.6 P'.iR Primary Water Stress Cerrosion
Cracking 5.26. . .. ..... ........

5.1.2.7 Cycle Lengt.h and it s Ef fects on fuel 5.26..

5.1.2.8 Generic Issue 82: deyond Design Basis
Accident in Spent Fuel Pools 5.26.. ... .

5.1.2.9 France E.27. .. ,.. .... .,.. .

5.1.2.10 Sweden 5.27. ... . ...... .....

5.1.2.11 Sweden 5.27. . . .. .... .. .. .

5.1,3 Thinning of In-Core Instrumentation Tubes . . 5.27

5.1.3.1 Beaver Valle;-1 5.27. ..... ... . .. .

5.1.3.2 Diablo Canyon-1 5.27... .. ... ... .

5.1.3.3 South T''xas-1 5 28.. ...-.. ......

5.1.3.4 Belgium 5.28. . . . .. ..... ....

5.1.3.5 France 5.78. . . .. .. .. .. ..

5.1.4 C ud-Induced 1.ocalized Corrosion (CILC) 5.28.. . . ,

5.1 4.1 Hatch-1 ar.d -2 5.28.. .. .. ..

5.1.4.2 Limerick-1 5.23. . ...... .,

5.1.4.3 fline Milt i)oint- 2 5.29.. .. .

5.3

I.
mmmm h mm emmamm -mm am mmm mma emaemi,emmmemi in -enn'. ,.,M , . M A,
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5.295.1.5 Flow-Induced tretting . ,. . . , . . .. . . . .

S.1.5.1 Braidwood 1 and -2 5.29. . . . . . . . . . . ,

5.295.1.6 lodine Spiking .... . . . . . . . . . . . . . .

5.295.1.6.1 Limerick-1 ,................

5.29 5

5.1.6.2 Surry,1 .. ..... . . . . . . . . .

t

5.1.7 fuel Handling: Fuel Dropped / Broker / Damaged or
5.31Potential for Damage Existed . .. .. . . . . . .

'

5.315.1.7.1 ' Limerick-1 . . . . ......... -

5.315.1.7.2 North Anna 1 and 2 . . . . . . . .

5.325.1.7.3 Palisades . . . . . . . . . . . . . .

5.325.1.7.4 Vogtle-1 . . . . . . , . . . .

5.325.1.7.5 Frar.ce . . . . . . . . .
. .

5.1.8 fuel Handling: fuel in incorrect Position 5.32. .

.
.

S.335.1.8.1 North Anna-1 and -2 ,. . . . . . . .

5.33
' '

5.1.8.2 Quad Citiet-1 .. . . . , , , ,

5.1,9 fuel Handiing: Crane Operation 5.33 ,
. . , . . . . .

5.1.9.1 Calvert Clif f s-1 5.33 u
. . . . . . . .

3.335.1.9.2 Oyster Creek . . . . . . . . . . . .

5-33 !
5.1.10 fuel Handling: Procedurai Violations .

)
. . . . . . ,

5.1.10.' Arkansas-2 5.33. . .

5.34 i5.1.10.2 Breans Ferry 2 . . . . . . . . .

5.345.1.10.3 Brunswick-1 . . . . . .
.

1

..... . . . 5.345 '.1.10. ", Byron 1

5-.l.10.5 Clintond 5.34. . .
. . .

5.345.1.10.6 Harris-1 , . . . . . . .

5 .1.1.0 . 7 Point Beach-1 5.35. . .
,

5.4-

_
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5.355;hllJ Fuel Handling: ..Other Events :. . .. . - . . .< . .- ,

%" ' ~
5.1.lh1H Dhvis Besse-l. 5.35, ... .. . . . . .

- . . . - .

c. M ' -5.1.ll.20-San Onofre.2 5.35
.'

.
- -

. . . .,. .. . . . . . . . .

5.35"5.h ll.3- USSR .#.. . . . . . . . . . .. . . . ..

5.hl2_ _Debrn |in Reactor Yessel/ Potential For It 5.35
_

. . . . .

'

-5.1.12.1 Davit Beise-1 5.36. . . . . . . . . . . . . . . .

5.hl2.2 Diablo Canyon-1 5.36. . . _ . . . . . . , , . . .

- 5.1.1'2.3. Diablo Canyon-I 5.35. . . . . . . , . . . .

5.1.12.4 Westinghouse fuel 5.36. . . . . . . . . .. ..

y
5.1.12.5 Vermont 7ankee 5.36. . . . . . . . . , , . .

.

15._1.13 ;f ailure of Inflatable 5eal 5.36. . .. . . . . . . . . .
,

5.1.'13.1- Surry- ...., . . . . . . . , . . . . . . 5.36

0 25.l'.14 Control ' Rod L 0peratir,n B.16-.. . . . . . . . . . . . .

5.1.14.1. Davis'Besse-1 B,16-. . .. . . . . . . , . . .
1

'
' ~

B.165.1.14.2 Palo-Verde-1 . . . . . . . . . . . . . . .

i

5.1.14,3'' River Bend 8.16. . . . .. . . , , . . . . . .

'j ~ 5.'1114 A - Switzerland B.16. . . ... . . .. . . . . . .

. .
5.1.15 Lontrol . Rod System f ailure/ Malfunction ' . . . . . . . 8.17-

y
e _. . _

t ; 5.1.15'.1 Dresden-2 .B.17. . . . . . . . . . . . . . .. .

5. l .15.2 . Fort i.". . - Vra in - B.17 |. . . .. . . . . . .. .. ., ..

. . - - |
| 5.1.15.3R Mc0 . . . . . . . . . -e
p

- -1-H.17''
. . . . . .

| 5.l.15.4 Per y-1 -0.17
. . . . . _ . . . . . . . . _ . , . . . .

g
,.

e' 5.1.15.5 Prairie Island-2 B.17 -'

. . . . . . . . . . . . . .
n:
ji ;

. 5,l'.15.6; furke," Point-4-
- .

E, B.18>

. . . . . . . . . . . . . . .

. . ..

i5.1.15.7 : Yankee Rowe B.18. . . . . .. . . . . . . .

. - a'^ 5.1.15.8 France ,_. ................. _ B ._18

s
3py ;

5.5
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1

a v' v .
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.

o
j$

4
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'
:

1- 5.1;15.9 France B.18-, . . , . . . . . . . . . . . . .. . .

rv is ,

a4
.

.. Perry 15.1.15.10 B.18 !,... . . . . . . . . - . . . . .
L 3 y

,

- 5.1.16 Control Blade / Rod Wear . H.18- 1...............ms
i

1

9 5.1.16.1 Braidwood-l and 2 - . . . . . . . B.19 ;. . . . ._ .
:

5.1.16.2 Monticello 0.19 !,.................

I5.1.17 Control Rod System Swelling / Wear / Corrosion /
.c Cracking B.19 |.............. ,.......

5.1.17.1 Arnold U .19........ ..........

l
5.1.17.2 -.Diablo_ Canyon.1 B.19 ;

_

..............

m S.I.17.3 Pali:ades B.19 [....,............

5.1.17.4 Pilgrim- .....,.........,,. 8.20-
!

'

5.1.17.5 Wolf Cr(ek-1
.

B.20 '

.

................
- r

,

5.1.17.6 PWR Primary Water Stress Corrosion .;
Cracking B.20 4....._.3 . . . . . . . . . .

.

R 5.1.17.7 France IL 20 - J,........,.........

L - 5.1.17.8 France
.

.
_

B.20 ;
"

. ..,.,.,,,.... .....

,. .

;' 5.1117.9 France B.20........._.......... ,

B.20 ['' : 5.1.17.10' Taiwan
.

-

........,- . . . . .. . .. . ,

B.21 [
"

,- 5.1.17 o Monticello- - . . . . .- .....;.._.m. .;
,

. .

5.1.18 Contro1LRod System Installatto../ Maintenance- *

- B.21 ;,p Error . . .............,...,,

f. 5.1.18 1 Braidwood-i- B.21;-......... -.......

* 5.1.18.2 Brunswick-l B.21......... ......,,

W 5._1.' 16. 3 Catawbe ? B.21 !'

......;.....,.....

'
5,1,18.4 fort St. Vrain Br21......... . . . ., ,

,

5.1.18.5 fort St. Vrain B.?l-. , . . . . . . . . . . . . .

'

z.
- 5.1'.18.6 timerick.) B.21....... . . . . . . . . .

,

.

5.6 :

,

i f'-

.. . ,
-
-

- .- . .-
.. . .
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'
;d~l

|
'

:
;

5.1.18.7 Millstone-1 B.22. .. ... . . .. . . . . .

5.1.18'8 River Bend B.22... . . .. . . . . . . . . . .

i

5.1.18.9 Turkey Point 3 B.22 |... . . . . . . . . . . .

i

5.1.19 Control Rod Guide Tube Support Pins B.22 r. . . . . . . .

:*

|5.1.19.1 Federal Republic of Gerrnany B.22. . . . . . .

5.1.19.2 - Federal Repubi te of Germany _ B.22 j. . .. . . . .

i
5.1.19.3 federal Republic of Germany B.23 |. . . . . . .

'

t

5.1.19.4 federal Republic of Germany- B.23. . . . . . . .

5.1.19.5 -France B.23 i......--........ . . . .

'

5.1.19.6 france B.23 :...................
,,

5.1.20 Nonconservative Assumptions / Incorrect Data B.23 !. . . . .
>

t

5.1.20.1 Cook 2 B . 2'3 !... . . -. . . . . . . . . . . . . .

,

5.1.20.2 ' Cook-2 B.23,..................

5.1.20.3 Haddam Neck B.24 3. . . .. . . . . . . .. . .

' * - 5;1.20.4' Hope Creek B.24. . . -. . . . . . . . . . . . , , .

t 5.1.20;5 McGuire-1 8.24 j. . . . . . . . . . . . . ., . . .

a f

-5.1.20.6 North-Anna 1 B.24
'

. . . . - . . . . . . . . . .

5.1.21 Unanalyzed Condition B.24 |
'

.. .. . . . . . . . . . .
,

5.1.21.1 Grand Gulf-l B.24 i
. . . . .. . , . . . . . . . .

s

5.1.21.2 Haddam Neck B.25"
. ... . . . . . . . . . . . . ,

5.1.21.3 Nine Mlle Point-2- B.25-. . . - . . . . . . . . . .

5.1;22:'100% Power Exceeded B.25
_

. . . . .. . . .. . . ,. .

'

5.1.22.1 Cook-2 B.25 |........... . . . . . . . .
:

5.1.22.21 Cook 2 . - . . B.25. . .. . . . . . . . . . . . .

0 5.1.22.3 Hope Creek. . _... . . . . . c. B.25 i
'

. . . . . . . . .

5.1.22.4 La Selle-2 B 251 . . . . . . . . . . . . . .

5.7=
o ,

a

6

y E-
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5.1.22.5 McGuire-1 B.25............. . . . .

5.1.22.6 San Onofre 2 B.26.. . . . . . . . . . . . . . .

5.1.22.7 San Onofre 2 B.20. . . . . . . . . . . . . . . .

5.1.22.8 Sut.quehanna-2 B.26. . , , . . . . . . . . . . .

5.1.23 Other Power limit l'xceeded B.26. . . . . . . . . . . .

5.1.23.1 l' ort St. Vrain B.26. . . . . . . . . . . .

5.1.24 Unexpected Power increase B.26. . . . . . . . . .

5.1.24.1 Limerick l B.27.......... . . . .

5.1.25 100% Care Coolant flow Exceeded B.27. . . . . . .

5.1.25.1 fline Milt Point-2 B.27. . . . . . .

5.1.26 Arial Shape Index B.27
. . . . . . . . . . .

5.1.26.1 San Onofre-2 B.27. . . . . . . . . .

5.1.27 Containment Integrity B 27. . . . . . . . . . . . . . .

5.1.27.1 Cook 2 B.27. .... . . . . . . . . . . . . .

5.1.27.2 farley-1 b.28...... . . . . . . . .

| 5.1.27.3 farley U.28....... . . . . . . . .

5 . ~1. 2 7 . 4 McGuire-1 6.25... . . . . . .

5.1.27.5 Millstone-3 B.28. . . . . . . . . . . . .

5.1,27.6 San Onofre.2 B.28. . . . . . . . . . .

5.1.27.7 lion-1 C.28.., . . . . . . .

5.1.28 Containment Airborne Contamination B.28. , . . .

6.1.28.1 Diablo Canyon 1 B.28. . . . . , . . .

5.1.29 " Hot" Particles B.29... . . . . . . . . .

5.1.29.1 " Hot" Farticles B.29. . . . . . .

5.1.30 towering of Water level B.29. . . . . . .

5.1.30,1 Byron 1 B.29. . . . . .

5.8
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.l.30;2 Clinton-1 8.295' '
>

-

. . . . . . . . .- . . . . . . ,

-

MYb' 5.1.30.3 Citnton-1 B.29 !. . . . . . . . . . . . . ..

q_ .:

W 5.1.30.4 Nine Mile Point ?- B.30. . .: . . - - . . . . . . . .
s

$.1.31 Spent. Fuel Pool. B.30-. . .- . . . . . . .- . . . .. . . .

5.1.31.1 Rancho Seco- G.30
~.i.

:.- . . . .- . . . .. . . . . . .
d ;

6.1.31.2 San Onofre 2' B.30 .:. . . .. . . . . . . ;. . . . .

:.

5.1.31.3 Generit !ssue 82: Beyond Design Basis |.

Accident in Spent fuel Pools ~ . . . . . . ... 0.30 !
r

; 5.1.32 -Defective. Procedure /Trainirig or Management.
Deficiency .. . . .- . . . . .--.-. . . . . . . . . . B.30 -

.

,

!5.l.32.1- Clinton 1 -

. B.30-
.n

,- . . . . .-. . . . . . . .z.

6,1;32.2--Clintonel b.30. _. . . . 2 . .- . . . .. . . ..n .

?

B.30 [~3.1.32i3 Cook 2 . . .. . . . - . . , . .. .-. . . ._. . ..

J 5.1.32.4lDwisBosse-1- B.31 j.....4 . . .. . . .. .-.

?

'5.1.32.5 Dresden 2 . . . .,, , ,.. . . .:. . . . . . B. 31- |
^ '

.

. . |

T,.l.32.6 Fortj$t. Vro.in- B.31
'

. . . . . .. . , ... . . . .

B.31 1,5.1.32,7 Grand Gulf-1 .-- . ... , . . .. ..,; . . . .

i $0.32.8 Harris-1- B.31
'

. . . . .-. . ._._. . . ._. . . ..

15.1.32.9-.-.. Limerick-l' v.. ,,. . - . . . . - . . . . .

.

'B.31
r

45'.l.32.s0L Limerick-1
'

B . 31 --. . . . . . . . . . . . . . .

5;1 32.11 McGeire 1 B.31 -l.c .- . . . .. . . .- . . . .n. . .
o

5.1.32.121 ricGuire 2 .=.s... .... . . . . .:.-,,. . . . -B.31 :-

'
5.1.32,13'. Palo Verde.1 B.31. . . .. . . . .. . . . . . .

.. .

'
4 5.1.32.14 Per ry-1 B.31 :. ,_..., ............

.] - . . . . . _ ,4

5.1=.32;15- Quad Cities 1; .-.c. B.31 ::. . . . . . . . . - . , . . -g

5.1.'32.16- San Onofre<2- B.32, . . . . . . . . . . . . . . . .

:

'
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5.1.32.17 Zion 1 B.32 |< . .................
4

1
,

4 - - - -

B.32-5.1.32.18' Perry-1 _ ......... . . . . . . . .. t
, t _- . ;-

B.32
.

6.1.33 Design / Installation / Maintenance Deficiency r. . . . . .-.,

m
B.32 ;5.1.33.1 1.ime ri c k-1 ......... . . . . . . .

_

ir 5.1.33.2- Nine Mlle Point-2 B.32 ;.............
4, ;

- 5.1;33.3!.Sequoyah-2 B.32 |.................

r 5.l.34 . Equipment Inoperable / Malfunction B.32 i..........

a, +

5;1.34.1 -Palo Verde-2 B.32-........ . . . . . . . .

$.1.34.2 San Onofre-2 - B.33 :
'

..... ...........

L; . 5.1.34.3 San Onofre 3 ' D 03 :i .

. . . .- . . . . . . . . . .
..

kC 335.1.34.4- Sequoyah+2 - . . . . . . . .. ...... .

: ..

Yankee Rowe B.33- Sil.34.5 ................ i

r

B.33 ;5fl,35 Manufacturing-Defor.t .. ...... . . . . . . . .

5.f.35.1 San'Onofre.2 B.33 h.............. . .

,w .

5.1435.2 Vermont Yankee B.33 '

.,.........,..., ,;
;r,

5.1235;3 Canada B.33. . ..,....... . . . . . . .

- - 5.1.35 Personnel Error B.34. ... .... ,,... . . . .

,o

|L 5.1,36.1 Clinton-1 - B.34 i. . . . . . . . . . . _ . . . . .
, .,
is

|

. .

.
B.34 j

L 5.1.36.2 Davis Besse-) . . . . . . . . . . . - . . , - . . .
*

' B.34 !
' '

5.1;36.3 rarleyd . . :. ......,.... . . . .

5i1.36;4 -fort St. Vrain D.34: ....... . . . . . . . .
r

R
' f.l.36.5 t.imerick-1 B.34-

~

yx ~ '
'

... ...... . . . . . . . .
;

.B.34s.' a 5.1.1fn6 Millstone-l .
.... .. . . . . . ... .- . . -

r ,

~ ,

81 9
. .i

H V ~ 5.i.36,7 fil : 1 stone-3 B.34 :
#

,.... ... . . . . . . . .

!. .1. 36. 8 North Anna-1 and .2- B.34 ;.... . . . < . . . .

' 5.1,36.9 Oyster Creek B.34................

' t3.10
,

.

;

1
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5.1.36.10 Oyster Creek B 34...............

5.1.36.11 Perry 1 B.35.............. ...

5..l.36.12 Quad Cities-1 B.35........... ....

5.1.35,13 Susquehanna-2 B.33...... .........

5.1.37 Personnel fatigue B.35........ ........

] b.l.37.1 Limerick-1 B.33................

5.1.38 Proccdural Nontempliance B.35.... .........

5.1.38.1 Catawba-2 B.35 C
......... .......

5.1.38.2 Davis Besse-1 B.35.......... ....

5.1.38.3 Diablo Canyon-1 B.35..... ...... ...

5.i.30.4 Diaolo Canyon.1 B.35 1... .. .. .....

5.1.38.5 McGuire-2 B.35........ .., .....

5.1.38.6 Oyster Creek B.36.,,..,....... ...

5.1.38.7 San Onofre 2 B.36....... .., ....

5.1.38.9 San Onofre-3 B 36................

S l.38.9 Sequoyah-1 B.25............. ...
;

5.1.38.10 Turkey Point 3 B.36 -..... ........

5.1.39 Unknown Cause for Event B.36..... ...... .

5.1.39.1 McGuire 2 B.36........ . ... . .

5.1.39.2 Palisaces D 36.............. ...

5.1.39.3 Palo Verde-2 B.36......... ..... .

5.1.39.4 Prairie Island 2 B.36....... ...... .

5.1.39.5 San Onofre 3 B.36....... .,......

5,1.39,6 Yankee Rowe B.36.... .. ........

5.1.39.7 Westinghouse fuel B.37...... ... . .

5.11
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5.2 NEW PROBLEH5 IN 1989-(AND A'FEV tN 1990) 5.37 1..........
1

'

5,2.1 Fue'. - Sys t ems : railures Damage, or Potential
forf0amage 5,?7. .. .................n

1F. 5.2,1 ! Haddam Neck S.07..-,....... ......

'

5. 2 . l .- 2 Haddam Neck 5.37-
'

........ ........

e
5.2.113 _Haddam. Neck 5.37........... ...

'

5,2.1.4 Heddam Neck 5.38:, .,......,........

-5.2.1.5 ' imerick 2 . 5.'38, .................

~

5.2.1.6 1 y' ster Creek 5.380, ..-..,...........

5.2.1.7 Point Beach-1 5.30............ ..

|5'.2.1.8-SanOnofre-) 5.38......,...... .

5.2.1.9 .Seo,uoyah-1 and -2 5.39..............

5.2,1,10 Vogtle-1 5.39. ... ............
,,

5.2.lails Canada F.39
'

. . .............. ..

5.2.-l.12 federal Republic of Germany 5.39<.._ ,...

5.2.1.13 federal Republic of Germany 5.'40...... ,

, r .

5.2,1,14.~Vederal Republic of Germ 8ny 5.40........

5.2.1-15 federal Republ_ic of Germany 5.403 , ......

, ,

i; 5.2.1476 Frants' 5.40. . ....._......... ..

5.2.1.'17 Japant '5.41,......,..........

^

'i' -S.2.1.18fJapan -.....-2 5.414 .- .....,..,.

ens 5;2.1.19 ' Japan 5.41. .- ......... .......

'5.2.1.20_ Japan 5.41. . ........... ,,...

,

94 ' 13.2.1.21 Japan _ 5.41...,... .. .....,,..

y
. .

..

5.211.22 Japan 5.41. . .................,

~ 5.2..-l . 23 - Switzerl and 5.42................

| 5.12-

o

OY >

L:.
'

.,
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1

7 - 5,2.1.24 Switzerland S.42 ]................

5.42 |
'

!5.2.1.25: United Kingdom . .- .=. . . . . . . . . . . .
,

5.2.2 ' Issues / Concerns with Generic Implications 5.42 i. . . . . .
i

.. -

|5.2.2.1 Krypton-85 from Decayed-Spent Fue: 5.4? .|. . . . .
-,

5|2.2.2 Fort St. Vrain Shut Down Permanently 5.43. . . . .

5.2.3 Unexpected _ Power Loss / Increase 5.43 |. . . . . . . . . . .
,

.

$.2.3.1 Dresden-2 5.43..................

ta

5.2.3.2 Vogtle-1 5.43'*
. -. . . . . .-, . . .-. . . . . .

5.2.4 fuel Handling: fuel Dropped / Broken / Damaged or |'

Potential for Damage Existed 5.43 i. . . . . , . . . . . .

5.2.4.1 Limerick-2 5.43 :............ . . . .
o

15.2.4.2 Sequoyah-1 and 2 5.43 i..,.. . . . .. . . .

i
5.2.4.3 Canada 5.44...................

,5.2.5 Fuel Handling: Procedural Violation B.44. . . . . . . .

S . 2 .' 5.1 - Three Mile Island 2 5 44.............
.

' 5.2,6 Control Rod Systen failure / Malfunction B.37. . . . .. .

15.2.6.1 fort St. Vrain - P, . 3 7............. .

u
5.2.6;2 Finland B.37...................

5.2.6.3 Finland B.37......,,....... . . .

o-

5,2.6,4 finland B.37....,....... . . . . . .

'5.2.6.5- Finland B. 38:.... ..,....., ....

B.385.2.6.6 - Japan .....,....... ,,....

5.2.6.7 France- B.38....................

5.2.6.8 France - B.38. ................-

5.2.7- Control-Rod Syst?m Corrosion / Cracking B.38. . . . . . . .

; 5.2.I.1 Japan- B.38....................

|
|

!

! 5.13

,
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B.38 i5.2.7.2 Japan -. . . . . .-. . -............t

A'

5.2.0 Nonconservative Assumptions / Incorrect Data- B.39- ;.....
,

5.2.8.1 Point Beath 1 . . .'. . . . . . .-. . . . . . B.39 )
.

5.2.8.2 Trojan B.39 j-. . . . . . . ..... . . . . . . . . .
,

5.2.9 0xide lhickness in f.xcess of Design Limits B.39 ,;.....
e

.

B.39 |
'

-5.2.9.I' 0xide Thickness ............ ,.

5.2.10. Debris in Reactor Vessel .......i...... B.39 f

-

B.39 ;' 5.2.10.1 Haddam Nech . ...... ........
f

5.2.10.2 Haddam Neck B.39............... ..
;

'
5.2.10 3 Haddam Neck B.40. .... ... , . . . . - .

5.2.10.4- Haddam Neck B.40 -

. ..... ..........
i

.

5.2.10.5 Japan fL40 ;
...........,,. . . . ..

t

5.7.10.6 Japan B.40........... .... ..
i

5.2.10.7 Japan- B.40..............,.....
:

5.2.10.8 Tinl and' B.40 - j...,........,......

,

- S.2.11 _ fuel Assembly Cooling Sysotm B.40 |.... ........

5.2.11.1 frante- B.40 :......... ,....-....

1,
. -.

B.40 -|. 5.2.12 .. Undersize f.uel Pellets
-

.,.............

5.2.12.1. Undersize Pe'llets B.40- ;.. ... .....
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5.1 EROB1mLl(L1919 T!%UMLiltill/ML10_lH01LiL19M

5.1.1 Darl. Sntnu _hihel.laman_or_hlrnutlioLDm9e
There were 23 events (or items of interest) concerning fuel systems that

involved f ailures, damage, or the potential for damage. Of the 23, 9 (8 in
1989, 4 in 1988) involved l'.5. plants and 12 (7 in 1989, 5 in 1968) involved
plants in other countries. fuel handling events are described in Sectio.s 5.7
through 5.11. Events involving handling oi irradiated fuel are listed in
Table 18. tvents involving handling of new (unirradiated) fuel are listed in
Table 19. ihe events (or items of interest) pertaining to fuel failures, fuel
damage, or the potential for fuel f ailure/ damage are discussed below.

5.1.1.1 Ostee_d
_

A 1989 EPRI repor?" indicates thit Duke power Company " discovered that '
mosc leaking fuel rods at Oconee-2 occurred in two locations: directly adja-
cent to the center instrument tube and in or adjacent to corners. Arkansas '
power and Light abserved defects at the same locations at Arkansas-1."

5.1.1.2 atta.d Cit ies .1

At Quad cities-1 on Snptember 21, 1989, during transf?r of new fuel from
the new fuel storage vaalt to the f uel puol, one fuel assembly (LY1191) was

"

releasg(3from the refueling grapple and fall upon the spent fuel storage
racks ihe cause of the event was a combination of personnel error and
procedural deficiency. Ine grapple control switch was inadvertently left in
the " release' posit ion af ter attempting in unlatch. The unlatching was due to
the adjacent fuel assembly not beint, fully seated.

5.1.1.3 SArt_qttourd

Scuther California Edison believes more thar, five fuel rods in a core ^
have failed, they elect tc conduct an inspection, lherefore, during the last

fewoutag,fuelatSauOnnfre2havebeeninspectedbyultrasonic
testing

5.1.1.4 _Snun_yaAd
,

The NRC is propo,ing to fine the Ie.inessee Valley Authority (TVA) for a
cignificant failure to r.omply with NRC regulatory rerairenients at Secuoyah l. o

4

During reactor trips an !4ay 19 and 23 and June 6, 1988, the average temper-
ature of the reactor coolant system dropped below the analyzed value. Had the
fuel in the reactor core been approaching the end of its useful life. 2.uch a
condition could have increased de probability and consequengI os an acci-
dent. Information on this 1988 event was published in 1989

5.17
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h 1ABLE 19. . Fuel Handling-[ vents.'nvolving fresh (Unirradiated) Fuel j
1s

i' Fuel Assenbly ,

f uel An$ently fuel Atteud;ty Cont ac t ed |
9 111Qy,,py*rd . vmL M atther ;.tRL J innt 3

.

1989 Norta Anne +1 nrwl 'd'I DOI
.)

f

I..
' bdCitiesgI

~

v
dhI ]!- Dw.geness s

:
19f.8 f ittpetr f ct' Y ') dd)d

,

4ashington Wucteer 2
"

1967: Cetinway d'U
)

d dd ;H - i. rand Gulf +1

iV86 ;

i

1985 ferity 2 x ,

a
-1984

|
-

1983 i
4 x

7

1981
,

.s. 3- .

1980-_
'i

*

1979 .Pitgrie - ( ;

i

? Ltuts
,

--

4
1977- Arkansac 1 A

'1976
4

.. ..

