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AVAILABluTY NOTICE

Avaelity of Referexe Matenals Cited in NRC PutAcations

Most documents cited In NRC pubhcations wm be availab:e from one of the following sources:

1, The NRC Public Document Room. 2120 L Street, NW., Lower Level, Washington, DC 20555 }
!

2. The Superintendent of Documents, U S. Government Printing Office, P O. Box 37082. Washington, i

DC 20013-7082
- ;

3. The National Techruca! Information service, Springfield, VA 22101 - '

Although the !! sting that follows represents the majority of docurnents cited in NRC pubhcations, it is not
htended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Document Room
include NRC correspondence and internal NRC memoranda; NRC bulletins, circulars, Information not6cet j
inspection and investigation notices. licensee event reports; vendor reports and correspondence; ComrTWs-
slon papers; and applicant and bcensee documents and correspondence 1

The folloMng documents in the NUREG series are availabic for purchase from the GPO Sales Program:
format NBC staff and contractor reports, NRC-sponsored conference proceedings, international agreement
reports, grant publications, and NRC booklets arid brochures. Atso available are regulatory guides,'NRC
regulations en the Code of Federal Regulations, and Nuclear Regatatory Comm>ssion Issuances. i

! Documents avaltable from tne National Technical information Se vice include NUREG-series reports and
techix al reports prepared by other Federal agencies and reports prepared by the Atomic Energy Comfrus-

'sion, forerunner agency to the Nucbar Regulatory Commission.

Documents available from puts a ed special technical kbraries include all open 6terature items, euch as
bocks. journal articles, and transa tions. Federal Register notices, F ederal and State leglsiallon, and con-

,

gressional reports can usually be obta+ned from these hbranes.

Documents such as. theses, dessertations, foreign reports and translations, and non-NRC conference pro- ' |

ceedings are available for purchase trorn the orrnization sponsoring the pubhcatiori cited. '

Single copies r.,f NRC draft reports are available tree, to the extent of supply, upon written request to the ;

Office of Adnunistration, Distnbution and Mall Services Section. U.S. Nuclear Regulatory Commission,
Washington, DC 20$$5.

Lopies of industry codes and standards used in a substantwo manner in the NRC regulatory process are
mainta.ncd at the NRC Ubrary. 7920 Norfolk Avenue, Bethesda, Maryland, for use by the public. Codes and '
standaros are usudy copyrighted and may be purchased from the originating organizattori or, if they are
American National Standards, from the Amer;:an National Standards h stitute,1430 Broadway, New York,

'
NY 10016

,

1

DISCLAIMER NOTICE

T'ms report was prepared as an account of work sponsorod by an agency of the United Statos Governmont.
Neither the United States Government nor any agency tnoreof, or any of their employnos, m,%es any warranty,-
expressed or implied, or assumes any legal I; taity of responcibmty for any third party's use, or the iesults of
such u% of any information, apparatus, product or process dsclosed in this report, or represents that its use

- by such third party would not infHnge pnvately owned nghts.
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NOTE
_

' This document is tx>und in two volumes: Volume 15 contains the inain report and
Appendix A; Volume 16 contains Appendices B-D.
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LIST OF ACRONYMS

ADS automatic depressurization system
AEOD NRC Office for Analysis and Evaluation of Operational Data ;

~ARV - auxiliary feedwater
- ATI' - augmented inspection team
ASP accident sequence precursor (program)

'

ATWS anticipated transient without scram
BWR boiling-water reactor '

L CC containment cooling
CCW component coe"ng water
CD core damage
CRD control rod drive .
CSR . containment spray recirculation
DG diesel generator
DHR decay heat removal
ECCS emergency core cooling system
EDG emergency diesel generator
EPS emergency power system
ESF engineered safety feature
RVCl feedwater coolant injection .
FSAR final safety analysis report
ilPCI - ' high-pressure coolant injection

~ IIPCS high-pressure core spray
llPI- high-pressure injection -
IC isolation condenser
IIT . incident investigation team
LER licensee event report
LOCA loss-of-coolant accident
LOFW loss of main feedwater
LOOP loss of offsite power
LPCI low-pressure coolant injection
LPI low-pressure injection
LPR low-pressure recircu'ation
LWR -light-water reactor
MFW main feedwater
MOV - motor-operated valve
MSIV main steam isolation valve
NRC Nuclear Regulatory Commission
PCS power conversion system
PORV- pilot- or power operated relief valve

- PRA probabilistic risk assessment '

_. _
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PWR pn:ssurized water rector -
RCIC reactor core is_olation cooling ';

. RCP reactor coolant pump
'

RCS reactor coolant system i:

RilR residuai heat removal
Ril;SW residtial heat removal service water
ROAB - Reactor Operations Analysis Branch of AEOD, NRC

- RPS reactor protection system
RV relief valve or reactor vessel
RWCU reactor water cleanup

- RWST refueling water storage tank
.

,

SCSS Sequence Coding and Searth System database
SDC shutdown cooling
SG' steam generator c

SI safety injection
SLB steam-line break
SLC standby liquid control
SP suppression pool
SRV safety relief valve
SW- service water
TBS turbine bypass system

.
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Appendix B

PRECURSORS

Reactor plant operational events for 1991 were selected for documentation as
precursors, containment-related, and other events based on the selection crite:ia described
in this report. Precursors are documented herein.

For each precursor, an event analysis sheet is included. This provides ~a
description of the operational event, event-related plant-design information, the
assumptions and approach used to model the event, and analysis results.

,

Two figures are included. The first figure compares the significance of the event
from a core damage standpoint with other potential events at the same plant, The second
figure highlights the dominant core damage sequence associated with '.he event,

A conditional core damage calculation is also provided. Included with the
conditional core damage calculations are individual sequence probabilities for the more
significant core damage and anticipated transient without scram (ATWS) sequences,
listed in probability and sequence order; and a listing of the branch probabilities and

; frequencies utilized (edited branches are in upper case). Individual sequences are listed if
their probability is >0,03 times the probability of the dominant sequence for each end
state.

- Probabilities for sequences that reflect a decrease in conditional probability are
enclosed in pamntheses. A decrease in core damage or ATWS conditional probability for
an individual sequence can occur in sequences containing success branches when an
unavailability is modeled. For example, consider two sequences involving an initiator A,
an observed degraded system B, plus another system C as shown on the fellowing event -
tree. Sequence 1 includes success of B; sequence 2 includes failure of B.

|

| - A B C S eq.- End
No. - State-

OK
| .

Core Damage; 1

|- 0.1 - 0.03
L (decradedt 2 Core Damage -

C.5

i

!
I'

| '
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The probability of sequence 1 is probability (A) x [1 - failure probability (B)] x - !

failure probability (C); the probability of sequence 2 is probability (A) x failure
probability (B).

In assessing the significance of an unavailable system, the likelihood of core
damage calculated without any observed failures and over the same period of time is
subtracted from the value calculated considering the unavailable system so as to estimate
only the additional impact of the unavailability. Applying this procedure to the two core
damage sequences with the probability ofinitiator A assumed to be 0.1, the probability of
B failing (given that it had been degraded) assumed to be 0.5, the nominal railure
probability assumed to be 0.01, and the probability of C failing assumed to be 0.03, the
conditional probability of sequences 1 and 2, respectively, is calculated as follows:

[0.1 x (1 - 0.5) x 0.03) - [0.1 x (1 - 0.01) x 0.03) = -1.47 x '10-3

[0.? x 0,5) - [0.1 : 0.01] = 4,9 x 10 2

In this case, the differential probability for sequence 1 is negative, indicating a
decrease in probability for that sequence compared with the same time period without the
unavailability.

Each event is identified by its unique docket-licensee event report (LER) number,
Table B.1 provides an index to the documentation for each precursor event. The LERs,

associated with each event are included with :he precursor description. Note that copies
of LERs utilized in the Accident Sequence Precursor (ASP) Program are also used in
other Oak Ridge National Laboratory programs and may contain markings made during
abstracting and coding in those programs.

1

.
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Table B.1. Index of precursors
.

._

LER No. Event title Plant narne Page

No.

029 S 1-002 Loss of offsite power caused by lightning strike Yankee Rowe B-7
,

206SI-014 Inoperable volume control tank level transmitten San Onofre 1 B-24

247S 1-001 Reactor trip and auxiliary feedwater pump failure Indian Point 2 B 37

269SI-010, Potential for hydrogen entrainment in HPI pumps Oconce 1. Oconec 2, - B-47 I
'

270 S 1-003 Oconee3

271SI-009, - Extenced kss of offsite power Vermont Yankee B-77-
271 S 1-012

272SI-030 Both PORVs failed due to leaking actuators Salem 1 B-106 'l

278SI-017 Control wiring for ADS / relief valves found damaged Peach Bottom 3 B-ll7

t 280 S 1-017 Both emergency diesel gencrutors for Unit 2 inoperable Surry 2 B-147
for 13 h

287S t -007, Rextor trip due to LOFW plus degraded EFW Oconce 3 B-157
269S1-009

293SI-024, Loss of offsite power and RCIC trip Pilgrim B 186
293SI-006.
293SI-021, *

293SI-025

3(MSI-002 Loss of offsite power with one diesel generator out of ' . Zion 2 B 222
service

3(MSI-0(M - Main feedwater pump trip with one AFW pump failed Zion 2 B-261

32161-001 Loss of feedwater with ihCI degraded and RCIC failed - Hatch 1 B-274

323S 1-003 Containment sump isolation valves and containment Diablo Canyon 2 - B-288
| spray pumps deenergized during hot shutdown

| 325/91:018 Loss of feedwater with degraded HPCI system Brunswick 1 .B-301
|
'

333SI-006 Trip with both LPCI trains inoperable Fitzpatrick ~ B-312 -
| - .

333SI-014- Hydraulic pressure locki'ng of two low-pressure ECCS Fit 7 patrick B 324.
~

injection valves

336SI-009 Both diesel generators unavailable and unit shut down Millstone 2 B-339

f .368SI-012 Both normal service water trains fouled by debris Arkansas Nuclear One, B-349
~

Unit 2-

1

- , . . - . ., ,~ - , - , . , ~ . ~ nn,,, - - , n .. . -,,, . . - . . . - , , , , - . ,n
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369/91-001 Switchyard breaker test results in loss of offsite powc2 McGuire 1 B-373

4003 1-008 llPI unavailability for one refueling cycle because of llartis 1 B 397
inoperable alternate mininow lines

-- 400/91-010 - Rextor trip breaker fails to open on trip liarris 1 B410

410SI-017 loss of five nonsafety uninterruptible power supplies Nine Mile Point 2 B419

423M1411 Both trains of IIPSI inoperable due to relief valve failure Millstone 3 B458

440S 1-009 Two EDGs inoperable PenY B467

443S1-008 loss of offsite power . Seabrook B479 -
~

445SI-012 Potential charging pump unavailability due to hydrogen Comanche Peak i D489
void expansion

P

,

t

.-_--_--______._____:--___---.._________2_ _ _ _ _ _ _ _ ________ _ _ _ _ _ _ _
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ACCIDENT SEQUENCE-PRECURSOR PROGRAM EVENT AN/ LYSIS

1
i

LER No.: 029/91 002 l

Event Description: Loss of offsite power caused by lightning strike
Date of Event: June 15,1991

Plant: Yankee Rowe

Summary

Yankee Rowe lost offsite power for 24 min due to a lightning strike. All three emergency
diesel generators (EDGs) operated as designed. As a result of the lightning, surge
protection fuses frorn the normal DC supplies blew on both vital power supply inverters.
Both inverters transferred to their alternate (EDG backed) AC sources. Ilowever,in the
event of failure of the EDGs,120-VAC instrument power would. have been lost.

The conditional probability of core damage associated with this event is 6.1 x 104. The
relative significance of the event compared to other postulated events at Yankee Rowe is
shown below:

LER 029/914)02

1E-7 1E-6 1E-5 1E-4 1E-3 1E-2

I I I I Im
^

I
360 h

| 360 h
Tr.tP EP -gy-

Nprecursor cutoff : 1,ORV + 1

MTR ADV (n minal)

Event Description-
|

| Yankee Rowe experienced a lightning strike '. hat caused a totalloss of offsite AC power
i on June _15,1991. The lightning strike (1) destroyed the phase A lightning arrestor on-

_

station service transformer (SST) 3, which is connected to the Cabot (Y-_177) 115-kV
transmission line, and (2) caused a flashover of an insulator on phase A of the Harriman -

.

(Z-126) ll5-kV transmission line disconnect switch. Offsite AC power was lost for|
i- 24 min.
L

An. automatic reactor scram and turbine trip occurred as a result of the loss of offsite
i

,

.-

a

i
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power. All three EDGs operated as designed. EDGs 1 and 3 started automatically in a

response to the deenergization of both offsite transmission lines. EDG 2 was manually
started by operators in anticipation of securing the main generator in accordance with'
plant procedures, Lightning also caused blown surge pmtection fuses in the normal DC - ;

input supplies to both vital buses. Upon deenergization, both' vital bus inverters
automatically transferred to and were energized by their backup sources (EDGs 1 and 3).

The nonessential uninterruptible power supply (NEUPS) failed to automatically transfer
to its backup source after the lightning strike. Consequently, various plant
communication systems experienced failures. The plant commercial phone system failed
to operate after the NEUPS was reenergized due to lightning-induced failures of two
critical circuit packs.

While attempting to realign the emergency buses to offsite power, an inadvertent safety
injection (SI) actuation signal was initiated. No actual injection occurred due to adequate -
nuin coolant system pressure.

An unusual event was declared due to the loss of offsite power and a fire emergency
caused by the smoldering lightning arrestor on SST 3. The unusual event was elevated toi

an alert based on the continued inoperability of communication systems, the deenergized
,

NEUPS, and the existence of degraded plant equipment.

Additional Event-Related Information

Yankee Rowe has two independent sources of offsite power, the 115-kV Z-126
transmission line from the IIarriman station, and the 115 kV Ye177 transmission line
from the Cabot station. Normal operation is with both of these lines in service. Z-126
feeds the SST 2 and Y-177 feeds the SST 3. The SST 1 is connected to the outdoor
section of the generator bus.

The station service system consists of three 2400 V buses, each supplied from an SST.-
Each 2400-V bus, in turn, supplies a 480-V station service switchgear bus, Three
emergency.480-V buses (vital bus 1, vital bus 2, and transformer A bus) are fed
independently from the 480-V station service buses or, upon loss of AC power, from,.

L cach of the three independent EDGs. Backup DC power consists of three 125 VDC
station batteries and three associated battery chargers,l'

l:

ASP Modeling Assumptions and. Approach

The. event has been modeled as a plant-centered loss of offsite power |(LOOP).
Probabilities for LOOP nonrecovery (short term) and fai'ure to recover AC power prior to
battery depktion were revised to reflect values associated with a plant centered LOOP -

- ,

- - . ---r - ., ,,~c- , m s v- + < , - -- m ,, e. n
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(see ORNL/NRC/LTR-89/11, Revised LOOP Recovery ami PWR Seal LOCA Models,
August 1989) Both trains of 120-VAC vital power were assumed to be unavailable if all
three EDGs failed to start or run (only the backup source to the vital buses was available -
since the DC fuses supplying power to both inverters failed open after the lightning
strike). Unavailability of both instrument buses was assumed to proceed to core damage,
since steau generator (SG) and reactor coolant system (RCS) parameters would be
unavailable for monitoring and control.

Analysis _ Results |

The conditional probabi"ty of core damage estimated for this event is 6.1 x 10-4. The
dominant core damage sequence, highlighted on the following event tree, involves a
station olackout. In the event that RCS and SG parameters can be successfully monitored
without 120-VAC power to allow decay heat removal, the conditional core damage
probability estimated for the event is 43 x 104

,

e

t 'y

,

'-

|

|
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Dominant core damage sequence for LER 029SI-002
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COND1710NA!, CCRE DAMAGE PROBABILITY C ALCOLATj0N5 '

-Event Identifiers 029/ 91+002 -
-Event Descriptions f40P and degraded instrument power caused by 11ghtning
Event Deter -04/15/91
Plants 029/91-00/

int?1 ATIWG EVEMT -

NON* RECOVERABLE INITIATING EVENT PROHABILITIES

- 140P '5.0E-01 -

SEQUENCE CONDITIOh AL P90RADIL17Y ttfMA q

l

End $t st e/Init iat or P robabillt y '1

CD

14X* 6.1E-04

-

Total 6.1E-04 ]

JtTW S

Uxv 0,0E+00

Total 0.0E+00

SkQUENCE CONDITION AL $5RDBABILITIES (PRODABILITY ORDER)

Seqaence End State Prob W Rec'*

46 ISDP -rt/ loop emerg. power CD 2.2E*04 4.0E-01 -
45 140P -rt/ loop -emerg, power afw/emer1. power hp1(t/td CD. 2,0E-04 . 3.4E-01
43 140P -rt / loop femerg. power , af w/emerg. power -tpt(f /b) -b p r / ~hpi CD 1.7E-04 ~1.7E-01

pory.open
44 LDOP -rt/ loop -emerg. power afw/emerg. power -hpttt/b) hp r / -P.p l CD '1.7E-05 1,7E*01

** non-recovery credit for edited case 1:

MisCEWCE CONDITION AL PEOliASIL!?iES (SEQUENCE ORDLas
.

Sequence End State Prob' N Rev *

43 1409 -rt/ loop -emerg. power - af w/emerg.powe r -hpi t t/bl -hpr/~bpt CD 1.7E-04 1.TE-01
pory.open

44 LOOP -rt/ loop -emerg. power a f w/emerg.powe r -ho t i f /b) hpr/-hpi CD 1.7E-05 1.7E-01
45 I40.5 +rt/ loop -emerg. power _ af w/eawrg.powe r hpitt/b) CD 2.PE-04 .1 4E-01.

- 46 LOOP -rt / loop . amerg. power _. CD J.2E-04 4.0E-Cl-

** non-recovery credit for edited case

}7 SEQUENCE PODEL:- t:3 %a no\ l 98 9\ 02 991002, cmp
RDANCE MODEL: catasp%1999%ysowe.s11
PROBASILITY litLEs c r \ a sp\198 9tpwr,tss1? ore

No Recovery Limit'

BRANC}t FREQUENCIE5/PROBAAILITIES .

|<
*

!~ Event Identliters c29/91-002
j .,-
I

l '
.

r

.
'

I
!

j -.
I

.

e i

!
.,

- -
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[ Branch l stem Non 4ecow Opr Falli

-

_ trana 2.5E-C4 1.CE*00
I; 'lopP

. 1.6E-0$ > 1.6E-05 6.3E-01 'e S.0E-01
*

Branch Model IN! TOR
init iator Progs 1.6K-05,

loca 2.4E-06 4.JE-01
ft 2,9E*04 1.PE-01
tt/ loop - 0.0E+00 1.* D 00
emerg. power 5.4E-04 8.0L*01-'

alw 1.3f*03 2.6E-03 },
e t e /em a g .powe r 1.0E-01 3.4t-01.'

,

6 -, etw 2.0E-01 3.4t*01
'

| .- por v.o r . s t v.c ha 11 4.0E-02 1.0E*00
' pory.or.stv. reseat 2.0E-02 1.1E-07 f

ga rv.o r. a r s, r e seat /eroo r g .powe r 2.0L-02 1.0L*00 l
seal.loca 0.CE+00 1.Cr*00 ,

[ ep.tecist)' L.CE*00 1.CE+00 . ;
LP.*EO 1."lE-01 > 1.1E-01 1.0E+00;

Eranen Mo<telt 1.or.1 i+

i- Train 1 cond Probs 1.7E-01 > 1.1E-01
| -- mpt 3.0E-04 4.4E-01
l' _.bp1 (!/r4 2.4E-03 8.4E-01 1.0b O2
! hpr/~hp. 1.5E-05 1. CD 00 1.0E-03
f . pory.open 1.0E-02 1.CE+00 4.0E-94

>i

|- * branch rnodel filo

{. ** forced
. ,

i-

1
' Mina rick
|- 06-11-19*2
1 20:07:53
4
;

i-

i.
d.

.-

|-

!
,

I3

a

'
.

h

p.- 5,

I
!

I~
t

'
.

!

!
'

i
i

|
:
1- ,

14
*

?
t

Event Identifiert C24/91-022
.

+

:

.

s

I
a

f.
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Poactor Scram / Turbine Trip and Loss of Of f site Power Due to Lightning Strike
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0- 5.ne 15. 1941, at P350 hours, wnile in Moce i et 06% reactor power.

a lici*trneg trabe resulted in destructnon o' a lightning arrestor on the No.
3 Station Ser<tcc Transformer 455ft and flashover cf an insulator c ry the 2-126
115 .V t r ansmi ss ic n line disconnect switch. As a result, d'l offsnte AC power
aus lost, an automa t ic r eac tor scram and tur0:ne trip occurred, vnd all three ,

t FDGs oper ated as designed. On June 16, 1991. at 0010 hours, an unusual EVENT
st'E i was declared based on the less of of f e t te power and a fire emergency

i s* older I ng arr e-s to*- ) . At 0014 hours, one Source of cffstte power was
restored. At 0130 hours, an ALERT was declared at the discretion of the SY(t
Supei,tsor. Wh i l e a t t emp t i ng t o no r ma l i se t he emer genc y t>usses, an inac.er ter t
SI actuation signal was initiated at CI5S hours, Following restoration of
esse ^t i a l c ommunic a t ion s ys tres anc plant equipment.' the ALERI was de-esc alat ed
to an UE at MSO hours. On June, 17 1991, the plant attained a cold shutdown
conditicn at 0733 hours and the UE was terminated at 0923 hours.

The "oSt cause of th15 event ha$ been attributed t o l i gh t n g ng - 6 pduc ed
trarsients, immediate corrective arttons in+ olved r epair ing and t es t ing c f
affected elet tr ic al and mec hanic al equipment .*nd plant 4 M t rument a t ion , a f'd

returning normal and ee."gency c ome.unic at ion equipment bac h to' Service. A
vam ee .Ir.est iga t ic . Team nas attemtled to evaluate the event and cevelrD'

1 m*F j n a t e d id !C60-tW 8 cor r er t i ve ac t )Deas . Ibere web' DO adve'%O effe:t 10 '"P

Dut | t c brait? .o ' S W tv.
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INITI AL CONDI TIC.J

ibe plant was in Moae 1, at D0% reactor power, with a main coolant (Ells AB)
pressure of 2000 psig. an aver age tempera tu e of 521 degrees Fahreaheit and a

.

borc n c oncentr ation of 914 ppm. The plant was operating at a r edues' power,

level to comply with temperature limits on the circulating water system imposed
ty the National Pollutant Distharge Elimination Systre (NPDES) Permit. On )une
15, to91, at 2010 hours, the weatber alert radio in the Control Room was
activated. Sus t ained i inds in e.c ess of 73 MPH were not espec tedl ther ef or e,
no furthe- action was r eyutred.

EVENf DESCRIPTID4

On June !!. I MI at appro.imately 2350 hours, the Yank ee Nuclear Power Station
e per ienced a ligntning strike which affected both or the independent offsite
tranwission l i na"i . The lightning str ike caused destruc tion of the Phase A
lig*tning arrester on the No. 3 Station Service Transf ormer (SST) (EllSsurno)
ar? tlashover of a* insulator en Phase A o' the 2-126 5 115 kV disconnect
switrh. TaDie 1 prov toes a descr iption of the sequence of important events.

As a result cf tne lighte ing str o c. all offsite AC power was lost for twenty-
four (2%2 minutes. An automatic reactor scram'end turbine trip occurred, All
three +3) emer genc y diesel generator s JEDGs > (EllSiDG) oper ated as tes t yned.
EDGs No. I and 3- sta"tec aatoma t ically in response to the deenergitation of- the
tw: cff ss te transmission lines. E DG No. 2 was manually started by operators in

ant i r ipat ion cf sewing the main generator , during realignment of electrical
systems an ac:ordan;e with plant precedures. The control room operators
s tat il i ted the plant in a hot standuv-(Mode 3) Condstion and verifted natural
c i r c a '. a t i o n cocisng.

On Jane 16 1991, at 0010 hour s, an UNUSUAL EVENT was declared based on the
- loss cf effsite cower and a _ fire emergency tdue to the smoldering lightning-
ar r es tor on the No. 3 557) lasting greater than ten (10) minutes. Not if ic a t ion

to the Stater cf Massachusetts and verment was delayed due to . lightning-induced
damege to plant commuracation systems (Ells rF 1)i Alternate means f or these

net t 'Itat tuns to tne states and the NRC were estab!!shed using a dedicated
cuttlee telephone line.

-

.

At 0014 Fou r s, one sou c e of of f si te AC power 'Har'iman, 2-166, line) wasr

restcred. Damage te +>e ligntning arrestor on No. 3 SST and failure of a

control circuit rela + -on OCP v-177 delaved restoration of the second sourew of
off*tte AC power (Cabot, v-177, linet untti recairs could be ma.e.

u, (m Ep r war ciect: red at 0130 hours. at the discretion of the Shift Surerviss ,
who dete' wined that eetsting plant card ntens warrantea a precautionary
artisaticr, c' ell emergency response center s and a need for addittoral

.

3 3.m . . wwu ou. u. o
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manpower. This|cetermination was based on the continued inoperabillt cf
nica t acn systets, the deenergized state of the nonessentialcommu

uninterruptible power supply (NEUPS) (Ells UJX), and ' the esistence of degraded
plant ecuspoent (see Table 1).

Whtle atteepting to realign the emer genc y busses to of fsite power . an
inadvertent safety injection actuation stonal (SIAS) (EllStJE) was initiated at

0155 hours. Ma nn coolant system (MCS) pr essure remaineo above the shutof f head
cf the safety arJection (Sl> pu=ps; therefore, no actual inacction was needed

and no flow into the MCS f r om SI oc cur r ed.

At apcrovinately 0400 hours. the normal power supply was r etur ned to the Nc , I
'and P vital bas (f!!StBU). Emergency electr 6 cal busses No. 2 and 3 were

realigned to an offsite power source and EDGs No. P and 3 were secur ed.
Followino the res toration of essential communication systems and plant

equipment anc with the concurr ence of the States of Massechuset ts and Vet tront , .
the ALEPT was de-esc alated to an UNUSUAL EVENT at 0*50 hours.

A Iart cooldown was initiated at appro.imatelv 0700 hours. Plant commercial
tm .e wrv tc e was r es tor ed a t 0715 hours, with limi ted f unc t ional t t v .

On June 17 1991, tr e clant attained a cold s%tdown (Mode 51.conditter at 0735
t our s . Tre UNubjAL EVENI Was ter minated at 0925 h0urg.

A Vanlee in.ettigatico Teae was assembled to evaluate the event for leserns
Iner ned and develoo immedtate and long-ter m .cor r ec t ive ac tions. The 44taee
Inveitigation fea+ focused on the following areast plant oper ations,
elt 'r ic al sy stee s , c oeweir a t ion s ys tees and peergenc y pr eparedness.

CAdit CF EVENTS

I tu s ever.t has been attributed to lightnity impactingThe root cawse cf a

eaanpeert en Deth of the IIS bV transmission lines serving the plant.
Sutseauent to the lightning strike, the Phase A lightning arrestor (E!!S: LAR [
on the Nc 3 SsT <ailea to reset and was destroyedt an adjacent lightnino
arre stcr aus taine d c onseauent ial damage. As.a result, both sources cf c'fstte
AC pewer were lost and an automatic r eac tor scr a*. and turbine t r io occur red.

~

r the failure of various plant comunication systems hat alsoThe root cause e
ter at t it uted t o I tghte t ng. Subsecaent to the lightning stri6e. the NEurg s

fa>ied t, astrietical'y tr ansf er to its bachus source the NEUPS provide + pLae".

to c om*a-ic 6t ten sy stees e4uipecet at the plant. .The less of NEUPS alse causen

falla e cf other clant Instrumenta t ten assec tated with i t. (See Tatle'l)the r

S e root cease of the sustatred loss of the plant commerc ial phone sistem (FBYi

after tre NfUof was reenergized wat a voltage-andaced failure of two critical
circuis ca:$ s CE!!s tCPP). A cossible ceae :f ttis fatture is a lightning-

. - ';*g 'ow a- . m .. a i. w .g
i.
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in<*uc ed vol t age so t h e that c ame into the PDE through the telephone lines.
andependent of the lightning strike af fec ting the 113 kV transeission lineg.

The root cause of the sustained loss of communication systems between the plant
and Feergencv Operations r :ility (EOF) (EllSNC1 has been a g tr itsuted to thea
following

fanlure of plant PBX c.ausing a loss of tie lines and a r educ t ior, in calling
r. .c ab a l a t , o w er local lines. The loss of tie lines continued after the FBn
was r estor ed due to lightning-induced New England Telephone tNET ) circuit
couiceent f ailur es at both the plant and NET Central Of fice an Readst,oro,
vermont.

-- Loss of control of the Mt. Massa *et and Bordon Mountain transmitters froe
tne IOr due to ligntning a:tavity separ ate- f ree tha t experienced localls at i
tFe plant.

- Loss of the VNPS % clear Alert Sistem, the preferred means for making
ete. gene, notiftrattens to the states, due to NET circuit failure and
failurt of squipeent at the plant.

Le st of t wo r t rig down c ir cui t s due to *CT c ir c ui t f a ilur es.

The root cause of the 6 %dver t ent $! AS is unk nown. Subsecuent to this event.
erteative tsenen tes t ic.g was co,duc ted using soar e instrusentat son (btsteele and
actuation relevi to simulate the actual instrument loop operetton and determine
the cause of the sourious SIAS. The rnults of the bench testang were
intocclutnve and did not definitively identify a root cause. It it'Suspe'*?d
that a combination of voltage and f r ecuenc y reduction empertenced by Vital Bus
No. 1 duriMQ 1astdown of EDG No. 1. after $1 was tripped by the operatorg when
a t tn apt t ng to realign Eme*Qency Dus Na, I to offsite power. resulted in the
inadvertent S!AS. Vital Busses No. I and 2 had both automatically transferred
to tbete bypass supplies. EDGs No. 1-and 3 respectively, as a result of
lightning-indwced surges.

CUAnfCt M AC1 IONS

A- [ltLiIRL hMld
._t

immediate cor rec t ive at t icas involved test ing the No. 3 551 Al l . l i gn t n a r.g
arresters on both No. 2 SST and No, 3 SST were replaced. Also.-one of the
tnree surge arresters ce the main tr ansf ormer was replaced. Subsequent to~

tne performance of accentable tests, the No. 3 SSf was reenergized; 'Ihe
damaged inw jetor en the 2-126-S disconnect switch was replaced. -Catansive
testi+g cf selettert plaat protec tive relays, voltage regu!ators and oil
circuit brrakers on the two offstte power transmission lines was also,

..Eimese.us."m,,,_
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tendstted. This testing ensved the adeauacy of all t'ah. tissio*> line
felav f unc t ions.

An evaluation of pther electrical equipment and plant instrumentation which
could ha c teen affe:ted by the ligb ning stribe was also performed.

Mi s c e l 1 a ncoe s instrumentation (poner suppltes, emptifters, recorders, etc.)
.45 als: r ep t r ed .

_

E. C o % n t t a llg 0 h;_t e* s
_

immediate corrective atttons involved r et ur ning nor eal and emer genc y

commanscation equipment back to ser vice.

At (??S hosrs, on Ane i t. , 1991, the following communication systems ere
returned to service when po-er was restored by manually bypassing the
NE UP E : Ea.ercen:v Notification System, Na lear Aler t System and plarit racto
paging syste* tt-c out of three tr ansmi t ters oper able) . The plant
c ommer c i al P one system (PB(i was r e t urnee te .er v ic e 4 h lietted

caratility et C71S hours, afte- data;ed equipment was replac ed.

C. P e s t a r t At d 22 hts

The * c i l oni ng c or r ec t i s e ac t ions e.er e developed by the Yanber investtQat4cn
'ea- ew' -ere :mplenrie relor te transition to Mode 4 in prepare:ien for
plaet restar 1:

Ee a lc; and issue a procedure which provides direction for manwat
ti v g a s s o f the NEUF 5, so that the NEUPS distributaen panel can be fed

frcm avallatie poacr soveces.

coer a t o r s or p er f or cing t he NEUPS manual t[ pass func t ion.
_

2. ' r a t r;

? Gevise tsrocede r GP-25Cl, "Resteration of Normal AC Power After a total -

Lots of AC, to;

a. Alert coerators t: chec6 the status of the Vital Bus power s ac:: l v

prior to r ea l igning the Emereenc y Diesel Generator (EDG1 and the

Es e. genc y Bus.

b. Aodress the realigning of the EDGs and the Eecr genc y Bus when the
E L are not baci f eeding the asscc iated 400V stat ion ser vic e ta .

c, Pro.ine gs:cance on r ow to backfeed a deenergtred 400, station
se vi: e t. . ; n'en Cnly o^e cutttde taffsite) line as avallabte.

*, Eerf;r* a v2gual i ngpe'; t i on Of all 50113 state ep;3(tent that man ha e

D ef " s . ; L'O t II l f tC 1 lyt tniMQ str 16 es and 13 c u te r < t finding?

.....w .c , a u. a
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5. Inc luce alternate staf f augmentet ton call-in capability in Emer genc v
oPlan loplementing Pr ocedures ACPIPs), which pv oyides appropr iate

c on t i ngenc y ac tions to address degradation of plant communications.

6. Revi se EPIPs to i nc l ude log-in t ime on Energenc y Response rac 6 l' y-

(Enr i per sonnel log- A n f or ms.

-7 Resolve inadvertent safety injection actuation by ident 6 f ying plausitele *

at tuation c ause and ampleernt ing ac tions to tvond r ecurrence, s

L. Revise LP!Ps to include identif station of backup meteo ological data

for int. lusion in no t t f ic at t ort to the state of Ver mon t .

7. Pr ovide g#tdarse on all c apabilities of each telephone tspe at all
( pt s ,

10. Dig tr itmt e at t est control keys to shif t operations personnel to assu er
timely r.ontrolled access for e wipment operathon. t'stablish

.ppr og r ia t e c or,t e clg over these keys and their t ur no v er .

D. [Abrag %1ga }1yn

The follo irg long-term corret live ac tions were developed ty the Yanbee
Investigatson Tea 9

1. Review lightning protec tion capability of the Cabot tv-1771 and-

Harriman (2-1261 tr anse t ssion lines, inc luding ti e swi tchyar d ,
spec i f ic a l l y adoress the absence of a ground wire (static wire, shtcld
wnre> on ,tsese 1:nes. Provide reccemendettons af specif nc enharxteents

in orce- of priority.

6. Fevim lig%tning protec tion capability of the station considering
(W$l/NFPA-70 and pept,rt NSiC-41. Pr ovide soecific res;ommendations try .

or der of priority.

3. Fe**cem a stattan grouno r esistance test and compare the results a th . .g
those of a pr ev t pugly-conduc ted tes t . Ma.e reco.amendationsJfor
imprevement as appropriate.

4, Revirw all sol 6d-state eQJtpment (including communications equic e t''

t o ce t er m t rif af harQc prot'? tion:C apability can tae ersat(ec. Pfwence
* C ec if !( enhanc ev n t g and prtorttleg,.

f. Dti t er m i r-e at the statipn ')l3 kV protettive relaying and its ~ In.need of -c oor dinat IDn $ 5 th .Caba t- and harr imart sta t to% - ig adequate or
t oipr g .cr ers t . Provace spectfac seprovemerts in order cf priority.

.,s# m mom ue.. , c.,, m

-
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6. Evaluate par ameters re quirirq ver hincation in procedur e DP-3051,
"54tety inJec t ion irr einat ion Following Spur ious init iatine," and
re.tse procedure as appropriate.

7. Evaluate Emergency Operating Pror.edures (IOPs! ES-0.1, RE ACTOR SCRAM
RESPONSE, and ES-1.1, $1 TERMINATION, to determine the need fer adding
a check of the status of the Vital Sub power supply pr ior to realtgniig ,

the Emergenc y Diesel Generators (EDGs) and Emergency Dusses.

D. Evaluate CDP ES-1.1, 51 TERMINATION, to deter mine the need to dir ec t
the operator to realign the Safety inje,-.'non Syste+ for automatic
inntsetton.

7 <tde improved guidance ano te a6ning on the use of rommunications
* ,uipment as a ilable t o emer r,ency r esponse per sonr.e l .

10.' Evalua te c oor d inat a en between shi f * s taf f ing and assigned du t ies dur i ng
emer genc y condntnons.

11. E va luate enrianc ed c a v er si f ic a t ion o f power suoplies for emer genc y
assessment eautoment.

12. Assemble an:* t t a';e a telepher.c equipment repaar hit,

SM E T v ASSESSMDH

As a result of lig*s t ning. De th sour c es of of f s.i te AC power were lost, and an
t u t i ne t r' a p oc c ur r ed . The exac t sequence of relarautomatic reactor scram and r

action leactrig to the reactor scram is no t k no. n, due to the deenergiraiton of
the sequence of events re corcer during the event. Following the loss Cf Power
t o t he (+t30V emergent.y Dusses, all three EDGs operated as designed. Power
continuttv to two ,atn coolant. pumps was maintained despite the loss of all

arrq coastoc n of the main turbine-generator, as designed.offsate power du r

Control room operators stabilized the plant an a hot standby (Made 37 condittor
ad .e'i f ied na tu al c a r tt.l a t s e n cool ing.

As a conteavence of lightning, both of the vital busses were briefly
deenerg'7ed by til own surge protect)on f uses in tt.cir normal DC input supplies.*

Upon deener g t r a t i on , the vital t us inver ters (E!!S:!NVil automa t ;t allv
tr ent f e' r ed to t*cir individual backup sources (EDGs No. I and 31 a v wer e

reene'gind b, the assoc iated EDU.
I.
t

|
4 pr;ntmatelv t=c hours imo the evefit , c ontr ol rooan oper ators at tempted to

| restve normal AC ettwee to E.4er genc y Bus No. I from which the
r. No. I Vital BA 46 ener g i ; ed . In this evolution, EDG No. I was secured. A

|

I
,

| . . us - t o. e m e. .,,m.

1

i

l

!

I
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616 |0 le lejo |2 jg 91 1 - o| 012 cl o 0 |8 o' 1 |1-

,s4, e. . = * m.w . .m
|

SIA5 cccurreo after teturing the [DO. The operatort temediately restarted the |
[DG to festore pc err tc the No. 1 Vital Bas. The Sl AS met ver ified to tie |
inadvertent. .

fateover,t to the SI AS, all high pressu e and lom pressure saf ety injectionr

pu pt started as cesigned. Dwe to the pretture in the main coolant tytten, im

mater injec tion dad not occur.

At no time during this event was the plant in an unanalysed condition er in a ,

*

condition that met cuttice the design batit of the plait. All Engineered
Safety reature tvstems and equipment oper ated at designed. Therefore, the
health and safety of the publ ic wer e ,io t adversely affected at a result.cf this
event.

$1*1!LAR EsENIE

Similar events at the VNn5 involving lightnnrsg dit1ur%ances resulting in a
plant trip beve been p+eviously reported in LER 88-06, Rev. No.1, LCR 06-04
It4 B3-EP, LER B?-17 at;d Lf A 00+21.

>

b

**s*<***s. . g S aso tee A ue s ta sa a

|

! b

i.

;

1

|
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Rowe, HA 01367
e 16 |e j e j e j01219 911 - 01012 - 010 019 0' 1 11vonn w . .=s .na

l IMLL.L
I

FIPjd.NIf (T EV[NT5
;

i
6 15 94 E350 Lightnin, s tr ib e

Loss of tieth of fsite AC power sourcest !

- Harriman (2-106) tr angeission line

- Cabot tv-177) transmissaon line

Autoedite transfer of Vital Dusses No. I and 2 to their battua
sou cesr

Automatic reatter sc r am a nd t ut t> l ne t r i p

Loss of nonessential uninter ruptstale power supply ( NC #S t and
instrumentation anscciated alth itt

Safett- pa*ameter display system ($PDS)
E.couence of events r ecor der ISfR1-

- Stese generatcr (50) process recorder s
- Radia t ten moni tor a no ins tr ument panels - i
- Loss of ener gency ferdwater flow indic at ion t all fou r

loops)

Less of mistellaneous instrumentation (power supplies,
e.rpinfiers, recorcers etc.)

Less of selec ted communic a tir9 Systems:
,

leergency Not t fica tion Sv bte* (ENSI
- Nuclea Alert System (NAS)r

- Plant radio paging system
- Plant comercial phone system (PBI) -

.

Lesb of selected se:urity syste* eQuipmentt

- Eec ar i t y Egent Report 91-$0! will provide a description o r
effects of lightning strike on the Yf#$ phystral security

{evste*,

Two emergenc y diesel generators tCD3st autoeaticativ sta'ted -
one EPG een ally startrev

.Rapture dists blown en LP turbire (three out of four)-
1
i

4

g ...n . m <. -s < s * < e

,
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m m ....,,,, -"*"* autYankee Nuclear Power Station
R t.w e . MA 01 M7
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4

b

P355 I n t t i s t ed or et edor e Or'-3231 " Loss of AC Buopiv * !

Report of smoke f rom No 3 Station Service f ran6f ormer (SSf6

surge arrestor

Fire De tgaJr ac titated

!

6 I t. 91 0010 UNUSUAL [ VENT de(lared

| 0014 Offsite AC power partially r estor ed - Harr sman G-120 h
t r ansmi s sion line [

Steam driven energenc y troller f eed pump oper at ing/cor e decev -, ,

heat removal oc cur r ing thr ough emergency atmosphe* c stea* '

dump valves '

Lots of norma) level, pr essur e and f eed inda cat ten ott fe . R ,

ane N9. * SG (Channels P L 4)
r

Matn coolant system pressure stable at P000 psig
*0030 f 6 r e #-eer genc y t er mi na t ed . f are brigade secur ed and fire .atch

et t at/1 i nhed ,

I.

00's"., I n s t a a t ed pr oc edur e OP-2501. "ReS t or a t iori o f Nor.aal AC Power
After a total Lost of AC*

0047 Common ealth of Massac huset t s riot t f led of UC
..

00$0 . S t a t e o f Ver eno n t no t i f l ed o f Uf
a

00$P NRC notified of LC w

0130 ALfRT declared <

Oh1 Common.calth of Massachusetts notAfied of ALENT - !

014 5 State of Vermont notified of ALfRT

01h5 Inadsertert safety injec tion actuation signal iSI AS$ whsle
nor ma l t i n g emer genc y busses using 09-2301

7,

lat t is ted pr oc ed.ir e OP-3051. "6af et y injection termination
Follo.ing Spurtout-Inittotson*

02.5 M C nctif l e=c o f ALL91

* ~
. .n g.= > .* o ta e t is e* <, , , , , , , ,

_.

$

i

P
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r,.-.. .= w .m.

0235 NEUPS r estor ed

(140 Normal communication lines with MC (EN9 Red Phonel and States
(NAS Orange Phone) operational in control r oom

Plant r adio paging system operational

0410 Restored r.ormal power supply to No. 2 vital bus

Secuved No. 3 EDG

Ow13 Aes tored normal po-er supply to No. I vital bus

0413 Secures No. & IDG

0450 Returted 400v Station Service Dus 6-3 to ser vice - poact being.
supolied by No. 1 E DG

De- e sc a l a t e t o iNUSUAL [ VENT
( S t a t e o f Ver mont no t i f i ed a nd c onc u r ed a t 0422 hour s .r

Com*onweal th of Massac huset ts not if ied at 6422 hou s andr
co*tcurreg at 045r) hours.)

O= *a3 Rest or ed power to meteorological monitoring system

0*.35 NGC notif ed of de-etcalattor' t o UWSUAL- TVCNT v 3 a (NS Aed
rho rie

0555 SG Channels P L 4 returned te servsce

0625 Preparing fer plant cooldown - main coolant system (MCSh
stable at F000 psig and 499 'F

Pressurtrer le.tl at 124 inches

1 SG feed with main fecewater systet
|
|

Steam releated through emergency atmosphertC steam dump valves

Prepar ang to Dor ate NCS and restart main coolant pueps
i

0*!! 5 Operab111tv of plant t oma:er c ial phone system restor ed an th
| Ila n t ed f unc t lonal s t y

t-1*-4; 07'i3 Plaat at tair>cd cold shutdown (Mode Si condition
1

J e Sh a hhn h 'b b.

... .s.....
.. m.....,

e
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ACCIDENT SEQUENCE PilECultSOR PROGRAM EVENT .4 ' ioY:;M i

:

LER No: 206/91 014
livent Description: Inoperable volume control tank level transmitters ;

Date of Event: August 7,1991
Plant: San Onofit i

'

Summary

The automatic actuation for re-alignment of the charging pumps from the volume control e

tank (VCT) to the refueling water storage tank (RWST) on low VCr level was disabled. !

In the event of a small break loss-of-coolant accident (LOCA), and if manual realignment - !
rfailed, the charging pumps would become gas bound due to hydrogen from the VCT -

This condition exis'ed for ~17 h.

The conditional probability of core damage associated with this event is 2.1 x 10 6, ne
relativ: significance of the event compared to other postulated events at San Onofre 1 is
shown below:

LiiR 206/91014

I E-7 1E-6 IE.5 lt!-4 I E." t E-2
I I l- 1 Jv

| - 360 h I:P

I AlW ~ tDiM + 1 -100P
prmumt cutoff J MTR AIW

Event Description

VCT level transmitter !!r-1100 was exhibiting erratic indication as compared to the
opposite train level transmitter (LT-2550), To avoid inadvertent actuation during
corrective maintenance on LT-1110, the automatic actuation functions of both transmitters

| were bypassed. Both transmitters were bypassed for a period of ~17 h.
;

Addillonal Event Related Information

Level transmitters (LT-1100 and LT 2550) function to realign the charging pumps from

|
i

.. -- , . . - . -. - . -- . .
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|

the VCr to the 11WST when the VCr level becomes low and to pruvide a protective trip :

to the charging pumps to avoid the introduction of VCr hydrogen gas to the pump ,

suctions. On a low low VCr level, each level tiansmitter (11r 1110 for train A and !!r- |
1 2550 for train 11) initiates opening of its respective RWST isolation valve; when these !

valves complete opening, limit swhches initiate closure of the associated VCr isolation,
;

valves.

On low. low-low VCr level these transmitters also trip the charging pumps. Two trains
of automatic charging pump protection are provided on low VCr level to preclude the
VCr hydrogen cover gas from gas binding and potentially damaging the charging pump.- >

'
t

The valves controlled by 1.T-1100 and 110-2550 were still capable of being repositioned
by their safety injection (SI) contacts, llowever, for certain small 1 OCAs, the VCr
would have drained and the charging pumps wouhl have been damaged before the reactor
coolant system depressurited to the SI setpoint.

ASI' Madeling Assurnptions and Approach ;

;

'lhe level transmitters were assumed to be unavaihible f or 17 h, l'or the purposes of this - ;

unalysis, all poternial small break I OCAs were assumed to be small enough to drain the
VCr before reaching the Si netpoint. Because the operators were aware that VCrlevel
transmitters were unavailable, a non recovery probability of 0.12 for high pressure
injection (IIPI) was assumed. liced and bleed was assumed not to be impacted by the
unavailability of the level transmitters, since Si is inanually actuated when initiating feed
and bleed.

Anal) sis llesults
.

The conditional probability of subsequent core damage estimated for this event is
'

2.1 x 10% The dominant core damage sequence, highlighted on the following event
tree, involves a postulated 1,0CA with successful teactor trip and auxiliary feedwater
initiation with a failure ofIIPl.

1

1

|~
|

i
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I 60 CD

71 CD-

72 CD
CW,

,

1 81 CD
|
I 73 CD

74 CD

i

| 82 CD

75 CD

76 - CD

_-.
77 CD

78 ATWS

Dominant core damage sequence for LliR 20M)l-014

7
,
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CUNDitlOh&L C0kC LAMAGE PuollAhtLITT C AlfULAf tt*5 )

:

E ve nt ident illes s 706/91+014 |
Lvent Desettg t aunt theipatetilo volume cont rol tana level t a et smitters

!t went Dates 99/07/1961
Plants sen tref te ) ,

!

L4AVAILAalt!77, DURAT!(We* 11 [
!

N'!*-bt.COVtFApik INIT! ATING L WN T FRt4kht!.2T!! t

ikAkt 7.M * 01 i
1/KJP 1. 0F. * 0 4 i

14X:A 1.91.- 05 i
t

S&QUth75 CUkDITIOh AL PMORAB1117Y SUMA |

tnd State / Initiates t r otetillit y .

CD 6

TRANE I.10*09
*

tmr 5,9[-09

t/CA 5 .15.~ 0 6

tot a l 7.1t+06

ATus

YS Ah t 0,0E+00

140F C.0F'60 v
'

1(r A C.00#00

Total 0. 4 400 - ')

f.tQUI NCE CONDIT IDN Al+ l'DODAHILITICS (PPUllAalLITV OPMRI

segwmee 1.nd State Plott N Sec *a

' 17 joca att 'efs HP] CD 7,1F-06 3.71'- 07
r

I
* * non-t ecove r y cr edit for edited caos

P

$8 QU4WCK CONDIT10h AL PHOWA4!L171ES (SE QUI.WCI' OkDt'W)-

Segownce End St at e Ptob N hep *

17 loca -rt -etw HFt CD 7,1E-66 N?r0)

* * eun recove ry c r edit for edited tese

'e. unte ic.t unava llatalitt les, conditional protet,111ty values ato dif f erential valosa which refles;t t r.e-

added risk due to f atlutes associated with an event. Faserit het ical values indit: ate a redut:t ion In riah
crepared to a similar period without t he en f ating f allures.

$FQUl:NCf $tJf t1.'s C $ \e mpi194 9\pwt kissa l . cmp
'

6tMAkCal MOI 4 Lg c \ asp \1999)sanono).s!)-
.

*PRDf4AktLitt F1113 - c s \eap\196t\pws, ball . pro

No Rec 9very 1,lmtt . ,

. T we nt 2 der.t i f leg g 206/9)-014 e

f
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h
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p> Ar es p H WUs kr ts s /ftskpit lf 4L S

Nt a m te Systen Nor. keu*v . Og,3 $314

| tsahs 1,lf-04 1.0t+00
lwp 74 tie - ci 6.6 -01 !

'.
lat e 2,4 WC6 - 4.4L-01
at 7.( t tt 1. t E. - 91

' :n/luup 6.0&+40 1,0t+00

eneig.gewer J,et-es - 9.94-01 1,00-03

efe J.3L-01 J.6L 91
a of wre*eig.gewes $.06-07 J 45+01

of, 1.50-94 1.4t-03 1

j g.o r v. o r . s r v.c t.s i l 4.66-01 1.0E400
p r v.o r . s t v, r eavat 7.04 07 3,1t Of

p t v.o r ,4 s y, i esset /ec+ t e.gewe i F.PL-47 1.0E*03
e& a l .1m s 1.28-01 1.06*00
ep. t et. ( s il 1.6L*01 1. tie 00 i

ep.swa 1,61 01 1.0E+00 !

HP1 4.0E-01 5 1.08+0D ** 9,et 01 e 1,7t+01

bssM-h Podelt 1,0f.7

Traire 1 ton.1 Ptobi 1.04 07 7 Uris v ol l a ble
T s ai re 2 Cand Prnos .1.0t 01 e imavatimbi,

a. tipi o f /M 1.cf 6) e ,4 L -C '. 1.0s-02
'! bp: / -tig.1 1, W O4 1.or+00 1.06401 |

ptv. yen 1,0t+0! 1,bt*60 4. 0D 01

* 13f am h ps. del iilo

* * f utved

I
Miff e I i 0 h

IC6-07 1997
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On August 7, 1991 at 1135,-with Unit 1 in Mode 1 at approximately 901 power, Volume
Control Tank (VCT) level transmitter 17-1100 was exhibiting erratic indication as
compared to the opposite train level transmitter (LT 2350). These level transmitters

,

function to realign tho rharging purtps from the VCT to the refueling water s'orage tank
when the VCT level becomes low, and provides a protsetive trip to the charging pumps to

| avoid the introduction of VCT hydrogen gas to the pump suction. To avoid inadvertent
' actuation during corrective saintenance on LT.1100, the aiutomatic actuation furetions

>f both t ransmitte rs we re bypassed. At 0440 on August 8th, the automatic protection
afforded by LT 2550 was restored since raaintet.ance which could effect both transmitters
had bs en corrple ted.

At about 1700 on August 8th, it was recognizei that removal of the autc>matic actuation
feature was cont rary to the requirement s of TS 3.3,1, asaf ety injection System . . . -

.

Operating Status." section A(3) since an applicable action statement' governing these
coreponents is not provided. As such, shu down of 1,' nit. I was initiated at 1800 per TS
3.0.3. SCt. requested a ternorary 72-hout valver of co:pliance f rot the above TS
requirements since a previously submitted TS chang,e provided a 72 hour action statement
f(r this situaticm The NRC verhally approved the waiver at approximately 2000. The
unit shutdown was then cu> pended,

LT 1100's erratic indication resulted frn, loose fasteners in the transmitter which

have been corrected and the tratismittet restored to service. SCE's investigation _into
the cause of he loose fasteners is continuing. Resolution of NRC questions on the
pending TS change art being expedited. The results of the investigation and any
applicable corrective actions will be reported in a supplement to this hER.

_ . , - , . ,_ a _ - u_ , . - - . . , _ - . , ,_ - < . - _ _ _ . - _ ___ __ _ ~.
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'Flant: San Onofre Nuclear Cenerating Station
Unit: One
Reactor Vendor: Westinghouse
Event Date: August 7, 1991
Time: 1135

A. CONDITIONS AT TIME OF THE EVENT:

w$ .: 1. Fower Operation

!B. BACY.CROUND INFORMATION:

1. Charging Pump Protection on Lov Volume Control Tank (VCT) Level:

During normal power operation, one of the two charging pumps provide
borated water f rom the VCT [CB TK) to the Reactor Coolant System (RCS)
[AB) as shown in the following figure. In the event of certain small
break less of Coolant Accident (LOCA) acenarios, the centrifugal- .

charging pumps (CB,r) could maintain sufficient RCS inventory to
.[prevent initiation of a safety injection actuation signal while
'

empty ing th,e VCT. Two trains of automatic. charging pump protection
are provided on low VCT level to preclude the VCT hydrogen cover gas ;

f rom gas' binding and potentially damaging the charging pump (s) af ter
'

the VCT empties during such even s, Each train consists of a VCT :
level transmitter (LT) and an associated control-loop. e normally open
valve (ISV) in the charging pump suction from the VCT. e normally
closed valve (ISV) in the charging pump suction from the . Refueling
Vater StoraEe Tank (RVST), and trip circuitry for the associated '[

charging pump; On a low low VCT level, each train's level transmitter
(LT 1100 for train 'A" and LT.2550 for train *B") initiates opening of
its respective RVST isolation valva (MCV 1100D and M01 11008,

;respectively); when these valves complete opening, limit switches
initiate closure of the associated VCT isolation valves (MOV 11000 and
MOV 1100E, respectively) . On a low low low VCT level LT 1100 trips
charging puap VCC C3A, and LT 2550 trips charging pump VCC G3B,
LT-2550 also. initiates a VCT level low alarm in the control room,

LT.1100 also automatically maintains VCT level by controlling makeup.

During surveillance testing or when corrective maintenance is
necessary on loop components, it is necessary to block automatic . .
actuation of components whose autoa tic actuation could upset plant
operations (i.e. , stop the running charging pump or. switch charging
pump suction from_the VCT to the RVST).

$

9
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J
r- - - -- --- -- - *

j v.v-itcoc -@
~Q d cp Seat injection,

RWST n '9 j _wp fgf["4
-{' N --4+ -H, xre t ~O Recirculationo ww-

..D VCC-C-M
p . d)

To Refuchng * '%vwater Pumps f,
H VCC-C 60

rrom U-*
Re c t t ulation Chorg;ng

Pumps Pumps
NOTES:

O Control Room Alorm on Low VCT Level
O Operis MOV- 1100 0 & D on Low-Low VCT Level.

MOVa 1100 0 & D Open Contacts inittote Closure of WW-1100 C & E4
O Stops Chorging Pump on Low-Low-toe VCT Level

Figure Charging pump low VCT 14 vel Protection

2. Existing Technical Specifications (TS):

TS 3.3.1, defines the operability requirements for the Safety
injection System (SIS) (BP and BQ). The objective of the TS is to
ensure availability of the SIS while the reactor is critten? . TS
3.3.1. A(3) requires, in part, that valves and interlocks associated
with the SIS be maintained operable but dost not provide en ACTION
statement with an Allowable Out of-service Time (AUT) for many S15
componenta, including the VCT level transmitters. This specification

*was written before the Standard TS's which generally allow most
. Teergency Core Cooling System (ECCS) components having a t edundant
l counterpart (or system) an ADT of 72 hours. This specification
i applies to the VCT level transmitters LT-1100 and 1T.2550 and the

( associated MOVs.
I
| ~ TS 3.0.3 requires, in part, that when a limiting, condition for

operation is not met, except pursuant to associated ACTION

,

.

|
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requirements, unit shutdown shall be initiated within one bout and
that the unit be placed in COLD SHUTDOVN in the following 36 hours.

3. TS Auendement Applicatiotu

SCE submitted a proposed TS change (letter, H. B. Ray (SCE) to USNRC
5 Document Control Desk, Ametalment Application 188, dated August 31,

1990) which among other changes, would modif y the existing TS 3.3.1
.

and add TS 1.3.2 to be generally consistent with the Standard TS
philosophy for FCCS. Appropriate actico statemente provided in the
proposed chany would permit the temovst of one train of certain

- saf ety injection components (including the VCT level tiannoitters) -

f from service for up to 72 hours.

C. DESCRlp110N OF THE EVENT:

1. Event:

On August 7, 1991 et 1135, with Unit 1 in Mode 1 at approximately 901
power, VCf level transmitter LT 1100 was exhibiting erratic indication
as compared to the opposite train level t ransmit ter (LT-2550),
Maint enance was initiated on LT 1100 at that time and, to preclude
potential spurious actuations due to the maintenance: 1) Automatic
actuation of the MOVs on low VCT level by 1,T 1100 and LT.25$0 was
bloded; and 2) The low VCT level charging pwsp automatic trip was
bloebed for both pumps. Since: 1) the valves controlled by LT-1100
and LT 2550 were still capable of being repositioned by their
respective amfety injection initiated contacts, and 2) a comparison of
the level transmitter function to potentially applicable TS did not
reveal any TS applicability, no TS was thought to apply. At 0440 on
August 6th, both MOVs controlled by LT 2550 were restored to automatic
operation and the associated low VCT level charging pwap trip was
testored since the maintenance which could potentially af fect both
level transmitters had been completed. The automatic operation of the
MOV's associat ed with LT.1100 and its associated charging pump t rip
remained blocked, however, since the cause of the erratic operation of
the transmitter had not been determined.

At about 1700 on August 8th, it was concluded that operation in Modes
1 or 2 with one inoperable level transmitter (LT.1100) was contrary to
the requirements of TS 3.3.1. A(3) (i.e., inoperable valves and
interlocks). Therefore, shutdown of Unit I was initiated at 1800 per
the requitements of TS 3,0.3 and an Unusual Event (UE) was declared in
accordance with our Emergency Plan in:plementing Procedures. The UE
was exited at 1922. SCE tequested a temporary 72. hour waiver of
compliance f rom the above TS requiroments since a TS change then under
WC review, would have allowed a 72 hour action statement in this
c i rcums t anc e . The NRC vetbally approved the waiver at apptoxiniately
2000 on August 6th. The unit shutdown was then suspended.

_ . _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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2. Inoperable Structures, Systems or Components that-Contributed to the ,

Event; !
.

Not applicable.

3. Sequence of Events:
,

- 1

paTE TIME M;Il0E !

8/7-- 1135 LT 1100 and LT 2550 removed from service, MOVs 11008. C, D |
and E placed in manual control; the VCT low level trip for i

both charging pumps is blocked,

8/8 - 0440 HOVs 11005 and E vere restored to automat ic actuation by |

LT 2550: Charging pump VCC 68B low VCT level trip .. <

restored,

i

8/8 1700 TS 3,0.3 is entered,

8/8 - 1800 Unit shutdown initiated and UE detlared.
,

8/8 1922 UE exited.
.

6/8 2000 Valver of TS compliance granted and the unit shutdown is t

suspended. [

8/9 - 1635 LT 1100 restored to operability, MOVs 11000 and D returned ,

to automatic actuation, and the charging pump VCC.C0A low
,

VCT level t rip la restored.

4 Method of Discovery:
!

Dp6.ators observed dif ferences in the , indicated VCT level between.the '

two level channels (1.T-2$50 and LT 1100) and erratic level indication ;

by LT-1100,

Due to the erratic behavior of LT 1100, a temporary design change was
rtquested to. switch the aur.omatic VCT level contrst function from

. ;

i

LT 1100 to LT 2550. Ituring a feasibility review of the change
request, it was recognized that operation with blocked charging pump-
protection on low VCT level was contrary to the TSs.

5. Personnel Actions and Analysis of Actions:

Not applicable,
.

6. - Safety System Responses:

Not applicable,

.

+

.
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.D. ROOT CAUSE OF THE EVENT: !

1. The problems exhibited by LT-1100 were caused by loose f asterwrs in
the transmitter which allowed some internal parts to bind and ethers |
(which should be locked together) to rotate. An investigation.has
been initiated to detereine why the level transmitter fasteners were I

loose.
.

2. The safety function of the charging pump suction isolation vatyse and
,

the charging pump trip was determined to be setlefied wits +he
automatic controle alther enabled or blocked etnce proper automatic i
operation would occur in the event of a safety injection eignal. It
was not recognited that f or cettsin-small break (DCA evente, the VCT

;,

could empty and potent! ally lead to charging pump damaga prior to '

initiation of the safety injection algnal which would switch the
charging pump saction to the RWST.

!
E. CnRRECTIVE ACTIONS:

,

1. Corrective Acti^ns Taken:
>

LT 1100 has been repaired, calibrated, and returned to service.
>

?. Planned Corrective Actions:
.

a. As noted in Section D.1 above, an investigation to determine the
root cause of the loose LT 1100 fasteners is in progress.

. ,

Appropriate corrective action will be developed and implemented
based on the findings of our investigation. The investigation
resulta and our corrective action to prevent recurrence will be
provided in a supplement to this LER.

_ b. Appropriate proceduros will be revised to preclude +

sirnoltaneously disabling both trains of >: barging pump low VCT
level protection,

c, ,Gu14ance provioed to the operators with respect-to the equipment
governed by TS 3,3 d is being augmented by a background document
intended to correlate the_ECCS componente to the associated LCOs
and actinn requirements,

*
d. A TS change has been proposed which would provide a.72 hour ADT

tor one train of saf ety injection coeponents. _;

T ,. SAFETY $1CN1p1CANCE Of THE E7ENT: '

1. One VCT level transmitter inoperable; .$

Continued operation with a VCT level _ ttansmitter inoperable for a
period of 72 hours is of no safety significance for the following
seasons:

.

2

X

. . '

r,-d , ,-i n ., , , , , , . - . , , nn . . , ,.n~. . . , , - - ..w, ,-e ,,-,w- , c. . -r ,-+.-.-iw , , - .



-

-

|

11 35
l
!

LICLNSEE EVENT REFORT (MR) TEXT CONTINUATION

SAN DNORE NUCLF.AR CLNLRATION STAT 3ON NsCKL1 NUMBER LER NUMBI.R PACE

UNIT 1 05000206 91-Q14 00 7 of f
.

!
,

si Unit 1 is ptovided with two independent and redundant trains of |
ECCS gwhich includes safety injection), including the capability- ,

to realign the charging pump suction f rom the VCT (on low VCT . |
1evel or safety injection) to the RVST. Either train la capabit
of mitigating any event requiring the use of the ECCG. These i

'provisions ensure that a single failure could not prevent
completion of this aspect of a required safety function. In ,

this regard, SCE has recently completed an ECCS single failure
analyala and certain plant upgrades to assure completion of
required ECCS functions in the event of a single failure.

b. Con.istent with these changes, SCE had previously concluded that
,

- a TS change was appropriate to preclude unnecessary entries into i

TS 3.0,3. -In this regs-d. SCE submitted a proposed TS change
which would modify the existing TS 3.3.1 and add TS 3.3.2 to be
consistent with the Standard TSs for ECCS as discussed in
Section B-3 above.,

c. The A0T (72 hours) being proposed la of minimal amfety
significance when compared to the risks associated with
initiating a plant shutdown for the purposes of repairing or
testing these level transsitters. The risks for the A0T are
also similar to that for any other one of two train systems or
components having a 72* hour action statement.

-1
Further, the probability of core damage as n' result of the . .

inoperability of a VCT level transmitter for up to 72 hours has been ?

calculated to be approximately SE.7 per year,
,

#2,- Operation with Blocked Charging pump protection on Low VCT Level:
!

In the event of a large break IDCA or Main Steam Line Break NOVA
'

1100B, C, D and E vould be automatically actuated-to realign the
'

charging pumps' suction from the VCT to the RVST by tho safety
injection si nal thereby satisfying the safety function of these5
valves.

For certain small break 1DCA scenarios, the operating charging pump
would maintain RCS pressure and volume above the Si actuation
conditions while drawing down the VCT level. Operators were fully ;

- aware of the blocked autor' tic charging pump _ protection on low VCT p

level and the consequence A of gas binding the charging pumps. -in the j
event of a small break LOCA, LT 2550 would have. Initiated a low VCT o

j. level' alarm in the control room as the VCT was pumped down and the
l; A, operators would have realigned the charging pump suction to the'RVST
| 4 per procedure-.

In the unlikely event that operators' were unsuccessful in preventing-
|. charging pump damage, the RCS would be deptessurized and low head .

|. punps would be used in accordance with procedures-to re establish and

E ->

.

'

{
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maintain cor e cooling. Therefore the conditions Gscribed above are
of mints.nl saf ety 61gn!ficance.

,

G, ADDITIONAL INfulMA110N:
>

1, Component failure Information:

LT 1100 is a torque tube displacer type level transmitter manuf actured
'i

by Mssone!!an International. Inc., model number 0120.
-!

2. Previous Lt.Rs for Sistler Events:

Lila 89-024 and $9 026 (Docket No. 50*206) reported, in part, TS
violations which occurred as the teoult of alminterpretation of the. )
existing T$ ).3.1. The corrective action described in these LERs to '

address such sisintarpretations was prepasation of a T$ amendment -
application which would establish appropriate TS requirements and
apptortiste out ei+ service tises f or ECC5 comf onenta. Concurrent with [
preparation vi this amendment application, SCE was performing an ECCS

'

i

slogie fattura analysis which identified needed ECCS single f ailure
enhancements. These enhancements were implewented during tiie Cycle 11.
refueling ourage during the last half of 1990. A TS amendment
appilcation was submitted to the NRC on August 31, 1990 to provide
appropriate LCCS TSs which also address the added single failure ~ .t

e nha nc eme nt a . This T$ amendment appilcation is being actively
-teviewed, Due to the comprehensive neture of the proposed is changa, j
the review process has not yet been completed. As a result, this
corrective action could not prevent recutrence of TS 3.3.1
misinterpretation. [

,

3. Other Additional Inf ormationt

by letter dated August 2f,, 1991. R. V. Krieger (SCE) to 1|SNRC Document
Contt ol Desk, "Isvel Transmitter Surveillances Safety injection "
SCC t equested a temporary waiver of compliance f rom the requirements s

of TS. 3.0.3, without fully complying with the requirements of TS
3.3.1. . The purpose of this request was to avoid unnecessary plant
shurdwns while the af fected level transmitter (LT 1100 or LT 2550)-te
removed from service for surveillance testing and f or the performance.
of any corrective amintenance which may become necessary. The
duration of the requested waiver was from August 28th until'issuaneo-
of the TS changen proposed by Amendment Application number .188, On

August 28, 1991, the NRC verbally approved SCE's Au6ust 2f,th request. .

Followinf NRC approval of the valver request, LT 1100 and LT 2550 were
removed from service lor performance of the routine sonthly
surveillance on August 29, 1991 in accordance with the proviatons of
the waiver.

,

I
;
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ACCIDENT SEQUENCE PitECUI(SOlt PitOGitAM EVENT ANALYSIS

LER No.: 247/914)01
Event Description, iteactor trip and auxiliary feedwater pump failure i

Date of Event: January 7,1991 !

Plant: Indian Point 2 i

Summary j

Maintenance errors resulted in a spurious low pressurizer }.: essure reactor trip. A
subsequent low steam generator (SG) level signal initiated an automatic start of both
motor-driven auxiliary feedwater (AISV) pumps. After about two min, faulty protective
circuitry caused one auxillasy feedwater pump to trip. The conditional probability of -

subsequent core damage estimated for the event is 2.0 x 10 6. The relative sigr. ncance
of the evera compared to other postulated events at Indian Point 2 is shown below.

.-

-LER 20N1001

1 E <~1 1E 6 IE $ 1E-4 IE.3 IE-2
i i i I |g _

|
360 h EPg

| LI)FW 4 IfX)P-

guncumw cuton J l MTR Ali 3d b
AlW

Event Description
,

Indian Poir.: 2 was operating at 97'7c power when repair wmk was begun on a lenky
compression fitting in a pressurizer pressur- transmi'ter sen:,irg line. The transmitter
was isolated and repairs effected. During this time, the affected nansmitter falsely
indicated a low pressurizer pressure. While the sensing line was being restored to r

service, a pressure transient in the sensing line resulted that cau2ed a second pressme
-transmitter to indicate low. Coincidence of low pressurizer pressun indication from the
two transmitters cain.ed a reactor trip.

A short time later, low levet a the SGs resulted in actuation of the A13V system.
Motor-driven AIAV pumps 21 and 23 started aad began supplying feedwater. About tivo
min later, AITV pump 21 tripped and would not restart. This resulted in a loss of
feedwater flow to SGs 21 and 22. Subsequent investigation revealed that the pump

1
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motor breaker spuriously tripped on overcurrent as a result of mi calibration of an
associated overcurrent protective device. The device, an Amptector, was set to uip at

.

.

'540 A instead of at 725 A. Normal operating current for the motor is -530 A.
Operators did not initially know that the pump had tripped on overcurrent as faulty relay
contacts in the breaker resulted in control room indicadon that the pump was off, but not -

that it had tripped. The 22 AFW turbine driven pump was started and used to supply the
2

affected steam generators.

ASP Modeling Assumptions and Approach -

This event was mcdeled as a reentor trip with loss of one motor driven AEW pump.
:

Analysis Results

ne estimated core damage probability associated with a reactor trip and failure of one
motor-driven AFW pump was calculated as 2.0 x 104

The domir. ant core damage sequences involve failure of main feedwater, failure of the
remaining AFW systems, and failures in systems required for feed and bleed heat . i

removal. The two dominant sequences are shown on the following event tree. ,

s
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st4UtNIE CCWDITICS AL PAOhAhlLIT1t$ (SEQUENCE 08D1J)

seq %54 the st at e - Prob W bec'*

li trana *rt Af w mtw -hp1(fi A *hpr! bpl pory.epen CD 4. st + 01 . 0.St-02

16 trans -st Aru af e -hpt tt/bl hpr/+pt CD 1.1t-01 0.9E*02
11 t rar,a + rt Arw ofw hpi t t / t.4 cD t.62-01 T.4t*02
18 trana rt Atw$ 3.4t-05 1.2t-01

** vran-recovery cred t. for edited case .

StcrtNCE K1 DEL: c \ map \1999\pwsbatal.cep -
kitAliCH MODEL c t \a sp\1989\ indpnint . s 11
PhobAR1LITY F1tts c t \a sp\1999\ pw r,Da ll . pro

40 Deeneery tia.it

EAANCH I REQVI NC itS /P ROft AB) L1 TI t5

Dranch System hon Recov- Opr Fall

Event ident ifiert 247/91-001
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trans 4.41-04 1.0g.00

i m g, 3.1L-05 1.?t-c1
loca 2.4F-06 4.)L* 1
at 2.81-04 4 . y g. . c l

et / !wn' O.Ct+t? 1.0t+00
ene r g .g+ we r 5,40-C4 9.ct 01
MW ).6*-04 > t.)t-C) 7.tt-ci

totam h Model 1.or.)+ser
' train 1 Cond Frote 7.(F-02 > talles
Treh 2 t tmd F rr,ti: 1,C1-01

T r a l t: 3 C o rid l' r otz t t,tt-C?
Serial Congw.eet Ftcht 2.6L-t4

afm/emer3.rcoor 5.00-02 3.4L-01
Pfw 2.CL-01 3,4t-01
10rv.or.ary,tbe11 4.0t-07 1,tt,00
p-tv.cr.ory,re6 eat 2.r[.C) 1,1t.c;
te r v.c r . e s v. t e ses t /eme t g .t.ove r 2.0L-02 1,00400
seal.10;a 2.1F-01 1,0t 00
el,reciell 6.0E 01 1. CE * C 0

s-t'. t e: S.tL*CZ 1.0te00
t l'; 3.0L-04 4.st-01
t r i t f /t'l 3.01-04 4.4E+ct 1, 0s.. c 3
P t r /-t.t i 1,$3 04 1,ct.00 1,et.c3
le r v . ct+ n 1.01-Cl 1.0E*00 4.00-04

* r, ranch moel file

** forced

Mireritt
03+11-1967
11110 t 4 6.

s

Event ' der.t i f t e t s 241/91-001
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On January 7. 1991 at appro imately 11:02 a.m., with the unit operating
at 96.5% power. the reactor ripped. The trip was generated by the
reactor protection system (RIS) two out of four coincidence logic for a
low pressuriser pressure. Tie li,v pressuriser pressure logic actuation
occutred as a result of maintenance activity on pressuriser pressure
transmitter PT 455. Th4 operators responded to the event in accordance
with established plant procedures and the plant systems responded as
designed, with the exception of auxiliary feedvater pump No. 21. This
pump started and tripped after running for approximately 120 seconds.
Consequently, at 11:05 a.a.. the plant entered a 72 hour limiting
condition of operation (LCO) as required by Technical Specification
3.4.B(1)(a). Also during the event, the isolation of the chealcal
value control system normal letdown occurred and the bank 'C' rod "L3"
bot a n light did not illuminate as requited by design.

The plant achieved hot shutdove at approximately 11:30 a.a. and restart
was subsequently initiated with the generator breakers closed on the,

grid on January 8. 1991 at approximately 8:36 p.m. No NRC limit was
exceeded. Likewise there was no 1spact on public health snd safety.
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IDINTIFICATION Of OCClfFPF.NfT1

inadvestent 1.ov P essuriset Pressute Logic Actuation initiating a
teactor trip. -

EVINT t>ATFt

January 7, 1991

PJPORT DUE DAtta

February 5, 1991

P tri.Pf;NCES:

Stanificant twent Reporis ($0ft) 91 13. 91 14

FAST $1MIt.AR OCCUPMACE:

None ,

OfSCRIPTION OP OCCUKRI:NCEI

on January 7, 199' at 11:02 a.m., with the unit operating at 96.51 ;
povet, the reactor tilpped. Earliet ' shot meining, at approatmately i

10458 a.m., a contalonent entry eas made t,y plent petoonnel to repair a
leak in a compression fitting in the sensing line of pressuriser
pressure transmitter l'T 455. This sensing lir., is common to another
redundant pressut iner pressure transmit tet , I"t 474 The serait team,
subsequent to communt(ating with the control soon opetators, proceeded
to ettect this repair by manually closicg *he isolation valve ($37 X
B2) for PT 455. After the sepair vae completed the repolt- team began
testoring PT 455 to service by slowly te-opening its isolation valve.
This ef f ort caused a momentary deptessur jaation in the tommon sensing
line, ultimately causing a low pressuriset ptessute value in

| pressuriter pressure transmitter PT 474. Vith both PT 474 and PT 455
tending low, the necessary two out of four reactor protection system
(RPS) logic for a low pressuriser pressut e teactor trip was satisited
and the reacter tilpped, constatent with design.

As re sulted, the plant operators immediately entered emergency
operating procedute E-0 *Feactor Trip or Safety injection * and began *o
effect the shutdown of the teactor.

|
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DESCPIPTION OF OCCLRPTRCE: (continued) ;

t
'$ubsequent to the trip, and as is notaal for this tyi.e of transient,

the steam generators nettow tange level instrumentation indicated a
dramatte decrease in seconda y side fluid level (the shrink effect of a

. !

trip). At a level of 8% a algnal to the auxiliary feedvater pvaps
(AFVP) to start is generated. This occurred at approximately 6.$ ;
seconds after the teactor (tip signal. Both motot driven AFVF No. 21
and 23 started and commenced feedvater injection at appioximately 11:02-
a.m. At apptorie.ately 11:04 a.m.. AFVP No. 21 tripped and feedvatet ,

flow to steam generators ($G) No. 21 and 22 was lost. While reviev bg
the requirement of step 3(d) of emergency operating procedure f.$-C.1
*P4actot Trip Fesponse,' one manual attempt to start AfYP No. M was -

made by the operators, subsequent to which the pump was declared .

Inoperable. Consequently, at opptoritately 11:05 a.m. the plant
entered a 72 hout limiting condition of operation (LCO) as stipulated - !
by Technical Specification 3.4.ll(l)(a). Feedvater flow was !

,

te-established to SGs No. 21 and 22 at approximately 11:06 a.m. via the
steam driven AFVP No. 22 and the LCO was subsequently terminated at r

approximately 06:46 p.m. .

iThe immediate determination of the cause for the AFVP tio. 21 trip was
determined to be overcurrent, se reflected by the pump breaker

' indicators. Further investigation found no mechanical or electrical ,

problem vitt. AFVP No. 21 or its motor. The evercurrent trip setting of
the ovetturrent trip devi;e ( Amptector long delay pickup) was checked
and discovered to have an improper setting. This as found Aeptector ,

*

setting resulted in a decrease in the current settioint f rom -
approximately 725 Amperes to $40 espetes (.9 x rated current of 600
sepeten versua 1.25 x rated cuttent). 540 amperes is vety close to the i

.

expected current when the pump is delivering rated flov (approximately
400 gre). Subsequent analysis of pump test data indicated that the
pump's motor _ current is approximately 530 amperes _when it is delivering' -

403 gpm.- Therefore, the trip of.AFbP No. 21 was attributed to the
incorrect long delay pickup amptector_ setting. It was obsetv(d that
the setpoint could be inadvestently moved if, in e process of breaker .

handling, plant personnel vote to touch the amptectot actpoint
adjustment wheel,

in regards to the fallute of AFVP No, 21 to manually statt on demand,-
the opetators'vete unaware that the pump had previously started and
tilpped, as indicated during subsequent analysis of computer datai
Specific breaker contacts ptovide pump status indication-in the control

i room. One of these contacts causes the ambet breaker 'altimatch" light
to be energired in the control room. This light, when seen in
combination with the green 'btenrer open" light its the tontrol room.
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DFEFIpiION OF OCCUFMNch (eontinued) }
;

vould indicate a * trip * condition of the pump breaber. fNe to a f ault

i t. the ATVp No. 21 breaket 'elsealt h* contac t , the ember light was not
energired in the control room. Vith only the gteen breaket *open"
light energired, the operators believed AFVP No. 21 did not
automatically start as required, and ptoceeded to manually statt the
pump f om the control toos during the recove y ptocess,

Consequently. the reason for the failuse of ATVp No. 21 to statt when
given a manual start signal f om the control roon ja therefore
atttibuted to the fact that the pump's circuit breaker, as required
following a trip. was not first reset by the opetators. This was not
done for thn teasons discussed previously. The puep breaker was
subsequently replaced.

The Chemical Volume and Control System (CVCS) normal-letdown laolation
occurred because the controlling pressuriset level instrument channel
(L1 460) vent below the 18% letdown isolation pressuriser level
setpoint. It was later observed that this channel value deviated
considerably from the other two channel values which were indicating
above 20% of ptessurjeer level at the same time. Data analysis further
tevealed all channel readings converged approximately 400 seconds
later. This appears to indicate instrument recallbtstion may be
necessary. An operational cherk on instrument channel LT 4f,0 ses
subsequently performed by Instrument and Control personnel with no
identified defielency. These pressuriser level channels are scheduled
to be calibrated during the upcoming ref ueling outage (February,1991).

The bank *C* rod "1.3" cont rol rod bottom light in the control room did
not illuminate. This was immediately attributed to a blown bulb. The
defective bulb vas subsequently replaced.

Later in the day, the AFVp No. 21 was successfully tested in accordarce
with approved plant ptocedures. The pu'ap's circuit breaber was
seplaced and also tested in accordance with approved plant test
pri,cedure and returned to service. Having verified, the operability of
ATVp No. 21 and its circuit breaker, arid having corrected the incorrect
septector long delay pickup setting, plant restart was initiated and
the generator breakerr. were closed on the grid on January 8, at
approximately 08:36 p.m.

ANALYSIS OF OCClfRRfNCEt

This report Is being made since actuation of the reactor protection
system (RpS) occurred, Any manual or sutomatic actuation of the Rp5 is
reportable under 10 CFR $0.73(a)(2)(iv). There were no adverse safety
implications for this event. All systems performed as expected with
the exception of the components mentioned previously. Equipment
design envelopes were not exceeded snd identified deficiencies were
coriected.

. . . .m. m
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CAUSE OF OCCLRRtNCE: ,

The teattet tilp occursed as a result of a somentary deptessustration
of pseheurtres pressute transmitter PT 474 while another ptessuriter !

ptessure transmitter PT 455. on a common sensing line. was being 1

valved-back in service. Our review of industry expetictue, pr f or to
this event, did not seveal the phenomena spe< !!!cally encounter ed in
'his instante. ,

|in regard to the response of ATVP Nn. ?! tc this event it appears th! '

inadvertent inattument setpoint adjustment occursed.

The CVCS normal letdown isolation occurred, as noted psevlously, as a
result of the c-ontrolling ptessuriser level instrument channel sensing

,

a pressue rer pressure level below 181, which is the value for CVCS
normal letdown isolation. .The isolation occurred at the correct time '

and metpoint value. However, the readings for all channels over time -i
triditate retalibration may be necessaiy.

The cause for bank "C" tod *L3* control rod bottom light in the Control.
Rooe not illuminating was immediately attelbuted to a blown bulb which *

vas replaced.