Dr ec ien-1 x .;1975 -
';, - . Crystal River-3: E

'

,

,

.!b 10/4 -
i

[ j-197i . Maine Yarikee-'
- Ww

t
# Turkey %(nt-O I4

,

-tP
. _ _

(a) nlorth Anna 1 ard *? share.pne spent fuel storage reo8
(b) ' A 1"esh f uel asseebly was set on top of no irrufleted f uel easenMy that Was in -a f.rmn. f uel.' ;

ntor%c rock in the spent fuel storage r,veh vtanal irweer. tion revtsted r.9 dange to either i
' *

. t f ud assent >lv, .

|,

*
'

SM D(c) Two fuel ascemblies f elt frota shirvire container. .

(d) ' Both f uet ~ atsett les ,sre to to shipped to versfor ter repair (estimated cost: ,

..$1D(),000).
..

-(c) f rwt carrytry:_.14 heet asswMies overturned.
,

2 f t to f urtelne del,(i) : Two fuel bundles f c(t stout '2 to 2.8
i

''(g) _ Both txJndtes disreged arvj tre 'o be .rcolaced,
(h) = $tring ct new fuct assenblies droppett onto icp of reacto: , j

;i

4

I I

)

!

[1
'

.

-
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5,1.1.b Snny-1

following the shutdown of Surry-1 on September 14. 1988, an iciine spik-
ing event occurred. The iodine spike was suspected to havr been caused by
fuel element defects in the reactor core. Ibe fuel asseniblies were to be
inspecteddurir.g'.heoutageandfuelassembliesreplajMed as appropriate.Information on this 1998 event was pubitsbed in 1989.

5.1.1.6 S_ug11

In mid-September 1988, water chemistry inuicated that one of t|"g new
fur.1 assemblies was leaking at Sarry-l. According to the article,' ' the
leaknew.youldnotbefoundbyultrasonictesting(UT)becausetheleakwassolhe plant had to resort to the time-consuming sipping p,0 cess to

in1989.ggkingfuelassembly. Information on the 1988 event was published ffind the l

5.1.1.7 M [jle.nm)_Mjng

On September 29, 1989, the NRC issued an information notice cautioning e

BWRoperatorsthatfailuretoaccountforbowingoffuelchanne|Wboxes in
computer core modeling can lead to fuel overheating and dryout. The

warningstemsfromthediscoveryinAugust1988offourdriedop!gnddamageat
fuel rods in separate fuel assemblies at Sweden's Oskarsha.a 2.

5.1.1.8 LgltiesLhm:1.DS_1Lfeeis on.Lwl

About 90% of BWRs and over 80% of pWRs in the U.S. operate on nominal

cycles."'g 24-month refueling cycles; the remainder operate on 12-month
18 month,

I,r cycles modify the irradiation history expertenced by the
fuel assembly.jng' Remaining longer in the same location in the react cr core! ,

tends to increase fuel assembly bow, which can affect handling. Also,
allowances for the ef fects of burnup gradients on rod growth may require
adjustment. The consequences of fuel failure are amplified by longer cycles,
On the average, there is a longer time until removai uf the f ailed fuel and
more time for propagation of the defect and associated effects.

5.1.1.9 h.s.11negnse f uel

In a February 1989 article, M Westinghouse indicatcd they have
?.5 million fuel rods in operation und that a) they have ' . . somewhere between
80 and 96 leaking rods," b) " debris is our largest , ingle actor right now..." -

as a cause for leaking fuel rods, anj c) after examining a large number of
failures over the ye1rr, there are about eight that thuy couldn't
characterize. 4

e
k

_ . = .. _ . _.

i(a) Another reason could be that thu e was insufficient water (typically
neea 0.5 gram or niore) in 'he f ailed rod (s) f ot Ul' t o c'e t ec t it.

5.21
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5.1.1.10 Ar.aenting

It ic indicated in a 19D9 article * that at Argentina's Atucha-1 on |. -

August- 22, 10.38, three damaged fuel-bearing prenure tubes allowed some f uel !
pellets and other debris to fall into the vessel of the prototype pressurized

'

i.

heavy water reactor f.FHWR). Extracting the fuel pellets and metal shards
(many tiny in size) from the radioactive vessel has been a logistical and
engineering nightmare. Scores of other pressure tubes are being inspected by
the Cnmision Nac'ional de fi.orgia Atomica (UEA), for porsible damage from
mctal fatigua or corrosion, which could be possible causes of the mishsp.

5.1,.1.11 EeJ.q19m

.

Out of nearly 41,000 Belgonucir aire mixed oxide (U0 ) fuel rods |
irrediated to date, no failures have occurrec since 1980 Of the -i
41,000 rods, over 38,000 were made by the HIMAS process. The few failures '

experienced before 1980 were due to causes that, at the time, also affected ,-

commercial U0, fuet |
J

-5.1.l.12 icantn
,
'

MA French paper presented at a symposium in August 1909 includes a
. discussion of degradation problems netec. in their PWRs. Rubbing has been ;

encountered on the surface of 7ircaloy 4 fuel cladd'ng (due to cross flow
through baffle joints, loose parts, grid contact or manufacturing defects), on

'AISI 304 stainless steel control rod tubing (due to hydraulic disturbarre and ;

-contact with guide tunes), and on AISI 316 stainless steel in core instrumen-
tation tubes (due to movement against guide-tubes). There have been numerous
f ailures in service of Alloy X750 guide tube pin due to stress corrosion
cracking'(a phenomenon well documented in the literature). Defects have alt.o i

been encountered in core baffle assembly fixing bolts, which have been
attributed to a variety of possible mechanisms (futigeo, corrosion, creep.
etc.) combined wito severe radia! N conditions.- i-

,

in another paper (by P. L. Anuer ser, et 11.) at the same symposium, it-

: was indicated that irradiau on ,ssisted stress corrosion cratking', a problem t

observed in the early 1960s in fuel elements and _ associated with nigh cladding"

stresses due to fuel swelling, has been detected mon rycently in lower-stress ,

! components such as lustrument dry tubes and control clade handles and sheaths. ;
,

5.1.1_.13 f.rinn {
lt is stated in a ls89 article * that Electricite dt f rance (f0f) has .

indicated that over' half of the fuel failures in- their system so f ar. are dur '

to events external to the fuel itself.

r

!
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5,1. l .14'. I Indi a ; iy

A inent' art IcleU3H provides information en atomic power stations in :

Indd a. The Tarapur station had as many as 100 fuel bundlu develop pinholes |

ir, both BWR units in the f;rst cycle. One of the Incidents at the Hadras !'

station involved a pair.cf fuel bundles getting stuck in the pressurized heavy ,

water reactor!s-(PHWR's) fuel- transfer port. ;

5.1.1.15.SEQdRD j

it is indicated-in .a 1989 article ") that sipping (i.e., leak testing)UM
:

at a Swedish BWR in ' August 1980 identified f ailure:of four, first-cycle, !

64-rod, water-cross .(SVEA) fuel assemblies .in a mixed 8x8-and SVEA cm e. The ;

cause;of-the failures was dryout. .The principal reason for the fuel rod over- :
: power was, in each' case, the combined influence of excessive bow of channels |

. . .? Lof ~ two high burnup 8x8 fuel = bundles adjacont to toe f ailed assembly. Large-'

;

bow channels were being recycle 4 and had 2xposures of 54.000 to 68,000 Wd/'

MUl; bow measurements showed a market acceleration of bow in the range of -

40;000' to 50;000 Wd/MiU. ABB- Atom indicates that great caution .aust be used :.

iin re-using BWR fuel-channels. The fuel ailure mechanism is notiinherently -

related.to the SVEA design.
,

'5'l.1.16 '5weden. .

;

. Additional information on the channel box bWng probler.: ne'.ed at |
:Swaden's Oskarshamn 2.(BWR)'In August 1988 fr provided in a 1989 article.03H |

.

5.1.1.17 LS3fJign
>

<

It:is stated in-a' f989drticle " that Sweden's Oskarshamn-3 was shutl Ux 1 .
.down for two weeks in:Datember 1988 because of a fuei failure, lhe failed ,

~ fuel assembly was found by'sippingt t.ie'activit*> was coming from one " severely
, T ' damaged" rod, LThe failure'Is unusual br.1ause-tboy "have had very good

,

-

'exp3rience" otherwiseiwith ABB-supplied fuel.
'

a,

:o
~

|L' '5'.1.1.18 Syeden-

L
U. Aniarticle "bpublished in February '1989 indicates that fuel failures:H '

L have occurred during the past.five ' years in.seven Swedish plants .(four BWRs'

L far.d three PW9s). ;Thelfuel rod failure rates ara about 0.003% per year. The 't
g fuel: rod failures are listed on the next page.
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Nua.ber of Ialled
Rods Duririg

_._1102:d20 L _
__EnteJ.Llanute . tNE M

.

fabricatico defect i 1

Ocbris-induced frettirig 3 4 '

Pellet cladding interaction '1 0.

Spacei 3rld/ rod wear 0 f-

Balfic jettirig - 3

Not dettemined 2 5

:
lot al per plant per year 1.0 1.3

a

5.1.1.I9 IJS_S.8c

# UdA recent ard le it# ates that fuel failure has been a recurrent
Soviet problem.

5. '.1.to inmon.LDP.hae
'

TSe end of a fuel rad broke into the *.8-year-old BWR, scatteri19 nicro-
scopic particles u fuel in tha reactor cooling sy.4 tem. Ihn particles were sot

small, in such relatively small quantity, and so finely dispersed that they
did not trigger the alvem or cause grgI real health effects, but the em,iloyees
have taken issue on safety grounds.

5.1.l.2' Con.r!qq1h.,t Y_itnMc

C'>nnecticut Yankee, a Westinghouse 615-!N PWR, has 343 fuel rods in )-

t") f uel assemblies w(:h ;brough-wali tracks. 1he cause is metal flakes 'left

rews of the assetb' ties contain 75% of the damaged fuel pins.U'}he o.itu two -

over from thenN'. shield maintenance during the last outage.
'!'

5.1.1.22 [can.In ,

i
St. t.aurent, a magnox i eactor, scranced on Novemb 2, 1988 because of a

Teakinsfuelrod,oneofib,000inthegraphitecore.'g-)
,

h'
5.1.1.23 P158

A LOCA and pt-tlal r,nre melt maj have taken place on a Seviot submarine
which caught fire off the Norwegian coast on Jume 26, 1989, judging from

I radioactive water samples end steam seen escaping from the vessel, Another
accident is oelieved to nave taken place on Jihv 16, the third in four conths.
Details were not forthcoming from the Soviets

I
r
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.4 5.14 - h;mfCpmamLgjjh Cerigrig hpjic.gypfn ,!
.-

.. There were eight events or itemt of-interest (six in 1989, two in 1988) !e
L. f-n the U.S. tid fcur events or items of interest (one in 1939, three in 1988)c

in forcint countrirs that 19volvad isst.es or concerns with generic implica-
~tiocs. -Those events cr items of interest are described below, t

,4

J 5.1,2.1 DrymMgkl

- BriQswht-t Jo'st all10hoursonJuwT7.19M.gff-sitepower'cause: repair crew error) for':
The operators had to trip the unit manually,

1. -to avoid possible core pwer oscillations, even thwjh they knew theTrip
* meant ' loss of oft-site power to emergency system 1, because NRC changed BWR ,

operating procedures late last year to require a trip in the circumstances !

Brtnswick was in. NRC considers the Brunswick' incident:to.have safety signib
;icance because the unit was dependent an its emergency diesel generators to -
power emergency Suses 'or 10 hours, precursor to a station blackout and an ,

identified main contributor to the ruk of core melt. .i

n .

1991h Te u t:1
-

1 5.1.2.2
.

.a c
"

~

Information au!<lished;in 1989 indicates that Westinghouse notified Sot.th
,

.that identiffrd in other Westinghuase four loop plants.g4pomaly sinilar to
Texas-1 on Septem3er 7,1988, of the existence of a flo :

The flow anomaly '
% is a thermalr.ydraulic instability.in the reactor vessel that results in an .,

; slight | decrease in coolant flow to certain ereas of the reactor core. Ther

e ,~ departure' from nucicate boiling (DNB) penalty resulting from the anomaly 1
exceeds the anilable ger,eric. margin. A'.'that time, Westinghou e recommended.
maintaining rest. tor coolant ' system flow above 400,000 gpm until further

~ ,

|
' analysis can be templeted.

i:

f An update'd report was issued by the licensee in Decegtg l988 and'infor- j'

mation from that report:was published by the NRC in 1989 Recently com-
-pleted safety analyses'for South Texas-1 support operation-at the Technical

i
' Specification reactor coolant system flow rate of.395,000 gpm. Implementation

Lof the'new zafety analyses requires a revision:to the design basis as dis-a

cussedLin the- Final Safety Analysis: Report. (FSAR) and Technical Specifica--
,

' tinns. Until the changes are approved by the NRC, the utility will maintain 4
L coolant fhw at or above 400,000 gpm when operating at 100A power.

. ;

.m.=
5.1.P.3 @j f Crg,k.;l

i
''

A 1989- artiile("W ndicated that ' the potential' for swelling in' the !i,

-

'claddiCreek,gf thin'l'afnium control "rodlets," first noticed iit 1988 at. Wolf.sas a " full-fledged safety concern." . The' concern centered on the''

possibility thatLa swollenicontro d could slow drop-time or occlude.the -
#

. : inner diimeter of its guide tube.g Subsequent safety analysis showed that ,

:

themaximumincreaseinindividualrod4rgtimesfintheworst-casescenario
"-

.would be less than one-tenth of a second. :Of the fourteen U.S. PWRs
(11 onerating units and 3 under construction) equipped with hafniun, control

:

5.25
~
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rods, several are reulating the bafnium control rods with silver-Indium-
cadmium, but others have not operienced swelling and will xcep t5em under
scrutiit. Westinghouse will now make these rods only by specnol request and
considers the matter now to be a minor licensing issue. " Swelling is_. thought '
to occur wh)n hydrogen, under PWR operating crossures, diffuses through g I
stainless steel cladding and pierces the protectise film on the hafnium.
The siksequvit h;;delding of the hafnium causeN expansion" (20 to 25 mils were
measured at Wolf Creek 1). See Section 5.1.17.10 DlWR . Cne control rod
e;ould not be fully. reinserted into Taiwan's Maanshan-1 in Sept. ember 1988 -a
orokentipononeoftherodswasfoundgndthehydridingphenomenonwas

''

G n'ified as the caase of the failure.l 0

-5.1.2 A M_0,cinnel_D! ming
,

See Section 5.1.1.7 for details on this 1980/1989 event and itert of
interest.

5.1.2.S' BMfLlhRmbliyAn911c_51Atlij ily

MA 1989 paper _by NRC provides a status report on the-regulatory revier
of BWR thermal-hydraulic stability. It is expected thht implementation of Bw"
ownerf s group recommendations, passibly involving hardware modifications,- for-
long-term resolution of the >tability issue will comerce in 1900.

5.1.2.6 LWP Priman_ Water Stres;_Corrni_oa _Cuc1hg

* Mounting evidence cf primary water ttress enrrosion cracking (PWSCC) in
inconel-60.0 primary system pressure boundary penetrations" (iiicludes in-cores

instrumentation and control rod drive penetratiou) "has caught the attention
of U.S. regulators and' prorpted industry fears that PWR ewners could be facing

'

U.S. BWRs in the early 1980s.g2)he large diameter pipe cracki.ig that nlagued
a generic proble7. equivalent t

The possibility of circumferential stacking
and sudden failure cf Inconel 500 penetratiens raises safety concerns because
the resultii.g leaks f rom the primary system wotld be uninlabin."

5.1.2.7 _ [.y.qle_1 Sng 1h 3nd ;LtLfifgts on Fue)
3

See Section 5.1.1.8 for deteils on this 1989 item of interest,

b.l.2.8 Genetic _lmLRL.JMyAndJkilWLilajis Ac_cMenLin_Satnihnl
P .?]$ .9

It h concluded by. the flRL in a report, illlRfG-1353,P that no new%

regulatory requirements are nranted concerning the use cf high-density spent
fuel storagefracks. The conditi;nal probability _of a lircaloy cladding fire :|in the event of a complete loss of water was found to be 0.25 for BWRs and '

1.0'or PWRs. The value/irepact and cost-benefit evaluations for the proposed
alternaU ves.for-Generic Issue-82 do not indicate that cost-effective options
are available to mitigate the risk of beyond design basis acridents in spent
fuel pools,

l

5.76
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5.1.2.9 Erplce '

"In france on Apri 1989, a control rod failed to drop into the core
of Gravelines-4 (NR).*y' " Video inspection revealed that thc control rod

,

had breken off and t' allen to the bottom of a fuel assembly and its spring was
stuck within the guide tube, causing the control rod < luster to stick at an
.ntermediate position." "flectricite de France (EDF) had previously thought
that a broken rod cculd not prevent control rod cluster drop en assurrption
disproved at Gra alines." " Analysis showed that the local wear or. the control
rod casing was far more :,evere than had been predicted by studies." "The
French nuclear regulatory agency (SCSIN) said the incident showed that "every-
thing must be done to inspect the control rod clusters and have no more
clusters break," but also that "we have to reconsider the criteria" for
central rod wear." "The more severe criteria for control rod wear dictate -

replacing about 30 of tha 53 clusters on each reactor." "the control rod
cluster problen is projected to cogt gt least 100snillion f rancs (515 rn111 tor,U.S. at current rates) this year." ~

5.1.2.10 SwMen

See Section 5.1.1.15 for details on this 1988 event.

5.1.2.11 Swesleg

See Section 5.1.1.16 for details or, this 1968 H em of interest.

>5.1.3 lh_i.nnin.g A_r-Core Jnitmentat.lon_idtif

in 1989, there were five events or items of .teresi involving the thin-
ning of in-core instramentation tubes. Of the five, three involved U.S.
plants and two involved plants in other countries, lhese events or items of
internst are discussed below.

a

5.1.3.1 fiqAvpd]lqyd

$
On October 10, 1989, at Beaver Valley 1, eddy current testing identified

nine in-core instrumentation guide thimnle tubes with degradation in excess of
specified limits (based on A Code allowable stress limit >, tube degradation
of up to 60% is acceptable) g' Aa analysis also projected degradation in
excess of 60% of the wall thickness for an additional nine tubes by the end of
the next fuel .ycle (these nine tubes were repositioned to prevent unaccept-
able wall thinning). Th9 degradation is apparently due to mechanical wear of
the thimbles cgainst reactor vessel internals induced by the coolant flow
characteristics through the vessel. Failure of a guide thimble tube is
boundeo by the analysis in Sectior 14.3, " Lor: of Coolant Acc hient," in the
plant's updated Final Safety Analysis Report.

5.1.3.2 diabla Canygnd

Eddy current inspection of the in-core neut von nonitorig20, 1989.h'g, system thimbletubes was ;;erformed at Diablo Canyon 1 on October It was'

5.27 i
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{
|

ga> q,

<
t

determined that-tho' degradation in 28 thtmble tubes exceeds 50% of the wall- '

c| thickness. During the current refueling outage, 23 tubes will be replar.cd and .|
% ;12 tubes will be repositioned. Thirteen other tunes showed degradation of ;

less than 35% of the wall thickness. ;
!

X 5.143;3 finth Texahl I
i

T One of the tasks scheduled to be performed during the refueling outage )"

walled ;n core instrumentation thimble tubts.g'ps 1 is to install thicker-that is to start on August 4, 1989, at South !

j
5.1.3.4 - k.1,nba I,--

UWA January 1989 article Includes a discutston of the wear on in-core
-instrumentation guide' tube thichies and the striking variations in the wear.t

exhibited by three groups 'of Belgian plants * Tihat.ge li Doel-4 and Tihange-3;_ ]
and-Doel-3-and Tihange-2. Those results em hasize the importance of subtle-:

| design differences.L lt was also noted in t e article that it was not widely '

-

inown that through-wall cracking of three in-core thimbles occurred at a U.S.. .

,

p1_ ant;(Salem-!):in Marcn 1981.'

5.1.3.5 Inacs ;

See Section 5.1.-l.12 for detatis on thit 1989 item of interest. .

J
5.1.4 Crud Indqcul totalized C.ottosion_{ G Il .g

,- .

There were three events or items of interest regarding crud-induced i

~ localized ~corrostun1(CILC) that? involved U.S. plants. Iteras of interest were .

. _ published;in- 1989?and 1988;' events' occurred starting at early'as 1980. The :

events'and items of interest are described below. ;

, ,

' '

J . ll4.1L ' Hat c h-1 and_ _2 :
'"

5
r 7

HatchWand -2 were designed with Admiralty bran ~ condenser tubes and-?
y

Lfilter-demineralized rleanup systems; hence, d ey both have been susceptiblee ,

condenser tubes conteln a'small amount of '

;to CILCgfgi,}{'es because:the.bouta103:: fuel ast.cnblies experienced claduir;gt copper.- Since 1980, a' -

s

--werecausedbyCILC.ge15.tyclesduringthe-decade;mostof-thefailures
-ruilures during 13 o

There have been t barrier rod failures (theso
. eresthe result of, manufacturing detectt) .ge

.

w During the past year, the-
_ utility has had-the.' tubing in the main condensert replaced with titanium'.

Z itubing; however, sit 1will take~ some time-ne. haps over oyear"for the reettor-
5

7 - - watercopg}gvels:todecreasefarenoughtomakeCitCfailuresvery,

y ;unlikely -

5"4 5.1.4,2 1.i nyricbl I
~

t

Articles published in'1989 ar.:t- 1988 provide additional information on
tne indications of daraage Lto fuel cindding by crud-induced localized corrosionJ ,

3(CILC);that were discovered at timerick 1 durina a refueling outaae that etided i#

.
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~

in August 19M. Nnhole-sized 1(:ks in as nany as 30 f uel rod; have f orced J
the utility to operate at redu power (lowered to SM) during the las' four
n.onths of its operating cycle.p(j "'' A high copper contentration in the"

feedwater, caused by poor wster chtnistry, was origina;l) targetedastgcause of the problem but the utility is now rethinking that scenario,
fuel loadcd d ving that outage was special'y Lcat treated, but that treatrnent
failed to do the trick, and the utility has found more cladcing failures in
various f uel bur 4les, including some in the specially treated fuel. Knat is
puzzling to the utility and the fuel manufacturer (General flectric Company)

,is why Cll.C did not af fect some of tae older 'NI rods but did attack new
rods, some of which were heat-treated and some of which were not.

5.1.4.3 Nine M.{ltl'niir td

Niagara Mohawk Power Corr. 's Ni e Mile paint-2 reactor remained down, ~

n
after a isrced cutage for other matt t
water pH/ copper dissolution probicn.g' ;g. in order to correct a circulation

5.i.5 f.19w IstCtd ir'1 Lim 1

There was one item of interest io 1989 involving flow-induced fretting *

at |J.S. plants. That item is de:c ibed below.

5.1,5.1 11nj h.ni-LAr h 2

West 1rghouse Electric Corporation is to inspect the control "ods at
Braidwooc-1 and =' for wear or fretting caused by flow-irduun vibrations.Jg",

,

5.1.6 .lgline sitik.i.nja

There were twa iodinc spiking event s, one in 1999 and one in 1088, at
U.S. plant,. Those event are described below and are included in Table 20 '
and Table 21.

_

5.1.6.1 Limrkkl

On January 11, 1989, en iodine spike occur rad at t imerick-1.# The
reactor coolant dose equivalent iodine-131 specific activity exceeded the
Technical Specification linit of 0.2 microcuries/ gram and remained atiove that
l a el for 14 hours and 70 minutes.

5.1.6.2 Lttril

See Sect ion 5.1.1.5 for det ails an this 1985 event.

5.24
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-TABLE 21.. loriine Spil.ing or Radioactive Gas Release Events at Domestic*

:
. . Plants-
1 >

Number of- Total Number
*

9', . lcAt - E11011_ _ELLY1all_ 1,

'
y -1989 1 l',

-
!

1980' I i !
>

i 1981' 2- 2 i
!

c1986 5
,, ->8 a

1985: 4 11 .

I

1984' 4 16 ;
,

1983 10 36 j
1982- 13 2362

,

I1951 12 219
.-

'

_ 1980 5 25 ,

t

:
)

5 l.7 Lig.l.jlpadljagl Fuel DronnedjJrnhtn.f1AgAggiqdfdtn11A1 Lo_r.h!agg
'

iX1111d
..>

~

fThere wire five fuel' handling events (two.in 1989, two in 1938) at U.S. |
' s

r| plants'and.one in 1989 to france in khich fuel was dropped or the potential
F X for< damage exfsted. LThose events are described below.-
y

.

[ Scl.7.1 -himerici-1-L
.

,

! L0n' february 28, 19L9,
reconstitutionl activit'es.g.gfuel rod was dropped at Li'nerith-1 during fuel |

.
There'was no release of radioactivity. The ';

fuel rod was" retrieved, ins
:: proper location. ~ Droppi.ng pected,- found to be undamagec, and returned to itsL
tof- the> fuel handler.

~

of the' fnel rod was due to ~ inexperience and tat igue<

"

;

, b' 3.1.7.2 ; [10rliLAnna-OndJ ~
.' .

, a vn

s;-sharedbyherthAnna-1and;2.gl989;atthespentfuelstoragapool-that
-'An event occurred _on April'2

.

~ The licer.see's 'operat ors attempted to4 a, -i
'

insert a.!new'(i.e., nonirradiated) fuel assently into a spent fuel storage
[ rack position.already containing a spent fuel-a n embly.- Both fuel assemblies.-*

,

-were visually |inspec'ed; no damape was noted.

' *51
.

.

i

4

,

"

,_
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P.1.ludes ;15.1.7.3

As the Opper guide structure was being removed at palisades on |
September 3, 1988: it was observed that a fuel bundle had been removed from -

the core and was hanging 9 or' the uppe" guide structure, lhe fuel bundle J
,

'

(K-28) was separated from the st.ructuru and sel. In a restrained configuration :
atop thn core. The caJse of the event was attributed to the bundle adhering
to the t,undle guide pins on the upper guide structure. A gauge obtained from

-the fuel verdor was used to verify tio plate locating hole center-to-center ,

: spacing and inner diameter bore. No significant deviations were noted. ,

inspection of the guide pins indicated that no oending had occurred, nor ws i

!nformation on this 1988 event was published in 1989.0 g g determinate.Root cause for the eventany physical damage induced.

,

5.1.7.4 yeatle 1 |
<

In'1989, the hRC published informatio.; on an event that involved a power

memory loss in the refueling machine.h3pt Vogtle-I that led to a computer
rsupply disturbance on October 20, 19d -

The refueling roachine halted with
spint ful bundle SC42 surpended directly over its previous core' location.
The bundle was mbaual'.y lowered and core Alterations were temporarily siopped.
When core alterations were res med, Tuel bundle SC42 was uniatched in order to
withdraw the refueling machine mast. linwever, the fuel bundle was not fully
inserted and was apparently resting on its guide pins. Whtn unlatched, the

fuel bundle leaned sideways and came to rest against the core uaffle. -The ,

fuei bundle was removed from the core and transferred t- the fael handling ,

buiiding. Visual examinations revealed no apparent damage to the fuel bundle. ;
'Full insertion of fuel bundles is confirmed by the computer circuitry while

-

the refueling machine is under computer contrcl. However, less orecise '
methods are employed during marual oper atton. Specific measures to enhance
full insertion confirmation of fuel bundles during manual operations are bein; <

eveluated and are expected to be implemented by f eruary 1 1989.

5 . .'. 7 . S [ngn
,

'

Several events occurred in rapid succession on September 1, 1989 at
St. Laurent-A1, a gas-cooled reactor. A fuel element broke 'cose from the
hdhdling thaChine and fell seVen meters into its original position, Wl(h no i

'

apparent consequences. While attempting to incpect the channel cont.aining the,

f allen fuel element , two more fuel elements were dropped, one from five meters ;

and the oti:er f rom one. meter, also with no apparent consequences. finally,

normal ventilation of the fuel handl'ng machine was interrupted by a separate,

ensure cooling of the 'uel elements in the fuel handling machine."g to
accid 9nt, and for 40-minuter an emergency ventilation system was us

5d.B f_u.31 Handlin9: Fuel ir lo_q.qrm iL h lil un.+ u

There were two fuel-handling event:. in 1999 at U.S. plants that involved-
. placing of fuel'a'ssembly in an incorrect position, These events are
described below.

,

,
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5.1,8.1 Rgrih Ann e b m L l

See Section 5.1.7.2 far details of this 1989 event.

5.1.8.2 QUAD.liljft1

In 0:tober 1989, a refueling crew inserted a BWR fuel assembly in the
wrong location in the core. The foreman then attempted to cover up the error
by ordering two unauthorized movements of fuel assemblies. Also, communica-

tion with the control room was not maintained, which is g ther fsilure to
I

follow procedures. The foreman's license was suspended.

5.1.9 fml.liandiinaL_0fant_Wata.Usl1

There were two fuel handling events (one in 1969, one in 1988) involving
crane operation at U.S. plants. 1 nose events are described belev.

5.1.9.1 [A h t,rt i U lls;1

On Dectmt.er 30, 1988, it was discovered that one of the aduinistratIve
conitols at Calvert Cliffp1 was not beu g properly maintained and that a
heavy load (the spent fuel cask crane load block) had been movnd ever tr"e.
spent luel pool. Information on this 1988 event was published in 1989.' "

5.1.9.2 Oyiter_Cyrgh

irradiated fuel stor?d in the fuel pool at Oyster Creek.[ age been moved overOn January 144Hi,1989, a fuel pool gate (FPG) mcy
1he lechnicti'

specifications state that no object in excess of the weight of ont fuel
assembly e ' be moved over stored irradiated fuel. Although no cre could
state conc.. sivel; that this did occur, an observation and an analysis indi
cate that 1: !s may have occurred. The cause of the incident was parsonnel
error. This ns a voluntary report.

F.1,10 Fuel Hy[Unr: Prgg@ r,ql_V i_q131.i gna
"

There were seven fuei h,udling events (two-in 1989, five in 198R) at
V.S. plants that involved pr?cedural sto12tions. Those events are derribed
helow.

5.1.10.1 Atiasas-2 6

un februny 29, 1988, it Arkansas.2, NRC inspectors observW housekeep-
ing discrepancies on the fur.1 Nndling bridge during fuel Sandlinu activiili s
over the reattor vessel. The discrepancies included loose tools, loose
debris, ard ec.essive dirt on the floor of the f gel handling brMge. Informe- 4

tion on this 1988 event was publithed in 1989.g

s
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| 5.1.10.2 ErnR1_ Fernd _,

.

_

_04 January _5, _19N, with 74 fuel -assemblies loaded, fuel loading at*

' Browns Ferry 2 was halted by plant management.vo evaluate NRC concerns with !
4

>

the reload procedurosc NRC was cov erned th u fuel loading was being
Iperformed without'adequato neutrcn aonitoring due to inadequate safety review

i Information on this-1988 ev9nt wasofTechn);ni'Speci[3,gtion. amendments.published in:1989..

_

5.l 10.3 Snnsi.gA-l -
' : An. tE resident inspector discovered that the standt'f gas treatment

- _ system, which would oe used to. process radioactive gas in the event of a
.E aishap, was inoperable during the period December 11-14, 1988, at which time j

irradiated fuel assemblies vere being moved } side the' secondary containment ''

,

-buildgatBrunswick-1. Information on this 1988 event 'was published in -

1989.,-,s

5.1.10.4.-'!!rrarel-

' LThe NRC cited' Byron-1 for violation of NRC safety regulations cn' '
1

:0ctober 12,:1988r.during lowering of the watar level in the refueling area for:.
" . ater was removed by a pump:from the reactor vessel faster thanWmaintenance.

-it was: draining into the : vessel from the refueling area. The water level in
the_reattor-remained well above the top of the~ fuel and adequate cooling capa-

:
bility was' available. ~Since the suction point of the pump _is'above the top of >

the fuel, drawing waterxat the point could not result in the fuel being uncov->

ered. -The < incident occurred Lecause plant personnel'reliaf on visual observa-
tion of-the water level in the refueling area, which ~ proved to be misleading, ,

and onla temporary m:.ter Llevel device that~ did not accurately"inpicate- the
' level'. Tnformation'on this'1988 event was oublished in 1989.'

i

5;1.10.5-- Clirtord
u

106-January 22, 1989, Lit was determined tnat reactor core' alterations I
g

- were being' performed at'Clinton41 in.one' quadrant-of the core without, an 1
l;P_ . operable source range monitor -(SRM) in'theg"jacent. quadrant, which is a: violation of.- Technical Specification 3,9.2' lhe cause of this event is""

attributed to utility licensed operator error,.

a?

15;l.1016-: Harrj,s.d
I

7 Plant'personncl~ at_ Harris-1 were in the process of transferring spent
.

k '

" - fuel:from the shipping cask to"the spent fuel -storage pool on August 27, 19896
when it Was discovered thatLthe. fuel; building operating floor equipment hatch''

,

jwasEin th orage: location <on7 the~ operating deck ind not. installed as
| required.g*' Fuel-movementwasimmediateI)

'

stopped; ftw1 uovement ret.umed.L,
p- af ter the hatch was cinstalled. The event was caused by procedural'

' inadequacies,

s

t
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5.2.10.7 P_qjat Beach-1

At Point. Beach-1 on April 20, 1988, a warning device (flashing red
--light)~ was not ~ in use duriag a fuel assembly transfer, which is a violation of

u the plant's procedure (HP-3). The radiation field at the containment wall
exceeded 1000 mrem /hr. _Dsting the time the red light was inoperative, fewer
tnan .10 irradiated fuel assemblies were sent through the fuel transfer system.
When fuel 11s raoved through the transfer canal, radiation emanates from a gap
between the containment wall a.,d the containment floor ar.d transient dose

rates of up to 6,000 mrem /hr are observed for approxiggjply 10 seconds.
Information on t his 1988 event was oublished in 1989.

Luel H ndl_ina; _0ther Lv.ents5.1.11 A ,

~There were two other fuel handling events (one in 1989, one in 1988) at
L.S. plants and one item of interest on fuel handling at foreign plants,
lhose events and the item of interest are described below.

5.1.11.1 Davis.Jn d
,

Fuel leading at Davis Besse-1 was delayed when Ivose parts were dis-
covered in_the reactor vessel on July 2, 1988. The debris consisted of two
pieces of-high pressure injection /make-up nozzle thermil sleeve, an appareat,

paintcj;ip,andarag. Information on this 1988 event was published in
1939.I

E i.ll.2 San Onpfre-2
,

On September 20, 1989, core siterations (removal of in-cc ? nuclear

sure,ggjnts) were per formed at San Onofre-2 without complete containment clo-
instr

i The event was attributed to oeficient administrative contrels.
,

5.1.11.3 U.SSE
1

| TheSovietUnionplanstooperateaclospggfuelcycle;hence,spentfuel
has to 60 transported ti eprocessing plants.' Thus, transport of spent'

i- fuel from VVER-1000 reactors is one of the main challenges facing the Soviet
'

nuclear power industry. According Lo f ue safety regulations at VVEp 1000s, it
is only possible to unload rpent fuel from on-site storage when the reactor is
shut down.

5.',1? Debris in Reactor Vessel / Potential Fot_It
.

There were three esents in 1988 at U.S. plants and one item of interest-
pertaining to plants in the U.S. and other countries that involve debtis in
'the. reactor vessel or the potential for it. These events and the item of
interest are described below,

5.35
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5.1.12.1 p_ayjs Bessa:1
"

Fuel loading at Davis Besse-1 was delayed when loose parts were dis-
covered in-the reactor vessel on July 2, 1988. The debris consisted of_two
pieces of high pressure injection /make-up nozzle thermal sleeve, an apparent
paint chip, and a-vag, Information on this 1988 event was published in
1989. N

5.1.12.2 Diablo Ltnysnd

Diablo Cenyon-1 responded to items of violation cited by the NilC. One ,

of the violations involved the reactor vessel head cable tray area -loose
t

toois were found on April 14, 1988, that were not entered on the provided log.
A procedure will be developed to prevent introduction of foreign materials
into thegctor coolant system. Information on this 1983 event was published ;
in 1989.

>

Diablo C MYRn-15.1.12.3 i

Incidents of loss of cleanliness control were identified on April 9,12, '

-21,-22, and May 10, 1988, at Diablo Canyon-1 by hRC and licensee personnel,
including the discasery on April 22, 1988, of foreigr. material on the reactor -

vessel upper internals. One of the activities underway from April 6 to 9,
-1988,wascontrclroddrivemeganismwaldrepair. Information on this 1988
event was published in 1989. "

5.1.12.4 }Le.111nghouse fuel

See Section 5.1.1.9 for details on this item of interest.

5.1.12.5 Vermont Yankee

See item under 5.1.1.20.

5.1.13 . Failur.LyLl_nflataplf Sul

.There was one event in 1988 at a U.S. plant tnat involved the failure of
an inflatable ' seal . That event is described below. ?

5.1.13.1 fturry

There was a Severity Level-Ill violation (i .e., under the NRC's policy,
such a violation is one thit is cause for signiffcant concern) at the Surry
Power Station on May 17, 1988. The event involved the sudden failure of an
inflatable seal in the reattor ref ueling cavity and the subsequent loss of
30,000 gallons of water fron the cavity. Information an this 1988 event was
published in 1989. W3g'
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S,2 NEW- PROBLfjiS IN 1989 (ANR,1fDi.JL}99.Al'

,

Describedibelow in ?? sections are various-new problems with fuel- '

systems that. occurred in 1989 (plus a few in 1990).
- .

|
'

- 5.2.1_ Lufl' Systan; : Failures. Damagh_cr Poleath1 fo.r_Rymace
-.

_

There were 7 events (1 in 1990, 6 in 1989) at U.S. plants and 12 events
~

'

' (1 in|1990,711:in 1989) at plants in other countries concerning fuel systems
that involved failures, dart. age, or the potential for damage. Those events are:

described'below.
_

W'5.2.1.l' !iitddam Neck>

,

:The occurrence of an- unusually large number of defective fuel' rods-(213
tleaking' fuel rods in 67 fuel assemblies) at11addam Neck has made the utility.

-

extend their outage (originally scheduled fog {pptember-2 to tiovember 2,1989)- :
byttwo months' to repair the fuel assemblies, The fuel rod failures are r

:being! attributed-to tiny debris Teft .in the primary system from the previous,z ,

outage. .a
''

P

:The-licensea for the reactor (one of the last using stainless steel-clad
~

,

fuel' rods) is in the process of- obtaining a license -to use Zircaloy-clad fuel -t.

* rods instead of stainlesisteel-clad fuel rods.
y

15.2.1.2: Haddam Red; ;

'

- ifitrasonic testing on November g 1989,orevealed a significant numbe-
-of failed fuel rods-at Haddam Neclu u

~

Approximately 233 f ailed fuel rods
; :wepe identified in 88'of 1091 fuel assemblies scheduled for reinsertion. The :

; failures were caused by; debris-induced fretting. The debris lodgea between. ,

' ~
"the lower fuel assembly nozzle andithe first spacer grid. .Although--the source
of the'debrisi h'as not b6en confirmed, it appears to be_ a machining by product

ifrom the thermal; shield support system repairs that were performed during the
_

Klast- refueling outage. Thc1affected fuel assemblies that are to be reinserted
W :in thelcore'will oc reconstituted:tc remove the failed rods. A root-cause

evaluation-:ofzthe< event is to be conducted. ;

0 .2.103 Jiaddam Nech5

A1recentJarticle*'6L indicates that Haddrm NeckIhas extended its obtage-
Lto repair. 286"d_egraded-fuel rods l_n 88 fue1~ assemblies, most of'which the
licensee suspects are-leakers. The cause of the-problem is-be:ng attributed

--to" tiny debris.left in the primary coolant system from previous outage work. .

The11'icensee stated that "...Itfs rarn for Connecticut Yankee to have any
~ '

.

~

-

"(al The1folloWing; four entries (Sectf ons 5 21 1 5.2.1.2, 5.2.1.3, and- . . . ,

. 'S.2.I;4) pertain to the same event. Although debris-induceri fretting is
~

an old-problem, i t is new at haddau Neck.
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Lleakinof fuel pins " - The intensee is in the process- of getting ipprovel to |
,

-

. replace stainless steel-clad fuel rods with ones clad with Zircalay.
,

m

5.2il N lladiaa lteG - j

- Haddam Nosk has extended ito Wttge ':ntil at leas ril-1990 because
" fuel damage is more extensive then originally thought.h6gJ The-reactor has . !

W ,

-343 fuel rods in 88 fuel assemblies with through wall cracks caused by metal -

flakes:left over from a job dona on the thermal shield .during-the last- outage,:

The flakes, the flargest'of which is the size of a fingernail; apparently+
scaused nicks and some cracks. Seventy-five percent of the damaged fuel tods 3

Thave been in the outer two rewr of rods of the fuel assemblies. The fuel i
l

: assemblies are being cleaned and reconstituted.'

L' - 5.2.1A Line.Iickk2
-

. W~ - ...

at Limerick-2, the center stringer assembly containing
. ;

:" On. June-13, 1969, ,

seven:startup~ neutron source ; pins urahreaded from the top.of _ the assemb1 d
Ldropped approximately 35 feet through the water to the cask pit floor.',4'an

.

Visual inspection (by underwater ccmera); indicated tl.ht of sou> rin was-
.; damaged-(amounted to >$2,000). The pin was determined to be un Jptable for'

,

use. The--event was the result of a personnsi error and a t>rocedural-
deficiency. .

,

:
. 5.2;1.6: Dyster Ct Mk

-

. A' review of the contair ment . spray system logic _on March 8,1989,- deter- - .'
mined.that' the system at Oyster Creek would not perform as expected during a

idesignjbgis; loss-of-coolant accident (LOCA) due to the. design of the system
-

*

. logic. j Ris;occurrance is considered to nave potential safety signifi9 cance intthat the loss ~of net. positive suction heat-(NPSH) to the core spray
+ | pumps could lead stoLcore damage during a LOCA.~ Any- core _ damage would be .

- ' minimi7.ed by_ the f act that other sour ces cf water external 'to the' primary
containment would be--used to, provide cooling to the core it.the torus was

>

: unavailable. ;

s:i .. .: . .

5.2a.7 faist Bu&1
0n) April?lc1989,-itwasconfirmedatPointdenh1-thattheestimated ,

. 7

Ltime to core uncovery, assuming a single train otithe' Emergency Core Cooling
'

c ,
'

System?(ECCS)'during the time of transfer -from the refueling water storagen '

' taik -to: the cont was probably considerably shorter than pro-
Nously assumed.gentJsumpsPreviops analyses had not considered entrainment _and-

"

. steaut voiding Lin' the core. The li_censee issued an order to provide guidance
.

'
- .

Lto.' operating crews f_or an event'of this typei*

,

-

15. 2.1.8_ - S_an_Angf reyl -'

H An-evaluation at San Onofre-1 an February 27, 1989, determined that
design-provisions intended to trm the reactor in the' event of a reanor

,

'

5.33
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coolangmp (RCP) locked' rotor did net satisfy the single failure crl-
teria. Specifically, with'a concurrent RCP locked rotor and a failure of
a reactor coolant low measured flow reactor protection system (RPS) trip, an ,

RCP overcurrent trip signal to the RPS would not have actuated in rufficient
time (six seconds) to pieclude exceeding core design limity. The cause of the
condition was related to an absence of available design basis c'ocumentation in
combination with an inadequete interdisciplinary review. t

5.2.1.9 Stqv.quh-1 ap_qL_2

The licensee for Sequoy4h-l and -2 submitted a response to aQtem ofviolation cited by NRC in inspection Report 50327 and 50238/8907-

The w
event occurred on February 11, 1989, during an attempt to raise the upender Lwithout first having the fuel transfer card fully inserted. The usult of -

this action was a bent irradiated fuel assembly (this is a repeat of Viola-
tion 50328/84-36-01 that occurred at Sequoyah-2), dawever, it is stated later
in the article.that an examination ravealed no damage to the fuel assembly and -

that the damage to the fuel transfer cart was caused by personnel error in
failure to follow the prncedure.

5.2.1.10 Voutic-1

On March 20, 1990,- a construction truck knocked down 9outside the Alven W. Vogtle plant in Waynesboro, Georgia.gower lineThe event
caused Vogtle 1, which was down for refuoling, to lose reower to its core
cooling system; Vogtle-2 tripped off-line for unknown reasons when Vogtle-1 $

lost power. Vogtle-1 was without power for ?6 minutes. NRC and Georgia Power ;investigators visited the plant-in an effort to determine why the backup
generator failed and why the power interruption of Vogtle-1 caused an auto-
matic shutc;own of Vogtle 2.

5.2;1.11 [Jttah

in January 1990, an accident occurred during.
one of the 480 fuel channels at Canada's Bruce-4. ,rg ge on-power fueling of

u

Af ter the fueling
machine; had haen positioned and locked on to the designated channel, the

,

20-ton bri6ge that ceries the fueling machine cylinder was driven 16 inches
- downward towards a different channel position on the reactor face. This
displacement apparently damaged an end fitting or ruptured the fuel cnannel, >

releasing heavy water coolant ontn the reactor structure floor. Personnel are
expecting to remove 8 irradiated fuel bundles from the tilted fueling machine a

and 13 bundles from the affected channel.

5. 7. . ? .12 fcAgrA]ltput1)ic_ofGerund

On July 24, 1989, the refueling machine telescope mast manipulator,
which was suspended above the reactor vessel. snapped off at Isar-l in West

,

-

(a) The following thre entries (Sections 5.2.1.12, 5.2.1.13 and b.2.1.14)
pertain to 'he same event.
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' Germany. 9 : The manipulator's plunge was' broken by a refueling platform; but. !

~

,

the collision-spilled 67 ball bearings from a rotation device on the platform
into the open vessel.1Thus:far, 45 bearings have been recovered with magnets.

. Bavarian regulators have stated that the remaining 13-hearings must-be found
before restart: of the BWR will be allowed. . Utility officials acknowledge that

- ' damage to fuel cladding from a' loose ball bearing cannot be completely'-

1 excluded, in the menntime; 235 of the 594-fuel assemblies in the Isar-1 core-
"

have' boer.' replaced and inspected.

5.2.1.13L Federal h public of Germany
.'l

,

.Isar-1 (BWR) was restarted in September 1989 after West German licensing i

officials ruled that the nine ball bearings. assumed to be left in the reactor |

after tgoly 24.1989c refueling accident posed'no danger to reactor.

safety in the accident, the refueling machine telescope mast manipu- 4

lator, suspended above the reactor vessel, snapped-off and collided with the '

, . refueling platform, causing 67 ball bearings to be dumped into the core.
.

m About 80,000 individual reactor parts and components were inspected. Experts
< determined that the nine ball bearings are not likely to be dislodged by.
currents generated by recirculation pumps. It would have been possible to

~

.

find the bearings but since they are presumed to be in inaccessible corners of
the coref a. licensing official said "the costs would have been prohibitive .,,

with' respect to the benefits accrued" in' enhanced reactor safety.
.

L5,2.1.14: f1@rALhpublir of Germany
; .

. Fuel : assemblies were inspected in September 1989 at -Isar-1 (BWR) in the' -

Federal Republic of Germany af ter a sliggincrease in radioactivity was 4

detected 'in the priury' coolant circuit -The release was due to nairline.
cratks in-a defective fuel element cladding. It was feared initially that the .

cause night b;1 traced to the ball bearings that were left in the primary,
.

"- . cool 4nt circu t after: the recent maintenance outage; The failed fuel was in
an area inat M.? missing balls could not have reached, and it was decided that

- the cause M the event was probably a reaction between -the. cladding and the
- fuel pel1ets.

'

5.2.l|15 federal Pentblic of GermanyC '

;West Gernany's Kruemmel (BWR) has been put back into operation after
nine-weeks,0finterruptioncausedbyafuelassemblythatwagdroppedfromthe

'

crane during-reloading in.to the water-filled storage pool.#.
.

oa
N 5.2<1.16 Ergie.

_ On September 1,1989; at france's Saint taurent41L (a gas-coolede >

i

reactor),f a fuel element broke loose frum the fuel handling system and fell

- ding ' integrity?g8}its -original ply.ce,' with no apparent consequence for clad-
: seven n.eters in

During attempti to inspect-the channel'with the fallen
fuel ~ element, two more fuel elements were dropped, one from five meters and-. .

the other from one meter, also with no: apparent consequences.
,
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5.2.1.17 Japan 9i

At Japan's Fukushima-ll-3 en January 6, 1989, one of the recirculation
pumps registered " wild vibration" and led operators to completely shut down
the reactor on January 7.pu Inspection revealed foreign materials (turbine
blade, bolts, metallic pieces, etc.) in pumps and the reactor vessel. The
lower part of the reactor vessel is being emptied to permit flushing out all
the foreign materials inside the ves.,el as well as the fuel bundles. The fuel
bundles are to be cleaned in April or May 1989.*gery fuel rod (niore than48,000 total) will undergo thorough inspaction.

5.2.1.18 Japan

As indicated above a pumn at Japan's Fukushima-il-3 (BWR) failed on
January 6. 1989, and parts or the pump were swept through the piping toward ~

the reactor vessel. Small pieces have been found in the reactor vessel and in
the core itself, fo examine the core, fuel bundles are moved to the spent
fuel pool and are flushed with air and water to dislodge the metal particles.
The fuel bundhs are examine.d.Hvia fiber opti;s to assess any damage to the 'surface of the l'uel handle. *

5.2.1.19 Jaoan
'in the incident at Japan's Fukushima-II-3 noted above, about 31.3 kg of

metal were lost to abrasion. Powdered met al, "up to several kilograms," is
thought to have f ound its way to the fuel assemblies, This incident is
attributedtoinsuffgientweldingpenetrationofthereactorrecirculationpump bearing ring.~

n
5.2.1.20 lapan

Rare stress corrosion cracking of the traversing in' core probe (IIP)
system was discovered on Septemb?r 18. 1988, at Japan's flamaoka-1 (BWR) . #,

,

A General Electric spokesman knew of no instance of similar cracking in U.S. .

BWRs. The minor leak in the in-core probe housing came from a 13-mm track in
'

the upper pcrt of the tube.

5.2.1.21 lanap

O October 4, 1989, a ieaking fuel assembly was found at Japan's Ohi-1
(PWR).p""

5.2.1.22 dapan

Fuel was leaded in Mutsu, Japan's nuclear-powered ship, in !972. M The
35-MW PLIR core was operated until 1974 ar.d then, heraise of a radiation leak,
the reactor was shut down and the reactor vessel sealed. After 14 years, the

(a) The following three sections (Sections 5.2.1.17. 5.2.1.18, and 5.2.1.9)
pertain to the same event.

5.41
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reactor was opened and some components (inc'udad 12 fuel rods and 12 control ,

. rods) were examined.- _ Corrosion was-detected on one fuel rod, one control rod,- 1
and other reactor._ components. _ .I_t is believed by the Japanese that the - _

.

:

- corrosion may have been-caused by local and limited water quality deficiency,

a result of water jt g-indicates that after 16 years of nonoperation the
e l changes made_during some shield reinforcement work. A. !

~

March'1990farticle.

: reactor is:toistart up_again for a six phase power test;:the reactor-is
scheduled to0 achieve. criticality on1Marr.h 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 if they are traceable to the water i
quality problem. i

tr 5.2.1.23 . h it1erland-

_In Hay 1989,' Asea Brown Boveri (
-inspection:at Switzerland's'Beznau-l.$fj*j performed a complete fuel cladding

=

'" This is the first time a Swiss- *

reactor has undergone _ ultrasound fuel cladding inspection. ABB has-used - '
-

zultrasou'id: techniques _to inspect the cladding on some fuel rods in Europe, but -
this' work-at Bernau-1 was the first time ultrasound was used to inspect clad- .

ding of an entire core-in a European reactor. The plant operator (NOK) sus-
; pected that some rods in the core of. Beznau-l' were flawed; following the - r
inspection, several single' rods were replaced.

: 15.2 J .24 -hRze_rland - "

Y _ ~During the shutdownffor repairs on_ July 13, 1989, an increase in reactor
. coolant activity led tg3feznau-l-plant eperator (NOK) to suspect a' fuel :

'

element'was' defective All 120-odd fuel elements are being inspected to |$
' pinpoint the~ problem and'to replace any leaking element.

, ..

.

5 2.-l.25 Unit _gd Kingds !

An incident-in february 1989 at Dungeness-8,.a British advanced gas-.

copied reactor, -involved dropptrg octo the : top of the reactor a string #;of new
:

j -

fuel assemblies that were being prepared for loading into the reactor.
Some fragments <from shattered fuel | assemblies, which consist of graphite
sleeves |around clusters of stainless steel-clad fuel pins,-entered the '

'

. reactor;

,

'

; 5.2.7 is_sym/Centerns with Generic _hnplicatj,gnq,

There were two'1990 itens of interest pertaining to : issues / concerns with.-
- generic 'impl ications . These' items.are discussed below.,

15.2.2.1. Kr.yp_t.pp85 Frp Decaym1Jpfat Fuel.>

,

q_ The NRC recently issued an information notice to all holders of operat- *

b : ing -licenses,or_ constructicn permits alerting them to potential problems -
resulting'fromLthe:acciocntal release (c.g., at the spent fuel pool working-: .

:
IJ

(
'

i

5.2 i
.
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N '; floor)t of krypton-851 from decayed spenti fuel W Direct exp'osure to thts gas-
~

- '

- would. result in!a dosc to the skin approximately 100 times the whole-body'

* '

, idose.n ,

,

5.2.2.21 Fort St Vrain
a:.

. ..Public Service Co.-of Colorado (PSC) ha's ceased operation 6f its ailing
.

N ~
'

. .
.

.

: Fort St. Vrain nuclear power plant. after hairline cracks were found in tubes. i

q *' isupplying steam'to the turbine generator. The reactor had been shut down" :
s

W since Auguit- 18, 1989, when a routina test indicated a control rod _ problem.
While'theLeontrol rod was being replaced.-a separate examinatien of the ateam'

,.

M ;generato.rs" revealed the cracks. Although the cracks are not;a public safcty
cconcerng[36.hh ~ financial burden of correcting them makes. early closure more

>

- feasible..
a<
g , 5.2.3L Unggected Power _LoJJ/ Increase

- There were two events -(one in 1990, :ene in 1989) ~at U,L plants
cinvolving unexpecttd oower loss or power increase. Those events are, described-

', Thelow:

' 5.2.311 Drgr@J1-2;.
.

..
On March 14, 1989JthereWas.anunexpec

ithefremote load following mode at Dresden-2.gI power increase upon enteringt
,

The event was due to a
procaiural- deficiency. _Although cora flow increased to slightly above the
1000iimit:in Technical Specification 3.3.G!during this event . safety signifi--

icance was minimal.as maximum core thermal power and other nuclear fuel limits
werennotiexceeded.17his,ws the first occurrence 'in which 1004 core flow was

exceeded while operating in the economic generation-' control -(EGC) toad follow-
ing w.od9.

<
.. .

| 5.21312 Yentled

Q* 2See> Section :5.2.1.10 for! details on this 1990 event'. '

.

;5??.4 Engl Handlino: : Fuel Droop.qd/Brokenjflam.qqd_odqtfestial, for Ddang i
Existed-

.. .
There wera two eunts in 1989 at U.S.--plants ano one event in 1990 at 3

,f' plant in another country involving fuel handling and cases where fuel was
" "droppeds brokan, or c'4maged.or the potential for damage existed Those events

are described below..-

I 5.t.4.1 Limerick-2-

:See Section 5.2.1.5;for details on this 1989 efent.

" S,2.4.2 is.gauovah-1 and -2
|

.See;Section 5 2.1.9 for. details on this 1989 event.
.
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5.2.4.3 Onad_4 .!