CORPECTIVE ACTlONt

1) Engineering was tequested to (valuate and laplement a method to
prevent inadvettent amptector setting adjustment by the end of the !

February, 1991 refueling outage.

2) Calibrate pressuriser level insttuments during the february 1991
refueling outage

3) The breater for AFVP ho. 21 van replaced with a spare unit, and
subsequently tested in accordance with approved plant procedules.

' 41 The blevn liank *C' tod *L3' contiel rod but toa light in the
control toon was replaced.

~

5) For pressutiter pressure ttansmitters PT 455 and PT 474, provide
'enhanced guidance and polity for instrument enintenance that will

preclude the possibility of a similar event. Additionally, an ;

engineered solution for the ,aomentaty depressutiration of these '

- tr anait ters, is also being evaluated. <j

,
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ACCIDENT SEQUENCE PitECUllSOlt PitOGilAM EVENT ANALYSIS

LER No.: 269/91-010,270N1003
Event Description: Potential for hydrogen entrainment in llPI pomps
Date of Event: September 19,1991
Phtnt: Oconee 1, Oconee 2, and Oconec 3

Summary

During an analysis of the letdown storage tank (LDST) high pressure alann setpoint,it .

was detennined that the potential existed for hydrogen entrainment in the high pressure )
injection (llPI) pumps during small break loss-of-coolant accident (LOCA) scenarios
involving failure of either of the borated water storage tank (11WST) isolation valves to

!open.

LDST hydrogen overpressure is nonnally adjusted so that the llWST will provide flow to
the llPI pumps during a safety actnation. In this situatlov, the higher llWST pressure
seats the LDST outlet check valve and prevents hydrogen from expanding into the llPI
pump suction piping. During review of a 1971 Babcock & Wilcox curve of maximum
LDST pressure as a function of inventory, it was detennined that the curve was baset on
an assumption that the LDST woukt be isolated within 6.5 min for certain scenarios.
This action is not specified in the procedures. In addition, the single valve provided for
this purpose is not safety-related nor is it provided with safety related controls or power,

Subsequent analyses by the utility, which considered flow related pressure drops,
indicated that hydrogen entrainment would only occur if one of the llWST isolation
valves failed to open, in this case, the additional pressure drop.in the single operating
line would allow hydrogen to expand into the llPI pump suction lines and damage the
pumps, lhe conditional core damage probability estimated for this event is 1,2 x 104
The relative significance of ths event compared to other postulated events at Oconee 1 is

. shown below.

-. .

.

11R 269/91010
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Event Description

On April 16,1991, with Oconee 2 at full power, hydrogen was being-added to the
LDST At the completion of this operation, a non-licensed operator observed that the
hydrogen supply had_not been isolated when the fill-line solenoid valve _ was closed.
After manual isolation, the LDST pressure exceeded procedural limitation';, and the
excess pressure was vented. Both trains of HPI were declared inoperable for the
duration of . .c overpressurization (~20 min) due to the potential for hydrogen to enter the -
HPI pump suctions following a LOCA and damage the pumps.

During a review of that event,it was observed that the setpoint for the control room alami _;

for high LDST pressure exceeded the highest procedurally specified LDST pressure, and ~!

a setpoint change was requested. I

l
-1

The setpoint review utilized a draft 1990 limit and precautions document, which included '

a copy of a 1971 curve developed by Babcock & Wilcox that specified the maximum |
"LDST pressure as a function of BWST level. The cerve.was based on calculations that,

for certain scenarios, assume the operator willisolate the LDST within 6.5 min by,

closing HP-23, the LDST outlet header Solation salve. HP-23 is not safety-related and
does not have safety-related controls or power. Also, Oconee operating procedures did
not require HP-23 to be closed.

The 1971 curve was based on calculations that addressed static head differences, but did
not consider pressure drops due to flewi Calculations performed by the utility after this -
problem was discovered, which addressed flow-induced pressure drops, indicated the
existing LDST hydrogen pressure curve was adequate for most scenarios without closure
of HP-23.

The one exception was a small-break LOCA during which one of the two BWST
isolation valves fails to open, in this case, all HPI injection flow would pass through one
suction supply line, which would lead to higher pressure losses and lower pressure in the
suction supply header, and vcuuld result in hydrogen entrainment from the LDST and

p HPI pump damage.
|

! This problem applied to all three Oconee units. As a short-term corrective action, new
pressure curves were developed that provided additional margin to assure hydrogen from|

'
- the LDST would not expand into the HPI pump suction piping for all scenarios that do
_ not involve a single failure af a valve in the lines from the BWST. In addition, new
instructions were provided to the_ operators to align the HPI system for piggy back-
operation (HPI pump suction flow provided by low-pressure injection pumps) if a single
failure of a BWST line valve occurred. Use of the piggy-back mode would provide
additional suction pressure at the HPI pumps and prevent hydrogen entrainment-
(provided a failed suction valve could be detected).

~. . . - - . .- - - - - - . - -- . .__
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Additional Event itelated Information

The 1IPl system controls the reactor coolant system (RCS) inventory, provides seal water
for the reactor coolant pumps, and recirculates RCS letdown for water quality
maintenance and reactor coolant boric acid concentration control. The IIPl system uses
the LDST as a surge tank and nonnal suction source for the llPI pumps. During
operation, a hydrogen atmosphere is maintained in the LDST to promote oxygen
scavenging. Guidance for establishing and maintaining this hydrogen pressure is given
in OP/1,2,3/A!!104/02,"l?igh Pressure Injection System," which includes a graph of
pnnissible hydrogen pressure versus LDST level.

The llPI system also serves to mitigate the consequences of a small-break LOCA. The _

llPI system, during emergency operation, supplies horated water to the RCS from the
BWST. The IIPI system has three parallel llPI pumps that take suction from the BWST
and to discharge through two redundant Dow paths into the RCS. '

The suction lines from the LDST to the liPI pumps are nomially isolated from the BWST
supply lines by check valves (llP-101 and llP-102) and motor-operated valves (llP-24
and ilP-25). In the event of a safety actuation, the motor-operated valves open, and the
pressure due to elevation head in the BWST will overcome the pressure due to LDST
level and hydrogen pressure, crening check valves IIP-101 and ilP-102, closing the
LDST outlet header check val e 0IP-97), and providing Dow from the BWST to the llPI
pumps. As BWST level drops, the available pressure from the LD'"r could exceed the
available pressure from the BWST, aliowing flow from the LF JT as a check valve
opens. The hydrogen gas in the LDST could then expand and fill the suction piping,
resulting in damage to the llPI pumps. The procedural operating limit curve for LDST
hydrogen pressure and volutoe is intended to assure that LDST pressure does not exceed

~

available BWST pressure. even as BWST level is drawn down during a LOCA,

ASP Modeling Assumptions and Approach

The event has been modeled as an unavailability of IIPI and feed and bleed period for
situations in which either of the two BWST-to-IIPI-pump suction valves OIP-24 or HP-
25) fail to open. The probability of HP-24 or llP-25 failing to open was assumed to be
0.02, based on the probability values typically used in ASP calculations.

The potential for hydrogen entrair. ment existed since initial criticality, To estimate the
relative significance of the event within a 1-yr observation period (the interval betwaen
precursor reports), a 1-yr unavailability period was utilized in the analysis (6132 h,
assuming the plant was critical or at hot shutdown 707c of the time).
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Analysis Itesults:

The conditional core damage probability for this event is estimated to be 1.2 x 104. The-
dominant core damage sequence, highlighted on the following event tree, involves a
postulated LOCA with failure ofliPl.

If it is. assumed that 11PI.would be failed for all small-break LOCA scenarios -
independent of the status of the BWST valves, a conditional probability of 6.3 x 10-3 is
estimated. This would be the case if flow-related pressure drops did not have the effect
indicated in the utility analysis. Such an event would be considered very significant.
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CONDITIOkAL CORE DAMA".E PROSABILITY CA!CULATIONS

Event Tdentiftert 2 9/91-010
Event Description: Potential for hydrogen ent rainment in HPI purope a f t er a ISC A

- twent Datet- 09/19/91
Plani Oconee 1

UNAVAl[ASIL,ITY, Dt' RATION. 4132

NON+HECOVERABLA IWITI ATIM EVENT PROBABILITIES
+

TkANS 3.9L-01'
LOOP 2.3E-02
IccA 6.3E-0 3 6

SEQUENCE CONDITION AL PPOBASILITY SOMs

End State / Initiator P robabilit y
;

I

CC ./
TRANS 9.9E-C8 'z
IDDP 4.6E-08 ,

IRA 1.?E-04 |

|
Tota 1 1./E-04 .j

i
ATW3~ ')

!

TAANS 0.0E*00 |
LOOP 0.0E*00 |
IDCA 0.0t*00 |

|

-_ fTot a L 0.0E*00

SEQUENCE CONDITIONAL PROBABILIT!ES WROBASILITY ORDER)

jSequence End State Prob N Rec **
!

72 loca -rt -afu HPI CD ).2E-04 4.3E-01 I
i

|
* * non-recovety credit for edited case |

|

SEQUENCE CONDITIC41 AL PROBABILITIES (SEQUENCE ORDER) I

$equence End State Proo R hec'* ';
12 loca -rt -afw HPt CD - 1.2E-04 4'.3Eao'n

** non-recovery credit for edited case

i
Note For unavallabilities, condit Lonal probability values age dif f erent ial values which reflect the
added risk due to f attures associated with an event, Parentheticai values indicate a reduction in elsk
compared to a stallar period without the outsting f ailures.

SEQUENCE MODEL: c 3 \a sp\1949\pw rdseal . cmp
BAANCH MODEL: ct\ asp \l989\oconeel.411
PROBAaILITY l'I!2: c:\ asp \l689\pwr_bs11. pro _j

No Recovery Limit if
!

-I
- Event identifier: 269/41-010

1

~h

-|
a
:1

4

'
|
i-



_- m -- . . . m. m. .__m. . - , .-~-.._t.._., . - u. , ..,.m. . . m ..

._

|
-. j.

1

B .53 Lj<

-1

J

IM ANCH TREQurkcIt s/PRoitAp!!.) Tits

branch syst em . Non-Recow Opr f*all

trens 4.4r-03 - s.0E+00-
toop - 1.60-06 2.4t-91
-loc e - 2.41-06 4.10-01
tt - 2.00-04 1 ?t=01 ,

st/ loop 0.0E+00 1.0L*06
ame r g .p+we r 2.90-01 0.0Lael
alw - 3. 8V -04 - 2.6E-01
a f w /eme t g .gove r 6.0k-02 3.4E-01
etw 7.00-01 3.4E-01
pory.or . e r v.s h41 ' 8.00 02 1.CE*00
ter v.o r. a r v . n e mes t 1.ct-02 1.lt-c)
porv. tar.a rv re ssat /eser g. power 1,C U O 2 1.0t+00
mes ) It.ca 0.0t400 1.0t+00
ep. fee (alt 0.0Ce00 1.0Re00
ag% s ee . 4,50-0) 1.0E*00
HL'l 3.0E-04 2 2.Cl-07 ** 2.4t.01 * 1,0t400

Hranch Models - 1.(W.3
tratn I roeid Probi '1.0E-CJ
' Train 2 Cond Probt- 1.0 b01
frain 3 Cond Pt.4t.: 3,00-01

HPI!T/bl . 3.0t+04 > 2.0E-02 ** s,46~-01 > 1.0E+00 1.0E-02
tssanch Models 3 40'.)eopt

Train 1 C+>nd P r9bt 1,0E-07

Train J Cond Psotar 1.00-C1
train 3 Conti frobt 3.0b01

hpr/-hpt 1.$E-04 1.00+00 1.0E+01

* branch mdel file
* * f t,rced

Mina r ic h
05-77-1992
20ghtsSt

,

s

L

>

|L
. . [dentitlert 769/91-930

.

( . tweet

i.
I

'l
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Oconee e. clear station, Uni * 1 05000 269 1 of-13

tmate;High Pressure Injection System Technically Inoperable For Some Single Fatlure 1,0CA
scenarios Due t o Design Deficiency

evusnam n t.re_eyp* . s i Sm et tesm oxo reu mas tenter ei --
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09 18 91 91 010 0 10 21 91 ocon.e, Unit 3 05000 ?R7

GPRSAflik; TBle RAMPT ta a ftWCP1|1 W9uRWFT 10 #EV1!F5seFM CF | 0CF9 (Oe'R este or Ente of t he f ol ldWi$1 f l t }
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henry R. Lowery, Chairman, Oconee Safety Review Group anna aos
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on September 19, 1991, at 1225 hours, while reviewing en alarm setpoint change, Design

Engineering determined that the operating limit curve or Letdown Storage Tank (LDST)

Pressare versus Level was inadequate. Use of this curve could permit operation outelde the

design baels for the emergency injection function of the High Preenure Injection. (HP2)

system. It was determir.ed that, under certain. small brealt LocA scenarios, a single failure.

could result in hydrogen gas from the LDST expanding into the suction piping of the itPI

|
pumps, ceasing the pturre t o be darna ged. This deficiency has existed on all three Oconee

unite since initial startup. At the time of discovery, Unit I was shutdvwn for refueling andI-

Unite 2 and 3 were both at 100 % full power. Corrective eetions were to revise the operating

limit curve and to provide addtt tonal instructions for operator action. The root cause was

Design Deficiency.
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EVALUATION:

BACKGROUND

The High Pressure Injection (HPI) System (EIIStBQ) controls the Reactor Coolant System {RCS)
(t11SiAB) inventory, provides the seal water for the Reactor Coolant Pumps [EXISiP), and

recirculates BCS letdown for water qaality maintenance and reactor coolant boric acid

concentration control. The HPI system uses the Letdown Storage Tank (LDST) as a surge tank

and nortnal ' euction source for the HPI pumps. During operation, a hydrogen atmosphere le

maintained in the LDST to promote omygen scavenging. Guidance for establishing and

maintaining this hydrogen pressure is given in OP/1, 2, 3/A/1104/02, ''High Pressure InM tion

System." which includes a graph of permissible hydrogen pressure versus LDST level.

The HPI System is also a part of the Emergency Core Cooling System (BCCS) which mitigates the

consequences of loss of coolant accidente (LOCA). The HPI System prevente uncovering of the

core for smaller break eises, where high RCS pressure le maintained, and delays the

uncovering of the' core for intermediate break a&ses. The HP1 System, during emergency

operation, supplies borated water to the RCS from the Borated Water Storage Tank (SWST). The
HPI System has three parallel HP! pumps that have the capability to take suction from the

BWST and to discharge through two redandant flow paths into the RCS, utillair.g four injection
nessles (two per flow path). The injection neatles are located on each of the reactor inlet

pipes downstream of the peactor Coolant Pumps. (See Attachment 1)

The suct ion lities f roia the LDST to the HP! pumpe are normally leolated from the BWST supply

lines by check valves [E!18:V) (HP-101 and HP-102) and motor operated valves (HP-24 and HP-

25). In the event of an Engineered Safeguards (RIIS:JE) actuation, the motor operated valves

will open, and the pressure due to elevation head in the BWST will overcome the pressure due
to LDST level and hydrogen pressure, opening check valves HP-101 and HP-102, closing HP-97
(LDST outlet header check valve), and providing flow f rom the BWST to the HPI pumps. As SWST

level drope, the available pressure from the LDST could exceed the available pressure from .

'
the PWST, allowing flow from the LDST as a check valve opens. If allowed to continue, the

hydrogen gas in the LDST could expand, filling the eaction piping, until HPi pump suction

could be lost, resulting in damage to one or more pumps. Therefore, the required total

system-flow might not be met and core damage could result. The procedural operating limit

curve for LDST hydrogen pressure and volume is intended to assure that LDST pressure does not
exceed available BWST pressure, even as BWST level is drawn down.during a LOCA.

Technical Specification 3.3.1 requires three HP! pumpe and two HPI flow paths to be operable
- when RCS temperature le greater than 350 degrees with fuel in the core. This is based on

considerattone of potential small breaks at the Peactor Coolant Pump discharge piping for

which two HPI trains (two pumps and two flow paths) are required to assure adequate core

cooling.

_e

a

v -r .r - - , - - -- - -



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

4 56

_ - __...m. ,,,._1.,- - - - _ __ _ m .- , _ _ . --

Llcrepts tvswT_pstogLap) TutT (zurflMuATI(m
_

runm n= epi uns7 panam tan essentat natin

H&5 8 ept Ff'l AL SSV1415e
9 hthth e MAR 9

Dennee Nuclear station, Unit 1 0b000 269 91 010 0 3 e" 13

~

RVINT Dt KRIPTION

on April 16, 1991, en event occurred during which the pressure in the 1.etdown storame Tank -

(LDST) for Oconee Urit 2 escoeded the procedural easimum limit. One of the design besee for
the High Pa eseure Injection (HPI) system was that the hydscqen in the 1.DWT could not t>e

allowed to expand into the HP1 pump suction piping following a thcA. The pressure versus

level curve cont ained in the O}erating Procedures was intended to limit tne Aamunt of gas in

t he t a nt in order to assure system ogetability f ollowing an accident . Theref ore, t he event

reevited in the HP1 system teing declared technically knoperable tor Apg r om tshately 20

minut es. That event was repurted as LER 370/91-0).

During the review of that event, it was observed that the setpoint for a control rpom alarm

for high LDST pressure onceeded the highest pressuse in the normat operating range.
Theref or e, one cor rect ive action f rom t hat event wat to lower t he sl uim set point.

On August 20, 1991 e set point change request wee Ant t iated by Operat ions Technical Support .
Design Eng4neering (DR) was not ified of t he chan ge request and began their review. ~.The DE
review of the set poi nt change included verification of the evitability of the settcint.

Previously, in Decemtier , 1990, a Design haste Documunt (Duo) was issued f or the HPI system.
While reviewing the draft of that DBD, the beste of the pressure ves eus level curve (see

Pigure 1) contained in the Operating Proceduces had lawen r umationed but this Ltem was carriede

as a olen item for f uture resolution _ Therefore, DE decided to d vument the beels of the

pressure versus level curve as past of the setpoint vesification.

During this review, the seeigned engineer utilired a 1990 draft Limit and Precautione

document prepared by Babcock & Wticos (B&W) f or the 84W Owners Group. This document includes
a copy of a 1971 curve und - states that it le t>ased on calculations which, for certain

scenarios, requite the operator to isolate the LDsf within 6.5 minutee by closure of itP-23,

the LD87 outlet header isolat ion valve. HP-2) is considered non*saf ety related and does not

have safety related controle or power, In event of f ailure of HP+33, the only alternative

was to vent the LOST into another non+saf ety related support system. DE did not consider it-
'

appropriate to continue to take credit for non-eafety related equtivnent and cierator action

within this short t Lee period in order to prevent load of the HPl eyetem abould thle scenario

occur.

Theref ore, DE began t heir own calculat sone to determine if t he en teting curve was adequate

to prevent hydroger gas expansion into the HPI piping under all required accident scenarios.

One part of these calculatione accounted for pressure drope due to flow in addition to static

head due to level differ eces. _The results indicated that the existing curves had . not'

included the ef fects of loosee due to flow. On Sept ember 18 1991, Dt inttleted a Problein

trepetigation separt a vi tegan discues tone with st ation Compliance end O erat none perennnel.$

_- __m _ _ _ _ _ _
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>

operatione personnel noted that their procedures did not call for isolation of HP-23. They
did not understand that the operating curves were based on that action. Operations wished i
to avoid any requirement to close HP-23. After receiving input f rora the station. D3

continued their evaluation of the situation.

On September 19, 1991, at 1225 hours, it was concluded tt.ac the current procedare' limits were

adequate for most scenarios, but a scenario amisted wnere a single failure might result in

total f ailute of the HP1 system. This scenario assumes a small break 13CA with a concurrent

eingle failure of either HP-24 or HP-25, the two Dorated Water 8torage Tank (BwsT) to HPI

owetion isolation valves. This failure would cause all of the required HPI injection flow

to pass through one suction supply line, which would lead to higher pressure losses and

therefore lower pressure in the suction supply header, resulting in entrairment of hydrogen

free the LDST and eventual pump damage. *

This conclusion, which applied to all three Oconee unite, was reached while Unit I was et

cold shutdown for a refueling outage, and Unite 2 and 3 were operating at 100 t Full Power.

As immediate corrective action DE provided new curvas for use in the af f ected operating

procedures. The new curves are elightly more restrictive so as to provide an additional

safety margin to assure that hydrogen gas in the LDST will not expand into the HP1 pump

ouetion piping for any scenarios which do not involve single f ailure of a volve in.tha path

frrm the swst. Additionally, new instructions were provided to the operatore for an-

alternative mitigating action if the eingle failure scenario does occur. Under the new

guidance, operators will have at least thirty minutes to realign the HP1 tod Low Pressure

Injection (LPfl (EIIssBP) systems into " Piggyback" mode if a failure of either HP-24 or 25

le observed after an accident. The flow path would then be from the DwST through the LPI

pumps to the tipi pump suction. This path would allow the LPI pumps to supply enough
.

additional head pressure to assure that the hydrogen could not expand into the auction

piping. This informat-lon was provided verbally to the Operatione personnel on shif t at the

t ime . . Procedure changes to incorporate the revised curves were approved later in the day of
j September 19, 1991.

[

|- Another vorelon of the curve le currently under review. This curve would further restrict

the operating range so that operator action would not be required even in the evet.t of eingle

failure. However, at this time it is not certain that operation within its litaits would

j -. still provide adequate osygen scavenging during norrnal operation.

A search of matter file documente revealed a draf t procedure dated March 24, 1970, which

provided a Los7 pressure versus level curve and operating guidance. According to an
l enclosure takhn f rom Br.w documentation, the calculatione established two limiting curves to

.. --
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'i
,

prevent gas entrainment into the pump suction assua.ing the swsT had been drained (f ollowing )
'the accider.t) and no operator action wa's needed to vent or isolate the LDST. Case 1 assus.ed

a LDST level at the buttom instrument tap and case 2 assumed a LDST level at .he physical

bottom of the tank. Case I was more restrictive.

A Duke lower curve was drawn and included in station operating procedures on 9/30/71. It is

virtus11v equal to the B&W 1970 case 1 curve for levele less than e5 inches and more

conservative at higher levels. Subsequently the curve was redrawn several times 46 part of

general procedure upgrades. No procedure change documentation mentions any intentional.

changes to the curves, but there are minor differences between the various versione. The

1978 version was less conservative than the 1971 version, especially betwaen 25 to 75 f nches,
which includes the normal operating range.

CONCLUF'ONS

The root cause of this event le Design Deficiency. (Functional Design Deficiaacy, Hechanical)

because the potential for hydrogen entrainment leading to pump damage cas recognised.-

operational gaidance was provided, but was based upn inappropriate operator response times -

and operation of equipment which does not have sufficient provision for * ingle failure.

Design criterion 14 (FSAR 3.1.14) requires automatic actuation of cose protection systems.

Design criteria 38 and 41 (FMR 3.3.38 and 3.1.41) require that the Lnergency Core cooling

,,ystems function assorning a failure of a single active com pnent.

The operational curve was provided by Babcock and Wilcox (B&W), the Nerlear Steam Supply

System vendor, in the early 1970's, but. it to not certain if documentation of the basis was

also provided at that time. The documentation found to date still does not adequately

document if any consideration was included for dynamic flow losses,

Also, .t is noted that " appropriate operator response time" has been open to interpretation

and has evolved over the years. The current interpretation at Ocones assumes ten minutes for
~

problem recognition and diagnosis prior to initiation of any manual corrective actions.

It is also noted that,.even if the 6.$ minute operator response time had been acceptable,

Operations procedures did not contain adequate instructions to perform those actions. This-

Andicate s a historical Design Deficiency, deficient documentation because, in the past,

design basis documentation was not maintained in a reasonably accessible manner. . Station

personnel were unable to recognise that the Letdown storage Tank (LDST) pressure curve was

based on prorapt operator action. This generic problem was recognised several years ago which.-
resulted in the creation of the Design Basis Documentation (DBD) proge t. The D8D project

le not yet complete, but is being worked on system by system, therefore the appropriate

. corrective action for this cause is already in progrees. While this problem wan . not

av.n.,mm,ss.mws. mms.=mem,= wa- - - . - ____ ___
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ejecifically discovered during the creation of the DDD for the HP1 system, the cierating

cu ve had been identified as an action ites for further evaluation.

An additional, non-causal deficiency was observed and identified as Managernant Deficiency,
,

(Procedure contaol, deficient procedure review and maintenance) because unintentional

* minor," vut non-conservative, changes occurred in curves during pr ocedure reiseuse without

detection and correction. The best guidance f our'd reltsed to accuracy of graphs is a

stat.errent in Oper atione Management Procedures 4 1, Enclosure $.6, Operations OP Verification

Check 14st, whien states 4rP data on graphs and tables appropriate, correct, and legible."

The Nuclear Product ion Depas. ment Procedure Develoseent Guide, used by all groups other than
Operaticne, addresema enly the appearance of graphs. Esisting guidance on go.;eration of

graphe er.d curves kr use an procedures does not addr .e how the necessary data pointe are

generated and cont rolled. It also does not address how to verify the new curves are correct.

This event le considered recurring. Several Licensee Events Reforte have addressed design

deficiencies directly related to the design of the High Pressure Injection System. Othere

have af f ected other Engineered Saf eguarde systems. These are listed on Attachment 2. In

general, these other deficienctee also occurred during original design of the systee and

resulted in the af fected system being technically knoperable for certain accident scenarios.

Since the deficiency in this event has existed since initial startup, no corrective action

from previous evente could have prevented it. Several of these deficiencies have been

discovered through reviews related to the DBD project.

( One additional event, documented as voluntary LER 270/89-007, occurred where oconee Unit 2
I was shutdown because it was thought to 'e operating in an unanalyaed condition due high tilt

and imbalance following a dropped rod p *I5: ROD). That event also involved Duke Design not

f having adequate documentation of a vendnr enalysis. The DBD project is expected to improve

f the level of documentation of analyses ava.1able to Duke Power, but it is recognized that

some vendor inf ortnation will not be readily s allable.

There were no NPRDS equiteent failures, personnel injut tee, contamination, over-emposures,

or releases of radioact ive meteriale associated with thie event.

CORRicTIVE ACTIONS
Immediate

1. Operattone personnel were provided verbal guidance for maintaining i etdown 5tnrage Tank

(I.D5T) pressure witt.tn the new limit s, and f or imediate corrective ect ions to be taken

in the event the applicable accident scenario were to occur.

mww eamm* ca**s.enar ,neuv.raams.caemy.nneswswe s.nn,as:r.mame:,o,mgamaar,werew mesww. .,_ _ _ .
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Subsequent

1. The operating procedure was revised to incorporate the new LDST Pressure Versue Level
curve prepared by Design Engineering.

-

2. Revised Emergency Procedure to include requirement to immediately line up J n Piggyback
if a single failure of HP-24 or HP-25 occurred during/after a small break LOCA.

Planned

1. Evaluate revision of cgerating procedure f or another, more restrictive, curve which
,

would not regaire any operator action.

2. 5stablish Station Directive guidance related to preparation and review of safety

significant curves used in station procedures to better assure accuracy. Existing

curves will be reviewed when change $ or when the procedure is reissued.

SAFETY ANALYSIS
The suction linee f rom the Letdown Storage Tank (LDST) to the High Pressure Injection (HPI)
pumpe are normally isolated f rom the Borated Water Storage Tank (BWST) supply lines by check
valves and notor operated valves. In the event of an Engineered Saf eguards actuation, the
motor operated valves will open, and the pressure due to elevation head in the BWST will
overcome the pressure cue to LDST Aevel and hydrogen pressure, opening the check valves and
providing flow from the BWST to the HPI pumps. As BwST level is drawn down, some of the

inventory in the LDST will also be used, but normal letdown flow will be isolated.
Therefore, the LDST water level will drop and the hydrogen gas will expand. Procedural
limite on the LD&T hydrogen pretours and volume are intended to assure that the hydrogen
cannc.e expand enough to enter the HPI pump suction.

Becawee of the potential for a single f ailure of one t ' pump suction supply isolation valve,
Design Engineering performed an operability Evaluation which determined that the HPI system ]
had been techn.cally inoperable. The significance was that, had an accident occurred with-

..ja concurrent eingle f ailure, the hydrogen gas in the LDST would expand as level dropped and
could enter the HP1 pump suction, cause gae binding and severe pump damage. Due to the

system lineup, this potential scenario could lead to damage to all three HP2 pumps which
would correspond to lose of system function. 1 he probability of such an event actually
occurring le low. -It is further reduced by ;he fact that the actual LDST pressure .is

routinely leet than the maximum pressure permitted by the operating curve and would
f requently be within the limit of the new curve.

_ _ - _ - - - _ - .- _ __ . -_
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in the event that this scenario did actually occur, the Babcock and Wilcon, (B&W) 1990 draft
1.lalte and Frecaut.one Document states that the necessary operator response time could be as
short se 6.5 manutes. Possible actions would be 1) to isolate the 1. DST by closing HP-23, the
LDST outlet block valve, 2) to make-up to the 1. DST to maintain minimum level, or 3) to vent
the 1.D47 gas volume to the Cameous Waste Disposal System. However, these activities all

depend upon operation of components / systems which are not safety related, are not supplied
frora essergency power soureme, and/or do not have full redandancy. Therefore, while it is
probable that some appropriate operator action would have been attempted, if needed, it is
poselble that HP! eysters f unction would have been lost.

If a lose of the HFI System were to occur, the Emergency Operating Proceduce would instruct
the olerators to depressurise the Reactor Coolant System (BCS) using steam generator cooling.
This depressurisation would allow injection f rca the core flood tanks (at about 600 peig) and
eventually the 1ow Preneure Injection System. It inadequate core cooling conditions are

indicated by outerheated core exit thermocouple teneratursp, the operators would also open
the pressuriser power operated relief valve (PORV) and the reactor veneel and hot. leg high
point vente to further depressuriae the ItCS . Although this approach may result in enough
F.mergency Core Cooling system (ECCS) injection to prevent core damage, the ef f ectivenees **f

these processes for all small break LOCA scenarios has not been demonstrated.

The analyete fer a Maalmum flypothetical Accide st (Pau) as described in the einal Safety
Analysis Report assumes that some core damage occure. That analysis shows . net 10CFRICO
limite would still be met.

Therefore, while it is not espected that the situation would actually result in pump damage,-
9 damage is assumed in the low pronability event that a small break 14CA occurred
I aimultaneously with single f ailure of one HPI suction valve f rots the BW5T. The assumed loss

of system function lo still bounded by FSAR analysis. Therefore, the health and safety of
the public was not a f f ected by thle event.

|
,
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Attachment 2
sing Dee,1 n DeficienciesPecu 3

LER Naml.or Title / Problem

the High Pressure Injection system in the8269/88-06 Inadequate Design Analysia 0

Emergency cos ; cooling system sump Recirculation Mode. (found that
- Design (B&W) did not calculate /verif y required HP2 pump NPSH in
" Piggyback" mode.)

269/90-04 Unanticipated system Interaction During Undervoltage condition in the-
230RV Switchyard Pesults in Pailure to Coteply With Technical
Specifications. (Relay setpoint o were not coordinated, resulting in a
sit uation where, after a unit trip, the backup power breakers could not

close in due to en undervoltage condition, but emergency power would not
be initiated. If this occurred, the HPI system (and other Engineered

safeguarde systems) could be without gewer. )

269/90-05 Design Deficiency / Unanticipated interaction of systema pseults in the
Potential closure of the Startup Transformer "E" Breaker on to a

Degraded (Low Voltage) Switchyard. (Protective relay setpoint would
parett selection of an naer voltage power source, Jaading to Engineered

,

!
safeguarde equipment . allure.)

269/90-20 Potential Failure of Engineered saf eguarde $yetem by taproper Valve
Pallure Mode Due to Design Deficiency, Deficient Documentation. -(During
construction, air olerated valves were changed to f ait closed with out
adequate documentation and in conflict with the FSAR - This made the
Penetration Roort Ventilation System, en Engineered Safeguarde system,
technically knoperable. )



. + _ . - . - - -

B-64

'tJCENSEE EVENT REM *T (L*R) TRIT CONTimJATIOct_ _ _

**c% n wa t y anrr r,masam un seeses+ tam h

YEAa SMP4rf1AL DrV10 lds
r utit F.mma t

oc ance Nuclear Station. Unit 1 05000 269 93 010 D ll # 13 I
.

-

Attachment 2

Page.2 1

Recurring Design Deficiencies )
!
I

-)
LED Namber Title / Problem

269/90-12 Potential Overload Condition May Result in inadt pate on-site Emer?ency

Power Source During a LOCA/ LOOP Event Due to Design Deficiency. (Two
diverse potential single f ailures would allow an operating Fe wee Hydro
unit to become overloaded, potentially causing randow lo.e of Engineered
Saf eguards equipment due to overcurrent protection. )

269/90-15 Unit operation in an unanalysed condition Due ce Design Deficioney,

Design' Oversight. (Identified a different location for worst case small
'is sak. This affected operational requirements for HPI system.)

269/91-01 Potential Single Failure During LOCA/100P tveit May kesult in the Loss

of Emergency Power Due to Design Deficioney. (A single failure
mechanism was postulated which would allow the t e Keowee Hydro unite
(emergency power generaton s) . to.close in out of synchronisation,
resulting in assumed damage and loss of both units. If this occurred, j

the HP1 systera (art. Other Engineered 3af eguards ayotems) could be
without power.)

269/91-03 Technical Inoperability of oconee Backup Electrical Power Sources

Resulta Prom Deficiently Designed Circuit areaker Arrangunent of Keowee
Hydro Auxiliary Loads. (8reaker co-ordination problem would allow a
fault in a non-safety circuit to potentially. shut down one emergency

power gene =ator. A common mode failure corld cause both generators to

be lost due to this problem. If this occurred,'the HP1 system (and

other Enginwered Safeguarde systems) could be without power.)
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Attachment 2
P. age._)

Pecurring p j.gn Defsciencies

tER hamber Title / Problem
269/91-07 Breaker Coordination Problem Due to Design Deficiency Results in

Technical Inoperability of Safety Related Equipment. (Failure of non-
safety related equiseent could cause loss of power to safety-related

equiseent, including HP-25.)
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On April 10 !?*1. 4t IM7 hours, while Unit 2 was cperating 9t 100 \ Full
Fea r. a control poem operator completed addition of Hydrogen (H2) Qas to
t he t.td*te St or age Tank (LDST) by closing a. solenoid valve. During
M stq2ent isolation of the H2 fill piping. 4 Non-l.icensed Operator heard.

enMt ionel flov through the pipe, the finished manual isolation and
obseived that the 1.05T pressure exceeded the procedural maximum-li.mtt. At
1610 bwrs this ces repo.ted to the Contrel Room Operators, and the escess-
HI 'est vented to the C.aseem Waste Disposal System. At 1628 hr as pressure
ves within 'he allowed operating range. Both trsins of the Hagn tressura
inj.c't?n SyYtem (HPI), en Emargency Core Cooling System, were declared
inoperable for the duratien of the overpressurttation due to the potentiel
for H2 to enter the HFI pump suction followtng a 1.oCA event This could
damage tne HF! pumps and make the system inoperable. The root cause is
Unknwn Fossible Equipmert Malfunetton. A solenoid valve is believed to
hav. stuck open tenrotarily during the H2 fill, but this cnuld not be
confit.ed. A cenet ibuting cause is inappropriate Action.-Lack of Attention
to 6e t t u. Flanned corrective actions _ include precedura anbancement.
inrpe ,t un 2f 'he valve , and counseling of the operator.
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The High Pressure Injection (HPI) System (E11SiBQ) controls the Reactor
Coolarit System (PCS) (!!I5i AB) inventory, provides the seal water for the
Reactor Coolant Pumps [E!!$irj, and reeltculates RCS letdown for water
quality maintenance and reactor coolant boric acid concentration control.
Tne HPJ system uses the Letdown Storage Tank (Lt:ST) as a surge tank and
normal suction source for the HPI pumps. During operation. Hydrogen gas is
maintained in the LDST to promote oxygen scavenging. Guidance for
establishing and maintaining this Hydrogen pressure is given in
OP/0/A/llO6/17 " Hydrogen System'*. which includes a graph of permissiele
Hydrogen pressure vs LCST level (Attachment A). During normal operation,
additional Hydrogen is required every day or two.

The HPI System is also a part of the Emergency Core Cooling System (ECCS)
which mitigates the consequences of loss of coolant accidents (LOCA). The
HP1 System prevents uncovering of the core for smaller break sizes, where
high PCS pressure is maintained, and delays the uncovering of the core for
intermediate break sites. The HPI System. during emergency operation,
supplies borated water to the RCS from the Borated Water Storage Tank
(BWST). The HPI System has three parallel HPI pumps that have the
capability to take suction from the BWST and to discharge through two
redundant flow paths into the RCS. utilizing four injection nozzles (two
per flow path). The infection not:1=s are located on each of the reactor
inlet pipes downstream of the Reactor Coolant Ptanps. (See Attachment 81

The suction lines from the LDST to the HPI pumps are normally isolated from
the BWST supply lines by check valves (EIISiV) and motor operated valves.
Ir the event of an Engineered Saf eguards (EllStJE) actuation, the motor
nperated valve will open, and the pressure due to elevation head in the
BWST will overcome the pressure due to LDST level and Hydrogen pressure,
opening the check valves and providing flow from the 8WST to the HP1 pumps.
Frocedural limits on the LDST Hydrogen pressure and volume are intended to
assure that LDST pressure does not exceed availiole BWST head pressure.
even as BWST level is drawn down during a LOCA, LDST level ani pressure
are monitored in the control room and Hydrogen is periodically added every
day or two. to maintain the desire' pressure.

Valve 2H-1. (Unit T IDST Supply), is a 3/4 inch. solenoid operated valve.
It requires power to open and fails closed when the coil is de-energized.
The valve position indicating lights and Operator Aid Computer inputs are
actuated by contacts on the switch [E11SiXIS] rather than actuni valve stem
position.

Technical Speelfication 3.3.1 requires three HP1 pumps .and two HP! flow
paths to be operable when RCS temperature is. greater than 350 degrees with
fuel in the core. This as based on considerations of potential-small
breaks at the Practer Coolant Pump discharge piping for which two HP!
trains (two pumps and two flow paths) are required to assure adequate r. ore
cooling.
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LVtMt1U3Lincti
on April 16 1991, while Unit 2 was oper at' at 100 % f ull Powe r, Cont rol
Room Operators (CRos) on duty observed the se Unit 2 le tdown Storage Tank
(LDST) pres sur e had decreased to approntma. ..y 35 psig, At the current.
125T level, el inches, this represented the low pressure boundary of the
normal operating range as shown on the tiaanmum i'vessure va Indicated Level
curve in Enclosure 3.13, " Hydr oget. Addit inn to Unit 1, 2, or 3 LDST* of
Op*0/A/1106/17 " Hydrogen System" (see Attactwient A). Unit 2's main
generator { Ell 5,GtN| and Unit l's IDST also required filling. Therefore.
the CRos bsgan planning the routine evolution to add Hydrogen, This
primar ily entailed coordination between the CROs easigned to the two untts
and ass tqning Non-t,acensed Operator s (NLOS) to operate manual block valves
at ver tous point s in t$e' Hydrogen $yetem.

NLO A was assigned to operate two manual valves in the Unit 2 section of
the Auxiliary Bu11 ding and one in the Unit 1 section, She opened H.93

; (LD5T Lt Contr ol flypass). stP 26 (Unit 2 LD5T Block), and lH-26 (Unit 1 ID57
j Block) while NLO B opened valves at the Hydrogen Storage Tank building to
| charge the supply header arid to supply Unit 2's generator.

Upon receiving confirmation that the portion of the system in the aualliery
butiding was lined up. CRg A operated the control switch in the Control

! Room to open 2H*l, (Unit 2 LDST Supply), at 1559:43 hours. At
| approximately the same time, CR0 8 operated the switch for IH-1, (Unit I
; LD$7 Supply). The Unit 2 Operator Aid Computer (OAC) alarm typer
! documented that the 2H-1 valve control switch was in the opea positirn

.three times between 15:$9,43 and 16:06:01, for a total duratton of five
minutes and sta seconds The Unit 1 OAC alarm typer shows that lH 1 was
also operated three times during this period, and was open a total of shree
manutes, twenty eight seconds, CR0 A stated that he kept his hand on the
switch while he observed LD57 pressure on an adjacent indicator gouge
[EllsiXIl. He watched pressure rise to apprestoistely 39 psig, at which
point he operated the switch to close 2Hal. He states that nest he
observed the position indicating lights change to show the valve closed,
and heard the OAC alarm typer print out. He did not walk ovir to the t yre t'
but *** mad that the typer ant ry was documenting the 2H-1 posit 30n f.hange.
He then observed the pressure indicator again and noted that it was still
showinu 39 psig.

Since Unit I was also (Intsbed filling, CR0 A contacted NLO A via the page
and instrud ed her tc close the block valves, At approximately 16M hours.
he began making an entry in the Peactor Operator 's Log to document the
Hydrocen fill.

NLO A wtates that she closed 1H-26 and 2H 26, Next, while closing H 93-
vb* he a r d the sound of flow t.hrough the pipe. The sound s topped when H 01 -
was fully closed. At this potnt she checked 2PG 0179 a local pressure
asone located close to but downstream of. 2H-1, 2FG 0179 indleates the
pressure 2n the IDST, This step is not required by_the operating

. .- , .-_ . _ . . . . _ ., , ,_ , m .. _ _ __ m __
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p r oc e du r e , but NLO A states that she and several other NL0s perform this
check routinely following Hydt ogen addition to the LDST. She observed that
this gauga indicated approutmately 60 psig. which she recognized as benng
higher than she had ever observed it previously, |

NLO A went pr omptly to the Control Room, and reported her observation
'to Cpo A at approximately 1610. CR0 A impediately looked at the Control

Aoom indication. which now showed % psig. At the existing leven of 80
anches. this pressste violated the maatmum pressure Ilmat on the curve in

,

Enclosure 3.13. CPO A immedtately notified the Control Room Senior peactor i

Operator. the Unit Supervi nt and the Shift Supervisor.

The immediate-ccrrect2ve act.on was to lower the LOST pressure by venting
the eneess Hydrogen into the Gaseous Weste Disposal (GWD) beader in
accordance.vnth OF/l+2/1104/18. " Caseous Waste Disposal System." At 1628
hours Phe LD57 pressure was reduced to 50 pstg. the highest permissible
pressure for the existang LDST level. It was lowered further to 45 psig at
1633.

At 1730 the NFC Resident Inspector was notified. At 1735 station
Compitt nce personnel were notified. It was determined that the High
Pressure Injection (HFI) system. an Engineered $afeguards Emergency Core
Cooling system. had been unable to perform its intended safety function for
18 minutes due to the high LDST pressure. The significance of exceeding
the limit was that. In the event of a Losa of Cooling Accident (LOCA), the
Hydrogen gas could enter the HPI pump suction, cause gas binding and
severe pump damage. Due to the system lireup, all three HT! pumps could
have been dan' aged during this. potential scenario. with the possible result
of core damage.

Operettons personnel had NLO A repressuriae the header to 2H 1 to see if
any continued leakage could be observed. No noticeable change in pressure
was seen, indicating that 2Hel had fully closed at some point during the
event. CR0 A issued Work Bequest (WR) 28619C at.1745 to "Please
investigate and repair 2H-l. The valve leaks past seat when indicating
closed."

A caution that 2H 1 may stich open or leak past the seat was added to tha,

Unit 2 CRO's shift Tut nover sheet . This entry requires that an'NLO be,

stationed at 2H-26 when filling the LD$T wsth' Hydrogen in order to isolate
!- 2H-1 af at should leak or malfunction.

During the review of th* incident, the Shift Technteel Advisor referenced
OEF 251-23, the electr3 cal schematic drawing of the control circutt for 2H-
1 and noted that tha penstion indications for 2H 1 (con'puter points and
1:qhts adjacent tn the switch in the control room) are all operated t:y
rentacts on the control switch rather than actual valve position.

I Ori Apr il 18, 1991. Instrument and El.ctrical (ft.E) technicians performed i
I trmbieshoottnq investigation per.WR 26619C. At that time 2H-1 operated
!
!

!

;.-. . . . .
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properly, but the valve could not be disassembled for inspection of the
seat and plunger due to the fact that the only isolation from the LDST is a
single check valve. Due to the potential for leakage past the check valve.
the disassembly of 2H-1 has been deferred until a unit shutdown of
suffi~ lent duration.

A check of the maintenance history data base of 1H-1, 2H-1. and 3H-1
revealed that the solenoid had been replaced on 2H-1 in 1989 because the
valve was believed to be sticking open. On Jan. 25, 1991. WR 28006C was
written because the closed indicating light did not illuminate when the
centrol switch was placed in the closed position even though the computer
indicated that the switch had operated. Troubleshooting confirmed that the
portion of the switch mechanism which includes the contact block for the
Indicating lights was not changing state. The contact block was replaced.
On Feb. 27 1991, WR 28330C was written because again, the light did not
indicate closed when the switch was m)ved to the closed position, but the
computer did indicate closed. The discrepancy did not recur during
troubleshooting. The corrective action was to tighten the same contact
block, which was apparently loose. Valves 1H-1 and 3H-1 had no work
requests indicated in the data base.

During the investigation of this event. It was observed that Enclosure
3.13, " Hydr ogen Addition t o Unit 1, 2, or 3 LDST," of 0F/0/A/1106/07
" Hydrogen System," does not include a " Limit and Frecaution" or " Caution"
to warr of the consequences of operation above the maximum pressure, or to
provide specifie instructions for corrective actions. Ilowever, the
potential for over pressur tsstion of the LD5T to result in damage to the
HFI pumps is discussed in Operator training,

it was also observed that a control room alarm esists for both high and low
LDST pressure. The high pressure *etpoint is 59 psig, which is higher than
the highest normal ortrating range pressure. The alarm setpoint is
calibrated at a fixed value, and. with existing hardware, cannot vary with
the tank lavel to follow the maximum allowable pressure curve.

There have been no reports of problems during Hydrogen additions to the
LDST subsequent to this event.

|
,

G KLU1MN1

Centrol Room Operator (CRO) A reports that Letdown Storage Tank (LDST)
pressure was 39 psig when he turned the switch to close 2H-1 Non Licensed
Operator (NLO) A reports hearing flow throuch H 93 at a time when no flow
should have been present. Therefore. it is concluded that 2H-1 and 2H-26
were not fully seated fnllowing closure and allowed flow of Hydrocen to
mntinue intn the LCST until H-9) was closed by NLO A.

It i s p r e surra d . fer lack of evidence to the contrary. that 2H-1 failed to
preperly closa due to Equipment Malfunction. The mode of malfunction may

. - . . ..
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have been an intermittent malfunction of the control switch, similar to two
previous malfunctions of the position indication light circuit, or it may
have been binding of the valve stem, possibly due to interference of a
foreign particle. Because this presumption cannot be proven at this time,
this event is assigned a root cause of Unknown.. Possible Equipuent j
Malfunction. j

1

It is observed that CR0 A did not adequately monitor LDST pressure j

followirig closure of 2H 1. He should have monitored to assure that system '

parameters were responding as expected for the existing condition. Had he
properly observed the instrument, he should have identified the continued
increase in pressure and instituted corrective action prior to the pressure
increasing above the Maximum Pressure curve. For this reason, a
contributing cause of Inappropriate Action, Lack of Attention to Detail is
assigned.

It is presumed that 2H 26 was not fully seated during closure by WLO A,
therefore allovirig the leak to continue until H 93 was shut a few moments
later. This would also be Inappropriate Action. Lack of Attention to
Detail. However, NLo A properly noted the unexpected sound of flow in the
line while closing H-93 followed up by investigating to determine if an
unexpected condition did exist, and promptly reported the results.

It is also concluded that OP/0/A/Il06/17, " Hydrogen System," could be
enhanced, although it was not a causal factor in this event.

It is also noted that the control room alarm for LDST high pressure is set
such that, at any LDST level less than the maximum allowed tank level, the
maximum allowable pressure will be exceeded before an alarm is received.
This provides little assistance to the operator, especially considering
that the normal operating range has an upper limit of 40 psig compared to
an alarm value of 59 psig.

A review of Froblem Investigation Deports covering the previous two years
indicates that.this event is not recurring. No WPRDS reportable equipment
f ailures have been confirmed, pending further inspection during a future
outage. There were no injuries, releases of radioactive materialsi or .
personnel sver-exposures as a result of this event.

GEEEGliT._ACIMS

Immediate

1. The excess Hydrogen was vented into the Gaseous Waste Disposal
system in order to reduce the Letdevn storage Tank pressure to
a point within the allowed operating range.

..e . e
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Subsequent

1. A Work Request was wtitten for investigation and repair of a
presumed seat leak on valve 2H 1,

2. An entry was made on the shift turnover sheet to remind
subsequent shifts of the potential that valve 2H-1 may
malfunction. |

|

3. Both 2H-1 and 2H-26 were functionally leek tested and no j
'pressure change due to seat leakage could be observed.

Planned

1. Vahe 2H 1 will be disassembled for inspection of the plunger
and seat per Work Request 28619C during the next unit shutdown
of sufficient duration.

o

[!7. OP/0/A/1106/17, " Hydrogen System" will be enhanced. Operators
will receive appropriate training on these changes.

3. The LDST high pressure alarm setpoint will be revised.

4. Appropriate procedure (s) will be revised to document periodic
verification that LDST presJure is in the acceptable range. i

other operating parameters affecting operability of safety
systems will also be considered,

5. CR0 A will be counseled about his inappropriate action in this v
event. The need to anticipate leaking valves and to monitor
process parameters following an evolution will be stressed.

5AfI.II_ANALI5IS

The Letdown Stor.ge Tank (LDST) has a design pressure rating cf 100 psig.
Overpressure protection is provided by 2HP-79. LDST Relief Valve. which
relieves into a Reactor Coolant Bleed Holdup Tank. Therefore. tank
integrity was not a concern for this event.

The suction lines from the LDST to the High Pressure injection (HPI) pumps
are normally isolated from the Borsted Water Storage Tank (BWST) supply
lines by check valves and motor cperated valves. In the event of an
Engineered Safeguards actuation, the motor operated valves will open, and
the pressure due to elevation head in the BWST will overcome the pressure
due to LDST level and Hydrogen pressure. opening the check valves and
providing flow frem the BW5T to the-HPI pumps. As BWST level is drawn
down, some of the inventory in the LCST will also be used,-but normal
letdown flow wtll be isolated. Therefore. the LOST water level will drop
and the Hydrogen gas will expand. Procedural limits on the LDST Hydrogen.

..t...
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pressure and volume are int ended to assuie that the Hydf ogen cannot eRpand
enough to enter the HPI pump suction.

Because the procedutal limite wete esceeded in this event, Design
Engineering performed an Opetability Evaluation which determined that the
HPt system had been inopetable for 18 minutes due to the high LD5T
pressure. If N1,0 A had not followed up on the sound of flow nn the line,
en entended pee . .d of time could have passed prior to the discovery of the
encessive pressure. The angnificance of enceeding the limit was that, had
an accident occurred pr iot to the discovery of the encessive pressure, the
Hydrogen gas in the LD$T would espand as level dropped and could enter the
HPI pump suction, cause gas binding and severe pump damage, Due to the
system lineup, this potential scenatto could lead to damage to all three
HPI pumps wh h h would correspond to loss of system function.

However, Design Engineering calculations show that the Hydrogen gas would
not expand into the pump suction header until the BWST level had been
reduced to near the minimum post-LOCA level. This would take several
hours, even fer the largest break sises for which HP! is required. Dating
this time, LD3T level and pressute would be dropping slowly. Although no
credit as taken in the Operability Evaluation for opatator act, ion, it is
probable that the operators would take some prevent.tive action. Possible
actions would be 1) to isolate the LDST by closing 2HP-23, the LDST outlet
block valve, 2) to make+up to the LDST to maintain minimum vel, nr 3) to
vent the LDST gas voltane to the Cueas 46(4 Disposal System.

If a lose of the HPI System were to occur the Emergency Operating
Procedure would insttuct the operators to depressurite the RC$ using steem
generator cooling. Thic depressurization would allow injection from the
core flood tanks (at about 600 psig) and eventually the Low Pressure
Injection system, If inadequate core cooling conditions ate Indicated by
supetheated core emit thermocouple temperatures, the operatore would also
open the pressuriset power operated relief valve (PORV) and the reac
vessel and hot leg high point vents to further depressurite the RCS,
Although this approach may result in enough f.CC5 injertion to prevent core
damage, the effeettveness of these processes for all small break LOCA
scenarios han not been demonettsted, therefore core damage is assumed.

The analyst s for a Mantmum Hypothel3t al Accident (IStAl as described in the
final Safety Analysis Report assumes that some cote damage occurs. That
analysis shows that 10CPPt00 limit s would still be met.

Therefore, while it is not empected that the situstion would actually
result in pump damage, damage is assumed in the low probability event that
a LOCA occurred simultaneously with.tugh pressure in the LDST. The aesumed
loss of system funct ton and resulting cor e damage, is still bounded by
f%AR analysis. Therefore, the health and safety of th+ public was hot
atfeeted by this event,

i
i
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ACCIDENT SEQUENCE PitECUltSOlt PitOGitAM EVENT ANAL,YSIS

1.liR Noa 271/91-(X6 271/91012
I! vent Description: listended loss of offsite power

I Ane of livent: April 23,1991
Plant: Vennoot Yankee

Summary

A loss of offsite power (l.OOP) occurred at Vennont Yankee during switchyard
maintenance activities. Iloth emergency diesel generators (l!DGs) started and provided
power to their respective safety-related buses. Recovery of offsite po..'er, which took
~13 h, was complicated by communications and organizational difficulties and travel time
for support personnel. The conditional core damage probability estimated for this event
is 2.9 x 10t The relative significance of the event compared to other postulated events
at Vennont Yankee is shown below.

~ 1.1:R 271N1,nW

II; 7 I r, 6 11. 5 1114 11.-3 115 2

I I I 1 Io
n

_ IDlW.

_ j gtp
+ H)CI

"

prn urwr cutof f W h WCl
+ RCIC* - LXnP (antninal)* _

*these probabihtirs w cre developed comulenng the Vernon tic Ime an an internate emergency power murre

Event Description

On April 23,1991, at 1448 hours, during normal operation with the reactor at 100% ,

power, a reactor scram occurred as a result of a generator / turbine trip on generator load
reject due to the receipt of a 345 kV breaker faih:re interlock (BFI) signal, This asulted
in a total loss of 345-kV and ll5-kV offsite power. Iloth EDGs provided power for
essential safetyaelated systems during the loss of power until approximately 0430 hours
on April 24, 1991, at which point 345-kV offsite power was restored and backfed
through the station auxiliary transformer. Restoration of Il5-kV power had been
accomplished at 1925 hours on April 23,1991; % wever, it was decided to continue
supplyirg power to the emergency buses via the EDGs since only one offsite breaker was
closed and testing was continuing in the switchyard. A chronological list of activities
during this event is provided in Table 1,

. _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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Prior to the event, the plant was in the process of completing the replacement of |
; switchyard battery bank 4A. All work, with the exception of restoring the connection of |

the battery bank to the DC 4A bus, was completed without incident. While perfonning !

the find sequence of actions necessary to reconnect the battery bank to DC bus 4A, a !

voltage transient occurred on the bus when battery charger 4A 5A was disconnected from
'

the DC 5A bus (this tendered the DC-4A bus susceptible to voltage spikes due to the
absence of a Sattery bank). The voltage transient caused the failure of zener diodes in the t

trip logic cards for several breakers, which initiated the BFI signals.

The recovery of offsite power began with an attempt to restore 115-kV power from the [
switchyard via 115-kV breaker Kl86 and the startup transfonners. This was detennined ,

to be the easiest path in obtaining an offsite power soun e due to the need to close only
one breaker. However, the K1 breaker BFI signal remained locked in due to a failed
zener diode on the associated trip card and prevented the closure of K186. At 1925
hours, the BFI signal from the K1 to the K186 breaker was blocked, allowing reclosure
of K186 and subsequent restoratica of power to 4 kV buses 1 and 2. The K1 BFI trip
card was subsequently replaced with an identical card from a spare breaker Closure of
the Kl86 breaker required 4 h,in part because of the length of time required for New
England Power Service Co. (NEPSCO) relay technicians to travel to Vennant Yankee
from Providence, Rhode Island.

After ll5 kV power was established through the Kl86 line, efforts to close breaker K1
continued to establish a more reliable source of 115 kV power through the auto
transfonner. Ilowever, due to communication problems between Vermont Yankee and
the New England Switching Authority (REMVEC) concerning priorities over breaker
testing, a 3-h delay occurred before ll5 kV power was made available through the auto
transfonner.

In a parallel effort, at 1900 hours, operation orders were given to complete backfeeding
of the plant from the 345-kV switchyard through the main transfonner. This effort was
also hampered by communication problems with REMVEC, personnel delays (including '

a 45 min delay while exiting the radiologically controlled area because of noble gas
activity), and equipment malfunctions. Backfeeding was completed at 0410 hours on
April 24,1991. In all, recovery of offsite power took ~13 h.

,

Reduced EDG and air compressor cooler service water (SW) flow was observed during
the event. This was caused by the SW discharge alignment, in which SW was directed to
the cooling tower basin instead of to the main discharge structure. Directing SW to the
cooling tower. basin had been the standard mode of operation since 1987. This,

'

" alternate" lineup resulted in higher flow resistance and significant backpressure at the
discharge of tx>th EDG heat exchangers. An analysis perfonned shortly after the event !

concluded that the EDGs would perfonn acceptably with the reduced SW Gow immaterial ;

q

|

I

| .
,
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of SW temperature. Ilowever, this conclusion was later revised (1.liR 271/91012 Rev,
1); it was detennined that, at maximum SW temperatures, the I!DGs would perfonn
acceptably with the loads experienced during the April 23,1901, event (approximately
33% of rated load: four SW pumps, two residual heat removal (RllR) SW pumps, two
RilR pumps, plus lower power loads). The utility apparently concluded that adequate
SW margin existed during the uent, when SW temperature was 48'E

During the recovery, the torus volume increased above Technical Specifications limits
twice. The volume increase was caused by condensation of steam being used by the
high pressure coolant injection (llPCI) and reactor core isolation cooling (RCIC)
systems. The second time that torus volume increased above limits, the volume stayed
above the limit until all AC power was restored. The torus water volume increased -

because the radwaste system could not handle the addition of water (condensed steam)
used by the llPCI and RCIC systems due to the lack of normal AC power.

Also during the iecovery, RCIC tripped when an operator incorrectly matched now
duririg changeover from manual to automatic operation mode. RCIC was immediately
reset and restored to the automatic mode of operation.

Additional Event Related information

A simplified diagram of the Vermont Yankee AC power system is shown in Fig.1. Each
EDG is capable of supplying 100% of the emergency loads required under postulated
design basis accider.t conditions. Each of the EDGs has a contiruous rating of 2750 kW
and a 7-d rating of 3(XX)kW. Each EDG is physically and electrically independent of the
other and of any offsite power source.

Tables 2 and 3 indicate emergency loads connected to 4.16 kV buses 3 and 4 and the -

associated 480-V buses. In addition to automatically and manually staned loads, the
EDGs can supply other loads on buses 3 and 4 and the associated lower voltage buses,if
required.

The EDGs receive cooling water via separate SW headers. Each header is supplied by
two SW pumps located at the intake structure. The headers are cross-connected on the
upstream and downstream side of the in line mechanical strainers, and nonnally three of
four pumps are operated to remove plant service heat loads. One pump provides
sufficient capacity to remove head loads during accident conditions.

If a loss of AC power occurs on emergency bus 3 and diesel generator til(connected to
bus 3) fails to start or run, then the Vernon liydroelectric Station 4.16-kV tic line can be
connected to bus 3 through a manual switching operation in the control room. If the
above described situation arises on emergency b,u 4. the Vernon tie line can be connected
manually to bus 4.



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

!

11 80
'

11e 4.16 kV tie fmm the Vernon llydroelectric Station to Vermont Yankee is connected ;

through a transformer to the Vernon llydroelectric Station 2.4 kV bus system. This bus
system is connected to the station's ten hydroelectric generators nnd also is connected
through six transfonners to the outside 69 kV switchyard. Four 69 kV transmission
lines from this switchyard connect the Vernon Ilydroelectric Station to the intemonnected
transmission system of New England. Thus, the Vernon Ilydroelectric Station 2.4 kV
bus system is nonnally energized and available whether the Vernon generators are
operating or not.

-1

1hc switching arrangement for connection of the Vernon tie line to a Vennont Yankee
emergency bus is shown in Fig.1. 'three circuit breakers are used: 3V, to connect to ,

'
emergency bus 3: 4V, to connect to emergency bus 4: and 3V4, which is the feeder
breaker for the Vernon llydmelectric Station tie line. The control switches for the three
bmakers are kicated on the electrical section of the main contml board, and the availability

of the Vernon tic line is indica >ed by a voltmeter and ammeter adjacent to the control
switches. In a+1ition, there is a direct telephone circuit between the main control room4

and the Verr.;n Ilydroelectric Station to allow communications between the two stations.

ASP Modeling Assumptions and Approach

The event has been modeled as a nonrecoverable loss of offsite power. The Vemon tie
line was considered to be an alternate power source to one emergency bus: a probability
of 0.12 was assumed for failing to connect this power source given both EDGs fall and

cannot be recovered in the shon tenn (station blackout scensrio). This was included in
the model by revising the nonrecovery probability for emergency power from 0.8 to 1.0

10.8 x 0.12). Ilecause of the nature of the switebvard failures and the difficulties
encoumered in recovering fmm them, the probability of failing to recover AC power prior
to battery depletion was assumed to be 1.0, given that emergency power and the Vernon

tic line were unavailable.

11ccause of the temperature of the SW system, adequate EDG cooling war assumed to be
available during this event, llowever, to asses.s the impact ofinadequate !!DG cooling at -
higher SW temperatures, a sensitivity analysis was perfonned (the !!DGs were apparently -
determined to be operable at all temperatures ifloaded as they were during this event). In
this analysis,it was assumed that both EDGs would fail if they were fully loaded - for
example, if low pressure coolant injection and core spray were actuated following

M
|' automatic depressurization. To implement this assumption in the Accident Sequence

| Precursor LOOP model, the automatic depressurization system _(ADS) was assumed

failed in sequences associated with emergency power success.

Analysis Results

The conditional probability of snbsequent cole damage estimated for this event is-
~

..



. .

I

1

|

Il-til

;

2.9 x 104. 'the dominant sequence, highlighted on the following event tree, involves the
~

loss of offsite power, failure of emergency power (including the Vernon tie line), and
failum to recover AC power prior to battery depletion. ;

The assumption that the EDGs fai;if fully loaded raises the conditional core damage :
probability to 3.1 x 104 ;

,

Additionalinfonnation concerning this event is included in Augmented Inspection Team ,

report 50-271/91 13, dated June 5,1991. ,
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Table 1. Chronologicallisting of activities

Time Activity

April 23,1991

f 14:48 LOOP from 100% power. Totalloss of all 345 kV and 115 kV power. The
Vernon llydrestation was available to provide backup power to one
emergency bus,if required.

14:48:45 lloth emergency diesel generators started and reenergired safety buses.

14:50 IIPCl manually employed to control reactor piessure and level.

315:33 Torus water volume exceeded Tech Spee limit of 70,000 ft . Volume was
testored to within limit.

15:42 "A" station air compressor tripped due to inadequate service water cooling
flow.

16:45 ItCIC used for first time during event.

17:31 "11" station air compressor tripped due to inadequate service water cooling-

flow.

17:36 "11" statinn air comprenor restarted. Instrument air header preuure dropped
15 psig during 5 min of air com[uessor unavailability.

compressor. "C" and 'ptrssor operable and lux)ked to outlet of"D" station air
iteserve diesel air com17:59

D" station air compressors were unavailable due to the
1.OOP.

1991 ItCIC tripped on overspeed -operator error in the adjustment of itCIC flow
controls during process of switclung from manual to auto male of operation.

19:12 ItCIC operation resumed.

19:25 ll5-kV power restored to statiup transformers. 4 kV breake s 13 and 23-
were closed to reenergire buses 1 and 2, which power the normal station
loads. llecause testing was continuing in the switchyant with only I breaker
closed, a decision was made to leave !!!Xis connected to buses 3 and 4.

.~21:12 -Torus water volume again alxwe 70,(XX) ft) and could not be tradily reduced.

April 24,1991

(11:1 0 llack feeding 345 kV power through station auxiliary transfonnercompleted, g

04:30 lloth emergency diesels secured.

319:25 Totus water volume reduced below 70,000 ft ,

19:50 Unusual event teiminated.
.

v,, .

.
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Table 2. Category I loads (automatically starting or restarting loads)

.|
!

Reactor core Spray cooling system j

!

Residual heat removal system !
!
i

IStandby gas treatment system

All AC motor-operated isolation valves (momentary load)(except for valves connected to
UPS powered MCC-849A and MCC 89D)

Dnergency AClighting

Instrumentation and control I

Sersice water (1 of 2 pumps) - >

-i

Diesel auxiliaries, diesel socnn fan, and diesel air compressor
,

'
Reactor building cooling water system

Drywell cooling ,

Dit.tribution transformers

Reactor building IIVAC

Battery chargers
.

_

.

'

.

:
r

&

I
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.

Tab!c 3. Category Il loads (manually started shutdown loads)

L

Standby liquid control system

Turbine turning gear

Service water system
|

Control tod drive system

i Station and instrument air system -|

i
Containment air system '

Ilattery chargers
_

i

Control valves (as required by above systems but not included as battery load) |
i

Vital AC motor generator system a

Residual heat removal- station service water system

:

Reactor prot:ction motor generator system '

Fuel pool cooling system *

t

Control room air conditioning i'

i

Torus cooling
;
'

Turbin: building cooling water
i

Drywell cooling
t

"

.,

b

4

4-

-,. - y

i

J

>

b
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At1TfACI (Itmit to 1400 spat es, i.e. , appion. fif teen single-stat e t vt.evr itt en lines) (te)

On 04/21/91 at 1648 hout s, due lng nosmal operat ion wit h Practor power at 100%, a Realto
L iam ot tua ted as a result of a Generator /Tu bine t rip on Centrator 1.oad Pejec t due to the
s ec eipt of a 34',rv De cabes Fallure f.lgnal. The f allut e !.1gnal was the tetult of Breaber
tallure in t e s loc h (IFI) signals that Mturred simultaneously in the 14*ilV and ll'2KV B cab e
, ont r ol , is(ult ry dur ing the testo ation of a battety bank to I.witc hyas d Pus DC 4 A. Tbc
c umilat ive ef f ec t s of both (BFI) signals resulted in a total loss of 34',FV and ll58V off-
sit e power . An Unusual f vent was declared at 1501 houts. t oth T;.ci genc y Diesel Gener at ot s
pievided povrt f or essential saf ety related systems during the tRP uniti altionimately 0410
hours on 04/24/91 at yhtth point of f site 345KV power ses testored and 1.achied tht ough the
'.t at ion Aux illa ry Tr ans f or t.cr . During the e,ent, Totus Vater volm.e cu reded the Tec hnic al
f.pec 1 f it at ton ilmit of 70,000 (ubit tt. The Unusual tvent was t cants,at ed at 19',0 hour s on

04/24/91. T1.e t rac t os t rached cold !. hut down at 0351 hours un 04/2',/91 and vas retuited to
,,itical at 0300 hours on 04/3D/91.

The icoot Cause of this event is f ailure of the repair depa:tment pelsonnel tu recognire the
c i usequences of ope:at ing a DC boa without a connec ted bat tesy bank.

Cur set t ive actions t o pievent e eot rus s em e ar e out lined within t his report.

_ _ _ _
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On 04/23/91 at 1448 hours, durtrig normal operation with Reactor power at 100%, a Peactor

scrass occurred as a result of a Generator /Turtine trip on Generator Load Peject due to the
setelpt of a 345KV Breane Failure signal. The 345rY Bseaber railure $1gnal was neceived as
a ter. ult of Breaker Failure Inter 1Nk (11FI) algnals that occursed simultaneously in the 34$ry
Breaker 81-IT and 115 KV Breaker T 1 control circuitry.

The (Prl) signal f rom Il5rV Becaber K 1 initiated the following automatic system responsesi -

- Openitig of 115KV Breaker K 186
I- Opening of 345KV Breakers 379 and 381

The loss of 381 and 379 breakers removed all power sources to the Auto Transformer which
in conjunction with the E186 trip resulted in a trital loss of Il5rV power.

The (BTl) signal f rrm 345rY Breaker 81-1T initiated the following automatic system"

s cs pont.e s

Generation of 345Kv Breaker Failure Signal- .

Opening of 345rV Breakers 381 and IT-

lakout of flain Generatur 86CP and 86GB relays, causing the Main Generator and-
,

Eu. iter ricld breabers to open i

The Generator Primary and Backup lockout relays initiated the following automatic syr. tem !

lesponses

, Main Turbine Trip I

- Opening of 345tV Breaker B1 1T and Northfield Line ttip at Northfield
- Attempted fast Transfer of 4KV Buses 1 and 2 to the Startup Transfoamers but li5KV

power was unavailable

The cumulative ef fects of both (Brl) signals sesulted in a total loss of 345KV and ll5tV
off-site power. However, an additional of f-site power source was available through the Vernon
Hydse Station Tie line. The 4KY Hydre 'tation output, which is designated as a delayed eccess
of f-site power source, was available , arcughout the event,

Frior to the event, the plant was in the proccas of completing the replacement of Svitthyatd
Battery Bank 4A in accordance with a M61ntenans.e Department guideline. All work, with the '

exception of ' restoring the connection of the battery bank to the DC 4A bus, was completed
vithout incident. Vhile performing the final sequence of ar.tlons necessary to recemnect the
battery bank to DC Bus 44, a DC voltage transient occurred on the bus 6hich initiated the-
event.

During the first' second of the event (1448:29 hours), as a result of the inability 'to
reenergire 4KV buses I and 2 f rom Fast Transfer to the Startup transformets, all station leads 4

fed f rom these buses vere lost. Major system responses to t.he loss of the power included the
,

f

l'
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tilp of Practor Protection System (RPS)(eJCl *A* and 'B' MC sets and teceipt of Primary
co nt a irunent Isolation Signals (FCIS)(*JM) . Groups 1 2. 3 and 5 resultity in the required
(lesure of PCls Groups 1, 2. and 3 isolation valvas. (Motor operated valva cioidges within
these Groups occurred af ter Faergency Diesel Generator power was supplied to the sespective
buses). '

.

The less of all povet on erV Buses I thau 4 initiated the opening of Tie breakers 3Tl and
612 to pt ovide isolation of Saf ety Buses 3 and 4 which, in the event of normal power loss, are
aligned with the station Laetgency Diesel Generators. An autostatt of both diesels followed
dich trenergired Bus 3 and Bus 4 at 144B 45 hours. Both diesels remained in operattor. vithout
incident until approvisately 0430 hours on 04/24/91 at which time of f-site 345rV power was
restored and bad f ed ti-ough the Station Auxiliary Transf ormen.

In response to the Scram. Operation personnel entered Laergency Operating Procedute
OE 3100, ' Scram Proceduse' which governs reactor operation in a post-scram environment.
Immediate actions initiated at 1450 hours by Operations personnel to stabilire Reactor pressure
and level included the manual lifting of Safety pelief Valve (SRV) A, the manual initiation
of High Pressure Coolant Injection System (HFCI)(ehJ), and startup of both RHR loops in the
lotus Couline, nrde. Both Rr5 ftG sets were successfully testarted and RPS buses scenergized
at 1515 hours. The initial sciam was reset at 1533 houts.

During the period from 1450 hours on 04/23/91 to 1346 hours on 04/24/91, the combination
of HPCI and Reactor Core Isolation Cooling (RCIC) ( e r;N ) systems and SRV's were manually
employed in accordance with procedure Og 3100 to control Reactor pressure and level. The first
use of PCIC system began at 1645 hours on N/23/91. During the above 23 hout period, several
additional evrnts transpired. The following is a susamary and discussion of those events:

A. Reactos Strams on % * Reactor Dater Level were esperienced at 1534 hours and 2112 hours
on 04/23/91.

The first Scram occurred due to lov Reactor vater level during the process of secuting
HPCI and taansferring to RCIC. Prior to tiie scram, reactor pressure and level had been
steadtly decreasing during the first 30 minutes of HPCI operation which prompted a change
in cooling systems by Operations personnel. During the process of secuting HPCI, Beactor
Vater level continued to decline to the 132 inch 'Lo* level setpoint which initiated the
Reactor scram. PCIS - Groups 2, 3, and 5 isolations which would normally initiate on 'Lo*
Reactor water level vote already ptesent from the initial Scram at 1449 hours. After
tec eiving the Scram, Operations personnel completed the transfer to RCIC for level and
pressure control. Reactor pressure and level recovered after RCIC initiation. The Scram
and PCIS Groups 2, 3, and 5 isolations were subriequently reset at 1548 hours.

The second Scram tesulted as a momentary drop in water level was experienced due to level
shrink resulting from an increase in Reactor piessure experienced af ter cycling SRV-D. Vatet
level drolped to approsimately 112 inches during the pressure surge. The initiation of FCIS

*fnergy information Identification System (g!!S) Component Identifier

i
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Groupa 2, 3, and 5 logic occurred coincident with the level drop as regt. ired. The scram was
subsequently reset at 2127 hours. FCIS Groups 2 and 5 logic were reset at 2128 hours and Group
3 logic later reset at 2154 hours. |

'B. faergency Operating Fiocedure OE 3104, ' Torus Temperature and Level control Procedure *, was
Ientered at 1533 hours and 2112 hours on 04/23/91 due to Torus water volume exceeding the

Technical Specification limit of 70,000 cubic it.'

,

in both occurrences, actions vere taken in accordance with OE 3104 to reduce Torus water
volume. Vater reduction actions ondertaken af ter the !!rst entry into OE 3104 were
successful and Torus water volume was reduced and maintained belov 70,900 cubic it. Later
in the event, at 2112 hours, Torus water volume was not able to he maintained below 70,000
cubic it. This resulted in the entry into the Technict1 Spec 111catic't. ' required cold
shutdovn in 24 hours' requirement. Due to the volume litaitations of T rus vater being
processed through Radvaste, the Torus water volurne remained above 70,000 cubic f t. until
1925 hours on 04/24/91. The Technical Specification cold shutdown requirement and OE 3104

Iwere excited at this time.

C. RCIC tripped on overspeed at-1904 hours on 04/23/91. The ortrspeed trip vaa reset at 1912
hours and operation of the system restuned.

The trip is attributed to an operator error in the adjustacet of the RCIC Flow Controller*

prior to svitching from the MANUAL to AUTO mode.

D. The 'A' Station Air Compressor tripped at 1542 hours on 04/23/91 due to inadequate Service
Vater cooling flow. A reserve diesel air compressor was suiseguently connected to the
outlet of the 'D' Station air compressor and became operable at 1759 hours.- The. remaining
*B' Station Air Compressor also tripped at 1731 hours on hermal Overload due to inadequate
Service Water cooling flow and was subsequently restarted at 1736 hours. The 'C' and 'D' <

station Att Compressors were unavailable due to thc U4F.
'

The 5 minute interval in which all Station Air compressors sete out of service resulted in
a 15 psig. Instrument Air header pressure drop. In response to the 'B' Station Air-
Compressor trip, Operations personnel entered procedure ON 3146, 'Lov instrument / Scram Air
Header Fressure', and initiated immediate ef forts to restart t,he 'B' Station Air Compressor.
No air supplied equipment malfunctions were espertene.ed during this interval. The reducedService tater flov to the Statten Air Compressors - snd cther plant equipment la being
reported separately as Licensee Event Report (LER) 91-12, i

At 1925 hours on 04/23/91, 115KV Breaker K186 was manuall/ closed which restored power to
the Startup : transformers via the Keer.e (E186) line. - 4KV bus breakers 13 and 23 vere
subsequently closed to reenergine Buses I and 2 which power the nortaal station loads. Because
of the f act that testing was continuing in the Switchyard with only, one breaker closed, the
decision was made to leave the Emergency Diesels connected tc, try Buses 3 and 4 This vould
ensure that power to 4rY Buses 3 and 4 would not be interrupted it another U4 occurred.

..
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At 1950 hours on 04/24/91, based on normal off-site power having been restored and Torus
water volume having been reduced belov 70,000 cubic f t., the Unusual Lvent was terminated.
At 0207 hours on 04/25/91 Shutdovn Cooling using the 'D' PJIR pursp on the 'B' loop vas

^

initiated. The reactor reached cold shutdovn at 0357 hours. The reactor was eturned to
c itical at 0300 hours on 04/30/91.

Investigations into the cause of the event, along with trouoleshooting, testing, and repair >

efforts were initiated feweediately after the start of the event. A Switchyard response team
was insmed with specific directives to:

- recover off-site power
- stabilire the switchyard

- rather technical inf ormation related to the event
- begin root cause analysis research

The secovery of of f site power began with the attempt to restore ll5KV power f rom the
Lvitchyard via 115KV Breaker KlC6 and the Startup transformers. This was determined to be
the easiest path in obtaining an of f site power source due to the need to close only one
breaker. However, the El Breaker BTl signal remained locked in due to a failed rener diode
on the associated trip card and pievented the closure of Kl86. At 1925 hours, the BFI signal
from the F1 to the r106 Breaber was blocked allowing reclosure of K106 and subsequent
restoration of pover to 4KV buses 1 and 2. The El EFI trip card was subsequently replaced
with an identical card from a spare breaker. h 4 hour of fort to close the Kl86 breaker was
a direct result of the length of time required for New England Power Service Co. (NEFSCO) relay
technicians to travel to Vermont Yankee f rom Providence, Rhode Island.

Af ter 115 KV power was established through the reene K106 line, ef forts to close Breaker
il continued in order to establish a more reliable source of 115KV power through the Auto _

Transformer. However, due to communication problems between VY and the New England Switching,
Authority (REMVEC) concerning priorities over breaker testing, a three hour delay occurred
bef ore ll5KV power was made available through the Auto Transf oriner. While Vermont Yankee was
attempting to close the K1 breaker, RENVEC vas pursuing ef forts to establish connections
between the ring bus and t.he Nort.hfield line by reclosing t.he B1-1T breaker.

In a parallel effort, at 1900 hours, Operation orders vete given to complete backfeeding
of the riant from the 345 yard through the Main Transf ormer. The effort to backf eed was
pssible due to the availability of the Coolidge and Scobie lines. The Northfield line was
unavailable due to the 81-1T BFI signal. Again, the beckfeed effort was hampered by
communication problems with REMVEC, personnel delays, and equipment malf unctions. Backteeding
was completed at 0410 hours on 04/24/91. Vermont Yankee Technical Specification requirements
for Off-Site rover were met during the Backfeeding effort by the availability of one off-
site transmission line (reene K186 line in service) and a delayed access power source (Vernon
Hydro Station).

_-
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In conjunc tion with the above c!! orts, Mainteaanc e depar tment personnel with the help of
technicians supplied by NFPSCO and the battery chan ger vendor, ptsformed preventative and _

cor rective imaintenance on the fout battery chargers related to DC bus 4A and 5A. Significant
sepairs and testing vere per foirted on the af fected units. Additional testing and sepala s vete
initiated tn the Stuck Breaker Failure Unit (SBrU) logic trip cards for the 61-17, 381 and El
breakers. The caids for 381 and K1 breakers were found to have failed rener diodes. The 81-
iT (SerU) relay was found to be functioning pioperly.

Discussions with the manuf acturer indicated that the rene r diodes are no longer employed
on nevet revision trip c.atds and have recommended the removal of the rener diodes based on
their vulnerability to voltage transients. Based on this recommendation, the Maintenance Dept,
has tenieved the rener diodes !!om these units in accordance with written direction from the
vendor.

Af ter response tets ef forts were completed, a Root Cause/ Corrective Action Report (CAA) was
d$ af ted os the event from a Switchyard perspective. In the draft report, the following
conclusions were scached:

- The s olt age transient on the DC 4A bus occur sed when battery char ger 4A-5A vas disconnected
inom the DC-5A bus which rendered bus DC 4A susceptible to voltage spines due to the abstnce
of a battery bank.

- The specific cause of the rener diode f ailures vhlth resulted in the 81 1T and l'1 breaker
(BFI) signals is attributed to the voltage transient which occurred .on bus N 4A.

- A portion of the additional problems found with DC Bus 4A and SA teattery chargers bhich
ranged f rors shorted diodes /SCPs and blevn surge supptesson funes, were concluded to be pre-
existing and were responsible for the voltage transient.

CAUSLUllYUG

The Root Cause of this event is the f allute of the repair department personnel to recognize
the consequences of operating a DC bus without a connected battery bank. The Maintenance
Guideline, an internal Maintenance Department document prepared by the department Electtical
Engineering staff, was inadequate in that it did not take into consideration all battery
c.harger failure modes when floating a DC bus without a battery bank. The consequences of
losing battery charger power while the bus is energized without a battery connected vere
considered during the revision of the Guideline but not the potential of the battery chargets
to f ail high or induce a high voltage spike on the t>us, both which hne the potential to damage
electronic circuitry.

The previous revision of the Guideline called for the two DC buses (4A & LA) to be cross-
connected and fed jointly by the 4A/5A battery charger during the suintenance on the batteries.
Following cross-connection, the Guideline required opening of the bat tery breakers. This
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evolutirn was successfully accomplished and the required work on the batteries was completed
without incident. Recovery of t.he battery TeqJitdd the closure of the battery output breaker a

first, essentially paralleling the two battery b;..ka until the 4A/5A tharger output breaker;.

was opened. In June 1990, the guideline was revised due to Operations Department concern witht

paralleling batteries. The new revision required that the cross (onnection between but 4A and
$A provided by battery charger 4A/5A be opened prior to the reclosure of the bus 4A battery
t.r eak e r. This configuration rendered bus 4A without a battery and susceptible _ to voltare
eacursions f rom either the 4A or 4A/5A battery chargers.

.

CDNTRIBUHGJMSLS

1. 345rVand115rYbreakerfailurerelaysweresusceptibletofalseinitiationduetocontrol voltage transients. Both the 345rY and lisrY breaker BTR's are fed from one
bus (DC 4A) tendering them susceptible to a single system transient.