See Section 5.2.1.11 fnr detaji: on this ) W event,
"

5.2.5 Eq.e3 H a ndE.qt ;_. Proc e dipalliol a t i gj
.

s

There was one fuel- handling event in 1939 a*. a U.S. olant involving a

procedural violation. That event is discussed below.

5.2.5.1 T hree .LiDfilslanda
e

At Three Mile Island-2 09 January 20, 1989, core alterations (i.e.,

supervision of a fuel handlir.g senior reactor operator (Fil5RO)."g tht-movement of fuel within the reactor vessel) were erformed withatt

'

Table 6.2;1 ci the Technic:1 Specifications re<;uires a core alttrition to '>e
di'.ectly supm vired by a <:en Hr teactor operator or an FHSRO. The root cause
of this eunt was personre' error by the duty task supervisor ur i FliSRO in 3

tut they joiiiti3 fs. led to avecinteiy coawnicate.
->

5.3 OLD P9061JE_) HAT DID NOT RECUR OR DiAT WERE S{sJl0

There were no fuel frlures reported in the U.S. in 1989 that were due
to baf fle jettiig Isee. Table 22), pellet-cladding sateraction (PCI), ce
primary hydriding. Also, no events in"ni ving truld-down sp:ingt (see Table 23) i
were reported in 1989 by U.a. piants.

~
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JAELL21 FWR fuel Assemblies with Damaged or Failed
fuel Rodt Due to Baffle Jetting

. Number of..
._YAAt_ P1ag1(.1) Epp]_Ae,semblLqi

,_

1989

i 1988

.
1987

1985(*I Beavec Valley-1 1

McGuire-1 2

Point Beach-1 'l E_

1985 Beaver Vallc/-l
McGuire I
North Anna-1 1

NPoint Beach-1 4

Point Beach 2 2 -4
#Yankee Rowe 3

1984 Yank?.e Rowe 1

,

1983 Farley-1 11 o

1982 Irojan 17

1981 farlay-1
. Trojan 1

MYankee Rcwe i
'b

1980 -Trojan 2

1979 .

1978 Trojan
"

1977

J976 Point Beach 1 1

1975

t

5.45
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[ . qA,pj,1 3 ; -(tontd)-

Nib NumberJof- ';
t i '

Plan _1f s1 Eup_1 Assemblies
S Y e D.r_._- _,_

wt . _
,

,1974'| <

+m 'l

.?'> I 1973;- Point Beach-1-.
'

'

% .

,

..9yv ._.

'(a) iTwo defective fuel assemblies also found at GoesgenC f.\ h t .|.
<- .

'

, ..

4| " ' : (Switzerland).
M (b); OnlyL a-slight indication of damage to fuel rods was noted on - ;

--

two of these assemblies," ' '

i (c) /Only had one fuel rod that waa bowedLdue to baffle jetting,_ ,

& . .

j

'

? TABLE 23. . Events- Involving Hold-Down Springs--
.. . . . . .

Cans.e of Cyent(s)#
v

Broken (,oose Spring Broken Spring-
dejtt f ,,,Elant~ Sprinas(s) f_ [13.mp- [lmR_Sqrew(,il

, ,

J989ji, , '
.'

4
,

x-
'

t ';-
g :1988'
,

.
,

, /g" .-1987,..-
a

,

-

s1986-i ,

, x. y.o.
.

J198E ,

'

A
1 :

.

.

.

'' M , 01984: Point:L Beach-2..- --

.X~

LSWry71 ;X. X-fm
, ,

-

. _
y,

,
,

a 1-.-
:McGuire-1- :r

~
~

1983-
_ _

,~ ~ '
'',

.
McGuire-2: X--

04 0conce-1: X

'1 < ' :Sequoyah-2' X ,

W. ' '-

gj . - e -3g82! Davis Besse41: X
-

.

~

V, |Cconee d ' ' -X
,

:Oconee-2-- X.

#gyz 'Oconee-3. = X'
,

-
-

e -m .

-

'

J ..

Wyf ,jggi.g : Ar. kansas 1. . X
*

g -

.

,

'U . . . ; .

dCrystalRifar-3|- X
L

,, ..;_._... ...
-

c1980:
E0 avis-Besse-1 X-,

:0conee li .X
~

.

.
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_No ' major -new problems surfaced during 1989. What follows is one possible
L 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 problems.

'

. The systems to be discussed'are listed below;.for easy reference, each'

entry in the following text will also include its Section 5 number. Some
pertinent entries were documented in 1988 or 1990,' they~ are so identified.;

6.1 CONTROL ROD SYSTEMS
6.1.1 Flow-Induced Fretting
6.1.2 ' Hafnium Rod Swelling - d

6.1.3 Insertion without Appropriate Control
6.1.4 Procedural = Deficiency- or _ Violatior/ Personnel Error
6.1.5 Sticking.
6.!.6 . Stress Corrosion Cracking'

6.1.7 Valves *

6.1.8- Wear
6.2 EMERGENCY / SAFETY SYSTEMS
6.3 FUEL. SYSTEMS

6.3.1 Bowing _
. _

6.3.2 Crud-Induced localized Corrosion (CILC)
6.3.3. Fuel Alignment Pins

~

6.3.4 fuel Handling
6.3.5 Iodine Spiking '

6.3;5 Leaks

6.3.7 Procedural Deficiency or Violation / Personnel Error '

6.4 -IN-CORE-INSTRONENTATION
6.' 5 POWER - REACTOR POWER RATINGi

' 6.5.1 LAxial Shape Index-

6.5.-21 Power Exceeded.
5.5.3 Thermal-Hydraulic Instability

6.6 : POWER - REACIOR POWER SUPPLY SYSTEh
6.7 PRIMARY COOLING SYSTEM

6.7.1 Debris
6.7.2- Core Coolant flow / Lowering of Water Level
6.7.3 Stress Corrosion Cracking-

- 6.7.4 Impurities
6.7.5 Unborated Water
6.7.6 Unanalyzed' Condition

6.8 OTHER REACTOR SYSTEMS
,

6.8.1 Containment
6.8.2 "Hct~ Particles"

- 6-8.3' Inflatable Seal;
.

. >

- 6.8.4 New-Fuel-Radiation Monitor
6.8.5 Core' Operating Limit Supervisory System (COLSS) ,

6.9 SPENT FUEL POOL 5
_ _ _

6.1

:
,
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4;7% f6,10! PERSONNEL' ERROR,s PROCEDURE |V10LATIONS, TRAINING < "

T 7' 16,1011J: PersonneU Errori
.

6.10,21 Procedure Violation /Nonccmpliance -
- _

.6.10.3;;0eficiency;in? Training- _ _ '

>

4 :6.10',4b.l.ack'of Admint:trative Control'

|6.10'.59 0efettive Procedure
,4' 6M1 UNKNOW R00i CAUSEi

; _ InLcasesilii which an ite*n could be classed under ;more than:one category,4

%^ |the additional categories are underlined in the- paragraph where t.he -item first
4 ' appears;1the. item is not listed in~more than one category. ihis effort to

~ *

#~ cross-reference the items is. Incomplete,' however,-: and there 'nay be duplication : -
.

:iniSection: 6.10- on Personnel"Otrur. The longest listsiof problem itms . ;*

ff finvolvu Personnel Errors, someLc[which appear also in~ the section on fuel
' '

"Sy'stemsL.;The fuel ; systems and the control = systems, two' off the: major systems s

t ;

,' !exhi, bit the most events.*
,

- -

,

t

.J6.1 : CONTROL R00 SYSTEMS-
--

;'', -- 6.1.1~ Elow induqe_d Fret ting
. a

<
-

m
M indtrates that the

'

[ )5 li5.1 'Braidwood-l & -2 2A'1989':a-t kle
/controlL rods Laref to be. 'n'spected for|1rsttirg end wear.-

16!1.22ainium R LSyellina-'

Jj
:n4
~

!5:Ic2.31- Wolf Creek-11and Taiwan, Maanshamn 0938) < Swelling of hafniun
g .. ._

icontroB rods > has ~ become La full 41 edged saf ety ' concern.

)6 ' 3) Jnsertion -Wittmu_tiAppropr i atifontrol
...

- 5.1'.15.2a Fort Sti. Vrain - A' control _-ro? pair; f ailmi to sced during _ at :
-

iscramisurveillanceitest,yd
5J1/15.3f ScGuir$22 eDth'ing a. routine rod cluster control'assemblyL

- *'; .-
' test,Latreactor trip occurred <because controlTrodt dropped into theLcore. The-. _.

' .

pccuse was marked as W.kapyn.

U L5i1.15J5 fPrairie L slandc2? < In scrams in December 109, the electric-i*

_ .

[,illyfenerghedilatches that securs the reactor's array of control rods in
theirTraised positionolost power,| allowing the rodb to drop aad .isruptirq' .

d '

h
ineatrcn)productiori in tone' sector-ofL the- reactor. Thh root cause 'is essent1&lly'

. Unknown,
s,

WW% ;5.1 d5;67-(Teckey Point-4 LThe;cuntrol rod system began to insert rods
(auton;atically_ but istoppedcef ter .only four_ steps of insertion; The operatorsL

jould notfinsert the control rodsimanually:with> the control'systu, so-_the( ..

]q< | reactor was' tripped.

[- -

,

|- . * 6.?>

|t - 4

'I..'

f $ %

'
_
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5.1.13.7 - Yankee Rowe - During operation at 100% power, the operatorsp

discovered that Group C controi rods coult not be noved due te an inoperable
'

_

control red cam motor.

5.1.15.8 - France, Blayais-4 (1988) - Two of the 53 control rod clusters1

were blocked due to damaged guide cards on three tubes.

5.1.14.4 - Switzerland, Leibstadt (1988) A loose control rod coupling
was discovered - the only Class A incident at a power reactor in Switzerland-
in 1988.

'5.1.18.1 - Braidwood-l - Lightning-induced voltage transients EfaoyeJ)
power to'various rod drive control cards-and allowed. numerous control rods to
drop.

5.1.18.3 -- Catawba-2 (1988) - A control rod dropped into the core during
testing-du to the failure of a fusa.

6.i.4 Pr_o_qsduzalfefir_iancy or Violation / Personnel Error /Milc_ommunicat ionr

5.1.15.1 Dresden-2 - Some control rod drive (CRO) hydraulic contral y
unit charging header ball check valves were inoperative or missing, due to
Proq_edujrq)_Dfff_kiency.

5.1.15.4 - Perrv"i - Operation Condition 2, startup, was ccapleted with a
' control rod inoperable, due to ProceLural Defici_e_nry.

5.1.18.2 - Brunswicx 2 (1988) With reactor in Operational Condition 5,
a control rod was in the fully withdrawn' position but the ahortira links had
not been renoved frma the circuitry.

5.1.18.5 - Fort St. Vrain (1988) - licensee persormel handled control
rods with bare hands.

5.1.18.6 ! imerick-1 - Two control rods had their uncoupling rods
misaligned durit:g the plant's second cycle. following misalignment during
installntion iDesion Deficiencyl.

'

-5.1.18.7 - Millstone-1 - Four restraining metal straps on control red
= drive system hydraulic control enits (HCUs) were found n:issing in August 1989,
due to personnel error.

- 5~.1.18.9 - Ickey Point-3 (1988) Maintenance was performed on the
control rod system without documented in2tructions or appropriate drawings.

,

5. 2.3,2 _ 1rojan;- Miscommunication between the licensee and the nuclear
y steam supply-system vendor in 1976 caused a nonconservative assumpt. ion to be
L used, with the result that the' 10% pcwer reference temperature used in the

rod control system was different i on tnat in the safety analysis. Thii, was
reported in 1989.

6.3

)
1

,

i

__g-
__ -,



y 3- g . ~ - . ..

3--
.- . . - . - - - . - . . -

'

{
g3

'

.

,',

[ 5 i
-t.

M1.5;Suhkinq
,

'

.. .. . _ .

y 5.'l.2;9:- Frant.e, Gravelines-4:- A control rod oroke off and fell to the' ';
bottom of; a-fuel -assembly and'its spring was- stuck in the guide tube,. causing .

,

4. #

t he control rod cluster to stick at-an intermediate position. '

t
~

,

15.2;6,1 - Fort St. Vrain - One of 37 control rod pairs could not be- ;

inserted more than ta third of the way and. became stuct, outsidt the reactor,. l
u

theihead of one of the control = rod's Inconel clevis pin-bolt's had developed a
g, fracks. broken off, avid beconwedged between the control rod and the guide

tube.-4

.

i .

5;2.6.2-5.2,6.5 - Finland, Olkiluoto-L - A metallic powderMormally used
g- in- sandbitsting was found in tM control rod dr;ves. The material appears M .

;

correspondxto cld. stainlest steel BWR ox:de layers. ,

s /

- 15.2.6.6 ( Japan, JAERI's nuclear safety.research reactor - The reactor-
,

Nailed to' reach criticality when the bottom of ane rod had become uisconnected - ,,,

2nd +ascstill=in the ccre. '.
6 '. l . 6) S t rq.51_(pyro s i on C ritc kin _g |

'

5.1 17,l' H Arnold - In November 3988, trarisgranular steess'corroslem
t Lcracking of control- red drive: piping was observed.-

'5;1.17;2 -|Diablo Canyon-1'(1988) - Canopy seal welds on four:contrcl rod'

"drivo nachanism head adapter plugs were'leeking, because of transgranular' .

| . stress corrosion cracki'ng'.<

~. 5.l.'17.3. Pulisades (19EB) - A total of1 14 control rod drive real :.-

hcusings weie ;ound to be crackeu, due to contaminant-induced transgranular --

1

stress corrosiori. . Studies indicate that it would take approxmately five years.<

for a 0~ 0;C inch initial depth crack to propagate through the entire housing.

6 - m.1 h

5.141714 A iigri_m (1984-1989)' Contret rodLdrive ccliet-retainer tube.-
,

iweld defects were-determined ta be-due to?intergranulai streshcorrosion-
crackingb(iGS.CC). q

5 J.19.6 --France, Gravelines-~1 - Guide tube support pins have been '

| ireplaced for''the' second time. A new support pin more resistant to cracking.-is
Lunder development.*

'

5.2.1.22 -_ Japan,' fiutsu1(1990) -.On this-reactor which has been shut.down
'forsl6 years | and -has recently been; opened, corrosion has been found on one

-

"
,

Efu41 tod,J one control frod ; and other reactori componrits, posslMy due' to local
1 and (limited water quality deficiency.

h

.

a 6.4'
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6.1.7 yglyn

5.1.14.3 - P.iver Bend (1987) - A valve supplying cooling water to one of
the control rod arives was mispositinner and 18 lock wires on the hydraulic

3

control units attached to nveral of the valves vre missing.

6.1.8 bbt
'5.7.16.2 - Monticello - Refueling actisities in McVember 1989 inciuded

removing 9 core blades because of wear and moving ',0 other te maximize their

useful lives.

5.1.17.8 - France No. (1988) cr iteria for replacen,ent of vorn control
rods: ciadding picrced tnrough er norn over 2M of its circumference next to

_

the seventh guide plate. All coruol rod tiusters on 900-MW PWRs are to be
changed by the end of 1990.

5.1.19.1 - Federal Republic of Germany, Bibli! end Unterweser - Cet: tral
pins, the counterpart of Westirgh.use-design control rod guide tubo spl:t
pins, will be replaced in the '; ears 1989 through 1971 if any crack indications

(are found.

6.2 fl!LRENCYiSKF(lY SYSfM

5.1.20.3 - Haddam Neck A dit;rroancy was discovered in the Design Pasis
targe Break Loss-uf-Coolant Accident (LBLOCA) analysis. A nonconservative
reactor vessel lowc plenum volume was usod in the Interim Acceptance Criteria
(IAC) model.

5.1.20.6 - Worth Anna-1 - An input error for the LBt0CA analysis for the
18"; staam generator tube plugg.ng licensing casa was discovered.

,.

5.2.1.6 Ojster Creck - The containrent spray system logic would not
perform as expected durTng a design basis LOCA, due to the design of the
system logic.

5.2.1.7 - Point Bear.h-1 - It was di u vered that the e<timated time to
core uncovery, assuming a single tr6 in of the Emergency Core Cooling System
(ECCS) during the time of trarrier from thr refaeling water storage tank to
the containment sump, was probaS'ly corc.iderably shorter thc.n previonly
assumed.

5.2.1.3 - San Onof re-1 - It was determind that the design provisions -

intended to trip the reactor in the event of a "eactor coolant pump (RCP)
locked rotor did not satisfy the single f ailure criteria..

;
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6.3 FMDmSYSTEllS

, . 6.3.I Bowins_

) 5.1.1.7 - There is a need tc account for channel bowing in computer
modeling of fuel performance.

L 5.1.1.15 - Sweden, Oskarshamn-2 - Channel bowing lead to failure of four
first-cycle fuel assemblies, due to dry-out.

C.3.? f.r.95-In@K9A 3Eitl.i.1.cd Corrosioa (C.lts_1

5.1.4.1 - Hatch-1 h-2 (1980-1989) - Most of the 108 fuel assemtily
failures during ?3 of the last 15 cycles were due to CILC.

(
5.1.4.2 - Limerick-1 (1987 1989) - Pinhole-sized leaks in as many as

30 tuel rods have forced the reactor to run at reauced powtr.

6.3.3 fagL A_lignmenLPin.J

5.1.19.2 - Federal Republic of Germany, Biblis-A - fwenty two Inconel
X-750 fuel alignment pins were replaced with new austenitic steel pins. Pins
at Obrigheim and Grafenrnet.Jeld have been replaced. Pins at Grohnde,
Phillipsburg-2, and Neckarwestheim-1 have been or are to Se inspected.

5.1.19.3 - Federtl Republic of Ge:many, Biblis-B - Sixty seven of
386 fuel alignnmnt pins inspected were replaced prior to January 1990,

5.1.19.4 Federal _ Republic of Germany, Unterweser (1988-1989) Thirty

four fuel alignment pins of Inconel X-750 were replaced with stainless steel.
Inspection of all fuel alignment pins was required at all West German PWRs
following a refueling accident at Brokdorf in 1988.

6.3.4 f3gl Handling

5.1._1.2 - Quad Cities-1 - Fuel assembly fell from refuelling grapple.

5.1.7.1 - Limerick-1 - A fuel rod dropped during fuel reconstitution
. activities but was not damaged. Personnel fatigun was involved also.

54 1.7,2 - North Anna-1 & 2 - An attempt was made to insert a new fuel
assembly into a spent _ fuel storage rack position. Categorized also as i

Eersonnel Error.

5.1.7.3 - Palisades (1988) - A fuel bundle was lef t hanging from the
upper guide structure due to the bundle adhering to the bundle guide pins.

5.1.7.4 Vogtle-1 (1988) - Power loss caused suspension of fuel in i

refueling machine and subsequent manual operation of the handling macl.ine.

6.o
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5 1.9.1 - Calvert Clif fs-l' t19881 . A hecvy ;ad was moved over the spent
fuel pool, contrary te proper Mejnt.Lta3LiKA91I9h

5.2.1,5 - Limerick 2 - The center stringer assembly contair.ing sevenc

startup neutron- source pins unthreaded from the top of the assemb~ly and
dropped approximately 35 feet through the water to the cask pot floor. (Per-
sonnel Emr_qnddtscedure Defj.c.iensy.JL

5.7.1.0 - Sequoyah-1 & -2 - During an attenpt to raise the upender with-
out first having the fuel transfer card fully inserte'i, an irradiated fuel
assembly was bent.

5.2.1.11 - Canada, Bruce-4 (1930) - Caring rou'<ine on-power refueling or
one of .the 480 fuel channels and after the fulling machine had been positioned

_

and locked on the designated channel, the 20-too bridge that carries the fuel-
ing machiro cylinder was driven 16 inches downwrvi toward a ditierent channel

' position of the reactor ftce, apparently damag'.ag an end fitting or rupturing
the fuel channel and. releasing hsavy water onto the reactor :tvucture flanr.

e

5.2.1.12 - Federal Republic of Germany, Isar-1 The refueling machine .

telescope ' mast manipulator, which was suspended ab;ve the reactor vessel,
snapped off, hitting the refueling plat. form and causing 67 ball bearing > from
a-rotation device on the platform to spill into the open vessel. All but nine #~
were recovered before restart' of the BWR was allowed.

u
L.2.1.15 - Federal Republic of Germany, Kruemmel - Niue weeks of-

. ,interrupted operation were caused by dropping a fuel assembly into the water-
filled storage pool during reloading.

5.2.1.16 France, Saint Laurent Al - A fuel element broke loose from the

fuel handling system and fell seven meters into its original place, with no
apparent consequence for claddir.g integrity.

5.2.1.25 - United Kingdom. DungenessLB - A string of new fue' assemblies (that were being loaded into the reactor were dropped onto the top of the
reactor.

6.3.5 loJine Spi;ino +

5.1. 5/6 - Jurry-1 - On September 1,1988 an iodice spike occurred;-

sipping roch rmed that a fuel leak existed.

5.1.6.1 - Limerick 1 - An iodine spike occurred on January 11, 1983
exceeding the Technical Specification limit of 0.2 microcuries/ gram.

6.3.6 Leaks

5.1.1;l - Oconee - Most leaking in fuel rods occurs directly adjacent to
the center. instrument tube and in or adjacent to corners.

,

.
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-5.1.1.14. .. India, Tarpur ;As many as 100 ffuel bundles ' developed _ pinholes - 3

in the first cycle.
4

~

#

E5.1.l.18:-Sweden-(1964-1909) - Fuel failures'have occurred in four BWRs'

and' three PWRs in;the past five years. H

5;1.lil9 - USSR - Fuel failures are a recurrent problea in the USSR.
.

.

-5.2.1.1 - 5.2.1.4 - Haddam >!eck - Approximately 283 failed fuel rods were !

. identified _ in 88 vf 109 fuel assemblies scheduled for reir.sertior.. These were
all attributed to . debris induced fre11jng.

,

*

. 5.2.1.14 - Federal: Republic of Germany, Isar-1 s A release of radioactiv-
' - ~ity found in the= primary coolant was found to be due to bairline cracks f ri *

fuel! element cladding, probably due to pellet-cladding interaction (PCI); y

- 5. 2.1. 21_ w Japan, Ohi-1 - A leaking fuel assembly was found an October.

5.2.1.23 - Switzerland, Beznau-l - Asea Brown Beveri performed a complete
ultrasonic fuel cladding inspection, the first time a Swiss reactor has under--
gone_ ultrasound _ fuel ~ cladding inspection.4 -

6.3.7 ff.ncadural Defi_cjtnry_Ar_y_lo_latiqp1P.g.tlonnel Error _glated to Fuel |R-

5.1 ~ 10.1 -L Arkaraas-2- 19B8) - Housekeeping-discrepancies were observed
ion the fuel handling bridge (during fuel handling activities.

.,

.5.1.10.2 - Browns' Ferry-? (1988) Fuel loading may have been. performed *
.

; without adequate? neutron moniter.ing,.due to inadequate safety review.
'

5.1.10.3'-' Brunswick-1 (1988).-LThe standby gas treatment system was
inoperable during- aL period:when irradiated -fuel assemblies were being movnd.

,
,

5.1.10. 4 - : Hyron-1 (1988);- Water was removed from the reactor vesc91' *

faster than itLwat being from the refueling area.o

5.1.10.5u Clinton-1 - Reactor core alterations were performed-in onec"#..

Equadrant without an operable source range monitor (SRM) in the adjacent-
quadrant.

~

.

6 - S.1;10,6 - Harris-1 - The fuel building operating fhor equipmentLhat_ch
- was not| installed;as requirediduring the process of transferring spent fuel
from the-shipping _ cask Ao the storage pool.

, _ ,, o
,

5.1.lb,7 - Point Beach-1 (1988) - A warning device was not-in use du-ino- ,

a. fuel assembly transfer.

5.?.5.1 - Three Mile Island-2 - Povement of fuel within the reactor ves-
7, _ sei was-performed without.the supervision of the fuel handling senior reactor

operator,Ta: Technical' Specification vf.olat ion.

6.8
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5.2.11,1 - France, Tricastin-2 - The fuel arsenhly cooling system had not
been switched on during refueling, a level 1 event.

5.2.12,1 - France, Dampierre - Some fuel rods were discovered to containo

under:ized pellets. This was classed as a level 1 event becau' the discovery
had not been made prior to fuel loading.

6.4 JN-COE ,1NSTRt4 3 TAT 10N

o
'

5.1.3.1 - Beaver Valley-1 - Nine in-core instrumentation guide thimble
_

tubes had degraded die to mechanical wear.

5,1.3.2 --Di.iblo Canyon-1 - Twenty -ight in-core neutron monitoring L3

: system thimble tubes had degraded beyord 50% of wall thickness.

y 5.1.3.3 - South Ter.as- 1 - Thicker-walled in-core instrumentation thimble
$ tuber were to be installed during the August 1989 ref aeling.

,
t

5.1.3.4 - Belgium, Tihange 1, ?, and 3 and Doel 3 and 4 (19P'-1989) -
Thisitemincludesadiscussionofwearonin-coreing*trumentationinthesereactors, as a function of subtle design differences.

,

5.E.1.20 - Japan,c Hamaoka-1 (1998) - Rare .;Ren corrosion..cnt; king of ,

the traversing in-core prcbe (TIP) system caused a minor leak in the in core
housing fmm a 13-mm crack' in the upper part of the tube.

4

6.5 E0WER - REACTQR POWER RATJAG

6.5.1 Axi gl._Sjlg.e_.J nfdeg

5.1.26.1 - San Onofrc-2 - A manual trip was initiated in September 1989, *

because of the approach of the axial shape index (ASI) to the core protection
calcuIator auxiliary trip setpoint.

6.5.2. P wqr Exceeded3_
3

5.1.22.4 - LaSalle 2 (1988) - The power level incrersed to 118% of rated
power nhen two pumps that recirculate water through the reactor vessel auto-
matically shut down when the reactar was at 85% of full poca .

5.1.22.6 & 7 - San Onofre-2 (1988) - It was determined in 1^^8 that the
reactor ran in exces s of 102% of rated power in 1984 due to a manufacturing
defect in a feedwstec flew venturi. And during soue of the time betwen August
and October, 1988 it may have i_a slightly in excess of 100% ci :ndicated
power due to several frctors wnich caused a decrease in indicated power
relative to actual plant power.

C.9
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S 5.1;20M Hope Creek (1988) - The reactor was operated at 101.2% of
4 ; rated power, nominally, duc.,to nonconservative calculational errors - f or R

tfeedwater flowstransmitters.,y
,

5.1.20.51- McGuire-1 - The. reactor operated at greater than 100% thermal
power-due to ErpfeduraL Deficienc.y. j

5.]'.24.1 -- Limerick-1 (1983) :- Prior to a controlled scram, the power ;-

: began hereasing' ca to the. positive reactivi+y ef fect of decreas4ng moderator !

temperature, a Personnel Error. ;
,

5.2.3.1-- Dresden-?. - An unexpected power increase occurred upon entaring-
,

,

- thel remote load following moan, due _ to a: Enger@ral_QgfltfsnLy. j

5.1.2.8 -:Susqi.channa:?-(1988) Reactor power increased to 101% due to a. .

pressura transient, the' result of oispositioning of an isolation valve, a
_

EersonngLLrtgr.-tm

'

5 J.23.'l --Fort St. Vraiu ~ Reactor power-was found to be 83,4% (when '

maximum , authorized power was 82%), because a rebeat steam at temperature flow
had not been accounted for in the secondary heat balance calculation of"

,,

' reactor power,- a: Personnel Errqc,

6.5.3 Thermal-Hydrnu.li d nnabi_1ita
,

, ..

5.1.2.2 South Texasil (1988) - A flow anomaly occurred that was simliar =
tti those in Westinghouse:four-loop. plants, >

5.1.2.J5', A 1989; paper" by the NRC discusses -long-term resolution of
BWR thermal-hydraulic ~ instability.

_

5 1.20.1A.2 - Cook 2 :The rated thermal power was exceeded because of an ;.;
.

incorrect change in: blowdown constants =in a thermal output computer program-
- -

;

i
e -'

-

E0dLR--R[3CTCil POWER $ PPLY SYSTEM =
. _

g 16'6:.

e ,

_

: 5.1.2.l' --Brunswick-2. < A manual reactor trip was specified by new regu-^ '
'

.

.

lations under thecconditions that. prevailed in this -lossuof of f-site power
incident,Leven though the emergency- systems under_ which the reactor would be 4,;

l '. ishut-down would-have toirun-off the emergency diesel generators.
.

6.7 ERINARY-C00ti_NGSYSTfH
:

N:, .. ..

Debris':
'

| 6. 7 J

=5.1;1.10 - Argentina, Atucha-1-(1988)- Three damaged fuel-bearing
i

pressure tubes allowed some fuel to fal, into; the vessel; extracting the
shards has been a problem.

,

7
i

6.10*

,r .

L( ..

p ce
-

:
-*

n.<. ~ . , ,_ . . - _ . _ . ._ - _ . _ ._ _ _ . _ _ _ . . _t



_ _ _ _ - _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _

l.

5.1,11,1 - Davis Besse-! (1988) - Two pieces of high pressure in ection/
make-up nozzle thermi sleeve, an apparent paht ch'p and a rag were
discovered in the reactor vessel.

5.2.1.17,1d & 19 Japan, Fukushima-11-3 Vibration i. One of the recir-
culation pumps was found to be due to foreign materials (turbine blade, bolts,
metallic pieces, ec.) in pumps and the reactor vs.ssel, All 48,000 fuel rods
w re to undergo inspection. Part of this problem was attributed to insuffi
cient welding cenetration of the reactor recirculation pump bearing ring.

5. C .10.1 - 5. 2.10. 7, 5. 2.1.1 - 5. 2.1. 4, and 5. 2.1.17 - 5. 2.1.19 - Two
events of debris, one in a UJ. plant (Haddam Neck) and one in lapan
(Fukushimt 11-3) occurred in 1989.

6.7.2 Core Coplant Flqw/Lowprina of Water leve_1

S.1.21.3 - Nine Mile Point-2 (1988) - The reactor was incdvertently
operated at e. bout 104.5% of rated core flow due to an IsananalytesilondHjoAt

5.1.30.2&3 - Clinton-1 - Three separate incidents of lowering the water
level below the required 23 feet above the top of the reactor pressure v'ssel
flange occurred, due in one case to deficient Surveillance test _ procedure and
in the other two to ipnsR[fjciqnl training..

5.1.30.4 Nine Mile Point-2 - (1988) - Power was bst to che feed water
pumps, allowing the water to boil off from 183 to 108 inches above the core,
at which point the high pressure core spray and reactor core isolation cooling b

systems were activated.

6 i.3 Etress Corrosion Crack.dng

5.1.2.6 - A generic problem may be surfacing as evidence mounts for pei-
mary water Stress CcrrosinfL rasking '(PWSCC) in Inconel-f 00 primary systeinC s
pressure bouMary penetrations." "

6.7.4 Impyrities.

5.2.14.1 - Calvert Cliffs-1 - An abnormal sulfato concentration existed
in the primary coolant syatem at the time of startup.

6.745 Unborated Waier

5.2.15.1 San Onofre-1 - Approxinately 440 gcllons of unborated water was
'

t

added to the reactor refueling cavity water during decontamination activities
and re;,ulted in a positive reactivity adlition, but the 5% shutdown margin was
not approached.

6.7.6 Unanah;ad Candit ion

5.1.21.3 - Nine Mile Point-2 - The reactor was inadvertently operated at
about ICJ.b% of rated core flow due to an "usnklyzed condit ion"u

6.i1
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:648; DJ!lEP. REAClQR SYSTEMS

'6.8.1 Containmgr,t1_

5.1.27.10- Cook-2 (1988)c- for periods of two to five minutes an open
pathway axisted from the containment atmosphere to ths auxiliary building
during core alterati_on 'and fuel mo tamente

--S.1.27.'2 | Farley-1 -~- Uniatching. of control rod drive mechanisms was -
performed without having catablished containment integrity (EersonnpilrI9I).

5.1.27.3 _- Farley (1990) - Containment integrity was breached during
rephcement' of fuel within-- tt e reactor containment. 4

l

'_ 26.1.27.4 - McGuire (1988) - Ouring fuel unloadingLop? rations, containment
was breached when threa temporary penetrations were found to be leaking.

5.1.27!.5:- Millstone-3 -- fuel building ir.tegrit.y was lost during fuel-
movement when a daor-was left open, by Eersong Error.

e
5.1.27.7 --Zion-1 - While the. core was tieing. nf f-loaded there was a loss

C of containeent cloe,ure.

_-_6.8 4 , ". Hot' Particles"
,

5.1.28.I' - Several ! papers "#'2m prcvide information on the problem ofU
-

hot:-particle contamination in=an. estimated 70% of the nuclear power plants
surveyed _by EPRI.

-- .6.8.3 inflat.able Seal

t - 5'.l.13ff t Surry (198B) :-~ An inflatable seal in the reactor- refueling
: cavity suddenly 5 falled,: causing lor,s of 10,000 gallons ? of water from- the -'

cavity (a_ Level-III violatico,1 causing significant concern).

:6.8-_4 New f ed.AutiatioqJ)onitorfl..

. '5.l' 34.1 < Palo Verde-21(1988) L- A new fuel: radiatinu monitor failure was -.

attributed to a malfunction of the unit's clock.

6.8.5 TC_gre Oner_Mj nc t imi t : Sup_ervisory System _(101jiS.J,g .

|Gil.34.34 San Onofre-3 The Colds was found to be_ inoperable,_so that
thefplant was operating with a departuri from n3cleate bailing ratio;(DNBR).

6.9v SPENT FUEL-POOLS.

0m5.1[2.8i NUREG-1353 No- new regulatory rJguirement are warranted
concerning the use of h'igh density spent fuel storage racks.

6.12
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5.1.31.1-Rancho Seco - Before refueling could begin in 1999, a leak in
the 5-nn thick stainless steel lining of the spent fuel pools had to be
repaired.

5.2.13.1 - St. Lucie-2 - The water level in the spent fuel pool was
raised high enough to flood the intake ventilation ducts that line the
perimeter of the pool, a Personnel Frror.

5.2.16.1 - Fitzpatrick Surveys provided in the spent fuel pool to
support ongoing work were inadequate to detect the presence of an object
emitting up to 1000 R/nr on contact, which appeared in the work area.

5.2.16.2 - McGuirs-1 - The neution absorber parels originally installed
in the racks are shorter than the active fuel length of the sts ad fuel-assem-
bli et,; this, combined with the shrinkage of the Bortflex neutron absorber, ~

could potentially have greater effects on reactivity than allowable.

6.10 ERSONNEL IP10R, PRO. @ URES VIO MTl0fiSa 1RAULUN

6.10.1 Personnel Erro_t

5.1.14.1 - Davis Besse-1 - A personnel error during maintenance caused a <

group of control rods to drop into the reactor core, st opping the neclear
chain reaction. Control room personnel erroneously believed that the nuclear
reactor was antinuing and resumed artup procedures, withdrawing the rods
that had just dropped.

5.1.36.1 - 5.1.36.13 - hine events in 1989 and four in 1988 involved
4personnel errors.

5.2.22.1 5.2.22.5 - There were five addit ional events in 1989 involving
personnel errors.

.

6.10.2 Ergred u re V i ol a tj en/Nong opal i a nc e
-

5.1.1.4 - Sequoyah-1 The average temperature of the reactor dropped
below the analyzed value, due to f ailure to comply with NRC regulatory
requirements.

5.1 12.2 Diablo Canycn-1 - tease tools were fou*id in the reactor vessel
head cable tray area, where ther could fall into the coolant system.

5.1.14.2 - Palo Verde-1 Due to deletion cf actice requirements in the
Technical Specifications, a control element assemb'j (t.EA) slipped, during the
performance of a surveillance, approximately 4 inches farther below the other
CEAs. in its group thcn is allowed by the Technical Specifications.

5.1.33,3 - Sequoyeh-2 - Inadequate work control resulted in two emergency
core cooling system cumps to be inoperable while the reactor was in hot
standby.

6.13
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~ 5.1.31.2-- San 0nofre 2F(1988) :The spent fuel handling machine (SFilM)-a
J i- o .may have been| operated overi the fuel storage pool' while postaccident-clearap
h, _ units were not operable,s a? violation- of Technical Specification 3.9.12.

)> 5;1.38 l = 5.1.381G_ -- Four events involving procedural n'oncompliance
: occurred it 1989 and 6 in11983.

;6;10'.3| Ref!ciency 'n TrainLns

-5.1;32.1-5.1.32.17--: Thirteen-cases of defective precedures or training
; ' deficiencies.are notcd in;these sections for 1989 and: four for 10881

,

6.10,4 kgkif Mmiaisiratiy_q .Cortifil =
1

5.1.11.2 - San'On'ofre-2-( Core alterations were performed witht,ut.
.

'

complete containment- closure,2due to lack of adequt.te Mminigirstivaggntrolst

6.10.5:- Defectiv1.P qied.un 'I

% 24 19.lL--'5;7.19 4 - There wero four events in 1989, three in the United
: States and one!in France, involving defective procedures. _;

# 611C])390HN ROOTL CAUSFf I

5.il.39.d < 5.1.39.7 + four events in 1989 and- two in 1988 could not be'' '
o,7

1 traced to.a specific root cause.

miscommunication.
'

1990) -- A new m nt caused by |-:5.2;24 l'y See 5.2.1;10 Vogtle-1 \
'

.
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An historic perspective of burnup experience in the [htted States for BWR ,

fuel is given in figure 7 and -for JWR. fuel in figure 8 Most of the early i,

dat.( for Figures 7 and 8 were obtained from Reference 320.-'' "

:
r .

,

= 1he gtals for burnup have been. reflected in the f uel reload order Inirnup ,

.wcrranties;4in l9S4 the warranty-for werag atch burnup for BWR fuel was
f1CWd/MTUandforPWRfuelwas36GWd/MTU.QI3 Burnup goals have lucreased
efrom tleggaals_ of '45 GWd/Miu for BWPs and 50 Gg[[ilU for PW9s initiatee in
_1978 "' te t.he- EPHI goal of _60 GWd/HiU by 1947. The peak rod-average !y'

'

butnup 1s generally S to_10 GWd/MIU higher than the hatch + average burnup
?ovels.-'3urnup-increases are'beirg spurred by the trend toward 18 and 74-

V -nonth reactoLoperating cy-les in place of ar.nuaF c.ycles so t -

-dihtions .of Estepped burnup increases are being outpaced. 86 #'gt earlier pre:-
.

gM
'

-

;
.

vendors !!s given in' the table beloe,y'; achievements of the five <1omestic fuel
.

A summary _ of the.1989 high burn 1

.,

flurnup,
.

.

_lype . LGWJ/MIU) ,. J omment.
_. .'~ XSJ1 dor P1 anLprilqs1_ ,

JANF. ''|-Tihange-1;. Belgium PWR 50.0 highest to date --
'

' Big, Rock' Point ' - BWR 41.0 h Nhest to date. f
1

. D.C iCook, 17x17- PWR 44.0
..

' "

discharged 1989-
Gundremingen .% BWR 40.0 discharned 1989# ,

FRG 9x9
!-

BWFC' Harx Gai3,-LTA PWR 50,3 00 Gd 0 ;gi

L - ' Mark B'', LTA; .1Sx15 f'NR 58.3 Zire ,4 , grids ,

' C{ AN041 . .. PWR .43,0- .fisch1rged 1989
1.. !.ucio-2- PWR 42,0 distliarged 1989

;

m .

. ..

102.rodtaischarged - 56-59.9 highest to date - i

! 1
.

'GE:
'

BWR. >45 - bundle verage
-

BNR 60- peak pellet exp.,

t.! -Zinn-1 & E. PWR 55 4 assembl!es ave ,
'

2

.
5 tycles- -

% rth Anna-1 ' fWR 58.4 lead assembly ave.
4.18-mo cycles<

Horth Anna-1 PWR - <60.0 lead fuel rod ave. -

,

)
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are surarized below,fgr fuel assemblics discharged from U.S. UWRs and Niis fBurnup statistic
;

n, = , !,
'

-

g

jn 1989 alg.ng:

Number of issembiteli discharaed durIng M19: 4,101
*'

# of assemblics 'di., charged with burnup _>25 GWd/MTU 1,761' *

>t >30 GWd/H10 - 498 -

_ >35 GWd/MTU 20 |-

+ ' Au rage burnup in GWd/HTU -21.5 '

,

[uglative storg_19ftB:
,. . ,

' Total _ assemblies discharged since 1968 41,681 ;
# of_ assemblies dischargen with turnup >25 GWd/MTU 15,249

. >30 GWd/MTU 2,253-

R >35 GWd/MTV 38 e

!' '

>40 GWd/MTV 7
' - Average burnup in GWd/M10- 21.0- 1

y
.

c . |

In l'989'along:- 1

Number.of assemblies discharged during 1989. 2,869
# of assemblies discharaed with burnup >25 GWd/MTU 2,360*

,

>35 GWd/MTV' 1,434 +

. >45 GWd/MTU 38
- :50 60 GWd/MTU 'l

. Average burnup;ircGWd/NTO- 32.3'
,

<
,ic _ . . .

' Y CEE91111YA_d,t12.J1iB:: >

,
. Total assemblits disaharged since I968 28,691

'

;

- # of asse,ablieu discharged wIth burnup - >2ti- GWd/MTil 22,072
,

>35 GWd/MTil. 6,444
>45 GWd/MTU 69

Avarage burnup in bWd/MTU- 29.1

Ststistics whiEh include assemblies from other countries, with refer-
encestovarioussourcepIfhrough1988,areasfollovs(takenfromthe-1988
Fuci Performance _ Report ):_

:
-

s
,

i

. ..

i
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Cumulative average burnup through 1988: |
;-

Assemblies attaining burnupt >25 GWd/MTV >l2,200 !
*

.

fuel rods attaining burnups >36.0 CWd/MTU >6,000
1

40-42 GWd/MTU >350 *

L

EWID '

Cumulative-averhge-burnup threugh 1988: !
: ,

Alteshi.i.iti Endi dELZr-111dl j
~

-Attaining burnups- >36 GWd/Mid -5,250- -1.08 rnillion
,

>40 GWd/HTU ~1,050 -172,270 ;

>48 GWd/MTU ~21 4,745
1 >52 GWJ/M10 >l5 3,694

* - >55 GWd/M10 1,056' ;>

>56JGWd/M1U 10 . |
>$8 GWo/MTU 4 :

7

IndividualIPWR r
Lhigh 'as 61.5 GWd/Hillggi-radiations have attained rod average burnups as- Concerns regarding the possible effects-of extended +

hurnup arW dhcussed in the following paragraphs,

i. - _jAnInternationalTopica',HeetingonLWRfuel-Performancewasheld |
Aprji 21-24, 1991 in Avignun france; t.his. meeting was jointly sponsored by the j
American Nuclear SocietyL(ANS) and tho-European Nuclear Society-(LNS). Pre-

,

sented-at.this meeting were-the must recent high burnup fuel experience in the
.V.S. and several. foreign countries. . Some of the high burnup issaes discassed |,

'

-dur.ingcthis meeting were cladding growth, fusion gas release; fuel rod and'

assembly growth,' channel bo.( bow, decrease in fuel thermal conductivity and -

:the fuel rim.effect. The papers presented during this meeting will be dis- '

y cussed further in future fuel operatir.g experience reports.
|; . ,

A number of vendor publications _ reporting on . inspection of the- 1rradi- :
ated_ fuel provide valuable informction on thc effects and possible ramifica-_ |
tions.of the higher.burnup levels. Summar ks of. several o i-articles,itakenfromthefuelPerformanceRe)ortfor'1900,["}hesereportsand;are presented in .

.the parrgraphs which follow. . Ibe reports' anti articles are discussed in _ '

reverse chronological order because extended burnup experience, goals arJ
Lissues have changed with t.ime.

.

A 1989=articleW9 indicates that high:barnup' fuel _ from two C-E reactors,T

Arkansas 2 and Calvert Clif fs-1, is.to be examined in hot cells at Atomic'
Energy of: Canada Limited's-(AECL) Chalk River Nuclear Laboratories. The

:

7.5
.

1

i

$. -

-

1
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19 fuel rods # rom Arkansas 2 have burnups in fle range of 28.100 to
$8,100 mwd /Miu, the 12 fuel rods fron Calvert, Cliffs-1 hne burnup values in
the range of t<7,900 to 59,900 mwd /H10. After the examinations, AECL will dis-
pose of the fuel by burying it at Chalk River.

-A:1988 Westinghouse paper # includes infor.aat ton on the variation of
fuel 10d growth with fluente, the variat ion of fuel assembly growth with

,

burnup, and e comparison of the distribution of cladding corrosion af ter four
and five cycles of operation.

A-1988 article *'I indicates that 'the current wave of high burnup fuel
assemblies being discharged from reactors will virtually end the in-reactor
testing of- high buinup fuM by vendors wd utilities. Funding by the U.S. for
extended burnup research has dropped off dramaticaily in the p m few years.
DOE's annual funding fell to zero devercl years 190; it had reached a high of
-316 million in 1979.

i.t a W37 ptwer;Qel for exter.ded-burnup op? ration is discussed by the likC
Licensing o

in thut'paner it is indicated that irradiation experience
6 to date with extended burnun-fuel has revealed no evidence of degradation of

fuel safety or performance for bur.neps to the NitC-approved levels. The IGC

hasgenericallyapprovedbatch-averageburnupsof25,000pMo 40,000 mwd /M10 and

perspective on extended burnon fuel .s di<a v< >..d in a 1982 paper.j*ggulatory
40,000 to 45,000 mwd /MfU for bWRs and PWEs r?spectively. Tht

1he NPC; .

has reviewed venior togal reports that- addrest extended burnup experience,

methods and test data'

#A 1987,Westingbouse report docoments the resuits of post-irradiation
examinations of two PWR fuel a'sedlies that.were irradiated for five cycles, i

One was. an optimized fuel demonstratiori assembly that attained a burnup value 4

of 52,T/4 WD/MTU. . The other was a. star,dard foal assembly that achieved a'

burnup value of 52,100 mwd /MTU. Visual inspections hewed that the fuel i

assemblies were in good mechanical condition".:ith no evidenet of deteriora-
tion, liigh oxide thickrasses, ~whtch did' nct! i spai.r the eladdini), were nded

_ ;
'

on several~" white" rois, but that corrosica.b A vior is not considere.1 b;/ :

Westi.nghouse to-be reprernntative of 13pical behavior. Thr; anomalous behavior i
,'

is believed by'Westinghoru. to be plant + or region-relsted.
,

Projected benefits tg'ge (.WR f ucl= cycle frge < tended burnup are' di!.-g " and un erticle. ' ihe effect.s on LWR-fuel ecussed by DOC in papers
cycTes of DOE g' nsored develcpe nt in extendino fuel burnup rre discussed in j
a 1986 paper. Improvements i f,uel utilization and perfor.naAce ere '

described by DOE in a 1987 paper.g"* j

So i
papers. g *cencerns with exttnd g by*rnup'fuci are noted in-ttkee 1997

<

'Two''1986 papers =and Table A,2c(in Appendix A) indicate*

that? extending fuei bur.sup has not'had an obviouc detrimdntal.effect on fuell>

behavior, !
y - ;

MI A Babcock & Wilcox report issued'in Ovtol.or 1986 includes tht e>am-
inati_on results for- 16 fuel rods from a PWP fue assembly irradiated in |

7,6
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[
;

Oconee-1 to an assembly everage burnup level of 50,160 mwd /Miu. In general,
B&W concludes that the te.t program confirmed the soundness of thc Mark B fu l ,

asse nly design. B&W Indicated that analysis of the pos, irradiation examina-
tions through 50,000 mwd /MTV identified two ireas of concern f or routinely
irradiating batches of fuel asmblies to this burnup level. these concerns
are a) the pellet cladding reaction 2one (and its effect on fuel rod growth
and performance) and b) cladding waterside oxidation and hydriding conditions
(and their effects on cladding ductility). B&W concludes that additional data
in these areas are needed to model and predict confidcotly their extended
burnup behavior. To alleviate these concerns , B&W suggested design changes -

(e.g., increase fuel assembly Irngth or decrease fuel rod lengths, use thicker
cladding) that could be made. B&W indicated that advanced cladd'ng may also
reduce these concerns and that developmeet and inu stigations in this area
should be continued.

:-

A Combustion Engineering report * issued in September 1996 cont ains
'

examination results for 12 fuel rods from a pWR fuel assembly irradiated in '

fort Calhoun. 1he 12 rods nave rod-average burnup values ranging fiom *

49,700 mwd /MlU to 55,700 mwd /MTV. Combastion Engineering drew the following
conclusions from the examinctions: 1) the fission qas release emains below '

2% for burni p values up te 50,000 mwd /MiU and does not exhibit a pronounted 4
dcptndence on burnup up to that level, 2) cn interaction layer has formed at
the pellet-cladding interface as a result of long residence t ime with inter-
facial pressure between the pellets and the cladding, 3) the pellet-cladding *

interaction has enhanced fuel rtd growth at high burnup, and 4) the dutiiltiy
ret eined oy the cladding shows a significant decrease when local f uel burnops )

are grr.a ter t han 55,000 mwd /Mid.
4

A 9eod data base exists for most fuel performance paratetert for burn-
upsup[oy.000 mwd /MTUand47,000 mwd /MTVforBWRfuelardpWRfuel,respec-
tively. An exception is the irradiation-induced growth of litcaloy-clad s

fuel rods and the associated fuel assemblies.

extended.[* * Results irrm DOE programs aimed at
The uel rod f ailuce rate is not expected to increase as turnun n '

int rening f uel bornup
indicate that no signi'itant unexpected phenomena or trends that woulJ limit
burnups to lower values have been encountered in the burr.up ranges studied *

with f uel of both traditional and advanced designs.> * The programs haw
benefitted the nuclear industry ty prnducing gead design anJ lirensing data on
f uel that has been irradiated t< high burnup levels. In the United States,

the only known case of f:ilure of fuel operating 1n the ed ended burnup range
occurred in a (nre that had many debris-induced f ailves of f uel of traii.
tional design." "

Raccock & Wilcox staied ir. an Oc tober 1985 article' '' that they obser,"d
a d,astic loss of cladding ductili;y in one Oconee (pWR) fuel assembly that
had attained a burnop value af 50,600 mwd /MTU; the loss occurred our.ny the
last (fifth) cycle of irradiation. However, the duct ility cf the riedding
t'as still found to be acceptable at this burnup level. Applic ation of high-
buraup experience to rod consolidatie: is de<.cribcd by BtW in a 1986

7.7
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paper.D#3) It is indicated in another B&W paper "O (Sat i.he oxide thicr.f.esst

buildup is projtcied to be very sensitive to the temperature of the cladding
surface. Hence, operati.in late la lif e of fuel rods at high linear heat gen-
eration rates may be restrictive.

.
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HISTORICAL MCMR011.!!p 04.Ei!fi.RE1.1ARUl'Il -|
s m:

-. This appendik consists of a tabls detailin9 historical infomation an the
reliability of LWR liccaloy-elad and stainless steel clad fuel.

O& fg LiLendat:

== Advanced Nuclear Fuels Lotp. (ANF)
{previously: Exxori Neelear Company,
IE _.(fE).3>

.. -

Annnal FuelLRog'Rel i abilj t y . L. .._ _ _ _0.q!wW_ . .. ._ Lu tiq,.Year-
. . . .

'

<19S9 99.997: 14 g

N98 - >99.994
-- 349-<

I' 19 0 . 295 995(b*) See Table 5. 350
--1986' 99995P# 351
L1985; '99.994?d) 15

F
4

L1994'. .99.99P '6) 15-
b

'
.

99,998 D A' R'd)
. 1983

99'.Sr) b "' 99.87
14'.

1952 13
21931 9L 998, E# 99. 987'b'"I 12
1930 100 11
']77 '(e): 10

,

, '

11978~ L(f) 9
'

.
<

!% fuam -

-

B* 's LDLEyd.f(ompany (BWFcLLflabceck & Wilcor .(fit!).1mp

lear enn.uai Fuelllpd Re bability, % FueLFailure index Bef. Ng,., , ,

1989 99.097 L (93.6(83)L 2-

99.99 - (99. 98(93)>1988 353
1397 .(09.98 3549L98

-

99.999-(99.998(, I))
'1986 355~.

99.995-(99. 7'S See Figu e 1 in Ref. M5 161 985
1984 99.990'(100 ) -

15 --
- "

31983 '99;901 (100* ) 14
~

"

-1982: 99,994 13
"

~198F 99,992' 12
*

L' 1900 99.997 ?1
'"

!979 -99;07 10..
"

-1978- 99.9 to 99.99 9
"

?

A.1
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'! o;hML Fuel C.pmoany (BWff) f Babcoc( & yilcox (S1V_)J (contd) |
,

.ler annMal. Fugl. Bad _Br.UthilitY. % Fugl FJilure Index Mf. No.,

a q
1977- - -- _

"
-1976- - --.

;"'

1975' --o
*p .:1w4 ..=

a;;
* L.09!0hMit10. LEO.91010Lin9.uJILC'. (C-El

Qt ec_t._Lg"&J Egi_.th.f

* ~ ;O
- 6Daual Fue) neliability. %- ' '

@ar

4! ~1989. -99.997("I 3

4; L1988 (h) 356
,

357'"
1987: (h).

~

L ,
'1986 -(h)_

-- 358
" 1985- (h) -- 16;

-1984 99.98, 15
'

1983- .99.98 -- 14

: 190*r 99.99n -- 13
12 i:' 1981= (h) --

11-19801 (h) --
>

h 3)
-1979 '>99.99 <0. 01(JI

10, 359
1978: 99.99 0.01 9, 359

01976
._

99,98 0.02N 359, 360:11977:
U

.

99.98 .0.02 ) 359, 260-"

99.97- 0.03N 359, 260-9 1197!,| 1

N% 1974 >99.75 <0.25 359, 360 -

'

1973- .
c99.96 0.04N 359, 360

,

31972 99.99 0.01N 359, 360
m.| 1971 99'99 0.01N 359, 360'

,

Dt
.--General?Elgd.hi _C.9 hap,, (GE)

'
.

Aanual Fiel Rod. ;

//e ,._ har__ - Pd iabili.t.y for A.1) 8 x -8 FugL Tvcel 1. . flei_b'q.,
x ,

'f; n 'W '1989 N 99.?3 for all 8 x. 8 fuel types, -1974 t o .end of 1989 4

1989 >S9.97 . for all 8 x- 81uel types 361~
,

L1987 ->99.99. for all 8 x _8, fuel types; 362'
-3986'. >99.99_ :forJall 84 C fuel types . 363'>

g ?.Y 99.994 for .nonbarrier designs _ 364-
.. ,

'. ;>99.999,for barrier designs 364> '

_.

.1985 >99.99f forill 8'x 8 fuel types .!6W '

L >99'. 99 f 15'
100.000 )or all 8 x 8' fuel types1984. j for barri M
99.993 -aad 99.998,er 8 x. 3 > fuel'l for all 8 x 6 fuel types 14

,

w 1983
' ' 1982- :>99.98 for all!8 v 9 fuei t.ypes- 13-

A.2, tr
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sta.gral Elec.tfr.b; C_p.0nny (GE) (contd)' .