L The switchyard battery rharget:; vere in a degraded mode such that they created DC but
control voltage disturbance when the chargers were disconnected f rom associated
batteries. This included the installation of incorrect capacitor. fuses and other
degraded components.

3. Lack of Switchyard battery charger and overall Switchyard preventative
Maintenance

ANALIHLDLIYLE

The events had minimal adverse safety implications.

1. The plant responded to the reactor trip and IRP as designed. The Emergency Diesel
Generators operated as destined and supplied power to taengergy plant buses until of f *
site power was restored.

2. The Reactor Protective System operated as designed and scrammed the reactor on
Generator 1.oad Reject resulting from the 345rV Breaker Failure Signal.-

3. An evaluation was perforned by the Operations Department relevant to the loss of both
'A' and 'B' Station Air . Compressors. The analysis concluded that the $ minute
interval in which the 'B' Station Air Compressor was out of service which resulted ,

in a 15 psig. drop in the station att supply system did not significantly challenge
any plant equipment.

4 All other safety systems responded as expected.
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1. Immediate corrective actions included recovering fiove the tractor actam,sebtoration
of of f-site power, and !.witchyard and reactor stabiltration utilising appropriate
plant procedules.

2. The tut t ent tevision of the Maintenance t ept. Guideline has been cancelled and the
previous revision seinstated with an additional tequirement that a review be perfotined
priot to its ut,e for dealing with any evolution requiring switchyard bat. cry temoval.

L Review all other plant guideltnes and riocedutes pertaining to battery svitthing
operattons.

L0tG IIM_C0tl'1CIHIL ACILONS

The f ollowing 1.ong Term Costutive Action plans ha,e been developed in accordance with ourh Foot Cause/Cortective Action trngtam and in response to the NRC Augmented Inspection Team ( A1T)
reviev conducted at our f acility during the period of April 25 - 29, 1991 as detailed in NRC
Pepost No. $0 221/91-13. f acept where specifically noted, our corrective actions are scheduled
f or completion by December 31, 1991.

1. Representatives of Ve 1nont Yankee and RF.MVtc et on June 10, 1991 and discussed the
communication problems which occurred during the April 23, 1991 ihor event. At this
meeting, several c oimunic ation improvements were discussed, including the
identification o. a single point of ' contact f or switching operations at Vermont
Yankee, the estabitshment of clear priorities f or - switching, a more thorough

.

understanding of ot6anizational responsibilities and testoration of of f site power.
Both parties agaced to continue to meet petindically to ensure - that effective
t.omsunications are maintained.

2. Vermont Yankee has developed an additional ' source of offsite telay technician
assistance to imptove availability ud response time. Switchyard relay technicians
ate now available f rom two utility af filiates (NEr$CO and vel.00) in the event of
switchyato emergencies.

3. Vetodnt Yankee vill establish the resoutten and conduct the training necessary to
optis.1 e the time acquited f ut- backf eeding the notmal station service busses through
the ausiliary transformer. These corrective actions will be . completed by December
31, 1901. d

-

t

4. Procurement of new svitthyard breaker failure telaye (BFR) has been initiateo. j
Installation is scheduled to be cor.pleted dutitus the Match 1992 Pefueling Outage.

l
q
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5. Administrative controls for switchyard activities, which are important to safety or
plant reliability, vill require additional management reviev, including PORC review,
as determined by the K.intenance Supervisor. This enhancement la effective
immediately and ongoing.

6. Vermont Yankee vill evaluate the potential for voltage transients when any station
DC bus is operated without its battery and vill implement the changes necessary to
preclude such transients. nis corrective action vill be completed by December 31,
1991.

7. Breaker f ailute relay (BFR) power supply assignments and assignments for cosamon mode,

failure mechanisms vill be reviewed to determine if other improvements to reliability
can be made. Additionally, other static protective relays installed at Vermont Yenkee
vill be similarly reviewed to determine if the original manuf acturer has recommended
design enhancements to increase surge withstand capabilities. These corrective
actions vill be completed by April 30, 1992. !

8. All switchyard Fli programs vill be reviewed to develop an effective battery charger
PM and surveillance test procedure. This corrective action vill be completed by
December 31, 1991.

9. Removal of Zener diodes from the BTRs and use of incorrect fuses is being evaluated
for potential reportability. This reviev vill be completed by December 31, 1991.

10. A review of the FSAR statements regarding availability of of fsite power has been,

completed and has identified the need for rev?stons to Appendix F, *Conformance to!

AEC General Design Criteria." The FSAR vill be revised during the next scheduled
update in June,1992.

11. An evaluation of the adequacy of maintenance and surveillance programs for non-

nuclear safety (NNS)d and plant compor.cnts similar to the battery chargers meet th
technical specification equipment vill be performed to ensure

that other switchyar
appropriate reliability requirements. This evaluation vill be completed by December
31, 1991.

12. A review of the inventory requirements for the switchyard vill be conducted by
December 31, 1991. '

AD01Il0NALIN19PMIl0N
'

There have been no stallar events of this type reported to the commission in the past live
years.
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On April 23. 1991, at 1448 hours, and at 1001 power a less of Normal Fover ( WP) vaee

experienced. Pollowing the expected start of both Energency Diesel Generators (EDG). It was
observed that tne EDG heat exchangers were operating at reducel flow and that the station air
compressor coolers were operating with reduced / reverse flow.

The root cause of the event was a weak design modifi'.ation resulting in an incorrect
procedure. The incorrect procedure established an alternite cooling discharge path to the
;ooling towers and produced a high service water systen backpressure of approximately 40 paid.
System backpressure was further increased due to varisus system design and operating
:haracteristics present during the WP.

A task' force was convened to analyre and test the resptinse of the service water system.
The service veter system was reconfigured to elimina u the prima ry contributor of
)ackpressure.

| .A Corrective Action Report was generated to further identify and confirm the root cause
of the event and provide detailed long tera cortective actions,I

f<feffT&~ t
J 6' ?nee f ee ses ts.ets .
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Mituf110ff3LLYL*G
On April 23, 1991, at 1448 hours a leas _ of normal power (MF) van esperienced (see 1er

91 09) at 1001 power. De two Energency Diesel Centrators (EDCs) auto.staited and loaded
normally and two of four Service Vater pumps cycled on line as designed. The two additional
service water pumps and two F.esidual Heat Reseval (RHR) Service Vater pumps were manually
started. During the scram recovery it vaa observed by O
enchangers (EDG.Hs)(gIl$.KI) vete operatlog at reduced (perations personnel that the EDG heatbut adequate) tooling water flow and
that the station service air compressoas coolers ( til 5-Ct.R) vete operating. under
reduced / reverse flow due to high dischange p essuie conditions.

This event is being reported under the reporting critJria of 50.7)(a)(2)(11) and I

to.7)(a)(2)(v). The degraded cooling water condition for the Emerpacy Diesel Generator Heat
Erchang.rs could have been severe enough alone to have prevented the operation of these vital
power souices and thereby prevented the fulfillment of their saf ety function. Subsequent
analysis demonstrated that. adequate cooling margin for the F.mergency D1 earl Centrators was
available during and f ollowing the WP event, ne loss of the service air compressors is a
significant loss of a.'-tems important to the operation of the plant and la outside the design
tasis of the plant. The set tice air compiessors are not required to support any acci6ent
f unction nr accident response and are classified as non nuclear saf ety.

'

CAMLOLLYLIG

The root cause of the event was a weak cooling tower basin deicing design coupled with
isolated FSAR statements. The potential for creating significant additional hydraulic line
resistance during an WP event f rom this alteinste system configuration was not identified in
the original design or by the authota of the FSAR. No operational limitations or testrictions
were placed upon this alternate valve lineup and as a result an inadequate valve lineup
proceuure was developed.

The Vermont Yankee Service Vater system is designed with normal discharge to the main
discharge structure via valve 55 1. An alternate cooling scheme is provided for the f acility
in the event of a losa of the main cooling water supply (Vernon rond). One of two cooling
towers contains a deep basin and has the capacity to receive, cool, and provide water to the
station f or one ved without makeup af ter such an event. De interface between the service

i

water system and the cooling .over is provided via valve VFO-II.
i

_ _ _ _-_ _ _ _ _ .__, _ _ _ . _ . __,..a..._ _ un. , _- _ _ .
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OfJijf M EVErrI (Cont.)

TSAR Section 10.8.3. reflects the need to deice the deep basin during vinter months and
states that vars service water vill be discharged via V10.!t to the deep basin. The overflov
is then spilled / discharged to the Circulating Vater system _ , charge structure. This alternate
Service Water systen lineup became a standard mooe of operation in 1987.

The alternate system lineup provides a flow path of higher resistance and develops
significant backpressure at the discharge of the EDG hear exchangers. This condition :(Juced
flow to the heat exchangers, but was not suf ficient to t snder the EDCs inoperable. This same '
high backpressure also closed the pressure control valves on the station air compressoi
coolers, opened the 'B' air compressor relief valve and created a seduced / reverse flow)

condition to the drain on that unit.
r
.

A ditional backpressure within the service Water system Vas alsD developed by several other
less significant sources. See Analysis of Event belciv) -

8& M HI E EVENT

The TSAR permits opening and- the V70-1) valve for cold weather operation and does
not prohibit opening the V70-11 aummer operations. An alternate (58-1 closed. V70-
11 open) valve lineup was dete mine., ce acceptable and became the ' normal' year round syster.
lineup.' This configuration creates gnificant backpressure conditions to the Service Vater
system due to the higher resistance os this flow path and the cooling tower deep basin head-

of water. The resultant backpressure is preferred during nor1 mal operations for control of heat
exchanger discharge flows and provides very favorable conditions for certain Service Vater
radiation monitors. This contiguration also obviates the need for procedure revisions and
valve lineup changes on a seasonal frequency. However, the alternate valve lis.eup also creates ,

increased backpressure for the taergency Diesel Generator heat exchangers and the_ air
compressor coolers. The net contribution in backpressure caused by this valve lineup is
estimated at approximately 40 psid.

The tvo EDC heat exchangers discharge into a common 8' discharge line which is also shared
by the station air compressor coolers. During the LNP both EDGa auto started and vere
disch"ging to the single 8' line. n c EDGS bave indepe.ide'it 8* supplies. During surveillance'

testica, only one diesel is normally operating at any one time.
' 'The net contribution in backpressure from t.he common discharge line design is estimated

at approximately 9 paid.
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ANALuis of ty);L4 (cont.)

The service Vater systen is identified to be subject to attack by setobic microbes (HIC)
which has seduced the ef fective diameter of the subject 8' discharge line to a nominal 7'
pipe. The net contribution in backpressure due to MIC is estimated at 10 psid.

. During the WP, the Seivice Vater System flev was higher than normal due to the operation
of two EIGs, four Service Vater Puspa and two RilR Servicz Vater Pumps. This additional flow
to the system also increased system backpressure. The not contribution in backpressure
resulting f rom this additional flow is estimated at approximately 8 paid. >

During the WP, the abovt developed bachpressures, and principally the 40 psid developed
by operating with V70-11 open and 58-1 closed, resulted in reduced flow to the EDG heat t

exchangers and reverse finv to the station air compressor coolers. The other sources of '

backptessure compounded this hydraulic ef f ect.

Vhile flow to the heat enchangers was significantly reduced during the U4P, the EDGs
remained f ully operable. In addition, it was verified by * Mculation that if the service
water inlet temperature had beer at a maximum design t empe ra tur e of 95'F. the EDG heat
exchangers would have had sufficient flow and cooling capaelty to maintain the EDGa operable

|vhileundertheloadexperiencedduringtheevent,
Reversw air compressor cooling veter flow was observed. The air compressor pressure

control valves are set at 65 psi and they closed when matc.hed against the greater bachpressure
of the systes. The high backpressure then lif ted the 'B' air compressor relief valve and
created a flow path in the reverse direction through the cooler to drain. The station air
comprendors are non-safety class equipment and are not reited upon to operate during any ;

transient or accident condition.

During the WP the total system bac.kpressure due to all conditions was approximately 65
psid at the EDG heat excharigers. During surveillance testing this backpressure, in the
alternate valve lineup, is considerably - less (approx. 45 paid) and provided acceptable -
operating hydraulic conditions. The additional backprassure developed during sn WP due to
*other' sources drives the hydraulle conditions to an unacceptsble level for the air ,

compressor coolers.

With the Service Vater system configured with the 58-1 valve open and the V70 11 closed
there is no plant transient which will provide a backpressuto condition suf ficient to inhibit
gDG heat exchanger flow or induce reverse flow in the air compressor coolers.

.
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1 1. Both taergency diesel Generi eemained operable and were closely monitored
thrcughout the event,

,
i

2. During the DIF event, a .. ore auxiliary diesel driven air compressor was
,

: crossconnected t the Service Att system at 1759 houts to provide service air,
.

LCN1_JLLLCOPIECTIVE ACUQliS

1 lausediately f ollowing the LNP, a task force was convened tu .nvestigste the root cause -

i of the event, to provide insediat9 corrective actions to address short tern operational needs,
and to undertakc a detailed assessment of the Service water system relative to design basis
and operating performance.

.

| A focused analysis was completed and substantiated by a complex testing prograsa. The
j testing included operating the Setvice Vater system in various configurations and taking flov

and pressure measurements.
3

The results of the analysis and testing provided a clear understanding of precisely how
the service Vater system responds to SB.1 and V70-Il lineup changes and how increased or high

.
flow backpressures are developed.

s

. force ef forts were presented to the Plant Operations Reviev .

<

The results of the task
Ceartittee and plant management and were accepted prior to plant startup. |,

.
r

.

Cause Analysis was also1 An in. depth Corrective Action Report with a detailed Root
,

| completed and reviewed and 1ccepted by management. ,

Based on the results of the analysis and testing and the completed Corrective Actiran
Peport the following long terns corrective actions are/ vill be completed.'

| 1. The Service Water System was reconfigured to position 58 1 open and V70 11 closed,
This lineup ascarer, that the excessive backpressures. developed _ during this event .
cannot recur.

| 2. A review of Service Gater Systen loads was perf ormed 10. Verify optimum ' system
perioraance.'

S. The basin ard assumptions made during the design of the deep basin de'cing system vill
I be furthec reviewed by L2/31/91.
|

| ..
p
.

i

!

|

|
!

!

; = - , . . . --- - .. .- .
_ .. - .
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4. New Lervice Watet System analysis / test data, .ncludirg the 1dentified corrosinn and ',,
t ube r c ul a t ion effects, will t.e inc orpor ated into Ve mont Yanbre's Service V a t e t-
(computer) flow model by hne 30, 1992 _

5. Alternate methods for cooling tower detcing arid normal cooling tower makeup are
identi!!ed. A method will be selected and implemented by November 30, 1991. This
will modify item

6. Vermont Yanbee design change and procedute change pic. grams will be revised by rDecember 31, 1991 to emphasize the noed to review the FSAR when making operational
and design thanfem to plant equipment.

1. Training was provided to Operations, Engineering and other appropriate personnel
on the april 23, 1991 event to emphasite that the "stntow equipment response is not
necessarily the " worst case * scenasto. Enhancements were made to the applicable
surveillance and operating procedures and additional guidance was incorporated
into the Procedure Vetter's guide.

8. The Calibration / Preventative Maintenance (Pin ficouencies of Safety Class 3 Serv 1;e
Vat er flow and pressute c ontrol valves will be tevteved and necessary changes made
by December 31, 1491.

9. The SV surveillance testa have been reviewed and alternative requirements have been
identified which confirm the operability of vital plant equipment during a LOOP and
other design basis conditions. The alternative tequirements are currently being
evaluated to determine the most appropriate pataseters and equipment con!!guration
for incorporation in our ongoing SV surveillance testing progr am. Specific SV
surveillance test procedures will be revised by December 31, 1991.

-

6DDIIl0NALINf2DiAT10tf

Na similar events have been reported to the Commission in the last !!ve years.
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ACCIDENT SEQUENCE PRECtJRSOR PROGRAM EVENT: ANALYSIS- ,

:

.1

LER Noi 272/C 1-030

' Event Description: Both PORVs failed due to leaking actuators
Date of Event: September 20,' 1991

Plant: ' Salem 1

Summary

'"ae power-operated relief valves (PORVS) at Salem I were inoperable because ofleakage
from the flange telting area on the air-operated PORV actuators. It is assumed that both
PORVs were inoperable for one half of their surveillance period (81 d).

The conditional probability of core damage estimated for this event is 4.4 x 10-6. The
relative significance of the event compared to other postulated events at Salem 1 is shown

'

telow.

LER 272/91-030

I E-8 I E.7 IE 6 IE 5 IE4 IE 3
I I I I I-'

o
^

I
Trip g 360 h_

LDFW+1 EP

h H AW
precursar cutoff W IUOP~

Event ; Description

:|
The plant was in-Mode.4 (200 F < Tavg < 350 F) ivith a plant shutdawn to Mode 5 |

(Tavg s 20U'7)in progress to support a maimenance outage. Technical Specifications . jj .

. require that the pressurizer PORVs be used to provide pressurizer overpressure protection - |L_

| - when one or more of the reactor cooling system (RCS) cold legs is less than or equal to
! - 312'F (except with the reactor head removed).~ The PORVs were functionally checked

and failed to open upon demand. At the time of these functional tests, the control rc.m
alarm for PORV accumulator low air pn:ssure actuated. Investigations showed that both -
the ll'R1 and IPR 2 valve actuators leaked. The valve actuator diaphragm bolts were
observed to be huse, which allowed air leakage from the flange bolting area. The valves

L successfully stroked after the actuator bolts were tightened.

- - - - .... . - - .- - - - .
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investigations indicated that the IPRI and IPR 2 actuator diaphragms appeared to be in a.
functional condition. Further assessment showed that the diaphragm aerial
(' una-N rubber) is subject to " creep," where the diaphragm may change fmm its originalJ
geometry under load and over time. This phenomena can be exacerbated by uneven
torquing of the a' tuatorjoint. Leak paths may develop that were not present at the time ofc

originalinstallation. The IPRI and IPR 2 actuator diaphragms had been replaced on
March 21,1991, and April 12,1991, respectively.

Additional Esent Releted Information

At Salem, the PORVs and pressurizer spray valves are_ used to hCp mitigate the
consequences of a steam generator (SG) tube rupture. Additionally, the PORVs are used
for a total loss of feedwater(LOISV) accident. During a LOFW with failure of auxilia y
feedwater, decay heat removal would be provided by utilizing the PORVs and the safety
injection (SI) pumps in'a " feed and bleed" mode. This is addressed in the station
emergency operating precedures (EOPs) in FRilS-1, " Functional Restoration of Ileat
Sink."

ASP Modeling Assumptions an:1 Approach

it was assumed that both PORVs were inoperable for half the period from April 12,-
1991, to September 20,1991 (81 d), Unavailability of either PORV results in failure of
feed and bleed capability. One of the PORVs (1PR2) was assumed to be still capable of

'

performing its pressure relief function (since it apparently lifted partially during testing).-

Analysis Results

The conditional probability of subsequent core damage estimated for this event is
4.4 x 10-6. The dominant core damage sequence, highlighted on the following event
tree, involves a postulated transient with unavailable secondary side cooling and-
unavailability of feed and bleed.

I
u

L

K

._ , ._ _ _ _ . _ , . ._ __ _ _ - _ _ _ _ _ _ _._ __ _ _ . _ _
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Ponvr PORyr MAV SEO ENDTRANS NT ATW WFW sqv gay WI HPR OPEN NO STATE 1CHAL RESCAT '
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'

| 11 CD
i
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OK

OK
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| 13 CD

'

i 14 CD

OK
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' "

, 15 CD (1)

to CD

17 CD

18 ATWS

(1) OK for Class D

Dominant core damage : sequence for LER 272Sl.030
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On 9/20/91, a plant shutdown was'in progress. Thn Pressurizer Pressure
Operated Relief Valves (PORVs) are used to provide overpressure
protection at low Reactor coolant System temperatures. In accordance
with Surveillance 4.4.9.3.1.1 the PORVs were functionally checked.
Both valves failed to open. The IPR 1 valve did not lose its closed
limit indication and though the IFR2 valve indicated movement, it
apparently did not reach its full open limit. Investigation showed
that both the 1PRI and 1PR2 valve actuators leaked. The valve actuator
diaphragm bolts were observed to.be loose allowing air leakage from the
flange bolting area. The root cause cf the valves failing to open-is
continuing The IPR 1 and IPR 2 valves are Copes-Vulcan reverse acting
air actuated globe valves. Investigation indicated that the diaphrages
appeared to be in a functional condition. -Further assessment had shown

l that the diaphragm material (Buna-N rubber) is subject to " creep".
| .This phenomena can be exacerbated by uneven torquing. When the
). diaphragms were installed (April 1991). the specific installation

procedure was not used. -The administrative controls for implementing
new maintenance procedures will be modified. A review of new
procedures will be conducted to ensure they have been incorporated into
existing planned work. The diaphragas were replaced in all
Copes-Vulcan actuators located inside the Unit 1 Pressurizer. The
Salem Unit 2 PORVs were successfully tested. The actuator diaphragm
material is under investiaation for elevated temperature environments.

..c . . n.

. - - ,
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WNT_ AND_ SYSTEM Jpt:NTIFIGATION:

Westinghouse - Pressurized Water Reactor

Energy Industry Identification System {ETIS) codes are identified in
the text as lxxl

IDENTJFICA_TJON .0F OCCURRENCE;

Both Pressurizer Pressure Operated Relief Valves failed an
operability check

Event Date: 9/20/91

Report Date: 10/18/91

This report was initiated by Incident Report No. 91-659.

CONpTUONSlRIOR TO OCQURRENCE;

Mode 4 (Hot Shutdown); Unit preparing to go to Mode 5 (Cold shutdown)

DESCRIPTION OF OC,C.URRENCE:

On September 20,~1991, a plant shutdown, to. Mode 5, was in progrest-
to support a maintenance outage. Per Technical Specification
3. 4. 9.3 i when t he t empe ratur e of one or more of the RCS. cold legs is
less than or equal to 312'F (except with the reactor head removed 1._
the_ Pressurizer Pressure Operated Relief Valves (PORVs) ' l ABI are'used'~

to provide Pressurizer overpressure protection. Therefore, in
accordance with Technical Specification Surveillance 4.4.9.3.1.1 the
PORVs wete functionally cheeked (at 0115 hours) using Operati'ons
procedure 11-2.3.4. * Pressurizer. Overpressure Protection --
Operability", Both valves failed to open upon demand. The 1PRI
valve did not lose its closed limit indication-and though the IPR 2.
valve indicated movement, the Control Room indication did not'show: it
reaching its full open limit. At the time'of the valves' functional?
check, the Control Room overhead alarm for PORV accumulator low air.
pressure actuated.

~

Investigation showed that both the IPRI arul- 1PR2_ valve; actuators
~1eaked. The valve actuator diaphragm bolts were observed to be loose
allowing air leakage from the flange bolting area. The valves' >

successfully stroked in accordance with procedure SP(011.0.5-V-HISC-1-
after actuator bolts were tightened.,

APPAR_ENT CAUSE OF OCCURPENCE:

Investigation of this event's root'cause is continuing. The
..'?initiating cause of both PORV valves failing to open is equipment

failure.

The IPR 1 and 1PR2 valves are. Copes-Vulcan reverse acting. air ac*uated

L

.
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A PPAP ENT C AUSE OF_ OCCURRf:NCE : (cont'd)

alobe valves. They require air pressure of at least 6' psig to move
the valve off its seat and 85 psig to fully open under system
pressure. The air actuator opens the valve by pr oviding an upward
net force sufficient to overcome actuator spr ing compr ession force.

Investigation by System Engineering indicates that the 1PR1 and 1 PFJ
actuator diaphragms (which had been subsequently replaced) appeared
to be in a functional condition. Further assessment has shown that,

the diaphragm material (Duna-N rubber) is subject to " creep" where
the diaphragm may change from its original geometty under load and -

over time. This phenomena can be exacerbated by uneven t or quing of
the actuator joint, beak paths may develop that were not pre sent at
the time of original installation.

Buna-N rubber. per available industry standards, can be used in a
tempetature range of between -40* F t o 2E0'F. The PDFV
manufacturer, Copes-Vulcan. was coritacted to confirm System
Engineering's conclusion that the actuator diaphragm material i r.
acceptable for the pressurizer envi t on.nent of elevated temper at ut < s
to appr oximat ely 1 *10* F . Coper-Vulcan responded in a letter, dated
October 2, 1991, which concluded:

"Our review indicates the supplied equipment is suitable for use
at the de sign condi tions stated in the original equipment
purchase specification. This purchase specification required
that the equipment be suitable for use at a rea x i mur temperature
of 120'F.

Our review indicates that deterioration of the Buna-N diaphragm
should not occur due to exposure to 170*F for a period of 18
months. Unfortunately, Copes-Vulcan has no documented field
usage under service conditions similar to your ser vice
condition * and no certified testing has been performed which

"

would allow us to guarentee that acceptable performance can be
maintained for a period of la months at 170'F."

Ba*.ed upon Copes-Vulcan's response. Copes-Vulcan has been requested
to certify the diaphragm material to elevated temperatures, above the
original Westinghouse specification.

The IFR1 and IPR 2 actuator diaphramms were replaced on March 21, 1991
and on April 12, 1991, respectively. After replacement both valves
were successfully stroked. These diaphragms were installed using a
ceneral procedure (IIC-1.4,003, " General Instrument Calibration
Piocedure For Field Devicec"). Procedure SC.IC-FM.RC-0001,
" Pressurizer PORV Operator Maintenance Procedure", cantained specific
instructions for installation of these diaphragms. Although
available, it was not used. This procedure details torque
2equirements for actuator diaphragm bolting and torquing sequern

Pr ocedure SC.IC-PM.RC-0001 wan not utsed due to inadequate

_ _ - _ _ _ _ _ _ _ _ _ _ - - _ - _ _ _ _ _ _ _ _ _ _ - - _ _ -__-__--__ _ ___---_-_---__- _ _ - _ - _ - - -- -
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APP ARENT,qMISE OE. OCQUPRENCE: ,(contfd)

administr ative cont rols. The Maintenance planner was not aware of
the approval and issuance of this procedure. As a result, when the
diaphragm replacement wor k on der was issued it did not reference the
subject procedure.

When a procedure is revised, S*ation Planning is notified. However.
this is not done, in all cassas, when new procedures are issued. When ,

proceduru'SC.IC-PM.RC-0001 was issued, Station Planning was not
notified to update applicable planned work. -In addition to
notification, when a procedure'is revised or created, the macter
pr ecedur e index and the procedure summary index are revised. The
master pr ocedus e i ndex was revi sed when pr ocedur e 'SC . IC- PM.RC- 0001
was issued; however, the psocedure summary index was not revised.

ANAhYSIS_OL OCCpKRFNCE;

In Modes 1, 2, and 3 the PORV's f unction to relieve Reaetor Coolant
System (RCS) lADI preneure during all design transients up to'and
including the der.ign step load decrease with steam dutop. Operation
of:the PORVs minircizes the undentrahle opening of the spring loaded
pressurizer code safety valven.

The PORV's also provide Pr essut izer over pr essure pr ot ect ion, per
Technical Specifleation 3.4.9.3, when the temperature of one or more
of the RCS cold legs is less than on" equal to 312*F (eheept with
the react or head removed). Wheti used for this purpose, they are
required to be set to actuate at Pr essurizer pressure of f 375 psia.
As addressed by an NRC Generic hetter dated June 25, 1990, the role
of PORVs nas changed such t ha t, . they are now relied upon to perform
one, or more. of the following safety related functions:

"1. Mitigation of a design-basis steam generator tube-rupture
accident.

2. how-temperature overpressure protection of the reactor.
vessel during startup and shutdown..or'

3. Plant cooldown in. compliance with Branch Technical Position
RSD h-1 to SRP 5.4.7 " Residual Heat Removal (RHR)
System.""

At Salem Station, the PORVs, pressurizer spray and.the pressurizer
safety valves ar e used to help mitigate the consequences of a " steam .
generator tube ru p t tir e" accident. _' Additionally, the PCRVs are
specifically taken etedit for: a " loss of all feedwater" accident.
This accident in not addressed by the Updated Fina.1 Safety Analysis-
Report ~ (t!FS AR ) _since it is considered beyond the plants design

~ basis. However, it is addressed by the Westinghouse Emergency
Response. Guidelines (ERGO). During a loss of all feedwater accident
reactor preunure control would be maintained by utilizing the PORVs
andithe safety _ injection pumps (i.ee, bleed and-feed 1. Thin is-
addressed in the station Emergency Operating Procedures (EOPs) in
FRHS-1, " Functional Restoration of Heat. Sink".

i
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~

it.a 1 ' m "Ge rit a t' A ng Sia don 1

~

hER NUMBER PAGE
~

e
'

Unit L __,,
, _ _

, .$000272 ._91 030:00_ _ 5 of 6 _

ANAhYSIS .0F1 OCCUFF 1;NCE: (con t ',d )

With both PORVs inoperable, the plant was in a condition that alone
could have prevented the fulfillment of a saf ety f unction to snit igate
the consequences of an accident. The Nuc1 car Regulatory Commission
(NRC) was notified of this event on September 20, 1991, at 0752-
hours, in accordance with Code of Federal Regulations I C C F P,
50.72 (b) (2) (lii) (D) . This event is also reportable tr. the NFC in
accordance with 10CFR 50.73 (a ) (2) (v) (D) and 50.71 a)(2)(vii)(D).

Salem Unit 2 is currently operating at 100% power. Its PORV.s were
stroke tested as a result of the Unit 1 PORV failures. Both Unit 2
valves were successfully tested.

CMRECTJVF ACT10NJ

The diaphrc-Jms were r e placed in all Copes-Vulcan actuators located
inside the Unit 1 Prehaurizer. These included the PORVs (1PRI and
IPR 2) and the Pr essurizer Spray valves (IPCI and IPS3). The l a t e t. t
revision to procedure SC.IC-FM.RC-0001 was used for completing the
diaphragm repincement.

As indicated in the Analysis of Occuttence section, the Salem Unit 2
PORVs were successfully tested after discovery of the failed Unit 1 ,

valves.

System Engineering has assessed the material qualification of the - i

actuator diaphragru. The diaphr agm is Buna-N rubber and is qualified
(per available industry standards) for elevated temperatures. The
valves were supplied to a Westinghouse specification of 120'F. The
valve manufacturer has been requested to certify the diaphragm
material to elevated temperatures, above the original Westinghouse-
apecification.

The manufacturer has changed the actuator bolt pattern to reduce
uneven diaphragm loading by increasing the number of bolts used.
Syst m Engineering is assessing the need to replace the current 12
bolt pattern actuators with the new 24 inch bolt pattern actuators.

The administrative controls for new/ revised procedure implementation
will be reviewed and reviseo an appropriate. As an interim meast.re
to ensure planners are advised when new procedures are issued, the-
Procedure Upgrade Project ~will provide the Maintenance Planning
F.ngineer with the new procedure cover page and applicability page
(2*8 page).

A review of new procedures (issued by the Procedure Upgrade Project)
will be conducted to ensure that. Maintenance planners have
- incor porat ed t hem into their planning effort.

A review of prior similar events is continuing.

,
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COR R EQTIVE _ ACTI ON,;_,_(con t,' d}

!: -The root cause investigation of this event is continuing. Upon

; completior., a supplemental report will de issued,

,
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General Manager -
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ACCIDENT SEQUENCE PRECURSOR PROGRAM EVENT ANALYSIS

LER No.: 278/91-017
Event Description: Control wiring for ADS / relief valves found damaged
Date of Event: September 24,1991
Plant: Peach llottom 3 -3

Su mmary

improperly installed insulation on the automatic depressurization system (ADS) /
safety relief valves (SRVs) resulted in damage to SRV control wiring. This condition
existed throughout the refueling cycle. The high-pressure coolant injection (llPCI)
system was also unavailable for periods of time during that interval. The conditional
core damage probability estimated for this event is 3.3 x 104 The relative
significance of this event compared to other postulated events at Peach !!ottom 3 is
shown below.

IJR 27M/910t7
.

IE--H IE 7 I E-6 1E4 IE 4 IE 3
I I I I I Im

^i
I Trip 3f4 h

IJXJP- EP
| 360h

precurwr cutoff a llPCI T IINT
RCIC + lilCI

|

Event Description

Following shutdown for refueling in September 1991, three SRVs were removed for
- preventive maintenance. On examination, the control solenoid valve wiring insulation -
was found to be degraded on each SRV. The electrical cable insulation between the
solenoid coil and its junction box was cracked and hardened on all three valves. A
tennination splice between the solenoid and thejunction box was melted on two of the
valves.

An investigation determined that the damage occurred because SRV insulation was
. improperly installed during the previous refueling outage, which was completed in
December 1989. The installed conGguration left a significant portion of the piping

- -. . - - -.. - - - . . , , . ,.
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nrour.d the valve and arijacent to the solencia uncovered. This allowed the solenoid
4and its wiring to experience ternpera'ures in excess of 400 F, These high temperatures

resulted in accelerated thermal aging - qualified lifetimes were exceeded within 3 d -
after startup.

'

.

The solenoids for the eight remaining SRVs were operated and verified to function as
expected under shutdown conditions. The valves wen: then removed and sent to a test
facility to determine how well they could perfomt under accident condinons, initial

'

results of that testing indicated that some failures occurred, but final results werc =
unavailable at the time that the LER and an associated Nuclear Regulatory Commission

(NRC) inspection report were written.

The SRVs associated with the ADS system,in conjunction with low-pressure makeup
sources, are intended to back up the liPCI system in maintaining vessel inventory
during small-break loss of-coolant accidents (LOCAs)._ The llPCI system was ;

unavailable for an estimated total of ~510 h during the 21 month period that the SRV -
control circuits were compromised (NRC Inspection Reports 50-277/91-33 and 50-
278/91-33, dated December 23,1991).

Additional Event Related Information

The SRVs at Peach Bottom are Target Rock two-stage, pilot-operated valves. As,

"

installed, high main steamline pressure will operate a pilot valve that will, in turn,
operate the main valve in the unit to relieve steam to the suppression pool, An
electrically operated solenoid valve can also be used to align compressed gas to open
the main valve. This allows remote operation of the valve either by the operator or by
the ADS.

ASP Modeling Assumptions and ' Approach

Wiring for 8 of the 11 SRVs (including 4 of 5 dedicated to ADS) was shown.to be still :]
functional under normal conditions; the concern is that the valves might not have ' _I
functioned under small break LOCA conditions. As reactor core isolation cooling -

.

(RCIC) is assumed unable to provide sufficient makeup during a small-break LOCA in 1

the Accident Sequence Precursor (ASP) models, IIPCI provides the only reliable'
high-pressure source of makeup. Should HPCI be unavailable in this circumstance,
the ADS system is required to nipidly depressurize the reactor vessel to permit makeup

,

by low-pn:ssure sources.

Small-break LOCAs may be classified into two categories: those involving relief
valves that operate and fail to rescat correctly and those involving other reactor
pressure boundary failures. Failures of the first type could be expected not to result in -
significant changes to the containment atmosphere, in accidents of this type, the

~ _. _. . - _ _ _ ; _.
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infom1ation available indicates that the ADS system would have worked.'

Failures of the second type could rest it in release of steam to the containment
: atmosphere, and it is unclear whether the control circuits for the SRVs could have
continued to function. For the purposes of this analysis, it was assumed that the
SRVs would have failed in the event of a small-break LOCA other than those
involving relief valve !eakage.

The ASP Program estimates the small-break LOCA frequency at 3.3 x 10-6/h, with a -
nonrecovery probability of 0.5, and these values were used in this analysis. The ASP ' d

'

Program normally estimates a HPCI failure-on-demand probability of 0.029. In this
case, however, data regarding HPCI unavailability during the event were available,
which suggested that a higher value should be employed. As noted earlier, the HPCI
system was unavailable for ~510 h during the 21 menths of operation with degraded
SRVs. Assuming the plant was at power or in hot shutdown for 70% of the 21-month
period results in an estimated HPCI unavailability of 0.047. (LER 278/91-017 reports

_

an HPCI unaz:%bility of-0.036 for the entire 21-month period.) The nonrecovery
probability of 0.7 normally employed was used in this case.

This event was modeled as an unavailability of SRVs for the ADS function during a
LOCA. HPCI was modeled as having a higher than usual failure probabi'ity. To
estimate the relative significance of the event within a 1-yr observation period (the-
interval between precursor reports), a 1-yr unavailability period was utilized in the
analysis (6132 h, assuming the plant was critical or at hot shutdown for 70% of the
time). *

Analysis Results
i

The estimated core damage probability associated with this event'is 3.3 x 104. The
dominant core-damage sequence, highlighted on the following event tree, involves a -

postulated LOCA with HPCI and ADS failures.

Additional information concerning this event is included in combined inspection
reports 50-277/91-33 and 50-278/91-33 dated December 23,1991.

,
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@'N
Rs HPC4 SRW RHR RHRSW SEQ ENOgg4

SHUT OR ads (PCS $T (SP MODE - c' peO STATE{qgq} "M OTHE REowN HPCS

OK

OK,
i 71 CORE DAM ACK .

OK

W
s

8 TJ CORC DAM ACI

OK .

i
-COAC DAM ACEI 73

OK

74 CORE DAV AGE

OK
'

n 7') COR6 DAMAGE
|
I 7s CORE DAMACE

77 CORC DAM AGE

w ATWS

Dominant core damage sequence for LER 278f)1-017
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f'OND1710kAL COPE DAMACE PP0BA81L17Y C ALCULATjONS -

tvent identit. erg 374/t1-017
~

-tveniposetiptions cont rol alting fet save found damaged (73 (DCAan
Event Detet 09/24/91-
Plants. - Peach nottom 3

_

Ud AVAI LA8 t LIT Y, LUDATION 4132

NON-REGNDA914 INJt1 ATING 4;WNT PRC44AniLitJES

78ANS 3.4t* 0 0 - *

L trif 7.3E-62

St QUhMCE CONQif|ONAL PkORAh!LITY SUMS

End 8t st e/Jnitiator P robabilit y

CD

TM AN S 1.SE-07 '
1414' l.SE-07

Tctel 3.00-07.
+

A*W1
-

TH AN S 0.CE+00
!?re 0.0E+00 .

Total 0.0E+00
t

EROUl1NCE CONDT?l0N AL PROttADILITIF8 (PROBARILITY ORDER) +

Sequence End State Prob ' W Mec**

2h taann -ta. shutdown pen /t rens a rv,r, hell /t rans. acram .. st v.close CD 1.5E-07- 1,7E-01-
t w/pce .t rane NPCI arv.ade

.

$$ loop -eme rg. power -rs. shutdown e rv.chall/ loop. -sc r a m arv. cat ** CD 1.3E 07 . li2E-01
HPCI ory.ade

47 loop- energ.gewer -ra.shutoown/op ep. rec arv.chall/ loop.-scram CD - 9.7E-09 9.4E-02
-a rv.close HPCA scic

|. 60 loop emerg. power -rs. shutdown /ep -ep. rec arv.chall/ loop.-soram CD 4.7E-06 1.3E-01 ;
erv.citse HPCt '

l

* * non-s ecovery credit for edited case

St.QUENCE CONDtTIONAL PWOhADILITIES (SEQUENCE ORDEpi-
,

B eteence End State P roh N Sece*-

29 trens -tm. shutdown pea /trene s ty.chell/t tans.-scram a r v .c lose -- CD 1.SE-07' 1.7E+011t

| f w/pca4t rans ' HPCI erv.ede
35 loop -emerg. power -rs.shutoown a r y.che ll/ t riop.-ac ram arv.close : CD 1.3R-07 1.2E-01

HPCf - a rv. add -
67 11 'p energ. power -rs. shutdown /sp -op, rec - srv.chall/ loop.* scram [C0 t.7k-69 9.4E-02 *

-erv.close NPCI retc
69 loop _ emerg. power -en. shutdown /rp -ep. rec arv.chell/ loop.*screm CD -4.7E-09 1.3E-01

nrv.t?one HPCI

. Eve nt identifiers 27a'/91 01!

$
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** non-r ecovss y credit for edited case

Fotos For unavallatillities, condit ional pronat.111t y va >ues are dif f erent ial values which reflect the

atJed ritt due to f ailures assoc iated vlth an event . Parent het ical values 'nd trate a redxt len in risk
compared t o a sie.Ila r period without the esistinc f ailures.

ftQWNCE. 9E0E1.1 c t \a sp\198 9itvr csea l . cmp
BRANCu MUDEL3 c 3 \a sp\ ll8 9\ pe ach . s] l
PB00AB11,ITY FILE: c \ asp \1999Ttwr r all . pro

No Recove ry 1.imit

IGANCH FREWENCIE5/PROHARi!..! TIES

eranch System hon-Fiecow Opr Fall I

trars S.5E-04 1.0E+00
loop 4.6E-C$ 2.4E-01
lora 3.3E-04 $,0t-01

r u . shut down 3.0E-0$ 1.0E*00
r u . shut down /ep 3.tE-01 1.0E*00
g<a/trans 1.71;-01 1.0E*00
stv. thall /trans.-seram 1.0E+00 1.0E+00
a r y .c ha l l /l oop.- sc r am 1,0Ee00 1,0Ee00
siv.close 3.6t-02 1.CE*00
em ig. power 1.4E-03 9.0t il
op.ree 2.1E-01 1,0E*00
t w/gms.t rans 4.6E-01 3.4E-01
fv/pos. Inca 1.0E+00 3.4E-01

Dranch Models 1.or.)
Train 1 Cond P robt 2.9E-02 > 4.7E-0?

retc 6. 0 E -02 7.0E-01
crd 1.0F-02 1.0Ee00 1,0E-02
srv. ads 3.7E-03 7.1E-03 1.0E-02
1 pc s 3.0E-03 3.4E-01
ipe t t et ri/locs 1.0E-03 7.1E-01
strtedci 2.1E-02 3.4E-01 1.0E-03
rbr(adcl/~1pcl 2.0E-02 3.4E-01 1.0E-03
thr(sdc)/lpc1 1.0E*00 1.0E+00 1.0E-03

j rhr ( secooll / r h r (a jc) 2.0E-03 3.4E-01
rhr(spcoo11/-lpct.Thrtedcl 2.0E-03 3,4E-01
thrlapcool)/1gx1.theinde) 9.3r-o; 1,og,co

rhrsw 2 , 06' 0 2 3.4E-01 2.0E-03

* t ranch swMel file
** forced

1

|

Minarich
06-09-1992
00:38145

-

Event 1dertt i f ie r 276/91-017

i
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CONDit1DhAL COKE DAMAct PRODAalLITY CALCt1LATIONS
'

E ve nt Jdentif tett - 275/91-017
Event Desctlptions Control wiring f or s>Va f ound damaged (non-RV LocAs)

' Event Dates - 09/24/91-
' '

Flants Peach bot;om 3' .i

UNAVAILARILITY, DUDATION* 6132

NON-DECOVERABLE INITIATING EVENT PROBASIL2 TIE 8

LDCA. 1.0E-02

SEQUthcE CON 0! TION AL PROBASILITY SUM 4

End St at e/Init iat or Probability

CD

LDcA 3.3E-04

Total 3.3E-04

.ATNS

LDcA 0.0E*00

Total 0.0E*00

SEQUENCE CDh017 TON AL PROHABT1171F8 (PROBABit!TY DRDER)

Sequence End Atate Prob N Rec 4*

71 loca -rs. shutdown KPCI ' SRV. AD5 CD 3.3E+04 -3.SE-01

** non-recovery credit foi edited case ^

dEQUENCE CONDITIONAL PROBAd! LIT 3E8 (SEQUENCE ORDER)

Sequence End State Prob N Rec'*

77 loca -rs. shutdown HPCI SRV. ADS CD 3.3E-04' 3.5E-01 [

** non-recovery credit f or edited cose

Rotes For unavailabilities, conditional probability values are ditterential values which reflect the
- added risk due to tallures associated with an event. Parenthetical values indicate a todaction An'rlst
compared to a stallar period ulthout the aristing tallures.

i ' 8EQUENCE MUDELt. c4\ asp \1999\bwreseal. cyp
''

DRANCH HODELs c t \a sp\ 1989\ peach.all
*RORAD!LITY FILE: ca\ asp \1949\bwr ca L L. pro -

I

|} No Recovery LLmit i

BRANCH F9EQOENCIE$/PROR AMILITIES

' Branch system Non-Recov. Opr Fall

. trane S.SE+04 1,0E+00

- Event Identifier: 218/91-017
.

I
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loop 1.6E-05 2.42 01
loca 3.3t *6- $.vt-01
ts. shutdown - 3.0E-05 1.0t+00

' rs. shutdown /ep 3.5E-04 1.ct*00
pee /trana 1.7F-01 1.0E+00~
o ry.chall/t rans.-sc ram 1.0L+90 1.0E+00
atv.chall/ loop.* scram 1.0E*00 1.0E+00
arv.close 3. EE-0? - 1.0E+00
emerg. power. 1.4E-03 4.01-01
ep. roc 2.14-01 1.0t+00
f v/ pes.t rans 4.6E-01 3.4t-01
fw/ pes.loce. 1.0E+00 3.4E-01
HPCI ?.9E-02 3 4.7t-02 7.0E-01

Dranch Model - 1.T 41
Train 1 Corv' Psob 2.91-02 , 4.7E-02

reic 6.0E-02 1.0E-01
crd 1.0t-02 1.0E+00 1.CE-02 ^
SRV. ADS 3.7E-03 > 1.CE+00 1.lt-01 > 1.0E*00 1.0E-02

Branch Modelt 1.Dl'.bopt

Train 1 Cond Probs 3.7t-03 > Failed
1pca 3.0E-03 3.4E-01
1pc1(thr'/1 pea 1.0E-03 1.1E-01
tr.r t adc) 2.1E-02 3.4t-07 1.0E-03
rhttadell-1pc1 2.0E-02 3.4E-01 1.CE-03
rht t ede) /1pel 1.0t+00 1,0t+00 1.0E-03 -

the t specoll / rhr t adel 2.0E-03 3.4E-01 -

rht (speoc16 /-1pel.the t adc) 2.0E-03 3.40-01' ;i

the (spoooll /apet.rhr t odc) 9.3t-02 1.0E+00
rhrse 2.CE-02 3.4E 01 2.0E-03

* branch fnodal (11*
** forced

Mlnattek
06-09-1992
09:40 09

Event Identitler ~.18/91-017

e
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On 9/?4/91 at 1300 hours, the Main Steam Relief Valve (MSRV) solenoid valves
(SV) wiring insulation was discovered to be degraded. An investigation
ravealed that the MSRV thermal Insulation was improperly installed. This
caused an unusually high temperature environment in the irtunedtate vicinity of
the SVs and associated wiring. On 11/9/91, it was determined by engineering
analysis that there was no longer a reasonable assurance that the Automatic
Depressurltation System relief valves were operable. The temperature-increase
frous the insulation Installation error caused the expiration of the
Environmental Qualification life of the components. The cause.cf 1his event
has been oetermined to be that the MSRV insulation was improperly installed.
The maintenance procedure did not. provide the necessary level of detail.- The
insulation was properly reinstalled and the SVs were replaced. The

. maintenance procedure will be revised. -Insulation on Unit-2 was verified to'
! be properly' installed. Eight of the Unit 3 MSRV SVs and associated wiring
| were sent to a test facility to undergo testing in an accident environment. A
| formal root cause investigation is currently underway. The safety
I consequences is currently under review. No previous similar LERs identified,
t

!

|
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Requirements for the Report
1

,

This report is being submitted to satisfy the requirements of 10 CFR 50.73
(a)(2)(11)(B) describing conditions which were potentially outside the design
bases of the plant and 10 CFR 50.73(a)(2)(v) due to a potential loss of a
safety system function.

Unit Conditions et Time of Discoverv

Unit 3 was in the REFUEL mode.

Description of the Events

On 9/24/91 at 1300 hours. during the performance of routine preventive
maintenance on the Main Steam Relief Valve (MSRV) solenoid valves (SV)
associated with the present Refueling Outage, the MSRV SV wiring insulation
was discovered to be degraded. An investigation revealed that the MSRV
thermal insulation was improperly installed (see attached drawing) during the
previous Refueling Stage in 1989. This caused an unusually high temperature
environment in the i nediate vicinity of the SVs and associated wiring. This
high temperature condition caused the MSRV SV wiring insulation to degrade.

On 11/8/91, it v s determined by engineering analysis that there was no longer
a reasonable assurance that the Automatic Depressurization System (ADS)
(Ells:RV) relief valves were operable. The purpose of the insulation is to
ensure that the Drywell env. onment is maintained at design conditions. It
was detemined by engineering analysis that the temperature increase from the
insulation installation error caused the expiration of the Environmental
Qualification (EQ) life of the components after approw.imately three days of
operation. The ADS MSRVs comprise 5 of the 11 MSRVs. This condition had
existed since the last Refueling Ou'. age in November of 1989 when the MSRV j
thermal insulation was improperly installed after it had been removed to
support the piping replacement modification. The NRC was notified via ENS on
11/8/91 at 1220 hours.

Cause of the Events _

The cause of this event has been determined to be that the MSRV insulation was-
improperly installed. The maintenance procedure used to remove and reinstall
tha MSRV thermal insulation did not provide the necessary level of detail to
ensure that the insulation was properly installed.

'. formal root cause intestigation is currently underway to identify
significant causes, f ailed barriers. generic implications, and essociated -
corrective actions that may be warranted. Findings will be submitted in a
revision to this report as necessary.

. . . - .

___ ____ _______________________.____m__.___m_ _ _ _ _ _ .._
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Analysis of Event

The MSRV SYs and associated wiring were functionally tested in a cold
condition which provides some basis to expect the MSRV's to be functional
prior to and possibly during a design basis event.

If a design basis event had occurred and the ADS did not perform properly, the
HPCI system was available approximately 96.4% of the time during the last
operating cycle. HPCI is used to provide core cooling and to reduce reactor
(Ells:RPV) pressure to allow the Low Pressure Coolant Injection (E!!S:BO) and
the Core Spray (EIIS:BM) Systems to inject.

During the tinse that the HPCI system was unavailable, the Reactor Core
Isolation Cooling (RCIC) System (Ells:BN) was available for high pressure core
cooling but its capacity may have been inadequate for all design basis
events.

The safety consequences of this condition for design basis events is currently
under review. The SVs will be tested under simulated accident canditions.
The test findings will be used to determine the actual ADS operability and
safety consequences of this event. When those results have been received,
fully analyzed, and the root cause investigation has been completed.. a
revision to this report will be submitted.

Corrective Actions-

After discovery of the event, the Unit 3 MSRV thermal insu'ation was properly
reinstalled and the SVs were replaced.

The maintenance nrocedure will be revised to include the appropriate detsils
to ensure that .4RV thermal insuletion removal and installation is properly
controlled.

The same insulation on Unit 2 was verified to be properly installed per
configuration prints during a recent plant shutdown. Therefore,-the same
concern does not exist on Unit'2.

Eight of the Unit 3 MSRV SVs and associated wiring were sent to a test
facility to undergo testing in an accident environment. The test result
findings will be used to determine the actual operability condition and safety
consequences of this event.

A formal root cause investigation is currently underway to identify-
significant causes, f ailed barriers, generic implications, and associated
corrective actions that may be warranted. Findings will be submitted in a-
revision to this report es necessary.

The pertinent information from this event will.be provided to the appropriate
Maintenance personnel and members of the plant staff.

WRC F. sus 346A 84496

_ , .-1
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Previous Similar twents
' There have been no previous similar LER$ identified involving unqs lified

components due to insulation installation.
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- U. S. NUCLEAR REGULATORY COMMtSSION

REGDON I

Docktt/ Report No. 50 277/91 33 License Nos. DPR-44
50-278/91 33 DPR-56

Licensce: Philadelphia Occtric Company
Peach Ranam Atornic Power Station
P. O. Boat 195
Wayne, PA 19087 4 195

Facility Name: Peach Bottom Atomic Power Station Units 2 and 3

Dates: November 5 - D+ der 13,1991

Inspectors: J. J. Lyash, hiar Resii:st laspector .

L. E. Myers, Resident laspector
M G. Evans, Resident laspector
J. G. Schoppy Reartar Engineer
D. J Mannai, Reactor Engineer

Approved By: / - / L ANif/
L. T. , Chief Date

is Section 2B
Division of Reactoc Prujects

Areas inspected:

' The inspectica included routine, on-site regular, backshift and deep backshin review of accessi-
ble portions of Units 2 and 3. The inspectors reviewed operational safety ..uiation protectum,
physical security, control room activities, licensee events, surveillance testing, engineering and -
technical support activities, maintenance, and outage xtivities.
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EXECUTIVE SUMMARY
Peach Bottom Atomi$. Power Station

inspection Report 91-33

PhnLOpcIAtiem

The management oversight and stafi performance related to the Unit 3 refueling outage contin-
ued to be strong. The licensee effectively identified and resohrd emerging problems, and there
was evidence of excellent coordination among the working groups (Section 1.0).

The inspectors observed th-t the physical condition and housekeeping in the Unit 2 and Unit 3
drywells was very gocx! (ut>on 1.0).

An isolation of the Unit 2 reactor core isolation cooling system occurred during surveillance
testing. The control room cperator did not respond prompdy to investigate the isolation,
because he assumed that it was spurious and caused by the ongoing surveillance testing.
Operations management is providing guidance to operators concerning the proper response to
unanticipated alarms and isolations (Section 2.3).

Mau11cDanct10d S_Frvetilams

The licensee discovered and initiated analysis of degraded Unit 3 safety relief valve (SRV) -

solenoid valves, cables and splices. Improper installation of the thennal insulation on all 11
SRVs during the last refueling outage resulted in component heat stress, and signi6 cant degrada-
tion. This exceeded the environmental qualification of the components, and resulted in the auto-
matic depressurization system (ADS) being inoperable for about 21 months. Based on prelimi-
nary insestigation, it appears that contributing factors included wraknesse* in post modification
and maintenance inspection, maintenance procedure quality and oversight of contractor activi-
ties. This issue will be discussed in detail during a future Enforcement Conference (Violation
91334)l, Section 2.1). -

Engt eerine and Technical Succeiln

During follow-up inspectxm of several Unit 3 fuel failures experienced during the last operating
cycle, the licensee klentined the presence of metal shavings in the fuel assemblics. "Ihc licensee
concluded that this debris had caused the faibres, and initiated comprehcasive actions to locate
and remove all similar material.14 ' inspectors monitored the licensee's fuel, bottom head and
bottom head drain line cleaning effons. The licensee performed the xtivities in a well planned,
controlled and professional manner. One personnel safety issue identified by the inspectors
related to the operation was prompdy resolved (Section 3.0).

,

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



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

*
11132

'
.

The licensee's technical staff evaluation and trerwhng of leakage past a Unit 2 residual heat
renoval nyuem inject *m valve was very good. In response to an *;ncreasing leatage trend the
licensee took action to isolate the penetratkm, and later completed a plant shutdown for repairs

(Section 2.7).

hnce of Outfity

In response to identircation of dhis in the Unit 3 reactcr vessel, licensec management dirr,ned
performance of a 100 % laspection and cleaning of all the fuel bundles being returned to the
core. In ad6 tion, the I censee inspected and cleaned tie totom vessel head region. This a
decision demonstrated a clear safety conscious approach to assessment and resolution of the
issue (Secta 3.0).

,

Licensee actions to evaluat,: Unit 2 in response to identircaticm of the degraded SRV compo-
'

nents on Unit 3 were inadequate. Despite component walidowns, the licensee did not identify
p
- that an installatior; crror existeu on one of the Unit 2 ADS valves. After the inspector informed

the licensee of the defeiency, de insulation was repaired and the potentially degraded compo-
nents were replaced (Violation 9133-02, Section 2.1).

,
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DIiTAILS

1,0 PLANT OPl! RATIONS RiiViliW (71707)'

the inspector completed NRC Inyxstion Procedure 71707, *0peratkwul Safety Verificatkm,*
by directly observing safety significant activities arxl equipment, touring the facility, and
interviewing and dhcuuing items with licensce personnel. The inspector irxleperxlently verified
safety system status and Technical Specificatko (TS) Limiting Corxlitkms for Operation (l.CO),
reviewed corrective actk>ns, arid examit ed facility reconis and logs. The inspectors performed
16 hours of derp backshift and weekend tours of the facility. ;

l

The eighth refueling outage for Unit 3 contmued throughout this inspection perkd. The
licenwe identified that debris induced fuel failures tud occurred during Cycle 8 operatkm. As
a result, licenwe nanagement decided to inspcts for debris arx! clean all irradiated fuel bundles

'

which had been returned to the cose (see dheunko in Sectkm 3.0). This work extetxied the
outage about two to three weeks. The inspector ccmtinued to atteral licenwe outage planning,
status and nuragement briefings during the inspectko period. Staff and nurugernent appeared
well inforned, emerging problems w promptly raiwd and addremi, and cooperation arnong
workmg groups was chwrmi to be excellent.

During the perud, the inspector toured the Unit 2 and .I dryweth and general plant work areas.
the msgutor noted that housekceping in the dryweth was sery gml.;

2.0 FOLl.OW-UP OF Pl. ANT !!Vi!NTS (93702, 71707, 73756)

Dunng the report period, the inyector evaluated licenwe staff arxl marugement response to
plant esents to venfy that the licenwe had identified the rtxit causes, implemented appropriate
cornviive actions, and ma& the required notificathms. thents occurring dunng the perhxl and
reuewed by the mspector, are daeuv.ed iruhvidually below.

2.1 Unit 3 Aulomatic Depressuriation System inoperable During Cycle Seven

2.1.1 livent Summary

on Nosember M.1911, the licenwe determirci that the automan depreuuritatkm system
(ADS) had been inoperable from shortly after the plant startup m December 1989 to shuulown
for the refucling outage on Sepember 14, IWl. The licenwe concluded ttut tic envirtomenul
qualificatkm (!.Q) of the soler oid operated valves (SOV), electrical cables and spikes, io the
five ADS safety relief vahes (SRV) had capired shortly after startup. lhe thermal insulatkm
over all iI SRVs, meloding the 5 SRVs dedicatol to ADS, had tven instalkt , -kwards during

,

the !.at reluchng outage. Th6 created a high temperature ensironment, m exceu of 40l>
| abrenheit (11 in the area of the SOVs, the ekttrical eahks and the sphs,es, lhe 1.Q ikanch
ol' the hcenweN Noslear lingineer ng Divnkm tNI.D) determined that acceleratal thermal aging
due to the hirh tempetature environment resulta! m capitalmn of the component qualified lives -

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

| as gmdanse is paremhetwally hunt for exh report wvnon.
t

i
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within three days after the startup. The licensee made a four hour repon via the Emergency
Notification System (ENS) on the iroperable ADS valves.

2.1.2 Background

Unit 3 utilizes 11 SRVs, RV-316-7t A to 'L' (1 is an e' *e?.m designation). Five of the SRVs
are dedicated to ADS, RV 3-16-71 A, 'B', 'C', 'G' arx " The SRVs are Target Rock Model.

671 two stage pilot operated safety relief valves. The second stage disc and piston are displaced
by either a pressure sensing pilot, or a pneumatwally operated nwchanical push rtxl. The push
rod is operated when the single SOV actuates and ports plant instrument nitrogen into the
pneunatic operator. All SRVs may be manually opened from the control room. The SOVs are
manufactured by .%irmatic Allied, Model 69104J20, and are energized to xtuate from a safe-
ty related DC powtr supply.

The SRV assembly is T shaped with the cahaust lire on one side, and the air operator and
SOY on the other. The thernul insulation supplied with the vaht is designed to protect the air
operator and the anociated SOV and cables from the high tempratures gener.ted by the main
steam hoe and the valve tody. The insulation is asymmetric. The lorig end of the T covers
the ulve, with about a 3 inch diameter opening for the air operator and SOV. De short end
of T extends only to the Gange of the eshaust tail pipe, and is provided with a co vr which
has a ten inch opening.

Thrst of the eleven SRV valves RV 316 71B, T, and 'L', were removed for preventise
'

maintenance (PM) during the cerrent refueling oatage on September 24, 1991. The Iktnsee
dacosered that the electrical cable insulation between the solenoid coil and the juxtion box for
these va!ves was hardencd and cracked due to her.t stress. De Raychem termination spbce
between the solenoid and the jurgtion box was melted on the T and 'K' valves. The licensee
madsertently discarded these three SOVs and the cable. The cause of the heat stress was con-
firmed by inspection to have been backwr* installation of the thermal insulatkm of all 'SRVs'.
It appeared that the insulation had twt v 4 fled to allow the backwards installation. *lhe
licenwe initiated Reportability EvaluatiowEve a investigation Form (RiuElF) 3 91 104 and a
Nonconformance Repon (NCR) P-91754

Technical Specilication (TS) 3.5.E.1 requires that the ADS subsystem shall be operable
w heneser there is i radiated fuel in the reactor vessel and the reactor steam prenure is greater
than 105 psig. TS 3.5.E.2 allows that one vahr in ADS may be inoperable for 7 days provided
that the high pressure coolant injection (llPCl; subsystem is operable. HPCI was also inoscra-
ble for a total of atuit 510 hours during the last ograting cyrle, Detwten December 1989 and
Septemt er 1991 tinit 3 was operated with the ADS, and in some instances illfl inoperable.
Tim a an ap irent violation of 13 3.5.E (Violation 91-33-01),

2.1.3 Immediale Licensee Corrective Actions

't he eq ht remaining SRVs were testnj by actuating the SOVs from the switch in the control
rmm. All eight SR' ' 9Vs were sentied to operate m the shutdown em tronment by audible
shck. All of the irical cables and sphees had mible heat strew cllects, brownmg arx!i

|
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cracking. ARcr consultation with NED, the licensee replaced all the SOVs and cables on each
of Oc SRVs. De Unit 3 SRV thermal insulation was re-instalial properly after the component
repairs were completed. As a result of follow up investigation, the licensee confirmed that the
thermal insulation had ken installed backwards by an insulation cut tractor before the plant
restart in Decembes 1989.

Unit 2 SRV thermal insulation had been insulted by the plant maintenance group during the last
unit outage. De licensee interviewed the maintenance foreman involved, who stated that the
Unit 2 insulation had been correctly insuhed, ne licensee informed the inspector that they had
scrified this assertion by visual inspection during the unplantwd ou'. age of Unit 2 on October 17,
1991. This verification was also documented in Licensee Esent Report (LER) 3 91017,

2.1 A Licensee Investigation Results

liefore the end of the inspection period the licenuce had completed portions of the event'

investigation. Presiminary results are described klow.

2.1.4.1 Insulation Installation

iDuring the last refueling outage the SRVs were removed to support the retirculation piping
replacement modification. Near the end of the outage tirand Mid Atlantic, Incorporated, was !

contracted to repair and replace the SRV insulat:on.

Several Maintenance Requests Forms (MRF) (87 07688, 8801258, and 880)474) were
generated to complete the removal and storage. the fabrication or repair, and the replacement
and i-stallation of SRV insulation. Ilowever work planning was poor, and none of the MRFs
provided clear instructions to complete the inspection of the installed insulation. Cc, tscquently,

'

the licensee did not complete the post maintenance testing of tie insulation installation. The
blRFs did not specify the use of drawings, procedures, or other instructions regarding how tie
insulation was to be installed and inspected, nis is a failure to implement Maintenan:e
Procedure A 26, ' Corrective and Preventive Maintenance Using CllAMPS,* Revisio, 26,
which states that planning shall ensure the completed post mainteinnee testing adequately proves
component reliability for the work performed. De licensee is investigating w. sat oversight was :

provided for the activities of the contractor, however, there is no documentation of licensee
osersight and inspection.

2.1.4.2 Modification Acceptance Tests

De modification acceptance test (M AT) for hkxlification (MOD) 1536. " Recirculation Pipe
Replacement,* included the use of a Spxial Procedure (SP) I1421, * MOD 1530 hpe Replace-
ment Compment Reinstallation Venfication insulation inside the Drywell Part J.* The SP
purpose was to ensure that all piping insulation inside the drywell was repaired replaced, and
properly secured before plant restart. De acceptance entena contained in SP 1142J was that
the msulation should te installed such that the system will perform as desigon!. De beensee
perIbrmed a walkdown and visual serification using draw mg 62mM3811140, Remion 4. The
drawing clearly indicated the configuratmn oithe SRV msulation. The walkdown found that the

:

-.-_m_ . _ _ . . _ . _ _ . . _ _. . . _ _ . . , _
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m* SRV irnulation was taped together with duct tap.1he licensee issued NCit IW)42 to
t'ccument the condition. The NCR was resolved by completion of blRF 897)603, which
removed the tape and tunded tagether the mirror insulation with metal straps. ~Ihe inspctor
reviewed the NCR and noted that de NCR referenced an incorrect drawing,6280 Af 3811 l?0,
which provided no detail of the SRV insulation.

Ne:ther conduct of de SP or disposition of NCR 89-0942 resulted in identification of de
incorrectly installed insulatim. The SP results were approved by Plant Operations Review-
Committee (PORC) meeting 87-266 m November 16, 1989.

2.1.4.3 Testing of the SOVs, Cables, and Sp!!ces Under Accident
Conditions

,

t

'e # an independent laboratory test eight of the SRVs to determine if ADS wouldB. i -

b .v (v e wa ter losiof coolant accident (LOCA) conditions. The components associated .

Qw n r,g , $uys, *tt', 7, and 'L', were lost after removal. The components were _ !

Me W to either a test simulating the envoronrnent that would calst following a break inside ;

or ou r.ide containment, followed by a scismic test. For de test the cumponents were config- -

artxt . s in the plant.

Only preliminary results were available near the crxl of the inspection period. The results
indicated at least several failures, The licensec :, evaluating the results arxl de final report will
be available at a later time. ;

2.1.5 Inspector Follow up
i

lhe inspector monitored the licensee's investigation and independently reviewcd drawings,
procedures and r: curds related to the event. The licensee's effort was wil focused, and
appropriate managernent attention and oversight were applied, lionver, the inspector identi-
lied two additional areas of concern.

2.1.5.1 Maintenance Procetfure Weakness

During the Unit 3 mid-cycle outage in October,1990, the licensee removed and replaced the

|
E' SRV under MRF 90lM065 because the valve had becu leaking through the main war. The

*

crafisman did not identify that the insulation was on backwards, and the insulatbn was rein.
Stalled to the as found condition, Maintenance Prtudure M 001-006, ' Main Steam 6* X 10*
RV.71 A l. Relief Valve Replacement * Revisim I, did not contain precautions, limitations, ;

references to drawings, or instructions to guide the craft in installing the insulation properly.
The MRF package contained no additional guidance for de installation of the insulation,

t

2.1.5.2 Incffective Corrective Action

On Dec-mber 17, the inspector toured both the Unit 2 and 3 drywells to verify independently
that the SRV insulation configuration. The inspector reviewed photographs of de Unit-2
configuration and design drawings, lhe inspector found that the insulation of the 'C' SRV of

.
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Unit 2. an ADS valve, was imptoperly installed; in that, the end of the SRV facing the solenoid
valve and cabling was not completely covered. All other insult' ion on the SRVs of toth units;

was installed properly,

in response to the inspector's 6nding, ik licensee inspected the 'C' SRV and corwtuded that the
insulation was improperly inst.t!!ed. De licensee replaced the SOV and cable, and properly
insulated the SRY De licensee plans to subject the SOY, cable and splice to testing similar
to that described above. In LER 91 17, inued on December 6, the licenset stated that before
startup of Unit 2 from a forced outage in October, the insulation had been verined to be
properly installed per configuration prints. His verification was by visual inspection of the
SRVs by personnel from the mainterance and outage departments, but neither individual had-

ever twn involved in the installation of the insulation. His immediate cortcetive action taken
by the licensee was ineffcctive in that it did not identify that the 'C' $RV insulation was
improperly instalint As a result, Unit 2 was returned to power with an inoperable SRV. This

! is an appurent Vmlation of 10 CFR $0, Appendix II, Criteria XVI, Corrective Action, which
requires that conditions adverse to quality such as defective equipment and nonconformarres be
promptly identi6ed and corrected (Violation 9133-02h

2.1.o Safety Significance

ilhe high prenure coolant injection (llPCI) system and ADS comprix the divery enginected
safety features deugncd to mitigate the consequences of a small break I.OCA. If Hlf! is
unasadable ADS is desi ned to automatically deprenunre the reactor, allowing the low pres.E

sure emergency core ctuling systems to inject. Failure of ADS, combmed with the unavailabil-
ity of 11101, would result the lou of a safety function and the patential tnability to cope with
a snull break LJrA. It appears that Unit 3 operated for about 21 months with the ADS in an-

mdeterminate or inoperable state. During this time there were periods of IIPCI unas diability
notahng about 510 hours, that placed the plant in an unanalyred condition. No plant transients

,

which would have challenged this function occurred. In addition, it must be noted that the test
progr::m being applied by the licensee to these degraded components will provide acklitiorut
msight into whether they would likely have functioned under accident (tmditions.

2.1.7 Conclusions
'

in wmnury, the hcensix or the mywtor identi6ed etmeerns in the followmg areas:
|

The adequacy of pnt modi 6 cation and post maintenance ing=xtion of the SRV insu.* ,

lation donng 1989
|

De adequacy of licensee usersight ol' contractor aetnities during the installation of the| *

SRV msulation,

I adure to identify the incorrectly mstallaj insulatior, before closure of the NCR.*

'lhe a& quae) of the maintenance prwedure and planrnng related io installation el theo

SRV msulation. and

|
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ineffec:ive immediate corrective actions with respect to verification of proper insulationo

installation on Una 1

At the close of the inspection period, the licensee's revhw of these inues and development of
wrrective actions were continuing. The inspector informed the licensee that the Violations of i

NRC requirements characterized above will be discussed further during an Enforcernent
Conference to be scheduled during January,1992.

2.2 Unit 2 Forced Shutdown due to Excessive Leakage Past the Residual licat
Reinovat Systern injection Check Valve

At (d10 p.m. on December 5,1991, the licensee began an orderly tinit 2 shutdown frorn about
i

1004 power. The shutdown was required by Technical Specifications (13) because the *!!' '

loop of the residual heat removal (RllR) system was inoperable and could not be returnal to I

operable status wilix>ut a unit shutdown. On December 3, the licensee had conGrmed eaccisive
leakage pr.t the RilR testable injection check valve (AO 210-46fl) and the bypan valve (AO-2-
1016311) around the injection check valve. At that time, the licensee electrically disarmed the
motor operated injctiion valve (h10-210-2511) to maintain primary containment isolation
capability. With AfD 210L ?$11 shut, the *ll' loop of RilR is inoperable. 'The licensee reported
the imt:ation of the required shutdown to the NRC via the emergency notification system (lins).

During the hydrouatic pressure teu conducted on April 3,1991, the licensee identiGcd leakage
of 0.0!6 ppm piu htO 2-10 2511 and O.105 ypm pau AO 210-16311 and AO 210-4611. These
results were withm the beenw's established requirement of leu than i ypm of leakage piu
each salve. Alter reiurning the unit to operation the licensee identified an increase m the
leakage past 610410 2511 on jure 23. At that time, leakage had increased enough to peruur-
lie the RiiR discharge header and to cause an alarm to be racivcd in the control room. Upon
mseusgation, the *ll' RilR discharge header was found to be at 400 psig. Operations personnel
reduced pressure in the header to 160 psig. Tt.e licensee rnonitored the pressure increase in the
header and licensee enginecting calculation determined that leakage past h10 210-2511 had
mcreased to 0.024 gpm. the licensee de.cloped an honormal procedure (AO) 10.9-2, 'De-
preuuritation of the RilR System Discharge piping," to provide direction to operatiorts
perwnnel in depressurising the RilR discharge piping. The licensee routinely monitored the
average leak rate piu htO-210 25fl. On July 12 and October 28, the licensee cakulated the
leak rate to be 0.0.15 rpm and 0.13 gprn, respectively, in late November, the frequency of
deprenurizing the dacharge piping had increased from atmut once per 12 hours to once every
two hours. Testi, g and calculations performed on December 2, showed that the leakage pau
AlO 210 2511 was 0.2 ppm. - At that time. the licensee took additional action to determine the
leakage pau AO 21016311and AO 210 4611 Testing was performed on December 3, and the
licenw determmed the leakage to be about 4.5 gpm. At that tirne, the licensee electrically
divirmed A10410 2311 to maintain primary containment isolation capability and declared the
'It* RilR loop moperable.

Followmg shutdown of the unit, the beenw found that the excewve leakage was past AO 2-
10 16311. The hcenw divinembled AO 210-2511 and AO 210-416311 and found that t! >
leakage was the result of normal wear on the valves. 'The licensee repiired and reinualled ll.e
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valves and performed the appropriate diagnostic testing. tocal leak rate test (LLRT) ST/,'.LRT
20.10.13, *LLRT 'll' RilR Pump Discharge," and inservice inspection (151) test ST/ISI-6,
* Appendix CC Irakage Test of de RilR Containment twlation Vahes ('!!* l. top),* ucre
performed on December 12.

The inspector held discussions with licensee personnel and reviewed and evalcated the licensce's
actions regarding the leakage past MO4-142511 several times during tie period June 23
through December 3. De inspector teviewed the results of the tests performed on Decemter
12 and found them to be acceptable. De inspector detennined that the licensee's monitoring
of the condition during operation, decision to ix> tate the system after confirming the leakage
rates, and follow up to this event were appropriate. 'De inspector had no furdier questions.

During this shutdown, equipment failures were identified with contactors in the reactor protec-
tion system and leaking feedwater heater tubes. Therefore, at the end of the inspection period, I
the unit remained shutdown pending resolution of these issues.

2.3 Spurious Unit 2 Reactot Core Isolation Cooling System isolation
i
'

on December 5,1991, at 3:10 p.m., a reactor core isolation cooling (RCIC) system iwtation
occurred during the performance of surveillance test Sl2T 13-49ECICQ, * Calibration Check
of RCIC Turbine Compartment Temperature Instruments TE/TS 4936C * De reactor operater

7

(RO) reset the RCIC isolation at 4:30 p.m. De cause of the isolation was not apparent, so tSe
licemce declared RCIC inoperable pendinr further investigation. The licensee regurted the
RCIC isolation, an emergency safeguards feature (liSF) actuation, to the NHC via the IINS.

On December 5 at noon, Instrumentation and Control (l&C) technicians replaced the tempera-
ture switch (TS) card for TS 4936C and TS 4937C (one card is a dual switch unit). At 2:25 :

p.m. the technicians began surveillance test Sl2T 13-49ECICQ During the t,:si a RCIC |
isolation signal (results in half RCIC isolation) is initiated in the primary cantainment isolation
system (PCIS) Channel C Group 5. If a PCIS Charmel A Group 5 or Channel B Group 5
signal occurs concurrently, either inadvenently or due to other testing, a fult RCIC isolation
wi'l result. Therefore at the beginning of the test, the I&C technicians verilied Osat no RCIC
isolation signals were initiated. Between 2:25 and 3:30 p.m. the I&C technicians performed the
test. He technicians stated that during that time. they inserted a RCIC isolation sigel and the
appropriate test light connector tm light (D E) came on. Since l'iis light would not come on
with a full RCIC isolation in, it appears the t ip which produced a full isolation must hase come
in after the IAC technicians inserted their isolation signal. At 3:10 p.m. during shift turnover,
the RO in the control room received the RCIC full isolation and alarm. The RO did not expect
the iwlation. but he anumed that the IAC technicians had cauwd it and that they would cell
him. Therefore, the m < tid not contact the IAC technicians. At 300 p.m. the IAC techni-
cians came out from befund a panel in the control room to inform the p.O that the tea wu
completed. At that time, the technicians noticed th:t the !!CIC iwletion alarm had beea
receised.

The licensee tqan troubleshooting in an attempt to determine the cause of the ietstion. T1 e
shift technical adsiwr and the l&C technicians went to the cable spreadir;g rt ata to ched

|

- , -, ,, , ., -- -- - - - ,
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relap, but only determined that the RCIC isolation had resulted from either high ternpesature,
low pressure, or steam line hi h flow signals. Other troubleshooting included a test of the testE

hght connector bot and a visual inmection of the anociated socket and wiring, lhe licensee
did not find any discrepancies. On the following shift, l&C technirlans re perfoimed Sl?T D-
49hCICQ and a RCIC imlation did rmt occur. I&C technicians alw performed Sl2T 0-
49hADFM, * Functional Test of NCIC Turbine Compartment arxl Steam IJne Area Temgra-
ture instruments TS 4936A D, TS 4937A 9,15 4938A D and 13 4939A D,* to determine if,

any of the other temperature switches were defective. *lhe licensee did not identify any
discreguncies. The licensee alw irnerviewed other perwonel who were working in the cable
spreading twm at the time of the RCIC imlation, but could not determine the cause. Based on
the testing performed, operations declared RCIC operable em December 10. 1he licensee
concluded that the cause of the RCIC isolation could not be determined.

' Die inspector discuned this luue with several lies 'see personnel and reviewed the results of
suncillance tests $12T 13 4936 CICQ and ADI M. The inspector found the test results to be
acceptable. The inspector questioned the beensee regarding the pouibility that a perwnnel
error oNurtn! which causn! the RCIC isolation. The licenwe statal that no one involvn) had -
mdicain) that they had donc anything inco_rrectly which could base caused the iwtation. The
hcensee stated that if the RO had informni the l&C technicians of the RCIC iwlation when it *

occurred, identification of the cause would ha$e been more hkely. *Ihe inspector further
docuued this inue with operations nunagernent who stated that management expecta' ions are
that the ROs respond to and determine the cauw of all alarms tercivn!. Operations nunage-
ment stated that during the event investigation for the itCIC iwlation, the calent of the ROs
f ailure to respond to alarms would be caplorn) and long term corrective actions would be taken,
as neceuary. After discunion with the mspector, operations management decidn! that their
cywtainms for proper RO reyonw to alarms should be reiterated in the $hift Night Orden as
a short term conective action, 'n e inspector concluded that the licensee conducted a thorough
insestigation into the cauw of the RClC iwlation. 'the inspector did not have any additional
questions,

2,4 Unusual Even! Due To Transport Of A Potentially Contarninatett injured
Worker Offsite

On !)ecember 11,1991, about 11:10 p.m., a nmiract ernployee while closing a watertight door
mjorn! his hand m the door, Imt conwiousneu, and struck ha head on the lhor. Due to the
head injury, the indnidual was placed on a back board by the first aid group. *lhe indisidual
was wearing work clothes and had not two in any contarninatal areas. Since the individual's
back could not be mne3n! for cc.atamination, he was determinni to be gotentially contami.
natal. An tlnusual thent was declarnt at 1:07 a.m. per I: mein.y Keyme Prwalute 101, r

bec.mw the mdividual was tranyvrtn! of fiite potentially contaminated. The individual w:n
accompanin) by a llcalth physics Te(hmcian to York llospital. At the hmpital, the individual
w,n detelmmed not to te contaminated. At 3:00 a.m. the Linustcl !! vent wr.s terminate h The
mdnidual was treated d rehT.%ed from the hospital.

1
,

|
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3.0 UNIT 3 DEBRIS INDUCED FUEL FAILURES (377C0,007!0)

Hefore the shutdown on September 14, 1991, to begin the Reload 8 Refuel Outage, the Unit 3
offgas activity was almut 26,000 microcuries ;ct second. 'l}is offgas activity was indicative of
potential fuel failure.1herefore, during core rekud, the licensee tested (sipped) a'l irradiated
fuel bundles which were to be returned to the core for Cycle 9. Through sipping, die licensee
identiGed six leaking fuel bundles. Three of the bundles had been Grst kuded into the reactor
during Rekud 7 and three during Reload 6. The licensee vistally inspected die six bundles and
identified that one of the bundles had experienced failure cauwd by a manufacturing defx1,
while the other five bundles had experienced debris induced failure.1he debris appearix! to be
small metal chips. The licensee replaced the six leaking bundles with six Rehud 5 bundles
which had been discharged from the core during this reload.

flawd on the identification of debris in the failed fuel bundles, licenwe nunagement decided
Out the 508 irradiated bundles which had been returned to the core for Cycle 9, would be
renmsed f rom the core and inspected for debris, and the debris would tw remmed. During the
perial November 21 through December 8, the licensee cleaned the 508 bundles. *lhe licensee
idenidied DO bundles without debris and 178 bundles with some anmunt of debris. The
bundles u hich contained debris did not show any signs of failure. 1hc heenwe cleaned these
bur.dles arx all the fuel was returned to the reactor. The licenw etmducted the Gnal core
scritication on December 8 and veri 0cd that all bundles were in their proper kicatum.

In addition to the fuel cleaning, the licenwe developed and implemented a plan to clean the
textor tutom head dram piping and to vacuum xecuible parts of the vesvl tutom head.
!!arly dunng Cycle 8 operation, the licenwe suspected that the drain was plugged, becauw
wheneser the weend recirculatum pump was taken out of service, reactor water temperature
re.whngs taken at a point en the drain line showed sigmficant cool down. On September 15,
1991, after the unit was shutdown for the outage, the reactor engineers perfonned Spceial
Procedure (SP) 1319, " Unit 3 Reactor Bottom IIcad Drain Piping,* Revision I, and verined
that the line was plugged, l.icensee survey of the drain line klentified a 500 Rem / hour hot spm
atout 18 inches from the tutom of the reactoe vessel at the Grst cibow in the drain line. The
licenwe removed the four fuel assemblies, the control rud and guide tube Hic etmtrol rod
houung thermal sleeve, atxt the fuel support piece for each of two fucI cells to allow access
through the core plate to the bottom head above the bottom drain. On November 27, the
beenw lowered a camera to the tuttom of the vessel and verified that objects were pluggmg
the tonom dram. On November 29. the licenwe implemented SP 1319. Revision 3, and
cleaned the leilom head draire piping. Debris removed from the drain line ireluded several
ttch, umdentified rusty pieces of rnetal, and metal chips similar to thow found in the fuel. 'the
beenwe sacuumed a minunal amount of metal chips off of the venellottom head. In addition,
ibe hcensee performed the required inwrvice inyection (151) of the tmitom head meloding
usual weld inspectiont The licenwe did not identify any discrepme et

Ihe beenwe accumulated the metal chips found in the fuel, on the tatorn of Oc: vev:1 rnd in
the dram ime, and is currently conducting an analysis for identificatiot in addnion. ti.e toch
and larger metal objwts found in the drain line are bemg traced to Imw Parts e.nalyres for
objects which were known to be Imi in the venel or attached piping. The licenwe leg:n an

-_ .
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investiptien to determine the source of the debris, and a rtu cause analysis. The licensce's
prehmmary conclusion is that the debris resulted from tic re:irculation, core spray and jet
pump instrurnent line piping replacement which took place in 1%3. The contractc; performing
the work rnade three cuts on each N2 noule safe-crxl to tie vessel. I'o!!owing the second cut,
the N2 nonic safeel thermal sleeve cut, the contractor's procedure required putting into place
a metal catcher. However, for the first two cuts no metal catcher was used. During this time,
a HEPA filter unit was being uses! to draw a negative pressure m the textor vessel to control
radiological conditions. It a; pears that the use of the llEPA filter unit caused the tretal chips
from the first two cuts to be drawn into the vessel. This work was conducted by the same
wntrxtor for Unit 2 in 1985. The sarne practices were followed, however, a llEPA filter unit
was not used to control radiological conditions. The licerace has not identified debris in the
Urut 2 fuel during subwquent refueling outages.