Annua! Fuel Rod
j Ypr .Reliabillir_f_pr_All 8 x 8 Fyel lypes. 3_ Re.L .NL

1981 :>99.98 for aTI 8 x 8 fuel types 12
.1980 >99.98: for all 8 x 8 fuel types 11

1979 -99.984 for 8 x 8 fuel 10
99.998 for 8 x BR plus 8 x 8 R(PP) fuel types (") 10

1971-1978 See Table A.1 in Appendix or Reference 13 9, 13

+

Westinghouse Electric Corporation (W)+

fourth Querttr kanse of Mrain n
% of Design leshne 131

Basis Activity Activity in
Average Coolant telease Prinerv Coalant

-Annual F w' Rod Clwiding Cefect Act ivi ty L tset ,(')) Rate (p,q) in in h-fueled Ref.
.IUT .hfd.I.e!d111tL,,,,,, (f.yel % c,L,32js,, ,,J,Q,jfg _ , W ftelo.1 hanoy hiplors, sti/g,, ,g

19E9 99.994 0.0C6 0.0047 See Table 16 $--

a.d figure 6
fr this regve t

19&B 99.994 0.006 0,0049 -- %e table 17 arvJ 45
Fig. 6 in this
1988 report

1987 99.994(d) 0.006 0.0045 - seer ietste 17 ed l'i l
figuee 6 in

Refererce 113

'1934 - I') -- 0.0060,(#) 0.0070(*) <0.001 to 50.100 114-

1985 I') C A086,(f) 0.0092("I - <0.001 to 0.100(t) 16-

1934 ("I -- 0.008 -- 0.006 to 0.1 15
<0.001to0.1{14

19S3 l') ' 0.030 0.0001toU.g. 14
'- -

"
19B2- I')- 0.0296,(f) 0.C',1;(s) -

<0.l101to0.3(])
O 5 obt 13-

,

1981 T') -- <0.001 to 6.38 <0.001 te 0.3 u 12
--

1 9'30 I') -- -- -<0.01 to 4.2 <0.001 to 0.i 3i itm

.1979 '99.933 'O 017 -- -- ~ 10 ,

.1978 I*)
-- <0.001 :o 0.1("} 9- --

1977 99.033 tc 99,9999 0.0001 to 0.062 -- -- - 9

1976 (*) -- - 0.05 to 5.2'V) <0.001 to 0.3(u)

M75 99.75 to 100.00IV) 0.00 to 0.25IV) 0.0 to 15(V)- -

A.3
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Westinghouse Electric Corporation- (N)- (contd) j.

^

N eth Quarter Rege of. Maximin !

E of Design todire131 I

tasia Activity. Activity In !

Averate !?aolant Kk4 ease Primwry Coolent
Anruel Net Rod . Cledding Defe:t At*,1vity levet,(p) Rate (pA) in in ]g4 ue W i Ref. -1

4 - 1g_st ; -Retir,Qtity % -t.evel. X of R M ,,. sClin X,f3yth;Lttygi.pn - hip 3pqmiq,la Jg -

MM4 99.7a0 to 99$999M 0.001 to 0,210(VI - 0.1 to 21M - <0.001 to 1.0

1973 99.91 to 99.999M, 0.001 to 0.09N - 0,1 to 2.AM --

MM 4 001 to 0.31972! 99.74'to 100M! O to 0.26M 0.1 to 6.0+ ~

g 1971_99.23 to 1MM' ti to 0.77M -- 0.1 to 22M '
-

0.1 ti 76N.1970'97.24 to 99.999M C.001 to 0.7dC --

1960 99.64 d 100M' ( to 'J.56M - 0.0to3d'l --

1960' -- - -- -- . --

~ - -

(a); .See references fc Mtiobituy of set and PWrt fuel ccris, respectively.
(b) on a um]1t,13 basis.

'
~(c}: the ft.et rettability value la based on fuet f ailures that were judgM to be from fuel related or+

-u%rown cruses and were not directly attributable to caternal cause (e.g., plant-related cawes such
- as baff te Jetting, fretting from the presefrv of foreig1 cbjects or other off nomat core
condieions). .

-(d)' .The ' vet reliebKity value is Lased on suet f ailures 8 tan at t causes,
te)- Annel fuel reliability rwt stated (9 BWR fuel rods E nd 4 PW fuel rods were reported as f a18edh As

.of Decesbar 1979, ANF (previously EWU) $sd 2190 fuel assecelles in snestic and foreign plents.
(f) > Anruel. fuel rellobility not stated (7 BW fuel roch f ailed er.41 or 2 PWR tuei rods my have is11ed),

~
a

s:

' A of novemoer;108, ANF (previsusly ENC) bal 1342 fWL sasemb(let in domestic plants ~M'

lg) , Rothbility of stainleas stect+c(ed fuel.
-

(h) Annual fuel rod rettabiliJg fuel rcos not stated by C4 but they provided data on cotant
e;tivity ;ln their ir w t' for the amuni report f or 1988, M indicate 9 that the overelt fuel- .

r3d reliability of their fuel f ebricated since %8416 estimted to be V9.W7E, entu$ing tellures
caused by debrisdoduced fretting west and by buf tte jetting in the Yankee Rowe plant (an 4tder

; westinhoose plant).
(f) . As of Tebruar7 1, 1979.
(J) snMouro11 in Ref erence '399. ,

- (k)- - Sea fit,ure 1 in Re e 359 and Figure 1 'in auf erence 360.
(L) -IMsed on 1983 data

:(e)' Ret tability of 8 m 8 fuel if fuel failures involving crudeltducui locat(7ed corrosion (CILC) ere '

en ttxbd. ..

'(n) . R = ct trofit Astr;n, PP = prepressucital.
. .. ,

>

e (c)J Westinghouse did not state a' fuel rod retiatnlity (integrity) vatue, Wntinshwve continun to
'

|1 t evalunte fuel perfortance-igms et coolent activity level.
-(p)' in Revishn 5 of WCAP-81S3, Westinot e se reported that. starting June 30. 1976, they were,

: reporting fuel perfortannee in term of coolant activity tevel. Vesytr# 1use indicated th3t the prior
u tedd.ng def ert level" implies that att defects intredvre ectivle.y 'into the cootar+t atconcept of a c

- ten sam rato; hwever, lesk ratM of defected rods cwn dettence (or increase) as a fub tion if time.
'

Neoce, Vestieghouse decided to abo *wjon reporting of. reactor cere rordition in teres of a ruber of
,

'defectsandstartedr^portiroactivityofiodirw13gIthe cooient as a necentage of the enctant
-design bas (s activit/. In Revision 9 of WCAP-B183, Wnti.nghane states that "tts coolant dealgn

basis activity ywries somewhat frem p|nnt to plant drpendhe up>n such f tctors as reactor power and ~
-- coolant purification flow roter how veri a value of approomtely 2 sC! of todhe 131 per gra ofe

cectarit wator.can be used for pmses of caparison. Since the cwtont design hasis setivity was
based cr; nn inferred 1 percent defect level tito tww basis of Teporting f activ:tyl producw n ruber'

opproAlsately 100 tireo larger than the previrAss basis tinfeered detects). That is,1 perfiint of
~

cesign basis activity uculd previnusly have been reoorts.d as 0.01 percent d3tected reds # Starting in
,

' 1982, Westingbause provided data co overage coctant, activ ty leve! (also aminn lodine-131 activity
in the pennary ecotant for each Westingbouse-tueled reactor) in terms of rel/rp

a

~ A.4 ,

1 .
+

3: ,

' i

D F ~ i 4 'e -r t y <v+-- * . er 4 a+ =,e-
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Westinghocse Electric Corporation (2) (contd)*
.

fourth Quarter stage of Modesa
% of Design lodine 13'.
Basis Activity Activity In

kernge Coolant Release frimary Crelent
nrrruel fuel Rod f.toiting Defect Activity level,(p) Rate (u,q) in in W fueled Ref,

lia: ?J.L Mi.Ul d . If!!L *! M _EW4. stih W-fyp M f,egnogg Egg 1pothpCile _%
footnotes centin.ed

(q) Activity r-sten rate calculated trots teotent activity averaged over the qJarter and presented as-

percent of that icdirw-131 releoA rote w5tch estabilshes the tesis for &si n of plant shielding9
arvj cMlant clF.anU)) Systelh eqiJIpMnt.

(r) Del.xb fuel f ailures due to baf fle jetting.
(s) Ir Ludes fuel tailures die to twif fle jetting.
(t) See Figures 8 and 9 in Ref erence 16, figure A.3 in Refereve 15, and Refercrce 367.
(u) btse Figure 9 in Reference 16. -

(v) We ruge of values noted in WCAP-8133, Revisf or:s 16, for indiw%t plants in et t four (parters of
the given year is shown For en idea of the average annual fuel tellnbility (or def ect levtli, see
figure 9 in Ref 4?er e '6.

(w) Excluding foltares ernd by debris iroxed f retting wear.
2

c

-
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10DEX FOR APPGP.11 B

5.0 PROBLEMS CBSERVED DURING 1989 5.1..................

4 5.1 PROBLEMS IN 1989-lHAT ARE SIMILAR TO THOSE IN 1988 - 5.17. . . . .
-

5.1.1 Fuel Systems: Failures, Damage, or Futential '

for Damage 5.17..,,,. . . . . . . . . . . . .

5.1.1.1 Oconee-2 5.17 -

a..... . . . . , . . . . . . .

i

5.1.1.2 Quad Citins I 5.17. . . . . . . . . . . . .

,

5 .1.1. ".3 San Onofre 2 5.17 4. . . . . . . . . . . .

x

5.1.1.4 Sequoyah-1 5.17. . . . . . . . . . . . .

| 5.1.1,5 'Surry-1 5.21 *
....... . . . . . . . . . .

5.1.1.6 Surry-1 5.21... . . . . . . . . . .

s

5.1.1.7 BWR Channel Bowing 5.21. . . . . . . . . .

y +

5.1.1.8 Cycle Length and Its Effects on fuel 5.?1. . . .
j

5.1.1.9 Westinghouse fuel 5.21. . . . . . . . . . . .

. ,

; 5.1.1.10 Argetina 5.22. . . . . . . . . . . . .

'

- 5.1.1.11 Belgitm 5.2I: 1.,..... . . . . . . .

,
5.1.1.12 F ance . . . . . . . . 5.22..

'5.1.1.13 France 5.N... . . . . . . . . . . .

5.1.1.14 india 5.23. . . . . . . . . . . . . . . .

5.1.1.15 Sweden 5.23.... . . . . . . . . . . .
,.

i

5. .l'. l .16 Sweden 5.23.... . . . . . . . . .
,

5.1.1.17 Sweden 5.23.. . . .

0)

I
l

_ . . . . . - Nam . .m.. .N M., _ -
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d
n' .&. -:5.1.1;18 Sweden- . . . . . . . . . . . . . . . . . = 5.23-

- _

'

,

5.lil.19' USSR 5.'24
~

,,....... .,,,.. .-

1

5.24 |5.1.1.20: Vermont: Yankee - _ .
... ...........

J

5.1.1.21 Connecticut Yankee 5.24 I.............
,

f )

5.'1.1.22. France
.

5.24 l. . . _ . . . . . . . . . . . . . . . .

I
-

5.1.1.23 : USSR 5.24
'

..,...... . ........
,

W 5.1.2 __-Issues / Concerns with Generic Implications
_

5.25. . . . , _ .

: 5.1.2.1 Brunswick-2 5.25.................

'' ~ 5.1.2.2 South Texas.1 5.25-.... ............

-

,

5.1.2.3- Wolf Creek 1 5.25................

m,
'~

5.1.2.4 BWR Channel Bowing 5.26.. ..........

5.1.2.5 - BWR Thermal Hydraulic Stability 5.26-
~

.......

,5.1.2.6, PWR Primary Water Stress Corrosion
Cracking - 5.26'

..,,.. ............

"' 5.1.2.7 Cycle Longth and its Effects on Fuel 5.26....

_

;J " :5.l.2.8 Generic Issue 82: Beyond Design Basis
~

Accident in Spent Fuel Pools 5.26-
........

+

5.1.2.9' France 5.27.....,.......... ...

"d.275.1.2.10- Sweden . . . . . .-_.--. . . . .- ._. . . - . .

c, 1

_5.1 2.11: Sweaen 5.27* '
............ .......

!5.1.3 Thinning of In Core Idstrumentation Tubes 5.27'

. .....

.5.1;3.1- Beaser Valley.1 5.27 ;

. .

.. ............

.
.

L.%.: - 5.1.3.2 : Diablo Cunyon-1 -5.27.. .. .......,.

- .

j

C '5.1.1 3 South Texas-1 5.28 O. .. ..-...........

m ,

% 5.1.3.4 .Delgium 5.28-.. .. . . , ........

.

|

5.).3.5. France 5.28 |..... .. .. .... .

1

|
-

.

;

.

B.2 j

y
!,

'
s

$
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k 5.1.4 - Crud-Induced Localized Corrosion (CILC) 5.98... . . . . .

i- 5.1.4.1 Hatch 1 and--2 5.28...............
,

5.1.4.2 Limerick-1 5.28.................
-

5 1.4.3 Nine Mile Point-2 5.29.... .... ,....

5.1.5 Flow-Induced Fretting 5.29......... ......

| 5.1.5.1 Braidwood-) and -2 5.29.... ....... .

5.1.6 lodine Spiking 5.29. ....,,... ...... ...

-- -5.1.6.1 Limerick-1 5.29
~

.................

5.1.6.2 Surry-1 5.29... .............. ..

5.1.7 Fuel Handling: Fuel Dropped / Broken / Damaged or
Potential for Damage Existed 5.31. ....... . ..

5.1.7.1 timecick-i 5,31.................

5.1.7.2 North Anna-1 and -2 5.31... ..... ....

5.1.7.3 Palisades 5.32... ...............,

5.. l . 7 . 4 Vogtle-1 5.32..................

5.1.7.5- r~rance b.32. ..................

a
5.1.8 Fuel Handling: Fuel in Incorrect Position 5.32.....

'
5.1.8.1 North Anna-1 and -2 5.33.............

5.1,8.2 Quad Cities-1 5 33. .... .... . . ..

5.1.9 Fuel Handling. Crane Operation 5_33... .......

5.1.9.1 Calvert Cliffs-I 5.33. ... .......

5.1.9.2 Oyster Creek 5.33 =)...... .. . . . ..

5.1.10 Fuel Handling: Procedural Violations .. . 5.33

5.1.10.1 Arkansas-2 5.33.... .........

5.1.'10.2 Browns Ferry-2 5.34. . .. . ..

5.1.10.3 Brunswick-1 5.34. .. .. ..,

B.3

i

_ _ -. _ _
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-5.1.10 1.- Byron-1 .-, .i. . . . w , . . ... 1
-

..

_

. . . 5.34.c
%

' P. 6 4 (
~ '

c 5.L 10.EC Clinton l-- . . . -. - . - c,.........- - 5.34-a
.

.

5.L 10;6' Harris-1 - . . .
-

- CV: . - . - .: ..,.........< .

e . . -

5.1.10.7 Point:Beachal - 5.35. . . . . - ,...,......

: ,5.1.11; Fuel Handlingr Other Events '..-. ..... 5.35. . .

w
4 ' ,

, . 5.1.11.1= Davis Besse-1 - 5.35-, . . . ....-..... . .
,

<

-

5.1.11;2 San:Onofre-2' - : 5.35. . - - . . . . . . - . .,a y . . - . , _ .
,

.

,

5.1.11.3 USSR 5.35'
... . . . . . . ...........,

0,
. 5.1.12): Debris--in Reactor Vessel / Potential For It 5.35. . . . .

.; a

5 5.ls12.11 0 avis Besse-1: 5.36, . . . . ......., ...
.

l
( 5'.1.12 ' 2 Diablo Canyon-1 5.36iy . . . . ...... ....

*
L

5.1,12.3 9iablo Canyon--I 5;36--, . . ...........

15.1;12.41 Westinghouse Fuel - 5.36-% . . . . . . . . . . . ...

15.1;1215 . nrmont Yankee - . . , .........,. 5.36.
,-

Eh j
' 5.'1'.13- 1 Failure of Inflatable Sed 5.36. . ...........

- . . .

if 4 5.1.13;11 - Surry : ~5.36
x

_ . . . . . . . . ..,, . , . . . . .

p' [ 511'.14. Control Rod Operations B.lG ' _
. .., _ . . . ,o. . , . . . . .

w u ,
. . ?

F4 5.1.14.li- Davis 18 esse.1-
3 ,

-

. f,. . .- - . . . . > B.161 _.4,. -- , , ..... . .<

.

;M;i . .

15.1.14.2 Pal.o Verde-l' C. i ti
.

. . . .

. . . . , ...........

" *x;+.w
15.1.14i3: River Bend - . .B.16. . . ... . . , . . . . . . .

. N 5.1214.4 ! Switzerland - ,-- . .. _. ............
- B .-16

nd,' ' L 5.3.15 -- Control Rod System Failure /Hal function < . . . . . . . B/17 's
< t

%; ''.3

f[[
'

5.1.15.1.' ; Dresden-1.. 0.17, . - . . . . . . . . . . . . . . . ,

::c
E, w L5.1;15.2: Fort St. Vrain . . . . ....-..,....

-
- B .~ 17 -

,. ..

'
, _

,

M. w
c a.L 15.3 - McGuire;2 - 8.17.................

1

1.

J

, h,( I

r.-

-;>

._f |iY
.

0,h
Qp;

>

.

*

____i_________i._-__.m._E__._____._._._____m__ m_mi-____..i. _ _ _ _ . __m-_.__m -m_.-_____--___----l--_-a i.- -_-
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5.1.15.4 Perry-1 B.17. . ..... . . . . . . . . . .

5.1.15.5 Prairio Island-2 B.17..............

5.1.15.6 Turkey Point-4 B.18..............

5.1.15.7 Yankee Rowe B.18.. .........., ..

5.1.15.8 France B.18. . . ..... . . . . . . . . . . .

5.1.15.9 France . . ..... . . . . . . . . . . . B.18

5.1.15.10 Perry-1 B.18. . .. ......... . . . .

5.1.16 Control Blade / Rod Wear B.18 ;.... . . . . . . . . . . .

5.1.16.1 Braidwood I and -2 B.19........... .

S.1.16.2 Monticello B.19. .. ....... . . . . . . .

5.1.17 Control Rod System Swelling / Wear / Corrosion /
Cracking .. . . . . . ........ . . . . . . . B.19

e

5.1.17.1 Arnold B.19. . . .. .. ...... . . . . .

- 5.1.17.2 Diablo Canyon-1 B.19.. . . . . . . . . . .

5.1.17.3 Palisades B.19... ............. .

5.1.!7.4 Pilp: tin . . ... . . . . . . . . . . . 8.20

5.1.17.5 Wo'f Creek-1 B.20..... . , , . . . . . . . .

5.1.17.6 PWR Primary Water Stress Corrosion
-

Cracking B.20. .. . ....... . . . . .

5.1. l'/ . / France B.20. . .,.... . . . . . . . . .

5. .t .17. 8 France C.20. . .,. ....,... . . . . .

5.1.17.9 Frante B.20. . .. ...... . . .

5.1.17.10 Taiwan . ... . . . . . . . . B.20

5.1.17.11 Monticello B.21.. . . . . . . . . . . .

5.1.18 Control Rod System Installation / Maintenance
Error B.21.. .. . , . . . . . , , .

5.1.18.1 Braidwcod-l . . . . . . B.21

B.5

i,

m.__ Am_ _ _ _ _ .m__..____-_ _ _ _ _ . _ _ _ . _m_.-_.___-___-__--__.__-_m_____________.-__-___-m._____-__.__-_.m.-_m.__.__.____.__ a- _ _ _ . - - - - _ _ . _ - -
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B.215.1.18.2 1 Brunswick 22: ...c4 - . ,- -. . .. -. .. . - . . -.

h
-

- B.21-s, 5.1,18.3D Ca.tawba-2 - .
"

' ; . =, . .
-

-

. . . . . . . _ , , .. z..

w :-$,1;18,4[ cort St. Vrain . . . . _ . _. . .'t ,$p B.21-. . . . . . .- .,

.

N| ' .511.19.5 Fort St. Vrain
A . , . . .

D 21-

n . .. . .. . . . . . , . . . - . .

4

m
. 5.1.18;6 - . Limerick-1 - B.21:. . . . . . . . . . . . . . . . .

B.22'

5.1.18.7-: Millstone-1 . . . . . . . .: . . . . . . .

15 1 18.8- River Bend .. . . . . . . . . . . . . . . . .. . B.22-

3

B.22- i~ 5;1.18 9 Turkey Point-3 . . . . . . . . . . . . . . . .
.

. . . . . . . . .- B.225.1.19!-Control. Rod Guide Tube-Support 1 Pins .

--

B.22n - S.1.!9,1 Federal-Republic _of Germany- -

. .. . . ., .

|

R B.22-5.1.19.2 = Federali epublic of Germany - , .'
- . . . . . .

m ,

5.1.19.3 Federal Republic of German / B.23
'

. . .. . . . .
- i

d-~
..5' 1.19.4 i Federal Republic of -Germariy B.23

.

. . . . , . . .

._

- . . . . . . . . .
L

.-5'.l.19.5' France. - 1B.23-. . . . . . . . . . . . , . . . . - . ,

x

5.1.19.6' France B.23. . . . , , . . . , . . . . . . . . . . .
,

.

- r

I-5.'1:.20'.Nonconservative Assumptions / incorrect Data B.23, , . . .
s

5.1.20-.1, Cook-2 B.23. , , . . . . . . . . . , , . . . . .> -

e . .. ..

B.-23
'

4
- L5.1.20.2, Cook-2- ., ...............m<

'
,, . .

1
,

,

-5'N20;3: 7Haddam Neck - .B.24 >

'% . =. . .. .
-

- ,. . , , . . . . . . . -

. . , ~

'
'

a

B.245.l'.20.4: Hope Creek-' . . . . . . . . . . . . . . . . . .

M'
M 5.1.20'.5' McGuire-1 B,24

.. ..............
,

'
.. ..

.B.2415.1 20.6 : North Anna-i -

... . . .. . . . . - . . - . . . .
'

.

B.241 ;5.1.21 Unanalyzed Condition. , . . . . . . . . . . . . . . ,
' .

-

,
5.l' 21;11 Grand ;GulfH1 B.24:. . . . ..-- . . -- . . . . . . . . .

. ,

A s
4

5'.-l.21.21 Haddam Neck - -. . . . . .

.. ,

B.25: 4 . . . . . . . . . .
.

-B.255.1.2113 Nine Mile Point-2 ;;. . . . . , . . . . . . .
:g -

- (

B.6*

e
nj

y ( *;.--
,

>
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~~ 5.1.14 (pntp1 Rod ODeration q

There were three events (two in 1988, one in 1987) at U.S. plants and one .!

ennt in 1988 at.a plant in a foreign country that involved control rod opera-
tion. The events are described below.

5.1.14 1 Davis Besse 1
.

During reactor startup (plant at 2% power) at Davis Bease on December 18,
1988, a personnel error during maintenance troubleshooting caused a group of
controlcrods.to drop into the reacter core, which stopped the nuclear chain
reaction. Control room personnel erroneously believed that the nuclear
reactor.was continuing and resumed startup procedures by withdrawing control
rods that had previously dropped into the core. Technical aspects of the
incident were not of high safety significance, but the violations of NRC

-requirements were indicative of a significant breakdown in control of WRC- .!'

licensed activiti h1thecontrolroom.- Information on this 1938 event was%lished in '989 )
35.1114.2 _Pflp Versi df

- At. Palo Verde 1 on November 5.1988, a control nement assembly (CEA) .

slipped approximately 10 inches below the other CIAs in its group during '

performance of'a. surveillance test. Under the conditions existing at the time.
.

of the event,: Action 65cf Technical Specification 3.3.1 requires that each CEA ,

be aligned within 6.6 inches of all other CEAs in its group. Therefore, the' -

1 ' unit was.in a condition outside the action statement when the CEA slipped ,

'

(cause: apparent. intermittent ground on Tower gripper coil). 1he cause of
,

_ the unit being-1.n 't condition outside the action statement was an inappropri- ;
''

. ate deletion of action requirements made during a revision of the lechg11j.
I Specifications. Information.on this 1988 event was published in 1999, *

i

RivenJfM5.1.14.3 e
,

Information-was published in 1989* concerniny an event on June 15, <

1 1987, at River Bend in which it was discovered that a valve that supplies >
'cooling water.to one of the control rod drives was mispositioned. The utility.

also discovered that 18 lock wires on hydraulic control units attached to l
several of the valves were missing. The reactor was cleared for restart after. .

Lthe 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.
;,

S 1414.4 $xLt13nbM
' '

.

l
i'

(in Switzerland ~.gtp1 rod coupling was discovered in 1988 at the Leibstadt BWR= A loose co+

It was the only Class A incident at a power reactor in=
15witzerland in 1988. .The federal nuclear safety inspectorate, HSK. said this- ;

i
.-

defect,- if not detected and repaired, could have led to a control rod drop,"
!'but'-added.that the reactor was designed to handle.such en event.
!
:

h-
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5.1.15 britral Ro11ynem.J.JtibirfllialfJmtt193

Thern were eight events at U.S. plants and one in a foreign plant in
1989, and nne event in 1988 at a plant in a foreign country that invcived
failure or malfunction of a control rod system. 1he events are de.vr' aJ
below.

5.1.15.1 Er.w)fn .2

On January 30, 1989, it was found during an outage at Dresden-2 that some
control roa drive (CRD) hydraulic control unit charging hadergl check
valves were inoperative (some check valve balls were missing). Due to a
concern that the degraded ball check valves could have resulted in a failure
to insert or a slower scram insertion time for the 6ffected CRDs at low
reactor pressures, a 10 CFR 50.72 notification was made. Safety significance ~

was mitigated by the fact that scram insertion times would have been unaf-
fected under normal operation conditions. The cause of the missing check
valve balls was determined to tm a procedural deficiency. $

5.1.15.2 [p011.11. Vr_aln

At fort St. Vrain on April 27, 1989, the con 1 s

failed to _' ram w ring a scram surveillante test.[r4 rod pair in Region 3 ,

The event was caused by
excessive u ims (a result of a measurement error during refurbishment) in the
control "od drive gear train, which resulted in excessive loading of the first
stage bearing.

5,1.15.3 tkfuire 2

At McGuire P. on March 3, 1989, during a routine red ' luster control
essemglgtest,areactortripoccurredbecausecontrolror"droppedintothe
core This event was assigned a cause of unknown be.<.us. it could not be '

determined during the course of the investigation what caused the control rods
_to drop into the core.

5.1.15.4 Ettrmi
,

Operational Condition 2, startup, was coinpleted at Perry-1 en July 23,
1989.withacentrolrod*goperable(itwasuntrippableasaresultofanimproper valve lineup). Causes of the event were proctdural deficiency
and personnel error.

5.1.15.5 Er.airie Island-1

In scrams on December 21 and 26, 1989, at Prairie island 2, the electri-
cally encegized latches that secure the reactor's array of control rods in
their raised position lost power, allowing the rods to dcop and fijturbing thereactor geometry by disrupting neutron production in one sector. I The ,

cause of the event essentially remains a mystery--so far without generic
implications. The NRC's findings so far are "not totally clear" on the root

B.17
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cause of the reactor trips; the NRC has stated that "It was some sort of
intermittent short in the control rod circuitry."

5.1.15.6 Iqtkey_f'pjat-A

On Septen.ber 15, 1989, at lurkey point-4, the rod control system, which
is designed to lessen primary system temperature by lowering control rods a
step at a time, began to"infert the rods automatically but stopped af ter only
four steps of insertion. The operators tried in manually ins. ort the
control rods with the m irot system, but were unsuccessful and manually
tripped the reactor.

lan.fr.jpye ;k5.1.15,7

,

During normal operation at 100% power at Yanken Rowe, the control room

inoperable control rod cam motor)."fontrol rods tould not23, 1989, that the Group ( )operator observed on April
After trouble-be noved (cause?

shooting, the control rods dropped into the core. The cause of the inoperable
cam notor was a broken compression connector on the motor'! bruka talenoid
circuit. No abnormalitie:, were found in the control rod's circuits and
compo%nt s . A root cause for the event coulo not be potit'.vely determined.

5.1.15.8 Etarigt

it is indicated in a 1989 article" that on December 24,1988, 2 of the
53 control rod clusters at France's Blayais-4 were blocked. It was founu that
guide card > (thir, retal fins that help guide the cont rol rods within the guide
tube) were damaged on three tubes, probably due to their Oeing hit dud ng''

introduction of control rcd stems. Tne three tubes were replaced.

5.1.15.9 [ tar.cs

On April 1, 1989, one of 53 contrM rod clusters at Gravelines-4 failed
todropcompletelyintpgecore. The unit saf, restarted on May 13 after >

repair and inspection.

5.1.15.10 .Pftr2d
The Cleveland Clectric illuminating Company foiled to follow proper i

procedure when they neglected to determine the cat:sn of the failure of two
control rods to pass the insertion timn-test in July and again in November
1939. Instead, in July they retested both rods, which passed the second time

remained in use; the other f ailed to pass and was declared inuperable.p'qdand remained in use. in Novembter, one rod passed ef ter repeated trial
""

S.1.16 Cnnir91 jllMg/30LWan

There was one event and one item of interett in 1989 pertaining to con-
trol blade or rod wear at U.S. plants. The eve,i and item ui interest are

discussed below.

t

B.}3

c
__ _- _ -- _

__--__________-_;



_ _ _ _ _ _ _ _ _ _ __ -------------y

5.1.16.1 M id M qd L 1 h t -1

See Section 5.1.5.1 for details on this item of hacrot.

5.1.16.2 thutt1(1119

A longer-than usual outago for this $80-MW BWR, which ended November 9,
1989 after 83 days, was needed because of heavier than nor*ul work load, due
in turn to addhional waar on equipment during the longer operating cycle.
Therefuelingactivitiesincludedremovingninecoregdesbecauseofwearand moving 30 other! ta maximize their useful lives.

5.1.17 (fqntrol Rndlyde 33:# M.h/Carng11pp4CrnMag
.

There were six event!, W 4 i $ s.ree in 1988, one in 1986, and one
in 1984) at U.S. plants and a:e # ' % por in 1989, one in 1988) at plants in
foreign countries that involved swsiling, wear, corrosicn, or cracking of con-
trol' rod systenc . There were also three items of interest on those subjects
in 1989. The events and items of interest are described bclow.

5.1.17.1 arakl.d

On November 20, 1988, transgranular stres> corrosica crackint; of control M

rod drive piping was observed at Arnold. Analysis indicated that the cracking
was the result of a high concentration of chloride contamination on the
external surface of the piping. lhe source of the +..lorides was traced to
apparent leaching f rum electrical cable insulation jackets in a conduit *

directly above the affected control rod d[? g niping tube bundle. Informationi
on this 1988 event was published in 1989.

5.1.17.2 b it g i gtynn-1i a

On February 25, 1988, an unexplained increase in containment airborre
7radiation was obseriod at Diablo Canyon-l. Exami.tation revealed that canopy

seal welds on four control rod drive mechanism head adapter plugs were leak- -.
ing. The leaks oere initiated at tne inside diueter of the canopy and were
causedbytran>granularstregsgorrosioncracking. Information on this 1988 ,

event was published in 1989.

5.1.17 2 IMLi Adml

An event occurred at Palisades on December 17, 1986 * * Updated
information wa
NRC in 1989. #s) issued b) the licensee in December-1988 and published by theInitially, three control rod drive seal housings were f ound
to be cracked. 'In September 1988, 11 more cracked housings were found. it is
postulated that the crack indications-are the result of contaminant-induced

-trar.sgranular stress corrosion cracking. Studies indicate that it would take
a1 proximately five years for a 0.030-inch initial depth crack to propagate
tirough the entire housing wall,

8,19
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L 5.1.17.4 .llihr1m
l

In 1989 the NRC published information f rom an updated report ("U that 1

| was submitted by the licensee regarding control rod drive collet retainer tube |
;

| Weld defects that were found at Pilgrim on August 22.19M. A control rod j

-drive collet retainer tube had a longitudinal, through wall crack, which was |
'

L
determined to have beer, caused by intergranular stress corrosian cracking
(IGSCC) in the cold worked and weld-sensitized stainless steel it was deter-

. mined that the cracking could not -load to mechanical failure of the control
,
' rod drive. -

|

| 5.1.17.5 WolfJ m h1 |

See Section 5.1.2.3 for details on this 1988 event. !

' Eli1Lfrimry_W trtSite.migr ni.pnJm}dng5.1.17.6 i r

See Section 5.1.2.6 for Jetails on this 1989 item of interest.
t

5.l'.17.7 [Grqg'-

:

See Section b.1.1.12 for cotails on this l')S9 item of interest. !

5.1-.17.8 [unca
Electricite de France (EDT) and french safety authorities have agreed on !

:.

new critg for replacement of worn control rods, according to a 1989-|
,

article lhe new criteria, which are more cor,)1ex than the' previous ones, ;
,

|
basically require E0r to replace any control rod whose cladding is either

'

L pierced through or worn over 20% of-its circumference next to the seventh :

L guido plate. EDF estimates that this will lead to replacement of 30 to 35 :'
ccntrol' rod clusters out~of the 53 on each 900-MW PWR. All control cod
clusters on 900-MW PWRs are to be changed by the end of =1990.- Vibration makes >

|
- the control rods fre' against the guide plates. The origin of the vibration,

' is linked to coolant- flow around the rods, but the phenomenon is still not
-

>

completely uaderstood. According to the Frcr.ch, similar problems have appar- ,

-ently not cropped up at comparable PWRs in other countries, notably the ll.S. ;

,

| and Japan, and the french are trying to understand why.

5..l.17,9 [ rang.g

-- See Section 5.1 2.9 for details on this 1989 event,.

b 5.1.17.10 li4hutu -
'

,

it is indicated in a 1989 article * C and a'1988 memorandum # that one-
control rod could not be fully re-inserted into laiwan's Maanshan-1 in- '

Septemner 1988. A breken tip on one of the rods was found and the hydriding
phenomenon was identified as the cause of the failure. See J' t .2.3 Valf ;

C.regt .1. "

t
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5.1.I7.I1 h0RLiItl10
See Section 5.1,16.2 for details on this M89 event,

5.1.I8 Ontr.o]lqily1Lm JM1333311RnAltintRD3ntelttar
_

There were nine events (four in 19o9, four in 1988, and one h 1987) at
tl.S. plants that invcived control rod system installation or maintenance
errort. Those events are discus.ed below.

5 J .18.1 Dr4Jiwapd:1

t.ightning-induced voltage trantients at Draidwood 1 on July 18, 1989,
removedpower,tg)variousroddriveccatrolcardsandallowednumerouscontrolrods to drop.I The root cause of the event was inadequate protection and r
isolation of the rod control system from lightning induced voltage trantients.

<

5.1.18.2 Brynw_i_c.k.a

The licensee for Brunswick-2 was cited for a violation (Severity
L.evel 111) of the plant's technical specification. On March 8, 1988, with the
reactor in Operational Condition 5, a control rod (10-79) was in tne fully
withdrawnpositionbuttheshortinglinkshadnotbeenremovedf;rpmthecir-
cuitry, information on ti.is 1988 event was published in 1989.U

5.1.18 3 C_alawb M t

On June 6,1988, at Catawba-2, a control rod dropped into the cure during ,

testing. Ceuse of the event wan failure of a fuse. im. fuse that failed in
the rod control system circuitry was not the type fuce specified by
Weninghouse. The activity that installed the improper fuse could t be

Inf ormation on this 1988 event was published in 1989.I,rg#ide,'ified.

*
5,1.18.4 brLitmjlIJJR

See Section 5.L15.2 for details on this 1989 event.
,

5.1.18.5 B r t S k jlr A 1,n

At Fort St. Vrain on March 23, 1988, licenste personnel han(iled cont rol
rods with Dare hands. This violation involving mishandling of control rods
w&s due to a combination of errors. Workmen were inattentive to det ail and
also failed to suf ficiently reviegIge work plan. The iniormation on this
1988 event was published in 1989.

5,1.I8.6 .ljET_icM

lt was identified at timerick on May 6, 1989, that two ccntrol rods had
11icir uncoupling rods misaligned.'g3 These control rods had been improperly
verified as coupled to their drives during the plant's second cycle. During
tne first refueling outagh the uncoupling rods for the two control rods were

B.21
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i
misaligved during installation due to perronnel error (a procedural inadequacy
and design deficiency also contributed to tha e9ent).

.

1.1111tsntL15.1.I8.7 1

Four rentraining metal straps on control rod drive system hydraulic
control units (HCus) were found missing at Millstone-1 on August 72, 1989.R2h
1he event is attributed to personnel crror. A specific site analysis is not

availablo to determine the capability of the HCUs to temain functional during
a seismic event without the Straps and thus it is an nnanalyzed condition.
Straps were reinstalled on the affected HCUs. ;

5.1.10.S Siyg,tJ.mj -

See section 5.1.14.3 for details or, thia 1987 event.

5.1.18.9 Igrkey poitti d

Turkey Point G was cited by the NRC for e violation of Section 5.1.6.1 of i"

ANSI N18.7 1977.. The event occurred on January 13, 1988, when maintenance was
performed on' the control rod :,ystem withoat documented instructions or draw- ;

ings appropriate to the circumstancu . fuses were removed from the system
t

without a complete understanding of what circuitry the fuses supplied. Conse-
Iquently, portions of the rod contml circultry for three rods were '

de-energized while only one rod was thought to be affected. During a plant
shutdown, this unexpectedly resulted in multiple rods dropping into the core,

.requirmg2g manual reactor trip. Informat hn on this 1988 evett was published
in 1989,

,

,

6.1.19 WDP|pl Pod _..Gu1@_lbdte_luimnrLPitti

!There were six items of interest. { including three events) in 1989 at
|plants in two foreign countries. 1he items aad events are described below
|

5.1.19.1 federal Re93ds1Lef German: ,

|

Replacement of central pins, the Kraf twerk Union (KWU) counterparts of j
the Westinghousedesign control roo guide tube split pins, at Wcst Germany's
Biblis ag3pnterweser is to occur over the next two years, actbrding to a 1989
article. 1The pins must be examined and replaced if any crack indications j
are found this year. :

i
6.1.19.2 Federal jkoublic of Germanj |

-

All fuel alignment pins at. West Germany's Biblis-A were inspected withV
ultrasound devices, and 22 ping *.nade of Inconel X-750 were replaced with new-

-

pins.made of austcnitic steel. 1he alignment pins at Grohnde,~ '

Grafenrheinfeld, ?hillipsburg-2, Obrigheim, and Neckarwestheim 1.in West
Germany have been er are to be inspected by Kraft.verk Union (KWU). Pins havt
been replaced 'at~ Obrigneim and Grafenrheinfeld. KWJ hopes to be awarded a

B,22
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contract to inspect pins at Wert Gernny's Biblit, B this f ull; e contract is
also pending for pin inspection e' the Borssele PWR in the Hetoerlands.

5.1.19.3 ffderal Rcnqb' t; of Cttrajly

A recent article ("51 indicatu that E6 fuel aligrwmt pins were
ultrasonically eramined at Biblis B WWR) in the federil Republic of Germany
end 67 oi the pins were replaced.'

5.1.19.4 fMe_ral Reppblic of Gsj Eitay

After the recent inspection of 111 fuel alignrent pins at Unterweser
(W st Germa 31. pins made of loconel X-750 were replaced with stainless
steel pins.g' Instsection of fuel alignment pins was requirec at all West

i

!

Geraat, PWRs followin9 the refueling accident at Brokdorf in 1988. ~

5.1.19.5 fans.g

See bection 5.1.1.12 for details on this 1989 item of intere!.t.
'

5.1 19.6 Ltitng {
A June. 1989 article ("U indicates that the guide tube support pins were 2

replated for the second time at Gravelines-1, a French PWR. A naw support pin
more resistunt to cracking is under developmer:t. >

5.1.20 Hgntpaie rv a t i v e A slep t_ _i o n s / I n c o r r ui.MA J
There were six events (fiv'* in 1989, one in 1988; at U.S. plants that

involved use of nonconservative assumptions or incerrect data. Those events '

are discussed below.

5.1. N .1 [pph2
,

It was discovered on November 8, 1989, that fne rated thermal power wbs
exceededatCook-2becauseofanigorrectchangeinblowdownconstantsina ,

thermal output computer program.g -

5.1.20.2 Cook-2

On March 21, 1989, with Cook-2 operatir,9 at 100% powe,- (Ccok 1 was
refuelirig), it was suspected that a discrepancy exi.,ted it,the Westinghouse
P-250 computur-calculated thermal p,ogr value, which, if true, would lead to
exceeding the rated thermal power.' Investigation revealed that the
bloudown-mass enthalpy term win not includea in the thermal output program.

' Arst case analysis indicated a patential 1.84 difference between the P-?50
calculated and actual thermal power. It is expected that detailed evaluation
of Cook-1, following startup, will similarly reduce the actual power de/ia-
tion. Changes have been or w;11 he made to ensure that the plants operate
conservatively.

, .

|
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- |
5.1.20.3 UMiapLti.afJi -'

At Haddam Neck (edse known as Connecticut Yankee) un Acril 5,1989, a ,

discrepancy'was discovered the 11esign Bacis Large-Break loss of-Coolant i

Accident (LBLOCA)anaiysis.gy A nonconservative reactor 9essel lower plenum'

volume was used in the Interim Acceptance Criteria (!AC) model. 1he result of
tS ceror would be a peak cladding temocrature above the 2300*F LAC limit.
The immediate corrective action included implementation of adninistrative
controls to redure the plant's Technica'l Specification limit on linear heat ;

generation _rato and a cornensurate reduction in the exial nffset operating
wis.dow _ The event was reportable per 10 CFR 50.73(A)(2)(V)(D) since a ,

conditioh existed that alone could have prevented the fulfillment of a safety
syt. tem to mitigate the consequences of an accident. .

.
'

-5.1.20.4 Spoo Crect ;

LI; ope Creek was ci;ed for violating its facility operating 1icense by
cperating the reactor _on September 21, 1988, a' 101.2% of rated power, nomi ,

-- r. ally, with a morst case of 102.2% of rated power. The higher power resulted +

from nonconservative calcula'ional cerors for feedwater flow transmitters, but'
.thehigherpowerwaswithinthemargin:ssumed(gI the design basis. Informa- i

tion on this 1988 event was published in_1989.

:, 5.1.20 5 JKhite-1 ;
,,r .

it was discovered that, McGuire-1 operated at grectarOn June 30, 1989,
than 100% therm)1 power. The even+ was assigned a cause of ir.approprlate :

anion (for calibration data, the figure from tt.e Operator Aid Ccmpter wasi, ,

deficiency.gigure was wrong) with a contributory cause of procedural
.used, but t
)

,

5.1.20,6 Lor _t h_Mnit-1

',
-

- An input; errer-in the large-break less of-coolant (LBLOCA) a .nlysis for :
t

the 18% steam generator bgpluqging'licensingcasewasdScoveredatNorth ;
~

Results of the reanalysis dottruinrd that jAnna-1 onLAugust 8, 1989
correction of the error re.tulted in peak cladding temperatures' (PCls) thTt

I exceeded the carrent licensing basis and the 2200+ linJt soccified in ,

|- 50 CFR 50.46. As-a carrectivc awtion, administrative limits , sere placed on ,

_ 40rth Anr.a-1- operating parametars to reduce the PCT below the 10 Cf R 50.46| .. t
_ ,

| limit during a large-break LOCA. -

'
1

i.

. 5.1.21 itr)RDALvreJLEmLit ten
. . .

H d t

h

h There were three evients (one in 1989,' two in 1988) at: ll.S. plants that-

[ -(nvolved unanalyzed conditions. .lhose events are oescribed below. -

5.I.21.1 .GrAndjulnl

On September 23, 0 988, System Energy Resources, Inc. (SERI) determined
|~ that there existed situations during cold shutdown and refueling at Grand

|'' B.24
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Gulf-l wf ere certain' loads. manually handled over irradiate' fuel may not have
't>een bot.nded by analyzed everts and may not have been restricted by admini-
strative conttols. .curther evaluations and administrative controls will be .

,

required prior to-
publishedin1989.ggI next outage. Information ors this ?.988 event was '

,
,

;u
1

. 5'. l . 21. 2 [fghrdes_k :
-

'See Section 5.1.20.3 for details on this 1989 event.

5.1.21i31 Hing..tjle Poini.2 '"'

,

e i,

An updated report was submitted by the licensee regarding an event.at iP Nino Mlle PoLNRCin1989.g2on' April 19, 1988; the updated report was published by the
'

The1 reactor wt.s inadvartently operated with greator than
100% of rated reattor core flow (it was later determined that an " indicated"

'

-

r. ore flow of 100% of rated was an actual. core flow of.104.5% of r.ited). The
,

;

aventiwas due to a poor electrical connec^ ion and resulted in plant operation
-

1
:in an-unanalyzed condition,.

5.1.22$ 00% Power.,lxceed.94 |
,

- r

' There were eight' events
, which 100% of' rated power was(4xceeded.1 hose esonts are discussed below.three in 1989, five in 1988) ct U.S. plants in

' 5.1. 22.1 -. - Cook-2 o

See Section- 5.1.PO,1 for _detatis on this 1989 eve'it.
E ,

s' '5 1 ;22.2 ; ' [.g.qk:.2 ;

,

See section' 5.1.20.2 for details on this 1989 event',
.:

: 5. !,22.3J }}gnLGnch

:See Section- 5.1.20.4 for detailt on'this 1988 event.-'
4,4

-

1
-

:5;1 22.4: Aq,kaL1t1 -

,
, ,

;0n ML,*ch 9, 'ISt'8. two pumps that recirculate water through'La Salle-2's
.

reactor vessel ~ automatically slut down when T the pl, ant was being operated tit*
<

about-85% powr.o As aLres41t,: the pnwor.. level increased to a peak.of 118% of<

z

thefreactor's rated pcwer '0efore _the reactor automati
{1 h t down.:

'Information on'-this~ 1988 event was published in 1989.g y s u

.5;l;2?c;5u:McGuirel
|

-

3, -

See' Section 5.1.20.5 for. details on this' 1989 event.

.
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'
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.5.1.22.6 510_0nnf.r.R.-2 |

It was determined on December 16, 1988, that San Onofre-2 operateu in !

-excess of 102% of rated power from Decemner 23, 1983, to January 4, 1.984, 1
m

because of a manufacturing defect ig a feedwater flow venturi. Information on.

this event was p d11shed in 1939.g
,

<

5.1.22 7 SutQnafre 1
. On Octobar 31,19'J8, it was determined that San Onofro-t had been ope-

rated at an estimated actual powet :rlightly in exc'ess of 100% for a portinn of' ~

the' time between August 27 and October 21, 1980. During that period, however,
the pli.nt was never ceitinually cperated at gr2ater than MO% indicated power
nor wu it operated at an ostimated actual power in excess of 102%, thus pre-'

serving'the initial power assumption utilized in the safety analyses. Cause I

of the event was attributed to a decreau (several factors ' involved) in
indicated plant power relative to(gtual plant power. Information on this-

1988 event was published in 1989. -

|

5.102.8 inutiNm1E 2 |
.

'

,

i-Invivertent reactor core isolatton cooling initiation and injtetion
9'. occurred at Susquehanna 2 on December 15. 1988. Reactor ~ power increased to

'101% during the ovent 16 degradation of fuel was evident. The event was the
result of a pressure transient due t1 mispo;,itioning 'i an isolation v4ve by1

a?tecnnician. :Information on this 1988 event was published in 1989.g
~

,

5,1.23 01Ap_r Pqtver._Lbit_Inneded .i

lhere was.onc event in 1989 at a U.S. plan *. in w'alch an intermediate
power limit 'was exceeded. Ihat event is described below.

5.1.23.1 LoIL.SL_Lr.t.e

On~ June 23v 1989, it was discovered that the reheat steau attemperation
flow had not Men accounted fo, in the secondary neat balance calculation of
reactor power.# The licensca tech wanediate action and updated they" ;

| secondary (heat balance calculat tea. Reactor power was found to be 83.4%, .'
>

which exceeded rurt St. Vra~ n's auximaa author': zed operating limit of 82%. It'

i
'

..

was alsoffound that the 4eactor pom r w a ir, excess of 82% tor approximately+

four: hours. The root cause for this 9veat was identified to-be inadequate"g'
tprocedurest appropriate prbced wal chaages h4ve been implemented.

k 5,h 24 - UggvndieLP_qwgr ___Inc r9,m

C -There w a ohe event in 1989"at a U.S. plar' ihat invvived an unexpected-
pwer increase. . That event is described below,

g

s

5
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5.1. 24 d Limrichl
On April 9, 1988, a :ontrolled shutdown was in progress at L.imerick 1;

however, approximat91y three minutes prior to the Acram power bet,an increas=-
ing due to the poiltive reactivity effect e*~ decreasing modcratrr teroperature.
The reactor was shut down; there was no release of radioactive material to the
environment as a result of the event. The cause of the event was cc,nitive
personnel error. The licansed reactor operator did not adequately anticipate
and observe the effects of decreasing moderrtor temperature on_ core reactiv-
'ty. Information on this 1988 event was published in 1989.h ").

5.1.25 lam _Loralnplanktlatilcf011 d1

There was one event in 1988 at a U.S. plant in which 100% core cco', ant
flow was exceeded. That event is described belaw. -

C

5.1.25.4 ILLr2dii1e P int.;f- E

See 3ection 5.1.21.3 foi details on t his 1988 event.

5.1.26 /nlal Shaps_Jndu

There was one event in 1909 at a U.S. piant involving the axial shape
index. That event is discussed bekr..

5.1.26.1 SEL 0nof red

A manual trip was initiated on September 2. 1989, at San Onofre-2 becu se
oftheapproachoftheaxials["qppinder.(A51)tothecoreprotectioncalcu-
lator auxiliary trip setpoint. The A(1 describes the axial power distri-'

bution of the reactor cor1. At the end of a fuel cycle, the effect of a
decrease in plant power on AS) is greater thin at any other time in the cycle.
As a result, strict contfols must be employed to n.aintain the ASI within

.lfmits and prevent a trip. Although action was taken to control the list, it
was not suf ficient to maintain the ASI within it s l ha ts.

5.1.27 Cnptainn m Liptfgrlly

There were seven events (one in 19L0, four it '989, and one in 1983) at
U.S. plants involving breaching of containment integrity. Ibose events hre
described below.

5.1.27.1 Conhd

At Cook-2 on August 29, 198f, it was found that for short periods
(typically two to five minutes) an 0;en pathway from the containment atmos-
phere to the auxiliary building existed during c6re alteration and feel
movement. The cauie of the event was an inadequate procedure. Information on
this 1988 event was published in 1909. '

,
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5.1.27.2 [Athyd

tore alterations (unlatchir.g of control red drive mechanisms) were
perfemed on September 30 and October 1,198{,gt f arley-1 without having
established contalement refurling integrity This event uas caused by
cognitive personnel error.

5.1.27.3 br_ Ley

during the replacement /placenent of fuel within the reactor containment.Ignt
Containment integrity was braached on April 1% 1990, at the f arley

Removal of the bonnet to a valve and some bandholc covers created an air p;th
from the containment atmosphere to the outside atmosphere.

5.1.27.4 McfmDt.1 ,

An updated report" indicatos that during furl unloading operations at
McGuire-1 on October 75, 1988, containment integrity was breached when three

'

,

temporary penetrations were found to be leaking, fuel movement was slopended
until the penetrations were resealed and leak tested.

5.1.27.5 MDhtened ,

fuel building integrity was lost durit.g fuel movement at Millstone-3 on
May 24, 1989, due to an open door caused by per sonwl error *'' 1he immedi-
ute corrective action was to stop fuel handling until the door could be
closed.

5.1.27.6 kn])J10frrl
f

See %ction 5.1.11.2 for details on this 1999 event

5.1.27.7 2.i10.:.1

At Zion-1 on September 21, 1989, it was discovered duiing refueling
operations (the cgr4 was being off-loaded) that there was a hju o' con- ,

tainment closure No radioactive release occurred durina the time the
vent path existed. The event was caused by a combinatinn of precedural '

deficieney and improper planning.

5.1.28 (qrttalemni Airkp_r_qq_Lo313m. iral,lan

There was one event in 1988 at a U.S. plant involving an unexplained
increase in containment airborne contamination. That event is described ,

behw.

5.1.28.1 ()tablolgo_yAn le

See Section 5.1.11.2 for details on this 1988 event.

B.28
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5.1.29 "B9f_farticlu
6

There were several itor.s of interest in 198? pertaining to " hot" parti-
cles. Those items are described below.

L 5.1.29.I " Hot "_hriji.11M

Several papers""'NU presente: in 1989 provide information on "het"
ptrticles (i.e., irradiated fuel fragments). hot p rticle issues have been in
currentfocusgl,tgetheThreeMileisland-2acgentdosimetryhighlightedthe
basic problem. A sutvay conducted by EPRI indicated that ~70% of the
nuclear power plants have had snine problem with hot particles. Both BWRs and
PWRs have found hot-particle contamination in the plant environment and,
occasionally, on radiation workers. A hot particle on the skin produces a
very steep dose gradient; the dose drops off vcry rapidly as the distance from "the particle increases. The local Gbsorbed dose produced from a hot particle
on the skin raay exceed the administrative limit established by the utilit.y and ,

on occaslo. coeds tne ngulatory limit, which results in an overe.<posure : o

reportable to the NRC. The particles are sometimes called " fleas" because
_ they seem to ju:rp or hop fram place to place.

5.1.30 Lttwgtipg E _MalerLeyrj,f

- There were Te r events 'tuo in 1989, two in 1988) at U.S. plants
invoiving lowering of water levels. Those events are discussed below,n

a
5.1.30.1 flyre dt

,

*
See Section 5.1.10.4 for details on this 1988 event."

-

- 5. L 30.1 [linigp-1 y,

Unexpected isolatie, of shutdown cooling and lowering of tha water level,

(by five it.ches) f the upper ccntainment fuel pools occurred at Clinton-1 on
~

February 3,1989.pEU Water level in the upper pools dropped below the
,

required level of 23 feet above the reactor pressure vassel flange. The causei

of the event ms a;,parently a deficien' surveillance test procedure. .

..

5.i.30.3 Cl i nt.2t.L 1 4

z During two separate incidents on February 26, 1989, at Clinton-1, the
w e er level in the upper :outainment fuel pools dropped beled L'

of D feet ebove the top of the reactor pressure vessel flange.g"'pormal ievelThis' .:
event v.as attributt.d to insafficient training of operators on what constitute,
"other .pocified cunditicas* of Techocal Specification 3.0..L ?

-

< <

. !

-

-
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5.'t.30.4 innt.Bil d .nint:2

On April 13, 1988, power was lost to the feed water pumps at Nine dile
Point-P. The water level above the core Dolled of f from 183 inches to

! 108 inches. at which point the high prest,ure core spray and the reactor core
isolation cooling ems were activated. Information un this 1988 event was
publ'.shed in 1999 g'

i

5.1.31 SECRt.lutl P.nul
.

Thern were two items of interest in 1989 and one went in 1988 that
involved spent fuel pools, lhe items and the event are described below.

B3nt.g_Selo5.1.31.1 h

Rancho seco is scheduled for detueling, starting November 18, 1989;
however, before defuelP4 can tweence, (.rews at the plant are rgiring a
kak in the spent fuel cool's 5 -mm thick stainless steel liniag

5.1.31.2 San Onol e.1

On February 3, )988, it was noted at San Onofre-2 that the sport fuel
handling mchine (SFHM) uay have been operated over tha fuel Jtorage pool
whl % the postacciderd cleannp units (PALU) were not operable. This is con-
trary to the Technical specification 3, )2 cetion statement. Information on
this1958eventw~spublishedin1983.'g'

5.1.31 3 Elae.Il luuLS2: B etMLQulgn.E a s j s Ac cid esi_Ln_S pf atj El
f02LS.

Fu Section 5.1.2.8 for details on this 1989 item of interest.