The inspector followed the licensec's activities and attended several licensee planning meetings
regarding the fuel, bottom head and bottom head drain line cleaning. The inyrctor reviewed
the documents listed in Attxhment A associatal with these activities. The inspector attended
the Plant Operations Review Comtnittee (PORC) meeting on November 26, at which SP 1319.
Revision 3, was approved. The inspector attended Nuc! car Maintenance Divisico (NMD)
turraner mettings on the refuel iker and noted that NMD management did a sery good job of
ensurmg that all permnnel understood the evolutions that would take place on their shift and
their resposibilities, ne inspector toured the refuel floor and witnesssi several bundles being
msgrted and cleaned. In addition, the inspector reviewed several video tapes of the Itgl
mywton and of the tutom head drain line. The inspector reviewed completed procedurc $P
1319. and discuned the conduct of the procedure with applicable licenvr perwnnel. The
mspxtor alw thscunes! the investigation and root cause analysis being conducted with apphca-
ble hcenw personnel.

Durmg a tour of tl.e tefuel floor, the ingrctor noted that the refuel bridge operator was
standmg on the railing of IN: refuel bridge and leaning over tre textor cavity to reach tic
cmtrols to operate the brid c. NMD personnel were verifying that the moisture separator wast
appropriately latcha!. It a;.yared to the ingccior that since the bridge operator was tu
snured in any way to the bridge that he could slip on the railing and fall into the textor cavity.
The inspector discuncd this inue with NMD management, who took appropriate corrective
action to ensure that, in the future, the bridge operator would wear a ufety hamess when per-
forming ihn ewtution. Other appropnate personnel were alm retramed in the requirements for
wearmg safety harnenes.

'the mspctor did not identify i ne additional unacceptable conditions. The inspctior fotmd thtt
all aetnities obwrved w:re griormed in a well planned, controtkd and r:ofeuional mann:r.
the inspector concluded that the licemee had made a conservatn e w! mfety conscipes decisica
to proceed with the inyvetion and cleaning c f :11 of the fuel b 'n L ; licem ':'i t'ecisie i
to inspect and clear the bottom head drain da.nntn led tkr C.a. : tu fe::j cvel n:: anI
rewhe ihn inue.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ . . _ -- - - _ .
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4.0 SURVEILLANCE TESTING OBSERVATIONS (61726,71707)

1hc mspector obsenest coexiuct of surveillarre tests to verify that approved procedures were.

bemg used, test instrumentatkm was cahbrated, qualified personnel were performing the tests,
and tot acceptance cnteria wcre met. The irapector veri 6cd that the surveillance tests had been
properly scheduled arx1 approved by shift supervisico pnor to performance, ctmtrol roorn
operators were knowledgeable about testing in progrns, and redurxiant systems or components j
were a<ailable for service as required.1he inywior routinely veri 6cd adequate performance 1

of daily sursciliance tests inchting inurument channel checks, and jet pump and control its!
operabihty. The inspector did rx4 identify any unacceptable conditions.

5.0 MAINTENANCE ACTIVTTY OBSERVATIONS (62703) |

The mspector obsened porthms of ongoing nuintenance work to verify proper implementation
of maintenance prtwedures and ctotrols. The inyector veri 6n! proper implementation of
admimstrative ctmtrols including blocking permits, 6re watches, arxl ignition source andi

r.xhological ctotrols. The myntor reviewrd mainterurwe procedurn, xtion requests (AR),3

work orders (WO), item harxlling rep >rts, radiation vcork permits (RWp), nuterial certi6ca-
tums omd rtreipt mywtions. Dunng abservatum of rnamterurge work, the insartor veri 6ed
.ipproprute QA,QC arnolvenent, plant unhtums,15 Ir(h. equipment abgnrnent and turn-
oser, pmi-mainterunce teMmg arxl reportabihty review. 'the mywtor did rxg identify any
on;ernt

6.0 R ADIOLOGICAL CONTROLS (71707)

The msp rior exarmned wtwL m progrns m btwh umts to venfy proper implementation of health
phyucs (Hp) prtudures arxl csmtroit The mywtor trxmitored Al.AH A implementation.
dmirnetty arx1 tudging, pudectise (kghmg use, radiation surveys, radiatiori pitgection instru-'

ment use, arxl handling of p4cntully ctmtamiruted equipment and materials. In .wkhtkm, the
mywtor senGed compliance with RWP requirements. The inspector reviewrd RWP line
eninn and seri6cd that personnel tud provkkd the required information, The inspector
obwrved pe sonnel working in the RWP aren to te meeting the applicable requirernents and
irx!ividuals friskmy :n aut4 dance with IIP procedures. During reutine tours of the units, the
mywtor seri6ed a umphng of high radiatkm area doon to be locked as required. The
mspvlor did rud identify any un.ucptable omditums.

7,0 PilYSICAL SECURITY (71707)

The mspettor momtored secunty actmties for comphance with the accepted Security plan and
,micutnl implementmg procedures. 1 he ingwtor obsenni security staf6ng, operalmn of the
Centr,il and Nesoextary Asceu Systems, and htensee checks of vehicles, detection and auen--

ment aids, and vital area acceu to senfy proper control. On each duft, the inspector obwrm!'
prohrtal area acecu awrol and badging prWnfures. In addition the inspector routincl)
mg.cetni protected and vital area barriers. mmperiutory measures, and c', cort procedures The
ingwtor did not identify any concernt

I

!

|
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8.0 PRfiVIOUS INSPECTION ITEM UFOATI! (92702, 92701)

(Closed) Untewived item 'A) 8002, EYaluatc_thclictnicc'LCerIcetiyc_ Actions to Rcwhc
Wedwsn.inJmpicmentation_ullhtliwipmentltwbiclagtegram

A weakness was roled in the Ikensee's isuunce, contrtd, and dispositkm of equipment truuble
ugs thTI). Instances were identi6cd where LTTs renuined in p!xe on equipment after
numtenance tud corrected the deficiency, tags were placed on equipment but the leermee did
..ot initute a truintenance request form (M RI') or nonconformance repwt (NCRI, arx1 the ability
to trxk filT status to ensure corrective action had been implenented could twit te demon-
uratal. Failure to initiate a MRF or NCR after placement of an ETT, or failure to rencve the
I.Tr loilowing runpletkm or cancettathm of the MRF fus the puential to nusk nuterial
de6eiencies in de plant.

5;nce this weakness was identified, the hcensee has replaced the Computer liiuory and Mainte-'

runce Planning System (CilAMPS), which was used to track mamten oce functkms, with the
cimiputer nunagement system called Plant information Marugement System (PIMS). In
cimjurgtum with necessary changes in documentatkm arxl axwnerrlature asweiated with the
unplementatum of PIMS. the licenut imtuted a etwnplete rewrite of the procedure which
.wlmmiurarnely (tottsds the numtenance work process, A 26, * Plant Mamterurwe Work Prt>-

* A 26 specifies the process for the resolution of the deficiency identified by an l'IT andecu.
renxn al of the liTT when revdved. Adminiurative Guideline AG 26.1 details the amtution and
pracwng of liiTs, and specifies the goutkm of filT coorthrutor in the numtenarwe planning
ualf repmuble for the trackmg of ITITs, After an ETT is ismed, an Actkm Request (AR) is
rencrated whoch residts in a Work Order (WO), NCR, or cancellatkm. When the WO or NCR
n renerated, the I:TT is upiated with the appropriate documentatkm. Revdution of the
detiocrwy by the reymvMe group rewits in the reuxnal of the I.Tf. PlMS tus been config
ured w stus ARs. WOs, NCRs or ETfs can be effectively tracted. 'this system appears to
rowhe the gwcwmly identified tracking weakness. The inspeck>r reviewed a representalisc
wmple of I.rfs hung m the plant to determine if the revised firT program was effective in the
mitutum of ARs and the sutnequent removal of the LTTs. No deficiencies were rxHed.1hu
sicm a closed

4.0 M ANAGl! MENT MEETINGS (71707)

| Ihe rewknt inspectors prmided a vertul summary of preliminary firxhngs to the Peach IkWtom
Statum Plant Manager at the conclusion of the inspectkm. During the inspectkm, the resident
mestors sertully rumfied licensee management corgeming preliminary findings. The inspec-
tors dal r=4 provkte any written inspectum material to the licenwe during the u6pectkm, ihn
repon does tot contam propoetary mformation. The mspectors aho mamtainol the progreu of
the following mpTtum during the reont pernid:

[htte SVhicCl EcWI1EV. In5PW1Vf
l ata to 11/22 1 mergency Service water 91-31 Prividy, Shea, Jones,

Mannai, Iwans

. - - . - - - .-- - - . -,-. . -... . _ - - - - . . - .
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ATTACHMFET A

Documents Reviewed Durina f au=rur Follow-te of Unit J Fuel Failure

SP 1319 Unit 3 Reactor h*m Head Drain Une. Revision i and 3

10CFR50.59 Review for $P 1389

FH 6C Core Componese Mowsnent-Core Trartsfers

IM418416 Control Rod Blade 1.atching and Double Blade Guide Scating Verifcataan

M-018104 Control Rod Guide Tube Removal and installation

WO COG 76886 Rescove Guide Tube at Cort location 30 27
,

i

WO (T076884 Rermwe Guide Tube at Core laration 26 31

WO C0076842 Diensweble Cell 26-31, Rensemble After Vacuuming
,

WO C0076747 Disatiesnble Cell 30-27; Reaswmble Afler Vacuuming
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ACCil)ENT SI:QtJENCE PitECL)ltSoit PitOGl(AM EVENT ANAINSIS

1.1111 No: 280/91 017
livent Description: lloth cioergency diesel genciators for (Jnit 2 inoperable for 13 h
1) ate of livent: July 15,1991
l'lant: Suny 2

Summary

lioth crocigency diesel generators (lilXis) were inadvertently out of service at Surry 2 for 13 h.
I!DG 3, the dual unit swing dicsci, had Icen unavailable since May 7,1991, because of inadequate
post maintenance testing. IIIX) 2 was removed from service for 11 h on July 15,1991.

The conditional probability of core damage estimated for this event is 2.9 x 10 4 The relative
significance of the event compared to other postulated events at Suny 2 is shown telow.

11R 2hnNI .017

1l' 7 1I! 6 11:0 1I; 4 1 l'. 3 11:-2
1 1 1 I I Ix

I

, ' ,! I'''n hTop
| "M W

II# II'pa urmr a uu.f t J Ifilw 41

hil'R AlW -.

I_.

Event Descripilon

On August 9,1991, with tinit I and |Jnit 2 at 100% power, it was discovered that !!!Xi 3 had
been inoperable since May 9,1991. The discovery was made while investigating the cause for
lilXi 3 failing to achieve rated speed during a linit 2 enginected safeguards features actuation on
August 2,1991. This safety injection / reactor trip occurred as a result of vital bus power
oscillations on one channel and a failed steam generator (SG) pressure transmitter on another
channel. During this event, lilXi 3 achieved a speed of appioximately 835 rpm, which is twlow
the 870 rpm permissive needed to allow the output breaker to close. Thelefore, operator action
wouhl have tren required to bring liDG 3 up to speed should it have been necessary for the lilXI
to supply power to its emergency bus.

The failure of lilXi 3 was due to previous maintentmee that began on May 7,1991, during which a

|
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replacement govemor was installed. Adjustments were made to the governor to correct observed
8

problems, but these adjustments rendered EDG 3 incapable of achieving rated speed when called
upon to respond to a fast start signal. The required post maintenance testing had not been
perfonned on hiay 9,1991, to verify pruper response of EDO 3 to a fast start. Such testing would 1

lhave detected the failure,

EDG 2 was inoperable (reason unknown) for approximately 13 h on July 15,1991. Therefore, no
liDGs were available for Unit 2 for 13 h on July 15,1991. Since it was not known that EDG 3
was inoperable from May 9,1991. EDas 1 and 2 (the dedicated diesels for Units 1 and 2,
respectively) v,ere not tested daily, nor were the units placed in cold shutdown within the Technical

Specification required 7-d period.

Additional Event-itelated Information

The emergency power system for Surry consists of three EDGs for the two units. EDG 1 is
deaicated to Unit 1, EDO 2 is dedicated to Unit 2, and EDG 3 is a " swing" diesel that serves as a

backup for either Unit 1 or Unit 2. Each EDG has 1(X)% capacity and is connected to independent
4.16-kV errergency buses. Each unit has two emergency buses,"ll" and "J", and the "11" bus for
each unit is connected to its exclusive EDO. The "J" bus of the affected unit wculd be supplied by

EDO 3.

ASI Modeling Assumptions and Approach

The event has been modeled as a potentially recoverable unavailability of emergency power for
13 h. A nonrecovery probability of 0.12 was utilized. This reDects the potential for recovery
from the control room under burdened conditions following a blact:aut (LER 280SI-018 reports a
similar incorrectly set governor for Unit 2, which was adjusted from the control room).

IAnalysis itesults
1

The conditional probability of subsequent core damage e :imated for this event is 2.9 x 104. The )
dominant core damage sequence, highlighted on the following event tree, involves a postulated i

loss of offsite power (LOOP) with failure of emergency power, successful auxiliary feedwater
(AFW) initiation, a reactor coolant pump seal loss of coolant accident (LOCA), and failure to
recover AC power befort core uncovery.
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On August 9.1991, with Unit I and Unit 2 at ID0'A pomet, n mas determined that
Emergency thesel Ornerator (fDO) #3 had teen Armperable since May 9.1991: TW

*
detertnination mas made while performmg a root cause evaluation of the observed
performance .cf [D0 #3 dunns an August 2.1991._ Engineered Safeguards Feature
(E$r) actuation on Unit 2, This safety injectionheactor trip, which occursed as. a
result of vital bus poner utillations on ot:e channel and a failed steam scoerator
pressure transmitter on another channel.' is beitig repried separately by Licer.see
Event Iteport $ 2-91 00000. A root reuse investigation team sprointed to
determine the cause of the failure of LDG #3 to achievr rated speed found that
inadequate Post Mainienance Testing (pMT) m et performed following replacement
of the governor on May 7.1991, 1his was due to a cognitive error on the part of
utility personnel in that an approved work order step shich specified a fast start
k.t of tha LDG was not perfortned.- Dunns the period E!XI 83 mas inoperable. the
Unit's othet source of emergency pome.. EDG #2. was inoperable for approalmately
thirteen ? oats on hly 15. 1991. T his event is belos reported pursuant to
10Cl%C. /W a)(2)(0( B) and (ii)(B).
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1.0 f>F'VirII'110N or titr t'YENT

On August 9 1991. mith Unit I and Unit 2 at ' 300% power. It was
determined that Emergency Diesel Generator (EDO) #3 (Ell 5.EK.DO) had
been inoperable since May 9.1991. This determination was made while
performing a root cause evaluation of the obsetved performance of EDO
83 during the A ugust 2, 1991, Unit 2 Engineered Safeguards Feature
(ESP) actuation. During this event EDO a3 failed to achieve rated speed
of 900 rpm 1 2%. A speed of approsimately 835 rpm was attelr ed, which
is equivalent to a frequency of $3.67 lit. This speed is below the 470 rpm
speed permissive needed to allow the EDO output breaker te close.
Operator scalon would have beta required to bring the EDO vp to speed
to allow the output breaket to close should it have been neccesary for
th, EDO to supply electrical power to the eme rgency bus. Station
procedures were in place to provide guidance to operating personnel to
take appropriate action to adjust speed and energite the emergency t us
if required floweve , because manual operator action would have been
required. EDO #3 was declared inoperable on August 2, 1991, since it
could not automatically fulfill its design function.

Surry's EDOs utilire Woodward UO 8D governors for engine speed and
load control. This governor is of a mechanical. hydraulic design and n
driven by a spur gear on the accessory gear train of the EDOs A new
replacement gove rnor was installe d on EDO #3. adjusted, and tested
satisfactorily for fast start operation on May 1.1991 by a team consisting
of a vendor representative and utility personnel. On May 8.1991. full
load post maintenance testing of EDO #3 was begun. During initial full
load testing EDO #3 would not achieve full load. The EDO was secured, a
hot fuel rack adjustment was performed, and testing was resumed.
During this. subsequent full load testing, the engine cahlbited slight
load drift and addstional adjustments were . made to the governor. .De
cumulative affects of thr e adjustments was that EDO #3 would nots

achieve its rated speed when called upon to respond to a fast start,
flecause PMT was not performed to verify proper response of EDO #3 to a
fast start following these adjustments, the root cause evaluation team
determined that EDO #3 had been inoperable since May 9.1991,

Since EDO #3 was previou. y beliesed to be operable from May 9,1991.

through August 2,1991, the dedicated l' dos for Units I and 2 were not
tested daily. not were the units placed in cold shutdown within the

- ',

tequired seven day period in accordance with Technical Specification ;

3.16. B . I . During the time period EDO #3 mas inoperable, the redundant
eme rgency power

|
|

kI h 9'% Mh .$_

'
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supply (EDO #2) had been inoperable for approsimately thirteen hours
on July 15 1991. This e v e 41 is being reported pursuant to
10CFR50.7)(a)(2)(1)(li) and (ii)(II),

2.0 $1GNil'ICANT AAITTY Cf)NGOITNPf3 ANI) IMPf If ATIONS

Surry's emergency electric power system is designed to provide reliable
power to engineered safety functions and other essential loads in the
ev w of loss of off site power (LOOP). The system consists of three 100%
cat e .ty diesel generator sets for the two Units. One generator is used ,

esclusively for Unit I (EDO #1), the second esclusively for Unit 2 (EDO
#2). and the third (EDO #31 functions as a backup for either Unit. Each
Unit has two emergency buses normally i:d from an independent off.
si'e power source, with the EDO: functioning as on.stle bacnup power
-attes.

'

A safety injection signal, whether automatic or manually initiated. -
starts an EDO (EDO #1 or #2. depending upon the Unit affected) and the
redundant EDO (EDO #3). fly design, during a safety injection, the EDOs
start and accelerate to 900 rpm, but their output breakers do not close-

undervol1ge condition sensed on the associated 4160unless there is an
volt emergency bus.

During the e ve nt. EDOs #2 and #3 started as required and EDO #2 ,

accelerated to 400 rpm, lloweve r. EDO #3 only accelerated to
approsimately 835 rpm which does not satisfy the 870 rpm speed
permissive requirement for closure of the output bre ak er. This speed is
also below - the ODC 17 and EDO load sequencing scheme acceptable
minimum of E82 rpm. The EDOs by design are required to automatically -
supply electrical power to the 41M) volt emergency buses on a loss of
power to those buses. Ilad it been required, esisting procedures directed .
operations pe rsonnel to manually place EDO #3. on its respective

*
emergency bus.

Although EDO #3 failed to achiese rated speed, during this esent, EDO #2 -
functioned as designed and could have carried its emergency bus had
the need arisen, 110th during this esent and on July 15. 1991 when EIX]
#2 was inoperable, no actual demands were made on the emergency
power system. Therefore, the health and safety of the public were not
aIfccted.
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1 he re ston for tbc (DG el not scathing its required speed and
f reque n( y range was anobuted to a cognuive error or the part of
volut perwonel in that an approved work order step which specified a
f a st st a rt te st of I'DG 8) w as not pe rformed A contributing (suse was
that the post mainte nant e testing followe t asso(lated with she work
pat h oge did not spc 6 if y an 11K1 f ast st a rt te st lie perfortned

4.0 1A1AILDIAIL10RRLCHYLAC110NLM

I:DU #1 was declarrd inoperable August 2.1991, and an investiganon into
its failure to et hieve rated speed was snineted

L0 ADD 1110NAL_CDEltti."11ELAC110Nd)

T he gosernor for f lK) #3 was re sdjugie d and two consecutive fast start
tests were pe r forme d sau sf ac ionly , l' DG #3 was dec lase d operable at
1000 hours on August 3. 1991 approsimately seveniten hours after it
had failed to a(hieve taled speed

I DG # 1 and I DG #2 were abo tested to senfy operabituy. IlXI #1 "es |
found" speed and frequency acre w nhin the allowable target band LDO
#2 "as found" speed and f req ue n(y weic shghtly above the target band,
but the er gine w as determined to be ope r able. floth governors were
adjusted and two enore fad starts of cath engine confirmed speed and
frequern y to be well w ahin spe u fic atien.

The governor scaring and speed knobs for the 1:00 #1 and I'.DO #2
governors were sc obe d at the 900 rpm setting Elecause of previous
teshng ac tiv uie n for speed control of I.DG #3. these scribe marks were,

! already in pla(c on that gov e rtior. Station ope rating proc edures were
changed to diritt the . peed knobs to be reset to the unbe marks as part
of aligning the llXia for automatic operation. 1he resetting of the speed
knobs for the 900 rpm ac nbe marks eliminates the need for the se rvo
motor to adjust the governor during the storting se q ue nc e . This
resetung also makes up the blyh speed hmit s witc h and presents the
serTo motor from energining

"See through" (over plairs plates hoc been installed on exh engines
g as e rnor hnot switc h enslosure so that the scrilied match marks can be
e nity obse rs e d without dis a s se m bly . T he match mark alignments sie
(bc(ked e ac h shif t to venly the governors are preperly set

..e.. ,.

. _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ - _ __ -
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The procedurca for EDO governor maintenance and fast start ope ration
have been upgraded, and the PMT testing matrin for the EDOs has been
revised to provide specific fast start testing requirements following
governor- maintenance.

This event was reviewed with station employeca by corporate I
management at recent Employer Upd ate Meetings, and the St ation 1

Manager issued a memorandum emphasising procedural compliance I

and attention to detail.

6,0 A('TIONS TO PREVENT kl C1'RRf'NCE

Training for station personnel involved in gove rnor maintenance will
be improved.

In order to ensure the effectiveness of the corrective- actions taken to
date, monthly EDO fast start testing s,-ill be conducted through December
1991, in addition Event Redew an. Failure Analysis Evaluation Teams
are . reviewing - testing data and overall EDO performance to ensure
continued EDO teliability and availability.

7.0 $1MILAR EVENTS

.Nnue.

8,0 ADDITION Al INFORMATION

None,

I

I
\

%4 .ges 1 . .+y
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ACCIDENT SEQUENCE l'ItECUllSOlt PitOGitAM EVENT ANALYSIS

LER No: 287/91-007,269/91-009

Event Description: Reactor trip due to LOl3V plus degraded EISV
Date of Event: July 3,1991
Plant: Oconee3

Summary

A loss of condensate Cow caused a loss of main feedwater (LOFW) and a reactor scram.
All three emergency feedwater (Ef3V) pumps started as required. The EITV flow control

'

valve for one steam generator (SG) did not automatically respond, and manual control
was taken 4 min into the event. Operator errors while restarting the main feedwater
(MINV) pumps further degraded the EITV system. Two main steam relief valves
(MSRVs) did not rescat until pressure was reduced to 90% of their actuation setpoints.

The conditional probability of core damage associated with this : vent is 1.8 x 10-5. The
relative significance of the event compared to other postulated events at Oconee 3 is
shown below.

LER 287/91-n07

11:-8 1E-7 IE-6 IE.5 IE4 IE-3 -

1 I I I | |o
n

|
TRIP.,

g
tCFW 41 360 hg 3f0h m) -^

guecursor cutoff a " AIW I3'

L

Event Description

On July 3,1991, at 1118 hours, while operating at 100% full power, Oconee 3
scrammed as a result of an LOFW, The LOl3V was initiated when particles from a
degraded seal clogged an instrument air Dow path in the master s alve controller for the
condensate demineralizer system. This caused five parallel valves to fail closed, blocking
all condensa'.e flow. Demineralizer bypass valves did not open to compensate because an
operator hr.d failed to return them to automatic control The loss of condensate flow
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resulted in the trip of condensate teoster pumps due to low suction pressure, which then
caused a trip of the ma;n feedwater pumps, followed by the reactor sertun.

All three EINV pumps started on a low main feedwater pump tuihine control oil pressure
signal. At 1119 hours, operators shut down the turbine-driven EFW pump, after
confinning that both motor-driven EINV pumps were operating. As SG level dropped
toward the post trip setpoint,it was observed that FDW-315, EFW throttle valve to SG
A, was not controlling properly in automatic, so manual control was initiated at 1122
hours. SG level reached a minimum of 21 in. prior to operators taking action to
compensate for the failed valve. The valve failed to control in automatic because a
nonnally energized solenoid valve failed to move to its deenergized position. This
solenoid valve model had caused earlier problems at Oconee, and a decision was made
after this event to replace this and simihtr valves.

1

Two MSRVs did not rescat until main steam pressure was reduced to appmximately 8870
to 90% of their actuation setpoints, which is slightly lower than desired. Also, the low-
now alarm for cooling water How to EFW pump H did not clear as expected. An
operator was dispatched to check local instrumentation and verified that cooling now to
the pump was acceptable.

After the uait was stabilized at hot shutdown, the operators initiated actions to restart the
MFW pumps so that they could oe used for SG makeup. This required starting a
condensate booster pump in the recirculation mode, which fills the upper storage tank
(UST) with water from the hoiwell. Water in the UST is then used to makeup to the
hotwell as its inventory is used by the MITV pumps. ReGiling the UST with water from
the hotwell increased its temperature to 170*F. This exceeded a 130*F pmcedural limit
for maximum EFW pump source water temperature. At the time of the event, the I
operators believed th:it the 130T limit only applied while at power, and that a 190 F limit |
applied while shut down. A subsequent review of the Reactor Trip Recovery Frocedure )
indicated that the 130 F limit also applied for up to 5 h after a trip. With te UST

'

temperature greater than 130T within the 5-h post-trip period, decay hen removal
required two of three EFW pumps instead af one of three.

When the operators added water to the UST from the hotwell, they overfilled the rank,
which resulted in water flowing into the normally dry reference leg of the UST level
instrumentation and generating a false low-level signal. For ~30 min during post-trip
recovery, UST level instrumentation indicated that the tank level was less than minimum
requirements. During this event the condensate storage tank, which receives overflow
from the UST, itself overflowed onto the turbine building Door, and operators were able
to confirm that the UST was full. The UST serves as the primary source of water for the
EFW pumps. If the UST , Jetennined to be unavailable, procedures require the
operators to break condenser vacuum and provide EFW from the hotwell, which can
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consume substantial 1,ersonnel resources and time.

Analys,s of post trip data indicated that one of the two ERV pump actuation signals -

following loss of the MRY pumps, low pump discharge pressure, was not generated i

during the LORV. (The IIRV pumps actuated on a low MRY pump turbine control oil
pressure signal.) Continued operation of the D heater drain pumps maintained MRV !

,

pump discharge piping pressure above the low discharge pressure setpoint. This was
subsequently detennined to be a potential problem on all three Oconee units for all trips in
which the heater drain pumps continu la operate.

ASP Modeling Assumpilons and Approath

The event has been modeled as a potentially recoverable LORV with one ERV Dow
control valve unavailable. Because of the high UST temperature, two of three ERV i

pumps were assumed to be required for success. A revised ERV failure probability
given these conditions was calculated as follows: i

p(ERV) - [p(MTR PMP 3A) x p(MTR PMP 3B l MTR PMP 3A fails) + p0 4 (R
PMP 3A) x p(TURB PMP) + p(MTR PMP 3B) x p(TURD PMP) +
p(common cause)] x p(NON REC) + p(second ERV flow control
valve fails) x p(fail to manually contml flow from control room)

p(ERV) = 10.01 x 0.1 + 0.01 x 0.05 + 0.01 x 0.05 + 0.00028] x 0.26 + 0.1
x 0.04

p(ERV)- 4.6 x 10 3

Analysis Results
;

The conditional pr_bability of subsequent core damage estimated for this event is
1.8 x 10-5. The dominant core damage sequence, highlighted on the following event
tree, involves a failure to recover from the LORV, a subsequent failure of ERV, and *

- failure of feed and bleed.

; ;

I

L

f

., - .. . - . . . . . - - . - . . , - - . - . . _ . - - . - . . . . - . . , . .
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| 13 CD
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1 14 CD
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17 (4 -
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.

Dominant core damage sequence for LER 287/91-007

1

|
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%

|
1

|
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COND1TIONAL COfti DAMAC4 PMORAlst LITY C Alat.AfloN s

Event ident if tot t ' F41/91-90t -i
twent penes ipt ient peactor t r ip due to IIN W 3,104 degtaded EFW i
Lvent Date 4 01/03/91 ' '

Plant: . 0;s,new 3
,

'

3WITIATING EVE.NT

WON...htODvikASLC lt!TIATING LVtWT PhopAh! LIT IES

Tft Ab s 1.05*90

$EQi|LBCE COffDITf 0NAL tituleAllillTV #UM3 - t

End Stat s/Jelt lator P retan$llit y

40

Ya)Je t 1.0F-0)

Total 1.4E*06

ATWA

TRANS 3.4L-0$ >

tat 3,4t-06
,

$ tut?t'NCE Ct.9iblT105 Ai. P90nAnfl,ITIE4 (FROBAAj Lf f y ORf431

Sequence End ptete. Ptub M D e** * *

l 'F t rene -tt AFW MrW hpt tf /bl CD' 1,6E-05- - 2.6E-01
16 trane -rt ArW #srw *bpt (f /b)- bpr/-hpl .CD 1.88-04 3.4t' 01'

18 trane rt Atwa ).4E-05 1.it*01

** hon-recovety credit tot edited case
,

SEQUf MCE CONb'T.IONAL PWOkABILIT!f 3 (8EQUENCE t.30ER)

Segaence - &nd State - P rob N poc'*-

it t rans *rt APW !al'W * hot tf /td hyr/ hpt CD 1.st-06 ' ).4ka01
it trona -rt Arw Mrw hpl { f /b1 CD 1,6t>-0 5 2.95-01
2e t raos et ATw1 - 3.4E-01 1.2E-01 . y

** non-tecovery credit for edited i;eue
.

BEQUENCE IODI:ta a \aspilG49\gmed4eal cagt
16R ANCH MODEI.3 ' . c1\ asp \l986%ounneel. AIL
PROBARILitY FILE s c \ esp \1989\pwr ball. pro

No Recoveity 't,1mit

itp A*.'ll F9EQursc JEs /Paon AWit.ITltt

Di s nc.fi $ystem Mon-Recot ' Opr Fall

trene 1.SE-04 1.0Leod

I.
sI

| - tvent Ident if tort 24'1/91-007
[.

-p

t

,

,

-

WW--Mv- 'r-7 'eww -9 -tgr +-vwgwtv p mevhW'v=-a- y e =r wme y wp g e er ye May-- w--t+qwa Ewy*g* yt ,e - 9m-w >-.w-e4--i.uv +-a v bHg5 P g- Y g



~ , . . . . . .. . . . - . - - . ....~.---,~.-~-,,.~....~.-n.~--~.an, -- , . a a .a i ----.--.aw- . ,
. .

I

(.

. . ib$.5b2

loop 1.6E-05- 2. 4 E -01 -*

loca- 2.4K+06 4.1E-01
et 2.SE-04 1.2E-01-

-'l
,

rt/ loop 0.0E*00 1.0E+00
.. eme r g . powe r . - - 2.9E-03 0,0E-01

. :

. Arw . . 3.8E-04 > 4.6E-03 ** 2.6E-01 > 1.0E +00 -
Branch Modelt 1.or.3+ser

,

' Train 1 Cond Prob 2.0E-02- -.1,

Train 2 - cond Prob 1.0E-01 -a

Train 3 Cond probs - 5,0E-02
serial Component Probt 2.9E-04 "

afw/smorg. power %.0E-02 3.4E-01
,

Nrw 3E*01 3 1.0E +00 - 3.4E*01+
,

Branch Models 1.00.1
Train 1 Cond Probi 2.04-01 > Failed >

po rv.or . a rv.c ha ll 4.0E-02 1.0E+00
pniv.or.ory, reseat . 1.9*-02 1.1E-02
pu t v .or . o rv. re seat /amo rg . powe r 1.0E-02 - 1.0E*00.

,

ses1.loca 4.0E+00 1.0E*06
ep.rectall 0,0E+00 1.0E*00
ap.tec 4 , $ E.C1 1.0E400 t

hol 3.0E-04 8.4E-01
hp1(f/b3 3.0E-04 0.4E-01 1.0E-02
hpr/*bpl 1.5E-04 1.0E+00 1.0E-03

branch model (11e*

** forced *

4

Minariet
06-08-1992

1

33t21:25

+

.

i

,

:R

5

Event 3dentillers 781/91 001
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In Condensate Deminerallaer systemf.qu i pme n t Failuee Closes Pneumatic Valve
Causing 1.oes of Feedwater and tractor Trip
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"n July 1 1991. at 1118 hout. vla le cpe r a t. i ng a t 100 1 Full iewat. Otonee
Unit 3 t r pp=d as a tesult of 9 loss of feed-ater. Iba loss was initiated
when p rticles f r om = degr aded seal clegg*d an Instr ument Air flow path in
tha mester valve contrell=t for tha condansate d*mineralizer rystem. This -

r*usad fiv- parallel "ilves to fait closed. block.na all condanc.te f i n.
t minat alizet bypa.* valves could not open te compensate becau.* *n
Operatar had f91 led t9 ietutn iham tn Aut omat te ennt r 01. The lass of
condansate flow re uited in tha fr2r af condensat boostat pumpt dua t o l oi.'

tt ip of the main f**dwa**t pornp s ,suction prassure. whtrh than ".musei a
followed by the rearter 'rtp, Freigency teedwatet pumps st a r t ad. but a
solen Id valva fatl*d t* quiring N nuAl ep*tatPr U t)M t0 COntt0} flow to
one steam oeneretor. The operaters st abilued the unit at hot shut down.
cntractiva actient ;ncludad teplacement of tha dafertiva p tts M T.!
m ntellina of the nparater. IM in' cause en Equip w nt F allat a m th a
c ent t it o' it.c c ause of inapptr.rtlatr Actlon.

.n,e.....

_ _ _ . _ _ _ . _ . _ _ . . . . . i . . . . .



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

B-164

. . . . . . . . - - . ~g. ,,,,,,,,,,,,m,,,,,
.e.,

UCENSEE EVENT REPORT (LERl '07/.??.o*40*.",* *.'7||**.'.,*.T|7.'l .O.1"4*
.

TEXT CONTINUATION Y.*E'.*****d* ..*$'/d'O"ek'M*|'I.'UO
u..i. =.J A"T'.". a rt t..T A..*! ". 3 :: a

*
a.. n .

.*vn m n-.... . . . . , , ,
| ,,

":= |- :::. :~.

oconee suelear Station. Unit 3 o is to Ie Ie !2 8 7 0 } 0|T -9 14 Oo 0 |2 or 1 i1t1 J 1
-

= - - . eo

DACIWKWlQ

The Condensate System (E!!5:5D) has three main system functionse 1) to
deliver condensate from the condenser hotwell to the suction of the main
f eeckster (E!!5 iSJ J pumps at adequate pressure. 2) to purify the condensate
for chemistry control. and 3) to increase the temperature of the condensate
to improve thermal efficiency. Chemistry control is largely provided by
the Demaneraliter System (towden) (E!!SisFj. which consists of five ,

parallel resin Led filter cells (Ells.DM), Each cell can be individually
valved out of service for resin replenisha.ent (precoating), Precoating is
per formed as needed on a staggered schedule to avoid having several cells
out of service simultaneous! . A mester controller (E!!$ d$) provides a
pneumatic control signal to-:> w s on each cell to balance flow equally
across the cells in service. .ndividual controllers receive this signal
ard compensate for differences an pressure drop over the individual cells,

Additionally, two valves. c-14 and c-IS, act as Fowden bypass valves. They -1

open sequentially in response to a single controller which can be operated.

either by the control room operator when in manusl or in response to
overall Powden system pressure drop when in automatte.

MHLMSNmpli
,

In March. 1991, during the last Unit 3 refueling outage. Nuclear Station
Modification 32522 was implemented. This modification revised controls for
several valves which formerly had reverse-acttny pneumatic controllers.
The old controllers showed 100 % demand for rero flow. The new contro!'ers -
showed 100 5 demand for full flow. As part of this modiftcation, the
controllers for several valv+.. including the condensate demanera n tzer
system (Towdex) Bypass Valses IC 14 and C-15), were replaced with
controllers which have programmable logic for autewatic control functions.
The old controller for the'Powdex Bypass responded to a high pressure drop
across the Powd*x by opening the Eypass valves even if the controller was
manually set to an interm=dtate ratee positann. The new controller was
programmed so that the high pressur e drop signal vould only open the Pypass
velvas if the controller was in AUTO. An operator training package
cont aining a descr ipt ion of this chano* t'es distr ibuted prior t o the and of
the outage. Additienally, label vas installed imedtstely under thea

centrollet, stating that it should be placed in AUTO vbenever 'he Bypass
Valves were closed.

On July 3. 1991, tina t 3 vss g erattng at 100 "3 full power when operations
and cham t s t ry pe r sonnel 1*cin t he r oot t n* c;iar a t ion of pr ec cat ing a ce ll in
the Fcadan. At OMO bout * , - Cont t el Poom Oper at or ( Cre t A placed the
cont r ol f or fewdex bypass talvas in mhnual and opened them f ra es tnt a tu4

sdeqv ta cond*nsat e flw end Condensa t e Focster tump i m ) section
*

pressare. At approxtrately cM 2 hours. cheeta-try Techntetan ? KT A>
place d the rovdex master centroller 2nto msnual and took on* cf fi ca calls
out of service to precoat th= cell ty closing it s inl*t and cutlet talves.

..c.-...
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4

#
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After the c ell was isolated. the master contr oller was returned to AUTO.
CEO A used the t>ypass valve controller to throttle C-14 and C-15 until the
other four cells carried 85 % ef total condensate flow and the remaining 15
% flow was t outed tnrough the bypass. The twass controller was lef t in
Manual during the precoat cycle.

At 0952 hours CR0 ?. st ar ted low Pr e ssur e inlection (tr!) [E!!5.BPj pump A
for a scheduled Per formence Test. After data acquisition was complete,
pump A was stopged, the system was te-aligned and Cko A started 1.r1 pump B
at 1947 hours. He set the flow r ate as r equir ed by the t es t pr ocedure , and
left the control room to perform ether .ities after giving verbal turnover
concerning tha tasks In progress to CP05 8 and C.

After the Towdem cell was pr+cnated, rF0 B tocreased rowden Bypass flow by
opening C-14 and C-15 again at 1048. rf A valved the Fowdex cell back tnto
service and placed the rowden mastet controller back into AUTO. At
approximately 10% hour s. CT A telephoned the control room to have C-14 and
C-!% returned to normal. CR0 B states that he operated the control to
close the valves, but was interrupted by a second telephone call prior to
returning the conttel to AUTO mod *. The valves finished closing at 1057
hours CT A confittped from local indications of individual cell flows that
full conden. sate flow was ooing through the Powdex cells, concluded that the
t ypass valves had closed and considered the pr ocedure step satisfied. CT A
had no local indication of AUT0/MANtJAL mode for the Powden Bypass valves,
and the Chemistry procedure did not specifically address having the Bypass
cnntrol placed in AUTO.

CRO 8 states that. in response to the r ond telephona rall, he became
tuvolved on supporting tha trl pump test which was already in progress.
His involvement continued for *. eve r a l minut e s after whics. he forgot to
finish r eturning the cont r al for c - 14 and C-15 t o AUTO. At !!O9 hours he
secor ed L F I pump P and sum equently C igned and started IFt pump C at 1117
hours.

At lil?>33. alatms were receited in the control room to indiente high
| differential pr*ssure across the TowdaM. high Hotwell Pump discharge

pres *or*. and Jew CPT suction pres'ture. Alarms also indicated low hotwell
flow and an automatic state of the standby rPr. At 1117.% the integrated
rentiel System |E!!s: f A l r * * chad a feeiuster (POW)/ Reactor power mismatch
limit. This caused reactor power to be decreased to match a decrease in
actual FrW flow. The op* inters In/esticated the alarms, but, before they
could take any corrective actions, the unit tripped from 95% full power at
11 18 . t' ? . A review of p ut trip data shows that the Fr@ suction pressure

trip of all three cars, followed rapidly byindtceted l~. which caused .
trip of both Main frW rer which in turn. caused an enttenpatory trip of
the rearter.

$*Veral imad ute M t ota t ic uticra cecuired. All three Emergency FDW
|E!!5:FAl Fump-; stirted. The ' en' r c i i od Pr ive (ElIS , AA l breaker s
{ FIIS 1FFF ) oper *d *ni a l l er;t t c l t od< ve r * Inser ted into the core.

..e . s.m. +e .
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shutting down the reartor. The turbine /genetator tttpped, station
ausiliary power lE!!S,EA] switched f rom normal to start-up (Emergency)
power, and the Main Steam Felief Valves (M59Vs) and Turbine Bypass Valves
opened.

The operators also took manual action. They confirmed that the reactor and
turbine had tripped, verified that the Emergency FDW Fumps had star ted, and
monitored for proper operation of other automatic equipment. They started
a second Htqh Pressure injection (HPI) {EllSe BG] pump at 1118:36 and
opered Hr*26. HT! 1.oop A Eme rgency Mak e - up Valve t o incr ease Hrl flow to
maintain Fressurarer level.

At 1118:47 CBF suction pressur e increased fre,m approximately 85 put to 163
pst (Harwell rump discharge pressure). tressute between the PBP discharge
and the Natn FDW Puep suction incr eased to 7% psi. Main FDW Tump
discharge pressure s omentarily increased to 1845 psi then decayed to
apprownmately 750 p.1Q, At 1119 both "D" heater drain pumps were manually
stopped. and Mann FDW pump discharge pressure dr opped in approximately 165
pstq.

Also at 1119, the operators shut down the lu:bine Driven Emergency FDW
hamp , after confirming that both Motor Driven Emergency FDW pumps were
operating,

At 1120 tha operators closed HP-26 and stopped the second HFI ptamp.

As Steam generator level dropped t owar d the post trip setpctnt, it was
otserved that FDW-315. Emergency fDW thr ot tle ; dve to Steam Generator A.
was not controlling prepetly in AUTO, so CFO A took manq=1 control at
approximately 1122.

On* of the Turbine Bypass Valv*s. fM-19 had been observed to opet ate
erratically in Automatic following a ptevious Unit 3 trip en 6-4 01, so the
operators tock Turbina Bypu s Valve control into manuel at 1129.

The operaters observed that the low finw alaam for enoting vater flow to
Motor pr iven Fmer gancy FDW Fump B did not r***t as evpec t ed, 4 Non-
Licensed oper ator was dispatch *d t s ch ch th* Incal indt et ton aivt ver if tad
that f : ow wu indicat ino M ahat than t he inw flow alarm ** trots.t.

Two Matr; Steam Folief Val'/as did not r esent until af ter min stea* presure
was reduced to app r nu sma tely 60 to 90 i, of th*1r actuetion setpoint s.

Sp*ctfte pm t- t r ip pa r am*t ars r em* trad in accept at le I n m a t r. , Reactet
Ccolant System (RCS) [FIl5 AB ) preuut e tanged between 18 % and 2202 psta.
firent ary op*raticn of in* sacend HTI p tmp *Mbl*d the pparators to
matetatt; Frassur12*: serentoty on scale between a hiah nf 230 inchas at 'h*

tima o f t r ip emd a lov efM.* inches. RCS + +mpe r at ur a s conv* r g*d smoc t hly
to approntmetely %5 F. Steam C*natator pressure testbed a pest +tt1p haan
of t ill psic and we entrelled at appr oximately 1010 psia except when -

; < . - . _ . . .
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pressure was reduced to apptonimately 940 psig t o s escat two main steam
relief valves. Steam generator inventory reached a minimum of 21 noches
prior to the oper ators taking action to compensate for the failed FDW-315.

An inve s t iga t ion was s t ar te d t o d.t ermine the esact cause of the tilp. The
CPP emergency low suction pt es sure swit ch. I S 228. { E IIS 4 XIS ), was f ound t o
be leaking. It was isolated and (nund to have a split diaphragm. It was
observed that one of f-ut hout,ing bolts which hold the diaphragm assembly
in place was a.insing. The technician left the pressure switch electrical
circuit open, clearing the tilp signal to the CPPs, and permitting
subsequent rest ar t of a Citr. The ant tr e switch assembly. including
diaphrace, was replaced prior tn unit vestatt. This failute was initially
thought to have been the cause of the I t ap. i.ec ause an emergency low
sut t son pr e ssur e signal, sust a s ned for 30 seconds, will trip all three
CPPs, cause the Main FDW rumps to trip and result in a reactor trip.
However, Transient Honitor ( f.f lS ilQ) and cont i el r oom indications show that
a leal flow reduetton occurred prior to the trip. Also, the Hotwell Fump
discharge pressuta increased, indtrating a finw blockage .t n t h* T owde x
system.

Therefore, the f ewden was checked and the mastet flow controller was found
to have f ailed. which caused the outlet valves on the individual
dominesallzer cells to closa when they should have been open. The
contrnller was further investigated. A pneumatic ALTT0/ MANUAL. t r ansfer
switch was found to have the AUTO position air port clogged by par t teles
from a worn rubber seal. The seal was teplaced.

A f t e r t he unit was stabiltred *f het shutdown, Op*tations personnel desired
to restart the main TDW pumps, nne of the first steps t o do so r equir ed
starttng a CBP in condensata recirculation mode, in which condensate is
routed fenm the Hotwe ll t he ough Powde x to the Uppet Surge Tank (UST).
Water an the UST is then used to makeup to the Hotwall as Hotwell level
drops. However, n procedure specifically envered restert of a CBF undet
the exis ting condit ions . Spec if tcally, 4 concern was raised that starting
a CRF wnuti rause hot wat+r f r am f ee dw * t e r h*aters to te pumpel into the
Mt . r a t s.ing t he UST t empa r a t uv e above 110 F. The MT alm serves as the
primmiy source of water for the Em rqaricy FDW pumps and 130.f is the
mastmum supply tempersture assumai in riesign Fnytneering calculations of
the saquired Imatg.uey readuster flow sa'es follevang a t rip fi ne full
power. . Seve' 91 pr ocedur r e including the Feac t or Tt tp P*cnver y r e c< edure.r

tentain+d rauttrn statements that t h* 11$7 t emper a tur e mus t t'e les* than 130
t with the Fenetor critical. but it enuld be up to 100 f with the Beactor
wubcritical, Operat ens M 4f f per sennel w*ra consul ted and cnneur r ed with
tne d-tisten that the 1" F 1mit m ited bacsuse the pa ctq was,

sinerttical.
t

At li W. the cr * r s t N s f euu t ad a Or and es t ellshed condermate
rectreulatton, As *xpu t*1, N i *,qerature rMe to approximately 170 f.
n thin ten wennutar D rtly a f t er e nt e r a r-q t hi s .I t ne- up . the eparators
obteryad t h.T the '";7 | ave] p45 j n t c N t InQ I"9 s t hin t he fi IOct *tnlmum

.e 4 .e. mee as,
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level required by Technical Specifications. despite the fact that make-up
flow from several sources should have been causing the level to increase.
Make-up flow was increased further and the Condensate Storage Tank, which
receives overflow from the UST, began to overflow onto the turbine butiding
basement floor. This indicated that the UST was actually full, so make up
flov was then Isolated. A work request was initiated to investigate the
level instrumentation. Subsequent review of the Reactor Trip Recovery
Frecedure revealed another caution, on a later page than the first caution,
which stated that the UST cculd not excead 130 F unless it had been greater
than five hours after the reactor trip.

The operators started a main FDW pump, and stopped the motor dr iven
Emergency FDW pumps at 1427 teretnating the less of fe*dwater event. The
reactor went critical at 2310 houts and the turbine was placed back on-line
at 0230 hours, 7-4-91.

Analysis of rect-Trip data also showed that, although the Emargency
Feedwater Fumps were started by one actuation path, i.e. due to low control
oil pressure on the Main FDW rump turbines. they did not receive a timely
start signal from the other actuation path. The second path is actuated by
low Main FDW Pump discharge pressure. It was observed that pressure in the
condensate /feedwater system stayed higher than the low discharge pressure
setpoint due to continued operation of both "D" heater drain pumps.
Analysis showed this phenomenon to be a potential occurrence on loss of
feedwater events for all three Oconee units, therefore one path of
Emergency FDW actuation logic has been technically inoperable for some
time. This situation will be reported separately as LER 269/91-09.

CQtlClXM'h5

Th* root cause of this event is Eq upment Failure. The Towdex master
controller a Foxboro model 52A "consotrol" failed due to normal wear and
age degr adation of a rubbn saal which is a component of a part number
C123MT Switch Assembly. This failure is NTRDS reportabl*. This seal is
internal to the controller and is not specifically snapectad dur ng
calibration or tautina maintensnce. It has apparently been in service fer
a long time, possibly since initial installation prior to Unit 3 start up.

A contributtng cause for this event is Inappropriata Action. Improper
Action where the proper ection was chosen but ex*cution f ailed because a
required action was omitted. Had CR0 tt placed the Fowd*x eypass Valva
centrol in AUTO, the unt* trip could have been accidad becaus* th= byptst
valvas would have teen abla to rat p nd to tha increased pressut* drop
uress the demineraltzer system as the Fowdex cell flow control valv*s

owdax Bypass Valve control has a.lebelf ailed shut on less of att, The r
which states that t h= ronti el shw ld t'e placed in AUTO whenever tha tilvas
ar- closad. This i s a c c ov l t *,he 2 simply by ptessing a botton on tha
"nt r ol . "FO B was knowladgaable cf this teq1tr-ment but.was distra;taa
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h an int e t t ur t ieri r e lat e d t o anothat task. and did net think about the
need to r etur n and rnmplete this task.

Although othet unit trips have r.tcurred tetently d2e in equipment failures,
none involved the rovdan system contrnis avi norie of the cortective actions
could have addr essed t his fallute. Therefore, this event is not consideted -

tecurrsng.

Several addit tenil equiriment failuren/ problems occurred duting this event.
but were not causal factors of the event. Subsequent investAgatton by
Maintename revealed sevetal apparent causes of some c f the pos t-tt tp
diserepaneles.

1. A solenold valve t%V) failure disabled the autreatic cont rol of
f0W-315 the Tme rgenc y f eedwa t e r tonp A throttle valve. The r,nlenoid

valve is nor mally ene r gt red but i t, t *quir ed t o oper a te to the de-

enet atrad posit ion upon Eme r genc y F0W actuation to permit automatic
control. This failure is NTFDS toportabla. The SV was e Valcot V-
70910 21-3. This model 5V is used in several other appiteations at
the plant and has f ailed to oper at e pr operly in the past. Because it
i s ne. melly ene r gize d and ope r a t e s at an elevated temper atur e
tappioximately 250 T), Maintenance Engineering suspects that the
temp +tature causes degradation leading to the valve sticking open
when da-anergtred. This spec tite 5V had been installed in the
cooling water system for a Motor Drivan imergency Teedwater Pump on
Dec 31. 1990. Howevei, it w ss cannibalized to replace the previous
SV nn FDW-315,, which failed during a F *r todic Test of f 0W-315 dur ing
the isst tin t t 3 refu*linq outage, f ollowing t hat nutage plans were
inttta'ad to reptar* this m~41 45 the orvice intervals *xpli*.

7 The Natnr Pr t t en Emar oancy F 0W pump conl tng vst e r . low flow alnam
15 normally tercivei when 'he pump start signal is retelved. but
normally cleerr as soon as the cooling water valvo epe n t, to establish -

flew, in t his esse . the instrument was fcund nut nf enl dration
ano ; IS that the .ndicated firw wnuld not teset the alarm,

1. 'l ha resenting of ton ittin Steam F+ 11 f Ve lva s at alightly lower
i h 4 e. detirei Syst.m pg g g e igy p ig ngg C pr1g 3 de p 9 j 3 gnmpon*n& fa1 lute.
H%*Ve* Tidtt19n91 dit. ** a lu.t t t en vill be par (ct**d f nllowifcj.

futuie tripe te ' identify th* enact pressure at which thet'* t t e r
sal.** rescat and im k f-r uts e t s e t r e rs-

4 tha dian.ra v % t- N9 t ePr eur t ion pr ee sota -itch) r up t ur ed

pre-'rtp valitap't' ' t it A l t hmi it, '' P I * .v t t en pr e s sur e went fice a
et arrinxim4 rely Of<tain l '-m pstg after the trip ? !in e u t t c h* s
v*re '. a t P i ( |, t 1 ' [%Ig M 4 f 1( t !.0 * O r. TI* f(mpOnan' thdt! ate 4 dit*
of men;fartura nf 1973 Pitntenin e r ecer h indicate that tb* wit r h
at nr' t**n t *[ l v e I s a ve inttla! ine t tila t ion prior in Unit 3

?%r'':4 t r. 971, Ih* meida r! (.41lyr WAS 3 PrAck FG th* Nt * f * d7]*-

'. f ti* h*?Il **lt'h d 4; *.rup ?!e ffa%gnie Of sDf%* t' i l % t en f li*~

....,.is..

1
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inside surface of the crack indicates that it had degradad over a
period of time. then failed under highet than normal pressutes. The4

f ailure of TS-228 was primarily due to age but may have been
influenced by the missing bolt on the unit housing. The housing
holds th* switch diaphragm securely, and rest r ains tne diaphrarp from
fleming at i t s pe r iptse r y . The absence of the housit g bolt could
allow the diaphragm to fles at its outer edg*, subjecting the area at,

the potht of failure to stress fatigue. The bolt was apparently left,

out after a gasket was poorly installed such that it blocked the bolt
; hole. It was not possible to identify when this occurred, who did

it, or why the person (s) involved f ailed to realign the gasket sod

that the bolt could be pr oper ly installed. It was noted that the
housinc) is not disassembl*d dur ing t out ina calibration of the switch
and the d* gradation would nnt have been vis tts te wi t hout disassembly.
This fmilure is NFFt5 terntt.ble. The evtteh is a Maletton model

*
2221-32.

.

'
5. For appreminat e ly t ht r t y minutes dut tng t r tp r erover y , the Upper

' surge Tar.k (ttST) level instr ument at ion indicat *d 1-ss than the
minimum level ter;uired by T*chnical Specificat ions. This was due to
the 057 being over f tlled when the rondensata rec.irculation line-up
was established. The ovet filled condition allowed water -to enter the,

level inst r ument r e ference leg, which snould be dry, This reduced
the differential pressure seen by the instrument, resulting in an
erroneous low reading. Because the actual UST level was full. rather
than as indicated. the Technical Specificat son was not vielat ed. -The
renulting overflow of uncontaminated vater to the Turt'ine basemant
floor did not impact saf*ty. Mcwever. the peoredural Itmnt on UST

,

temperature was exce 1*d. This r etope t a t ut e limit 15 based on. Design
,

Engineering calculations of the minnmum fmergency FDW flow r ates at
assumed FDW nupply temp *ratures fot removal of PCS Decay Heat, The
Emergency fDW system did adequately remova decay heat while.the Us1
remperaturs. was htgher than the procedure limit. The cause of.the
procedure I M i t b* tnq * n +r eda d t 5 Defectp*e ftoradare, Ambiguous<

Informatten and Foor Fotmat ^ 1n that limit wer = preunt ad dif f *t ant ly
on different osa-a,

Ther= weie no personnal v.3ur5 5 t a:t t at s on axrosur es . m tala m s of I

radinact we materials wsne ut 1 m in t his - nt . l

i

i.

CDEmilVLMutt0

immed1nt*

, . 1. Operu s t par e nnal ok apprrpriat* actions par th= Emeraerm'

' nparatinq freca mre .nj ab w mal procedura for I;u f funn fo du t*s
t o br tna th* um t in 5 4 1* rendit W s.
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Subsequent

1. The solenoid valve on f0W 31$ wg5 teplaced.

2. The Motot Or tven ime t ganry f ee Aate r (TDW) pump R low flow alarm
was calibrated.

3. The opetetton of the Mann Steam Felief Valves (H5FV) was evaluated
__

and de t e rmined t o t>e acceptable. Tt.e Fost-tttr Feview process has
been revised to be t t et d*ftne the f1SRV pet f ormance e.xpectations and
to improve F nst - t i sp de t e r m t ria t t on n f ac t ual i e se nt pressu *s.

4 f5-22H pressure entrh, includino the diaphr vpn assembay. .as
replet ed. Equivalent svntch.s nn Units I an-1 ? we t e Inspected.

C. The s*al en the Inwdeu master enntroller was teplaced.

6. The Uppet Lutg Tank (UST) level instruments wave rhecked and the
r e f * t ence legs dried.

7. Cont rol Oper ator P has been counselled i nnter ntny hit
inappropriate Actton in this event.

8. A pr oblem was titscover ed with the system fun (tton and setpointe
for ac t uat ion of E nie r ganey F eedwa tet pumps in response to loss of
main feedwatet as d*tected by low discharge pressure. That problem
and the cettertive ac t tne are t e stig 1 * pot t ad ser st a t e ly e ( f ft
769/91-04,

F1 annal

!. ibe t.nlenc ol va lve twd* 1 used r.n FDw-31*> will te iepla'ed wit h an
improved mad *1 in al! safaty teleted applications at Oroner.

1, Instinment nd F lart r nral (IM ) t e c t i nn niat.* ga++ r t all
_.

communitst* to UF 'ethoten*ns the potential f=11.qe moda of riessure
watches .ith mI*%tn1/lom.* *19embly bolt *.

$, !), e ]' A 11 % k otii V8ak9 on |bil{ [ .4 p Oydp4 m.Mi.{ f' h ( { f { k e { M
will be in vart*d and r ep)c ea i f r.ec e s s a'

4. eretattnq re nc e d u e - will t o ta"is*d as r.ec e s s a r y e n *!tminate
conflictina aiirie -a e' 'amper* tut * limite-

) 9t at lan T e nt lem kar rt ill 1 a thittated te ie"ise 'La c o rittr16

l^ git ~f f o #-1* x Fyp=., r4i as to allcw tbam *o g a s pord t -- high l evda y
trassute -tr- os!* Ma.,i+c i

<ees *,e es.a v.
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f allare of the Condensate 0*maneraliger (Fowdes) master controller dae to a
clogged rentrol att path resulted in a loss of control signal to the
controllers for five parallel domineralizar restn tank flow control valves.
These valves all went closed, as designed, resultirg in the isolation of
the condensate flow path. The Powdex syster Bypass valves were e f f eet tvely
r emoved f rom service due t o the inappt opr iat e action of an opet ator. Itad -
the Bypass valves been in service, they should t.sve opened to provide an
alternate flow path and to avond a system transtent. The loss of
condensate flow path constituted a loss of feedwater (FDW).

Loss of FDW is an antactpated transient and is denettbed in Section 10.4 of
the final tafety 7halysta Fepott ( $ $ 413 ) . loss of fpW initiates a r*actnr
ti;p and st art s the Emerg*ncy IDW System to provida decay best and teactor
roclant pump heat temoval. In this event, most of the equipment and
systems operated as designed to mittgate the consequences of the 1.oss of
IDW. As expected, low Condensate Booster Pump suction pressure was
detected and instrumentation ttApped the Condensate Ponster pumps. The
Main TDW pumps trtpped as expected. Instrumentation detected the low

i: hydraulic oil pressute in the Ma nn T0W pump turbine cont t ol syst errs and
initiated the Loss of IDW t rips of the Main Turbine and the Reactor and
provided the start signal t o the f mergency FDW Syst em. All three fmefgency
FDw pteps started and the unit was stabilized at hot shutdown.

The fatture of the r edimdan t tr ain of Loss of Ipw detection loqic. 4.e.
f ailure of the syst*m to teach th* actuation setpoint for Main TDW pump low
discharga pressure, is described in a scratate Itcens** fvent Pepert. but
had no safety signtfiranr* In th n event.

The f.stlute of the solenotd in the contrels for TDW 415 tesulted in that
valve beIng unable t o a espond t a cent r el a tonals whtle in autumattr. This
was a single fatlure within the deston basis of the fmergency FDW System.
The operators teck appropriate artaon to take manusi cont r61 of the velve
and estntained prnpes level in the af f ected * team ganar stor thinughout this
event. flad t he operator f a tled t- take proper actnen, the effected steam
o*neratet would have boiled dry and (be ont t r e VS t= st load unald have
tw*n carried by the other *ta w get* rater nd em* y FDW train.

Ot* I9-7.4 had no 5Afety fansequefde. If ItThe fallut* of th* diaphta p
had occur s ed at some other time, inde p ndent tf the condensate system
transtent nsso(tated with this tilp, the result would hs ce been anot her
loss of feedJater trip. This d*Pt'e ti Ofie (f m40y htrh Esn Cause a unit
'rtp due te single fo lui+.

The ivr*rflow cf t l'a Upper 'arce ' lank 105!) is singhtly mor* significant in
t ha t. ;t deons*ta'.es that both tisens $t pou - an ula r.t le-*1 mns t or ing

I t'. * * r ume h8 9 t I Fn C a ri he mtda j yte r d- l e by cry ( 4 } } g qq t,he t arik , it e 1*"el )
ms t r umer.t s are it.t ended e r n used t o ve. i t y tne aderny of the UST as a
m ere of o ter for the Emetu+ney rpW systam= In see sona r ie the 14 T

..,... .o.
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2nventory is expected to be depleted over time and the Emergency FDW pump
suctions must be realigned to the Hotwell. This realignment requires that
condenser vacuum be broken. If a sistler loss of level . indication occurred
due to overfilling the UST during such an event, considerable operator time
and resourres could t,e diverted to performing unnecessary actions in order
to assure an adequate source of water. However, if the erroneous
indication is properly diagnosed, as occurred in this event, no adverse
consequence would occur.

The operation with UST temperatures in escess of procedural limits also
demonstrates the possibility of exceeding design basis assumpt ter.s that
potentially could lead to technical or physical inoperability of systems or
components. The temperature limit of 130 F as based on a design
calculatton assuring decay beat removal capability in the worst case
conditions of operation with a sangle Emergency FDW pump inwediately af ter
a t r a p f r om full power. The limit of 190 F is intended to reflect the
reduced dacey heat removal requirements for the scenario where a loss of
TDW occurs during startup several hours after a trip. In this case, only
two hours. rather than the procedurally required five hours. had elapsed
following the trap. The system was able to provide adequate flow to remove
the entsting decay hest lead, However , two Emergency Feedwater pumps wer e
in opetation, with a third available if toeded, r a ther t han the one
operating pump assumed in the design calculation, i f one o f t he two
operating Emergancy Feedwater pumps was assumed to f atl. the potential
entsis that the rematning pump macht not have been at>le t o pr ovide the
addttibnal flow needed to maintain decay heat removal due to the higher
supply t emper atur e. In the u.tlikely event that a failure of one of the-
pumps had nceurred during thas tima. the Turbine Driven Emergency FDW pump
could have teen rests. ted. Another option would have baan alignmerit of
Tmeroency f0W pumps on ona of the other two n onee unit s to supply coolere
water from that untt's UST, Other options include use of the standby
Rhutdown factitty Auntlliary Service Water System or f orced conting of tha
Feactor Coolant System by using the High Pressure injection system to
*stabitsh flew t hr ough the T owe r Oper a ted Relie f Va lve. All of these
optians are includ*d in appr wriate procedures.

Ther* uere no relessas of e adtenet tve matertals. r a dia t ion e xposur es . or
rersonnel injurt=s usoc a.=t ad wi t h t his avent . The haalth and safety of
r l,e public was nnt affec'ad by this avant.

|
l

|

..m. .m

-
-



.

1

i

|

)
;

B-174 i

.... .. - a..... - ... -
*** . . . . . . . a,.,

s .. . . . w.. uW
'.'7.'.'.'.*.o'.*E.;;!.%*'E.,g*'d,'*uW.Y I'.".'.U.

.
UCEN$EE EVENT REPORT ILER)g y,74.,=,;., y,,g, . ' a.,'. ;. 'y ,g.p

'W'.*O...n.. .t ".S O..M.. f",.." '.". "..i:!.'a. . . .

. w. n. g........ < . . . .

..__0conee Duele ar Station. Unit 1 10 I $ 10 t 0 i e 121619 | 1 {or{l !2
'""'" One of Two Diverse Actuatico Systems for loss of Main Feedwater Mitigation systems Was

Found Inoperable Due to a Desia;n Detteleney
. .. ., u v. + i . . . . . . . , w e. . e e.. . . .c .u. . . . . +

.o . i ...i....i.... *.g;;,a- i af= . o.. . . . . .ac."..... . ' . . . .

Oconee, Unit 2 0 !l; o ! o ; e !2 !7 80

Ol7 lol 3 91 9|1
~

0|0 |9 0| 1 0| 8 0}29;1 Geonce. Unit 3 e , s i o , o , o ,2 i 8 ,7
~

| .....-...~,..............c-.~.,..-...., , , . . , , , ,
aa=. =. a =m .

= _
. n. . . . .

_
. w. . . . . . . .

_ _
. ,m

_ _ T,1,o,0 . . . . . .. . . . .
~

..m....

I r .w(B)
~ E*.".***''"******. .e..n . . . w.n ..

[ 50.72 M (1)(A). ..no .
-

., [ .. .~ .
. . . . . . . . . .

........a.n..
- . . . . ~ . .

.... coo.
Henry it. Iowery. Chainnan. Oconee Safet7 Review Group 8i0,3 8,8 5 t 13 0,3 tht

m u, s .=..c. - .... w.. .c. a=,. .. =,n.,

c..v.a ......f co.se.n, *.Z *C "$$*j;' **% *8 "$ $ *|g.c .w.. . . . ' . . co o.e.,

4

__

f - f f I f I f I I I ! t i

Ii i I I i ! I 1 ! ! 8 | ! t
_......_,..n. . ... .....,,

1... . . ,.,m..-..,, n , , ,
" " " *

.,..si.u..-.. . - ._ , . .

On July 3, 1991, all oconee units were operating at 100 percent full power
(FP) when Unit 3 tripped due to a loss of feedwater at 1118 hours. 'A post-
trip review showed that feedwater pump discharge pressure remained slightly
above the '50 psig setpoint required to actuate the Emergency Feedwater
(ETDW) system, the loss of feedwater Reactor Protective System antscipatory
trip. and the ATWS Mitigation Safety Actuation Circuit. This prevented the
Technical Specification required systems from receiving one of the two
initiation signals when Main Feedwater pumps tripped. EFDW did actuate
from the independent signal. The problem was caused by the D heater drain
pumps AHDP) charging the closed feedwater system. The other two Oconee
units were subject to the same potential problem, The root cause of this
event was a design deficiency, failure to anticipate the interaction of
systems, during the original design of the these systems. Units 1 and 2
reduced power to 72 percent FP to remove the D HDPs from service. Unit 3
increased power to 71 percent FP, but did not place D HDPs in service.
Feedwater pump low discharge pressure setpoints were changed to 800 pstg on
all units prior to allowing HDP operation and a return to 100 percent FP on
July 7 1991.
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There are t hree systems at oconee which are destqned to automatically
actuate when main f eedwater (MFDW) (E!!SiSJl flow is losti the Fmergency
feetkater (EFDW) ([!!5iBA] system, the Feactor Protecttve System (RFi)
(E!!5:JC|, and the ATys (Antictpated Transtent Without Scram) Mitigation -

Safety Actuation Circuit (AMSAC). The AMSAC system has been installed on
Units 2 and 3 and is scheduled to be installed on Untt 1 during the next
refueling outage, Each of these systems use diverse means to determine
when main fecckater has been lost. System actuations occur when signals
are received that both main feedwater pumps can no longer provide feedwater
to the steam generators. This condition is sensed by both turbine
hydraulte oil |E!!5 JK| pressures dropping below 75 pstg or both main
feedwater pump discharge pressures dropping belos 750 ps tg.

The EFDW system actuation signal will st ar t the three EFDW pumps and enable
a rticutt which controls steam genciator level (FIIS JB) at predetermined
setpoints. The purpose of this system is to remove decay heat and Reactor
Coolant Fump [E!!S AB) heat following a loss of main feedwater. The FFS
system uses the loss of main feedwater signal as an anticipatory trip: the {
reactor trip occurs prior to Heactor Coolant System (RC5) (Ells AB) "

par ameters reaching their own FFS trip setpoints. The AMSAC signal will
anttiste EFDW in the same way as the normal EFDW system and trip the main
turbine (E!!SiTA). The AMS AC system is Intended to mitigste the
cons *quences of an anticipated transtent without scram event.

Technical Specifications 3.4 and 3.5 address the EFDW and FFS system
respectively. Technical Specification 3.4 r e'p tres ope r able EFDW
intttation circuatry. The basis of this specification states that the EFDW
system is " . designed to start autnmaticalty in the event of loss of both
menn feedwater pumps or low main feedwater header pressure." Table 3.5.1-1
of Techr.acal Spectfication 3.5 requires a mtnimum of three operable RPS -

loss of MFDW anticipatory trap channels. AMSAC requirements ate outlined _

in the Selected Licensee Commitment manual. Section 16.7.2, and state that
both AM5AC channels will be operable when the reactor is critical.

The secondary system at. Oconee uses two pairs of heater drain pumps (HDF)
{E!!$iSMI to pump condensed extraction steam to the condensate IEIIS 5DI
and feedwater systems. The 01 and 02 HDFs combined flow at 100 percent
full power is apprnalmately 9,000 gpm. The El and E2 LDPs have a combined
flew of approntmately 900 gpm. Attachments 1 and 2 show the g*neral
arrangement of these pumps in the condensate system. Because of the
stqntitcant amount of flow o f t he D He a t e r D r, in pump s , they c annot be
stopped daring power operation unless load is reduced to approntrately 72
percent full power. The HDFs will automatically trip when both MFDW pump
discharg= pressures reach pre-determined low pressure setpoint.a

_ . _ - _
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On July 3, 1991. all three Dennee units were at 100 percent full power. At l
<

1118 hours. Unit 3 loss of all main feedwater. This event
is reported in LII)tfipped due to a

,

.a19/ During the post trip review, it was
discovered from transie,91-09nt monitor date that main feedwater pump discharge
pressure tenained slightly above the low discharge pressure setpoint of 750
psig despite the trip of both main f eedwater (NFDW) pumps. This condition ,

continued until after the D HDPs were manually secured. at which time 1

pressure dropped. Fmergency feedwater (EFDW) ectuated as required when the
diverse inattation signal was received f r om low hydraulic nil pressure on
the MFDWP turbines. The unit was stabilired at het shutdown renditions, }

An investigating team was formed consisting of the Superintendent of .

'Operations, t he Superintendent of Technical Servar.en. the Design
Engine *r ang Sit e Manage r , and Engineering Support personnel f rom Technical
Services. Opet4tions, and Maintenance departments, invest'gation of the
failure to reach the low discharge pressure setpoint continued durang the
afternoon and evening of July 3, 1991. Several possible causes were
constdered including back pressure f rom the Main Steam (E!!$$$8) system
through leaking check valves leakage from the EFDW to the MFDW system, and
the possibility that the heater drain pumps (HDPl were maintaining pressure
in the feedwater system. A review of the trip data nuggested that the HDP
hypothests was the most likely. When the D Hors were secur ed, Mf DW
pressure dropped imediately, A review of the data from a Unit I trip on
August 28. 1990 (LER 269/9')-13) , which involved a single MFDW pump trip.
showed a similar condensate-feedwater pressure tesponse. In this event.
the D HOPS did not trip since only one ttfDW pump tripped. The dischatge
check valva on the trapped MfDW pump prevented the upstream components in
the cond-nsate system f rom bainq pr essur ned by the oper ating UFDW pump.
This situation presented another opportunit y to determine the role of D
HDFs in maintaining an elevated feedwater pump discharge pressure. The

.

transient monitor data from that t rip showed that the dischirca pressure of
the ttipped MFDW pump stayed at approatmately 730 to 760 psig'until the D
HDPs were secured.

At 2120 hours. station management decided to r* duce powar on Unit s 1 and 2
to a point which would allow securing the D heater dra tn pumps. Unit I had
reduced power t o 72 percent full power by 2215-and stepped isoth D heater
dratn pumps at 2226 hours, tin t t 2 s et: aced power tn 72 per cent (till power
and secuted both D heater dratn pumps at 2350 hours. Unit 1 was allowed to
return to pow *r operation, but without the use of the D heater drain pumps.
Unit J achieved criticality on July 3. 1991 at 2310 hours and -eached 11
percent full power at 1101 hours on July 4 1991

A question arose that perhaps the E heater drain pumps could also mair.tain
an elevated feedwater pressure. An operability evaluation showed that the
f HDPs mantmum shutoff head pressure was 730 pang while the mantmum
discharge pressure during shutoff conditions-for the D HDPs was 771 psia.

.
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The inveat iget ing ieam derided thet Ihe beat shott teem aolution tn festete
the feedwatet pump low discharge actuat ion signals was i ts change the
actuation sofpoint ftom 7$0 psty t o 600 potg on pt eneut e evit ches which
sense f eedwat er pwnp low ding har ga pressure. Duke Oestyn Ingineeting was
asked to pet foils an ope r ehtlity de t e rminat ion f ot the Reactor l'totective
System (RPb) anticipatory trip. the fPDW system, and the ATWS Nitlystlun
Safety Actuation Cittutt (ANSAC) syttem bated on the few 600 psig
netpoints. On July %, 1991, Des up f ngineet ing det ermined that all thee,
syst ems would be oper at.le wit h the new setpointa. Th* calculations

_t

jus t t f ying this det erminel s on wer e based on .nanuf ac tut er 's or iginal pump
dat a at shutof f tonditions and the re ttet valve set t ihn met ving the D Flash

tank. The pump manu f ac t ut r e han s t a t ed t ha t pump r s e ing we n t and
degr adat ion would tend t o decrease the IfDr pet f ot tnance oves' time,
enperially sihre they ate multistage pumps. The mantimum D HDr discharge
pressute at shut o f f e nndi t ic.hs was found t o be 771 paty. This te ?? pany
less than the new imo psty setpoint , wh u h pravides a u rgin foi instrument
d.ift and ralibretton tolerance. A condit inn of t pet ability was that the
AnsAC rel thrat ion procedut e he thenged to seq 14:e a 10 psig at.jeft
tolerance. This is lean taletance then what wet previously allowed.

The inveet agst ing teem discuoted the paan tbii n'y t hat , if the D HDP
reeltrutal Mn valves were opened. the D heates drain pumpe would not t>e
able to develop sufficient pressure in stay abuve the f ee dw a t e r pump low
dischery, preanute satroint. This alignment would allow a certain amount
of flow to la recirculated back to the D tlesh Tanks. Both D hentet dvain
pts.ps on unit I were operated in this mannet en July 4, 1991 foe
approntmately 30 manutes each. Thent disc harge preneut en were 710 pa ty f et
ID1 HDP and 720 pong for ID2 Hur, tiince these .t est s wer e not done at
shutoff head forgdittons. these values did not provtde adequate matgin
bet ween t he pump discharge pleanut e and the inw NTDW dischaage pressure
setpointa to ensute lone of f eedwatet System actuttion. Neverthelett, it

,

wa s dec ule d t o ope r a t e wi t h a rec strulat ion pathway to the p f insh Tanke
j throttled open on all three unitt. 4 t n<:e thte mode of npeteticm inciennes

the metgin between D HDP dischar ge shutnf f pr aesut e end t he feedwater pump
low dischetye pressure setpnint. oper et ton pt or edat es were c h 4nge d
arrotdingly.

The setpoint changes and procedure revisitma wet e per toimed f or the if DW
system, t he AN'l AC sys t em, and the PP5 eystem en all three unAta by July fa.

| 1998. As these changes vete cecipleted on each unit, tha !!Dfs were intuined
' in service and power increased at the electraeal power dispatcher's

request. All three units. wate et 100 pottent full power by 0100 nn July 7,
iWI,

There are a total of eight prestote switchen per MFDW pump per unit which
sense feedwater pump low d66 charge ptessuta. Four of these switches feed
the fout loss of f eetbsteg ant tenpatory PM t r ip rhannels. The two
pr*ssure switches ansoflated with RP$ Channel- p also setVe as inputt 'I n t he
stett c alcultr y of the Tut hine Dr iven. ime r Q*ncy f eedwat e r- Pump (TDi f DWl') .

- - .
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two pressure switches per MFDW pump ate used for actuation of the two Motor
Driven Emergency Feedwater Pumps. All of these swatches have been set at
M0 psig since their installation,

one pressure switch per pump is used f or alarm indication. Integrated
Control System [E!!5iJA] runback algnal, feedwater pump t ecirculation
control or d, on Units 2 and 3, ANSAC channel 2. The remaining pressure
switr:h on each pump is' an input to Hotwell pump and Condensate Booster pump
trip circuitrT, main turb'rse trip, D and E Hester Drain pump feedwater pump
low discharge pressure trip and, on Unita 2 and 3, AMSAC channel 1. This
last AMSAC-related pressure switch, which also serves to trip the Hester
drain pumps, was chanqed f rom a setpoint of 800 psig to 750 pstg during the
installattun of the AttSAc modification, This setpoint change was approved
on Octorier 10, 1990 on Unit 2 and Aptt! 2, 1991 on Unit 3. The
modification has not been made on Unit i and the setpoint for the AMSAC
r* lated pressure switches na still 800 psig.

Design Engineering was askec' to perform a past operability evaluation of
the loss of feedwater mitigation systems. This evaluation showed that the
feedwater pump low discharge pressure portion of the actuation circuitry
for the Emergency Feedwater system, the less of feedwater anticipatory RFS
trip, and the AMSAC system on Units 2 and 3, had been technically
inoperable while the D HDPs were operating since the systems' original
design. This determination was based on the following consid**ations:

Though the redundant hydraulic oil pressure switches would have
actuated the loss of feettwater mitigation systems, each system was
designed to include two sepstate and diverse actuation signals.

Fressure switches which would have tripped the D IfDPs upon loss of
MFDW pisaps vere not safety grade. These pressute switches would have
been required for operation of the MFDW pump low discharge pressure
portion of the EFDW and RPS 'nticipatory trip systems.

After the AMSAC system was installed on Units 2 and 3, the MFDW pump
discharge pressure switches which trip the D HDPs were set below the
pressure developed by the HDFs against a closed system,

CD11CLV310tQ

The safety : systems which respond to a loss of main feedwater receive
automatic actuation from the presence of a . low Nein Feedwater (ttFDW) pump
discharg* pressure or low main feedwater pump hydraulic oil pressure.
These systems, thougn they actuated on the low hydraulic pressure. signal.
did not imediately receive the low discharge pressure signal when Unit 3
tripped following the loss of both Main f eedwater (MFDW) pumps. The D
heater drain pumps OmPs) remained on following the trip. Their shutoff.
disch6cce pressure, when added to the static pressure of the D flash Tanks
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on the pump suction, maint a triad pre ssur e in the feedwater lines above the
M0 psig Setroint until the D heater dratn pumps wes e secured,

The result of an operability evaluation performed for this problem was that
the feedwater pump low discharge pressure portion of the actuettnn
circuitry of all channels of the Peactor Protective System (EFS)
anticipatory loss of feedwater pumps trip, the Emergency Feedwater (tFDW)
system, and the ATWS ttitigation Saf ety Actuation Circuit ( AMSAC) were
technically inoperable while the D HDPs were operating. RPS. EfDW. and
AMSAC systems were declared technically inoperable since their original
installatlon.

The technscal thoperability of the systems uns not appatent untti the
operability evaluation was ,serformed. While the evaluation was t,cing
per f ormed, conservative actions wer e taken to teduce power on the operating
units and remove the D HDi s f rom service. These actions were completed
within the required times of 79thnical Specifications 3.5.1,' 3,4. and

telected t.icensee Cremitment Ifn7.L tintt 3 was allowed to start up and
increase powet but was prohibited from using its HDPs. The operability
evaluation showed that securing D HDPs made the loss of feedwater
mitigation systems operable when the low main feedwater discharge pressure
setpoints were at 750 psig. The correettve actions of resetting low main
feedwater discharge pressure setpotnts to 800 pssy was performed prior to
restarting the D HDPs and increasing power.

The root cause of this event is Design Deficiency, unanticipated
interaction of systems, design oversight. The design of a major EFDW
modification in 1979 which added the motor dr iven pumps and upgraded the
instrumentation and controls did not consider the role of HDPe. Similarly,
the installation of the loss of feedwater ant scipatory RPS trip in 1981
also did not consider the role of the HDPs. At that time, the non-safety
related ilDP pressure switch trip setpoint was 800 psig for all units, as it
still is on (1ntt 1. This setpoint should be sufficient to trip the HDP4
during a loss of main feedwater transient. However. j f excessive
calibration drift or even complete switch failure occura. then the D-HDPs
could have prevented the main feedwater pump diacharg* pressure from
reaching its low setpoint.

| The AMSAC system utilizes the same pressure switches that trip the D and E
- HDPs on feedwater pug low dischae ge pressure. The AMSAC design changed

the setpoint to 750 ps)g for these switches to minimize the possibility of
. Inadvertent AMSAC operation prior to FrDW system actuation. The AMSAC

system was installed on Unit 2 in October, 1990 and on tinit 3 in Aprti.
1991. Again, when the setpoints w*re rhanged, the effects of the lower
setpoint on HDF operation and subsequent post trip feedwater pressure were

| not considered. By lowering the setpoints, the HDPs would not
| automatically trip since their shutoff discharga pressure prevented
L feedwater pressure from reaching the new setpoint,

,- . _ . _ _ .