5.1.31 Qelectjy1 ProtedurgOnini ng_ur _Managtzent_Qeficiency
__

_

TNre were 18 events (14 in 1989, 4 in 1983) at U.S. plants invciving
defectiva procu'ures or training or management deficiencies. Those events are
discussed below.

5.1.32.1 Clitts,t1

See Section 5.1.30.2 for details on this 1989 event.

5.1.32.2 Cli.at.qn;1
;

See Section 5.1.30.3 for details on this 1989 event.

5.1.32.3 [sth:2

Su Sectien 5.1.27.1 fer details on this 1988 event.
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5.1.32.4 D1yls_ Rent-1

See Section 5.1.11.1 for details on this 1988 event.

5.1.32.5 Ettvien;2

See Section 5.1.15.1 for details on this 1989 ovent.-

5.1.32.6 fort St. Vrtin

See Section 5.1.23.1 for details on this 1989 event.

5.1.32.7 Gr3ndlul f-l
See Section 5.1.21.1 fo,' details on this 1988 event.

~

5.1.32.8 !La_rril 1

See Section 5.1.10.6 for details on this 1989 event.

5.1.32.9 literichl
See Section 5.1.7.1 for details on this 1989 event.

5.1.32.10 thtrickd
See Section 5.1.18.6 for details on this 1989 event.

5.1.32.11 licf uire-1

See Section 5.1.20.5 for detai',s on this 1989 event.

5.1.32.12 McfGy.ird

A 15% power reduction was made at McGuire-2 on October 24, 1989, arid the
required iodine-131 dose equivalent sample was analyzred, but the results p'*ereinvalid because of insufficient purge time prior to ottaining the sampic.
This event was attributed to management deficiency and inappropriate actica.

,

5.1.32.13 _)lo Verde-1

See Section 1.14.2 for details on this 1988 event.

5.1,32.14 A rry ,1 i

See Section-5.1.15.4 for details en this 1989 event.

5.1.32.15 attadJititsd

See Sectio.1 5.1.1.2 ior details on this 1989 event.

B.31

|
!

__ . 1



_ .. y . _. _ _. ._ _ . _._.-._ ._ _ _.. _ _ _ . _ . _ _ .

|
^ * i es

!

|4 1

. ~
,

5ke
''

5.1.32,16. S.nL0aufra-2 ,
- ,

Scc Section 5.1.11.2 for details on this 1989 event.
_ _

S J . 32.17: Zioa-1: t

- See Section 5.1.27.7 for details on this 1989 event.
,

5.1.32.18' Perry 1-

See item under 5.1.15.10 for details on this 1989 event.+

5 d .33 -- D.tsiqDZla11Allatito/Jitin1.9 nance Deficifnty ,

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

E . discussed below.
,

5;1.33.1 LitnfaisA-1L

See Section 5.1.18.6 ice details on this 1989 event,
t

- 5.1.33.2 Lung., MileL Point-2 ,

See Section 5.-l.21.3 for details on this 1988 event.

5,1.33.3. C itutoxM
,

i

' Ins)989,. the NRCL published inforntion from an updtted report" that
'_

Lw'as submitted by' the 1;censee on an event at Sequoyah 2 on April' 7,1988. The
- event involved. inadequate work control' resulting in two emergeney core-cooling
system saps- being inoperable while the reactor was in Mode 3 (hot standby).-

5(1.34 f.guinmeJ&laupe ra bl ef][allu1q11gn

.

Ihara were five events :(two iri 1989i threeLin : 1988) at U.S. plants..that; ,

finvolved inoperable or malfunctioning equipment. Those events are described4~
Ebelow.

'

5.1.34.1 hlgJatd.9-l' "

I - In H89,'' the NRC pubi tsbed information from an updateC report" that
7 - was3smitted by the'. licensee concerning an event on December 7j 1988,-at Palo-
( V6rde 2 in which a'new fuel:rndiation monitor was found|to 12e inoperable (it

? indicated zero-millirem / hour:instead_ of the actual ' radiation--level adjacent to -i *
-

:the 3ew fuel stora0e racks)~. Jihe;last accurate reading was on December 4,
' >1988. Tbt event wasTattributedito'. a malfunction of the monitor's clock;

however,Jtho chuse ot' the f ailure could not' be. conf irmed.s
-

y-

s

L '
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5.1.34.2 10n Dnnf e-1t

See Section 5.1.31.2 for details on '.his 1988 event.

5.1.34.3 S3n Oaqlr.2-3

While San Onofre 3 was operating at ;00% power, with the core operating
limit supervisory system (COLSS) having been removed from service for quar-
terly preventive maintenance, it was ditcgvged on May 2,1989, that the COLS$
backup computer system (CBCS) had f ailed. O alarms had been received to
alert the operators of this condition. With brth COLSS and C005 inoperable,
the plant was operating with a departure from nud eate boi'ing ratio (DNBR)
below that allowed by Technical Specification 3.2.4. Investigation determined
that the CBCS had failed as a result of a memory err'- due to an indeterminate
cause. 1he computer failure was not detected due to ute absence of a CBCS
failure alarm. Design changes have been implemented.

5.1.34.4 $tqup,n@d

See section 5.1.33.3 for details on this 1988 event.

5.1.34.5 Ignlpg.3gwe

See Section 5.1.15.7 for details on this 1989 event.

5.1.35 t!EnfEluring_1drXt

There were three events, one in 1988 and one in 1990 at U.S. plants, and
one in 1989 in Canada. These events are described below.

5.1,35.1 San Onofred

See Section 5.1.22.6 for details on this 1988 event.

5..l.35.2 Vermont.1gite

See item under 5.1.1.20 for details of this 1990 event.

5.1.35.3 [anada

in Bruce-3, twelve of the unit's 480 feel-carrying pressure tubes were
found to be leaking. These tubes, and all tubes built subsequent to Bruce 3,
are of zirconium-niobium alloy, so hydriding was not suspected. They may have
had a manufconnection.pcgiringdeft:torastructuralweaknessattherolledjoint

'B.33
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-5.1.36 ffnp.nngLDLc

There were 13 ever's (9 in 1989, 4 in 1988) at U.S. plants that involved
personnel errors.: Those events ar described below. |;

5.1.36.1: Clintoa21 )

See Section 5.1.10.5 for details on this -1989 event.
'

5.1.36.2 Ray.iL3nie:1

See Section'l.14.1 for details on this 1988 event. l

.i

m - 5.1.36.3 EArlSY1 i
,

/; .i

500 Section 5.1.27.2 for details on this 1989 event.,

S.I 36 4 EDIl_ L _Yn in

See Section 5.1.18.5 for details on this 1988 event.

5.1.36.5-11merick-1 |

See Section 5.124,1 for details on this 1988 event, j
5.1.36.6 Hillstone 't l

; . See Section 5.1.18.7; for details. on this 1989 event..

,

,

15.1,36.7 ' -liinstone-3- -1
e

LSee Section_5.1.27,5 for details--on.this 1989 event.

5.1.36.8Ml(prth Anna-1 ari_:2 ' |#-
,

See 'Section s 1.7.2 for details on this 198F event.
'

c

5;1.36.9 LOyster Crack ;
.

-See Section 5.1.9.2: for details- on this J989 event,
, tc

I 5.1-.36(10 gylttic_CI3fk-' '
,

.J #j_ l- _. ,
,

t

/AtT0yster Creek on-May 15,71989,. a-reactor-coolant sample was not taken i

,

'and analyzed- for dose equivalcnt iodine-131 activity (such activity-can be an<,
de sindicator that failci' fuel is present in the core)-following-a reacter power
- i

? Jchan9egmore:than"15%asrequiredbytheplant'sTec'.nicalSpecifica- .

=tions. - :The root cause of the everit was personnel error, Two contributingu ,

w
-factors were:also evident, '

-
-

,-
.

4
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'5.1.36.11 P_qtryd
,

See Section 5.1.15.4 for 6 tails on this 1989 event.

5.1.*;6,12 OgAd Citici-l-

See Section 5.1.1'.2 for details on this 1989 event.,

5.1.36.13 inignfthtqpJt 2 q

See Section 5;1.22.3-for details on this 1988 event. d
1

5.1.37 . Eftticatal Fatitum
''

,

_ . There was one event in 1989 at a U.S. plant involving personnel fatigue. ;

:That event'is discussed below.- ;

3.1.37.1 Limetir._kd ;

See Section 5.1.7.1 for details on this 1989 event. s
,

15.1.38 . EtqGiulur.Al NoDSMD.}l.aJ)&Q |
'

-

.

TherciworeJ10 events (4'in 1989, 6 in 1988) at U.S. plants involving
procedural noncompliance. ~Those events are described below. u

. - ,5.1.38,1 [1taba32
,

g 10n August 25,-1989 " power was. reduced more than-151. at Catawha 2 uithin a,

joneihour period .but the . required sample for ~ analysis for iodine (the detection<1

[i1 .of: iodine-131 may-indicate the presence of failed fuel p not taken, Alch
'

Ms E" violation of the plant'.s technical specificationsJ' ,
-

.. - ,
,

t . .-

. .. 3

5.1,38,2 L Qiv_is.. Besse._| '.

'
*

. . .

.* -See Section 5'.l.12.1 for details on this 1988 event.
,

5.1.38.3' Dialdo Canyon-1
, .

,;

See Section 5.1.12.? for details on'this 1988 event.
.

;

5.1.38.4! Qiabic lanyna l. :;
y

-See Section'5.1.12.3 for details on this 1988 event.
. , , ,

m [| - IS lj38.5L [ic.Auir_9:2
. . - - . 9

See Section1511.32.12 for details.ra thi.s 1989 event.
'

s

k
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+E 5.1.38.6.- Dni.tr,,_01.cch

o See Sectlon 5.1.36.10 foi details on this 1989 ovent.

5.1.38.7 San Onofrr 2

-See.Section 5.1.31.2 for details on this 1.988 event.:y

f 5.1.38.8 . San _Qn2ffted

'W See'Section' 5.1.34.3 for details on this 1989 cvent.

'5.1.38.9 Seouoyah 14
See Section 5.1.1.4.for details on this-1988 event.

#
- ~5.1.38,10 Igr. Lev Pointr3,

- See Sectioti 5.1.18.9 -for details on this 1988 event.

-ir b.).39 yahigyn Causg 1qr fren.t.

There were six events (four in 19A9, two in 1988) at U.S. plants and one'

1989 item of interest pertaining to events with unknown causes. The events
and the-item of 'nterest-are described below,

5.1.39.1 licGui-o-2 .

. See-Section-5.1.15.3 for detaiis on<this 1989 event.

O 5.'t.39.2; Niisdei

'See Section 5.1.7 f for details on this 1988 event.1

_

5.1.39.3 blo Yntdg.-2
5

See Section 5.i.34.1 for details on this 1988 event.
,

.c .

5.1'39.4 Prair.12111Lnd-2

See Section F.1.15.5'for details en this 1989 event..

- 5~.1.39.5. Sap _Qeq[ted
'

JSe'e Section 5.1.34.1 for details on this-1989 event.#
d

, 5.i.39.6' lan.Lqq 8nwg

see Section 5.1.15.7 for' details ~on this 1989~ event,-

,

j..

$
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5.1.39.7 )[qslinghgyle fuel

See Section 5.1.1.9 for details on this 1989 item of interest.

5.2.6 C o n t rolled _Snitm_.La i l u r tdialf u n c lign

There were four events in 1989, one event at a U.S. plant and four events
at plants in another country, that involved f ailure or malfunction of control
rod systems. Those events are described below.

5.2.6.1 Fort StuYrlin

Fort St. Vrain (HIGR) was idled for about two years starting in 1.984,
when 6 gf tg) 37 control rod pairs f ailed to insert automatically on scram ,_

signal. y* On August 17, 1989, during a weekly surveillance test,
operators received a " slack cable" alarm for one of the 37 control rod pairs.
Although the pair could be withdrawn, the pair could only be reinserted about
one-third of the normal rod travel. Then, the pair became stuck outside the
reactor. The utility discovered that the head of one of the control rod's
Inconel clevis pin bolts had developed a crack, broken of f, and wedged itself
between the control rod and the guide tube. The bolts had been replaced in
1985.

5.2.6.2 EinlandM

finnish officials are checking the possibility that a metallic powder,
normally used for sandblasting but found on September 10, 1989, in
olkiluoto-l's control rod drives, was put they4py a saboteur during a
refueling outage that ended three months ago. Some control rods had
jammed on September 7. fleanup of the 120 control rod drives will be slow
going, since only four -ives can be iffectively cleaned per day.

5.2.6.3 Ejnla.nd -

Additional information has been published on the recent ccntrol rod drive
fr'~ e at Finland's Olkiluoto-1 (BWR),4ve been introduced deliberately.", that was caused by metal powder, whichma.

5.2.6.4 Ej_nland ,

finnish law enforcement officials are continuing to investigate how
almost 20 kilograms of a metallic grat.ular powder (0.1-0.5 mm in diameter)
used in sandblasting got into the control rod drives at Olkiluoto-1 (BWR).M,
Sabotage has not been ruled out though of ficials are placing great er emphasis
now on non-criminal activitie ,. A comprehensive cleanup of the reactor, rods,

..

(a) There are four entries (Sections 2.6.2, 2.6.3, 2.6 4 and 2.6.5) that
pertain to the same event.
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and rod drive mechanisms was started immediately. fuel was removed from the
core while the core support structure and control rod guide tubes were-

' vacuumed.

5.2.6.5 finland

The, metal powder that fouled control rod drives in September 1989 at
Finland's Olkiluoto-1 (BWR) may have beg' lying in a low flow area of piping
sines the plant was started up in 1978. Earlier, the possibility of:

sabotagc ,as suggested, but investigations have failed to fino any evidence to
support that theory. Analysis of the powder samples, which appear to corres-
pond to old stainless stael BWR oxide layers, indicates that the oxide forma-
tion is many years old. Pressure tests in liay 1989 may have 800sened the
powder deposition.; following cleanup, only traces of thes powder remain and
Ltests show that these small amounts will not-affect the control rod1

performance. See;also References 303-305.-

5.2.6.6 depan1

On July 26, 1989, Japan Atomic linergy Research Institute's (JAERl's)
#

nuclear-safety-researchreactor_(figgfailedtoachievecriticalitywhenall
three! control rods were withdrawn Inspection revealed that the bottom-
portion of one rod.(~20;cm long and containing boron carbide and air) had"

,

become_ disconnected and was still in the core, Attachment screws were found
to be loosened.

5.2'.6.7. fflDcJt

See item under 5.1.15;9-for this 1989 eveilt.'

5.2.6.8' Erjnc.q-,

"Chinon-B1 was down fur refueling July 25, l'389 when a plann6d test
showed.tht one oQ3e reactor's 53 control rod clusters did not drop in the

.

prescribed time."
'

5. 2 . 7 ,Cp n t r ol,loily s t em_fprro s i on/.crAcJuna

ThereLwere two events =in 1989 at plants in another country involving
control rod syrtem corrosion or cracking. Those events are described below.

5.2.7.1: Janan

See Section- 5.2.l .20 for did iih on- this 10R9 ^unt.-

5.2.N2 dgE $

See- Section 5.2J .22 for ' details on tii.; 1989 event.

.
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5.2.8 lig.nMa.rY.atlye Asiuen11tasl.lntatteqLDala

i There were two events in 1989 at U.S. plants involving use of noncon-
: servative assumptions or incorrect data. Those ' ents are discussed below.

5.2.8.1 EgjnJ. cath 1

See Section 5.2.1.7 for details on this 1989 event.

5.2.8.2 ltnian
On Septcwber 9, 1989, it was found at Trojan that the 1007. power refer-

e;,ce temperature used ipgie rod control system was different than the value
in the safety analysis.' The nonconservatism was due to a miscommunication
between the licensee and the nuclear steam supply system (NSSS) vendor in 7
1976.

5.2.9 QLidt Ih i c k0_eJLin_EXLe1LQLDruna 11nt lli
'

There was an item of interest in 1989 regari"ig oxide thicknesses in
excess of design lin,its. The item is discussed below.

542.9.1 DMdLl!1kkaus

fuel in several PWAs.p"g excess of design limits have been observed on ANFOxide thicknc ue
The cladding involved was fabricated by a specific

supplier There were no fuel failures in spite of cladding thickness losses
of up to 100 microns due to higher than normal waterside corrosion. Assembly
burnups close to 42,000 mwd /MIU were achieved without fuel failure, even with
a measured oxid: thickness as high as 165 micrcns. ;

5.2.10 Dtbris iq,Jg3slor_lusd |r

Thr'e were three events in 1989; one at a U.S. plant and two at plants in
other countries, that involved debris in the reattor vessel. Those events are
described below.

5.2.10.1 Haddam Neck

See Section 5.2.1.1 for details on this 1989 event.(*)

5.2.10.2 )Jaddam Heck

See Section 5.2.1.2 for details on this 1989 event.

_

(a) Entries in Sections 2.i0 1, 2.10.2, 2.10.3, and 2.10.4 pertain to the
same event.
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5.2.10.3 ligddut_t(gd

See Section 5.2.1.3 for details on this 1980 event.

5.2.10.4 '!ladd3m_Kt.tk

See Section 5.2.1.4 for details on this 1989 event.

5.2.10.5 dapAn -

See Section 5.2.1.'17 for details on this 1989 event. W
. ;

-

4 -5.2'.10.6 DAD.Ltl

See Section 5.2.~1.18 for details on this 1989 event. j
!

5.2.10.7 dagaji |

See-Section 5.2.1.19 for det ils on this 1989 ovent.

5 2.10.8 Finland

~ See Sections 5.2.6.2 - 5.2.6.5 for this 1989 cvent.

5.2:11_ - f.gol Assemh,1Y Cooling $_nien)1

: There was one event in 1989-at a plant in another country involving the :

. fuel assembly cooling system; That event is described below.

5,2.11.1. frartca - ;

: Durfng' refueling'of France's Tricostin-2, it was discovered on
;Jang'15,L1989,that:thefuelassemblycoolingsystemhadnotbeenswitched.

on As-only three assemblies had been inserted at the..-point,.there was no- i

1heatup of the coolant; however due:to the violation of technical specifi- !o-
1 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 = (Nigys12n. Del P,gl,Ltl

- There was one event in fl989 at 'a plant in another country that involved ' |
undersize-fuel pollets. That event is discussed below.-

5.2J2.1. lLrldgnsize Pellets

. 0nifebruary;10, 1989, the French limiteo pcv r at.the Dampierre PWR sta-
tion after it was discovered that some fuel rod > tuntained a few undersized !

, ,

- . -

;(a)|-Entries.inSections 2410.5, 2.10.6,..and 2.10.7 pertain to the same event. |

'
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pellets. M The power limitation was lifted on February 13 af ter it was
verified that the smaller fuel did not advcrsely affect safety. 1he incident
was classified at L.evel I because of EDF's feilure to discover the fuel<

ancmaly before fuel loading. Only a small number of pellets were concerned
(40 out of 37 million) but the same anomaly could have been repeated in
pellets already lo g d into Dampierre-1 and 4 and Cruas-4, which also use

3this type of fuel

5.2.13 flgjlina oLhiter Ley.ql

There was one event in 1989. at a U.S. plant involving / ising the water
level. That event is described belnw.

5.2.13.1 $1,_hcfmjt

At St. Lucie-2 cn February 22, 1989, the water level ia the spent fuel
pool (SFP)wasraisedhighenougtefloodtheintakeventilationductsthat .

line the perimeter of the pool. ' The overflow of water into the 5f P
ventilation ducting rendered the safety related portion of the fuel handling
building (Fila) ventilation system inoperable. The root cause of the event was
operator errors by utility personnel.

5.2.14 I!naqtttjn in Primary CogltLn1

There was one event-in 1989 at a U.S. plant involving an impurity in the
primary coolant, lhat event is discussed below.

5.2.14.1 C.4h art._01ifh d
#An NRC inspection report indicates tnat abnormal sulfate concentrations

existed in th9 primary ,cfolant system at Calvert Clif fs 1 at the time ofstartup in March 1989.5 The response from the licensee indicates that a3

peak value of 1.9 ppm (within the limits of Chemistry Procedure CP-204) before
~the plant startup was commenced on March 26, 1989.;

5.2.15 AdA1Li31ttoLynh9nled Water

There was one event in 1989 at a U.S. plant (pWR) involving the addition
of unborated water. That event is described below.

S'.2.15.1 Sr J. hind
On January 23, 1989, approximately 440 gallons of unborated water was

added to the reactor refueling cavity water during decontaminat)gI activitiesat San Onofre-1 and resulted in a positive reactivity addition.' There was
no safety significance to the event since the minimum requirei shutdown margin
of 5% was not approached. The event was caused by cognitive personnel error.

B.41
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$p' . Nh6reLvereth'reeeventsLin:1089etwu-at'U.Ss plants and one at?a-plant in.

g'' ; another!.-country, and a '1990-item of interest portaining to ripent fuel pom.
'

.

Thefeventsiand:the item of inte wet are discussed below.
? 5,-2i16i Eitipitrich.

'

,. .
?At Fit 7. patrick onNune-12,.1989, the surveys provided to support engoing

9r3 _ worklin.Lihe spent fuel pool ~ were inadequate to_ identify the presence of an
. T objecgittingunto1000R/hroncontact,whichappearedintheworx
|J.W area. 1 The. ob;ect was: a highly radioactive particle that floated to. the-
M, , surface of1the spent fuel pool. The doses of the two workers in!close proxi :
1 EmityLto the; source' were calenisted to be N0 mrem (whole body) and 960 mrem
@ , (extremi ty)i...
;; y' _'"'

* -5.2.16.2" M9uire-1,

-In September'1989, analysis indicated that the formation of, gaps in the-

. - Roraflex neutron-absorbing mterial .in high density spent fuel storage racks 1
1ythe' subject of NRCylgormation Notice 1No. 87-43) was unlikely to occur in the

rr ksi t McGuire-l. However; theipotential existed for:a different prob 3 .I
^-

a.

|lemsto develop 'at' McGuire-1. -The. neutron absorber panels originally installed'

'in the racks are shorter than the active fuel-length of the stored fuel'

y [ assemblies; This| combinedTwith' shrinkage of the. Boraflex neut w absorber
' '

,

:couldjpotentially:have greater: effects'on. reactivity than t o e- Jition

g" " referred to in the.NRC Information Motice. This'. event was attrGuted-to :

- design deficiency because of :the unanticipated _ environmental interaction.

UyAt.on-85 Frog.D.e,J;aved3peltt, Fue.1'1j2116;3' L5A _ . o
2: 1

See Section-.512.2i1 for details on this 1990 item of interest.
'

e +.

_

5.2T16.4^ Federal .R,epalblig- of 4prmanf -

'
- o

ca See Section 5.2.1;15 for details on thisi1989 event, y
y ,

gyN L5 1 17 % ck of Ogsion Basis Oncpr1EbtionE nadenuate Review l
, i

. .
I

'There wasione event in 1989 at a U.S. plant involving the lack of design
%[. ;basisidocumentation and an' inadequate review' :That event =is-descrioed below.

U- 5;2f17.1: San Onofrgd .
'

; Sse Sei;t'lon 53.h8.for details on this 1989 event. I
'

5.2,18; Procedural Ngng_om.1pM.qncem

|
,

- There was Lone: event in 1989 'at a .ptnt in another country involving ;
~

'

1" W< procedural noncompliance. That event is described below. j*

:
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5;2,18.1 France
;:;p

(h (,.[ See 56ction 5.2.11.1 for details on this 1989 event.
m

1 g iS.2;19 Dgft.c.11ye Prpf,3 dungs
,

;

:There were four events in 1989, three at U.S. plants and oneLat.a plant '

Sf in another countrys involving defective procedures. Those events are
:

,

described below'"

y
.

.

5.2.1941 ipresden-2_, .
.

'

See Section 5.2.3,1 for details'on this 1989 event.

'

- 5. 2.19. 2 - | E117aa+,ric k

See Section 5.2.16,1 foi aetails on this 1989 event.
,

5.2;19.3: l.imelick-Z' . ;
.s

*

xSee Sectio _n 5.2.1.5 for details on this 1989.. event.
--

.

M 5.E 19a4 : France
" See":Sectiom S;2.11'.1Lfor details on this'1989 event.-

~'

L 5.P : 19'.5 frhcs

.T |An crrot at_ Gravelines-1- that left pressurizer relief valves unable to ^
,

_ topeniatetheir nominal:setpaints has been acknowledged as a: serious defect in- ^
'

"

the; maintenance _ quality 4 control program.. The mistake was due to the insertion
,

:iof +some solid screws that had been used erroneously;for over a year and had ~ l
! - 3recently been replaced. The-solid-screws looked the' correct hollow "

| r, 9 screws an.d;had been left unmarked in-the tool box
L

'
1

i j512.203esignDeficienc_y:
'

..LThers were two evenis in 1989 at 'U.S. plants involving design:-

Tdeficiencies. Those events are described below.

. 65 12.20.11 iLMuir3d
4

:Sce Section 5.2.16.2 for details on this 1989 event.-
'

15:2.20;2 juhC LrLekrn.,
m,.

}} f.SectionL5.2.-l.6:for details on this 1989' event.
-

4

B.43
@

a
~

Ar ,

m

I$ rg_1-

- h rh [.9 p , p. g 3g .[ ,j,z.. .e e%,.w.s.c w e W s' e >-c 4'?%****(r" # he 't C ** 84-*" **m" ''"U ' * " * #" '# ##"* * " * ''' # ' '
'



y y v, --
.

, , ,
.

.g , w.- ,
,

*
,

%..-
a:

.

! '.2.21: EauiomentJiilure 'y.j 5'

A ,

There was-one event :in 1989 atialplant in another. country. involving<

equipment-failure. --That event.is described below.-

,g
'5.2;h!.11 federal Renpilic of Germany (

i

$+ 1See'Soction 5;2.1'.12 for details'on this 1989 event.-
-

5.2.21;2; FedhMpub.11c of GeIFany
'

s # .-See Section 5.2.1.13- for details on this 1989 event.g'b
. .. . .- . .

E
.5.2.22 ' . Personnel Errgr _

- |
..

;,
'

' There~were fivelevents in 1989'at U.S. plants and two in foreign plants j
.

; involving personnel _ errors. .Those events are ~lescribed:below.;

5.2.22.1; 11merick-2

See Section 5,2.1.5 for' details on this 1989. event.

5.2.22.2.! San Onofre-1---

' ' See Section 5.2.15.l'forideta'ils on this 1989 event. -

~ 5.2.22.3j ltqgnyah 4 p d -2'
,

1 ,

LSee Section'5Zl.9 for details on this 1989 event, j

'

-5.2.22:4 St.*lu.gjg.-2-'

See Se'ction'5:2.1311- for details on this 1989 event. , ,

1

}. 5.2;22.51 Three Mile ~1s1and-2<'

See Section.5.2 5.1 for-details on this 1989 event.- ---

L5.2.22.6:-Germany-

. Technicianiprecaring.foritest on _ Fessenheim-I mistakenly closed off
feedwhter to?a1 reactor cooling system of unit-2,-which was operating at-ful1

.

, power instead{af-tolthejsy tem The error was -q'uicklyJdetected in
:thef tc.crolf r.oom and ncoirected.g unitEl.!

,

1

4

. _ , ,

4
- (a);-Pertsins:toisame event:noted in Sections 2.-2 1-and 2-.l.12.

.

.

~
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5.2.22.1 France

Blayais-3 was down for refueling on-July 11, 1989, when an in-core mea-
surement thermocouple tube was damaged during closing of the reactor veghead. Af ter repair' of the thermocouple, the reactor restarted July 27

5.2.23 Mi>Lommuricatdqn

There was one event in 1989 at a U.S. plant involving miscomunication.
That event is described-below.

5.2.23.1 Irqiam

See Section 5.2.8.2 for details on this 1989 event.

b.2.24 Unknown Cayse 19r. Event

lhere was one event in 1990 at a U.S. plant in which the cause is a

enknown. That event is described below.

5.2 24.1 V00tl e- 1

Set Section 5.2.1.10 for details on this 1990 event.

c
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