- .e - e n,, -.am-- - - =



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

Ibl80

,,..,..........n...,g. , , , _ , , , , , , , , , , _

. .. .. um

UC1N&T[ tVENT R(POMT ILLftt 'JJ*, *.'!,".o'."*T."*.I'11*f.!".!?**.'| .*L'.M
itXY CONTINUATlON '' ""!.*.".**,*f %.*.' '.7*.*d'U* 7/," * l'f,70..

"O. m*l.W A..*.*T.'a "M.. ..Wn. 7.*e' ta,i,"ie ... , .

. .~ n n. . . . . , . . , , . . . . . . , , ,
~.n w V wan" **

. . . . .A4WAN asratt---

O t l 0|7 of I !?O j oj9ya.cc Buclear fitattun. _ tint t 1 ejlp } e l e } P j 6 |9 9|1 --

een w . .= a e ., 5

ft is noted that the ident if trat ion of t his tu oblem in the den tyn proce ss
r equir e m '.nnwledQg of sevetal alean of espettise. The design of the AMSAC
system, which changed the D HDP t rip setputnt to MO psty, was per formed by
the Flettrical Section of betiqq ingineerthg. A knowledge of t he
elect t tral circuit ry, the opet et ing par eme t et e of Ihe D H00s , and the post +
tilp oper ation of the condensate-f eedwatet nyttem would be requiled to
fotetes the problem. Int egr at ed De sign Neviews , which talie a multi.
dise tplinery approach to Nuclear St at st n ttodification design, are petformed
for une NsMs where such an approach is daemed apptopriate. An Integrated
De t tyn Peview was perint med f or t he An%AC modt fic at ion. Design inntneering
petannnel will teview the rt ntet ta used when per f orming thete enuit s .
dieeiplinary reviewn with respect to system int e r ac t ions , *

A r eview of tkonee Finblem Investlyatinn Peports over the l a s t- two 33 st a
indicates that two separate events necutted wht(b involve the t i tM , i 5, et
AMSAC systems which have either a toot ut t unt ritiut ing r euse of design
de ficiency, f allut e to anticipate the interaction of systeme. One event,
de oc t ihed in FIR-090 0042, Itwolved t he Emet aency f eedwat er sys t em. In

that event, the discharge prenaut e of t he Matot Dttven teetgency feedvatu
Pumpe enceeded the design pressur e of the eciteutet ton piping when the
p'eap was run in the tecirculation ende, Anothat event , desc ribed in Flp-
3 091 4035 and I.f.R 28U 91-0% Involved the AM%AC aygtem design. A f at tute
to anticipate certain electrical c arcutt phenomenon of the associated
Divette Scram System led to (untrol lod insettien and subsequent manual
reactor trip.. None of the lost of main f eestwater actuat ion rtreutta wet e
involved in these event s. Ynts pinblem in thetefore cons ide r ed nnn=
teruteing.

Thte event did not involve todtation nuetemposuia ni t elease of r edinact tve
matettal. No personnel injuries vete involved Thete was no equipment

fallute which would t equit e repntting in Nf'Pl%.

WMf.GIRACION$

Immediate

1. Aut ten t ir instintinn of the f eet gency t eedwat e r (F FIM) ayetem
necutsed due to the divette in tt l at ton In1tr ftte f e*iNa t er pump low
hydraulic nil prett.ure.

Subsequent

1. An inve n t 1g41 t en te w vse toi med t n de te rmine the raute of the inw-
Main f erdwat et ( M r t>W ) pump dtu harga pta nute nnitiation rhetnel
faijute*

7, fini t e 1 avut 2 t oduced powet and t he ir heat er or gin } sumps Ofbf') s vo t e
secured,

1. Iln t t 1 was allnwed to restatt but was not penettted tn ue its ltrts,
I

I

!
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4. teessure twitches which d+tect low main feedweler pump discharge
pressure an:t ac t uat e f HiW, Peartor Pe ntact ive System, and ATW$ ,)
Mitigation safety Actuation circuits were reset to 800 psty following 1 '
an oper ability evaluation which Jutt (fled these setpoints. These |
*etpoint s will be mathtained until a permanent tolttion to the

~

problem han been s esolved. Instrument and Electrical procedures as
well as Ope r at ions procedur es wer e revised to reflect the new
setpoints.

L The t er i t ru l a t t er, flow paths of fle D heater drain pumpe wete aligned
su(n that a larger dif f t eent e occut s between the D MDP thutof f
discharge t.t essut e and the 600 psig se tpoint . These allynments ate
not required to maint ain P f DW. f< f'$ . or AMSAC nperaD111ty, taut futther |
increase the matgin between the actual pump ditchstge peessute
a ga t tis t Shut of f r ondit iotit end the revised netpoints.

Planned
i

1. A filet ton Finblem Hepnt t will be initiated which will renender-
permanent solutions to this problem.

w

2. Oconee operator training will be enhanced by changing training
matet t al t o re flect the new MFDW pump dischae ge pr es sure setpoint s
and by making t he r equir ed setpoint changes to the plant simulator,

1. The Safety rarameter Display System, used by the control soce, will
be changed to reflect the new MfDW pump dischesoe pressure 6etpointh.

4. The f fDW Oes ton 14an s e porument will be revised *o reflect problema
discovered in this event.

5. D$ston Fngineering will reut.<w the re t ter ia used to pet form
interdisciplanary reviews of design perhages.

Shf1TT.ANALY513

In this event. the low Main Fevrkater (MFI)W) pump dist.harge pt essure
signal. used tn detect and mitigate a lots of feetbater, was f ound t o be
unable tu independently actuate the required systems. The systems af fected
by this degradation are, the tmargency feedwater System (EfDW), the Loss of
feedwater Anticipatory Irtp of the feeactor Protective System (RPS). and t he
ATWS Mitigation Seiety actuation Circuit ( AttS AC) . fach of these e,:tems
ran be octuated from a separate signal which mon 4 tors low hydraulic all
pressure; indicating a tripped condition, on the MFDW pumps, Manual

| actuation in also possible. The degradstion of the MFDW pump discharge
'

pressure por t ion nf . t he actuation circutt t y depends on t he discharge
pressure et the D heater drain pumps 0100).

'
. When the D heater dratn pumps|

were operating ayannat 4 shutof f head. the feerkater pressure enceeded the
7t0 paty setpoint.

, . _ . . .
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There is no safety significance to the inoperability of the low f4DwP
discharge pressure signal if the hydraulic low oil pressure signal actuates
as designed. The losa of MFDW would be sensed and the apnropriate system
actuatiers would take place. There would also be no safety significance if
the 0 bester drain renps were not operating, as in the case of a loss of
power. In this situation, not only would the hydraulic oil pressure signal
continue to be available, but the MFDW pump low discharge pressure signal
would also function.

During most of the time of technical inoperability, the HDPs had a trip
setpoint of 800 psig which should have prevented the problem from
occurring. However. wide calibr ation toler ances and instrument dr a f t may
have compromised the switch reliability. When AMSAC tnodifications were
performed in October. 1990 on Unit 2 and April.1991 on tinit 3. the

'probability of D HDPs remaining in service following a trap of feedwater
pumps was significantly inerensed.

- Each EFDW pump has its own associated hydraulic oil pressure switch so that
a f ailure of ne pressure switch will af fect only one EFDW pump, if a
single failure occurred to a hydraulic oil press..re switch on either NFDW -
pump turbine during a loss of MFDW while the MFDW pump low discharge-
pressure stenal was inoperable. then the FFDW pump corresponding to that
s ignal would not star t. ' If the EFDW system was degraded in this manner, an
automatic start would only occur on two of the three EFDW pumps. The
design of the EFDW system is such that only one of the three EFDW pumps is
necessary to successfully perform an orderly cooldown of the Peactor
Coolant System (see Final . Safety Analysts Repot t Section 10.4.7.1). Either
multiple switch Failures er a common cause failure of three switches would
have to occur to totally prevent f a*dwater f rrm automatically actuating in
these cir:mstances.

Reactor operators are required by the: Subsequent Actions section of the
Emergency operating Procedure (EOP) to check for main feedwater i;ow. If
EfDW has not automatically actuated, they are instructed to follow the Loss
of feedwater procedure. AF/1.2,3/A/1700/19, which has the operator manually
start the FFDWFs and verif y proper flow. This is done from the control
room.

The effect of a fativre of a single: hydraulic oil pressut e switch, while
opernt.ing with a degraded MFDwF discharge pressure alignment, on the '.
Peactor Frotective System is that the associated RPS channel will not trip
on loss of main feedwater. The anticipatory reactor trip due to a loss of,.

MFDW will only fall to occur af three of the eight hydraulic nti pressure -
' switches fail in such a manner that three RFS channels do not tripi If the

anticipatory FDW trip falls to occur, Reactor Coolant System (RCS) pressure
and temperature n11 increase untti the reactor trips at either of these
parameters' high setpoint. Fur thermore, Oper ations Managament Frocedur e 2-
1. " Duties and Responsibilities of Reactor Operators. Non 1.icensed
Operatore, and the tenior Beactor Operator in the. Control Room", requites
411 licensed reactor operators to know from memory that the reactor must be-

.. 4.._..-. . - .-.- - .-
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manually tripped i f Lat h tit!*I s trip. The result is that the teactor will
t>e trapped. but not as yatt kly as when t he anttenpatory trip is
operational. The longer delay may t esult in a higher PCS pressure
transtent. If pressure tesches 14*4 pstg (150 psag above the PC5 trtp
setpoint of 2 MO psig) t hen t he Filot operated Reitel Velve (00FV)
(fl!5 Aft) will open to relieve MS pr essur e. -

The AM'. AC sys t em is de s igned t o ensur e that the main turbine t r ips arid
emer genc y f eerkater ac tuat es if there is a loss of main feedwatet
assuc'.ated with an ATM event. 1r. this event. the reactor fails to trip
when r equir ed. Trtyping the tut t ine ensur e s tltat power util not increase
due to moderator tempetsture effeete, tie r ause of a negattve moderator
temperature reactivity coefficient, ovev enoling of t he Rc5 will r esult tn a
power inrtease. f*ergency f eedwa t e r is ac t ua t ed a s a bac k up t o t he rior m 1
ff0W system actuation. The AMSAC system uses a two nur of two c h antie l
intttation logte. A single failure of a hydraulic 041 pressute switch
while the low disc harge pressure s ufnal s a r e trmpe r ab le will therefera
prevent act uat ion of t he system. The finant t t tp4 t e d Nuc le a r Power
Froductton sectton nf the FOP requites that the eeactor operator manually
trip both the teactor and the main turbine. As ptevio.asly stated, the loss
o f f eedwa t e r pr ocedur e has the operator intilate FFDW manually tf not
already automet.tcally initlated.

Alt hough t he AMS AC system is designed specifically for F70W actuation
dur.tng an ATVS event, the AMSAC and normal IF0W actuet ton circuits serve as
independent systems tn start the IFDW pumps. lath AMSAC and riormal FF0W
actuation will start the FFDW pumps whether or not an ATWs has necurred.
This design aspect is not cledited in the ban ts of Technical %pec t f tcations
but 14 present nevertheless

fiadt ficat ions at e also scheduled in be performed r>n the EtDW actuation

circuits as a result of NRC Generte tetter 89 13. These modtftrations will
start the FF0W system nn low steam generator level.

In conclusion. the sa fety nicmt fitance of t he feedwater pump low discharge
pressure setttng is minimal. All automitte actions have separate and
divers, fee water pump turbin+ hydraulic oil pressur e s t rma ls , More than
one bydraulic oil switch must fatl to actuate to prevent the nor ma l E F DW n -
ItPS anttrapatory trip from occurring. The fmargency Operating procedure
a nd 1.c s s o f F e e dw a t e r procedures g We adequate proc edural gudence to
initlate manual attuntton .ii sutomatte actusetons do not occur. The RPt
'ee64t e r ant tc apat or y trip is backed up by automatic trips en htyh
pressura nr tempeinture. The f F t'W start circuit ry and Ans Ac F F0W start
circuitry are redundant,

The health and saf*t y of tha public were not eni.ngered by ' Sis *"*nt,

it did not invalve the release of radtev rtve matertal. ave i a s;mm e to
radia t ten. or gersonnel in wrten.
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ACCIDENT SEQUENCE PRECURSOR PROGRAM EVENT ANALYSIS

L E R N o.: 293/91-024,293/91-006,293/91-021,293/91-025

Event Description: Loss of offsite power and RCIC trip

Date of Event: October 30, ? 991

Plant: Pilgrim
|

Summary

A loss of offsite power (LOOP) occurred at Pilgrim 2-1/2 h after the plant was shut down
during a storm. Both emergency diesel generators (EDGs) started and powered the

isafety-related buses. Reactor core isolation cooling (RCIC) was manually started but
tripped on overspeed when opening of the discharge isolation valve was delayed. Four
min later, the RCIC inverter tripped because of a voltage transient caused by the start of a
residual heat removal (RHR) pump. The inverter was reset in the control room, and
RCIC operability was restored.

The conditional core damage probability estimated for this event is 1.2 x 10-4. The
relative significance of this event compared to other postulated events at Pilgrim is shown
below.

LER 29381024

IE-7 1E 6 IE 5 IE4 IE-3 IE-2 |
1 | L I 1 !

je.

- Trip -. 360 h EP

I 360 h
*~

b OOP(nominal)preem can J HPCl + - t
RCIC

Event Description

The reactor was shut down in response to severe storm conditions at 1710 hours on
October 30,1991. The main condenser vacuum had become degraded due to the storm
wind and tide conditions in which seaweed was carried over from the intake structure
onto the main condenser tubesheets. Reactor power was reduced to backwash the main
condenser.

_ _ _ - _ _ _ - _ _ _ _ _ _ _ - -
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At 1942 hours, preferred offsite 345-kV power wa= lost, resulting in loss of the station-
startup transformer. A Dashover had occurred on an insulator column on air circuit'

~

g

" breaker (ACII) 104 due to salt deposit buildup on the insulator (see Fig.1). This caused i

: ACils 103,~ 104, and 105 to trip open, thereby deenergizing one of the two lises -
'

providing preferred offsite power. The second line was deencrp'ed when ACB 102 -
tripped open in response to operation of relay 62/5, which is a time delay rela. signed

*

' to respond to a stuck ACB 105. The operation of relay 62/5 was false since ACil 105
had opened as required by design. The cause of the ACII 105 stuck-breaker relay
operation is unknown but is speculated to be either a random signal or self-excitation of
thc breaker through eiectrical noise coupling.

EDGs A and 11 ste.rted automatically following the loss of preferre6 power and
successfully reenergized emergency buses and related AC-powered load center buses,
motor control centers, and distribution panels. Eleven minutes after the loss of preferred
offsite power, the secondary source of offsite power was lest when a storm damaged uce -
fell onto the 23-kV line serving the shutdown transfonner.

Following the loss of preferred offsite power, the RCIC turbine pump tripped due to
mechanical overspeed. This resulted when the operator failed to open the RCIC injection
valve promptly following the opening of the turbins steam inlet valve. Without a coolant
dowpath for the RCIC, the turbine tripped within 4 s of actuation. The operator initially '
started to open the full flow test valve, realized this mistake, and closed the valve. This
delayed the manual opening of the injection valve. In addition, the simulator allows
~15 s to open the valve before RCIC trip compared to 4 s on the plant.

The operator reset the turW.e trip and manually restarted the RCIC. Four minutes after
the initial RCIC trip, start of an RilR pump resulted in an overvoltage trip of the RCIC

; system inverter. The RilR pump start caused an. AC voltage transient, which caused a-
DC voltage transient of 152.5-VDC on the 125-VDC system? This exceeded the inverter -

,

overvoltage setpoint of 150-VDC and tripped the inverter.= Inability of the 125-VDC L
battery chargers to adequately regulate DC output under AC transient conditions resulted '
in the output overvoltage. The inverter trip prevented RCIC from attaining rated Ccw.
The operators responded by manually shuttiny, down the RCIC, resetting the inverter, -

and successfully restarting the system. The duration from the initial overspeed trip to-
successful resumption of the RCIC function was 5 min.

Two hours after the loss of preferred offsite power, the startup transfonner was returned
.

to service when ACB 102 was manually closed following a switchyard inspection and re
energization of a 345-kV line. The shutdown transfonner was restored about 2.25 h after
initial loss of secondmy offsite power.

J
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Additinnal lhent Related luformation

Pilgrim I is a !!WR with a Mark 1 prer:ure suppression containment. The unit has two
dedicated diesel generators, two 125-V and one 250-V batteries. Fig. I shows the
preferred offsite 345.kV power distributica sjstem at Pilgrim.

The RCIC mission is to provide reactor <:oolant mr.keup during vessel isolation. The
RCIC invener convens 125-VDC to 120 VAC to power the RCIC flow control circuit
and the test circuit power supply. With the inverter tripped, the RCIC can both start and ,

continue to operate, but at minimum speed. The RCIC invener can be reset and RCIC
restored from the cont. ' room.

The source 125-VDC ous for the invener is energized by a 125-VDC battery in parallel
with a backup battery charger. The main battery charger, at the time of the event, was
inoperable. The backup charger, by design, is required only to maintain the charging
voltage within 0.5% from no load to full load with an AC supply voltage variation of
10E The transient conditions encountered in the event were not addressed in the design

speci6 cations.

LliR 293/91-006 reports a co,nbined RCIC and llPCI trip due to invener trips during a
recirculation pump start. 'lhe pump was being started after an earlier lockout of one of
the 4160-VAC emergency buses (see LER 293/91-005). Both inveners were reset in
9 min from the control room.

LER 293/91021 described a change to an alann response procedure, which specified
required operator actions if the RCIC inverter trips. An extension of the 7-d RCIC
system Limiting Condition for Operation (LCO) to 97 d had been requested by ihe utility
on October 24, 1991, to allow testing to be conducted and modifications to be
implemented to address the inverter problem. Ilowever, as a sesult of the October 30,
1991, event, RCIC inverter problems were to be resolved prior to startup.

lixperience of multiple RCIC overspeed trips in transient conditions exists also at Pilgrim

(see LER 293/90-013).

ASP Modeling Assumptions nnd Approach

The event has been modeled as a severe weather-related LOOP with RCIC unavailable
but recoverable from the control room. A nonrecovery probability of 0.08 was assigned j
to RCIC. This addressed the potential for in-control room recovery (p(nonrecovery =
0.04)) from the two separate and unrelated RCIC unavailabilities that occurred during the ;

event. The probabilities used for LOOP nonrecovery in the short term and LOOP {
'

nonrecovery prior to battery depletion were also revised to reflect values associated with a

I

I

1

_.
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severe weather related LOOL' (see OltNI/NitC/111'l689/11. Revi.ted 1.0D/' Rcrovery
andl'WR Seal 1.OCA Models, August 1989).

Analysis 1(esults

'lhe conditional core dainage probability estiinated for the event is 1.2 x 10-4. The
doininant sequence, highlighted on the following event tree, involves a I.OOP with
failure of einergency power and failure to recover AC power prior to battery depletion.
'the recoverable unavailability of itCIC did not significantly contribute to the core darnage
probability associated with the event.

Additional infonnation concerning an associated event i' included in I. lift
293/90 013 (see NUlt!!G/ Cit 4674, Vol.13).

,
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On October 30. 1991 at 1942 hours a loss of preferred offsite 345 KV power occurred
while shut down during a severe coastal storm, the loss of preferred offsite power
resulted in designed responses including automatic actuations of the Reactor
Protection System. Primary and Secondary Containment Isolation Control Systems, and
Imergency Oletel Generators.

The cause of the loss of preferred offsite power was the flashover of a 345 KV
switchyard insulator, and separate operation of a stuck breater circuit. The
flashover caused three switchyard air circuit breakers (ACBs) to open as designed. !

A fourth ACB opened about 1.4 seconds later (stuck breaker circult) even though the
r lated ACD opened as designed. The most probable cause of the stuck brea6er
circuit operation was 345 KV electrical noise coupled into the stuck breaker
circuit. Corrective actions planned include the installation of a high speed
recorder to ronttor switchyard circuitry. A loss of the secondary source of
offsite power occurred at 1953 hours and an Unusual Event was declared at 2003
hours. The cause of the loss of secondary offsite power (23 KV) was also storm
related, when a tree fell onto a 23 KV line. Preferred offsite power was restored
at 2142 hours and the Unusual [ vent was terminated at 2230 hours. The loss of
preferred offsite power occurred at>out '.wo and one-half hours after a shutdown with
the reactor mode selector switch in the REFU(L position. The Reactor Vessel (RV)
pressure was appro Imately 920 psig with the RV water temperature at 530 degrees
Fahrenheit. This report is submitted in accordance with 10 CFR 50.73 subparts
(a)(2)(1)(B) and (a)(2)(iv). These events posed no threat to the public health and
safety.
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A period of sustained dry nortneasterly onshore winds (25-40 swh) began early on |
October 28 1991 and continued untti early October 30, 1991 when increased onshots |
winds (5 minute average speed of 51 56 mph) were esperienced due to the combined
effects of the northeasterly winds and the remnants of an offshore hurricane
(Grace). The winds resulted in salt deposits on the 345 KV switchyard and
insulaturs. The storm that produced the dry winds and resulting salt depollts on _r(* : switchyard insulators was ra.e. The rareness of the storm is important but
n, ,mtewm thy is the period of the sustained dry northeastern onshore winds.

Seaverd was transpor i d to the intake Structure as a result of the winds and
tides. Contlavous operation of the traveling screens that are part of the
Circulating Hater System was necessary because of the seaweed. The Main Condenser
vacuum gradual |y degraded As a result of the carryover of some of-the seaweed onto
the Main Condenser inlet tubesheets. and increased Circulating Hater pump motor
amperages were also noted. Reactor power was reduced to backwash the Main
Condenser.

At 0521 hours, while lowering reactor power to bac6 wash the Main Condenser, the
Control Room received a Recirculation Pump Motor 'B' lower bearing 6 o11 level .

alarm. After initial investigation of the oil level alarm. It was decided to shut
down the recirculation pump. The Recirculation System 'B' motor-generator set / pump
was shut down at 1154 hours while at apnrontmately 47 percent reactor power. The
shutdown was conducted in accordance with procedure 2.1.5 (Rev. 39) Attachment 1
Section G. ' Controlled Shutdown Hith One Retirc Pump Out of Service'. Drywell
de-inerting began at.1210 hours in preparation of a Drywell entry to further
investigate the oil level alarm. After the shutdown, the oli level was found to be
slightly low, t.e. approstmately 0.25 inch below the level esisting near the end of
the recent refueling outage (NFO 8). The nil consumption was not escessive when '

compared to the level of the Rectrculation System Loop 'A' pump motor. Control rod
drive scram timing began at 1355 hours.

At 1631 hours. 345 KV switchyard air circuit breakers (ACOs) 103 and 104 t*1pped
open. ACBs 103 and 104 opened as designed (due to a line 342 disturbance) and were
reclosed by 1640 hours with line 342 still in service. Located at the end of this
report is a figure depicting a simplified single.1tne diagram of the 345 KV
switchyard including the ACBs and Startup Transformer (SUI).

At 1645 hours the Main Condenser low vacuum alarm cleared. However, the
j Circulating Hater System pumps 'A' and 'B' motor amperage remained high and the
| Hain Condenser vacuum was still poor. Therefore, preparations for an earlier

shutdown were initiated. The feedwater System pump 'A' and Condensate System pump
'A' were shut down and the feedwater Control System was put into single element
control (reactor water level) by 1701 hours, and the Intermediate Range Monitors
were laserted. At 1705 hours, the 4160 VAC Aust11ary Powei Distributton System '

( APDS) buses inclucing emergency Buses A5 and A6 were transf erred from the Unit
Auntliary Transformer (UAT) to the SUI in accordance with Procedure 2.1.5,

. . . .
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At 1710 hours. AC6104 was manvally opened via control switch in the Control Room |

and the reattor sede selettor switch was soved to the SHU100HN position while at
approstmately 30 percent reactor power. These attlons were taken in accordante
with procedure 2.1.5 Attachment I settlon G. The movement of the mode switch to
the 5HU100HN position resulted in the espetted Reactor Protection System (RPS)
stram signal and stram. The stram resulted in espected designed responses that
included a decrease in the Reactor Vessel (RV) water level, an automatic opening of
AC8 105 and trip of the Turbine-Generator. The RV water Irvel decrease was the
normal response to the scram. The decrease.' to approntmately .14 inches resulted
in espected designed responses that included an actuation of the Primary
Contelnment Isolation Control System (PCIS) and Reactor Building Isolation Control
System (R61$). At 1711 hours. Emergency Operating Procedure LOP-02 was entered
because of the indicated position of some control rods and was esited at 1714 hours
af ter verifying the inserted position of all control rods.

The PC15 actuation included the following designed responses:

The inboard and outboard Primary Containment System (PCS) Group 2*

(two)/ Sampling System isolation valves that were open closed automatically.

The intioard and outboard PCS Group 3 (three)/ Residual Heat Removal (RHR)*
System isolation valves remained in the closed position.

The inboard and outboard PC$ Croup 6 (sis)/ Reactor Nater Cleanup (RHCU)*
System isolation valves closed automatically.

The RBl$ actuation included the following designed responsest

The inboard and outboard Secondary Containment System (SCS)/ Reactor*
Building vent 11attori supply and exhaust dampers closed automatically.

The SC$/ Standby Gas Treatment System ($G15) Trains ." and 'B' started*

automatically.

At 1716 hours ACB 103 tripted open automatically as designed (due to a line 342
disturbance) and ACB 104 (in the open position) remained open as designed. ACB 103
was manually closed via control swittn in the Control Room at 1720 hours. At 1729
hours, the RPS was reset and the PC15/RB15 was reset at 1800 hours. The RHCU
System was returned to service. the Reactor Building dampers were reopened and the
SG15 was returned to normal standby service. The Main transformer /345 KV
switchyard mechanical distonnetts (1930) were opened and ACBs 104 and 105 were
closed via control switches in the Control Room at 1740 hours. By 1849 hours.
stram recovery and PPS reset were complete. Main C>ndenser backwashing activities
resumed at 1850 hours.

At approilmately 1730 hours, the last of several pre evolutionary briefings was
conducted regarding the manual initiation of the High Pressure Coolant injection
(HPCI) System and Reactor Core Isolation Cooling (RCIC) System in the event of a
loss of offsite po.er.
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Gn October 30, 1991 at 1942 hours, a loss of preferred offsite power (345 rV)
occurred. The loss of preferred offsite power occurred when ACBs 103, 104 and 105
tripped open ard ACB 102 tripped open approximately 1.4 seconds later. The SUT ",J

jbecame de-energlied because ACB 102 (line 355) and AC8103 (line 342) were open. 4,
The loss of preferred offsite power resulted in the following:

The APDS, energired by preferred offsite power via the SUT, became de. energizede

and resulted in the following;.

De energizing / actuation of thG RPS, PCIS, and RBIS that included:e

Multiple concurrent RPS scram sigr.als. The controf fod drives*

remained in the inserted position,

PCIS (Groups 1.2.3, and 6) actuatto s that resulted in the automatice

closing of PCS isolation valves that were open including the inboard
and outboard Main Steam Isolation Valves (MS!Vs) and Main Steam drain
isolation valves. The closing of the HS!Vs and drain isolation

. valves eliminated the Main Steam piping as a pathway for removing
steam heat from the RV to the Main Condenser. The RV pressure was
approntmately 920 psig when the HSIVs and drain llolation valves
closed.

RBIS actuation that fesulted in the automatic closing of the inboarde

and outboard Reactor Dullding/SCS ventilation supply and e haust
dampers and automatic start of the SGTS Trains 'A' and '8'.

(mergency Diesel Generators (CMS) 'A' and 'B' started automatically ande

re-energlied emergency Buses A5 and A6, and rela'ed AC oceered load center
_

,

buses, motor control centers, and distribution panels,

At 1942 hours, the RCIC System was manually started for RV level control purposes,
- During the start of the RCIC System. an overspeed trip occurred and is separately

reported via LfR 91 025-00. Mhile the overspeed trip wat being manually reset, the
| HPCI System was manually started for RV pressure control purposes and the RHR
I System was started in the Suppression Pool Cooling (SPC) mode, After the RCIC'
' turbine overspeed trip was manually reset, the RCIC Inverter was found to be

ttlpped and is separately reported via LIR 91-025 00. The RCIC inverter was reset
and the RCIC System was manually started in the injection mode for RV level control
at 1947 hours.

At 1953 hours, the Shutdo.n Transformer (501), that is the secondary source of
-offsite (23 KV) power to emergency Bus A5 and A6, became de.energited. This, in
conjunction w'th the earlier loss of preferred offsite power, resulted in a total
loss of t.11 of fsite power and an unusual [ vent was declared at 2003 hours.
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At 2028 hours. toergency Operating Procedure t0P-03 was entered due to the
Suppression Pool bulk water temperature exceeding 80 degrees Fahrent.eit (due to
HPCI and RCIC turbine operation). A maximum Suppression Pool bulk water
temperature of approximately 107 degrees Fahrenheit occurred at 2033 hours.

At 2030 hours, the HPCI and RCIC turbine-pumps tripped automatically as designed
when the RV water level resched the high water level setpoint (calibrated at
appronimately +46 inches). At 2031 hours. the Main Steam / Target Rock two-stage
relief valve RV-203-38 (pilot serial number 1040) was manually opened for pressure
control in accordance with [0P-01 because the RV pressure was approximately 800
psig and increasing. The valve was manually closed at 2032 hours when the RV
pressure was approsimately 600 psig and decreasing. At 2033 hours. the HPCI and
RCIC high water level isolations were reset and the HPCI System was manually
started in the full flow test mode for RV pressure control and the RCIC System was
manually started in the injection node for RV water level control.

At 2142 hours, the SVT was returned to service when ACB 102 was manually closed via
control switch in the Control Room. This action was taken after line 355 was
re-energired by the regional power authority following a switchyard inspection and
reset of protective relaying. This restored one source of preferred offsite power
(345 KV line 355) to the SUt and APD$. The SDT was restored to service at 2210 i

hours. This restored the secondary source of offsite power (23 KV) to emergency
Bus A5 and Bus A6.

At 2216 hours, safety-related 480 VAC Bus B6 was manually transferred from Bus B1
(powered by EDG ' A' via Bus A5) to Bus B2 (powered by (DG 'B' via Bus A6).
Emergency Bus A5 was then transferred from [DG 'A' to the SUT. At 2225 hours. Bus
B6 was manually transferred from Bus 82 to Bus B1 (powered by the SUT via Bus A5).
But A6 was then transferred from EDG 'B' to the Suf, and ECGS 'A' and 'B' were shut
down. At 2230 hours. the unusual twent was terminated and it.e RHR System loops 'A'
and 'B' were put into service in the Suppression Pool Cooling (SPC) mode.

At 2335 hours. a PCIS Group 6/RHCU isolation signal occerred when the RHCU System
was being returned to service. The event is separately reported w h i.[R
91-026-00. The PCIS was reset and the RHCU System was returned to service by 2339
hours. At 2336 hours, the Suppression Pool water level was noted as exceeding -3
inches and a Limiting Condition for Operation (LCO A91-277) was entered. The LCO
was terminated on October 31. 1991 at 0549 hours when the level was less than .3
inches (LR 5038).

On October 31. 1991 at 0026 hours, the PCIS Group 1 (one) circuitry was reset and
the MSIVs were re-opened. This restored the Main Steam piping as a steam pathway
from the RV to the Main Condenser. The HPCI $ystem was removed from RV pressure
control and shut down at 0029 hours. The RCIC System was removed from RV level
control and shut down at 0035 hours. The Main Condenser eechanical vacuum pump was
placed into service at 0041 hours.
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At 0248 hours, a PCIS Group 6/RWal isolation signal oct*tred when the position of
the PHCU System valve 60-1201-95 was being adjusted. -The event is separately
reported via LIR 91-026-00. The PCIS was reset and the RWJJ System was returned to
service by 0254 hours.

By 0257 hours, the RV pressure was reduced to less than 150 psig (146 psig) and the
RHR System / Shutdown Cooling (SDC) suction piping high pressure isolation $lgnal

-
;

(calibrated at approntmately 122 pstg) cleared at 0340 hours.

By 0421 hours, the Suppression Pool water level had decreased to -4.5 inches
(LR-5038) and [0P-03 (Suppression Pool water temperature) was esited at 0423 (
hours. At 0433 hours, the RHR System pump 'B' was shut down from the $PC mode of'
operation.

By 0927 hours, the RV pressure had decreased to approntmately 2ere plig. At 1000
hours, the Main Steam drain line isolation valves were opened.

At 1637 hours, an RHR Loop 'B' pump was started for the $DC mode of operation, and
by 1643 hours the RNCU System inlet water temperature (i.e. RV water temperature)
was less than 212 degrees Fahrenheit and cold shutdown was achieved at that time. i

The other RHR Loop 'B' pump was also %terted for the SDC mode at 1700 hours.

The RV head vent valves were opened at 2300 hours.
,

f ailure and Halfunction Report (F&MR) 91446 was written to document the loss of
secondary offsite power and F&MR 91447 was written to document the loss of
preferred offsite poFer and Unusual fvent. The NRC Operations Center was notified
of the Unusual Event in accordance with 10 CTR 50.72 on October 30, 1991 at 2007
hours. A followup telephone call to the NRC Operations Center was aade on
October 31.1991 at 1915 hours to ensure the corcunications on October 30, 1991 at
2007 had been recorded correctly. F&HR 91-466 was written to document the
Suppressi A Pool water level enceeding -3 inches. Other F&MRs were written to
document related events that occurred.

CAUM
,

The causes and related corrective actions for the loss of preferred and secondary
offsite power are separately described as follow '

1. Lc3LcLAtitutLQ!llutAtr (3453y)

The 345 KV transist on system (lines 342 and 355). 345 KV switchyard, Maini
Transformer, and 501 are e pipped with protective primary, secondary, and backup
(local and remote) relaying. This relaying consists of tilstance, high speed, fault
detection (phase, phase to phase, phase to ground), stuck breaker (ACBs 102, 103.

~

,.

I 104, 105), transfer trip, 345 KV bus dif ferential. SVT dif ferentiel (ACBs 102 and
103) Main Transformer differential (AC85 104 and 105). and Turbine / Generator lock
out (ACBs 104 and 105).

. . . . _ . . . .
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ACBs 103, 104. and 105 tripped open and line 342 became de-energtred (via a
transfer trip signal to remote switching devices) because of a flashover that
occurred on a 345 KV insulator column on ACB 104. The flashover was the result of )
environmental conditions. i.e. salt deposits on the insulator, and the equipment I

functioned _as designed in response to the flashover. The opening of ACB 103 and j

de-energizing of line 342 removed line 342 as one source of preferred offsite power i

to the SVT and lef t line 355 as the o91y source of preferred offsite power to the
SVT via ACB 102.

Approximately 1.4 seconds after ACBs 103,104, and 105 tripped open, time delay
relay 62/5 ( ACB 105 stuck breaker time delay relay) operated. The ACB 105 stuck
breaber scheme 15 designed to generate a trip signal to ACBS 102 and 104 and to
devices at the offsit* (remote) end of line 355. Relay 62/5 is a Westinghouse type
TD-50 time delay relay (set at 100 milli seconds). The operation of relay 62/5
satisfied the protective circuit 'ogic that generated a trip signal for ACBs 102
and 104 (already open) and devices at the remote (offsite) end of line 355. ACB
102 opened as designed, and line 355 became de-energized as designed as a result of
remote switching.

Because ACB 105 opened as designed arid was not slow in opening, the reason for
operation of the ACB 105 stuck breaner circuitry was investigated. Remote, offsite
fault analysis equipment indicated only one f ault (flashower on the ACB 104
insulator column) occurred. The root cause investigation on the ACB 105 stuck
breaker ct"cuit operation consisted of circuit analysis, component testing,
individual relay testing ACB 105 timing tests, overall relay and ACB system
functional timing tests, and special tests of relays 62/5 and 50/5 (Hestinghouse
type SI) in the ACB 105 stuck breater circuit. h cept for a filter capacitor, all
of the tests confirmed the components functioned as designed. The filter capacitor
was found to have a loose connection that was subsequently tightened. The
capacitor is designed to protect relays 62/5 and 50/5 from voltage transients or
interference on the switchyard 125 VDC control power supply.

The loose connection cou 2 have allowed the relays to be susceptible to
interference with a potential for false operation of relay 62/5. The root cause
for the ACB 105 stuck breaker circuit operation is believed to be either a random
signal of unknown origin or the infrequent development of some sequente of 345 KV
transmission system electrical events which results in self excitation of the stuck |

breaker circuit through noise coupling. Typically, these conditions require
special monitoring to identify and remedy the cause of the condition. A high speed
recorder wl11 be purchased and installed to monitor eplicable svitchyard
circuitry. The installation of the recorder is espected to be completed in January
1992. To preclude the potential for future improper operations of relay 62/5, the
relay will be replaced. The replacement is expected to be completed in December
1991. Also, a possible modification of the stuck breaker circuitry is beIng
explcred to reduce the susceptibility of false stuck braater circuit operation.
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The ACB 104 insulator flashover (which initiated the opening of AC8s 103.104, and i

105) was the first switchyard flashover since the insulators were treated with a
covering (Sylgard) in the suarner of 1987. State that treatment. a significant
reduction in insulator corona during adverse weather conditions has been noted.
After the storm, the switchyard was inspected for evidence of flashover danage and
no damage was found. The switchyarc insulators were washed to remove salt depositt
before Pilgria $tation was returned to comercial service.

2. Lcat.9L$ttodntLO!!1LttlanL $2kD)
The SDI became de-energtred as a result of electrical protection devices that
actuated the SDI lockout relay. The lockout relay actuated because of a sensed
fault on the offsite 23 KV distribution system. The direct cause was the
environmental effects of the storm, i.e. winds that damaged trees including one
tree that fell onto the 23 KV line that powers the $Di. The tree was located on i

Pilgrim Station property between the 23 KV distribution system and the $Di.
Corrective action taken included the renovel of the fallen tree. Long term
corrective action planned includes periodic inspection of trees along the 23 KV
lines on Pilgrim Station property for pruning or removal,

SM11LC045LMELS
.

These events posed no *hreat to the public health and safety.

The Standby AC Power (41(0 VAC) System consists of (DGs 'A' and 'B' that are
self-contained and independent of the offsite power sources. The safety objective
of the Standby AC Power Systee 's to provide a single failure proof source of

,

onsite AC power adecuate for the safe shutdown of the reactor following w ormaln
operational transients and postulated accidents. A loss of all offsite power is
described in the UFSAR Chapter 14 The Chapter 14 analylls bounds the analyses in
the UFSAR Appendia R that includes a loss of all of fsite power to station
auntilaries. The [DGs started and provided power to Buses A5 and A6. and the
related electrical system in response to the loss of power to But A5 and Bus A6.

The Core Standby Cooling Systems (CSCS) consist of the HPCI System, Automatic
Depressurtration System (ADS). Core Spray System. and the RHR/LPCI mode. The HPCI
Syste : provides water to the RV for high pressure core cooling. Although not part
of the C5CS. the RCIC System 15 capable of providing water co the RV for high
pressure core cooling, 51stler to the HPCI System. The ADS is a backup to the HPCI
System and functions to reduce RV pressure to enable low pressure core cooling
provided independently by the Core Spray System and the RHR/LPCI sode. The C5CS
were operable.

The highest RV water level that occurred was approntmately 55 inches. The lu et
was less than the level (+112 inches) corresponding to the bottom of the Main Stease
piping. The lowest RV water level that occurred was approulmately -14 inches. P
level was greater than the level corresponding to the CSCS low. low water level
setpoint (calibrated at approiltnately -45 inches) and the leve; (-127.5 inches)

' corresponding to the top of the active fuel tone.
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The highest Suppression Pool bulk water temperature that occurred was apcronimately
107 degrees Fahrenheit which occurred after the shutdown, lhe temperature was less
than the maximue water temperature (120 degrees Fahrenheit) specified by Technical
Specification 3.7.A.1.h during RV isolation conditions.

|

The highest Suppression Pool water level that occurred was approst u tely 1 inch
(LR-5038). 1he level was less than the level corresponding to the Naimum
Suppression Pool volume of 94.000 cubic feet specified by Technical Specification
3.7.A.1.b. A Suppression Pool volume of 94.200 cubic feet correspondt to a Itvel
of +6 inches (LR-5038/5049) or 139 inches (L1-1001-604A/B). The level was also I

tess than the settings of the level switches (LS-2351A/B) that control the
Suppression Pool /HPCI pump suction valves.

Technical Speci ition 3.7 A.I.m specifies the Suppression Pool / Chamber be
maintained betw.vn -6 to -3 inches which corresponds to a downcc. er submergence of
3.00 and 3.25 feet respectively. A Suppression Pool level of -1 inches
corresponds to a downcomer submergence of 3.42 feet. The specified downcomer
submergence values were based, in part, on reactor operation at full pressure
conditions (i.e.. approximately 103$ plig). The maximum RV pressure during the
period when the Suppression Pool level was greater than -3 inches was approntmately
600 psig (decreasing). The water level was decreased to less than -3 inches in
approvie.ately six hours. The Suppression Pool water level is logged dail.y in
accordance with Procedure 2.1.15 (currently Rev. 87), *0 ally Surveillance Log *,
Attachment I (daily log test #15). As part of this test, the Suppression Pool
water level is vertfled to be greater than -6 inches and less than -3 inches
(LR-5038/LR-5049).

This report is submitted in accordance with 10 CFR 50.73(a)(2)(tv) because of the
automatic attuations of the RPS, PCIS. RBIS. and (OCs after the shut down.

This report is also submitted in accordance with 10 CFR 50.73(a)(2)(1)(B) because
the Suppression Pool letel of -1 inch although less than the level corresponding
to the mailmum Suppression Pool volume of 94,000 cubic feet. was greater than the
level corresponding to a it.animum downcomer submergence of 3.25 feet.

SIMILeR11 LIQ _EHVlWLIYM15

A review was conducted of Pilgrim $tation Licensee twent Reports (LERs) submitted
strice ,lanuary 1984. The revlev focused on LIRs involving a loss of preferred
offsite power, or stuck breaker circuit operation. The reviewed identified LfRs
89-010-00, 87-014-01, 87-005-00, 86-029-00, and B6-027-01 that involved a loss of
preferred offsite power. LER 87-014-01 also involve.1 operation of the ACB 104
stuck breaker circuit.
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for LtR 89-010-00, a loss of preferred offsite power (345 KV) occurred while shut
down on february 21, 1989 at 0450 hours. At the time of the event, lines 342 and
355 were in service and povering the SVT via ACBs 102 and 103, and secondary
offsite power (23KV) was available via the SDT. The loss of preferred offsite
power occurred when AC85 102 and 103 tripped open because of a cable fault in the 1

underground portion of one of the SUT phase 'C' power cables between the secondary |

side ('X* winding) of the $UT and nonsafety-related 4160 VAC Pus A4 The fault i

actuated the dif ferential ground current relay that tripped lockoit relay 186 4 and
caused ACBs 102 and 103 to open. The IDGs started automatically and supplied power
to the emergency buses and related electrical system. The cause of the cable
failure was cable jacket damage during original cable installation. Corrective
action taken included replacement of the failed section of cable,

for [[R 87-014-01 a loss of preferred offsite power (345 KV) occurred while shut
down during a severe storm on November 12, 1987 at 0206 hours. Just prior to the
event ACBs 102. 103, 104, and 105 were in the closed position, and transmission
lines 342 and 355 were in service ar.d powering the SUT. The SOT was not in service
because of modification activities related to the blackout diesel generator. The
event occurred as a result of a line 342 ground fault at 0205 hours and a line 355
fault approximately one minute later. The line 342 fault resulted in the opening-
of AC85 103 and 104. ACB 104 opened slowly and caused the ACB 104 stuck breaker
circuitry to operate and caused AC8105 to open and a transfer trip signal to the
rerote (offsite) end of line 342. ACB 102 remained closed during that sequence
(0205 hours) but tripped open approilmately one minute later. The EDGs started
automitically and supplied power to the emergency buses and related electrical
system. ACB 102 opened as a result cf the SUT differential protection circuitry.
The circuitry operated because of an incressing voltr-per-hertz condition that
tripped the differential protection relay. The relay functioned properly to lock
out ACB 103 (already open) and to trip open ACB 102. The cause of the loss of
prvferred offsite power was a series of storm related faults in the 345
''nsmission system (lines 342 and 355) remote from the switchyard.

For I'1 87-005-00 a loss of preferred offsite power (345 KV) occurred while shut
down during a storm on March 31. 1987 at 0845 hours. Just prior to the event. ACBs
103. 104. and 105 were in service. ACB 102 was tagged open for maintenance and was
not in service. The 345 KV transmission lines 342 and 355 were in service and thei

SVT was in service providing power to the APDS except for Bus A6 that was taggedi

out of service for maintenance. EDG 'A' was in standby service and [DG 'B' was
tagged out of service for maintenance. The EDG 'A' s*Trted automatically and
supplied power to emergency Bus 'A' and the related electrical system. The loss of
preferred of fstte power occurred when AC8s 103 and 104 trlpped open as a result of
an offstte line 342 fault due to a broken static line. The location where the
static line fell onto the 345 rv line 342 conductors was several miles from the
switchyard. The broken static line was attributed to high winds and rain from the
storm.
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For L(R 86-029-00, a loss of preferred of f site power (345 KV) occurred while shut
down on December 23, 1966 at 1120 hours. At the time of the event, a de-energtred
switthyard phase 'C' insulator located between ACB 104 and disconnect ID4B was
being washed. The insulator washing was being conducted with ACBs 103 and 104
open, and the $UT was being powered from line 355 via ACB 102. During the washing
of the insulator, overspray onto an energired switchyard insulator caused a loss of
Ilne 355 and the $UT became de-energired. (DG 'A' started and Powered Bus A5 and
the related electrical system. [DG 'B' had been removed from service and did not
start, and the 501 re. energized Bus A6 and related electrical system. The root
cause was a wind thange causing overspray from the insulator washing to be carried
over to energized insulators.

For LtR 86-027-01, a loss of preferred offsite power (345 KV) occurred during a
severe storm while shut down on November 19. 1986. Prior to the event the SVT was |powered f rom lines 342 and 355 that were in service, and the SDT was in service. '

At 0819 hours. ACBs 103,104, and 105 tripped open. At 0840 hours. AC8 102 tripped
open and the SUT became de eriergized at that time. The [D;s started and supplied
power to the emergency buses and related electrical system. Subsequent
investigation and inspections determined the snost probable cause of the 10$$ of
preferred offsite power to have been arcing of the high voltage (345 sV
transmission) lines due to ice and snow.

LhEKLIMMIELIDW111CAllM 51511M_1Iil5LMH

The E!!5 (odes for this report are as fr'110ws:

CfME'L*il315 00LS

Bre4Ler (aCBs) DLR
Capacitor CAP
Insulator INS
Relay, instantaneous Overcurrent (50/5) 50
Relay. Time-Delay Stopping or Opening (62/5) 62
Transformer XFMR

Su1LMS

Condenser System SG
Containment Isolation Control System (PCIS/RBIS) JH
[ngineered Safety Features Actuation System JE

(PCl$. RPIS RPS)
Emergency Onsite Power System (EDGs) EK
Heat Aejection System (Circulating Hater System) KC

Main Steam System TA
Medium Voltage Po er System (4.16 KV) [A
Plant Prote 'lon System (RPS) JC
RHCU System CE
Standby Gas Treatment System (SC15) BH
Switchyard System (345 KV) F t.

, . . . .
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~n On March 26. 1991 when starting the 'B' Reactor Recirculation Pump, the High
3 Pressure Coolant Injection (HPCI) and Reactor Core Isolation Cooling (RCIC) System
:c inverters tripped on high voltage. The HPCI and RCIC Systems were inoperable fcr

nine minutes. The cause of the inverter trips was a voltage fluctuation that-

:;- occurred during pump start, The load required by the pump start caused the battery '
= charger that suppites DC voltage to the inverters to overcompensate resulting in a
O voltage surge. The trip setpoint of the inverters was esteeded during this surge.

Corrective action was taken to reset the inverters. An engineering evaluation has
been initiated to investigate enhancements to preclude the inverters from trippirig
as a result of large pump starts. Interin measures will include an administrative
change to caution operations personnel that the potential for inverter trips
exists. The inverters =Are e.anuf actured by Topar Electronics. Hodel No.125.CH-125
(60).

The event occurred at power operation with the reactor mode selector switch in the
RUN position. The Reactor Vessel (RV) pressure was approsimately 956 psig and the
RV water terrperature was $42 degrees Fahrenheit. The reactor power level was 30
percent. This report is submitted in accordance with 10 CFR 50.73(a)(2)(v)(0) and
the event pose 1 no threat to the pubile health and safety.

....-m.. 9/04290qW
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On March 26. 1991 at 0043 hours when starting the 'B' Reactor decirculation Purrp,
the High Pressure Coolant Injection (HPCI) and Reactor Core Isolation Cooling
(RCIC) $ystem inverters tripped on high voltage. This made the HPCI and PCIC
Systems inoperable. The Recirculation Pump was being started because of a prior
even' that resulted in a lockout of the emergency 4160 volt but A-6 and substavent.

trip of the 'B' Recircula' ion Pump (see LER 91-005-00 for details). The pump was
started in accordance with Procedure 2.2.84 (Rev. 33). * Reactor Recirculation
System *. The inverters tripped when the pump was started and the inverter failure
alarms were received at control room panels 903C and 904L for HPCI and RCIC.
respectively.

Corrective action was taken to reset the inverters at 0052 hours at the associated
panels in the Control Room. Failure and Halfunction Report 91-103 was written to
document the event. The hRC Operations Center was notified as required by 10CTR
50.72 on April 10. 1991 at 0927 hours. The late call was made because at the time
the inverters tripped, the HPCI and RCIC Systems were not considered inoperable. A
Limiting Condition of Operation was no' entered as the inverters were promptly
reset, nine minutes after tripping.

1he event occurred at power operation with the feattor mode selector switch in the
RUN position. The Reactor Vessel (RV) pressbre was approximately 956 psig and the
RV water temperature was 542 degrees fahrenheit. The reactor power level was

~

approximately 30 percent.

LML

The cause of the inverter tript was a fluctuation of the input DC voltage that
resulted when the 'B' Recirculation Pump was started. A reduction in voltage
occurred on the 4160V AC bus A-6 due to the load demand caused by the pump start.

-This also caused a voltage reduction on the 480V AC buses that feed the tattery
chargers. The battery chargers supply DC power to the HPCI and RCIC inverters.
The battery charger maintains a constant DC output provided the AC input does not
vary by more than t 10 percent. D en the Recirculation Pump was started, the input
voltage to the chargers went below its 10 percent input voltage margin. Hith the
input voltage reduced the battery charger output voltage was also reduced. The
tattery charger responded by overcompensatino for the low output voltage. This
resulted in a voltage surge thereby causing the inverters to trip.

The trip range of the inverters was not sufficient to endure the transient. The
inverters are calibrated to trip at oproximately 140V DC. Values obtained from
plant recorders at the time of the trips were 145V and 149V DC for the HPCI and
RC1C inverters respectively. The inverters convert 125V DC power to AC power for
the HPCI and RCIC flow controllers and square root converters. Hith the inverters
tripped. the systems would not automatically reach rated speed nor full flow
conditions. The inverters were manufactured by Topaz Electronics, Model ho.
125-GW-125 (00).

I
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! mediate torrective action was to follow the Alars l'esponse Procedures ( Att's) 903C |and 904L for the trip of the HPC1 and RCIC inverters. the applicable breakers in
distribution panels 04 and D5 vert checked to verify 125V DC poner was available to
the inverters, and the inverters were reset at 0052 hours.

Service Request (91-249) was generated to investigate adjusting theAn [ngineerit.,
trip setpoints on the inverters or installing an inves 6er that can accomodate such
voltage fluttuations. In addition, the battery tharger response with respett to AC
surply voltage fluctuations is being evaluated, An update to this report will t,e
tutmitted if signifttant new information becomes available.

Irterim steasures to be taken include a thange to f'rotedure 2.?.84 to caution
operations personnel of the potential for inverter trips when placing the
Recirculation Pumps in service. The procedure will require the operators to
promptly reset the inverters as required by the ARP. Htth regards to the late
nottfttation to the NRC Operations Centet. a night order was issued to instruct the
operators that when the Hl'CI and RCIC inverters trip the systems are to be
considered incretable until the circuitry 15 reset, lhe appropriate notifttations
will be t.ade.

W LILCOMLWL!!CL5

lhe event posed no threat to the public health and safety.

The trip of the HPCI and RCIC inverters was the designed response. The inverters
were reset nine minutes after tripping. If the systems were required to function
during the nine minutes, the circuitry could have been reset imediately and the
systees would have been available,

During the time HPCI and RCIC were inoperable due to the tripped inverters, the
automatic actuation of the Automatic Depressurization System was capable of
reducing the Reattor Vessel pressure for low oressure tooling provided
independently t>y the Core Spray System and Residual HRat Removal System / low
Pressure Coolant Injection tode.

The report 15 submitted in accordance with 10 CFR 50.73(a)(?)(v)(D) because the
,

HPCI and RCIC Systems became inoperable.
|
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A review was conducted of Pilgrim Station Licensee twent Reports (LtRs) issued ;

since January of 1984 The review focused on LER where HPCl and/or RCIC became
7inoperable due to tripped inverters. The review revealed one siellar event. LtR '

85-029-00 involved receipt of the HPCI inverter circuitry failure alarms and an
ATHS trouble alarm in the Control Room. It was deterstned that the HPCI inverter
and the breater feeding the ATHS inverter had tripped. Immediate corrective action
was to reset the HPCI inverter and ATHS breater. ibe critse of the trips was
determined to be a fluctuation of the input DC voltage.

IhLR GLihDU11RLI DLElliM11CE._11111! Lit 115LCDDi$

The til5 codes for this report are as followst

CT R Mlali CODIS

Inverter INVi
Charger, tattery BYC

ililiML *

High Pressure Coolant Injection (HPCI) System BJ
Reactor Core Isolation Cooling (RCIC) System BN
tov Voltage Power System (480V AC) [C
DC Power System [I
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On October 9. 1991 at 1802 hours, the Reactor Core Isolation Cooling (RCIC) $ystem was
declared inoperable and a seven day Limiting Condition for Operation (LCO) began at *

that time. The system was declared inoperable because sufficient test data was not
*

ava113ble to demonstrate that sufficient margin to the RCIC Inverter trip setpoint
eatsted if a 125 VDC Bus 'A' voltage transient were to occur. The DC voltage transient
is possible if an AC voltage transient of sufficient magnitude occurs it the input of
the 125 VDC bettery charger. The 125 VDC Battery 'A' and backup battery charger were
in service supplying power to the RCIC inverter via 125 VDC But ' A' when this condition
was identified.

The RCIC System was maintained in the normal standby mode and was not removed f rom
service as a result of declaring the system inoperable. A written request for elief
from the requirement to shut down on October 16. 1991 because of this conditiva was
granted by the NRC on October 16. 1991. Compensatory measures were implemented as a
result of this condition. The plant was shut down on October.30._1991 for reasons
unrelated to the RCIC System LCO. Corrective action planned consists of tenting and/or
the implementation of modifications to preclude unacceptable voltage transients from
cccurring on the 125 VDC Bus 'A'.

This condition was identlfled during power operation with the reactor mode selector
sulich in the RUN position. The reactor power level was 100 percent. The Reactor
Vessel (RV) pressure was 1028 psig =)th the RV water temperature at 548 degrees
fahrenheit. Yhts report-15 sut.mitted in accordance with 10 CFR 50.73(a)(2)(v)fD) and
this condition posed no threat to the pubile health and safety.
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The Reactor Core Isolation Cooling (RCIC) System safety objective is to provide makeup
water to the reactor vessel following reactor vessel llolation in order to prevent the
release of radioactive materials to the environs as a result of Insufficient core
coolitg. The system is required to operate automatically to maintain sufficient
coolant in the reactor vessel to that the integrity of the radioactive material barrier
is not comproelsed. the RCIC System is designed to cope with a control rod drop
accident. a loss of feedwater flow transient, and a loss of offsite power transient.
fach of the events results in an isolated reactor vessel with no breach of the primary
pressure boundary. Reactor water level will drop as a result of the intilat'ng events
followed by a " boll down" as the Safety Relief Valves (5RVs) retteve on 'nigh pressure.
The RCIC System is designed to automatically restore level by providing flow in escess
of the bolling rate. Technical Specification 3.5.0 requires that the RCIC System be
operable whenever there is irradlated fuel in the reactor vessel. reactor pressure is
greater than 150 psig. and reactor coolant temperature is greater than 365 degrees
fahrenk ,t.

The RCIC inverter converts 125 VDC (nominal) to 120 VAC to power a square root
converter and flow controller in the RCIC flow control circuit and the test circuit
power supply. Hith the inverter tripped. the RCIC System could start and riperate at ,

minimum speed. An Inverter trip would not prevent system Initiation or cause a trip
during kCIC System operation. The capability for subsequent restoration of RCIC System
flow control is available to the operator in the Control Room. The RCIC inverter is
powered from the 125 volt DC But 'A'. The 125 VDC But normally receives power from 125
VDC Dattery 'A' in parallel with a battery charger. AC voltage transients of
sufficient magnitude at the input of the 125 VDC battery charger can cause DC voltage
transients at the output of the battery charger. DC voltage transients in escess of
the setpoint can cause the RCIC inverter to trip.

LYULLDISCRIE110ff

On October 9, 1991 at 1802 hours, the RCIC System was declared inoperable and a seven <

day Technical Specificetton 3.5.0.2 tietting Condition for Operation (LCO) began at
that time. The RCIC System was declared inoperable because sufficient test data for
the backup 125 VDC battery charger was not evallable to ensure the RCIC invarter culd

; not trip if a normal AC voltage transient were to occur. At the time the f.CIC System
'

was declared inoperable, the 125 VDC Battery 'A' in parallel with the backup battery
charger were supplying power to the RCIC inverter via 125 VDC But 'A'.

This action was taken as a result of Nuclear Engineering Department evaluation
regarding additional test data needed to supplement 125 VDC battery charger test data

1, collected while shut awn during the recent refueling outage (RfD 8). The data was
! collected as part of corrective actions resulting from a trip of the High Pressure
'

Coolant Injection (HPCI) and RCIC invertert that was reported via LER 91-006-00.

failure and Malfunction Report 91-423 was written to document this condition. The hRC
Operations Center was nottfled in accordance with 10 CFR 50.72 on October 9. 1991 at
1811 hours. The RCIC System was mainta.ned in its normal standby mode and was not
removed from service as a result of declaring the system inoperable.

. . . . . . . .
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Ints Condition was identifled during poner operatlon with the rea(tor mode selector
switch in the RUN position. The Reactor Vessel (RV) pressure was 1028 pstg with the RV

.

water temperature at 548 degrees fahrenheit. The 125 VOC Battery 'A' and 125 VDC
backup battery charger were in service povering 125 VDC Bus 'A'. The 125 VDC battery
charger 'A' was not in service.

A request for relief from a shut down specified by Technical Specification 3.5.0.2 was
submitted to the NRC on October 15, 1991 (BECo Letter 91-300h the relief was
requested prior to 1800 hours on October 16, 1991 to preclude an unnecessary shut down
of Pilgria Station due to the seven day LCO that began on October 9,1991 at 1802
hours. Discretionary enforcement was grantee by the NRC for an additional 24 hours on
Oc tober 16, 1991 at 1620 hours. Tne request was granted by the NRC on October 17, 1991
at 1102 hours until such time the NRC could act upon an entgent Technical Specification
change request to extend the RCIC System LCO for the RCIC inverter.

CAV5L

The 125 VDC Battery 'A' and backup le5 VDC battery charger were supplying power to the
RCIC inverter via the 125 VDC Bus 'A' when this condition was identifttd. [atrapolt;ed
test data from the 125 VDC battery charger 'A' and backup 125 VDC battery charger
indicated the RCIC inverter trip setpoint would not be reached. However, because
suf ficient test data for the backup battery charger was not available to demonstrate
that sufficient margin to the inverter trip setpoint esisted, the RCIC System was
declared '.noperable.

When this report was prepared, the root cause and related corrective actions were to be
identified in an update of LIR 91-006-00. However, on October 30, 1991 at

*approximately 1946 hours, af ter a shut down for reasons unrelated to the RCIC System
LCO, a RCIC inverter trip occurred. The inverter trip will be separately reported via
LER 91-025-00. The root cause, therefore, will be included in L(R 91-025-00 instead of
en update of LER 91-006-00.

CMLEA70RLM25UP15

The following compensato,i eeasure has been implemented. Whenever the RCIC inverter
trips, as indicated by Control Room Panel C-904L annunciator 14, 'RCIC Inverter
Failure", the licensed operator will imediately perform section 3 (three) of the alarm
response procedure ARP-904L alarm window 14, The operator actions include transferring
the RCIC controller to manual, adjusting the flow controller to minimum, resetting the
RCIC inverter, and transferring the flow controller to the desired mode.

CORRLCILYL2CHON

The alarm response procedure ARP-904L for alarm window 14 was changed ftR0 91-19(1-
The change identifles specific operator actions to take if the RCIC inverter tvig s when
the RCIC $ystem is operating or is in the standby mode.

~ ~ ~
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A proposed change to Technical Specification 3.5.D.2 under entgent circumstances was
submitted to temporarily estend the seven day RCIC System LCO to 97 days for the RC!C
inverter trip concern. The proposed change was submitted on October 24. 1991 (B[Co
Letter 91-136). The entension would have permitted testing to be conducted or
modifications to be implemented. No ever, the plant was shut down.on
October 30, 1991. Therefore, the proposed change is no longer valid and will be
withdrawn.

When this report was prepared, cot rective action planned consisted of sodifications
and/or testing. The p'Jrpose of the mdtf tcations was to preclude normal AC voltage
transients from causing unaceptable DC voltage transients i.e. affecting the
capability of the RCIC System to perform its intended function. The purpose of the
testing was to ensure normal AC voltage trantients would not cause unacceptable DC
voltage transients. The modifications and/or testing were espected to be completed by
January 14, 1992.

As a result of the shut down that occurred on October 30, 1991, the previously
mentioned modifications and/or testing will be tornpleted prior to startup.

SML1LC91SLQULKLS

This condition posed no threat to the public health and safety.

The Core Standby Cooling Systems (CSCS) consist of the HPCI $ystem A t ratic
Depressur12ation System ( ADS), Core Spray System, and Residual Heat keroval (RHR)
System / Low Pressure Coolant Injection (LPCI) mode, lhe design of the C5CS includes
provision for high and low pressure core cooling. The HPCI System is tested for
operability at least monthly and was operable. In the unlikely event a HPCI $ystem
fallute had occurred when its operation was necessary, an automatic (or manual)
actuation of the ADS would reduce the Reactor Vessel pressure for low pressure tore

_

tooling provided independently by the Core Spray System and RHR System /LPCI mode.

This report is submitted in accordance with 10 CFR 50.73(a)(2)(v)(D) because the RCIC
System was declared inoperable.

SMILARIIL10lHYlWS_LYLMS

A review was conducted of Pilgrim Station Licensee [ vent Reports (LtRs) Issu.d since
January 1964 The revtev fo.used on LERs involving the RCIC System teing declared
inoperable or becoming letoperable due to a RCIC inverter trip. The review identified a
t evious event reported via L(R 50-293/91-006-00.

For LIR 91-006-00, the RCIC Inverter and HPCI inverter tripped during power operation
on March 26, 1991 at 0043 hours the inverters trisped when the Recirculation System
Loep '0' motor-generator set / pump was restarted. At the time of the event, the 125 VDC
Dattery 'A' and Battery Charger 'A' were supplytrtg power to the RCIC inverter via 125
VDC Bus 'A' The 125 VDC Battery 'B' and the 125 VDC backup battery charger were
supplytng power to the HPCI inverter via 125 VDC But 'B', The 125 VDC battery charger
'A' and backup battery charger were being powered from Bus A5 via Bus B1 and Bus B6,
respectively.

... . . . , .
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The til5 codes for this report are as follows:

CMK*_.iM11 COOLS

BYC |Charger. Battery
Inverter INVT

$YlllMS

DC Power System (125 VDC) [I

Low Voltage Power System (480 VAC) - Class IE [D
Medium Voltage Power System (4160 VAC) - Class 1E [B

BNRCIC System

. . . . . . . . .
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On October 30.1991 at 1942 hours. the Reactor Core Isolation Cooling (RCIC) System
turbine tripped as operators manually started the system for Reactor Vessel (RV)
water level control. The trip was reset and the RCIC System was a.anually started.
However, the RCIC inverter had tripped when the "A" Residual Heat Removal (RHR)
pump was started at 1946 hours resulting in the RCIC System not reaching rated
flow. The operators manually shut down the RCIC System, reset the inverter and -

restarteu the system successfully.

The RCIC turbine tripped due to mechanical overspeed. The licensed operator did
not open the injection valve within four (4) seconds after opening the turbine
steam inlet valve. During system restoration the RCIC inverter (Topaz Electronics. t
Model 125-GW125 [60]) tripped due to a DC voltage transient caused when the "A"
RHR pump was started. The tattery (narger was not originally designed to maintain
DC output during AC voltage transients caused by starting large AC motors.
Corrective actions for the overspeed trip include changing the procedure to require
valves to be opened simultaneously. A modification was completed that installed
new RCIC and High Pressure Coolant Injection inverters having a higher trip
setpoint and an automatic reset function, latensive testing was performed tc
ensure the !nverters will hot trip due to DC voltage transients. The RCIC turbine
trip and inverter trip occurred with the reactor hcde select switch in the REFUEL
position. The RV pressure was 920 psig and the RV water temperature was 530
degrees Fahrenheit. This report is subruitted in accordance with 10 CFR
50.73(4)(2)(v)(D). The event posed no threat to the public health and safety.
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T$e Reactor Core Is4 ation Cooling (RCIC) System safety ob,jective is to provide makeup
water to the reactor versel following reactor vessel isolation in order to prevent the
release of radioactive materials to the environs as a result of insufficient core
cooling. The system is required to operate automatically to maintain sufficient
coolant in the reactor vessel so that the integrity of the radioactive material-barrier
is not compromised. The RCIC System is designed to cope with a control rod drop
accident, a loss of feed =ater low transient, and a loss of offsite power transient.
Each of the events resu.is in an isolated reactor vessel with no breach of the primary
pressure boundary. Reactor water level will drop as a result of the init hting events
followed by a " boll down" as the Safety Relief Valves ($RVs) relieve on high pressure.
The RCIC System is designed to automatically restore level by providing flow in excess
of the boiling rate. Technical Specification 3.5.D requires that the RCIC System be
operable whenever there is irradiated fuel in the reactor vessel, reactor pressure is

,

greater than 150 psig, and reacter coolant temperature it ,reater than 365 degrees
fahrenheit.

The RCIC inverter converts 125 VDC (nominal) to 120 VAC to power a square root
conw rter and flow controller in the RCIC flow control circuit and the test circuit
power supply. With the inverter tripped, the RCIC System could start and operate at
minimum peed. An inverter trip would not prevent system initiation or cause a trip
during RCIC System operation. The capability for subsequent restoration of RCIC System
flow control is available to the operator in the Control Room. The RCIC inverter is
powered from the 125 volt DC Bus "A". The !25 VDC Bus normally receives power from 125
VDC Battery ''A" in parallel with a battery Charger. However, the backup charger was
aligned to the "A" Bus due to the "A* charger being inoperable. AC voltage transients
of sufficient magnitude at the input of the 125 VDC battery charger can cause DC
voltage transients at the output of the battery charger. DC voltage transients in
excess of the overvoltage trip setpoint can cause the RCIC inverter to trip.

As discussed in the Similar Events section, previous RCIC and High Pressure Coolant
' . action (HPCI) inverter trips have occurred. In response to the March 26, 1991
event. Plant Design Change (PDC) 91-34 was implemented in .luly 1991 during Refuel 11g
Outage No. 8 (RF0 B). This PDC raised the inverter overvoltage trip setpoint from 140
VDC to 150 VDC. This setpoint change was made to prevent an inverter trip when a
rectrculation pump is started. -Testing performed prior.to startup from RF0 8-
identifie0 that the inverters may trip den a large motor is. started with the Emergency
Diesel Generators (EDGs) supplying the safety related 4160 VAC Buses A5 and A6.

.
.

Failure and Malfunction Reports 91-363 and 91-368 were written to document the peak
transient DC voltage obtained during this testing. The battery chargers' float voltage
was reduced from 134 VDC to 132 VDC to3revent an inverter trip under this scergrlo.
The lower float voltage has the effect of lowering the peak DC voltage during an AC'
voltage transient caused by start of a large motor. The plant was restarted since it
was believed the lower float voltage would preclude an. inverter trip. However, as
reported in LER 91-021-00, the RCIC System was declared inoperable on October 9. 1991
because sufficient test data was'not available to demonstrate adequate margin to the. :

RCIC inverter overvoltage trip setpoint existed if a 125 VDC Bus "A" transient was to /

occur. Compensatory measures were implemented and a relief request was granted on
October 16. 1991 to allow an additional 90 days of plant operation until testing and/or
modifications could be completed.
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On October 30. 1991 at 1942 hours , the RCIC System turbine tripped as operators
manually started the system for Reactor Vessel (RV) water level control. The RCIC
System was being started following a Loss of Offsite Power (t.00P) event which is
reported in LER 50-293/91-024 00. The operators reset the turbine trip and
manually restarted the RCIC System. However. the RCIC System inverter (Topar
Electronics. Model 125-CH-125 (60]) had tripped when the "A* Residual Heat Removal
(RHR) pump was started at 1946 hours for suppression pool cooling. The RHR pump
start caused an AC voltage transient that resulted in a DC voltage transient of
152.5 VDC that was above the 150 VDC inverter overvoltage trip setpoint. This
resulted in the RCIC System being unable to attain rated flow. The operators
sanually shut down the RCIC System. reset the inverter and restarted the system
s"ccessfully for RV water level control.

Failure and Halfunction Reports 91-445 and 91-448 were writtes to document the
inverter trip &nd turbine trip. respectively, The NRC Operations Center was
notifled during the LOOP event and was Informed of the plant conditions. On
October 31. 1991 a followup notification was made to ensure all of the reportable
events identifled during the LOOP were recorded during the previous notification,

A Hultidiscipled Analysts Team (HDAT) was formed to review the events associated
with the 100P. Including the RCIC System turbine trip and inverter trip,

These events occurred with the reactor mode selector switch in the REFUEL
position. The RV pressure was 920 plig and the RV water temperature was 530
degrees fahrenhelt.

CAUSf,

The direct cause of the RCIC turbine trip was a mechanical overspeed trip. The
overspeed trip setpoint (5512 rpm ts 5737 rpm) is approulmately 125 percent 2 2
percent of rated speed (4500 rpm). Plant Information computer traces showed the
turbir.e speed reaching 5607 rpm. The turbine oversped because the licensed
operator manually starting the RCIC System did not open the RCIC Injection valve in
sufficient time to provide a flowpath. Procedure 2.2.22. "keactor Core Isolation
Cooling Sy Mem'. Rev. 36 Attachment 8 provided Instructions for manual RCIC System
operation for Reactor Vessel injection. Step 5 required the turbine steam inlet
valve (H0-1301-61) be opened first with the injection valve (HO-1301-49) opened
when the RCIC turbine increased speed, lhese steps were to be performed in close
sequence, The computer traces showed the turbine steam inlet valve was opened and
the turbine reached overspeed within four (4) seconds before the injection valve
was opened. When the steam inlet valve was opened all the pump flow was directed
to the Suppression Pool via the mln; mum flow bypass line, The flov element (FE
1360-3) for the flow transmitter (TT 1360-4) that provides input to the RCIC
turbine control logic is located downstream of the minimum flow bypass line. Since
no flow was sensed by the flow transmitter, the turbine governor valvw received
input to open in an attempt to achieve rated flow.
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A Human Performance Lvaluation System (HPLS) investigation revealed there were
three areas that contributed to this event;

'

1. The Operator triitta11y started to open the HO-1301-53 Valve (full Flow
Test).

The Operator reallred this mistake and attempted to recover from it*
by closing the valve; however, the turbine reached overspeed in four
(4) seconds.

2. The turbine reached the overspeed trip four (4) seconds after the
Ho-1301-61 Valve started off its open seat.

The normal response time based on plant simulator performance is*

approvimately 15 seconds. This would indicate to the operators this
1* not a time sensitive operation. ,

3. The procedure was written to minimize the challenges to the RCIC injection
check valve 1301-50 and associated stored energy that develops in the
discharge line,

t'nder the plant condition at the time of this event, four (4) secondse

was not enough time for the operator to perform the required velve
manipulations (i.e.. close 4 1301-53 and open MO-1301 49).

The direct cause of the inverter trip was a fluctuation of the 125 VDC battery
charger output voltage in escess of the 150 VDC overvolta e setpoint. Thev
fluctuation resulted from an AC voltage transient caused by the start of the "A"
RHR pump with the "A" [DG supplying power to 4160 VAC Bus AS.

The root cause of 'the inverter trips was due to the 125 VDC battery chargers which
did not regulate DC output when subjected to an AC input transient that exceeded
its design. Specifically, battery charger DC output is not afeguately regulated
during the start of large AC motors. AC voltage input transients and the resulting-
DC output transients were not specified as design criteria for-the 125 VDC battery
chargers in the original purchase specification. .The i25 VDC battery chargers are-
only capable of maintaining the charging voltage within 10,5 percent from no load
to full load with an AC supply voltage variation of 1 10 percent and a. frequency
variation of i 5 percent'.'as designed.

The 64DAT performed a detailed review of the battery chargers including review of ,

the design and licensing basis and an as-built v4rification to ensure the chargers
were configured in accordance with the design.

During the as-built verification of the three 125 VDC battery chargers, differences
were noted between the control modules it. the "A" and the " Backup" battery chargers
and those in the "B" battery charger. The original design control modules were
installed in the '6" charger. These modules are " fast response" control circutts
that hswa consistently produced voltags transients of much less magnitude when
compared to the "A" and * Backup" battery chargers s

" . " " . . . .
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The maximom AC voltage transient occurs durin;; battery charger power-up af ter a
shutdown J. 10 seconds, as would be esperienced during a toss of Coolant Accident
with a toss of Of f site Power (LOCA/ torr) event. The "J" battery chargers peak
transient voltage in this scenario is 146 VDC at a float voltage of 132 VDC. The
f.ontrol modules in.talled in the "A" and * Backup" t attery chargers were " slow
response" control circuits that were provided by the original equipment -

manufacturer as equivalent to the original modules. These modules produce a
voltage transient different in magnitude and profile maen compared to the "B"
battery charger. The " slow response", control modules installed in the *A" and
" backup" chargers eliminate the startup DC voltap ''anslents by delaying the
power-up following the LOCAll0OP event. The 11 mis ... transient for thtse chargers
is when thf IDGs are supplying the safety buses and a large motor is started (RHR
or Core Spray pump). The peak DC voltage observed at a float voltage of 132 VDC
was 152.5 VDC for the *llackup" charger and 159.5 VDC for the "A" charg:r.

'
COMLCHYL XIl01

'
1he operator was counseled regarding the importance of following the proper
sequence of valve operation when manual;y starting the RCIC System. Procedure
2.2.22 was revised (to Rev. 37) to provide instructions for opening the injection
valve at the same time the steam admission valve 15 opened. This sequence mimics
the automatic start sequence. Iha operators have been trained on this procedure
thange. A Request for Investigation (Rf!) 91-596 was written to evaluate
installing a pushbutton in the control rnom for RCIC System manual Initiation. The
pushbutton will actuate the auttatic start valve sequencing thereby reducing the
probability of a turbine overspeed trip. Additionally, RFI 91-597 was written to
evaluate revisino the plant simulator to react Ilke the plant during the manual
RCIC start sequence.

Plant Design Change (PDC 91-61) was implemented to replace the RCIC $ystem and High
Pressure Coolant Injection WCl) System inverters. The new inverters have a
higher trip setpnint of 160 VDC and an automatic reset function. Additionally, a
125 VDC end device review was conducted to verify other safety related 125 VDC
equipment will not be dam.iged by DC System voltage fluctuations. Extensive battery
charger and 125 VDC system response testing was performed to satisfactorily
demonstrate the HPCI/RCIC inverters allt not trip during a start of a large AC
motor. The "A" 175 VDC battery charger was not returned to service since
sufficient margin to the inverter overvoltage trip setpoint did not exist.
Iroubleshooting will continue in order to re astablish the "A" battery charger
operability.

WHLC0%tMNCl3

The RCIC overspeed trip and inverter trip posed no threat to the public health and
5afety.

e
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The Core Standby Cooling Systems (CSrS) consist of the HPCI System. Automatic
Depressur1 ration System (ADS). Core Spray System, and RHR Systee/ Low Pressure
Coolant Injection (LPCI) mode. During the time the RCIC System was inoperable all
of the CSCS were operable and capable of providing sufficient core cooling if
required.

The overspeed trip of the RCIC turbine was the expected system response when the
steam inlet valve is opened and the injection valve maintained closed. The
operators promptly reset the overspeed trip and followed the proper valve sequence
to operate the RCIC System.

The trip of the RCIC inverter was the designed respons $ to an overvoltage
condition. The inverter was reset approximately 90 seconds after tripping and the
RCIC System operated satisfactorily to maintain Reactor Vessel water level.

This report is submitted in accordance with 10 CFR 50.73(a)(2)(V)(D) because the
RCIC System became ir. operable.

HMILArdTY TO PREYlCMJyLEM

A review was conducted of Pilgrim Station Licensee Event Reports (LERs) issued
since January 1984. The review focused on LERs involving RCIC or HPCI System
turbine overspeed and/or inverter trips due to the similar causes. The review
identified previous events reported via LERs 50-293/85-029-00, 90-013-00. 91-006-00
and 91-021-00.

For LER B5-029-00, the HPCI inverter tripped during power operation on October 18
1985 at 1545 hours. The most probable cause of the HPCI inverter trip was
fluctuation of the inverter input DC voltage. ~The inverter was reset within
approximately 60 seconds restoring the HPCI System operability.

For LER 90-013-00, the RCIC turbine tripped due to mechanical overspeed on
September 2. 1990. The overspeed occurred as a result of the manual injection step
sequence spectfled in Procedure 2.2.22 " Reactor Core Isolation Cooling System * Rev.
33. Section 7.4 specified'that the turbine steam inlet valve be opened and the
injection valve opened after the pump discharge pressure equals reactor pressure.
Plant computer traces showed that the turbine oversped before the injection valve
could be opened. Corrective action taken included revising 2.2.22 to direct the
operators to open the injection valve after opwning the turbine steam supply valve-
and the turbine increases speed.

For LER 91-006-00, the RCIC inverter and HPCI inverter trlpped during power
operation on March 26. 1991 at 0043 hours. The inverters tripped when the
Recirculation System Loop 'B' motor-generator _ set / pump was restarted. At the time

.

of-the event, the 125 VDC Battery "A" and Battery Charger "A" were supplying power-
to the RCIC inverter via 125 VDC Bus "A". The 125 VDC Battery "B" and-the 125 VOC.
backup battery charger were surplying power to the HPCI inverter via 125 VDC Bus
"B". The 125 VOC battery charger "A" and backup battery charger were being powered
from Bus A5 via Dus B1 and Bus B6. respectively.

,..u.

.
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for LfR 91-021-00, the RCIC System was declared inoperable on October 9, 1991 at
1802 hours and a seven day Technical Specification Limiting Condition for Operation
(LCO) was entered. The RCIC System was declared inoperable because sufficient test
data for the backup 125 VDC battery charger was not available to assure that the
RCIC inverter would not trip If a 125 VDC Bus 'A' voltage transient were to occur.
At the time the RCIC System was declared inoperable, the 125 VDC backup battery
charger was supplying the RCIC inverter via the "A" 125 VDC bus. A request for
relief from a shutdown specified by Technical Specification 3.5.0.2 was submitted
to the hRC in October 15, 1951. The request was granted by the NRC on October 17
1991 until the NRC could act upon an exigent Technical Specification change
request, The entgent Technical Specification change request was subsequently
withdrawn due to the October 30, 1991 RCIC inverter trip.

Lhl%U NW11RUDLMIlflCM l0MulidilllLCODLS
The f!!5 todes for this report are as follows:

COME9NIMIS CORES

Charger. Battery BYC i

Inverter INVT

SYSILMS

DC Power System (125 VDC) El
Low Voltage Power System (480 VAC) - Class IE ED
Hedium Voltage Power System (4160 VAC) - Class IE EB
RCIC System BN
HPCI System BJ

t
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ACCIDENT SEQUENCE PitECUllSOlt PltOGitAM EVENT ANALYSIS-

LElt No.: - 3(M/91002 ,

; Event Desenption: less of offsite power with one diesel generator out of service
'

Date of Event: Ma- .21,1991
Plant: Z 4

Summary

Multiple inadvertent deluge system actuations sprayed the station auxiliary transfonner
(S AT) at Zion 2 and resulted in a loss of offsite power (l OOP). One emergency diesel
generator (EDG) was out of service for maintenance at the time of the event. . Equipment
rendered unavailable by the LOOP complicated recovery from the event. The conditional
core damage pmbability for this event, based on the current Accident Sequence Precursor

4(ASP) models, is estimated to be 2.1 x 10 . The relative significance of this event as
compared to other postulated events at Zion 2 is shown below.

1.ER 3NS1002

IE-7 1E-6 IE-5 I E.4 1E-3 IE-2
I I I lx
DI 360 h EP

I LOFW + 1
| AfrR AFW - IIX)P

precursor cutoff a
360h
AFW

,_

Event Description i

|

On March 21,1991, Zion Iwas opcrating at full power. EDG 0, the common swing -|
Idicsci for the t'wo :' ion units, was out of service to repair a jacket water leak.
1Surveillance testing of the Unit 2 EDGs was in progress, as was Performance Test (170)--

211," Wet Pipe Sprinkler Test."

During the morning, three inadvenent deluges occurred on the main power transfonner '
(MirI')/ unit auxiliary transfonuer (UAT) and S AT. In each case, the operators confirmed ,
that no fire had occurred. After the second deluge, the deluge isolation valve for the
MPT/UAT was closed. A third deluge occurred while the operators were trying to reset
the deluge valve and reopen the isolation valve.

__ _ __ ._ _ -._.. - _ . __ _ __ . .
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At 1307 hom in'the afternoon, another inadvertent deluge of the Unit 2 SAT occurred,
While the deluge flow was being isolated, the SAT tripped because of a phase-to-ground
fault. Iluses 243 and 244 supplied by the SAT _were automatically transferred to the
UAT, which is powered by the main generator. An are strike was subsequently found on

3
'the C phase transformer bushing, and the deluge system spray nozzles were found to

' '

have been incorrectly aligned and tested.

Feedwater for Unit 2 was being supplied by one turbine-driven purnp and the motor - i
driven main feedwater (MFW) pump; the second turbine-driven pump was out of service
for maintenance, When the SAT tripped, the motor-driven feedwater pump lost power.
Unavailability of the motor-driven feedwater pump caused a reduction in icedwater flow. *

to the steam generators (SGs) and a consequent reduction in SG level, since steam flow -
_

had not changed. A lo-lo SG level reactor trip occurred at 1310 hours. Following the
reactor trip, the UAT tripped as expected, resulting in a LOOP.

At the timt, of the SAT trip, surveillance testing was in progress on EDG 2A. The - ;

generator was running, paralleled to bus 248, and loaded to 1 MW. At the time of the
UAT trip, EDG 2A output breaker tripped on reverse power but closed again on the
LOOP undervoltage signal and repowered bus 248. EDG 2B automatically started and '

reenergized bus 249 essential loads. Since EDG 0 was out of service for maintenance,
bus 247 was not repowered until th operators manually transferred it at 1405 hours
(approximately. I h after the LFJ) to Unit i vital bus 141, tyhich is the backup _.
emergency power sourte for the Unit 2 vital buses.-

A number of other problems occurred during and following the LOOP that affected plant
and operator response to the event.

1. The sequence of events recorder was powered from a nonvital bus that was lost
following the LOOP. Because of this, events that occurred immediately following the
reactor trip were not recorded. This lack ofinformation complicated diagnosis of the
event.

2. Prior to Unit 2 entering cold shutdown, both power-operated relief valves (PORVs)
were strohe-tested to confirm operability for low temperature overpressure .

'

pmtection. PORV 455C failed to open because of a failed airline. Inoperability of
- this valve impacted the unit's ability to remove decay heat using bleed and feed, if that -

.

had been required.
,

3. Component cooling water (CCW) pump OA was tripped by an operator after it was
observed that there was no oil in the pump. The CCW system is a shared system _
between the two units, and four CCW pumps remained operable.

_

.
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4. Following a loss of nonvital AC power at Zion, the SG relief valve controls fail as is.
The valves were nearly full + pen at the time of the LOOP because the operators were
attempting to match feed and steam flow followag loss of the motor-driven MRV
pump. The valves had to be closed locally by bleeding control air One of the relief .
valves failed open and the associated isolation valve had to be closed to tenninate
now.

5. Some doors between the power bkxk and the service buildings failed closed when
power was apparently lost from tne security inverter (reason unspecified). This
delayed personnel outside the power block in responding to the event. Personnel-
inside the power b ock were not affected. Security personnel responded to the failure
ia an uncoordinated manner, and station personnel were unaware of which doors |

would be manned by security personnel in such a situation, l
|

Additional Event Related Information

The Zion 2 cmergency power system consists of three buses (247,248, and 249), which
~

provide essential AC power to safety-related equipment. EDGs 2A and 211 provide
emergency power to buses 248 and 249, and swing EDG 0 provides power to bus 247 or .
Unit i bus 147. In addition, power from the Unit i SAT can be manually aligned to
supply power to Unit 2. In a similar manner, three batteries provide backup DC power-
for Unit 2. The two batteries that only provide power to Unit 2 are capable of supplying
loads for at least 3 h. ,

If secondary-side cooling is unavailable, feed and bleed can provide decay heat removal
at Zion. . Based on the information provided in the NUREG 1150 analysis for Zion
(NUREG/CR44550, Vol. 7, Rev.1), feed and bleed success requires one-of-two safety
injection (SI) pumps and two PORVs or one-of-two charging pumps and one PORV.

ASP Modeling Assumptions and Approach'

The event has been modeled as a plant-centered LOOP with one EDG unavailable.
Unavailability of EDG 0 resulted in unavailability of one charging, service water, SI, and ,

. containment spray pump. Manual connection of the emergency buses to the Unit I feeder
bus was not addressed, ~ and therefore the analysis is somewhat conservative.

_

- Nonrecovery probabilities for LOOP (short-term), electric power prior to battery _
_

depletion or core uncovery following a reactor coolant pump (RCP) seal loss-of-coolant
accident (LOCA), and the probability of an RCP seal LOCA,'wcre revised to reflect the
observed plant centered LOOP (see ORNL/NRC/LTR-89/11, Revised LOOP Recovery
and PWR Seal LOCA Models, August 1989).( ,

The current ASP models do not address the use of the charging pumps as an alternate to

t
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the SI pumps for high-pressure injection (HPI) and feed and bleed.~ it'he branch-
probabilities' for IIP! and feed and bleed were modified to reacct the potential use of the ' -

charging pumps, and these probabilities were used in a sensitivity analysis.

- 11ecause of the unavailability of EDG 0 and PORY 455C, only one Unrging pump, one ,

SI pump, and one PORV were available for llPI and feed and bleed. Using the train--
level screening probabilities typically employed in ASP calculations results in the

. following branch estimates for these functions-
,

SI or charging pumps
llranch Currrnt ASP models provide success

IIPI' ~8.4 x 10 3* ~8.4 x 10-5+
Feed and bleed 1.0 * ~2.8 x 10 2.

-

.

~

* conditional on unavailability of EDG 0 and PORV 455C

Analysis Results

The conditional core damage probability for this event, based on the current ASP models,
is estimated to be 2.1 x' 10"8. The dominant core damage sequence, highlighted on the
following event tree, involves a LOOP with emergency power failure, a resulting RCP
seal 1.OCA, and failure to recover AC power prior to core uncovery.

The second most dominant sequence involves a postulated failure of auxiliary feedwater
- (AFW) and feed and bleed following emergency power success. The probability of this
sequence is affected by assumptions concerning those systems that can provide IIPI and
feed end bleed, as discussed earlier. Considering the charging pumps as an alternate
-high-pressure scarce reduces the core damage frequency estimate for this event to
1.6 x 104

|

Additional infomiation concerning this event is included in Region 111 AIT inspection
team report 50404/91006 (DRP), dated April 17,1991.

.-
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CONDITIOkAL CORE DAMACE PkOBABILITY CALCULATION $

Event Identifler 304/R1-002
-- -- - Event Descriptions ItXJP with one EDG out of servies (only #1 tot HPD

Event Da t e s - 03/21/91
Plants Slen ?

INITIA7!NC EVfM7.

NON RECOVERABLL lNITIAT1h3 EVENT PAQBASILITIES 4

.1c09 5.0E-01 -
*

SEQUFWCE CONDI'2'nWAL PROBADILITY SUMS

End Srste/Init iator P robabilit y

CD

14.up 2.1&-04
,

t

Total 2,1E-04

A7ws

tax)F 0.ct+00 '

youl 0.02400 -f

SEOCENCE CONDITION AL PROBAstL1 TIES (PkOBASILITY ORDER)

sequence. End State Prnb h Rec 8*

~

S3 I.OOP -rt / loop EMERG.PowtA -af w/emerg. power -pory.or.arv.chall CD 1.2L-04 4.0E-01
SE AL.thCA EP. REC (t!J . .

43 LncP -rt/ loop -rMERO. POWER afw +MPI(F/B) -MPR/-HP! PORV,OPEN' ($ 4.tE-05 1,3E-01

55 100P - s t / loop EMERG. POWER a f w/ eme rg.powe r
.

CD - 1.92-05 ' 1.4E-01
54 IDOP -rt/ loop EMERG, POWER -etw/emeag. power -pory.or.srv.chall - CD 7. 9E-0 6 4.0E-01

SEAL,14CA : EP.REO
49 . .IlXJP -st/ loop EMERG. POWER -af w/emerg.rewer pory.or ,a rv.chell - CD 5.1E-06 4.01 1

pory.or.arv ressat /emerg. power SEAL.14CA EP . REC (SL)o

'
** non+ recovery creJ1t for edited case

SEQUENCE CONDITION AL PROBABILITIES. ($EQURCE ORDER) -

|I - 5equence End State P rca ' N Rec'*
|s
i

I 43 1409 -rt/ loop -EMERG. POWER af w -MPI(F/B) -HPR/-HPI PORV.OPEN CD 4.8E-05 1.3E-01
48 LOOP -rt/ loop ' EMERG ''WER =alw/emerg.powe r pory.or.arv,chall * . CD - 5.1E-06 4.0E-01 <

po ry.or.stv.ressat/eme rg. power ' EEAL.tDCA EP. REC (SL)
*

53' 140P -rt/ loop EMERG.FOWER yaf w/omerg. power -pory.or.ory.rhall CD . 1.2E-04 4.0E-01
SE AL .!DCA E P . REC ($ L)

54 IOOP -rt / loop - EMERG. POWER -af w/emerg, power -porv.or .a rv.cha11 + CD 't . 9E-0 6 - 4.0E-01
SEAL.toCA EP. REC _ _

55 LOOP -rt/ loop EMERG. POWER atw/emerg. pow t CD. 1.9E-01- ' 1.4E-01'-

** nort-recovery credit for edited' case
,

t

CECUENCE MODELt c3\ asp \1949\pwrbseal.cep |

Event identiftert ?O4/91-002
_

.,l.
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mmAucH stODEL c \ esp 41949)tlan.s11

PkasAh!L ITY F [tle et\sep\1969tpwr, bell. pro

No Recovely Limit

BR ANCH FW4 QUENCIE 8 /PkOHA91LITIE 8

' B r a nch S y s t ese Non Decow Opr Fall

trans 1.tE-04 1.0E*00
itu tP 1,6(-0$ > 1.6E-0$ $ . 38-01 > S .0E-01

Dr ent-h moel: ImiiOp

Init iat ot freq 1.6E-0$
loc a 2.4E-06 4.8E-01
st 2.tE-04 1.2E-01
at/ loop 0. ore 00 1.08 +00
E Mr # C.. POWE.A 5.4E-04 s 2.91-03 0.0E-01

Dranch Ndels 1.tW . 3
Tratn 1 Cond P r ot> t i . 0 t.- 0 2
Train 2 Cond Probt %.1E-02
Train ? Cem4 P r oh t 1.91-01 > Unevallable

afw 1.et-04 2,6E 01

ete/emerg. power S.01:-02 1.4E-01
mfw 2.08-01 3.4E-41
Imav.or.eiv.cha11 4.0f-02 1.0Ee00
porv.or.stv.seneet 2.0E-02 1.1t-02 i

gwrv.or.o rv reseat /emerg. power 2.0EaC2 1.0f+00 j

$f' A L.1DC A 2. 7E-01 > 2.4 E-01 1.0Ee00 l

Dranch h dels 1.0F .1
'

Train 1 Cond P rot > 2.7E-C'. > 2.4t-01
I P , RE c t S L) %.7t-01 > 4.4E-61 1,0E*00

stanch Model+ 1.0s .1
Teeth 1 Cund Probe 5.7E-01 3 4.8E 01

8.P . kr.C 3.1 E-0 2 > 9.1E4 3 1. 08. e 0 0

Bran <h Modelt 1.C( .1
Train 1 Cend Prebt 3.1E-02 > 9.1E-03

alp ! 1.00-0) > 1.0E+02 8.40-01
branch Ndell 1.DF .2
Train 1 Cond Probt 1.0E-C2
Train 2 Cond Droht 1.0E-01 > Uravailable

@l iF / 91 1.0E 13 > 1.0E-02 6.4t-01 1.0E-07
Dranch Models 1.W .2eopt
Train 1 Cond Ps.)h 1.0E-02
Train 2 cond * rob 1.0E-01 * Unavettable

atPD/-hPI 1.5E-04 3 1.CE-02 1.0E+00 1.0E-03
Int anch Ndel t 1.Or . 2 * op t
Tseln 1 Cond Probt 1.0E-02

]Train 2 Cond Proba 1.5E-02 > Unavailable 3
Polty.OvtN 1.0E-02 > 1.0E.+0 1.0E*00 4.0s-04 j

pranch Modelt 1.00.1+ opt

trath 1 Cond P 9ht 1.0E-02 > Failed

* branch andet t!!e
** forred

ML Aa rict
O b 2 2-1442
17:30:04

Event ident it la r t 304/91+002
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|
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LittN$tt tvtN141 Pott q tta)
For, tew 2.t

facslity Name (}} Docket Number (2) Page (3) j
24.. unti 2 015101010 is to 14 i 1 .el 0 1 :
litle (4)

$pstem Au.illary Transfer =ce Deluge and Reactor Trip
t eat Date 15) LIR Number (fil 8eport Date (7) Other f ac tit ties Involved 48)

Day | seer Veer jff $eavential /f/ Revision Month Day tear facility Names Docket Numberts)Month
f

/// komber //h kumber

21en unit 1 01510 [0 |0 |2 [915
0j3 2 ji 9jt ,|t - 0|0|2 - 0 |0,0|4 2 |0 9|1 | | | | | | [

TH1$ ALPORI !$ $UtmIfit0 PUR$oANI f0 ist atQVIAl'thi$ Of 10CFR
e rtheek one or ore of the f.no.insi (ii), ,,,

_ 20.40246) _ 20.40$(c) .A_ 50.73(a)(2)(tv) _ 13.fl(b)
Powit _. 20.405( a )( 1 H t ). _ 50.36(c)(1) __ 50.7)(a)(2)(v) _ 73.71(c)

|9 _ 20.405(a H l H ill _._ 50.36(c)(2) _ 50.73(aH2)(vil)
~

Other ($pecifyLivEt ,

(10) 0 | 9 _ 20.405(a)(1)(tit) _ 50.73( a H 2 H 4 ) _ 50.73(4)(2)(vilt)(A) in Abstract
/ ///u///// // //// // / / /// / / _ . , _

20,405(a)(1)(tv) 50. 73| a H 2 )l t i) ,_ 50.73(a H 2)(vill)(0) below and in

f / f- '" '" '

1101N$tt (DNTACI f04 TMi$ Lts (12)
name if itPHONI NUP@tt

ANEA (M(
Svaanne t. Mita. Regulatory Assurance ent. 2323 7|0|8 7 j4 |6 | -|2 |0 |8 14

COMPtift ONE t!NL (00 E A(H COMPONEN f al'Ukt DtS(R19tD IN IHIS RtP0af ( 3)
(Au$t $v5ftM (OMrONINT MANUf AC. REPO4fA0tt y (AU$t $v$1LM COMPONE.Mi tumVfA(- AEPotfA8(t g /,

Tutta 70 NPRD", y TUREE TO NPeD$ g
8 a P v A 6 0 $ Y g | { g//j///

/

/ hlh// l
SUPPttMENI AL REPO41 EXPf(TED t . a impected Month i Day year

$ube ssion
I f0 3fl 9 |t% fr$ .lf yes, complete t'.Pt(itG $UttMi$$1Gd DAf t) ] NO I

aa$fEAtf (timit to 1400 spaces, i.e. approntmately f 6 f teen single-space typewritten lines) (16)

At 0910, dvrtng the perf omance of Operating Period 6c fest (Pt)-211. tret Pipe 5prinkler System fest, the Unit
2 Unit Aval11ary Transf ormer (lfAI) and the Main Power Transformer (MPT) were inadvertently deluged. At 1309.
another deluge occurred on the $ystem Austilary Transformer ($AT) causing the $a7 to trip. The buses fed
free the $AT evsometically transferred to the L.AT. The 2A feedwater pump tripped when the $AT tripped,

I causing a Reactor Trip on E.o-to $ team Generator tevel. Itben the main generator tripped, one diesel generato*
l (D/G) was out of Service (00$) for maintenance se an essential bus was ne* rutoestically re-energised. A

Cenerating $ta; ton Emergency Plan (G$tP) Unusual twent (eat 30) was declai.. at 1335 and botn .s were
*

started toward Cold Shutdowm The event was caused by spurlows actuation of the Unit 2 trans.ortier's fire
f rotection deluge system and the improper positioning of the fire protection deluge noaales. During this
event all f attures and actions taken were within the bownds of the Technical $pecificatten ilmiting
canditions for operatten. Vartous corrective actlens have been developed to address the concerns that were
raised as a result of this event.

20VALER- M 5(2)
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tittN5tt tytut etPont atta) itui contiwuation fore nov 2.0
'tCitifs kA*i (l) (KXKl! NVTLA (2) - Ltt NUtela 16) pap (3)

Year /// Sequential /// Revision
HS P .her Hi ber

tien Unit 2 0 1 5 [ 0 l o j 0 13 10 14 9|1 - 0|0|2 - 0 |0 0{2 cf o it
*

ifst . (nergy industry identti tcation System til!5) codes are teentified in the test as (Rs)

A. CQ@H10ftRID.LIQlYlfil

Unit 1
PUDC J _ - tiSLhtigwn R1 Power _J1., ACS ( A8] Temperature / Pressure JjtJ* /2233 peigl

Unit 2
MODE 1 - f.gwat_Qg.erations 82 power _.2L3L RCS ( A8] Temperature / Pressure . 31'.7'f / 2235 psig

s. ctKRiengrtgf_ivfal

at 0930, during the perf areance of Operating Perledic test (PT)-211, wet Pipe Sprinkler System Test, the
Unit 2 Urit Aemiliary Transformer (UAT) and the Main power f ransformers (MPT) were inadvertently
deluged. Vertf tcation was made that no fire was present and the deluge isolatten valve for both 96, UAf
and the MPT's was subsequently closed. At 1930, af ter resetting the deluge volve, the Equipment
attendant (EA) began to open the aanval isolation valve, but heard the deluge valve actuate again on the
MPT's and the UAT, se he taunedtately reciated the manual isolation valve. The Shif t Supervisor (55) ;
verified that there was ne fire and no water actually sprayed on the MP1/Uaf,

l
At 1245, PT-211 was resumed on the Diesel Generator Oil 5torage tank room fire protection system withevt
incident. At 1303, pf-II, Diesel Generator Leading fest, was started on 2A D6 to satisf y the
surveillance requirements with "0" O/G Out of Service (OFS) for maintenance. Atter the DG was run for
approwlmately 5 minutes the Nuclear Stattoa Vperator (N50) closed the output breater of the DG and
loaded it to 1 MW, while holding at 1 % the System Austitary Transformer ($AT) Trouble annunciator
ela med, the 5AT, MP1, ani UAT alarms on the f t#e Alarm Panel then came in, and a deluge began on the
Unit 2 MPT'si SAT, and UAT. The 55 and an f A were dispatched f rom the Control toom to Investigate the
alarms, .The SAf tripped at 1309 foliowed by the reserve feed breakers te Buses 243 and 244 (8reakers
2432 and 2442). Service Buses 243 and 244 automatically transferred to the UAT.

Feedwater for Unit 2, at the time of this event, was being supplied by one turbine-driven (2C) and one
motor-driven (2A) feedweter pump because the second turblee-driven feedwater pump (22) was 005 for
miscellaneous maintenance, 2A feedwater pump was being fed f rom the SAT, and subsequently trig ped when
the 5AT tripped. When the 2A f eedwater pump tripped, insuf ficient fendwater to the 5 team Generator
caused a Reactor Trip due to 5tesa Generator Lo-Lo tevel at 1310. At 1311. the main generator tripped,
de-energising all Unit 2 4KV se,vice b.ses. Stace 2A 0/G was already running when the SAT tripped, the
lead was transferred to 2A D/G af ter the UAf tripped, 2A D/G autput breaker tripped en reverse power but
it immediately closed in ag+ta en the toss of Of fsite Power sigsal to eneegime essential service bus
248, 28 Imergency Diesel Generator (EDG) automatically started, re-energising esseatial service bus
249. The 0 EDG, which provides power to bus 247 was 005 for maintenance, so bus 247 was manually
traasferred te bus 141 which is the reserve feed for the Unit 2 essental buses.

ZDVR E A-255( 3)
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l A(jtilt hart al) (AX8lt huestk til LEA NtDtta (6) Page (3)
Year g Seq ential g tevision

f// Nember 1// Number

2 son Unit 2 0 1 5 1 0 1 0 1 0 p 10 14 011 - 0|012 0 [4 0 [3 Or 0 17.

7tsf inergy ladestry Identti scation System ital %) codes are identifica in the test as (Aal

0. K1WflIQ'L9LiYLM (cen't)

At D35, a Generating Station thergency plan (G5(p) Unusval twent (f at ** declared, the proper
notifiesttoas wre e.ede and the Technical Support Center (1$C) was vi t 1d10, at 1426, beration'

to Cold Shutdown began for Unit 2, and at 2045 cooldown was inittete ? t I.

Af ter the action clan for SAT repairs had been determined and the necessary paperwork asleetiled, the SAI
was taken DOS for repairs at 2000, tvidence shond that a phase to ground f avit acevered on the Phase C
bushing of the SAT. Repairs were made to the SAT, the 001 was clearee, and the SAT was re-energised at
0112.

Onre tha $AT was returned to service, the Unsva' twent cleasification was changed f rom (Al 30 to (At 3A,
Iqutpment in Technical $pecifications degraded such that the tietting Conditten for Operation (LCD)
requires a 6hutdown, because 0 0/G was 00$ for malatenance. A Temporary Walver of Cowp11ance had
allowed maintename to be perf orw. vn 0 D/G whlie bait I was left in Het Shutdown. This Teeperery
Walver if Compilance was cancelled as a result of the Unit 2 SAT trip, A second Temporary Walver of
Compilance was intitisted fallowing the $At trip and Co+pensatory Actions for LMs Watver required that
both Units be brought..to Cold $hutdown. The second Walver was the reason that (At 3A was implemented.

At 1830 on 3/22/91, when 0 0/6 was returned to service. the G$te unusual (vent was terstaated and the
TSC was de-activated.

C. APPARLML CAU$LQL[dNI

The cause of the phase to ground fault on phase C o8 the SAT has been determined to be the sovrious
actuation of the Unit 2 transf ormer's fire protection deluge systec and the improper posittentag of the
Fire protection deluge nogsles. The cause of the spurious actuatten of the s'eluge system was due to a
mechanical /hydreolic perturbatten of the fire protection System deluge valve. These valves are
automatte dninge valves ard they have been determined to be ,verly sensitive to system pressure spikes
and vibration, the deluge valves for the MPf/UAf and the SAT are connected to a common fire protection
system header. When the (A opened the 2' drain valve for the forbine Ovilding Wall and 0/G Air Inta6e -
prior to the first deluge to verify that water pressure was beleg salatained up to the Turbtne Building
well deluge valve, the water pressere was suf flctent to go back vp through the coneon 2* dronn valve

, eader into the MPf/UAf delre valve clapper protective cover and dislodge the dead seelght that causes
| the deluge valve to open. The water was able to flow back ?hrough the commea 2* d*sta valve header
!. because the check valves that were sspposed to prevent t'is flew patn were never installed, A check

valve was not installed on the SAf fle path either, but the $At was not deluged ak this time. The fire
protection deluge equipment was originally designed and supp1 fed free the manufacterer and although
pre-service testing was perforced, it did not identify that these check valves were missingi. Validation
of the root cause of the actuation of the $Af deluge valve will equr af ter testing is performed during

l the scheduled $AT outage,
!
'

the cause of the fire protection deluge nosales being alsoositioned was atir 4uted to the fact that no
~

guidelines hed been estabitsked for the positten of th*se norslet prior to th6s event. Th6s
alsposit tentag cavsed water to tie sprayed in close pron 6mity to Phase C of the transf ormer wh[ch
provided a conductiv path to g ound, and is believed to have caused the SAT to trip.

The cause of the Unit 2 reactor trip has been attributed to tow Steam Generator tevel. This low level
resWIIed after one of the two feedwater pumps supplying the $ team Generator tripped when the $AI tripped.

ZDVRLIA-255(41
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u s er iH .faer
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etsi toer,, E sity tdentii nauen syste. it usi codei are identuied in the te.t as on

D. ut.t twAtm touvw

Ouring this event all failures and actions taken were withnn the havads af the 1,chn4 cal 5pecification
tim * ting Conditions for Operation. There was therefore no saf ety tiptitcance to this event,

f ollowing the less of the SAT and the subsequent Reactor trip /Generater Trip, the 2A and 20 0/G's
assumed their sa8e shutdown leads per design and a?! the assotiated safe sF9tdown loads actuated per
design. State the 0 0/G was 00$ f or eisintenance, essential bus 2d7, whsch is fed f ree 0 0/L during

|

blackout corutitlens, had to be manually re..energigid f rom it's Unit i tress.tte. All-three essential
buses were availatlo f ree th6s point. Teu essentiaV 'uses are reqvtred per the Updated fleal Safety
Anal _es6s Report (Vf$AR) Chapter 0.4.2 se the reqv6tements for safe shutdown were satisfied,

the Stese Generator t%!G) heat removal following the Beactet Trip was controlled by the atmospheric
relief valves. Adequate $/G f eedwate* was supplied by the three auw eliary feedwater ( AiW) pumps.

.i

the Reac ter (oelant System (R(5) pressore wap centrolled by the pressurIIer heaters and the pressurleer l

au=414arv sesey. The Reactor Coelant pumps were not ovatlebte because they are fed from the
j

hon-essential buses which were de.ene*glaed due to the SAI trip and the subsequent teactor Trip. Th-
ma=imum NCS pressure atletned during thts event was 2347.7 psig. The Technical $pecif4 cation Safety
(6mit f or RC5 pressure is 2735, so the AC5 pressure was nell within it's 16mits. The mantmum everage
WC 5 temperature attaineef was 561,8 F which was below the Safety tients evtilned on Technical
Specnfocation %efett tiett lable (f g e 1.1.1 seactor Core Thermal and Hydravitt $4f ety L 6*lts for f our
toep Operation Units-l and 2). Reactor power respon e was normal for a teacter Trip? Generator Trip.

All tantrol rods inserted terrectly, and the teactor 1 rip was e,ompleted la a normal manner.

I W88KIDL AlflM

A. Itees that need te be completed en both units prior to Unit 1 power Operations (Mode 1) to develop

end validate the lequenca of twents.

1, The Haaapement inf ormation System (Mt5) department wt11 review the 1equence of twents
recorbr.g psierity with the Opers ong depar uent and revise if appre,rlate.
(3tb1 160-91-022-01)

2. the Mi$ department will review the 5equence of twents buf fer capab(14ttes f ar upgrade to
r+ capture all pert 6nent Informatten. {104-180-91-022 02)

B Items that need to be cow leted on both units prior to tJalt I power Operations (Mode 1) to
determine why the delvge system activated,

I, f echnical Staf f (feth Staf f), (lectr6cai 9eintenance ((M), and Engineering will review for
adequar y and consider replacing the datog, alves with either new valves ce with a different
type el valvo. Unit i delve,e valves will be replaced prior to entering Me 1 Ihe Unit 1
deluge valves will be replaced, however, replorement eat e't be completed prior to entry into
Mode 1. ('tM .18tl4 1-O m 06)

,

i

i

1
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fj/j/ Sequential
//j/f,/ Aev6 stenYear /

/// Number // Number *

le[2 loa unit 2 0|5|010l0{110je 9|1 0|0|2 0 |0- 0 |5 0F. .

rial teers, industry Identitication 5,ste= tills) codes are identif6ed in the test as (msj

t. COE! tit 11rLKI&t5 (: oat.)
,

2. The operettag and training depart wnts will review the precedure and tratatas needs for the
operators en resetti g the deluge elves ter pessible enheacemeat. If the delv p valves are
replaced with a different type of valve, procedure changes and tratatng en new valves will be
coevleted per the sodification Srecess. (304100 91 02244 aaf OSI

3. Tech Staf f, Ingineering and (M's will inspect, repair er replace the 5AT fire protectlen
detecter systee as regvtred. (304-180-91-022-07)

4 Tech Staf f, tagineering and Electrical Maintenance departments will inspect. repair, or
replace, as necessary, uat and npi fire protection setector systems. (304-180-91 022-04)-

5. Tech Staf f, Engineering, and Operating stil perform testing during the Unit 2 SAT outage to
vandate ,esi cow,e e, the delv,e utvanon. i30&i80-,i-422-.9)

6. Operating Department will re*tew the current f t ide response eethodelegy. This shovId
includa reopense to alares that are real, inadvert- , or espected. The operating depertment
will also deterutne the Station Laborers' role in the fire company (304-160 91-022-11)

7. Tech Staf f and Engineering =M1 determine the proper position of all transformer fire
protaction deluge nossles and correct as c:- e sary.- (304-180-91-422 13)

6. Regulatory Assurance =til <eview the root cause methodology to lavestigate the previous event
documented under Ovt 2-90 138. (30 6 160-91-022 14)

9. Tech Staf f and tagineering =111 review the impact of miselng check valves en the Unit 2 fire
protectten system. The missing check volve issue =t11 be reselved prior to running
pf-2 H .(304 160 a'.022 79)

10. Operating =41# rv.iew PT.211 for human factoring and technical adequacy. (136180-91-u22-ZS.11

C. Items that need to be completed on both units prior to Unit I power Operations (Mode 1) to
deters 6pe the reason for the teacter Trip.

|
| i. ruh sistf, taginee,ing and oversong om r. view and dete,.tne . mothed to precivde

inadvertent resetting of the first Ovt Annunciater if passible. (304-180-91-022 15)

2. Onsite Nuclear Safety wlli tssue a letter to the Operating department emplaining the Main
generator reverse power trip. (304.180-91-022-16)

3. teergency plannleg will perfore a G5tp lessoas learned review. ( 30h l80-91-0.'2 -171-
r

20VRttt-255(61
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'IA? tilt r henf its DO(pil mett R II) tie ufHisia (6) tage (36

Veer /,,/ ,/ 5equeatia) j ,/ / #evisten/
j

/// Number /// humber

e1o12 - e;I e o 16 of a j!_, I
_!!""f2"+t2 _

scation Systee attl5) todes are identified in the tent es (AR)-
o I s J e i e 1 o_jj, jot le e!i' -

tes faerge industry Identi
_

_

i
1

(, (QkR((llyL A(I1DfQ (ront.) I
i

D. Items that need to be templeted es both units prior to Dnit 3 Power Operattens (Mode in to _ |
.

.

-

.

1

deterenne the savse of the 5A1 follere.

1, Operattsg will establ6th a bresser and relay larget logging systro. This is a short tere ites
untl) the 109 E**piag Committee identifies a pere 4*ent selvtten. (304-180-91-022-0181

2. Tech $taf f and Eegineering =111 perf ore testing during Dnst 2 $AT ovtape te v4114 ate root
rause of the 5Al trip. (304-180-91-022 19,

3. Operating and Aegulatory assurante =tII review the ennnonications between the Control Room and
field personnel during testing activities, A hanagement Attlen Plan mill be developed to
address thIt concern. (304 180-91-022-20)

(. Items that need to be completed on both units prior te Unit i Power Operations (Mode 1) to
' determine if actions of the personnel involved were appropriate and the estent of management
f avolvement in decisions made senternnng the test,

1. ( mergent y Preparedness will rewte dif f e rent opt Lons of keeptog unnecessary people put of 'the
control room during GS(P activities, (304-180-91-022-21)

T. Items that need to be templeted on both waits prior to Unit 1 Fe=er Operations (Mode il to
determine whether adequete controls were imposed on testing of the fire mala of deluge system prior
16 the trip.

1. Security Department w611 rev 6ew tempensatory measures f or securit y doors based es this event.
1304 1B0- 91-022-22 )

2. Security and Operating departments will review the need f or vital area keys f or operators *

outside the vital area. (304-180-91-022-29)

6. Items that need to be templeted on both units prior to Unit 1 Power Operations (Mode 1) to
determine whethee :here were design def tsiencies with the deluge systee which contributed to the
event,

1- Engineering will review the design f eatvees that cause e delu9e actuation to trip oil oveps.-
and cool er.g f ans het alle= the SAT to remain energised. (104-180 91-022-211

- t
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til ill

.I /./. tide r it! kamtie r
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e I s.1 oj .e_l o A, lo la 91i f e1U r - 3to op of (ILi++" ;

l<einon s,,ie. t u s <.de, .re .deni.fted in the t,.i as i..im i ,e.., ind o., i,e.,t.

i. (C49((f[y[ A(1K+% ti,ont I

lH llees that need t o t oef e t ed on t,eth unitt prior to Unit 1 Power tiperat.6ent (Maefe 1) to deteroin,
whether the stati e properly leplemented the tere's of the Iemporary haleer of (cett i sm e .t

I, tegulat ory Anuran<e stil entore that t vivre Tempor ar y waivert of Cos.9,lant e spec if ic all y
addr es s appl e atit it t y 6n the ewect o' plant events (104.180 91.022-741

2. Dper$ ting and Aff*Inolt etten will restew and vowise, if notessary, the $tand$ng Order
d e t t e l tw t i rin list. (104- t!LO 91-021JM

_

'l Ogeesting and Administratinn will review the eiet hod of deliver t ag $tanding Order s and e rv t se
this cett.od 6f necesserv (304 If!0 'll-0!?-7hl

4. Sequlat or y Assuran(e will use a f ereal hand out at sotarning meetings that relay tempensatory
art 6ces for f ut ur e 1,*porar y Wa l vers of Complianc e. (304.180-96 02?-21)

la additten t o t he atrove ac t ioet, tien Statten has embarned upon a progree to enhante the safety tultute
of r.tetton persannel through the deve1 cement of a tritical thich ing pr ot es t and a quest ioning at t i tude.

IThis kag been t4stusted by the Plant Manager enth plant pergpenel at the Apft) 199) $ tate of the $tation

ruesentat6cn and was fattered into f ee. ict erac t ion Is aining Mth has just fietshed betrg presented to

all Opo st.nq peegannel. The tootepts of tets (re= lateraction tratatng are aise being shared with the
*rest of (N stattien through various other training programs dur6ag 1991.

t. f R(V IVej'a (v(Ni$

DV8 2 ' 'MO 1 M doi umerst s a s t e i l er ev en t when t he (Mi t ? $AT was deluged and a D/f, ( B A) was 005 far
mis int en*nr e . The 6nvestigation did not determine the cause of the deluge, but it was noted that the
autom.itic de'oge valve was f unt t ten neg properly. It is now evideet that the previous event =as taused

by the same eiet han 6 t al/hydraul t s pertoibat 6cas t ha t t aused In n s event , the invetLLgation for (tie
previous event fotosed on fM greundt on the DC power supply to the delvge systee, but were
intenttuttve. Ibe corresttee arttans for the previous esent would not have pettvented this eventi

G M PtM4(NI.I Mltj Q (A|A

Manufacturt; hve;$t gtvesi

automat 6r sprtakter (orroratten Automatic 0,1uge valve

!!idt ( R ..? % 4 ft i
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facility hame: Zicr. Nuclear Generating Station, Unit 2

Inspection At: Zion, it

Irspection Cenducted: March 22 - 25, 1991

Inspectors: M. J. Farber
D. 5. Eutler
R. A. kestberg
R. J. Leemon
C. P. Fatel
J. N. Stang
G. B. telly ,

{{ j) b y 4 f JY h/~
Approved Ey: W. D. Shafe , Chief la te

ReactorProjectsBranch!

Inspection Sunr'ary

Inspection on March 22 - 25, 1991 (Report No. 50-304/91004(DRP))
Areas Inspected: Special Augmented Inspection Team ( AII) inspection conducted
in response to the partial loss of off-site power and reactor trip event at
Zion Station, Unit 2, on March 21, 1991. The review included validation of
the sequence of events, determination of the root cause for the deluge system
acti.ation and reactor trip, determination of the root cause of any transforrer
failures, evaluation of adequacy and appropriateness of operator actions during
and af ter the event, evaluation of the adequacy of controls imposed on fire
mair. and deluge system testing prior to the event, evaluation of whether design
deficiencies in the deluge System contributed to the event, and a deterininatioa
of what actions the licensee implemented to meet the terms of the temporary
Waiver of Comoliance.

Results: The team concluded that the System Auxiliary Transformer (SAT) fault
and subsequent reactor trir were the result of an inadvertent transforiner <!aluge,
that the nlart responded ; sperly, and that the licensee responded approorlately
to the esent.
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The team identfied causes for the individual actuations which occurred during
this event. The inadvertent deluge valve actuation was apparently caused by
hydraulic perturbations induced by the fire header testing. The SAT tripped
on a 245Kv to ground fault across the

"C" phase bushing,ficiently dense to be
improper nortle

configuration resulted in a spray around tne bushing suf
conductive with a 345Kv potential. The reactor tripped on Low Low Steam
Generator Level due to the loss of the motor. driven feedwater pump.

The team identified two-fundamental causes ior the event: a flawed root cause
analysis for the tiovember 27, 1990 transformer trip and failure of the station

- staff to terminate fire header testing activities following the initial deluge
system actuation. The flawed root cause analysis led to the failure to identify
either the mechanicei actuation of the deluge valve or the mispositioned spray
nozzles on the SAT. The failure of the station staff to terminate the fire
header testing led to continued pressure perturbations which eventually tripped
the deluge valve.

I
i
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Aurumented Inspection Team Report-

50 304/91006

1. INTRODUCTION

A. AIT Forration

B. Charter-

!!. DESCRIPTION - EVENTS OF MARCH 21, 1991
,

A. Overview of Event ;

B. Sequence of Events

C. . Equipment Problems / Failures _;
i

D. Plant Staff Response '

!!). INSPECTION EFFORTS

A. System Aux 111ery Transformer Deluge Sytf-- Actuation

B. Transformer Failures / System Intereotions

C. Reactor trip

D. Deluge system design deficiencies

E. Management-involvement and administrative controls
4

IV. LICENSEE INVESTICATION

A. AIT assessment

B. Licensee Conclusions

V. SUMMARY

A. Safety Significance

B. Concerns

C. Conclusions / Recommendations,

VI. CHARTER COMPLETION

3
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Vll. EXIT

Vill. ATTAC1PENTS

Attachment Description
Number

1 Confirmatory Action Letter -
2 Ali Charter
3 Shift Engineers Log - March 21. 1991
4 Unit 2 Operators Log - March 21, 1991-
5 Sequence of Events Report
6 Unit 2 Pre-Reactor Trip Report
7 Unit 2 Post-Reactor Trip Report
8 Prime Computer Point Plots
9- Strip Charts

10 Zion AC Electrical Distribution Drawings
11 Request for Temporary Waiver of

Compliance
12 - Standing Order 91-07
13 Unit 2 Supervisor Turnover Sheets
14 PT-211, " Wet Pipe Sprinkler Test"

,
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1. INTRODUCTION

A. AIT Formaticn

On Thursday, March 24, 1991, at approxinutely 1:10 p.m. (CST), Zion
Station, Unit 2. emperienced a partial loss of off-site power and
reactor trip, which was initiated by the loss of the System Auxilary
Transformer (SAT). As a result of the transformer trip and the
reactor trip, the unit was left without normal AC power and forced
to rely on natural circulation to remove decay heat wiLh electrical
powcr supplied to the safeguards buses by the unit's emergency diesel
generators (EDGs). Following notification of the event by the Senior
Resident Inspector, communication lines with the station and the
Office of Nuclear Rchttor Regulation were opened by members of the
Region 111 staff in the incident Response Center. Subsequently,
the Deputy Director, Division of Reactor Projects, and ca electrical
specialist from the Division of Reactor Safety wtre dispatched to the-

site to monitor the licensee *s response to the event. Based on lack
of a clear understanding of the event, the potential generic
implications of. the event, the occurrence of a previous similar event
at Zion, and questions with regard to management involvement in .

decisions relating to testing preceding the event, senior NRC managers ,

determined that an Augmented Inspection Team was warranted. On I
Friday, March 22, 1991, an Augmented Inspection Team (AIT) was formed
consisting of:

Team Leaoer: M. J. Farber, Chief, Reactor
Projects Section IA

Team Members: R. J. Leemon, Resident Inspector
Zion Station

D. S. Butler, Reactor Inspector,
Electrical, Region III

R. A. Westberg, Reactor Inspector,
Electrical, Region III

C. P. Patel, Project Manager, NRR
J. f. Stang, Project Manager, NRR
G. B. Kelly, Senior Reliability Risk.

Analyst,-NRR

Additional R. B. Landsman, Project Engineer,
Personnel: Section 1A, RIII

The team leader and three members of the team were on-site early on
Harch 22 and began gathering and evaluating availabla data. The
remaining members of the team arrived later that afternoon and met -
with the licensee's root cause investloation committee. In parallel,
with the AIT formation, Rill-issued a Confirmatory Action Letter
(CAL) (Attachment 1) which confirmed certain actions in support of

.
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the Ali and established conditions required to be met prior to
the restart of unit 2.

D. C_ha r t e r

A charter was formulated for the AIT and transmitted from
Hubert J. Miller to Martin J. Fart.cr on March 22, 1991 (Attachment 2)
with copies to appropriate EDO, NRR, AE00, and RI.i personnel.

Tht Ali was terminated on Monday, March 25, 1991 by the Deputy
Regional Administrator.

C. Persons Contacted

Commonwealth Edison

*T. Joyce, Station Manager
K. Graesser, General Manager, PWR Operations

'A. Amoroso, Nuclear Engineering
*A, Broccolo, Services Superintendent
*R. Budowle, Nuclear Safety Of rector
*G. Burris, Electrical Maintenance
*P. Cantwell, Technical Staff Assistant Supervisor
*R. Cascarano, Operating Engineer
*R. Chrzanowski, Regulatory Assurance Supervisor
*C, Diaz, Fire Protection Engineer
*K. Dickerson, Regulatory Assurance
*P. Fay, Maintenance Supervisor
*E. Fuerst, Nuclear Operations
*K. Hansing, Daily Planning Supervisor
*P. Holland, Corporate HPES Coordinator
*0. Hubeler, Chief Steward
*R. Johnson, Assistant Superintendent, Maintenance
*D. Johnson, Stores Supervisor
*D. Kaley, Procedures Group Coordinator
*0. Karjala, Performance improvement Director
*B. Knepper, Nuclear Station Operator

-

*W. Kurth, Production Superintendent
*J. LaFontaine, Assistant Superintendent, Work Planning
*R. Landrum Training
*P. LeBlond, Assistant Superintendent, Operations
*L. Lespisa, Zion Project Engineering Support Group
*K. Mahoney, Office Supervisor
*R. Mason, Nuclear Engineering
*R. Mika, Health Pitysics Supervisor
*R. Milne, Station Security Administrator

*A.Miost},On-siteEngineeringSupervisor*l. hetze Licensed Shift Supervisor
C. Prymula, Technical Staff

*T. Rieck, Technical Superintendent

6
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*B. Schramer, Chemis try Supervisor
*C. Schultz, Q.C. Supervisor
*T. Schuster, Nuclear Licensing Administrator
*R. Smith, Assistant Performance Improvement Director
*k. Squires, Off-site huclear Safety
*W. Stone Assistant to Technical Superintendent
*h. Valos, Zion Project Engineering Support Group
*T. VanderVoort, Maintenance Staff
*R. Whittier, Nuclear Quality Programs
*D. Wozniak, Zion Project Engineering Support Group

Sargent and Lundy ($&L)

*J. Windiate, Fire Pratectier. Engineer

* Denotes those attending the exit interview conducted on March 26,
1991.

.

In addition, other members of the Zion staff were contacted by AIT
merite r s.

.

!!. DESCE!PTION - EVENTS Of MARCH 21, 1991

A. Overview of Event

On March 21, 1991, Zion Station, Unit 1, was in hot Shutdown
(Mode 3), at normal operating temperature and pressure, preparing
for plant restart; Unit 2 was operating at full power. The station
was in the 18th hour of a 72 hour Temporary Waiver of Compliance to
allow time to complete repairs to a jacket water leak on the
Cortron-unit Emergency Diesel Generator (O EDG). Major evolutions
in progress included the repairs to the 0 EDG, routine surveillance
testing of unit 2 EDGs, IB EDG 24-hour endurance test, and conducting
Performance Test (PT).211 " Wet Pipe Sprinkler Test.'

At approximately 1:07 p.m. (CST), an inadvertent deluge of th'e Unit 2
(SAT) occurred. The SAT is a 345Kv/4Kv transformer,that supplies all
normal offsite power to the unit while the unit is shutdown and a-
portion of the unit's AC power v5en the unit is operating, Station
personnel responded to the deluge station and, after confirming that
no fire had occured, began to isolate the SAT deluge, While the
deluce was being stopped, the SAT tripped. The electrical buses
supplied by the SAT were automatically transferred to the Unit
Auxiliary Transformer (UAT) which is powered by the output of the
main generator.

Because of maintenance being performed on the 2B (turbine-driven)
Main Feedwater purp, unit 2 feedwater was being supplied by one

|

I
I
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-turbine-driven (2C) and the motor-driven (2A) Main feedwater pump,
which receives power direct from the SAT. The 2A feedwater purop
lost power wFen the SAT tripped. The operators recognized the
loss of the main feed pump and innediately attempted to reduce -
power; the r:'ctor subsequently tripped for reasons which were
not clearly understood at the time due to .the loss of sequence
of events data.

During the period of time between the SAT trip and the reactor trip,
all five non-vital 4Ky buses and all three vital 4Ky buses were
t cing supplied by the UAT. Following the reactor trip, the UAT
tripped, causing a loss of off-site power to the eight 4Ky buses.
Loss of the UAT is expected with a reactor trip, however, in this
event it was not imediately clear whether the UAT tripped routinely
subsequent to the reactor trip or for other reasons. The loss of
power to the non-vital buses caused all four Reactor Coolant Pumps
to trip, forcing the plant to rely on natural circulation for decay
heat-removal.

At the time of the SAT trip, routine surveillance testing of the 2A
EDG had just connenced, the generctor having been paralleled to vital,
bus 248 and loaded to 1 Megawatt electrical (MWe). The 28 EDG was in
normal standby. PA EDG's output breaker opened, and innediately
reclosed to supply its associated bus. 2B EDG automatically started
and the output breaker closed to supply vital bus 249. Vital bus 247
was not imediately reenergized because the 0 EDG was out of service

~

for raintenance. Sus 247 was manually transferred to non-vital bus
141 (Unit 1), which is the back-up emergency power for the Unit 2
vital buses.

The licensee declared an Unusual Event at 1:35 p.m and manned the
Technical Support Center at 2:10 p.m. Shortly af terward, the Reactor
Coolant System was borated to cold shutdown concentration and at
4:14 p.m. Unit 2 began a natural circulation cooldown to Cold;

| Shutdown (Mode 5).

Relay targets, oscillog aph traces, and visual inspections provided
initial indi ations that the SAT was undamaged. Further inspections
revealed signs of arcing and ceramic blistering on the phase C bushing.
Repairs to the bushing and corona ring were corpleted, gas and oil
sarples were taken and analyzed, testing satisfactorily completed, and
the SAT was reenergized at 1:13 a.m. March 22, 1991.. A reactor
coolant pump was started and forced circulation re-established at
7:33 a.m. Repairs to the O EDG were completed, surveillance testing
satisfactorily completed, the diesel was declared operable, and the
Unusual Event terminated at 6:30 p.m. on March 22, 1901.

8
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10 evaluate the event, Identify root cautes for the deluge actuation,
SAT trip, reactor trip, and any anomalous equipment behavior, the
licensee forred a root cause investigation (cmmittee. The comittee
was not only tasked with identifying root causes but to also prov de4

recomtrcations for corrective actions and improvements.

E, Secuence c' fvents

The Ali and tre licensee compiled sequence of events listires using
control rochi logs, operator interviews, con >ruter and alarm printouts,
ard coatrol room strip charts. Copies of logs, corputer and alarm
printu.ts, and the strip charts are included as attachments 3 through 9.

Initial condittoris: Unit 1 - Hot Shutdown (Mode 3),
hortral Operating Terperature and Pressure

Unit 2 - 1001 power, Normal Operating
Temperature and Pressure

March ?), 1991

0030 07-211, * Wet Pipe Sprinkler Test' is identified at the
~

regular planning inteting between $hif t Engineers (SE),
Operating Engineers (CE) and Pla..iing as a Technical
$pecification quarterly surveillance.

0930 While performing the 2" drain line portion of PT-211 for
the Unit-2 wall, Unit ? Main Pcwer Transformer (MPT)/UAT
and SAT deluge ectuatec. Operators believe they receive
a fire a!r,rm on perform.nce of first area, however, no
subsecuent alarms were received.

0940 Control reor operators receive fire alarms in'dicati g
deluge actuation for nPT/UAT. The Shift Foreman and an
[outpment Operator (EO) go to the deluge station and
verify that no fire has occurred. Another [0 closes the

,
deluge isolation valve for Unit 2 MPT/UAT.

1025 HPT/UAT deluge actuated again while trying to reset the
deluge valve and open isolatier valve to the deluge system.

1035 M' m' deluge reset arid isolation valve reopened.

1203 2A EDG is started by a secondary reactor operator for
performance of routine surveillance PT-11. The diesel is
run for five minutes and then loaded to 1 We.

9
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1307 Shif t engireer ard operators receive audible alarta
ir.dicaticg *Coriputer SAT 4? trouble * and observe 5 AT and
Mfi/UAT alarrrt. FT-211 is in progress in other areas of
the plant, the operators perfstriing PT.?ll are between
tre 7A and 2B IDG oil storage tank rooms, and no valve
trentpulations have talen place at the deluge station.

1309.32 Cornputer "?A 0/0 output StR closed'. At this point the
[DG is being loaded to IWe as part of FT.ll.

The following sequence was extracted from pre and post-trip review ar'd is
a precise accounting of the events between the trip of the SAT and the
anc t-ain ger.erator trip, which deenerrized the UAT ard placed the unit
in the loss of off-site power situation.

1309:45.447 Cortuter "?A D/G trouble"

1309:4 5. D6 SAT P42 Bt F5 34 & ?3 Trip. Bus 244 reserve feed BAR 2422
TFir5

Auto bus trensfer verified by N50's and Unit supervisor

1309:45.!B6 Alaris 5,5. iWP trip

1309:4!.004 Computer Bus ?d3 Feserve feed BKR 2432 trips -

1309:45.05f f us a4 rnair, t > R 441 auto t. lose. Bus 43 main Btk 431 auto
close

During this period of time, ortrators ce follwing
indications and hatchiry targets. The $[ observed the
loss of the Main feed Pump and the decrease in steam
generator levels. The reactor operator is directed to
reduce load irrrediately by using " governor valve fast
down". Steam generator levels are at approximately 40%
and decreasing; there is a steam flow / feed flow mismatch
and steam gercrator level alarm.

1309:45 (94 CHC OPL rnonitor on (overspeed protection contr21) -

1309:45.738 EDG 2A output BKR open, perturbation during auto transfe'

During this period of time the SE observes 2A [DG output
BKR open and reciose and observes ?B EDG starting and
loadirg

1309:45.076 LHC OPC monitor off

1310:26 Bann 0 rods drive in. This is the Rod Control System in
automatic responding the rapid load reduction. All reactor
(colant pumps are running and reactor coolant system flow
is nortnal. 3

10
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1310'49 FX trip 857.. This is based on "niaic tute' indication by the
Unit Sug rvisor. Peactor trip breakers are verified oftn.

1310:t( Fods fallir<g

13?).14 Cen :latti low alert (2 W )

linit SUF saw 2 loop loss of flow af ter performance of
imnediate action in EOP.O. This was back lit indicating
*first' out. This is in response to the generator trip
and loss of power to tre non vital buses. Flow is coasting
do.n and Loop D shows less then 921 flow. The operators
treasition from [ 0 to ts 0.1 (hatural circulatier. cooldown).

13F teclared on t'nusual [ vent

13!0 botified NAF5, NRC, Pesident inspt - and it:ition d'uty
officer.

1400 T5C activated

1405 tus 247 crosstied to Unit 1

142t Startir'g 1000 gal boration

1429 15t. has taken corrand and control. Tom Joyce (Staticn
Manager) 15 in charge and there is sufficient staffing
available.

<

1000 [stablished PC5 cooldown rate of 25 deg ee F/Hr per E50.2
on Unit 2.

1617 Using AUX spray to depressurize to 1850 - 1900 PSIG

1735 Process computer is returned to service

1900 Entered COP-4 on Ul, connencing RCS cooldown
,

2010 Report f rom SAT: Arc marks in one spot C Phase coronia
- ring & 2 blister r. arks on porcelain

2115 2A SWP still has autostart signal, TSC investigating,~

leaving in PTL, continuing the cooldown on beth units

2300 Unit 1 Mode 3 cooling to Mode 5 Unit 2 Mode 3 cooling down
to Mode 5, 390 degree F starting to very slowly depressurire
RCS while raintain 1225 degree F subcooling (per [$ 0.?) &
15 5320 Delta T F2R to charging.

2330 Opened 2A0v VC8146 & closed 2A0V-VCbl69 to depressurire RG.

11
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i

Farch22,199],

0015 Opened 008 23 & 24 in preparation for closing disconnects and
energiring the $AT.

O!!) $AT erergized

0145 U2 service busses all energite.d. 4kV service busses energized
from system Aux Trans. 242, erergized Alv service busses
froe SAT.

0150 Energized 480V Buses 232, 233, 234 on Unit 2 Crosstie
breaker 2332 to Bus 235 will not close, 480V service
Busses 232, 233, 234 energized, energized 480V service
busses 232, 233, 234

C'212 Energized Bus 248 & 249 from service busses, Bus 248 & 249
encrgized from off-site power, energized Busses 248 and 249
from main feed.

0219 Secured 2A 8 2B cDGs

0223 Bus 247 energized by off-site power

070$ Secured AFW PPS due to suction pressure spiking - investigation
found, Spikes due to auto start of condensate malcup pump

0733 Started 20 RCP, established forced circulation and transitioned
to GOP-4 from from the [0Ps.

0857 $ tarted depressurization of RCS to 900 P$1G using Aux, spray
because normal spray is ineffective (normal spray b::ing ,

investigated).

'

1220 2 PCV-RC 455C (PORV) failed PT-2T and IM calibration. Wc,r k
request initiated and valve declared inoperable. PORV 456

| operates satisf actority.

| 1336 Depressurizing RCS to approximately 400 PSIG on euxiliary
spray. Continuing the cooldown and depressurization of
both units.

1358 U1 entered Mode 4, RCS 5360 degrees F.

1830 Unusual event after corpleting repairs and testing of connen
diesel generator

1837 NARS, ENS notificat -s made on termination of U/E GSEP,
NAR5 notification of GSEP termination secured cooldown U2,
maintaining Mode 4

12
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C. ,f quirnnt Preblets/f ailures

The fellowing equipment prot lems or f ailures that cccurred during or
tinntdiately af ter the station blackout twent are considered to have
safety significance.

.t . $tturity Invertor Some security doors betwten the service
GTwirgs an'dT~e power bluck f ailed locked, due to equipment
inoperability. This caused a delay to some hkC and licensee
personnel responding to the power block from the service
buildirgs. howgver, essential plant personnel responding from
within the power block were not delayed by the failure. The
Ali reted that the initial response by security personnel to
the door f ailures appeared disjointed and did not adequately
address the safety / safeguards significance of the event. The
f ailure of security equipment, security personnel to properly
respond, and the lack of awareness by station personncl of
which doors would be manned by security could have been safety
sigriificant if e more serious event had occurred, lhe licensee
has taken irrtediate steps to remedy the short term needs of
providing t.etter access should such an event re:gr. A special
security inspection, conducted t'y a Region !!! Security
Specialist, t'egan on March 25, 1991. The purpose of the
inspection was to review all security related aspects of this
event. The results of the inspection will be transmitted to
the licensee in a separate inspection report.

2. Seouence of [ vents Printer - The failure of the non v!tal busses
on locs of ofTsite power resulted in failure to record the events
that occurred imediately following the reactor trip. The
licensee's celection of non vital power supplies for many chart
recorders resulted in an incomplete record of plant response to
the event. The plant computer does not record all of the parameters
that are needed to diagnose an event.

3. PORY Will Not Op~en - Because Unit 2 was going to cold shutdown,
NRV 455C had to Te stroke tested to verify the operability of
the valve for low temperature overpressure protection. The valve
failed to open during the test because of a failed air line. The
licensee believes that the valve would have opened at its high
pressure setpoint to provide nortnal overpressure protection
because there is an air bottle attached to the system. It is not
clear that this conclusion is correct. There-are two PORVs at
Zion 2; PORY 456A operated properly when tested. The success
criterion for feed and bleed at Zion requires operation of one
charging pump (both were operable) and one PORV. Inability of
PORY 455C to open is significant in that it would have forced
reliance on the redundant FORY for successful feed and bleed.

13 ,s
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The-following equipment failures occurred durir.; the loss of offt'te
power event. but are not considered to be safety significant.

1. Cenponent_ Cooling Water Purp OA - The component Cooling Water
_

System (CCW) is a shared systen between Units ) and 2. It

consists of five CCW pumps (only four of which are needed to
n;eet F5AR requirenents. CCW purp Of was operating when the
loss of offsite poner occurred. The CCW pumps are powered off

'' of Class 1E busses. Pump OA was tripped by the operators who
observed through a sight glass that there was no oil in ths pump.
Since the CCW pumps have significant redundancy and since the
CCW system is shared econg the two units (three pumps receiving >

powerfromUnit1E$FbusesandtwofromUnit2ESFbusses),
.

this was not a safety significant failure. |

2. Padiation M(nitors - Some of the radiation monitors failed to
power up (FR 40).

.

3. . Temperature Indication in Source Range _ Wells - The temperature
indicator from the_ source range wells was unavailable and the
operators had to use the power range detectors. i

4 Concertate Storage Tank Orained - On loss of normal AC, the
condenser overflow valve from the condensate storage tank to
the condenser hotwell went full open. This drained the
condersate storage tank (a non safety grade water $Upply) '

into the'hotwell.
,

f. Residual heat Removal Heat Exchanger Bypass Valves -
The~lRR flow control valves trot control the hypass flow (and 1

therefore the rate of temperature decrease in the primary system .

whenonRHR)aroundtheRNRheatexchangersfailedandresulted
in a high cooldown rate at the beginning of the event. Since
pressurized thern41. shock is not a concern at these units, a -

cooldown event is not particularly safety significant and is
bounded by more severe events such as steam line breaks.

6. Service Water System pump Automatic Star ** - During the event,
,

the operators attempted to manually trip service water systemi

pump 2A. The pump immediately would automatically restart once'

the operator returned the breaker handle to the1*after trip"iorposition. This was later determined to be the proper behav
for the pump.

<
~

7. Auxiliary Feedwater Level Control - Following the loss of AC
power, the motor-driven Aux 111ery feedwater pumps autoontically
started and fed the Unit 2 steam generators. The AFW system
does not have automatic steam generator level control. A
leaking valve in the header normally used by the motor-driven
AFW pumps in combination with the failure of a stese generator
atnospheric valve risulted in increasing level in one steam

t
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generator. Tre normal header was isolated and the motor. driven
pue.ps were aligred to tte steen. driven AFW purrp header. The stearr
gercrator level was successfully controlled.

8. Stran Generator Atriospheric Relief valve fails 0 en - followingJ
a loss of non-vitaTEc power 17Esham gererator7elief valve
controls fail as-is. The valves were nearly full open at the

*11w of loss of non-vital AC cue to the operators attempting to
match feed / steam fick followirp loss of the motor driven "

feed =ater pump. Ar operator had to go to the atmospheric relitf
valves and blu d off the control air to close them. Ore of the
etmospheric steam gtr,erator relief valves failed open. The
in series isolation valve had to be (cr. trolled manually by
an operator.

9. Diesel Ger?rator Trip After it auto started on the loss of
oTrsTle power, EDG IA output breater tripped on reverse power,
but the diesel engine continued to operate. This was not
expected by the operator. When the main generator tripped
and the UAl deenergized, the diesel generator output breaker

'closed and pic6ed up its E$f bus. After review, it was determirted
that the diesel generator and its controls operated properly.,

D. plant Staff Response

The AIT evaluated three aspects of plant staff response to this event:
appropriateness of cperator actions during and after the SAT and ,

retetor trips, appropriater.M s of the station's response in the
near terrn following the event, and the station's investigation into
the event. Appropri6teness of operator actions and the station's
response in tha naar term are discussed in this section. An
assessment of the licensee's investigation is discussed in Section
li. A.

The cperators' immtdide responses to the event were generally
appropriate with the etteption of resetting of the "first out"
annunciator after the reactor trip. This action cleared the true ,

cause of the reactor trip and caused difficulties in identifying
the actual protection system signal. During interviews, the operators
only remernbered seeing loss of RCS flow on the 'first out* panel; this
led to concerns that the generator had tripped before the reactor with

,

resultant loss of power to the reactor coolant pumps. Later examination
of the protective relay schemes revealed that the generator tripped on
reverse power resulting frcm the turbine trip / reactor trip on low-low
steam generator level.

The operators inriediatsly recognited the loss of the SAT, and
understandiro the implications, verified proper transfer af electrical
buses to the l'AT, that RCOs were still running, and that power to one
of the two operating main feed pumps had been lost. Both the Shift
topineer and the Unit Supervisor directed the primary reactor operator -

to reduce lead by starting " governor f ast down" on the main turbine,

u
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Conseavertly, steam flow and feed flow mismatch was cleared t,efore
the reacter tripped, however there was not enough tirne to stabilire
and recover steen generator Ievel.

Throughout the event, the operators used the appropriate operating,
abncerial, emergency, acd f ault tree procedures. They maintained good
lines of communication within the control room and brought the plant
to a stable c0rdition as expected.

The statfor's response to the event was generally good although some
difficulties were noted. Tre Ali was informed that the resident
inspector staff was concerned that there were too many people in the
control room early in the event. The resident staff was also concerned
that early in the event, operators had to deal with unnecessary phone
calls from people wanting information on plant status.

Shortly af ter the event, the Station Manager activated the Technic:.1
Support Center (TSC) to reduce impact on the operators from additional
personnel in the control room, direct resources, and provide expanded
corvnunications capabilities. The TIC activation was completed in a
timely manner, a clear cominand and control was established and all
corriunications were channeled through tbc TSC to minimite Impacts on
the eperators. Activating the TSC also provided additional engineering
expertise and management oversight to assist the Shift Engineer in
dealing with plant conditions and transfer decision-making to a higher
level of tranagement.

Although consnunications involving the TSC were generally good some
difficulties were noted. The operators were locally controlling "C"
$G pressure and stetuing rate using the atmospheric dump valve isolation
valvc due to failcre of the associated atmospheric dump valve. Either
this information was not consnunicated to the TSC or the TSC staff lost
track of it; it is not clear which orcurred. This caused confusion in
resnonding to en NRC questiDn regarding possible tube leaktge in thef

' "C" 5G because its level was higher than the other three. The higher
level in 'C' SG was (ue to the local adjustment of steam demand; had
the TSC been aware of this, they could have explained it to the NRC.

A Temporary Waiver of Compli?nce (TWOC) was in ef fect at the time of
the event to allow meintenance on the O EDG following the event
the licensee did not clearly understand the time required to take

| the plant to cold shutdown. There was confusion due to the licensee's
misunderstanding of the requirements of the TWOC and what time clocks
were in effect. The TSC staff did not recognize that on the reactor
trip they ited the TWOC, that the unit was irvnediately considered.

to be in Hot Shutdown, and that the Technical Specifications and the
1980 Confirmatory Order were the controlling documents for plant
conditions. The was identified by the NRC and acknowledged by the
licensee.
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lil, It5fIC110N [ff0RTS

A. SyQe,m Aus114ery Transfortner Deluge System Actuation

The most probable cause of a system activation was a pressure transient
ard/or water harver it tFe fire protection supply piping. This
transient wnuld teve causeo the riapper vahe in the * Automatic"
5printler suproten-Deluge Valve to lif t allowing system water pressure
to open the valve fully, resulting in the advertent actuation of tFe
spray system on to t%e $AT. This event occurred at approximately
1:10 p.m. This is confirmed by the sequence of events which occurred
prior to the 1:07 p.m. deluge actuation. On March 21,1991 the licensee
chose to perform system testing of the automatic sprinkler systems in
the plant (pT-211). While performing a 2 inch drain flow test, to
determine if there was degradation in the system piping, the deluge
valve controlling the water to the main and UAT inadver tently actuated
causing the systen to operate. This occurred at approximately 9:30 a.m.
While resetting and restoring the Aame system to service at approximately

-I10:30 a.m. the deluge valve activated again (i.e. upon opening the
isolation valve the clapper valve on the deluge valve operated duc
to the pressure pecturbation induced while reintroducing the system - )

water pressure to the bottom of the clapper valve). These two !

actuations indicatt: that the deluge valves were very ssnsitive to i

|pressure perturbations.

The licensee is also investigating the possibility of the system being
initiated electrically by either a f ault in the detection circuit or
the deluge system control panel. Upon inspection of the SAT no damage

,

'

due to fire or transformer (Silure could be found, ln addition once
the fault wt.s removed from the SAT the transformer reset without
incident, This further indicates that the fitst event was not
electrically %itiated, but most likely a pressure perturbation which
activated the deluge valves.

B. Transformer Failures / System Interactions

The en bus alignments prior to the event were the following (See
Attachrent10):

,

Non-essent111 bus 242 was being fed through circuit breaker*

(ACB) No 2421 to the UAT with ACB No. 2422 open froe the SAT.

[$s Bus 247 was being fed through ACB No. 2471 and No. 2424
(tie Brealer) to the Bus 242 with ACB No. 2472 open from the
reserve feed.

Nun essential bus 243 was being fed through circuit breaker*

( ACB1 No 2432 to the SAT with ACB No. 2431 open from the UAT. ,

Iss Eus 248 was teing f ed through ACB No. 2481 (E55) ar.d No.
2434 (tie Brealer) to the Bus 243 with ACB No. 24B2 open from
the reserve feed.

17
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hon-essential bus 244 was being fed through ACB ho. 2a42*

to the LAT with ACB ho. 2441 open f rom the WT.

Ess Eus 249 was teing fed through ACB no. 2491 (ES$) and No.
2444 (tle Brea h r) to the Bus 244 with ACfs No. 2492 open from
the reserve feed.

hon essential Bus No. 245 was being fed through ACB No. 2451*

to the UAT with ACP No. 2452 open from the SAT.

pT-11 testing of the 2A EDG started at approximately 1:01 p.m. The
tcG was manually started and loaded (approximately IW) through ACB
No. 2483 to Bus No. 248 af ter running for approximately five minutes.

At approximately 1:07 p.m., control room personnel observed the fire
alarm annonciator and two red lights (indicating the fire area) on
fire panel No. 2CBS). The lights indicated that the deluge system
had actuated on the main, UAT and $AT's. As a result of the deluge,
a flash over occurred on the SAT's C phase at approximately 1:09 p.m. |

|

The SAT's lockout relay (86T242) actuated on a C phase to ground fault. i
This isolated the $AT from the switchyard and opened secondary feeder
ACB hos 2432 and 2442. This initiated an automatic bus transfer (APT)
of non essential bus Nos 243 (along with the 2A [DG) and 244 to the t/AT.
The ABT took approximately 52 msec to complete the transfer (break j
tefore uke transfer). During this time, the lightly loaded EDG was i
powering Bus No. 243 loads, including a reactor coolant pump (RCp). |

As the voltage was collapsing, Pus No. 243 was increasingly) going
'

out-of-phase with the dAT. The 2A EDG output breaker (2483 tripp><*
in approxin.ately 150 rsec following the ABT on reverse power (67

i

relay). The IDG remained operating at rated voltage and frequency
following the breaker trip.

During the power ramp down, a steam generator shrink occurred and
actuat.d the reactor trip system. A subsequent turbine trip occurred
at approximately 1:10p.e. and 49 seconds. The turbine slowly coasted
down and continued to supply power to the grid and RCP buses. At
approximately 1:10 p.m. and 52 seconds, the main generator reverse >

relay (32G2) actuated and at approximately 1:11 p.m. and 14 seconds
tripped the main generator. The main generator lockout relay (86G28)
initiated the isolation of the main and unit auxiliary transformers.
The lockout relays tripped the non-essential bus feeder ACBs. The
loss of voltage relays on Bus No. 243 tripped the 243 tie breaker
(2434) to E$5 Bus No. 248. Subsequent tripping of ACB No. 2434 or

| the combination of EDG 2A at voltage and frequency plus Bus No. 248
undervoltage tripped ACB ?!o. 2481. The Bus No. 248 undervoltage
relays (427 device) initiated a two second time delay (427T0) which
reclosed the EDG output breaker (2483) into a then dead bus. The 2A
EDG s?tisfactorily picked up loads.

18
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in parallel with the reloading of the 2A EDG, the 2B EDG also
satisf acterily pickeG up loads on bus No. 249 in less than 10
seconds af ter the snair. generator trip.

Essential tus 247 lost all power as a result of the swing EDG being
out-of-service. Power was restored by manually closing reserve ACB
No. 2472 to the linit 1 SAT.

During the event, the protective relaying operated as expected.
Comonwoelth idisons's Operational Analysis Department (OAD)
determined that all of the relays that actuated in the switchyard
were the reGult of an initiating event that involved a phase to
grour.d fcult on C phase of the SAT. The team concurred with this
assurnption of the iritiating event based on the following:

1. The physical evidence indicated an are strike on the C phase
transferrner bushing.

2. The recarding escillograph f rom the switchyard clearly shows
that the fault occurred on C phase.

3. The operation of the overcurrent relays actuated both of the
redundant "d86" relays, whfch indicates that this was an actual
event and nct a relay malfur.ction.

The licensee's post trip review of the event and interviews with
personnel indicated that the main generator reverse power relay
tripped the generacor on reverse power after the reactor / turbine
trip which was per the design. The 2A EDG reverse power relay also
operated during the event. When the event started, the 2A EDG was
connected to ESF Bus No. 248 and was paralleled to the grid thro,gh
the $AT. The relay actuated when the bus voltage decreased ant' the
loads on Bus No. 248 auto transferred to the UAT. When this .;urred,
there was a slight difference in the tus voltages and power factors,
which caused the reverse power relay to actuate. However, shen the
main generator tripped, the EDG reclosed and sequenced the blackout
equipment onto the bus which was per the design.

The team reviewed tne sequence of events, tfa logic diagrase, and the
systems electrical diagrams and concurred with the. licensee assuy tion
that all electrical devices and control logic performed as designed.
The impact on plant safety was einimind and redundant equipment was
available to further assure a safe plant shutdown.

C. Reactor , trip

Identification of the cause of the reactor trip was compitcated by the -

lossofsequenceofevents(SOE) data,lossofstripcharts,resetof I
"first out" annunciator, loss of Point History data frtim the Prime {
coquter, and the large number of alarms received in the control room .

its the imed' ate af termath of the SAT and reactor trips. I

i
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A number of factors cct'tributed to the loss of 50E data. The
typers f or 5CE data are powered f rom vital ttus 248. When but
P48 was ueenergized all of the data loaded into a single buffer
which was rapidly overloaded. in the Zion Station computer system,
data sets are prioriti2ed for output to the typers, SOE data has
third pricrity tehird control rr,C position pre / post trip reactor
trip reports. As a result 50E data was rot outputed until apprcrirately
90 seconds af ter the alarm typers were repowered.

Vital date which would normally be cbtained f rom control room strip
chart recorders and other instuments was lost because many of these
instruments are powered from non vital buses and 10 were lost when
off-site power was lost. Collection of point history data was
pre,ented because the prime computer failed cue to voltage transier,ts
during the event.

During the eunt, the operators were faced with a large number of
alarrs in an extrerely short period of tine. After the event was
over, the operators were unable to recall the exact sequence in which
alarms were received. Also during the response, the "first out"
annunciator panel was reset, clearing the cause of the retetor trip.
The operators did not recall what alarm was lighted at the time or
esactly who reset .he alarms.

The tear ihterviewed operators end examined available computer data '

and strip charts. The team also examined logic and wiring diagrams
to test the validity of several event secuences. The team concluded
that the rector tripped from approximately 851 power on Low low
50 level. Tbc 651 power level is a best estimate f rom the Shif t Engineer
from his observations of the megawatt meter and the "ntxte tube"
indication. Two factors led to this coridition. The first was the
less of the motor driven feed pump which was powered directly from
the $AT. With the loss of this pump, SG level dropped rapidly due
to severe underfeeding. Tre second f actor was a shrink caused by
the rapid closing of the main turbine governor valves as the operators
attempted to reduce steam flow and power. Although their action was
tirely and they were able to match steam flow and feed flow, t'ey
were not able to avoid the reactnr trip. As discussed in Section
111. B. above, the main generator tripped on reverse power approximately
18 seconds after the reactor trip / turbine trip. When the main generator
tripped, power to the UAT was lost as expected. To this point, the
trip is routine with the significant exception of the faulted SAT.

D. Deluge system design deficiencies
,

The improper alignment of the water spray nozzles on the SAT resulted
in a ground fault occurring then the $AT deluge valve was inadvertently
operated on March 21, 1991, 1r. the licensee's response to Branch Technica)
Position APCSB 9.5-1 they inoicated that water spray systems at Zion
Station were in accordance with NFPA 15. NFPA requires water spray
systems bc 'ull flow tested annually to determine if spray nortle
.- pingemen t 1; adequate for the hazard being protected. The last
time the licensee performed a full flow test of the water spray system

20
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for the $AT was in Ncvember 1908 which is in tacess of NFPA 15
re comme nda t t or.s . As indicated above, the incorrect positicn of the
sp*ay nozzles most probably caused C Phase to arc to ground causing
thi SAT to trip following the inadvertent operation cf the SAT
deluge system. If annual inspections of the nozzle spray patterns
tad been perforrwd by the licensee the incorrect spray p6ttern cculd
have been discovered and the SAT trip following the inadvertent
creration of the deluge valve may rot have occurred.

E. Management involverrent and administrative controls

Whcr the $AT t.ipped, the station yas in the 18th hour of a 72 hour
TWOC to allow tirne to complete repairs to a jacket water leak on the
0 EDG, in the request for the TWOC (Attacl. ment 11), the licensee
included coepentatory r:essures which were intended to protect
electrical power supplies. Because the event involved the loss of I

'electrical power, roncerns were raised regarding administrative
controls on fire protection and deluge system testing, management
involvement in the decisions made related to this testing, and what
actions licensee maragement took to ensure that station personnel
were aware of the terms of the TWOC. The fundamental issue was the
linking of fire protection testing to a hazard to electrical power
supplies.

The team reviewed the compensatory measures .or the TWOC, station
general operating and acministrative procedures, and PT-211. " Wet
Pipe sprinkler Tes+," (Attachment 14) to develop a basis for further
evaluations. This was followed by interviews with management, shift
supervision, and operators.

General administrative controls for testing and surveillance are
contained in the licensee's general operating and administrative
procedures. Controls for fire protection and deluge system testing
are found in the specific survoillance procedures. The team found
that the controls in pT-211 were adequate, but ncted that the
procedure lacked requirements to notify fire protection personnel
when testir.p is to be conducted and guidance on silencing of alarms.
The review of the compensatory measures revealed that controls were
imposed on emergency diesel generatur, electrical distribution system,
and other safety system maintenance and testing. No specific controls
were imposed on fire protection or deluge system testing nor were

| there any requirements to evaluate maintenance or testing activities'

for potential impact on electrical systems. While the terms of the
TWOC did not specifically address fire protection or deluge, their-
intent was clear: to curtail activities which might hazart' the
e'ectri:a1 distribution system. The team viewed this as a weakness
in the TWOC compensatory measures.

To er.sure that station personnel were awere of the terer of the TWOC,
two methods were used. First, Standing Order 91-07 (Attachment 12) |

was issued which listed the operational restrictions from the I

>

corpensatory ressures. This order is distribJted to the Control Room,

i
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Assistarot Superintendent - Operations. Training,'h ocedure Coordinator,
A:tistant Superintendent . Paintenance, and the Technical Staff
Su ervisor. The secnnd method was to have the Regulatory Assurancer

Supe rvisor discuss the TWOC and its associated compensatory sessures
at tre regular morning meeting. Interviews with operators and
mar,agerrent personnel conf trn<ed that the station staf f was generally
awart (<f the the ikCC and its corrensatory seasures. This was further
confirred by reviewir.g the (Jnit ? Supervisor Turnover Sheets for
three shifts (/.ttachment 13), including the shift on which the event
occurred.

1 c decision to perf orm PT-2!! was made by the or. coming and of fgoing
Shif t Engineers and the Unit 1 Operating Engineer at the 6:30 a.m.
wor k planning rrecting. The team found that this was an adequate
managenent level to rake a decision regarding 'he performence of a
quarterly Teunical Specification surveillanu. The decision to
perform 07-211, even though the TWOC was in ef fect did not involve
any evaluatior of a linking between the fire protectic.n system and
the electrical distribution system. During inter *1ews the Shift
Engineer stated that he was aware of the TWOC and that he believed
th&t it provided him with a set of activities that could not be
corducted, all of wrich involved refety related equipre tt since
fire protection was not safety related, be did not connect it with
the TWOC. He further stated that there was no history of deluge
tctuations associated with PT.211 and that he considered it a routine
test. Given that FT 211 was a Technical Specification test, that it
was routine (quarterly) and that there was no prior history of
problems with the test, the team found that the decision to perform
PT-21) was not imprudcnt.

The team was concerned by the station's failure to terminate testing
after the first deluge occurred at 9:30 a.m. The team was especially
disturbed by the failure of the Operating Engineer to question the
cause for the deluge and terminate the testing until the cause wu
determined. At this poirt, energi2ed transforters had hecn Sprayed
down and the question of risk to the electrical distribution system
should have been apparent. While the team could understand the link
not being made between PT-211 and a hazard to the electrical system
at the 6:30 a.m. meeting, it could not understand the failure to
make that link after the 9:30 a.m. deluge actuation. The failure of
the station staff to take prudent actions after the deluge actuation
confirms the validity of the Diagnostic Evaluation Team finding with
regard to the lack of a questioning attitude on the part of the
station staff and highl'ghts the need for continued mangement attention
to this area.

IV. LICENStr INVESTIGATION

A. AIT assessment

Cc. March 22. 1991, the licensee establishcd a root cause investigation
comittee to review the event, identify root cauf es, and provice
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ree w endatiers for corrective actiers. The corrrittee was well staffed
with both station and corporate personnel. The comittee's tasa was
smilar to that of tne A!T with regard to developing a sequence of
events and establishing the causes for the deluge actuation, $AT trip,
and reactor trip. To er sure a proper root cause analysis wah perforr.ed,
two trembers of the comittee were certified thPO Hur.an Perfornance
[nhancer.ert (hfE5) System evaluators; one of them was the Corporate
hPCS Coordinator.

The root cause methodology used by the comittee to evaluate this
event differed sharply from that used to evaluate the November 27,
1990, 5AT trip, lo that case a potential cause for the event was
postulated and then evicerce was exarir.ed in an atterpt to support
this hypothesis. When the evidence could not support the postulated
cause, the analysis was ruled inconclusive. In this case, the team
postulated as F.any possible scenarios as could be conceived and then
evaluated eacn scenario against all the evidence, if a scenario
could not possibly fit the evidence then the scenario was dist.arded.
This was a more fundamental ar.alysis approach and the AIT felt that
it was more likely to reach a correct conclusion, j

To assess their perforrance the AIT niet twice daily with the root I
cause corrnittee for a status update, to raise questions and concerns, j

and to get enswers to previous Questions. Ali members aise pcrticipated !

in all interviews conducted by the root cause comittee to evaluate
'

the manner in which the interviews were handled and to ensure that
agency concerns were f ully addressed.

The licensee's root cause investi p tion was aggressive, thorough,
and fundanentally souno. Comittee members were cooperative with
tre A:7 and candid in their essessments of causes and conditions.
Although conclusiors hed been reached for the majority of the issues,
the comitte had not corpleted all of its investigations nor issued
its report when the Ali was termitated. Based on nbserved performance,
the team is confident that the comittee's final conclusions and (
report will be thorough and accurate.

B. Licensee Conclusions

The licensee's conclusions paralleled the AIT's with regard to the
causes of the deluge, SAT trip, and reactor trip. The contaittee
acknowledged the deficencies in the November 27, 1990, SAT trip
analysis and the failure to terminate the fire protection testing
after the 9:30 a.m. deluge ectuation.

Some of the recomendations the comittee provided included an
independent design evaluation of the fire protection system by a

fconsultant, revisions to fire protection procedures, modifications
to the plant corruter system, and testing of the SAT deluge system. )

l
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v. SLW3Y

Safety $f nificanceA. 9

The March 21, 1991, parital ICss of offsite power event at Zion
(; nit 2 did oct erdanger the health and safety of the public, from
a riu assesse,ent viewpoint, the plant was not in danger of Icsing
core ceeling or inventcry makeup capability. Core cooling was
maintained and primary system inventory was protected because AC and
DC power remained available to Unit 2 and shared systems from Unit I
could have mitigated 'te expected dominant sequences leading to core
damage from a station black 9ut event.

IFollowing the failure of the Unit 2 SAT, EDCs 2A and 28 operated as
expected and powered 4160kV buses 248 and 249 respectively. Because
of a design feature for Zion station, the SAT at each unit is
capable of powering the other unit's ESF buses, following the
loss of the Unit 2 SAT and with the O EDG inoperable, ESF bus 247,
normally powered by the O EDG, was realigned by operators and
powered by the Unit 1 SAT. Throughout tne event, both AC and DC
power were available to Unit 2. Unit 2 would have had to suffer at

Ileast it.ree additional single failures to have had a station blackout.

The leading contributor to core damese following a station blackout
is a RCP seal LOCA causeo by loss of cooling to the seals. At Zion
the RCP seal thermal barrier cools revctor coolant system inleakage
up the RCP shaft. The inleakage is cooled in the thermal barrier
heat trchanger by the component cooling water (CCW) system. The
seals also receive 6n injection flow from the charging pumps, which
are part of the Chemical and Volume Control System (CVCS). RCP seal
cooling was maintained throughout the event by the CCW system. The
CCW and the Service Water Systems are shared syst&ms between Units 1
and 2 with some pumps receiving power off ESF buses from one unit
and sure from the other.

At most power p(lants, having only one transformer capable of providinginsneciate or within a short perioo) would significantlyincoming power
increase the plant's chances of experiencing a loss of cffsite pora-
and possible station blackout. While each of the Zion units has .. .y
one incoming source of offsite power (discennecting the main generator
from the main transformer takes at least 12 hours), the capability of
each SAT to crorsfeed to the other unit's 4160kV ESF buses provides

( significant additional protection against station blackout. The swing
~ diesel generator provides additional station blackout mit:gation

capability. On the negative side, the EDGs at the Zion Station have
been unreliable in the recent past. If the O EDG is unavailable, both
units nove to shutdown causing additional thernal cycling of the units.
When the EDGs at Zion are operating properly, the design of the unit'
is such that their chance of undergoing a station blackout is comparable
or lower than that of most other corrnercial nuclear power plants in
the l'r,ited States.

la
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B. Cercerns

The AIT identified a rumber of concerns during the inspectiofi. Some
of these concerns were specific to equips;ent or programs, some were
ger.eral and appited to overall station performance.

Specific fouipment er Frogram

The fire prctection system does not appear to meet the design
requirement of hf PA l$ in if at the spray noI21es were not proptrly
positior,ed to protect the hatard and that the control ar.d alarm
panels are not Uncerwriteit Laboratory ' listed' systems.

PT.tll, ' Wet pipe sprinkler Test," was not ; lear with legard to what
alarns should occur during the test and when they should occur.

The annual spray system full flow test had not been ecnducted since
Noveder 1988.

1

!Station security personnel did not respond appropriately to the turbine
bloca loclout and key operatirs shift and s.anagement personnel do not, )
have keys to allow access under these circumstances.

The plants process computer was unable to hantile all the data generated
t,y the event. The typers lacked power supply diversity and tile prime
computer power supply was not stable enough to eccomodate the volt 6ge
t ra ris i en t. Sequence of events data war listed as third priority for-
output to the typers. These weaknessu may result in the $0E recording
systee: being unable to meet the requirements of Generic Letter 63-23.

f.arly in the event, operators were furced to deal with distractions
from telephcne calls to the control room from people wanting information
and from unnecessary personnel in the control room.

The team was concerned with the loss of information caused by operators
silencing alares and ciearing annunciators without ensuring the information
was tracked or recorded. .,

General Concerns

Zion Station has had a Probab115 tic Risk Assessment (PRA) since the
early 1980s and has made little use of it for either maintenance
plannirg or validity tests for modificatiors.

Operators continued to perform PT-211, even though they did not understand
the cause for the deluge actuation which occurred at 9:30 a.m.. The
team was concerned that an Operating Engineer was awart. of the inadvertent
deluge and old not question its cause Or terminate the testing activities
until the the reason for the deluge was determined. |

i
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Ine it am was conctrr.ed that a1though root cause has been a priority
issue at Zicn Statier, the root cause methodology used to investigate
it e Noventier 27, 1990, deluge was fundamentally flawed.

The compersatory e.easures impleriented to support the TWOC were designed
to ensure the stability of the electrical distribution system. They
cer-tained r.o provisions requiring a review of testing to identify
potential hazards to the electrical system.

C. Cor< lus t' ,/Pecornendatiors

The term concluced that there was a lack of management attention in
the fire prc'ection area. This was irdicated by the lack of equipment
r:aintenarice, deviation f rom fire codes, and an apparent tendency to
treet fire protection alarms as nuisance alares. The team further
notes that fire protection equipment and procedures need upgrading
and that additional menagement attention is needed to heighten the
station staff's a.areness of the importance of fire protection. The
team recomrunds that a c9rrently scheduled NRC fire protection inspection
te performed without delay,

The team concluded that the station's 50E recording system lacked
the capacity and flesibility needed to *espond to complex, long duration
events. The Ali rettevnends that the iicensee r.onsider modifications
to the plar.t computer system to enhance its capability for dealing
with these types of events.

The team cuneluded that although security gersonel did not respond in
a marcer that allowed key personnel into the power block, the sigr,1ficance
of this was mitigated by the unrestricted 4ccess to all parts of the
plcnt by personel already in the turbine building. The notable esception i
to this is the " crib house" where the Service Water pumps are located.
The AIT reconnends that a controlled ley program be established to
ensure that necessary personnel can get into the power block under
any conditions.

The team concluded tht? operators were silencing alarms as a reflex
action rather than as a cons *dered response. The Ali recommends
that the licensee establist a policy on the silencing of &larms sed
resetting of targets to enssre that thi; information is ackn0wledged
and tracked.

The team concluded that unnecessary personnel and telephone calls to
the control room are a distraction with which operators should not
have to deal during an event. The team recommends that the licensee
publish guidelines on control room access during events to minimize
these distractions.

,
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The tearn cercluded that the Zion FFA has not been used effectively ar.d
recorrards that the licensee evaluett methods for more widespread
use of the pkA, etrecially 16 the area of r.aintenance planning,

The team concluded that the flawed root cause analysis of the
honrier 27, 1990 $AT trip contributed directly to this event.
The team recorrnends that the licensee review the criteria for
classifying everits for root cause analysis. Because the
classification of the event estabitsbes the lesel of manager:ent
irvolvement in the invettigation and review, it is important that
events be properly classified to ersure an adequate management
eva'uation.

The teen concluded that the somper..: tory measures in the TkOC were
wea6 in that only safety related equiprnent was adorcssed and there
was no reoutrernent to evaluate raintenance and testit.g activities
for potential impact. As a result the compensatory measures did not
fully protect the electrical distribution system. The AIT
recortands that compensatory measures for future TWOCs contain
provis;nns requiring that all maintenance and testing activities
planned for performance during the period of tFe waiver be evaluated
for potential inpact on the systems covered by the waiver.

The team concluded that failure to terminate fire protection testing
activities contributed directly to this event. The team recomends
that the licenset place a renewed emphasis ce developing a questioning
attitude among fnernbers of the station staf f.

VI. CHARTER COMPLET10h

The AIT corcluded that the sequence of events, es developed by the licensee
ar.d the AIT usir.g availa51e logs, strip charts, alarm and cociputer p*intouts,
and operatur interviews, is an accurate description of the ei.ent.

The AIT concluded that the most probable cause of the deluge system
actuation was . hydraulic perturbation of the fire protection supply
piping which lifted the clapper valve in the deluge actuation valve.
These hydnulic perturbations were the re. ult of performing the fire
protection hearier crain valve surveillence. This cause is subject to
confirmatory testing during the licensee's planned SAT outage.

Tbc A!T concluded it *, the rear or trip was caused by a low low SG signal
following loss of the motor driven main feedwater pump. All plant. systems
operated as expected.

The Ali concluded that only the Unit 2 SAT soffered a failure. The $AT
tripped as a result of a 345kV to ground f ault across the 'C' phase
bushing weich resulted from the spray from the inadvertent deluge actuation.
The team determined that both switchyard and in plant electrical
distribution protectine relay systems functioned properly. No anomalous
interrections between transforners or between the electrical distributtun
system and the fire protection system occurred during or af ter the event.

27
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the Ali arcluded that operator response during and after the event was i
appropriate. The tearn also concluded that the licensee's overall response |

to this event was satisfactory.
- |

The Ali c0ncluded that adequate Coritrols had been leiplcmented with
regard to the TWOC conpensatory actions, ho specific controls on
testirg of the fire protectice or deluge systems were 1eplemented,
l'arigement involvement in the decision to conduct the fire protection
testing included the Shift [ngineer and an Operating Engineer and was
considerec adequate.

The Ali concluded that weaknesses entsted in the fire protection and
deluge system. The fire alarm system panels were not an Undervriters

;laboratory " listed system " The design of '.hese systems did not appear
te te in compliance with Je fire coot as comitted by the Itcensee.

The AIT found that the licensee frnplemented the terms of the TWOC through
the issuance of a $tanding Order listing the terms. The Standing Order
had a distribution beyond the control room, ensuring that other departments
in the station were aware of the waiver's esistence. Additionally, the
teres of naiver were addressed by the Regua ttory Assurance supervisor
in both of the station's morning planning meetings.

Yll. [XIT INifRVI(W

iteAlimetwithlicenseerepresentatives(denotedinparagraph1.C)
throughout the inspection and on March 26, 1991, after the Ali was
terminated. The team sumarized the scope and findings of the Augmented
Inspection Team's activities. The licensee ac6nowledged thesa findings.
The team also discussed the likely informational content of the inspection
report with regard to documents and processes reviewed by the the inspectors
duritg tbs inspectien. The licensee did not identify any documents or
processes as proprietary
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ACCIDENT SEQUENCE PRECUllSOlt PROGRAM EVENT ANALYSIS

L E R N o.: 304/91-004
Event Description: Main feedwater pump trip with one ARV poinp failed
Date of Event: June 11,1991 I

Plant: Zion 2

Summary

Failure of a capacitor in the steam generator (SG) level controller power supply caused an"

SG overfeed during a stanup. As a result of the high SG level, a main feedwater(MRV) ,

pump trip and reactor trip occurred. During the startup, one of the auxiliary feedwater
(ARV) pumps had failed to start. The conditional core damage probability estimated for
this event is 1.0 x 10 5 The relative significance of this event compared to other .

postulated events at Zion 2 is shown below.

LER 304SIMg

IE.7 IE4 IEA IE 4 IE-3 1E 2
1 1 I I,

EP 360 h EP;

I hrm AIT - LIX)P
precursor cutoff J

360h
AFW

Event Description

During a Zion 2 startup on June 11,1991, the AFW pumps were being used to feed the
SGs. MRV pump 2C had been started and was being aligned to feed the SGs. The
bypass feedwater regulating valves (FRVs) were placed in automatic to control the SG

,

|
level. Failure of a capacitor in the SG level controller power supply circuitry revulted in
overfeed of the SGs. MRV pump 2C tripped on a high SG level signal resulting in a

_

turbine and reactor trip. During the startup attempt, one of the AIAV pumps had failed to
istart (reason unspecified). Prior experience with leakage from the FRVs led operators to

conclude that the overfeed event had ret.ulted from valve leakage, thereby confounding
l- accurate diagnosis of the event. Several attempts at stanup wert: made over two shifts,

and each resulted in a high SG level trip, before the problem was correctly diagnosed.
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Additional Event Related Infor nation

s

Zion 2 has two motor-driven ARV pumps and one turbine-driven AIAV pump. The
AISV success criterion for decay heat removal is one pump out of three.

ASP Modeling Assumptions and Approach

The event has been modeled as a po:entially recoverable loss of feedwater with one
motor-driven AITV pump unavailable. The event war, analyzed assuming it had occurred
at power, although it actually occurred Judng startup, when decay heat loads were less.

Analysis Results

The conditional core damage probability for this event is conservatively estimated at
1.0 x 10 5. The estimate is conservative because of the analysis assumption that the event

occurred at power, when it actually occurred during startup. The dominant core damage
sequence, high!!ghted on the following event tree, involves a reactor trip with unavailable
secondary-side cooling and failure of bleed and feed.
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COND2t!OhAL Ct*C DAMAct PPORAHILITY CALCOLATIDWS

t ent ide,t i f t. - 2.u i-004
E vent Descalptions FWD pse trip and teactor trip with one ArW puq f ailed
Event Dates 06/11/91

f.
P lant s Ston 2 *

INITIA?!NG tVtW7 |
6

Wup-kECOYLkARIA 1h1TJA7]NG IVENT PRObABILI7f18

TRAWS 1.0t*00

8EOULWCE CONDITION AL PaonAntLITY SUM 8

Knd Stat e/1 tilt later P soteabilit y
,

CD

'
TRAN$ j,Cg.gg

Total 1,)g.0$

A7st

7AANS 3,qt.0$

Tot a l 3.eg.0$

800ULWCC M*DITION AL PRORASIL177tS (PRDBASILITY 08002)

54*thence T.nd 5 tete 9tok n neces-

17 trane -rt Al W Ml W hpt (t /t l Cb 6.1E-0 6 1.4t-02 -

15 t rane att AFw MFW -hpt (t /h) *hpr/ hp1 porv.open CD 4.0F-04 8.8E-02
16 ttana att AFM MFW =bp!(f fbl hpt/-hp! CD I .)t*0 7 ' t.ste02 .;

.

18 trene rt Aygg 3,gg.05 1.2t-01
88 non-recovery credit for editori case

,

Af00EWCC CONDITIONAL PRC*Ah!L1 tits (stOUtJsCE C%LR)

Sequence *nd State Prob N hee **.

in trene *st ArW Mrw -hpl(f /t>l -hpt/-hpl potv.cpen CD 4.St-04 8.St-01
16 t rane -rt Arw Mrw -hpt if /b) hpt/ hp1 CD $.32-07 8.00-02
11- t rene -(t AFV' Nrw hptiffb) CD 5.10-06 7.4t-02 I

>

-18 trens rt Atet '- J.4E-05 1.2E-01

* * non-recovery credit for edited case

;- SEQUENCE, 19]DE L s c a \a sp\1999tpwrbseal .c@
ItP ANCH tK1 DEL e s \ e er t '.98 9\ s 10n.411 *

PAOf.ABIL11Y Fit.E c1 \a sp s199 9 \gw r_bs15.pr o '

So Recovery L1 Alt

BRANCH FR00VINCit4/PRonABIL! tits -

Branch Systese Non-Recow Opr Fall

( ..
! twent identif tert 304/91*004
l.
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i

t ver s 1.5t-t4 1.0t+00
loep 1.6t-06 6.3t-01
loc a 2.4E+06 4.3E-91
st 7.0t+04 1.21-01
etIlovp 0.0t+60 1.0t+00
emerg. sever S.4t-04 8.0E+01
AF W 3.Dtatt * 6.3t-03 2.60-01 -

Drehch 8sodels I M .3*eer .i
Train 1 Coh6 Probt 2.St*J2 > failed
feath 2 Cobd Ptobs 1.0t=01
Train 3 Cond tabtet 6. 9 t+ til >

'Settel Congsmeht Protes 2.ht-04
a f e/ew e g .gs we t b.0t-02 3.4E-01
tu 2.0E 01 * 1.0teoo 3.4t-01

'

Dranch Pk4el s ! M .1
train 1 cond Probs 2.0E-01 e unavailable

3ctv.or.stv.chell 4.0E-02 1.tt+00
ges #,or.srv.s ossat 2.0E-02 1.1t*02 i
ge t v.or . a rv. t e sea t /eme r g .gove r 2.ct-c2 1.0t+00
seal,Jace 2.7t*01 1.0&*00
ep. r ec ia al S.7E-01 1.06 00 .,

op.eec 8.1t-02 1.0E*00 |
hpl 1.0E-03 2.4t*01
P.pl ( t /til 1.0E-03 8.4t-01 1.00-02 _
t pt /+hp t 1.SE-04 A.0t+00 1.6E*03

*porv.opere 1.01-0? 1.0t+00 4 breet

* branch apsel file

** forced
i

Mina t kk
01-26 1992
D9:18147
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Dn Jvne 11,1991. Unit 2 plant startup was in progress. Ite Destler was trititel with the setendary
plant tempenents being startee up per General Operating Pratedyre ((Ap)-2 *Plent $leitsp' Avslitsty
feedwater P g s (AFP) (SA) were feeding the steam gehorsters (1/G). A t 09 M. ?( Mai n f eeds st e r ,6ve
(MP) ($J) was bete *g started and lined up to f eed the $/Gs. The p pass f eedwater 81791 sting valvesy

(f#V) ($J) were placed 4r. suttmatie te conteel $/G 1evel (J8). $/G 1evels increased and the bypass livs
were sit 11 poing open which was teatr ert to stateo design. The eeersters were involved th allyning AFPs
f or power operet ten wht gn regvires the Af es tb f1 sistled and the Aff Wlstherge throttle valves set 40
predere 110 goe flew te esth $/C. Alle tes oeerstert were tencentrating en altyntag the ATP f or powet
operellen, ena AF P f ailed te sti.s t ( q J was decleref tseperable at 0946, sNie the AIPs were telag
aligned fet power operetten, the $/tes rare tenlinvl*1 *.s fill due to leeroper Operetten of the bypots
syy, gg 0957, $/G TA reerhed 70% 1evel and the High Steae Generater level Peretssive (P 14) signal was
9enerated. p.14 to e turbine protettlen sigaal Alth estematically trips the main f eed puses and male
turbine, and automatically (leses the main f avs and hypass f sys en the ef fected $/G when two evt of
three level transmitters en the ef fected $/G aee greater than 791. A turbine trip will generate a
reetter trip if power is greater than 10L When 70% was reached in 2A $/G, the FC siain feedwater pump
(Mf P) tripped and the *, pass fers closed as assigned. Althevah the operators had riettted leieroper
ope' ellen of brpe5s ikVs, the tensensos of the Centrol Room personnel was that it was the distrettien e'
aligning the Af' it power aper et t en, along with f eed ster valve leakage that teused the high level in
the $/Gs. f eedwater estve leslaue h4s tieen a blaterleal probloo et lien. Operater noperiente lead to
the esstmetten that most problems with automatte tentrols et low power tevels were due to Itabage.
$4 ate an AFP had been det16te4 tnoperable, fetheitel $pecif ttellen tielting (enditlen f or Operatien
(tCOI 3.7.2 was entered and therefore t- e mode thange to power operstlens could not be perf orved unt ti
the AF P was det tered operable.

The 48w pimp was repolted and det%ared operable at 174$ (DVR 2-91-044). The plant startup was
retowner.ed and the 2( Mf P was agata started et IBM. Automatic eneretten of the bypass Ikys was
atteopted se,eral (6eies. Hewever, when the bypass ItVs were placed la automatit, they teattaved to f t11
the $/Gs abe,e their nervial operating level. At 7010, 2C Hit was manually tripped te prevent reaching
764 in f 1/Gs. A setend attempt was made te start 20 MFp et 20]$. Oypt s FRVs were kept in manual
altkevyh evt oma*,1c operetten was at t esyted, f urtitne rollup teamented as 2054 and the turbine reached
t>00 kNt. Olftereat feedwater tentrols were operated in manual intivding feedweter sentainment teeletten
vateen. hypass fevs, and N P speed. Although the turbine reached t,00 kPM, 70% 1evel was reach d en ?D
1% and a P.14 signal was generated. The 2C MIP tetyped along with the main turbine.
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A new shift same en et 2300. The feedester containment 6seletten estwes were throttled for A, e. and C
t/6 and the 01/G seatelament toelation valve was b$ setends open (6e seceads es fell strene teseh
the 6ppose r#ve were in eenvat and the shift tornever repost stated that the bytess f#ve westi met
centrol in estamette and mere laa66ag severely, the feed.eter ping differentf41 pressere control was
considered difffsvit 4e contret. At gilt, 7( Mtp was starsed epain. Although dif firmit to teatrol, the
meta feed ster systeen een placed in service and th meta turbine speed .es entressed to 1800 k,E Afterc

these sveletions, the 1/6 levels were considered to be f airly stable. At F H6, the mein ponerator was
energised and synchronised to the grid. trtth reattte power increasing, G0p4 regelred nata f evs to be
placed in setematic end bypass it' e to be closed, in antitlpation of this oveletten, the feed.aterv

centstament testation * elves were fully opened the turbine ramp rate was intressed free .11/ein to
11/ eta. As the main f yys were plated in automatic to open, the bypass f pys were eleted la manuel per
precedure. The mein f tYs rompet open above program and filled the 1/Gs to 791, 1/6 2D teached 101
first end a t-14 signal was pepereted et 23% . Ibis tripped the me a turbine and the FC Mft, and ties e
the mala itV and bytest feV, Since power was geester than 101, a s eatter trip sise occurred. The plant
emergency precederes were entered and the reacter =es stabilised *n se t $5tdown.e

L APfAKiffLfML 0LLYLMI

ike pe tmary covse of this event =as the f attore of a tapaciter in the power supply cletettry of the 1/G
level conte,11er. This tapetitor fillesed AC ripple voltsve to preytde p( voltsp that was then
suypiled to the rest of the level tontroller's laternel tesyonents, When the capaciter felled. AC
rapp'e voltage was supelled streetly to the teatre11er's laternal consrenents rassing the lietting
segenents to fell. tecause the 16etting components provide a referente level signal to the 1/6 level

controllers, when these tempenents f ailed. the level centroller supp16ed the 5/Gs eith a reference level
of 1001, when the main fivs were placed in autenellt and the bypass 8tVs were plated in manual, the
t001 level slynel f rom the level centroller caused the meln fivs to aontinue to fill the 5/Gs until the
701 setteint level wat est eeded. When 1/G 1evel reached 701, a p ld signal caused the main turbine to
trip =Alch then caused the t) nit i teetter te trip since teattee pe=er was greater than 190

Centributtag te this event was a history of problems with leasing moln and bypass frys, the unt(
operators d'etermined that leasing bypass f evs were causing the $/6 level centrol pro 61ess, Ibis
diagnosis =es passed f rtan shif t to shif t withest sey addittoriel independent assessments f orming a
different tentivslen, 'tPf1 laterviews were held with many operating personnel fellowing the event and
all write-ups ei operating personnel were reste.ed, During time imellel steget of the fu syntes t ortup,

, problems with 1/G level teatrol were encevntered and the probles was distrioned as 1,ating bypass fivs.
| However, post trip discusstens revealed that the (entrol board $ndicattens did not (Os9 etely agree withI

this diagnosis (i.e. bypass f Dvs went open when placed la evte even entle at er ebeve program level and
the ett deviatten elass never tiested when program level and 1/G 1evel were in agroteent). The
templesity and level of actively esset teted with fw tentrol during start-up, tevpled olth th6s ac tivit y
beleg spreed over severe 1 shif ts, and operators' intw6t ton b4 sed me a history of problems .4th walves
tee 64 9 through, .e, kan ca. pre =tsed a therevyh diagnosis of the eveat. Addit ional1,, .r.en 6nte, mat ion
was passed f rena shif t to shif t and/or aperator te operator the ort oisal ihannesis .as al.ays actepted.
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Also contributt'o to this cuent was that the $/G ref eren.e level indication was removed f rom the centrol
board and replaced with trdication of the dif ferential pressure between the FW $ystes and $ team
pesssure, Thir, was done because the dif f erential eressure indicator is more useful during power
operations ther. *he $/G reference level indicator. If this indicator had still been an the control

-

board, the en d operator may have recognised that the automatic $/G 1evel controller had f ailed ht;h.

A re,iew of '/,)e-2 revealed that step 60, which re, vices bypass FRVs to be placed in automatic, mes not
.

;ntt,sied. the ,cocede,e ,e,vi,ed ihai if a sie, ca,n.t be c ic,e . as ,e,vired ti n., e e.,ted
pmvided twa Licensed $hif t $vpervisers (LS$) sign of f en the *f seeetten/telettens* page. In this case,
this was art done. Had two L$$s made the necessary *,aluetten to approve tiypasslag step 60, the level
program error may neve been recognised.

D. WilL#sMILQflYL!il

During *. hts event all f at tures and actions *in n were within the boveds of the lechnical $9e $ ticatione

tiettir0 Conditions for Operation. There was tk3refore no safety significance to this e, ens, All safe
s hu t do'et features worked as designed. Stese Gancretor Hl. ell Override (p-14) is a turbine prote: tion
signat to prevent damage from soisture isotnot . the blades,

t. L2RREG1YLAUlM

Huean performance t valuat ten Systee (MPt$1 invest igat tea 91 14 was perforwed tamediately following this
event, and also a tese tovestigation was conducted which generated the f ollowing cor,tctivt ac t ions'.

1. Tech Staff, Mechanical Malatenance and Operating verifted that all mechan: cal override, were intact
and not tepeding the proper operation of the <alves. Additionally, with ne demand en the M/A
stations, 0 pst diaphrage pressure was wei tfies on all the valves per 6 sign.

2. The calibration of the loop D Oypass fRV Controller was verified by stoulating inputs and verifying
proper outputs. see problems were f ound. Additionally, the valve was stroked and proper eveeent
was observed,

T. A root cause analysis of the capacitor fativre w611 be performed. (304-160-9 60d301)

,
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s. A rev t e. of the 5/6 te.d e coetret sys tem will be ree f e..ed te dete..ine we.et 6.nte et < f out t aa
shovid be provided to to e operaters. 004 160-91-f1302 )

5 Station manageneat will review empc;tatt6as destre1 from operrters when perfer.Ing tes6: per
approved pretedv*es. (e.g. Instevetteas f or Uslag GOP4, 13(tpfl0N5/ptL(fl0NS sad response to
equ' weet which **t respond as espetted.) (304-180-91-44301)

6. Traintag en sbi+ .411 be given to the tversting Di,artmeat to emphasise the need f or en
information is refe ed e.ea, shift perse net. 004-i60 91-o4304p

,

tade, dent > ..en r

1. a multi-department weindewn and review of the tw system will be perf ormed to identity any retvering
th erablees. Desed on this restew and wel6down, any notessary actlens to terrett t%,se probleet
will be resolved and the resalettent will be instributed to the appropelate personnel.
(104-190-91 4 4105)

8 50f t 64-4 'Reac'.or f rtr i used by Meta f eeduster Centrsi problems * gives retose,endations en
switching f eedwater to, 4 il between eenwal and automat 4. An effectiveness review of Sf4R 84-4

*wtti de rendveted besed on this event. 004 180-91-04 t06 )

f. **LYI M LYLl811

A seerth was tenderted of the LE A/DVB Database using the System rede of feedvater. Lia l-80 00%
destribes e Beaster 1rty which e<<ured dve te slow response time of a Main f eedwater Regulating Valve,
u ne of the corrective actlens taken would have prevented this event.

ovfi tJ4-1)Pn1 documents en e ent where f e61ed sepacitors in the 5/G 1evel contro11er nearly (aused a
reaster trip. The corrective actions frne Dvt 1-84 137ml would not have prev ote4 this event..

G- LOYMitLf AIML DAIA
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ACCIDENT SEQUENCE PRECURSOR PROGRAM EVENT ANALYSIS

L E R N o.: 321/91-001
Event Description: Loss of feedwater with HPCI degraded and RCIC failed

Date of Event: January 18,1991
Plant: llatch 1

Sumraary

The reactor scrammed from 100% power following the loss of an offsite transmission-
line and failure of a switchyard breaker, which resulted in unavailability of nonessential
power supplies and a subsequent loss of feedwater (LOFW). The high-pressure coolant
injection (IIPCI) system tripped multiple times on overspeed and required manual control
to inject (ato the reactor pressure vessel (RPV). Following initial recovery of RPV level,
the reactor core isolation cooling (RCIC) system inboard isolation valve failed,
preventing further use of RCIC. The conditional core damage probability estimated for
this event is 1.1 x 10A The relative significance of this event compared to other
postulated events at Hatch 1 is shown below.

1.ER 321S1001

1E-7 1E 6 1E. 1E 4 1E-3 1E-2

I I t, I I |
^

|

g _ TRIP

l 3a0 h ilPCI
LOOP [,opw-

precurwr cutoft J + RCIC
+ 111CI !

I

Event Description

IIatch I w is operating at HX)% of rated power at 1500 hours on January 18,1991, when'

an offsite 2 '-kV transmission line failed, causing initially a phase-to phase fault
followed by a phate-to-ground fault when the line came in contact with its support tower.

- The fault cau 4d a main transformer lockout relay to trip, which, in turn, caused a ;

"
generator loan reject, turbine trip, and reactor scram. Following the transmission line :

- failure and subsequent electric power transfer, a 230-kV switchyard breaker did not fully
open when it tripped, resulting in the loss of nonessential loads. Among the non. I

essential loads lost were the condensate, condensate booster, and the circulating water
pumps as well as the tractor recirculation pump motor-generator set.

_
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'the loss of the condensate pumps caused the reactor feed pumps to trip on low suction
pressure and resulted in low reactor water level, which autorr. 411y initiated both IIPCI
and RCIC.1IPCI tripped on overspeed more tha once (the result of a failed speed
controller), and the operators placed llPCI control in manual for RPV level restoration.
Power was restored to nonessutial loads about 2 3 min after the scram, and ilPCI ard
RCIC were shut down when vessel level retumed to nonnal.

Later, during the scram vrcovery, RCIC was restarted, but the operators noticed that the
valve position indication for the ; vard injection valve h;d failed and RCIC did not
appear to be restoring level fast enough. A control power fuse for the valve actuator was
found failed with the isolation valve in mid position. IIPCI was used in manual control
until feedwater (FW) flow was r established approximately 47 min after the scram. -

Additional Event-Related Information

The IIPCI system is a high pressure injection system designed for small-break loss-of-
coolant accidents (LOCAs) that do not depressurize the reactor, llPCI is an independent
system, using n .urbine-driven pump, and automatically initiates on reactor low water
level. IIPCI can deliver 4250 gpm of makeup water to the vessel through the FW piping.

The RCIC system is a lower-flow system that also uses a turbine-driven pump. RCIC
can pmvide sufficient makeup for decay heat removal following a LOIAV with successful
closure of all open relief valves.

ASP Modeling Assumptions and Approach

The event has been modeled as a recoverable LORV with IIPCI failed but recoverable 8
from the control room [p(nonrecovery) = 0 04] and RCIC failed and not rewverable.

,

The observed time to recovery of feedwater (47 min) was assumed to represent the mean
recovery time. Assuming an exponential model, a probability of failing to recover
feedwater within 30 min of 0.53 was esumated. No safety relief valves (SRVs) lifted
during the event, and the model was modified to reflect this.

An additional calculation was performed to assess the potential impact of nominal
Accident Sequence Precursor (ASP) assumptions regarding SRV lift and FW recovery.

Analysis Results

The conditional probability of subsequent core damage estimated for this event is
1.1 x 104 The dominant core damage sequence, highlighted on the following event
tree, involves a postula:cd failure to recover feedw-ter and iIPCI, failure of RPV makeup
using the control rod drive pumps, and failure to depressurim to allow use of the law-
pressure systems.

- - _ _ _ _ - _ _ - _ _ __
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~ An alternate analysis based on the assumption that SRVs are always challenged (this is,

assumed in the ASP models for boiling water reactor transients and LOOPS), and
utilizing the feedwater nonrecovery probability currently included in the AS~ model for. ,

Hatch, msults in a conditional core damage probability estimate of 1.5 x 10-5,
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C9WDITIONAL CORE DAMAGC PkohAAILITY C AlfULAf fCW A

Pvent identif tet: 1321/ tt-401 .
,

Lvent Description IM'W with HPCI degraded and RCIC \ s sled
Event Dat e s 01/18/91

- Plantt - Hatch 1

-1mITIATimo EvtMT

NON-RECOVtBAMLE INITI ATJhc EVFWT PROuARILITIES

TRAn$ 1.0E*00

EEQUF.NCE (TJND171fm AL Pat.*ARILITY 8tM4

Lnd St ate /leltletes P roba billt ,

CD

TRANS -1. 05

tota 1 1.1E*0$

ATWA

TP AN J - 3,0E-0$

Total 3.00-85

$EQF*CK CONDITION AL PROF *Aht LITIEE (PkonAa!LITY ORDER)

$sqaence Lnd State Prob - N pece*

99 . $tene ts. shutdown AfwS 3.0E-OS 1.0E +00
4

** non-recovery credit for edited ceae

SLCDENCE Cf.MfDITIONAL PRC4sAa1LITIES (EE(f)LNCE OhDt.9)

' sequence End State prob R paces

et trana- ss. shutdown ATws' 3.0E-05 1.0E*00

** non-recovery credit f or ma t t ed ca se -

SEgutwet te'mEL: c 4 \ a spT194 tibu rc se a l . cap
16MANCH MODEL1 4:3 \a pp\1949\ he t ch , ell -

PROBAa!LITT FILS: es\ asp \lt06\bwr cell.pso

No Recovery Limit

hhANO! FDEQUENC112/Pht*An!LITIES

Branch tystem Moa-kecow - - Opr Fall

trans 4.lE-04 1,0E,00 -
loop 1.6t-0S .3.4E-01
loca 1,3E-06 5.0E-01
ts. shutdown 3.0E-DS' L.0E+00
r s. shut down/ e;6 3.SE-04 1.BE*00 -

Eveet identitlets 321191-06)
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W



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

B-279

PCA/tBAN5 1.7E-04 2 1,0E400 1.0E+00
areew h N delt 1.W .1
Treth 1 Corid P r ot 1 1.7E-01 * Unavailable

s k V .CH Al l./ T R AN S . - S CR AM 1.CE*00 > 0.CE+00 1.0E*00
16tanch h aalt 1,W .1

T ra t ti 1 Cofid P rots t 1.0E*00 > s.0i+00
e r v .cha l l / loop.-se n em 1.05*00 1.0E+00
ary,close 3.6E-02 1.0E+00
eme r g .gmwe r S .4 E -fi4 0.0E-31
op.ree 1.64-01 1.0E*00
IW/PC5.TkANS 4.6E-01 = 1.CE+00 3.4E-01 , 5.3E-01

B4 ''u h Ndel t 1. M .1
T r e t ti ! Crind P robt 4.6E-01 > Une va 11st>1e

t w / gr a . l oce 1.0E*00 3.4E-01
HPct 2.9E-02 > 1.0t+00 7.0E-01 a 4.0Ea02

krente Ndont 1.N .1
Train a toc 4 Probs 7.91.-02 e f ailed

pc1C 6,01.-02 > 1.0L+00 7.0E-01 > 1.0E+00
kranch Modelt 1.0F,1

T r a i t. 1 Cond Prote 6.0E-02 > Failed
crd 1.00-02 1.0t.00 1.01-02

~~

erv.eds 3 .1 L -0 3 7.1E-01 1.CE-02
igr e 3.0E-03 3.4E-01
1pritrhrt/1gte 1.0E-03 7.1E-01
rhrtedel 2.1F-02 3.4E-01 1.0E-03
rht tode) / + 1y:1 2.0E-02 3.4E-01 1.0E-03
rhr t adr) /13< 1 1.0E+00 1.0E+00 1.0E-03
t' ' (sp.ool) / rhr Isde) 2.08.-03 3.45-01
rha t ou: coll /-lpci. rhr tsad 2 CE-03 3.4E-01
th r t agroo11/1v:1. t hr Indo 9.3t-02 1.0Ee00
thrs= 2.CE-02 3.4E-01 2.0E-03

ta v e r.c h wud e t i t ', e*

se forced

Minerick
09-06-1997
10:39r13

t. ront Ider.t i f ie r i 321/91-001 P

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



Ib280

uv
egg. ma [dj8g umyg%me a, muue isras4M ox*om

LICENSEE EYENT REPORT (LER)

wro n - n . -m e-.m m i m. .
PtANT PATQi, uf!T 1 |0 5 0 0 0 3 21 |1 M B

.im ni
RIX7Tg 'rlt#MitsiCN LINE TAllAPI CMPLID VliW 5VITOfYMO BPJAFD FAlllPI CMis PIACTOR SOAM-
TiW Efi~isa ua emaae in a s m.1 nra i n m3 a raau Wai I~vWeiT> oae

we. amt ina iTU sto eun e r, mers~sas s eu ewaun suma sucast swateia6

Pl#4 P.ATUI. tFIT 2 05000366_
01 18 91 91 001 00 02 11 91 05000

yu uwet ne eu.Eifisa ev. sun v vsa vimismans ne is un u n, ,,,,,,,
= = t'8 I so.eesitt ae.costes A se,m ensto.e n. n tmi

} Se atio n e n.: [[ u.m.ise . w i. i n iy _
se assio ni s t a i
e,aesa.io nis i so.u te n n e se ,13 :e n s s i,u p

_
errian ts,..ary 4.

. iassim u s et s u s se . nie n a n s i w. rst n s u.u u nni n ote. t m.i..e

~
7e testelitti6.) ~

se Tlf e tillitli p
~

Se M31.)($ll.166 tidele.13tsitIlt481
3e.4estsatt)(.) So.?ti.lfilfe,

uttesti C ostut Fun it ' d 14A il 6

.a
- u w e m ,i,

Aa&L cub 4

SITVD8 B. TIPPL PAWTP MIC11AR SMTTY A*C CMPL1ANrT HATCH 912 % 7 7851 -
t --ajau w un n.. m. mrusn.Tc.,uei. wi. u m ,oi,

G|,-- g egt.,g,-- gog;,, w,n ,, m , c.-.mem. ,, m , cm

X PJ SC V790 YI$ X BN FU $$69 No

X BD DMP B237 No
_

y Fr BKR H/A NO
e < , m _ . . ... . ,. . . . m . o . , _ __, ,m

l
RSPfCTfD
AventSStos
hus u ns s o r v.. . ...ci.i. siners e av mis sion mes , ~p eo

~]Gasou s as ,

g nn 01/18 31. at approximately 1500 CST, Unit I was in the Fun mode at an
approximate poser level et 2416 CMVT (approximately 100% rated thermal power).

] At that t ime , a r est,t e pos e r trarismission line failed at its attachment point to
the supporting electrical tovet. In addittnn, a btraker in the Paant Hatch

4 210 kV switchystd f ailed to fully open in response to the sensed electrical
j lault conditions resulting in the trip of the Unit I main transformer auxiliary

lockout relef. This resulted in main generator and main turbine trips, which,
in turn, resulted in a reactor scram. This also resulted in a loss of power to
the tJnit 1 nonessential electrical busses and the prevention of the normal
automatic trantler to the alternate supply due to the transfer logic. Power was
manually .testostd to nonessential loads within approximately 2 to 3 einutes
allowing for the initiation of operator actions to restore feedvater flow. In
the interim, to recover teactor veter level, the High Pressure Coolant In}ection
system (HFCl) automatically initiated. Although it exhibited erratic behavio
la the aut'matic mode. It was sut. cess f ully cont t olled manually and water level
was restored and maintained with HPCI until feedwater flow was testoted..
Peactor pressute vas controlled by the turt:ine bypass valves.

The r c20 t causes of the scram Vere the'fallure of the high tension power line and
the f ailuse ci the main breaket to fully open. The root cause of the erratic
HFCI ope ra t ion was coeponerat failure in the HPCI speed controller.

Cort ee t tv. mettons included tepairing the failed power line, repairing the
failed breaket, and replacing the : s tled HFCI speed controller.

4102\50I37-t
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Pl. ANT /J.D SYSTEM IDENTIFICATION

General Electric Boiling Water Peactor
Energy industry lder.t > fica tion System codes are identified in the text as (EIIS
Code XXI.

SUMhAPY OF EVENT

6n 01/18,91, at approximately 1500 CST, Uns t I was in the Run mode at an
approximate power level of 2436 CML'T (approxima tely 100% rated thermal power).
At that time, a power transmission line failed at its attachment point to the
supporting elec t rical tover, which was located approximately 21.4 miles f rom
Plant Hatch. In addition, a breaker in the Plant Hatch 230 kV switchyard failed
to fully open in response to the sensed electrical fault conditions resulting in
the trip of the Unit I main transforeer auxiliary lockout relay. This resulted
in main generator ard r.ain turbine trips, which, in turn, resulted in a reactor
scram. This also resulted in a loss of power to the Unit I nonessential
electrical busses ano the prevention of the normal automatic transf er to the
alternate supply due to the transfer legit. Fover was manually restored to
nonessential loads vitnin approximately 2 to ') minutes allowing for the
initiation of operator actions to restore feedvater flow. In the interim, to
recover teactor watcr level, the High Pressure Coolant injection systea (HPCI,
E!IS Code BJ) automatically initiated nn low level. Although it exhibited
arratic. behavior in the automatic mode, it was successfully controlled manually

and vater level was restored and maintained with HPCI until feedvater flow vas
restered. Rear tor pt ersut e ,as cont rolled by the turbine bypass valves (BPV,
E!IS Code JI).

The root causer of t t.e scram vere the failure of the high tension power line and
the failure of the main breabas to fully open. The root cause of the erratic
HPCI operation was component failure in the HPCI speed controller.

Corrective actions included repatting the failed power line, repairing the
failed breaker, and replacing the failed HPCI speed controller.~

DESCRIPTIDN OF_THE EVENT-

On 01/18'91, at approximately 1300 CST. Unit I was in normal full power
opetation when the phase 1 portion of & 230 kV transmission line failed at its

| attachment point to the supporting electrical tover, located approximately 21.4
miles Itnm the plant. As the phase 1 line fell away from the break location. it
htiefly contacted tha e 2. creating a phase 1-2 lault. This f aul t was sensed
and tesulted in a trip signal being sent to power circui t breakers (FCB, EIIS
Code TV) 3 0 and SoO in the Flant Hatch 230 kV switchyard. -Phase 2 of PCB 500
did not ruccessfulls open at this time due to a failed current limiting resistor
in the breaker control ctreuit. However. as phase 1 opened, the phase 1-2 Fault
cleared "ince the current loop between phases 1 and 2 had been interrupted. At
this point in the tranelent, the electrical output of Plant Hatch Unit I was
t im ing- ;hrough othet (trcuits in the switchyard .nd for the next lev
tillire nndt , no other eleetrical fault existed.
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continued covement of the failed phase 1 line resulted in it again contacting
phase 2 and this time contacting the electrical tower as well. This provided a
conductirq path between phase 2 and the electrical tower, creating a phase 2 to
ground fault. This fault current was supplied through the still-closed pose of
phase 2 in PCB 500. The resumption of fault current through this breaker
resulted in the 'greaker failure relay being tripped. The breaket failure relev
tripped a lockout relay in the Unit 1 esin transformer control circuitry which,
in turn, initiated a mala generator and main turbine trip. This turbine trip L/
occurted at greater than 30% reactor pover, resulting in a reactor scram per
design. The main turbine bypass valves opened, as designed, to mitigate the
reactor pressure transient, limiting reactor pressure during the transient to a
maximum of approxtmately 10?$ paig. No saf ety relief valves (SRV. Ells Code JE)
opened and post-event investigation confirmed none were required to open.

Vith the main ttansformer disconnected frce toe grid, nonessential site
electrical loaus vere automatically disconnected since they are coisally
supplied through the main transformer. The nonesmential loads are designed to
automatically transfer to theit alternate supply. However, in order for this
transfer to occur, the Transter logic circuit must sense all phases of both PCBs
500 and $10 open. Because one phase of PCB 500 did not open and indication tot
the PCB vas lost (explained later in this report), automatic transfer to the
alternate supply was prevented and Unit I nonessential leads remained ye'"
deenergirco. Among these loads sete the condensate pumps (E1IS Code SD),
c.ondensa r r boost er pumps (Ells Code $3 e, main circulating water pumps (Ells Code
50), and reactot cecirculation system motor-generator sets (Ells code AD).

Without the condensate booster pumps, the reactor feedpumps tripped on lov
suction pressure. Lacking normal reactot feedvater flow, reactor water level
decicated to approximately 12 inches above instrument reto by approximately
10:01 C%T. Initiating a Primary Containment Isolation System (PCIS Ells Code
JM) Croop II isolation and anothei scram due to low reactor water level. All
required Group al valves closed as designed. At approximately 1$t03 CST,
reactor watst-level reathed 3$ inches below instrument zero, resulting in an
automatic tnitiation of the HPCI and the Peactor Core Isolation Cooling systems
(RCIC. Ell 5 Code BN), as well'i's' PL]S Group V and secondary containment
isolations. The PCIS Gioup V isolation occurred as designed. Both Unit i and
Un11_2_ Standby Gas Treatment System,s (SGTS. Ells Lode BH's started and funestoned
as designea. Upon recelpt of the auto start signal, the HPCI systea
demonstrated etratic operation resulting in more than one m'CI turbine overspeed V
trip. 'The control romm "perators took manual control of HPCI. The RCIC system
functioned normally. Thus, with the HPCI and PtaC systems injecting, reactor
water lesti recovered. The minimum safet level observed during the transient
war. approw:mately 3B inches below instrument rero, which is approximately 126.5
inches atio~e the tnp of active fuel.
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A post-event review team observed that a secondary containment damper,
IT41.F0e}B, failed to close when the secundary containment isolation signal was p,
setelved. However, the inoperable damper did not prevent successful secondary
containment isolation because the redundant damper in that same duct did close.

At approrimately 2 to 3 minutes after the initial scram, power was manually
testored to nonessential site lead. At this point, activities were intilated t-

to r es tot e normal f eedee t er f inv.

Between 15 t0' CST and a 5: 10 C$T th' r ont rol room received a report of a fire in
the switchyard. The (1 e brigade responded, out found the fire had alreadv been
extinguished by a cember of the switchyard maintenance crev using a portable
carbon dioxide fire extinguisher. The tource of the fi*e was a damaged current '

limi'ing resistor in the control circuitry of the failed PCB 500. The damage te
the rantrol citcuitry had already caused the loss of PCB indi.ation alluded to
catlict in this report.

The licensed reactet operator assigned to control teactor water level reduced
the fle6 tate and then tripped the HTIC and PCIC systems to stabilire reactor
vater le el at appr oxima t ely a 3 . inches above ins t rumen t sero. This occursed at
approvimately 15:23 CST AltF3 ugh not recegnized at the time, position
indication was lost on the PCIC inboard in.jection valve, IE51-F0lb as it bege-
to close as designed on a PCIC trip signal. As decay heat caused reactor
pressare to incr ease and the byptas valves opened to control reactor pressure,
t eac tor t a ter level again began to decrease. At approximately IS:35 CS*, with -
r* actor .ater level at approximately 13 inches above instrument zero and
dec reas trq slowly, RCIC vas restatted. It was at this tile that the licensed
opera tor no'ic ed that posltion indication had been lost on IE51-F013. The
opet a t ir,g crev conc luded t ha t the valAr sas nnly partially open sine it
appeated to them that teactor water level was not being restored as quickly as

| espected. The operators decided to secure PCIC and investigate the valve

| indication problem. A plant equipment operator was dispatched to the valve
breaker, but the breaket vould not teset.

At approximately l$!40 CSI, reactor VateT level redChed approximateuf 12.6
inches above instr zero, and another scram signal was received due to lov1

reactor water level. Plant operators then started HPCI in the manual control

made and recnvered scactor vessel water level. HPCI would have been restarted
_Ucarlier to recover level, but operations personnel believed the resteretton of

feedwater was immiaen By approximately 15:47 CST, a reactor feed pump was
returned to service. and wates level vas controlled thereafter using the normal
reattot level cont r ol sys t en.

I
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CAUSE OF "HF EVENT

The direct cause of the first scras was a turbine trip which occurred above 30%
rated thermal pover. The root causes of the first scram were the failed
remote po.er transmission line and the failed evrrent limiting resistor in ?CB
500. The failed current limiting resistor prevented the tt y signal from p-

reaching phase 2 of PCB $00 which caus ' the redundant breaker, PCB 510, to open
to clear the fault. The opening of FCb 510 resulted in a main turbine trip,
which led tc the scram.

The cause of the failure of the HPCI system to properly inject in the automatic
mode was a failed speed controller. Post-event maintenance attempted to
recalibrate the controller, but the controller vould not retain its

,

recalibration. However, it should be noted that the failure mode of the speed L''

controllet, due to the configuration of the control logic, did not preclude
successful control of HPCI in the manual mode.

The cat ;e of the lo=t vcive indication on IE51-F013 was a blevn fuse in the
valve actuatot control power circuit. This interrupted control povet to the
velve, preventing the valte from being moved. The fuse failure was investigated #
by the architect' engineer and was determined to have been a random failure.

The cause of the failure of damper 1T4e F043B vas water-induced cotrosion on the
pneumatic actuator. It appears that due to the location of-this damper on the
outside_of the-renetot-building..tha damper was exposed ^to enstronmentala

conditient which fostered the condensttion and accumulation of moisture and the
resultant corrosion over time. It should be noted trat the air quality,
sI4cif ic111y devpoint , particulate content, and oil content, hes been sampled as .,.

part of Georgia Power Company's response to Generic Let ter 8814 re'garaing
instrument air supply system problems affecting safety related equipment. The
teruits of the sampling eet the requirements ANSI /ISA $7.3-1975 Reaffirmed
.9Bi. As par t of the ongoing Plant Hatch program f or maintaining prcper

air quality, air quality is periodical?y sampled and evaluatedt.atrums o

against tt same standard.

REPORTABILITY ANALYSIS AND SnFETY ASSESSMENT

This event is reportable per 10 CFR 50.73(a)(2)(ivi because an-unplanned
actuation of the Reactor Protection System (nPS, EIIS Code JC) and Engineered
Safety features (ESF) occurred. Specifically, tripping of a main transformer
lockout relay resulted in a turbine trip above 30% rated thermal power, baich in
turn tesulted in a reactor scram. This event is also reportable per 10 CFR

'50.73f a)(:)(v) because an event occurred which could have prevented the
fulfillment of the safety function of a system which is intended to mitigate the
conrequentes ot an accident. Specifically, a failed HPCI speed controllet
caused the HPCI systra to trip repeatedly due to overspeed. with ,5e result that

i

i operatetr .:ere lequired to takt manual control of HPCI in order to restore
reactet vatet level.

|

|
!
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A post event revsev team ribserved that a ucondary containaient deepet.
IT41-F0+}B, fatled to tlose vben the scenndary containment isolation signal was g
seceived. Howevat, the inopetable damper did not prevent sur ressf ul secondary
containment isolation because th, tedundant daepet in that same duct did floac.

At appforimately 2 to 3 minutes aftet the inittel setam, povet was manually
tettoted to nonestent,al site loads. At this point, activities vele initiated t -

to testoie normal fecavate.t flow,

between 15:05 LST ar.d l$;10 CST :he control room retelved a teport of a fi.e in
the svitehyatd. Ti e fire belgade responded, but found the fire had alteady t+ + n
ewringuished by a member of the svitchyard maintenente crew using a pnttable
catbon dioxide fit + extinguishn . The scutte of the fite was a dameged current -
limiting resistor in the control <.tr(ultry of the failed PCB $00. The damage to

W the control rittuttty had alteady raused the lots of PCB indication alluded to
esilter in this te,, ort.

The I nt er med t eac toi operatnr m t gntA to contiel teactor water level teduced
ihr flpLiate and then tilpped the hf!L and FCaC nystems to stabilire teattet
wates le el at approvimately 43 inchet above instrument sero. This occutted at
apptovimately 1%t23 CS1, Al tb mgh not tetcgnized at the time, position
tutstatten was lo?t on the PCIC inboard inlection valve. It'51 f01), as it teran
to ( 10:e an dc<! stied on a PCIC ttip siga.41. As dec ay heat caused t eactot

t o inc t ease and tt><* b', pA*.s t alv e s opened t o c ont r ol t eac t or pi esf.ut e ,pretsete
t e ar, t n r satet level again t.cgan te dertease. At approximately 15:3$ CST, with ,
teartor sates level at apptoximatviv l '# inchen above instrument reto anf
det teatit g slowly,14CIC vas restatted. It was at this time that the licensed
operatFt net ic ed that position indi(. avion had been lost on IF51-0013 The

op*tatsnr crew (onc luded that the vall was only partially open since it
artea r ed to them that reactor watet level Nas r.ot being restored as quickly as

capetted. The operatets decided to secure PCIC and investigate the valve
ind)(atton ptohlem. A plant equipment opt rator var dispattbed to the valva-
bleabet, but the becaket would not retet.

At approximately l$140 CST. reactor vat *t level reached approximately 12,$
inc hes atinve instrument iero, and another scram signal was received due to low
rearfor watet level. Plant operators then started RfCl in the annual conttol
mode and recovettet testior betsel vatet level. ItPCI would have beca restarted b
entitet to tero"et level, but opet ations per sonnel helieved the restor ation of

udvatet was t u n nent . Dv apprnxtmatalv 15:47 CST , a rear tnr f eed pump vas
e c tur ned in ut v tr e , and vates ;evel was rentrolled thereatter using the nosmal
4eattor level c ont i n) +)3 tem
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CAUSE OF gliLVERT j

The direct cau e of the first * tram was a turbine trip which occurred above J0t
rated thetmal' power. The root causes of the fitst scram were the failed
remote roser transmission line and the failed curieut limiting resistot in 000
SOO, The failed current limiting resistor prevented the trip algnal (tom t-

reaching phase 2 of PCB $00 which caused the redundant breaker, PCB 510 to open .

to clear the fault. The opening of FCb 510 resulted in a mann turbine trip, !
Iwhich led to the srtam.

The cause rt the failure of the HPCI system to properly inject in the automatte-
mode war a failed speed tenttolies. Por,t-event maintenance attempted to
tecailbratt the controllet, but the (ontrollet would not tetain its

Vsacalibration. However, it hould be noted that the fallute mode of the speed
controllet, due to the contigot aiton of t he c ont r ol logic. did not steclude

aut ecas f ul cont rnl-of HPCI in the Nnual mode.

The cause of 15e i te t valve indication on 1051-f013 was a blevn fuse in the 1

valu attuatot contial power tituit. This interrupted control povet to the i
valve. p eventing the valse tree beinc mw ed. The fuse tailure sus investigated., 1

by the architect anginerr and was det t s eineo to have been .i random tallute. |

The coun of the /silvie ut darpei (Tal Fn4 2 was wa t er -induc ed tor tosion ou the i

pneuentic actuatot. It appeats that due to the lora_ tion of this dampet on the |

outside of the teactos huliding, the dampet was exposed to environmental
enndition: which t es t etid the c ondenskt ion and 'cumulation of moistute and the
sesultant cotter. ion ovet the. It should be noted that tte air quality,
specifkally devroint, perticulate content, and oil content, has been zacpied as ,
part of Georgia Power Company's response to Gener ic Let ter 88-14 tegarding
insteoment air septily system problems af f ec t ing saf ety t elated equipment. The
rnults ot the sampt;ng eet the requirements ANSI /ISA $7.3 1975, Peaffirmed
1981. As pat t of the ongoing Plant Hatch program tot maintaining ptoret
instrument ali quality. air quality is pariodically ssepled and e-caluated
against the same standaid.

PF.POR TABILITY ANA1.YSl$ AND SAFTTY ASSESSENT

This event is reportable per 10 CFR 59,73(a)(2)(iv) because an unplanned
actuation et the keactot Pr o t ec t .t oa Sys t em (P PS , EII$ Codo JC) and Engineered

Safety fea" .es (LST) occurred. Spact' 'ly. tripping of a main trbnsformet
lockout tenav resulted in a turbine t r i, ve 301 rated thermal covet, which in
ture strulted in a tor ton scram. This ev. is also seportable per 10 CFP

'
S0. 7 3( m >(: )( v ) because an event ottutted vi.ith could have pievented the

fulfillment of the safety lunttien of a system whlet. is intended to mitigate the
consequencc5 et an accident. Specifically, a ialled HPCI speed totittnlle
t a u r e't the HpCI ostre to tilp tepeatedly due to overspeed, with the result that
rape 3 a t o n y cete tequi3ed io tak( manus 1 (ontIol of HpCI in of det to te1 tate

*ater letel.t r at to+ .

4
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The Reac tor Protec tion System (RP5, Elis toda JC) automatically initiates a
reactor scram to ensure the radioactive m.terials barriers, such as fuel
cladding and pressure system boundary, are maintained, and to mitigate the
consequences of transients and accidents. Closure of the tutbine step valves
can result in an addition of positive reacti .ty to the core as the reactor
pressure rise col _ apses steam volds. Turbine stop valve closure initiates a
scram prior to the Neutron Monitoring System or Reactor High Pressuret however,
it is seguited to provide a satisf actory margin to core thermal-hyJanulic
limits. The high pressure scram in conjunction with the pressure relief system
is adequate to pierlude o',erpressurizing the piessure systee boundaryt howt ras ,
the turbine stop valve clorure scram provides additional margin. In the event
deLc t ibed in this s epnrt , the RPS ac tuated per desian. Reactor pressure va"
controlled by the turbine bypass valves alone. Consequently, renctor pressure
was maintained sell below the vessel design pressure.

The HFCI systee is provided to assure the re ac tor is adequately cool'2d tc limit
fuel-clad t eempei a t ure in t he event of a small break in the nuclear ooller system
causing a loss of coolant khich does not result in tapid depressuritation of the
rea-tor vessel, The Automa t ic Depre ssur iza tion Sys tem (ADS, Ells Code JE) is a
backup for the itPCI sys t em. (1pon ADF initiation, the reactor vessel is
depressusfred to.a point vtere eithei the Lov Pressure Coolant Injection systes,
(LPCI f.IIS Code BO) or the Core Spray System (CSS ElIS Code BN) can operate ta
maintain adequate cose cooltrg. In this event, due to a ;ontroller malfunction
in the HfCl sy$ tem, HPCI tripped more than ance on turbine overspeed end had to
be manually controlled in ordet to complete an injection into the reactor
pressute vessel. During thir, event, the ADS, IPCI system, and CSS remained
operable. Based eren t h< Unit 1 l' thal Saf(ty Analysis Report (FSAR), eithet
loop cf the CSS or the LFCI system ran ~upply sufficient cooling to the reactor
for any rupture of the nuclear system boundary up to and including the
Basis Accident 'DBA).

" Design

IThe function of the secondary containment is to limit ground level releases c;f
airborne radioactive matericis, and to provide a means for the controlled,

,

elevated telease of the building atmos hete so that oft-site doses from a deFignc
basis fuel handling or loss of coolant accident (LD'3) vill be below the limits
stated ..i 10 Crk 100. The secondary containment system consists of three
subsystems: the reactor building, the Standby Cas Treatment System, and the
main stack. In this event, secondary containment damper IT41-F0438 failed to
close upon receipt of en isolation signal. However, as pre <iously noted, the
sedundant dampet in the same duct closed so that secondary containment ir,tegrity'

'
was successfully established.

Based on the abuse analysis, i t is rnneluded tha. *as event had no adverse
impact or nuclear saiery Since the scram occurred from full power operation,
it is torcluded that the **ent tould not h.t v e been more severe had it occurred
under otbrt opciating tond:tions.

s
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COPRECTIVf ACTIONS

Corrective actions for tils even' included:

1. Pepairing the fallen 230kV 'ransmission line. This action is complate. E*

2. Repairing PC8 500. This action is complete.
1

3. Replscing the HPCI speed controller and perf orming the HPCI operability test
per 345V.E41-002-lS. "HPCI Fump Operability." This action is complete.

,

4. Peplacing the failed duse in the control power circuit for IE51-FOl3. This ;

action is complete.

5. Pepairing the failed damper actuator for IT41-F043B. This actior. is
complete.

6. One additional secondary co..tainme< .solaticn daat4/ actuatot located
outside the reactor building vill ue 'aocted durip3 *bs 1991 Unit 1 outage
to detereine if moisture-induced entresion is evident. The reasining
similar damper r vill be inrpec ted if (nttosion in f ound. This action will
be coeplete by 12/1h 91,

ADDITIONAL INFDPMATT_O_N

l. Other Systems Affected: No systems other than those described in this )
ireport vere alfe:ted by the event.
1

2. Previous similat Eventst No events sere identified in which failures in the
switchvard led to reactor trips in the past two years. One event duritig
this time teame was ident ailed in which the HPCI system received a valid
automatic initiation signal but failed to inject into the reactor vessel,
This event was described in LER 50 366/1991-001 Revision 1. Cotrective
action for that event (related to the HPCI system failure) included
replacing thermal overload relavs for the HPCI injection valve motor
starter. That cortective action vould not have prevented this event beaause
the causes of ti'e injection sys-tem failures were different.

3. Failed Components identificatson:

A. Master Parts list Number: IE41-P764-1
Manuft.ctuter: ,Voodvard Governor Company
Model Number: FG-M

Type: Electronit Governor Magnet!.c Pickup

Marufactuser Code: V77- /
Ells Svrten Code: BJ

Perottable to NTPDS2 Ys t-
E t, t Cause Codet 7

Ells Component Code: 3C

--
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B. Master faits List Numbert IE51-F231
Manufactureri Bussman
Model Number: KTN.R-6
Type: Fyse

,

Manufacturer Codes a569 .-
*

E11S System Coder BN
Feportable to NFRDS: No
Root Cause Code: X

Ells Component Code: FU

C. Master Parts List Number IT41-F043B
Manuferturere Bettis Corporation
Model Number 522C-SR 72
Type Air Operated Damper Actuator
Manufacturer Coder B237 v

EIIS System Code: BD
Reportable to NFRDS: No
Root Cause Codet X

EITS Component Code: DM'

O. Master Parts List Number: None
Manufacturer: Unknova (unreadable on burned resistor)
Model Number: 132Al200-32
Type: Current Limiting Resistor l'/Manufacturer Codet Unknovn
EIIS System coder Fr
Reportal'.e to NFRDS: No
Root Cause Code: X

Ells Component Code: BKR

!

|
.

mm -- -

_ _



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

11-288

ACCIDENT SEQUENCE PRECURSOR PROGRAM EVENT ANAIMSIS

.

L E R N o.: 323N I-003 -
Event Description: Containment sump isolation valves and containment spray pumps

deenergized during hot shutdown
Date of Hvent: September 1,1991
Phmt: Diablo Canyon 2

Summary

Both Diablo Canyon 2 residual heat removal (RilR) containment sump isolation valves . ]
were depowered for 6 h in mode 4 by locally opening the valve breakers.- In this mode, I
power should have been interrupted by opening series contactors in the control room, )

Iwhich _would have allowed rapid restoration of power to the valves if their operation was
required following a loss of-coolant accident (LOCA). The conditional core damage
pmbability estimated for the event is 2,1 x 104, The relative significance of this event-

compared to other postulated events at Diablo Ceryon 2 is shown below. -

11R 323NI&B

IE 7 IE-6 18 5 IIA 1E-3 - I E-2
I l~ 1 I I Iu

i L sos Er3

I tnorm -uxe
i. .nP g- hrrn a w '

360 h AIWt- prmaun emoff

I

Event Description

While Diablo Canyon 2 was in hot shutdown, a walkdown if the control room boards
revealed that power had been remo, . ' from both RIIR conttinment recirculatiori sump
suction valves,8982A and B. The cause of power loss wa : that the 480-V breakers
serving the Ri!R valves had been opened locally.in pregration_ for entering cold
shutdown A procedure had been revised in 198a m violation of Technical Specifica: ion
(Tech Spec) requirements, to require local opening of the breakers associated with the
valves. The Tech Specs require control room operation of the valves while the ' plant is in
hot shutdown - the pmcedure should have specified use of the contactor located in the .

icontrol room for removing power from the valves. The valve breakers were open for

. . .- .- .-. .-- - .
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approximately 6 h.

^

- The walkdown also revealed that,' due to personnel error, the control power to both -
containment spray (CS) pumps had been deenergized. The CS pumps were deenergized
for approximately 1.5 h before power restoration.

Additional Event Related Information

The RIIR system consists of two trains. During high-pressure recirculation (IIPR), each
RIiR pump takes suction from the containment sump via separate containment isolation
valves. After the sump. water is cooled by the RilR heat exchangers, it is supplied to the
suctioris of the safety injection (SI) and charging pumps. RIIR pump 1 provides flow to
SI pump 1 and both charging pumps; RHR pump 2 provides flow to SI pump 2.

The CS system is also a two-train system that initially pmvides water from the reactor
water storage tank (RWST) to two spray ring headers for containment pressure
suppresuon following a LOCA. After the RWST is empty, CS flow is provided from
the RHR system.

ASP Modeling Assumptions and Approach

The event has been modeled as a 6;h unavailability of IIPR. local recovery of IIPR at
'

the recirculation valve breakers was assumed to be possible (the utility estimated this
would take ~15 min). Since the Accident Sequence Precursor (ASr') models only
address core damage, the unavailability of the CS pumps was not considered.

Analysis Results

The core damage probability estimated for the event is 2.l'x 10-6. The dominant core
damage sequence, highlighted on the following event tree, involves a postulated small-
break LOCA with successful high-pressure injection and failure of HPR This estimate is
believed to be conservative, since the actual event occurred in mode 4 and the ASP model

success criteria and timing assume operation at power.

- - - . . . - - - .-
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CONDITlONAL CC*E DAMACE PRCeASILITY C ALCULATIONS

Eveat Jdentifiers 323/91-003-
Event Descriptiont Conta trument earp toolation valves doenerglaed -

, Event Date: 09/01/91 ' .'

' Plant s Diablo copyon 2

.-

= AVAILABILITY, DURATION * 6 ' f

NON*RECOVEAAS!J INjf! ATING EVENT PROuABILITIL5

-TRANs 1.SE-03 |
UrJP 6.8E-06 ,

1DCA 6.2E-06

El%UENCE COM0! TION AL PROBAAll.ITY SUM 8

End State /Init!stor P robabilit y

CD

'
TRANS ' 1.0E-00 ' '

.

1DOP 3.6E-09
tncA 2.1E-06

'Tetal 2.1E-06

ATW5-

TRA48 0.0E+00
1Ax* 0.0E+00
IDCA 0.0E+00

Total 0.0E'00 .

!
SEQUENCE CONDTTION AL PROBASILITIES MROBASILITY ORDER)

Sequence - End State,. Proh . N Rec '*

71 loca -t.. -afw +hp1 HPR/-HPt CD 2.1F.-0 6 1.SE-01

** non-recovery credit for edited case

5LOULNCE CONDITIONAL PROSABILITIE8 (SEC'JENCE ORDER)

-seqvence End Stat'e Proh M Reces-

- 71 loca art -afw -hp1 HPR/~HPJ - CD - 2.1E-06 - 1.SE*01
~

' non-recove ry credit for edited case

Not e s Fof unavs11 abilities,- conditicanal probability values are dif f erential values which reflect the -

- added risk due to f ailures assectated with an event. Parenthetical values indicate e reduction in risk.-
| compare <t to a stadler period without the enlating failures.
I-
l' SEQUENCE MQCEL . et\ ara 1909\pwsbeeal. cmp

DAANCit MODEL: c \ asp \1949)titablo2. ell *

PROBARILITY r!!It es\ asp'.1949\pwr bs11. pro
L

No Recovery Llatit

.tve m Id ntifier: 323/91-003 *

>

- - e

)
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BRANCH FREQUENC1E5/ParAAaILITIES

. Bra nch System pon-Becow - Opt F a t1. -

trens- 2.5E-04 1.02 00
loop 2.0E 04 - S.6E+01
loca 2.4E-06 4.3E-01
tt 2,90-04 1.2E-01
ft/ loop - 0.0E+00 '1.0E+00
emerg. power S.4t-94 8.0t-01

: afw 3.8E+04 2.6t-01
afw/emerg. power 5.0E-02 3.4E-01
mfe 1.0teCO 1.0t-02
por y.or. s tv.cha 11 4.0E-02 1.0Ee00
pofv,et.4rv.Fosest 3.0E 02 1.11 02
pory.or.orv+ reeest /saat 0.gewer - 3.0E-02 1.0E+00 --

*

sea l. loca 3.2E-01' 2.0E+02
ep. t ec iell - 6.$E-01 1.0E+00 -
ep. rec 1,1E-01 1.CE+00
hpi 1.0E-03 8,4E-01

. isp1 (t /b) 1.0E-CJ - 0.4E-C1 . . .. 1.0t-02
HPR/HIPI . 1.SE-04 a 1.0E*00 1.0E*00 > 3.4E-01 1.0f.~ 0 3 ~

.Hianch Modell 1.fM . 9 + 0p.t i

Train 1 Cond Prob 1.0E-02 > Unevellable j
!' Train 2 Cond Probs. 1.SE*02 > Unavailable - '

porv.open 1.0t-02 1.0t*00 4.0E-04 -
..

branch model file*

** forced -

Mlhaf1Ch - [
05-26-1992
10:44 03

' 7

~ f

-.

&

k.

. _ .

Event identifiers 323/91-003
i
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em, m lhADVlkl[NI (NIRl[5 INIO 1EOtNICAL SPECIFICA110N 3.0.3 DUE TO P[RSONN[L LRROR AND
INADl0VAll F'kOCIDURE RIVIEW
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On September'!,1991, two events of inadvertent entry'into Technical. Specification' (TS)
3.0.3 occurred: 1) at 0535 PDT. while in Mode 4 (Hot Shutdown) at 0 percent power,
Unit 2 inadvertently entered TS 3.0.3 wh(n the requirements of TS 3.5.3.d and 15 3.6.2.1
were determined to have not been tret fcilowing removal of power from both Residsal Heat
Removal (R4R) pump suction valve operators before entry into Mode 5 (Cold Shutdown); and
2) at 1013 PDT with Unit 2 still in Mode 4. Unit 2 again entered TS 3,0.3 when
IS L 6.L l was not met because control power for both Containment Spray (CS) pumps was
deenergtred. Both events were Wentified en September 1, 1991, at ]]35 PDT during a
walkdbwn of the control room boards. By 1145 PDT. the RHR suction valves and the C5
pumps were returned to an operable status. A four-hour. non-emergency report was made'

to the NRC in accordance with 10 CTR 50J2(b)(2)(lii)(b) at 1409 PDT. Unit .* entered-
- Mode 5 on September 1. 1991, at 1435 POT.

- The root cause'for the RHP ump suction valves having been deenergized in Mode 4 was
inadequate procedure revision review. The root cause for the CS pumps being deenergized
in Mode 4 was personnel error, inattent*3n to detail by the-licensed operator _ issuing
clearances.-

|; Corrective actions included revising Operating Procedure L-5 and reviewing all-cther "t"
series procedure >. preparation of an Operations-Incident summary, and sending-
memorandun to appropriate personnel to clarify-when clearances will be approved and to '

emphasite responsibilities for thorough preparation and review of procedure revisions,

_J-

54865/0085L
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1. Plant Conditions

Unit 2 was in Mode 4 (Hot Shutdown) at 0 percent power with the reactor
coolant system (RCS) (AB) at approximately 340*F and 350 psig. Residual

-Heat Removal (RHR) Purps 2-1 and 2-2 (EP)(P) were in sarvice and taking
suction frvm the RCS hot leg of Loop 4. A forted oxygenation and steam
generator hideout return soak was being performed for Unit 2 in
preparaticn for the Unit 2 fourth refueling outage (2R4).

The control room operators were using 07erating Procedure (0P) L-5, " Plant
Cooldown from Minimum Load to Cold Shutdown,* to perform the shutdown.

II. M gI'Ition of Events

A. Events:

On September 1, 1991, at 1130 PDT, during a routine control board
walkdown, licensed control room operators determined that both RHR.
pump Containment Recirculation Sump Suction Valves 8982A and B
(BE)(BP)(RVR)(V) and both containment spray (CS) pumps (BE)(P) were
inoperable. RHR Valves 8982A and B were determined to be inoperable
because the 480V breakers that supply power to the valve operators

.,

!
had baen opened locally instead of havin.) been opened by use of the 1

series contactor frot the control room (Event 1). The C5 pumps were .. 1

inoperable.because control power to the pump breakers had been removed
(Event 2). The RHR and C5 systems.were returned to an operable status-
at 1145 PDT on September 1, 1991.

In ovth of these instances, Unit 2 entered Technical Specification
(TS) 3.0.3. In the first event. which occurred at 0535 PDT, Unit 2 "

entered 15 3.0.3 because the RHR Valves 8982A and B had been made
inoperable in Modc 4 and therefore.the requirements of 15 3.5.3.d and
T5 3.6.2.1 were not met. .In the second event,-Unit 2 entered T5.3.0.3
again at 1013 PDT when power _was removed from both C5 pumps while in
Mode 4, and therefore the requirements of TS 3.6.2.1 were not met. A
four-hour, non-emergency report was made to the NRC in accordance with
10 CFR 00.72(b)(2)(iii)(b) on September 1, 1991, at 1409 PDT. A
detailed explanation of the RHR Valves 8982A and B event (Event 1) and
the C5 pump event (Event 2) leading to the 15 3.0.3 entries is- .

presented in the following sections. }
-

l

Event 1: RHR Valves 8982A and B Deenergitation' !

TS 3.5,3.d requires an cperable. flow path capable of taking suction !

from the containment sue:p during the recirculation phase of operation
,

._

when in Mode 4. -15 3.6.2.1 requires.that the C5 system be capable of t

transferring spray function to an RHR system taking suction from the- '}
containment sump in Mode 4 15 4.5.3.1 requires that the emergency

.
i

core cooling system (ECCS) be demonstrated oper4 Die per the applicable {
,

548SS/0085K
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Surveillance Requirements (SR) of 15 4.5.2. T$ 4.6.2 requires that
EUR Valves 8982A and B be closed with power to the valve operators
(84) remnved in Modes 1 through 4.

lhere are two methods whith have igen used during outages to remove
power to the RHR valve operators. l'e first method requires opening
of series conta(tor s (MClR) 42-8992A and B, Series contactor (Jggle
switches are located on the vertical control board in the control
room. Closing of the series contactors f rom the control room permits

_

rapid restoration of power to the valves when operation of the valves
are required.

The second method requires opening of the valve operator 480V breakers
(BKR) locally, if the RHR valves must be operated, an operator must
be dispatrhed to (lose the 480V bretkers. Opening the valve operator
480V breakers is the method for removing power to the valve operators
after reaching Mode 5,

Safety (valuation Report (5tR), Supplement 4, requires that the
capability exist to restore power to these valve operators from the
control room, ISAR Update table 6.3 12 lists valves B982A and B as
valves that must have power restorable from the cortrol room. This
requirement is implemented by Survetilance Test Procedure ($1P) 1-1A,
*Foutine Shift Checks Required by |teenses." $1P l 1A requires that
once every 12 hours, valves 898?A and 8 are vertfled closed and series
contactors 42-8982A and B are open.

OP t-5 was revised in November 1988. One of the changes in this
revision was inserting 5tep 6.L2, which required operators to locally
open the 480V valve operator taraters while the plant was 5ttil in
Mode 4, Therefore, OP t 5 did not meet the requirements of
T5 3.5.3.d. is 3.6.2.1, and StR Supplement 4 following this revision,

On September 1, 1991, at 0525 PDT, while in Mode 4, 5tep 6,3.2 of
OP t-5 was performed.

Previous (vents: RHR Valves 8982A and B

A review of operating records after discovery of the current events
indicated that the fiHR Valves 8982A and B from the containment sump

have had their circuit breakers opened locally while in Mode 4 on two
previous occasions:

1 Dur4 rg t he Unit 1 third refueling outage, the valves were
deactivate! at 0610 001 on October 7, 1989, and Unit 1 entered
Mode 5 at 2350 N1 on that saw day.

L4885/0035K



,-

B 296'

LICENSEE EVENT REPORT (LER) TEXT CONTINUATION

. = . . ,..m,...-n, m..-.u, . ... .
, _

- -

O!ABLO CANYON UNIT 2 .)|5|0|0l0|3|2|3 91 - Ol0l3 - Ol0 4|"IB
.m o ,,

2. During the Unit I fourth refueling outage, the salves were
deactivated at 0548 PST on February 2, 1991, and Unit I entered
mode 5 at 1400 PST on that same day.

It was not recognized on either of these occasions that the plant had
entered into a condition causing requirements of 15 3.5.3.d and
15 3.6.2.1 to not be met.

Event 2: C5 Pumps Deenergiration

15 3.6.2.1 requires that two CS trains be operable with each C5 system
being capable of transferring spray function to an RHR system by
taking suction from the containment sump in Modes I (Power Operation)
throsgh 4

On September 1, 1991, at 1013 PDT, while in Mode 4 Aoth CS pumps were
made inoperable when an operator deenergized their c.1 trol power. The
clearance to perform this activity had been issued by the Senior
Control Operator prior to the procedural step in OP L 5 that specified
deenergization of the pumps.

B. Inoperable Structures, Components, or Systems that Contributed to the
E vent :-

None.

C. Dates and Approximate Times for Major Occurrences:

1. Nov. 1, 1988: OP L-5, Unit 1 Rev. 14, Unit 2
Rev. O, was approved with
instructions to verify closed valves
8982A and B and locally open their
480V breakers while still.in Mode.4.

I

2. Sept. 1. 1991, 0455 PDT: Unit 2 entered Mode 4.

3. Sept. 1, 1991, 0535 PDi; Event 1 Date: 15 3.0.3 entered when
the 480V breakers were opened.

4. Sept. 1, 1991, 1013 PDT: Event 2 Date: TS 3.0.3 entered when
control power for the C5 pumps was
deenergized,

,

l

| 5. Sept. 1, 1991, 1130 PDf: Discovery Date: A control board
walkdown discovered the;

l discrepancies,
r

i
,4885/0085K
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6. Sept. 1. 1991, 1145 PDT: Power was restored to the affected
equipment, returning it to an
operable status,

D- Other Systems or secondary functions ?ffected:

None.

[. Method of Otscovery: -

[ vents 1 and 2 were discovered by 1..ensed control room personnel
during routine control board walkdowns.

I. Operators Actions *

Upon discovery of both events, opera'3rs closed the local breakers on
the RHR Valves 8982A and B (series contactors were already open) and
the DC control power switches on the C5 pumps within 15 minutes,
returning the RnR valves and the CS pumps to operable status.

G. Safety System Responses:

Norte .

Ii1. (nyc_c L1htheel

A Immediate Causes.

1. lhe immediate cause f or [ vent 1, R>iR Valves 8982A and B bekg
made inoperable, was that OP t-5 incorrectly required local
opening of the 480V breaktrs for the valves prior to placing the
unt; in Mode 5. |

|
I

2 The immediate cause for Event 2, CS pumps being snade inoperable,
wss that the Senior (cntrol Operator issued the clearance to
doenergize the pumps prior to the procedural steps in OP L-5 that
specified deenerg uation of the pumps.

B. koot Causes:

1. The root _ cause for (vent 1, R>iR Valves 8982A and B being made
inoperable in Mode 4, was inadequate procedure review when the
step requiring opening of the vahe breakers locally was added to
the procedure in late 1988. Review of the procedur? revision did ;

not tder.tify that addition of this step was not in accordance ,

with I5 reauirements
.

2. The root cause for [verd 2. C5 pumps being made inoperable in
Heje 4, is personnel terer, inattention to detail by the Senior j

|

5_4885/008 9. .
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Control Operator issuing clearances to the fleid. In this case.'

Inadequate attention to the details of the CS pump clearance form
allowed the clearance to be issued for processing prior to Unit 2 ;

entering Mode 5. The clearance clearly specified that it was |
impicmenting Step 6.3.9.a of OP l 5, and the operator issued the ;

clearance prior to reaching that procedure step. i
_ t

C. Contributory Cause:
ithe practice of pre approving clearances for the refueling cutage'=

contriouted to [ vent 2. If the on-shift foreman had been assed ta ,

'
.pprove the clearance for deenergiring the C5 pumps just before the
clearance was protested, the request would have been rejected based on
15 regs.r wents.

IV, Ant' a A }a.lyrn_1

(vent 1: 15 3.5.3.d and 1$ 3.6.2.1 require an operable flow path capati e
of taking suction from the containment sump during the recirculation pha$e '

of operation. Because th 400V breakers to the valves had been c'r ned '
locally (the scrits contactors were already open with closure pc." ble by
use of the toggle switches in the control room), an operator wuuld have to

,!
'

be dispatched to close the breakers locally in order to open the valve.
The Operations Department believes t nt the breakers can be closed and the-
valves opened within 15 minates. i cr the case of a design basis-

loss-of-ccolant accider<t, over 15 minutes are available to open the valves
(fSAR Update Table 6.3-5). In Made 4, even necre time should be available, }
(vent 2: 1he C$ pumps serve to mitigate pressure increases in cousinment I'

during accident conditions. The containment fan cooling units (CFCU) (BK) ,

terve essentially the same purpose. During the time the CS pumps were |

den ergized. th? Cf tus were operable. Because of the limited energy I

|available in Hede 4, containment integrity would not have been.
compromised.

- - - - - -

Since an operab' ' flow path could hoe been established within an
acceptable timi gerlod and containment it.tegrity would not have been i

i

compromised, the health and safety te ihe puolic were not adversely
Iaffected by this event.

v. Tutes,ureatu m

A. Immediate Corrective Actions:

1. Events 1 and 2: The M vche> and C5 pugs were restored to an
operable condition.

b4885/00C5h .
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7. (vent 1: OP t-6 for Units I and 2 were revised to move the step
concerning local decnergitation of the RHR suction valves into .

the section of the ptocedure that follows Mode 5 entry,
r

3. -ivent li All of the t-series ope"ating procedures were reviewed
to ensure that no other similar problems entsted.

(

D. Corrective Actiot.$ to prevent Recurrence:
f

1. Events I and 25 An Operations incident Summary was prepared !
regarding this event, stressing proper clearance review and j
processing. 1

2. fvent 2: A memorandur as see. to all $hift foren4n, Shift
sup r tsors, and Opera ons C1 an'e Coordination personnel-
explaining the intent of the 'snift foreman approval' sign 6'ure
on a clearance. This memorandum clarified that the approsas _tshall not take place untti immediately before the clearance is

. processed.

3. twent 1: A ecmorandum will be sent to all Operations procedure
sponsors and reviewers stressing the significance of this event
and the importance of ensuring-that 15 requirements and other-
commitments are met.- 1his memoranduc is applicable to the
biennial review as well as procedure revision review._ No ;
specific corrective actions will be taken concerning the
procedure review and approval process. The process has been
upgraded considerably since the incorrect change to OP.L-5 was
made, and it appears _that the increased depth of the present ;

process will pr& vent recurrence of problems of th:s type, i

! VI. 8 #.l11 M I L ini m m U Ao
L

A< Ialled Components: *

Noae.

B. previous l[Fs on $1milar Problems:

llR |-71 001 intry into lechnical Specification 3.0,3 when both RHR '

rpusps were de-energized due to personnel error.

Rh4 pump 1 2 was rendered unavailable when its control power was de+
energtred during a time when Diesel Generator (lK) 1-1 was remov<d
from service. Ihts resulted in (CCS inoperability, violation of *

15 3.5.?. and entr/ into 15 3.0.3. -

c

The root cause of the event was persor.nr1 error due to
miscommunication. Although a tattboard was conducted on the actions

i

54635/0085K
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required for the surveillance nrocedure, the auxiliary operator did
notunderstandhisattlonsfollowingthemeeting. The. corrective
action was to prepare an Operating Incident Surmnary which stressed the
importance of performing e proper tallboard and the 'ido train *
concept for Engineered Safety f eatures systems at Diablo Canyon.

The root cause of [[R 1 91-00) was not the same as 11. the event of
Lf R 2-91-003. Therefore. th* c ertctive actions of L(R }-91 C01 could
not have prevented the currO event from har.ening, i

l
|
|

1

i |

I4

-

4

n

1
-;

| -

!
-

.

i

-1.

!
t

f
1

,

54825/00E!K

4

I

I

| |

_

-~W-U * - * " -*Y-- **7c'ATr e M-rrt-- -et- he ew- - - -p e w w y avu---+ wf't-e->- mytzu---gwmrw-e 4 vtg e-rrr-8 M + r r t-T y-fvf'- Py+r- 'g++fM*P.WWFMT 1 W T~KY' '' P' '



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

1

B 301

ACCIDENT SEQUENCE PRECURSOR PROGItAM EVENT ANAIJSIS

1.ER No.: 325/91-018
Event Description: Imss of feedwater with degraded IIPCI system
Date of Event: July 18,1991
Plant: Brunswick 1

Summary
;

The reactor scrammed from 100% power during surveillance on a reactor water level
transmitter. A spurious low water level signal resulted in main steam isolation valve
(MSIV) closure and initiated the high pressure coolant injection (IIPCI) and reactor core
isolation cooling (RCIC) systems, which provided reactor vessel makeup IIPCI had an

.

oil leak that would have degraded IIPCI performance ifleft uncontcied. The conditional
core damage probability estimated for this event is 6.0 x 10 5. The rs ative significance 3

of this event compared to other postulated events at Bmnswicx is 1* town below.

. _

b

LER 325N1-nl8

IE-7 1E-6 - IE 5 IE-4 1E.3 1E 2 :
1 I i I Ig ,,

.

| T'iP 360 h EP-

3th h g3yyy _
i

i tud +. unw+
|Inecurmr cuu)ff J RCIC -gna

(nominal)-

,

Event Descrip!!on

t

Bnmswick 1 scrammed from 100% power on July 18,1991. The scram occurred while -

preparing to return a reactor vessel level transmitter to service leakage by the instrument
manifold isolation valve for the transmitter resulted in a pressure transient on the rammon
instrument variable leg header, which serves instruments for both reactor p.atection
divisions, when the transmitter's drain valve was opened. The erroneous level signal
closed all MSIVs and acturted the !!PCI, core spray (CS), RCIC, and emergency power
systems. The MSIV closure generated a full reactor scram, and tdl control rods fully
inserted. The reactor power decrease and MSlV closure caused an actual momentary
reactor water level decrease due to steam void collapse. Safety relief valves (SRVs)
operated as designed to control reactor pressure. During the event, an ~0.4 gpm oil leak

.
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on the llPCI turbine oil filter inlet pressure gage drained ~10 gal of oil before being
isolated by closing a manual isolation valve. IiPCI operation was not affected by the loss i

of oil (78 of (18 gals of oil were still available) liowever, if the oil leak had not becri
detected and isolated, IIPCI would have been rendered unavailable.

Additional Event itelated Information
,

'the llPCI system is a high pressure injection system designed for small break loss-of-
coalant accidents (LOCAs) that da not depressurize the reactor. IiPCI maintains
sufficient reactor vessel inventory during plant shutdown until the vessel is- i

depressurized, llPCI is an independent system, uses a turbine-dtiven pump, and |
automatically init:ates on reactor low water level. IIPCI can deliver 4250 gpm of makeup I

water to the vessel through the feedwater piping. 'Ihere are two sources of water for the :)
IIPCI system. Initially, the system uses demineralized water from the condensate storage - I

tank (CST)._ When the CST reaches a low level, the system automatically transfers to the . i

suppression pool.

ASP Modeling Assumptions and Approach

in this event, if the liPCI oil leak had not been isolated, the oil-operated trip valve would
have closed due to low oil pressure, and the HPCI turbine would have stopped prior to -

bearing damage, liowever, at the leakage rate for this event,it would take more than 60 ;

"min for the oil level in the reservoir to drain down to the low level alarm setpoint and
*

more than 1 h and 20 min for the level to drop to the point where the oil ;;ressure was low
enough to close the trip valve. This assumes that nothing is done by the operators or that ;

the llPCI toom is inaccessible. This event was modeled as a loss of feedwater (due to i

MSIV closur:) with HPCI inor arable but with a nonrecovery factor of 0.34.
.

Analysis 1(esults

The conditional probability of core damage estimated for this event is 6.0 x 10 5, The
dominant core damage sequence, highlighted on the following event tree, involves a loss
of feedwater, a siuck-open SRV (transient-induced LOCA), failure of IlPCI, and failure
to depressurize using the automatic depressurization system to allow use of the low---
pressure injection systems.

!
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Dominant core damage sequence for LliR 325N1-018
,
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on Jaly 18 , 19 91, t'n t t I reactor was at 100% power when it scrarmed as the result ed a h in
S t e n st Line Isolation algnal, inadvertently pnerat ed during surveillence IMST-EscP-21Q for
reactor water level transmitter 8211.T N0265, which was being returned to service. After
entensive investigation it to suspected that en instrument isoletion valv. leaked by,
resulting in a pressure transient on the common instrwnent header which has instruments
feeding both reactor protection dietstons. The resultir3 arroneous level signals caused the
folinwing syntes actuations Isolations . Croup 1 (Main Steam 11nes), Croup 3B (1/2 Reactor
Vater Cleanup System), and initiations Reactor Core Isolation Cooling (kCIC). High
Pressure coolant injectlen (HPC1). Standby Cas Treatment (SBGT), Core $ pray (CS), f.mergency

; Olesel Generators (EDG).

The Emergency Core Cooling Systees (ECCS) were operable.

Tl e saf ety significance of this event is sintmal as plant safety systems responded as
required.
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On July 18, 1991 Unit I sa s at 1004 power and had been synchrontmed to the grid for }2
days All Leer gency Cora Coollr g Systems were operatie. Surveillance 1 MST-RSDP 2:,r was --

almost c oarpl e t e and the reactor vessel level transmitter B21.LT.N0266 was beine returned
t o se rvice. The level t r ansmit ter 621-LT-NOM B was isolated with the calth son
equipment c onnec t ed t o it s drain /r ellbt ation line s .

LY1HIJ/MAllH
At 17:20 on J u l .e 18 1991, while preparing to return the 1 621 LT N026B instrument
transmitter to service a pressure transient on the coaxson ins trument certable let header
resulted in a reactor scram and Primary Contatraent Isolation System (PClF' group isolations.
Re instrument vertable leg drain valve was being epened to pressurire the instrweent, when
leakage by instrument manifold isolation valve 1+h21 LT NG26B 4 resulted in the pressure
transient un the common inst rtment variable leg header, whose instruments feed both reactor
protection divisions.

The 1-E21.LT.N0268 transmitter (see attachment A) la connected to common variable and
tef erence leg headers through root isolation valves (normally lef t open daring calibrations),
and instrument manif old block isolation valves (used to isolate the instrument during
calibration), The inst rument mani f old bloc k cont ains: both inst rument transmit ter isolation
valves, an equalizing valve that can ct oss. tie t he two heade r s at the transmitcer, and a line
from eac h side of the transmitter that throarb a pair of drain valves connect to the
drain /calibratton headers.

In accordanc e with the s u rve l ! 1 a nc e , the i n s t r ume rit r ef erence leg drain valve was being
opened to pressurire the i ns t r ume nt prior to opening the manifold isolation valves. This
process etnistres the dif ferential pressure across the inolation valve and should prevent a
pressure trarsient on the c onosen instrument header. The gauge connected to the
os ain/calibr at ion heade r init ially indicated 20 psig prior to the drain valve being opened.
While opening the dr ain valve the t echnician became aware c.f the t ransient and had the second
technician verify that his hand remained on the correct valve. It was also noted that the
gauge on the draf n/ calibration header had increased to approximately 70 psig. This supports -

that the variable let. sanifold isolation valve had leaked.by into the transnitter Vhen the
'ransmitter drain valve was opened a path to depressurire the transultter and perturbate the
cc u on instrument variable ler. header through the leaking taolation valve was created. ine
}ressute transient was sensed as an erroneous level decrease actuating PC15 and Laergency
Core Coolant Sys t e er s (FCCS)- The PCIS Group 1 isolation comreand closed all Main Steamline
Isolation Valves (M51V) and the PCIS Group 3b 1r.nlation command closed the Outboard Reactor
Water Cleanup Isolation Valve. The following a s t ems rec e ive d s t a r t com:r. ands : CS , HPCI . ItCIC.
and the four FDC's. Due to the brevity of the erroneous level spike the RRR system did not
have time to latch in a start r omand . The M51V closure generated a full reacter scram and
all control rods fully inserted.

The ceshiration of reactor power dec rease and a closure of the MSIV's caised an actual
mmt.ent ary r e duc t ion a n rearter vessel water level nue to steam void collapse PCl$ Groups 2,
3. O and 10 isolations were received for the actual reactor vessel Icw level signals. The
Ct og 8 isclar ion was present prior to the event du to normal operating reactor pressure and
the associated valves were closed. Safety Relief Valves operated as designed to contral
teactot ;-ressure pCIS i s ola t i rm s and FCcs init iat ions o< cur red as designe d.

A uttier,al picLle n idtrd if ied darly the ever d re '

1. A linit switch ;roblem e the oathoard M51V 1 121 p02fB resulted in daal
indica:ior. for twc ard one-half a. nates after its closure.

-
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'to . . . u we. s , mas e, one

2. An ett leak of approsimetely 0.4.15 pra on the HPCI Turbine 011 Filter Inset I
riessure cauge t.41 Fl 5 % 9, dtatued about 10 sf the approximately $5 gallons ;
avelleble during the 23 minutes prior to the leaka isolation. The lea 1 Late rate I

would h ve allowed sacther 45 minutes prior to the lov level alors and 60 minutes '

prior te a 1;ss of oil preasure. If the ett le sk had not been isolated eventually
the oil operated HPCI trip valve would have closed due to it.w oil pressure, and
the HPCI turbine would have st opped pri ar to bearing damagn- This failure is
actuall sit.nt ficant than most HPCI f ailure modes in that, if HPCI had been ,

needed.y lee git would have allowed significant HPCI -operation prior to the actual _ j

systes loss. ]

3. The Main Steauline Drain inboard Isolation Valve, 1 821+FOl6 motor breaker

the M51V's This Anchor Darling, 3 inch, doulde pened to equeltre pressure arounddtec gate valve when disassembledtripped on thetaal overload when it was being o

for inspection / repair was found to have 4utsi at the same height, in the valve
body's f our disc t,u' des caused by the valve discs. The hel',ht o* the cuts, the
direction of the deformed metal and the shape of the cuta showed that the valve
disco had jammed while opening,lve discs.at about 75s open. The toot cause was determined i
to be the sharp edges on the va The sharp edges cre a generic concern i

which la only applicable to the 3-inch Anchoe Darling double disc gate valves.
Vhtte this is a generic concern, it is tot a generte Safety lesue because the
saf ety function of each of the valves used on both Units is to close. The velves
of conce rn ar e: Main steamline Drain leolation valves 1/2 B21 r016 and 1/2.B21
F019, and RCIC Steamline Isolation Valves 1/2 E51,r007 and 1/2.E51 TOO8.

CAESLQr t.\ENT
,

The ptessure transient on the common variable leg instrument header, was caused by the
leeking leotation valve (1-821 LT N0268 4) on Feactor Water Level Taansmittet B21 LT-
NW68_ While the valve was found f ully closed and testing could not recreate the
transient it is felt that this is the only cause that the data collected during the.
Investigation will support. Four possible causes f or the event were exhatotively
pursued:

1) For .he 1-B2147 N02(B 4, a valve failure mode was not f ound even thugh it was
destructively tested.

21 If debrie bept the 1 B21-LT N0268 4 from properly Seating closed it say have
been flushed out during the transient and was therefore not recovered,

3) The possibility of the 1 B21 LT-N026B 4 riot being fully closed durtr's the
initial valving out prreess was investigated, but due to the technicians use of
double verification and that a wrench was used to insu6e ful. closure of the
instrument teolation valves a human error was considered unlikely,

l-
' 4) That human error resulted -in a valve being repositioned out of sequence during

the surveillance was cons 10ated unlikely, due to the technicians performing sell
checking and double verification prior to the valve operation. Additionally valves
.that could have been manipulated to cause this are not con!!gured such that it is
likely a w ong valve was sepositioned.

Of2KIllLAGE.M

1) The isolation valve 1 B21-LT F(B 4 ses remmed ict trat itt and s eplaced along with the- ' ,
l

transmitte r isolet ter, valve santi ..nd both tra mtttter drain valves.
. 1

1

1
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2) The surveillance procedures 1/?M57 REDP21Q will be revised to provide closure of root
valves in orde r to provide a better isolation dut ing future surveillances, (Due 8/30/91) . ;

3) t'r i o r to testing a review will be conducted of the other level calibration procedstes
peiforreed at power, to ident if y those requiring rot t valve closute. .

4) To minimire other possible valve leakage problems on this rack, an evaluation will be
performed on the cowson inst rument rack draln/ calibration teaders beleg to let t vented. (Due
10/H /91)

5) To minimise other possnble valve leakage problems on this rack, an evaluation will be
performed for the common instrument rack dra14/calibratic1 headers permanent removal . (Due
d /27/91)

0) Feview the Scrae event with appropriate Irist rumentation and Corsttal (18.C) personnel prior
to the rient perfors,ance of the 1/?Mai R$Dr21Q, (Due 8/22/91)

?) Review indust ry dat a relat ed to t he instrue4 nt valve leakage during stallar events (Due
9/?t/91)

8) t?nst 2*6 221-LT.N0268 valves will he inspec ted f or leaks duririg the next scheduled outage,
( tme 11/27/91) L

9) mr trag t he next refueling out ares t he seven other binch Ancher-Darling double disc gate
valces will be inspected, thue 11/27/91 on Unit 2 and 12/6/92 on Unit 1)

10) Anchor. Darling, has been requested to review the existins design for their binch double.
dise gate valves and ps ovide suitable replacement discs with, en improved eye conf aguration,
if appictitate. (Due 9/11/91)

11) The Main- Steamitne Drain inboard Isolation Valve 1 82140lf, was temporarily
| sepsised/ tested with the taised metes ori the four dise guides removed (to prevent possible

f or e t tw otd ec t damage within the systesi, and the open almtt switch reset to 64 so as tu
! avoid the degraded ruide area where jaraming is possible. The safety tunction, which is to
i close, is unaffected.

12) The M51V l-b21 7026B closed lielt switch was adjusteJ.
.

13) A Technical Specification change will be evaluated to allow the remot e shutc*own panel
s e ar t e.t level ins t rtu=ent surveillances tw be per formsd at a ref ueling f requency.

11. ) The Hrc1 oil pressure geuge has been. isolated and pl aced under clearance pending
r e p l at. e men t .

1MHi.2MUL*JB

The instrumens header pressure transient event posed einimal safety significance since all
syst ems per f ormed r ,c t r ' safe t y related f unc t ions.

The HFCI oil Is ak was of minimal safety significance as the 60 minutes between the time the
a brie would have come in and the sYs t em shutdOVn would haVe bee n adequate f or Dperations to

los s of t bc s. s tem by i n* c i t 1 a t !'' the cause and closing the gauge taolation valve,( r e ve n tOFCI re(n had been inacr easible , Hft(! would have been lost miter approstmately I harF
at the
av 20 a.inutes; /s HPCl is a single tv in syst a and 1 s - not .aingle fallute proof the
availabillty o f t t,e iutomatic Depressuritat ion Syst em ( ADS) _ wit h the low pressute ECC5
t/stens would have assured adeguate. safe shutdovn capability - for this f ailure scde. This
failure is at tualiv less sifnific m than most ItpCI failure modes in that it would allow
signflicant HFCI op tation prior to the act ual loss of the system,

i
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The f ailure of the Main Stemeltr.a Drain inboard 1 solation valve 1 671 0016 to riot significant
in that the safety function of the valve is to clo6e (if open) during an accident. The valve
has no speelfic safety furntion to open, and r e r. e l ve s nu automatic open signale. The
inability to open thle valve would prevert reestablishitig the Condenser as a heat sina. While
thin to desirable, it is riot required f or a saf e reactor shut down, ne other identirel valves
whleh are currently installed,also only have a saf ety f unction *, close Since the potential
shatp edges of the disce for these valves would only affett the opening, otroke, trae saf et y
f ur< t iren of these valves would twt be corpr omised. The valve design probien is recit report able
per 10 Cl? 21 bermune of out planta application. Archor. Darling has been nottfled of the
ti pb l e rat wa are having with this valve

ItLY1211151WJY1M3

other (nat rument pen turbat ions beva bee n re por t ed unde r uf 's 1 90 006, 2 89 017, 1 67 01 0 i

and 2 H,-070 J

|
!

( J'fMplifSIJLlJi1111CA110S

haLtK|CWVQt.tla LL1LCCCt

Prisary Cosaminment 1 solation $y ' e JM
High Tssssuit coolant in}ertion Mi

Weertor Platection System JE
Nergency Diesel Lener at or if
eesctor.tose 16clation Cooling. Sy6 tem f,N

Festdual Heat Penoval/Inv Ps e ture Coolar.t Intectim fia
Cote Spray M
Standby Cas Tseatment System EH

Safety Felief Valve -*/RV

a tie i.1111 Sys t em Ident if !* r f ound

t
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ACCil)ENT J"')UENCE PI(ECURSOR PROGit AM EVENT ANALYSIS
i

f

lek No.: 333/91-006
Event Description: Trip with toth LPCI trains inoperable
Date of Event: May 7,1991

:Plant: Fit 7 patrick

.

Summary
T

During a surveidance tea, the "A" residual heat renmval (Ritit) / low-pressure coolant
;

: 'njection (LPCI) outboard containment isolation valve failed to provide required
containment isolatic 1. Later,it was found that the valve stem had ' ractured and the valve.

disk and seat had sustained severe damage.
,

Subsequently, the same surveillance procedure was performed on the "ll" RilR/LPCI
train. When the inboard RilR/LPCI containment isolation valve was operated, it opened

partially and stopped. Efforts to further open or close it were unsuccessful. Plant
operators then arduced power and r.cranuned the unit so that repairs could te made.

'

,

'Itc conditional core damage probability for this event is estimated at 2.0 x 10's. The
relative significance of tne event compared to other postulated events at Fitzpatrick is -

L shown tv:lo.v.

.

LER 333NI.006

1E 7 1E-6 lE-5 IE 4 1E.3 IE 2'

I i I I I I,
- n

g

g
TRIP

| 360himcl_ 1[|,$- -ince
imuma cumrt : + ncic

Event Description

While preparing to demonstree operability of the loop "A" RilR/LPCI inboard;
containment wolation s dve,10MOV 25A, plant personnel attempted to pressurize the
space between the inboard valve and the outboard vane,10MOV-27A, to facilitate
opening the inboard valve. When these attempts were unsuccessful, it was determined
that the outboard LPCI loop "A" isolation valve was incapable of performing its isolation

function.

. _ . .. _. . _ _ . _ . _ .. _ . _ _ _ . = __ _ _ _ . _ _ . _ . - . _ - - _-
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When the "li" train valves were tested, the inlx>ard holation valve,10MOV 250, n, aned
partially and then failed. Subsequent attempts to open and close the valve were
unsuccessful. Attempts at manual operation of the valve also failed.

Subsequently, power was reduced and the plant was scranuned to allow sepairs to the
RilR/l l'Cl system. RilR k>op "A'' was placed in service for shutdown cooling. Testing
revealed that it us possible to force approximately 5(XX) gpm past the defective loop "A"
outboard isolation valve.

The kiop "11" inixiard isolation valve,10MOV-25B, was isolated for repair. Its valve
stem threads weie found to be worn and broken, and pieces of the threads were found in
the fixed valve stem nut, When repairs to the loop "B" inboani isolation valve werc ~

completed, shutdown cooling (SDC) was transferred ftom loop "A" to loop "il".
,

investigation rev.aled that the kiop "A" outboard isolation valve had sustair.ed severe
3

seat, disk, and disk gaide rib damage. In addition, the valve stem was nactwed.

Additional Event Related information

Ihe definition of LPLi success may vary with circumstances. Ilowever, the minimum
requirement when Ll'LI is demanded is that full flow from one pump be provided,
approximately 7000 gpm. As the loop "A" Dow was detennined to be 5000 gpm and
only limited flow thmugh k>op "B" was possible, it appears that neither LPCI loop was
capable of perfonning itr. safety function.

ASP Modeling Assumpilons and Approach

This event was modeled as t scram with LPCI and one train of RilR unavailable.
Although one train of R!lR functioned during the event,its injection valve was found to
be significantly damaged. A failure probability of 0.5 was assumed for this train.

The Accident Sequence Precursor (ASP) models assume that RilR suppression pool
cooling is more likely to fail if LPCI and RiiR-SDC are failed. In this event, the
suppression pool cooling function should not have been impacted by the failure of the
LPCI isolation valves. Therefore, the failure probability f'r suppression pool cooling
.civen unavailability of LPCI and RilR(SDC) was reduced to 2.0 x 10 3. This value is
consistent with values used elsewhere in the model.

The ASP models also cadress de potential use of RllR service water (RilRSW) for low-
pressure injection, given that LPCI is failed. In this event, the dominant failure mode for
LPCI is failure of both itjection valves if these valves fail, RilRSW is also failed. A
failure probability of 1.0 was assunad ir this analysis.

I

_ ___ -- -
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Analysis f(esults

'Ihe conditional core darnage probability for this event is estiinated at 2.0 x 10 5. The
doniinant sequence, as liighlighted on the fo!!owing event tree, involves trip. failure (,f
the power conversion systein, successful safety / relief valve operation, feedwater success,

9 and failure of tuoh shutdown cooling and suppression pml co^!ing in the long terrn.

,

h

. .. . . . . . . . . 4



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

l

11-315
I
I

-

- -. I = . ,.

"t.
__, _ . _ _ . . _

'= J., :: r ,7,,,, e g,,... .. ..
~ | m.

m.

-.-. .
_j

__

-- - ., ..-

. _ _ _ _- ,.

J - _ .,
I W
- " u

. .,
. . .

%- - - -._ M .s.G E.e.ag

.g
~*-- x- g_

, ,, _

. -

1 *
.. . .,

_. .

.l .
. .

~
--

.--t ,. .
- . .

-
,
. . .

.- ._-

r - 4.____ = .
. . .-

-- _ . .
*

,I .

*
I
. .

.
*

I
'-4 :,.

#
I ..

' et Wel (saa. ass
._,

.
,_

_a , . ..
.
. ..

I .
. .

-

. .
*

I
-- .

. - _ - .
.(- - . .

_, ,
,

'
sm ..G l.a.def

|~ w,

" " * * * ' ' g W.4 144. .(
43

4-n ..

. .,

L- I
'*

- r *r . .
48

* 5 p.a 4 M
-~ (*

. Omas. sag
- - . - - , .. ] ,

- ~ AB tse. tememp

. - ~ . . . - . A t wg

:

Dominant core damage sequence for LliR 333S14XM i

__



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

Ib316

(ORDifit*AL CWF, 4 AMAa PWshAhit.!TY f. ALCut.ATlve s

t ..ni seenofsott m /.i.0..
e v.et r.., , i co..n t ,,is. .io, t-t h u.a it.in, .n .e . t t. in ...iiat i.

e.ent e..i., Oste, m

Plants f it tlet t i r t

I W f *. ' f1Nr. l'V6 W7

>* 4LCOVt'P ANIA ig l f l AT !WG k Vl NT Pht 3AHil lf ll #

7pAst 1. 00'.= 9 9

$LQMf NCE C4WiltiLW AL PWMANILITY StHS

B.nd 94 et e/lhlt let of P r otanb t li t y

CD

1 maut 1.0f-0$

Tut e l J.CE-Ch

AfW$

?> Am f ?.0L*CS

T ot a l 3.DT en

asOuttt OtmDiflOef AL thfAsAalL171t s itpOPA2(L1TV 0914 91

tequehre 4.nd itete P r ot) W ket*8

11 t r ans * t s. shut down pca/trana s av.tball/t tane.-et rom *ety,tlese CD 1.6t-OS 1.60-C4
-t w/gra .t t ane pHt (sfaci chs t egoooll/ tht t etirl

it t r ane -t a. shut anen ge s/t rane o s v.dielle.s ans.*actam - s rv.citiae tD 3.0L on 3. M ^2
is/ges.ttant -hst ! ItHN ilt<l thtfag e o4)/fbstadst

il t rana * rs. shut down ge s /t r e ne s tv. thall /t rana,*se tem erv.edose Ota 6.7t*01 1. 08>0 8
-f w/gete .t t ens PHD($DCl t h e ( egroell / t h t (a ds t . .

96 trane v s. shut down Atwa 3.0E 05 -l.06+00 ,

" twan-r e auve ry stedit tot edited sese
P

&l' QUI NCE. Cr*D t T]OW AL phonAn t [.171g g istgugNcr onDLal -

Sequence khd State Proh k Pec88

11 t r ena e t a. shut dow.1 gy: a /t t a n s afv.Chell/ttens.-ortam +ety.close CD 4 . R-0 5 1. 0 $' - 61

*fw/gce.trana RHRISDQ th e lagwooll / tt.t t sdc t _ _

17 t r at a - t s. shut auen po o rt t ene e rv,t> hall /t t erna. scras -a rv.etose CD L 06906. 1.tf*02_
(w/gre t rene -tigw; RHpttDC) tht f ogarooll /ttf (adc) . ;

s21 t r ans ra. shut down gar e/t rans srv.chall/trane,-stram esv.close CD 6.7091 .CI + i
. t w/gr e .t t ape PHu (200 ttt t (egenoll / tht t ode l

49 trene tu,shutdt>wn ATW$ 3. (1E- 0 5 1,0F400

" f aw t ece2ve r y t- f ed li ter edited cose

MUUt WC2 84H t.t 4: s te ep\16e95 but scal .t ep
lut Ah0H MODils - e 1 \ amp \ t 9ett ti' spat t .all

- PROl4ARil,lTY FIlla c i\ a sp\ lt9 9\t . t a' l.gite

f rong -ident ifler s ' 333/91 006

1.'

I

;

i

|

|

|

l-

,

,,~.9,6-9**mo=ea- arm.-s.....,ue-.m_~e-+s e _sm.e_..%-#..i,.,,r,,, s,p-,<,-es wm,--,%y,-,m.., y,m, p - ,,m.-. p..y..,y_.,-, - p_--e--w.-g-rrre-*gta pyVVT TIr 3 m-e.r-s'g- *



___ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _

11317

.e we~.. , n ,,u

km A k: 1! | P4 7 't f*f.' f L L il lt'41 Alt ll 171f 8

he sta b $/tien 84.n- i.et t v Da.t IalI

t tas e 1.4L-04 1.06+f0
i nw p 1. 61 - t4 3.48.-01
L t., a f.)I-54 $.tl-01
t e . shut d<sen 1,0s-et 1. 0t e b
r s . abut dr. eel ep 3.ita(4 1.0L*DD
ga e /t rar.s 1.10-01 1.06+00
a r v tha ll /t s er>s.- ar e am 1.06+b0 1. t4 0 0
e t v .ce a l 1/ t er.g'.- e( s om 1.0L+09 1.0F 00
a s v.e It,se 3.4t-07 1. 01 e t 0
**e r g . gw ee t 2.94-01 9. 0f. - 01
ep,tec 1. ll-i i 1.08+00
fw/P a.t#aos 4.4t-01 1.40 ?!
f w/p e, aa 1.05400 3,41-G1
Op 1 7.6t+07 7.0L+Cl
s* lc 6.tt-U/ 7,0r-0)_

eed 1.0L+07 1.0F+00 1. 06 - v 7
ery.ede 4.78+01 1.1E-Cl 1.0L CJ
1 p. s 3.CI-0) 3.4L+Cl
lit i ganul /ttc s 1.01"-0 1 , $.Ct rt 7.16.c1 s 1.tyr00

lo om h Modelt 1.($ . 7
froth 1 ( * f .d Plott 1,04-07 > lalled

teeth 2 C ofid l' t t+ 1 1.0$'-04 * 's.CI-01
kida ( Att. ) 1.10-67 e i.)F-Cl ).41-01 1.08+01

ta r e nsb O de11 1.ts .7 e se t +og.t
i t a l et 1 t' ,nd P rot : ).06-01 * Failed
iteln 7 hmJ Proti A.0L+01 3 %.0k-01
le s i a l t emguirietit P r ot i 7.0K+07 .

t h r is te) / + 1gr ! 7.or 97 4.4E-01 1.bt-03
t he t e4d / j p-l 1.0L*00 1.04*00 1.0E+01
e ba leir r.nll /thf tod< ) 7.06.-01 J.41-01
t h e t agw r,o l t / + 11( 14: 0 t t e 4c p 7.0E*t) J 4R-01
P uk 4Ptt K4L) /tM t .14 tit MDt l 8.36-01 a 7. C l_ ^ J ** 1.0ke00

Interich N 4els 1.(f . )
T r a i tt 1 te,nd Prot >a 9.16-07

8'M EW 7,04-07 s 1. c t e t 0 .) . 4 6 - 01 a '. . t r e t; 0 7.ct.c)
lat eht h $1radel s 1.Ol' .1 wp r
1: a l te 1 Cond Pat.t.: 4.06:.07 , t.cg=00

* ta anr b ni<te l file

** forced

-

M!rie r j i 4

01-16 Ib41
1#1011%4

front ident if let s 131/t1-n06

1
4

I

_ _ _ . _ _ __ _ _ . _ _ _ _ . _ . . _ _ _ _ _ _ __. ___ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __.__._ ..



11-318

~-

= .s m u,.n -
** =we me e..-

IJCtNME EVENT REPORT (LAR) **'* *a m

a m u .. a, m ., - m-

IANil A. fillP'ItKE Iltllil 98sti PL AII
.

e je to to ge9 gi g, Woq s g v.
M .* Mimal Feactt i ht dsn he to It.el e r abIli t y of Luth Lv. Fat..une L~ i e u

irsj ec t io. M eyste n. Ne to W d antral failure of on e- Valve in l a t h o f t he Ivo $ vs t etts
. ue= 6. ..vn . .. . a ..=..g,%,..

w,... p. .w ...w"' m e+- - ,
h 8F=." p fg.' u, ,w

sisteleist i i

0|5 0| 7
9 1 9|1

- 0|0|0- 0|0 Dj0 0| 6 9|1 , , ,, , , ,
_ . . _ . . . . . _ . ~ . ._, ,""" mm m.t m .s w

_ _ _

_ _,, _,
= > . = = = ew.m-* ===mg

!g,I
_

' ' * " ' " " ' ' ' "***
_

" ' " " ' * * *
_., C'*M* *~;.'*

-

Ug'pp:n{
_

~~ J = ~ = = = ~ ~ ~ ~ ~ ~.p . _

g< g * * ' ~ ~ m'a== = ' ' - - - =
_ _ _.,

r my a r.we s. r w
,

. . . . < , . . . . . .
.aa. .. u , .

"NHamilton C. Fish 1331115 S t e ill-t 8 D # t
-m m u , wo . . ...

Tf,:* M.,';*;i ga gegayc.um m-w n c u cc. 7 ,

TX BC C4 L200 y
| | t i t i g ppmypu ,1ii 1 i 1 ,J l 1 i

.php*

O I SV U 305b $t I t i 1 1 1 y , , , , , ,

- . . . . . . . .. . ., _ , ,
6,s .pg
6''***'~bu . - s cn e - ] o,9 3,o 9,Iue

w ..e, - .. - .. __ ...

EIIS Crdes are in []
Botveen 0400 and 0500 on L/7/91 a monthly Technical Specification
check found one of the two primary containment isolation valves in
each of the two independent residual heat removal (BO) low pressure
coolant injection (1.PCI ) (BO) subsystems to be inoperable. A valve
operator torque switch tripped in both the open and clor,e directions
pieventing both full closure and full opening one valve. The other
valve had excessive seat leakage. The inoperability of both fulR-LPCI
systems required a reactor shutdown within 24 hours which was
initiated and an Unusual Event declared at 1237. The reactor was
manually scrammed at 1820. Cold shutdown condition was achieved on
5/B/91 at 0330. The Unusual Event was terminated at 0400. In LPCI
loop !? the threads of the gate valve stem nut in the motor operator
were worn tmd broken causing tb valve to lock in a partially open
position. The stem nut was replu ed and LPCI loop B restored to
service at 1410 on 5/12/91. The stem of an angle globe throttle valve
in loop A was severed inside the valve body. The disc, disc guides,
and stat were severely damaged. The valve was removed from the

s system. The plant remains shutdown until the valve is repaired. Root
r cause failure analysis is in progrees for both valves.

* L* *.
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The reactor was operating at full power. In accordance with Technical
Specifications, a scheduled monthly surveillance tout was performed on
L/7/91. Two motor operated primary containment isolation valves
failed to meet the operability test acceptance criteria. Each of
these valves is located in a neparate and redundant low pressute

_

coolant injection (LpCl) (bO) subuystem of the residual heat r eitova l
(RHR) (bO) syates which provides emergency core cooling (ECCS). The
kitR nystem is divided into two redundant loops. Each of the two loops
contained one of the two valves that were not operable. Therefore,
both kHH-LpCI loops were inoperable. The reactor was shutdown within
24 hours in accordance with Technical Specification Requirement
3.$.A.6.

In esch of t he two EltR uyatem loops, two pumps discharce through a
24-inch diameter common header to the discharge piping of the reactor
water recirculation system (AD) piping. The isolation protection for
the penetration of the primary containment for each loop in provided
by three valves. An air operated testable check valve is used inside
containment. This check valve is permitted to have a higher leak rate
than other containment isolation valves. Therefore, primary
containment isolation capability outside of the drywell is provided by
two motor operated valves. Closest (inboard) to containment is a gate
valve, 10MOV-25. Next outboard is an angle globe, valve, 10MOV-27,
which may also used f or throttling kl!R flow.

Technical Specification surveillance requirement Section 4.5.A.3
requires testing of the Rilk-LpC1 subsystem as specified in Section
4.5.A.I.d which requires a monthly operability test of motor operated
valves (MOVs). The test on May 7, 1991 was conducted in accordance

_

with Operations. Department surveillance test procedure ST-2B, "Riik
purop and MOV operability and Keep f'ull Level Switch t'unctional Test".
To open the normally closed inboard valve 10MOV-25, the dif!crential
pressure across the gate disc is first equalized by pressurizing the
space between 10MOV-25 and outboard valvo 10MOV-27. During the
performance of ST-2B at 4:05 A.M. on May 7, 1991, operators were
unable to obtain this equalization pressure across the closed
IqMOV-25A valve. RitR header pressure upstream of 10MOV'27A increased
vien the space between 10MOV/ 1A and 10MCV-25A was pressurized. These
c.t se rvat ions indicated that ot; board angle globe valve 10MOV-27A was
leaking at an undetermined rate. The valve (10MOV-27A) was therefore
not able to perform the primary containmer.t isolation function and was
declared to be inoperable. This placed the plant in a seven-day
Limiting Condition for Operation (LCO) as specitled in Technical
Specification Section 3.S.A.3.a. perf orrnance of ST-2D on the RHR LPCI
loop A was necessarily suspended.

,.g. e .,. .
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At 4:45 A.M., while perf orming ST-2B on the PRR LPCI B loop, the
normally closed LPCI inboard injection gate valve 10MOV-258 failed to
open fully and then failed to fully close. The motor operator torque
switch tripped the power supply to the operator motor prior to
conpletion of attempts to both open and close the valve. Operators
were also unable to operate the valve using the manual handwheel
because t' e motor operatur could not be manually declutched.

Both the A and B loops of the LpC1 mode of the RHR system were now in
an inoperable condition due to one inoperable valve in each loop.
Technical Specification 3.5.A.6 requires that the reacter be placed in
a cold condition within 24 hours whenever both LPCI subsystems are
inoperable.

At 12:37 p.M. a reactor shutdown to the cold condition vas started.
The emergency plan was initiated at the Unusual Event level. The NRC
was notified by use of the emergency notification system (ENS) at
12:55 P.M. The main ger erator was disconnected f rom the electrical
transmission system (line) at 5:45 P.M. In accordance with
procedures, the reactor was manually scrammed at 6:20 P.M. from
approximately 15 percent powet. RHR system A was placed in service in
the shutdown cooling mode at 2:56 A.M. on May 8, 1991. A reactor
coolant terperature of less than 212 degrees fahrenheit (cold
condition) was achieved at 3:30 A.M. The Unusual Event was formally
terminated at 4:00 A.M.

At 9:5", A.M. a test determined that the rate of leakage past the seat
of angle globe valve 10MOV-27A was approvinately 5,100 gallons per
minuto (gpm). The RHR A loop continued to be used for shutdown
cooling to remove decay heat. A damaged stem nut was found on
10MOV-25B. On May 12th at 1041 the repairs and post-work testing of
LPCI inboard injection gate valve 10MOV-25B wwre completed.

Shutdown cooling was then transferred f rom the RHR A loop to the id!R B
loop at 1410 to permit investigation of the seat leakage in RHR A loop
valve 10MOV-27A. Inspection of the internals of angle globe valve
10MOV-27A fcund fracture of the valve stem and severe damage to the
seat, disc, and disc guide ribs. It was necessary to remove the valve
from the system to facilitate, internal machining and welding repairs.
As of the date of this report, the plant remains shutdown while valve
repairs are in progress.

CM1Et

Valve 10MOV-25E failed to fully open or close due to the excessive
force required to move the valve stem which in turn tripped the motor
torque switch. This swicch then interrupted the motor power supply in
accordance with decign. The cause of the excessive torque was
excessive friction between the mating acme screw threads of the fixed
sten nut and the moving valve stem. Inspection of the internal thread

..;.+..
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of thi stem nut found severe wear and missing, broken, and jammed
pieces of the thread. The sten nut is machined from soft (relative to
steel) bronze. The valve stem is machined from stainless steel. The
moving stem mechanism had been lubricated on a regular basis. The
stem nut had not been replaced since manufacture of the valve.
Determination of the cause of the wear and ultimate failure of the
stes nut is currently in progress.

Investigation and determination of the cause of the failure of the
valve stem and damage to the disc guide ribs, disc, and seat of the
angle globe valve 10HOV-27A is currently in progress.

Analysin - Perottability

one primary containment isolation valve in each of the two redundant
LCCS RHR systems was inoperable. Therefore, both trains of the 9RR
LPCI subsystem were inoperable. Technical Specification 3.5.A.6
requires reactor shutdown to the ccid condition within 24 hours if
both LP 1 subsystems are inoperable. Accordingly, this event is

'

reported under the provisions of 10CFR50.7 3 ( a) ( 1) ( A) as a completion
of a reactor shutdown required by Technical Specifications.

AnalY11D2._COnthinMnt.1121A119n

Technical Specification Table 3.7-1, " primary Containment Iso'lation
Valven", lists three valves in each RHR LpCI subsystem to maintain
inolation of the primary containment if it ja required. Air operated
testable check valve (10A0V-68) is designated inside the primary
containment. To reduce maintenance and associated psirsonnel radiation

,

exposure, Technical Specification Amendment 40 in 1978 increased the !
permitted pneumatic leak rate for this valve to 11 cra. The valves |

are tested to this criteria in accordance with Technical Specification 4
Section 4.7. A.d . (1) . This leak rate is on the order of 100 times the %

leak rate permitted for other containment isolation valves of a
similar size. To compensate for this increase in the permitted leak
rate, an additional valva (ICHOV-27) was moded to the list of
designated primary containment isolation valves. Doth (cne in each
loop) of the air operated tentable check valves inside primary
containment were operable. Outside the containment two motor operated
valves (10MOV-25 and -77) are designated in each loop. One of thorst
two valves remained operable in each of the two loops. Therefore, a

,

double valve primary containment isolation function was always
available and operable.

Analnia_ .:_RusnLsLRenduaLlitit
The operation of the h loop was ittpaired by the inability to fully
open gate valve 10MOV-2SB. Subsequent testing did dernonstrate that
the valve could be fully opened (if required) by momentarily bypassing
the torque switch and thermal overload protection. The fully

. .; . ... ,,
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redundant A loop was always avalla,ble for operation. This was
demonstrated by actual use of the A loop to remove reactor decay heat
over a period of more than four days until the B loop was restored to
operation.

CcIIssth t Attica
1. The reactor was shutdown to cold condition within 24 hours.

2. The stem nut on the isolation gate valve 10MOV-25B was replaced
and the valve returned to service within 5 days of discovery of
the inoperability.

3. The throttle globe angle valve 10MOV-27A has been removed from
the systen for repair. Repairs are in progress as of the date of
the report. Upon completion of repairs, the valve will be ,

reinstalled in the system.

4. A root cause investigation for both valve failures is in
progress. Findings resulting from these investigations will be
reported in a supplemental (revised) LER.

M11ticMl_Inf911!U1119n

1. Component: Motor Operator
Corponent Identification: 10MOV-25B
System: FJiR B LPCI
Function Inbearu Injection & Primary

Containment Isolation
IEEE Function Codes: 84
HPRDS Component Code: VALV0 '
Manufacturers Limitot ge
NPRDS Vendor Code L200
Modelt SMB-4T

Old Style with Thrust Adapt 9r
Pre-1967 Design No Longer Manufactured

Sizes 4

Power Ration 32.8 HP
Design Current: 35.8 Amps
Voltages 575 Volts
Closing Time: 24 Seconds

2. Component: Globe Angle Valve, Motor Operated
Corponent Identification: 10MOV-27A
T 4em: RHR A LPCI
rr tion: Outboard Throttle Injection & Pr iina rya

Coittainment Isolation '.

IEEE Fuhetion: INV & ISV
NFRDS Cor.ponent Code: VALVE
Manafacturer: Powell ,

. 3. ... .
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HPRD,9 Vendor Coda: P30S
Modo): 190S3
Type: Glotse Angle
Gire: 18 Inch
Pressuret 900 pulq
Motor Operator Type: Limitorque SMD-4T

Old Style with Thrust Adaptor
Pre-1967 Design No longer Manuf actured
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ACCIDENT SEQUENCE PRECURSOR PROGR Ah! EVENT ANAINSIS

LER No.: 333/91-014
Event Description: llydraulic pressure locking of two low pressure ECCS injection

valves

Date of Event: August 5,1991
Plant: Fitzpatrick

Summary

Following repairs to an outboard low. pressure coolant injection (LPCI) valve, and with
the plant shut down, the inboard injection valve failed to open. 'lhis failure was the result
of hydraulic locking of the valve bonnet. Iloth the two LPCI and the two core spray
(CS) injection valves were detennined to be susceptible to this failure mechanism,

llased on leak rate testing results, two of the four valves could fail to open if the reactor
vessel was rapidly depressurized as it would be following a large-break loss-of-coolant
accident (LOCA). The conditional core damage probability for this event is estimated to
be 9.5 7.10 5, lhe relative significance of the event compared to other postulated events
at Fitzpatrick is shown below.

11R 33VJ1-014
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Event Description

'lhe plant was shut down on hiay 7,1991, to repair valves in toth LPCI injection lines.
On July 17,1991, following conective maintenance for valve and actuator problems with
the outboard 1.PCI injection valve, a hydrostatic test of the piping between the inboard
(h10V-2511) and outboard (h10V-2711) LPCI injection valves was performed. The
hydrostatic test pressure was ~2100 psig. Upon completion of the test, the piping
between valves was depressurized. A fill and vent of the system was initiated in
preparation for returning the Icop to service in the shutdown cooling (SDC) mode.

_
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Approximately 9 to 10 h after the completion of the test, the hmp had been filled to the
inboard LPCI injection valves. The operators attempted to open the 24-in. flexible wedge
gate valve (MOV-25B) fro.n the control room. The actuator remained energized for
approximately 30 s after which the motor actuator circuit breaker tripped. The nonnal
stroke time for this valve is 120 s.

Utility personnel suspected that the valve failure was the result of hydraulic " pressure
h>cking," wi.ere excessive pressure is trapped between the wedges of a flexible wedge
gate valve srch as MOV-2511. This valve design is used in both the LPCI and CS
injection liies, rendering these systems susceptible to failure. The hydraulic pressure
locking phenomenon is illustrated in Fig.1.

A second hydmstatic test was perfonned on July 28,1991. Instrumentation installed
during this test confirmed that hydraulic locking was taking place. During this test, as
pressure was increased to 850 psig, the rate of pressurization dropped to zero for
approximately 30 min, indicating compression of air in the valve bonnet. Target test
pressure of 2100 psig was held for 10 min and released. Thirty minutes after
depressurization, operators attempted to open the valve from the control room. The
actuator motor line current went to locked-rotor current, and the circuit breaker was
manually opened by an electrician monitoring line current. The bonnet was vented

. .
through the stem packing gland, and air escaped. Coincident with the bonnet
depressurization, valve position indication in the control room changed from closed to
intennediate. The valve then stroked nonnally from the control mom.

All four LPCI and CS injection valves were modified, prior to plant start-up, to
incor[wrate a Imnnet vent to the high pressure side of the valve.

Additional Event itelated Information

Following the detennination that the motor failure was caused by pressure locking of the
valve, an analysis was perfonned by a consultant to the utility to determine the impact on
other motar operated, flexible wedge gate valves. Three scenarios were examined for
each of these valves:

1) Water trapped in the valve bonnet " expands" as a result of heating during nonnal
plant start-up.

2) Water trapped in the valve Imnnet " expands" as a result of heating during a
postulated high-energy line break.

3) One side c. the valve is initially pressurized by check valve leakage and then
suddenly depressurized as a result of a loss-of-coolant accident (LOCA) or
automatic depressurization *ystem (ADS) actuation.

.
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The analysis performed for the utility indicated that thermally induced bonnet-
pressurization (scenarios 1 and 2) did not appear to be a concem.' hese two scenarios -
were not addressed i< is analysis.

In the RHR and CS ;ys. ems there are testable check valves betweer thi reactor and the
normally closed ist.. uion valves. Leakage pe.t the check valves will eventually place;.
reactrn pressure on one side of the flexible wedge disc. The wedge will then flex,
Jowing reacte,r pressure into the bonnet. Pressures on the order of 1,000 psig could
become trapped in the bonnets of all four low-pressure emergency core cooling system
(ECCS) injection valves following vessel depressuntation during a LOCA. The utility
stated that calculations taking into acct ~nt t'x installed actuator size and past Local Leak
Rate Test (LLRT) data showed that bonnet pressures in the range of 600 to 700 psig
would be sufficient to lock the affected valves shut.

After the valves lock r, hut, there is a finite period of time before the bonnet pr"
decays to a level less than the maximum bonnet pressure the valve actuate- ~
to open the wive. This period of time depends on the leak a m of the be wt.
the disk seating smface the valve size, and the differen J ,ressure
Lower txmnet leck rate wm cesult in longer periods that ti n 've win aed la the
shut position. C%;idews m time period fmm LOCA initimen until the low-pms'sure
ECCS injection valves u ..e their open signal, the analysis estimated that, for the
existing valves, the pressure v/ithia tha bonnets of two out of fn'.:r valve:: would have
decayed to within the capability of the valve actuator.:

ASP Modeling Assumptions and Approach

'

The event was mod: led as an unavailability of *wo of the four LPCI and CS injection. o

paths. hoth LPCI valves were assumed to be unavaliable. Conditional failure
probabilities of 0.3 and 0.5 were assigned to me two potential operable CS injection --

trains. (Asr.uming both LPCI trains are initially unavailable results in an event
significance estimate that is somev, bat higher than assuming one LPCI and one CS train -
were initially unavailable.)

i

' Tne unavailability existed since initial criti:ality. To estimate the relative significance of
the event within a 1-yr observation period (the ints al between precursor reports), a 1-yr-
unavailability was titilized in the anelysis (6132 h, assuming the .olant we critical or at
hot shutdown for 70% of the year).

;

:- In the analysis, residual heat removal (RHR) SDC was also assumed to be unavailable ;

; ' because of the unavailable LPCi valves. It is possible that the valve bonnets would
depressurize prior to the need for these valves to open for RHR (SDC) (typically 6-12 h

'

following scram) in sequences where low-pressure injection was not demanded. If this|

were the case, such sequences would not be impacted by this event. A sensitivity

L
:
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analysis was performed to determine the impact on event significance if RilR (SDC)
were available for these sequences.

Two additional changes were made in model probabilities to reflect the specifics of the
event:

The Accident Sequence Precursor (ASP) models assume that RilR suppression pool-

(SP) cooling is more likely to fail if LPCI and RilR ISDC) are failed. In this event,
the SP cooling function should not have been impacted by the failure of the LPCI
injection valves. Therefore, the failure probability for SP cooling given unavailability
of 1.PCI and Ri!R (SDC) was reduced to 2.0 x 10 3, This value is consistent with

values used elsewhere in the malet. _

The ASP uxxlels also address the potential use of RIIR ice water (RllRSW) for*

low-ptessure injection, given that LPCI is failed. In this eu nt, the dominant failure
nnie for LPCI is failure of both injection valves. If these valves fail, RilRSW also
fails. A failure probability of LO was a:.sumed in this analysis.

The impact of the valve failures on large-break LOCA sequences was also addressed.
For a large-break LOCA, tsuccessful operation of one LPCI train or one CS train,
combined with long-term heat removal using the RilR SP cooling male, was assumed to
provide successful mitigation.

The core damage probability contribution from large-break LOCA sequences can
therefore be approximated by

p(large-break 1.OCA in 1-yr time petiod) *
{p(LPCI fails l observed v:uve failuits) * -

p(CS fails I observed valve faiiures) -
p(Ri!R SP cmling fails I observed valve failures)]

~ a .0 x 10 4 * [ 1.0 * 0.15 + 2.0 x 10-31
~ 1.5 x 10 5

A second sensitivity analysis was perfonned assuming all four ECCS valves were failed.

Analysis I esults

The conditional core-damage probability for this event is estimated at 9.5 x 10 5 This
includes the sequences documented on the calculation sheets included with this anal sis,y

plus the contribution from postulated large-break LOCAs, as neserihed above. The
dominant sequence, highlighted on the following event tree, involves a postulated small-
bre u LOCA with failure of highyressure coolant injection, successful depressurization
m a!!ow use of the low-pressure systems, and failure of low-pressure injection (LPI).

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

Assuming all four ECCS valves were failed results in an estimated conditional probability
of 3.9 x 104, a factor of 4 higher than the nominal conditional probability estinuted for' :

the ever.t. This small difference is primarily a result of the conditional probabilities
assmned for the two CS trains, given the failed LPCI trains.

Assuming RilR(SDC) would not be impacted in s0 iences where LPI is not demanded
(sequences ll, 40,12, */1, and 21 on the fotbwing calcuiation sheet, plus lower -

probabilhy sequences) results in an estimated conditional probability of 5.2 x 10-5,
about half of he nominal cc. 'onal probability es0 mated for the event.
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Attachment 1
IN 92-26
April 2,.1992
Page 1 of 1
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Figure 1. Hydraulic pressure locking phenomenon
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C0b3173CA AL CXMtE DAMAGE PMutsABILITY C Alft/LAl fDNS

E=wns ident i f ie r : 313/91-014
Event be sc r i pt ir,n Im pressura LC'CS velve hydraulically locked (IEC1 f ailed)
I vent Date: 06/Ct/91
'Planti Fit tpet r i ca
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TMAh5 2.1E+C0
UK)> 3 . 6t.~ 0 2
IOCA 1 CE-C2

SEG.tENCF rONDITION AL P9fMAHILITT S'JM

End St at p/ in t t let or P rotat:111ty

CD
__

TRAN5 4.61-04
INP 1,?E-0$
14K A ),gt.cg

Tot a l 3.cE. pg

ATwi

T8ANI 0.0i+00
UKJP Q.00+CS
UF. A 0.0E+00

TM 41 0.0L+00

SEQMNCf. CONDITION AL PWol4 arf t.! TIE S (PliOttABILITY OOER)

Sequence End St. ate P r or. N Rec *e

73 loca -rn. shutdown hect -arv. ads thC S 1.P C101HR) ILPOS thr(sdch CD 3.0R-05 3. 5E -01
/lpei - RHP ( S PCOOL) /IEC I . RJ& s SOC) RHRSW

'l l t rar s -rm.snut down gre/traes A*v.ch411/t rara.-scram -e r v.close CD 2.?E-05 1.0E-01e

-fw/pra.trans SHI4 (SDC) rhr(sp h il/rhttadc)
40 loop -emerg. power - t v. shut down a rv.che ll / loop -ar..am -s t y.c ic ae Cil 7.3E-06 4.1E-02

- h pc l RH A 's'Tl thttapcooll/rhrisdcl
12 t t ena -t v. shut down pr e / t ra n s s rv.cha ll/t rans.-sc ram -ary.close CD 3.CE-06 .3.9E-02

f w /ges.t raria -bpe l RHFtSDC) th r ( spcooll / rbr ( a dd
.tU loop -emerg. power -rm. shut down arv,chall/ loop.-actam sev.cloes CD 3.7E-06 2.$E-01 /

bpci -a rv.eds IPCF _PC l 4PHR) /t.PCS thr(adcl/lpc1 -9HRISPCtML)/
ifC .RHP(eDC) RhtRS4

26 t rans - rs. shutdown pc4/t' ne e rv.chall/t rans.-ectam arv.close CD 2.SE-06 2.4E-01
fw/pcs.trens hpc1 -arv.ada ISCS !.P CT lW4R) /LPCS thr(ade)/1pel
-pH (SPt.UJL) /tF"I .RHR ( SDC) RHRSW

11 loca -tm.snutd.wa -tpet itHR J SDC a thrtspeooll/rnriedel *7 2.2E46 S.7C-02
21 trene s enutdow gxs/;rans t e.chall/t rans.-scram arv.close CD . 0E-06 .nt-01

-f u /p:s.t rans RHMtSDC) th e t epcooll / rhr t sdc )

* * non-r ecove t y c redit f or edited ease

$EQUT hCE COEITION AL PRUHABII,ITIES (SF.Cl|ENCE DROKH)

Event idert1(ler: 331/91-014
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11- trana - r u . s h e 4c-wn po s/t rar.o a r v a hall /t t ens .-me.am -et w.c lose W 2. fr.- C % 1.00-01
-fw/p s,trant Pau ( &X ) t h r t egcem11/ O r (ode-1

12 trana -ts e %tdown gra/trans a rv.chell/t rans.-ets om -a r v,close CD S,0E-06 L $r-02

(w/ge a, t rene -r ge t maktsbC) thrtspc ell /rbsteit)

21 t r ens - s e , shut eewn ga e/t sens s a w.cha ll /t rane.-oe ram ery, cave. CD 1.0E-06 1.0E-01
- f w/gra.t rans FM HDCI t he (syooit / rht t odd

24 t r asts - r s shut down y s/trene e r v.chall /t i ene ,- sc t as a r v .c i r. s e to J , %-0 4 2.4L-01
f w / rca ,t t arse hgr i -stv. ads IfC S !$ 0 ! tluit i /MC 5 tbris4cl/Iren
-W h8 t!Korg.) /IscI . kap s tx) bur s e

40 icep -emo rQ . gewe r -ra , shut down arv.cbail/ loop.-ottam stv.close CD 7.3E-04 4,1L-02

-P.tc 1 PHD 4 3'O rhr t sgcooll / rt r (adc)

%) 3 cop -e** r g , M we r - r s . st.at dowri stv r; hall /loor octam a r v .c lo se CD 3.7E-04 2.W-01o

rht (edc h /1 w-l -PHP (SPCtCLl /):ge l -sev, ads Itts LPC!tP C i/t.fT1 5

IFC ! ,lahk ( SOC ) te m

il loca -rs,the down ng l luta t 3DC ) Ih r tseco,ll/thrqadc) CD 2,JC-Cr S.M-02
,

7 'b IM4 'rs. shutdown h pr; t - a r v .ad e IJC S IJ CitpHa)/LP $ thrisdt) CD 1,Gr 0$ ) . % - 01

/ Igel -kWI( APCCKR) / LK I .itHR ISDC) Ibut E n

J f
** nee- =tovery credht fa edit ed case

hoter For wavailabilit ies. twd it ier 41 garo! ,.r,l i ll y values a re dif f erent ial values which rettert the

m aded risk d ie ta f e.llu res a s sociat wJ wit h an ewwed , f a rent t et tr a l va lues Ir.a tttat e a redact i on in e t e-g
c oraps r ed tn a alm 11e r g.e r tad without t he suisting f alluses.

sEQULNG MEr.l.: e s t a sp \ l 94 9\ t>w re s e a l .cnp
'

un AN H tuXAL: c1\ asp \l489\ f it tpai r s 11

ikOMAHil.lTY Fitti c \s epT199 9\ter,c a 11.pru

h, Secovery Limit

twAWH F MEQtM pr liti / g'WCH ADI LIT 109

Hrahrh Syntom hon +#!er uv tyr Fa il
s

t ens 3.4 E?- 0 4 1.CE+00
lonp 1,6 E - 0 ', ),6F-01

loca 3.30-06 $,0E-Cl

g a , onut down 3.00-05 1.0k*06

t u , snut dowst/ep .1, %-0 4 . ,0E 40

Fs/t rans 1.70-01 1,0E 00

nrv rhall/t aris,-actam 1.0Z*0G 1.0F+0Co

e r v ,the l li loop,- ac r am 1. 0 D 0 0 ?.CE*C0
srv,close 1,6E-02 1.00+00
eme r) . ge we t 2,SE-0) 8.0E-01
sp.see 1.6L-Cl 1,DL.00

f w/ pa e.t r ans 4.62-01 3,4L-01

tw/ges,loca 1,00 00 a.4E-6;

hpc 1 2.9E-CJ 7,CE-01 ~

tric 6.0E-02 1,0E-01

trd 1,ct-c) 1.0g 00 1,ot-u,

srv. ads 3,ft-0) 7.it-ot 1.ct_0)

1105 ) 0E-0) > 1.$t-01 3,40 -0 n > 1.cr. ,c o

Hterch Mmiel t 1.CW . 2
Train 1 Car *1 P rot >s 3.ot-c) > 1.Ct-ci
Tra h J Cond frobt 1.0f-Ci > $ 0E-01

IX I f buu / the s 1,65- 31 3 1.0E,00 7,lE-cl 2 1,at.90

Branch Model 1.00 .2
T s a irs 1 Ced Preb; 1. o P 02 > ralled

Train 2 Cond Proer 1. 0 L -01 > Failed )

WiR(SCC) 2.lE-02 3 ' f;t ,00 L4E-01 1,0y.0)

E ve n t identifiert 131/91-614

+

&
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At erweh moel 3 -- . 3.tr.2 + oe t eopf
. .

Tratre 3 Cond troos 3.0E-0).> fa!)ed ~~
7tain 2 - cornt Prot,s 3.08-01 * felled

, j

6erlei conpuneet er obs - -7.0r-02
rht isuc) /-1pc1 - 2.0L 02 ' 3.45.-01~ 1,04 0)

frtr isdcl /1ge t J .#E *00 ' 1.0E,00' -1.0E-03 |rhrfairuell/*br(edct -2. CE-03 ~ ' 3. 4E-41 ' jt h y ( escool) / *1g(1. thi (e de ) 2.0K-03 3,4L-Cl
._ ;

kHn ( ArftJO!.6 /1.PCI.Rd ($ DOI e.38-02 > 2.0E-03 1,0K+02 ~

Branch M delt 1.CF .1

eMatw
. 2.04-02 # 1.0L*00 - J. 4K-01 s 3.0E*00 2,0r-03

o }1Train 1 Cond Probr 9. 3E-C2 a . 7,0E-0)

~ [...nen u .i. 2.cr.l. opt

7 sin 1 Cond . Probe 2.0E-02 > Feta.J l

.|branch m4e4 1112 -*

* * forend 5
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EIIS-Codes are,in []

On July 17, 1991 with the plant shutdown for maintenar.ce while filling !

and venting the Residual Heat Removal (RHR) (BO) sy> tem following |

repairs to the outboard Low Pressure Coolant Injection (LPCI)'(BO)
valve, the inboard LPCI injection valve f ailed to optsu. The failure
of the Limitorque SMB-4 actuator motor was due to sustained operation
at locked-rotor current. j

On August 5, 1991 the root cause of the actuator ractor failure was
determined to be hydraulic locking of the valve bonnet. Both LPCI and
core spray inboard injection valves were determined to be susceptible
to this failure mechanism. All four valves were modified to place a I

bonnet vent to the high pressure side of the valves.
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EIIS Codes are in (?
Description

The plant was shutdown on May 7, 1991 (LER-91-006) when one of the two
primary contairment isolation valves la each of the two independent
Residual Heat Memoval (RHR) (BO) Low Pressure Coolant Injection (LPCI)
(BO) subsystems was found to be inoperable due to mechanical failures.

_

On July 17, 1991, following cerrective me.intenance for valve aid
actuator problews with the outboatd LPC~ injection valvo, a
hydrostatic test of the piping between the inboard (10MOV-2$B) and
outboard (10MOV-27B) LPCI injection valves van performed. The
hydrostatic test prasst,re was 2100 +/-25 psig. Upon completion of the y

test, the pipit.g between valves was depressurized. A fill and vent of
the system was initiated in preparation for returning the loop to
service in the r*utdown em ling mode.

Approximately 9 to 10 hours af ter che completion of the test, the loop
had been filled to the inboard LPCI injection valve. The operators
attempted to open the 24-inch flex wedge gate valve (10MOV-25B) from
the control room (normal stroke time approximately 120 seconds). The
actuator rsmained energized for approximately 30 seconds, after which
the motor actuator circuit breaker tripped.

On August 5, 1991 an evaluati'n of the root cause and the
susceptibility of ether components to the failure mechanism was
completed. It determined that the cause was a design problem that was
shared by the LPCI inboard valves it both locps and both inboard
injection valves of the Core Spray (CS) (BO) system. The problem,
could poten;ially prevent the operatica of all four Emergency Core
Cooling System (ECCS) low pressure injection subsystems. Accordingly, -

the event was determiu d to be reportable on that date.

Cause of Event

On July 28, 1991, to verify the hypothesis that pressure locking of
the valve wedge dii.cn resulted in motor failure, a special test was
performed to reertablish the conditions that existed after completion
of the July 17th rydrostatic test. Another hydrostatic test was
performed while a strain gr.uge on the yoke of the valve was monitored.
As test pressure increased to 500 psig, it was reported that sounds
came fram the affected valve. At the same time, the net compr essive
strass on the valve stem dtopped from 62,000 to 42,000 lbf. This was
the most dramatic change during the test. At 850 psig test pressure,
the rate of pressurization dropped to zero for approximately
30 minutes, indicating compression of air in the valve bonnet. Target
test pressure of 2100 psig was held for 1C minuter and released.
Thirty minutes after depressurization, operators attempted to opan the

..;. ,

i
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velve from the control roc 7. The actuator motor line current went to a

locked-rotor current and tha circuit breaker van manually opened by an !

electrician monitoring line current. The bonnet was vented through !

the stem packing gland and air escap3d. Coincident with the bonnet
depressurization, valve position indication in the control room i

changed f rom clessd to intermediate. The valve then stroked normally !
from the control room, j

l

The root cause of the sustained operation at locked rotor current and |

subsequent f ailure of the Limitorque SMB-4 actuator motor was pressure
trapped between the wedges of a flex wedge disc gate salve of a design i

susceptible to hydrostatic locking.
'

Analysis of Event

The potential lose of ability to open all four low prassure ECCS
inboard infection valves to provide core flooding capability is ,

reported under the provisions of 10 CFR 50.73(a)(2)(vii)(B) as an |
event where a single cause inuited in two independent trains becoming.
Inoperatae in a syster designed to satigate an accident.

71; RHR system is capable of perfnceing multiple functions
(e.g., shutdown cooling, low pressure ECCf, containment cooling). The
systen consists of two independent loops, each comprised of-two rumps, ,

a heat exchanger, and the associated valves and piping necessary. to
'

accommodate each design function. The valve inrolved in this event
was the B loop inboard (toward containment) LPCI injection valve. The
inboard valve -is a normally closed, live-loa. packed, 24" flex-wedge
gate valve. The design differential pressure against which the !
inboard injection valve must open is 326 paid.

Following the determination tnat the motor failura was caused by
pressure locking of the valve, calculations were performed by a j
consultant to determine the impact on other motor operated, flex wedge
gate valves. Thrue scenarios were examined for each of these valvea:

1) Water trapped in the valve bonnet "exparids" as a result of
hoating during normal plant start-up.

2) Water trapped in tie valve bonnet." expands" as a result of
heating during a high energy line break (HELD) event.

3) One side of the valve is initial!y pressur1<cd by chick
valve leakage and then suddenly depressurized as a rasult of
a loss of coolant' accident.

The analysin-eliminated thermally induced bonnet pressurization
(scenarios 1 and 2) as a concern-based upon distance from the heat
source (reactor) and peak area temperature (duration) feliowing 3.

HELB.
-

n. .

_
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In the Rl(R and Core Spray systems there are testable check vaaves
between the reactor and the inboard isolation valves (flex wedge
gates). The check valves are only required to redr:e reverse flou to
less than 10 gallons per minute. Small amounts of leakagn past the
check valves will eventually place reactor pressure on one side of the
flex wedge disc. The wedge will then flex, allowing reactor pressure
into the bonnet. pressures en the order of 1,000 psig could become
trapped in the bonnets * all four low pressure ECCS injection valves
irHR and Cor Spray syssems) following vessel depressurization during
a LOCA. Calculations taking inte account the installed actuator size

-

and past Local Leak Rate Test (LLRT, data showed that bonnet pressures
in the range of 600 to 700 psig would be sufficient to lock the -

affected valvos shut, preventing low pressure ECCS injectiori.

After the valves lock shut, there is a finite period of time where the
bonnet pressure decays to a level less tnan the maximum bonnet
pressure the valve actuator can overcome to open the valve. This
pernod of tire i t, based en the leak area on the flex wedge disc to
seat surface. The leak aret is e,timated using local lear rate test
data. Lower leak rates will result in longer periods that the valve
will ce locked in the shut [osition. Considering the time period from
lhCA iniLiation until the ECCS injection valves receive their open
signal, the analysis conservatively estimated that the pressure within
the bonnets of two out of four low pressure ECCS injection valves
would have decayed within the capability of the valve actuator. If
the valven had had extremeiy low local leak rates, there could havo
bow.. no low pressure ECCS capability following a large break LOCA,

Corrective Action

Short-term corrective action was to modify all four of the normal,l'/
closed low pressuro ECCS injection valves, prior to plcnt start-up, to
incorporate a bcnnet vent to the high pressure side of the valse. _

Long-term corrective actions will be the f ollowing:

post-test1) Reviss the plant hydrostatic test procedures to req 1

venting of the bonnets of any flex-w+ dge or double gate
valves used as hydrostatic test boundaries,

2) Engineering will evaluato the future modification of other valves
identified as susceptible to pressure locking but do not have to
open to perform a safety function.

|

*

, . , . . . . -
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Additional aaformation

Component: Flex Wedqe Gate Valve, Motor Operated
Component Identification: 10MOV-25A/B
System: RHR LPCI
runctio : Inboa_d Injection & Pri7ary containment

Isolation
IEEE Function: INV & ISV
NPRDS Component Code: VALVE
Manufacturer: POWELL
NPRDS Vendor Code: P305
Model: 19073WE
Type: Flex Wedge Gate
Site: 24-Inch
Presstre 900 psig
Motor Operator Typai Limitorque SMB-4T

Old style with. Thrust Adeptor Pre-1967
Design Ho Longer Manufactured

Component: Flex Wedge Gate Valve,' Motor Operated
Componert Identification: 14MOV-12A/B
System: Co e Spray
Function: Inboard Injection and Primary

Containment Isolation
IEEE Functi.on: INV and ISV
NPRDS Component Code: VALVE
s4anufacturer: VELAN
NPRDS Vendor Codet ~V080

|- Model: B16-2A5PS-24TS
| Type: Flex Wedge Gate

Size: 10-Inch
Prersuro 900 psig
Motor Operatur Type: Limitorque SMB-2

i
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ACCIDENT SEQUENCE PitECUllSOlt PitOGIIAM EVENT ANALYSIS

L F.Il N o.: 336/91-009
Event Desenption: Both diesel generators unavailable and unit shutdown,

Date of Event: August 21,1991
Plant: Millstone 2

Summary

'

Iloth emergency diesel generators (EDGs) were fo'ind to exhibit erratic load control, a -

result of either a resistance change in the " droop" potentiometers in the electronic
govemor controls or contaminated oi! in the hydraulic actuator units. This second cause,

would result in EDO inoperabiiity un er all circumstances; the first cause would onlyd

impact paralleltd oper.9 ion. Assuming, for the purposes of this analysis, that the EDGs
e would be inoperable following a postulated loss of offsite power (LOOP), a conditional

core damage probability of 2.1 x 104 is estimated. The retrive significance of the event
compared to other postulated events at Millstone 2 is shown below.

IIR 336,*>l401

1E7 1E4 1E.5 IE-4 1E.3 tE-2
I I I I i 1, ,

ng

TRIP 360 h

36n h ~W
l LDFW + 1_ my - - I/XP -

preunor cutoff a MTR AFW

.

Event Description

On August 21,1991, with the plant at 90% power and EDG 13U out of service for
maintenance, redundant EDG 12U was running loaded and paralleled to offsite prmer to
demonstrate operability. At the end of a 1-h run, the EDG load control became erratic.
EDG 12U outpat breaker was opened, and the EDG was reparalleled, but crratic speed
control caused loud swings that prevented reloading. Maintenance on EDG 13U was
compl:ted, and its operability was demonstrated w on.i 1-1/2h.

Troubleshooting continued to determine the cause of the EDG 120 load swings, and
operability of EDG 13U continued to be periodically verified. 't wo days later, during an

_ _ _ _ - -
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F operability run, EDG 13U output breaker opened on a reverse power trip. With both
EDGs unavailable, unit shutdown was begun, and cold shutdown was reached the next
day.

The failure of both EDGs was caused by erratic operation of each EDG's Wocxiward
Governor EG.A electronic control unit. Two potential causes were identified. The first
involves h.rge resistance changa in the EG A " droop" potentiometer, which can result in
large load swings while.the EDG is running paralleled to the grid. The " droop"
potentiomet-r is not used when Ae EDG alone is supplying power to the safety-related
buses, and its failure would not affect EDG operability during emergency operation. The
second potential cause, which would impact EDG operability under all circumstances,
involved contaminated by draulic oil in the hydraulic actuator unit - foreign material was
found when the unit was disassembled.;

Additional Event-Itelated information

The Millstone 2 safety-related AC power system consists of two 4.16 kV buses, each.

supplied by an EDG rated at 2750 kW continttous duty. Each bus provides power to one
service water pump, auxiliaiy feedwater pump, reactor building closed cooling water
pump, high- and low-pressure safety injection pump, containment spray pump, and a

|
480 VAC emergency bus for lower voltage loads.

ASP Modeling Assumptions and Approach

The event has been modeled as a postulated LOOP during a one half month period. As

[~ noted in the event description,it is possible that the EDG problems were caused by a
change in resistance in the " droop" potentiometer. If this were the case, at least one EDG
would have been available (except for a 1-1/2 h period) given an actual LOOP.

[. Ilowever, since the cause of the EIX) problems could not definitely be tied to the " droop"
potentiometers and instead could have been caused by contaminated hydraulic oil,it was
assumed for the purposes of this analysis that both EDGs were fai. led and not
recoverable.

Analysis itesults

The estimated conditional core damage probability associated with this event is
2.1 x 10"*. The dominant core damage sequence is a station blackout sequence. This
sequence is highlighted on the following event uee and involves failure of emergency
power following a postulated LOOP, a reactor coolant pump seal loss-of-coolant accident
(LOCA), and failure to reco,er AC power prior to core uncovery.

I
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CONN 1 TIC 1BAL CORE DAMACE FROSABILITY CALCULATIOms

Event tder.tifle r 3M/ 91-009
E ve..A Ds se r ipt ien t floth disoal generatere unaestlable and unit shutdov.
Event Dates 08/21/91
P lant t Hillstone ?

Ot AVA!!.ABILITT, MleATION. 340

poebpicovtaAH!E- INITI A72hG kVLWT PROBA9!LITIES.

tair ' 2.1E-03'

SEQVLNCE Ct*DITION AL Pupi4AA!LTTY SUMA

End flate/Im8* tater Prot 4 1 6 y

t'l

t/xt 2.tt-64

total J.lE*64

ATWs

1DOP 0.0E*00

Tesa! 0,0Ee00

ELQUEWCE CECITIONAL PRonA4!LITIE5 (PachAntLITY ORDLR)

sequence End Stat e Prob N Pec**

13 loop -rt / loop _ EMERG. point.R -af w/ee stg. power -porv.or.arv.chall CD 9. 3E*0 5 3.3E-01 -
seal.loce . ap. rec tall

$4' loop *rt/ loop LMErQ Po* Km =a rw/emerg, power -pory.or o ry.chell - CD 7.1E-05 3.34-01'

so.3.loca op.roo
55 loop -rtiloop Eptpc.Powtp afw/emerg. power CD 3. 6E-O S 1.1E-01

* * non-t ecove ry c re<t t t for edite ) cose
I

$EQCENCF. Ct*DITILW AL PROHARILITIES (EEQUENCE ORDfR)

Requence - Erid State ' Prob # bec'*
~

|

53 loop -rt/ loop EMtps. Pows.a -afw/emerg, power pory.or.arv.cha.il CD 9.3E-0? 3.3-01 i

seal.1oca .or , rec t al)

54 loon -rt/Wp EMERG.PO'*Ep -af w/emerg. power -porv or.stv.chail - - ' CD- = 1.?E-0) 3,3E-03'_.
seal.loce - 6p.tec

S$ . loop *s t/ loop. EMERG.tchR afwleeerg. power CD 3.6E-M 1.1E-01_

non-recove ry 3redit f r,r edited cow**

hotes For unavailabilltlee, constitional probabilit y values are dif f erential values which ret teet the
added s tak due to intlar-e t sanociated with an ever.t. Parenthetical values indleate a toduction in ris1
esmpared to a almtlar perW without the esisti% f a t tures.

-ITQUENCE PODt.Lt ' _c1 tamp \ 194 4\pw rgssa t .gegi

,; - BkANCH t 'OEI. c \ asp %1909%ss1114tb2.s11
'

PROBA8tLITY ritD c;\ asp \1969\pwtf a t.pra _

. tvent Identifter: 316*ti-006
'
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On August 21.1941, at 180a hours. *1th the smn at 90% power, the 12C diewt generator exhibned ertauc load
comrol. wtu!e beins operated in parahet m1th offsne circuni at 2100 KW load, at the enc of its une hour
surved!ance run. *t he diesel generator uns bemp run to ver:fy m operabibtv uhde na redundant diesel generator
the 13tl tinit was out of sernce fof maintenance. On noung the erraue lesd s.,ngs on the 11U Diesel
Generator (DIO) the c,perator opened the output brealter to temose the load The generator was then -
reparalleled to reload the 1:L D'G. but errauc speed control caused load s ,ngs that prevemed reloading at
that ume.

Wnh both emergency D/Cn our of serwce. the 13U DrG rnamte..ance was completed and the operabuny of the
13U D/G mamtenance was comp 6eted and the operabdny of the 13U D'O was demonstrated s.attstactordy wnhm
1 and M hou s, and the umt rema:ned in comphance matts Technxal Specthcanon. Sect on 3 8 1 1. acuen ed!.

Troubleshooung conunued to determine the cause of the 12D load swings by momtonng its governor control
. signals mth ade.onal instrumentauon. The operaoday of the .13C D/G was periodicaDv nrthed in accordance
with Techrucal Speaficauor, requiremenu fm one DIG bemt out of sers.ce.- However, dunnt the tierformance
of an operabth:3 run on 8*23/91 at 05 . hours. the 13U D'O output breaker opened on a revene pomer : ap.
The second .D/G was dectated moperatue a a tesult of tr.e rentw power uar and a urut downpower to co.d '
shutdown was conuarnced m accordarse .,th Te:hngal Speahcation Atuon Statement 3 i Litch The unr
reached told hotdowTt at 1410 houn un $12091 and verthed comphance wuh the acnor staternents of
Technical Spec f;cauons 3 a 1 : b (no core ahernaunm pertmneN. and 3 8.2 2 f containtnent tmeinto uur.
both DIGS moperabe
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Or August 21.1991, at 180 4 hours, wnh the una at 90% power, the IW deesel generator eebited
errats blai convoh shale being operated in parallel with offsue circuns at 2!00 KW load, at the end of
us one bout survedtarne run T he ebesel genervor in at being run su venf t its (9enirnhty wtale su
redadard d>cse! generator, the 13U ann was out of servne for maintenanu. On noting the errauc ined
swa.p on the 12 L Docte) Denerator (DIO), the operator crened the output breaker to remtwe the load
T he prarator mas then separal:eled to reload the 12U DtG. but erratg speed control cauwd had s*ings
that prevenied remadeng at that time *

Wnh both e rt.eigeno DIGS ow of servire, the 13U IUG mamtenance was t omried, and the operamt>
of the 13U IUG was dernonurated samfactorily withm 1 and % hours, and the utut remained m
comphanu with Techngal specifa.auon secuan 3 81 1. acuon Id)

TrouNeshoonng cononued to determae the cause of the 12C load wings by rnotutore.g na gowrnor
casaint 6.gnati with addsoonal - trumertauoro The sperahihty of the 13U D/O was perudcalb .trif>ed.

m accoraance wnh Techrncal Spectitcanon requuements Inr one D/G bear g out of servae H owew r,
dunnt the twrformance of an operabihry run on A'23'91 at 0942 hours. the 13U D/O output breaker
cl'ened on a reverse peer inp The ucnnd D'O mas draaied moperable as a tesuh of the rewrse
power tar and a urut ocwvipover u cold shutdown mas commenced an accwdarge wuh Technatal
5peahtauon Acuou Statement 3 81 '(dt he unn reached cold shutdowrt at 1419 hours on $/24$1,
and venhed comp rice eth the act on starernents of Tecte scal Specifwauons 3 ft i 2 b (no core
ahorauons pere nedt and 3 R 2.2 (containment miegrity) wuh both D/Gs mopent. sie

il Chat.Mlp;m

lhe cause of the load swtngs was mtermment f aihat of the Woodward Governor EC-A electronic control
unit in the governor ayu m of exh D/G

bot Cag,g

Troubleshootmg was perfwmed on Inh d.esel generator governor systems, which revealed the root cause
to be erranc operauon nf the EG-A unas er each DIO

The 13U D/Gs EG4 A unu mput .nd output elecincal signat$ were rnot.nored durmg test runs in the
load'i conmuon whde paralleled wnh ti e gnd Dtn'ig oburved load Socallauorn the EG A output
minat was recorded ai makmg a curresponding :hange mtri no change tri any mput ugnala-

Further cher.ks of f G* A mternals trienufned the * droop * potenuometer as having large reWance value
t ha nges . The 'dioop pot * sNmid not change m remtance on(e an intual settmg has been rnade A
change in restuarue m the "drc~o pot * mtli cause large load swmst. etther posaave or negauve, whbe the
generau>r n car,ytng load in the 'paranel* mcw.le. Therefore, the data obtained idenubes the root cme
al the l'G- A onn ' droop pot?

' The *dwp pot * u out of the cartua when operaung in the non-parauel or Nochronous* rnode, and
thus ns f4 Aue o< erraue operanon would not have afleved ervergency operauon of the D/Os

i

j The EG- A and IGit-10C uno from tha 12U D/C were hent im sesung and analysis at the vendor's
f actor) teu f a@y Punne tesunt of the E G- A umb unenpiae ' LO- A output vokage swings were
r;tnerved Lnfortunate(. the vohage swirigs sould not be dc .d agam at the test inturn and rd-

valuable infarnanon was gained,.
r
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Danrq caaoembh O! the LGP-lbC fadrauhc actuate unn a sm4D amoun' of tore.p ma:erw was
nmed Imuft thn contarmraaner. was umucered as i pue6e cause of the erraut operauen in the
hnal report th. undor condaded the ed contamir.auon was nat the cause o! the laad <*irqs seen a:
% hstane Thn conctuuor, we teet or the lack of a'u normy nf amerna; movmc paru Thr
n,cenesteno netween tronal hnd:rgs and br.a' reports does not a;ter the f acts et the enorrnahnes seer
m the e ectrornt contrub pertorrnant e anc the contaaunabor- of the hsdrauhc oil tha' wppor1 trae rmi1

caa,.e c oncleons

of trouNe hoaung mduced c hecu of other gm ernor cuntros u sten. componenu w hich toaldThe procco -

ha se created the had wmp Ole t nems checked and etmma.ed were Speed settmi pot i motor
operated po; 6. 1+ oc ht onem-Parate; 5 .tch and ke:c 41. P5 n Ger erator Output Putenua2 Transformers
(pts;. and mtercunricctmg canes for npent or grourids

Thut the tr.al ront cause of load somgs on bo h c;esei per:erators is erranc oceranon of the EG- A
eiectromc goserr 3r unn. or contarntnabon of the heran on. cr a com5matan of naa condmans

lh ;\ - ' ?}srm
Tb report r bemt sanmmed punuam te reca:rementi ci raragraph $0 '3 ali )(n. ine corr;pienen of.

ans naciear piam shutdown requed h tra Nam's Techn.cai Spe;;hcanons

There were na salets consequences as a result of thn e.em unce at au t.mes the unn we . compLance
unn Techracal Specthcauans

The salen ugmf auce v as mter.a because the fma; reuen show the !K D G wou.d hase been
asanabic nae u r.cen cahed upon to prouce power ir ar. emergency condtoon insoM y a lou et norma
pow er

& Co min e en
3

The correcuve acnon taker. was to repiace the posernor EG- A and EGB-10C umts on noth the 120 and
13L D Gs Followmp r.Macement a Fan test program was ecncacted tha! sbeued both D G3 te a low
of rorma! power d.NPi nan wnh sequenced loadmg of the generator *hile -unrung m the nochrutinus
moce, tohnwed 5 pan;a and fun Icad reiecuan tests. fau rated load runs at 190 kW. anc two hour
runs a; 2l00 W

e

To preclude ad contammadon as a cause of a recurren:e. the Maintenar.ce Deranment has been
directed to add steps t Oush the hscrauhc actuator urut as part of the retuchrq rnamtenance efter

To preduce a umdar re urrence p;a ns nase been minated to upgrade the D.G controis wnh replacemem
nuems of a newer de%gn '*ep;acemem n anticq ted to be accomphshed cu mg the 1N refuer.gr
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ACCIDENT SEQUENCE PitECUllSOR PROGl(AM EVENT ANALYSIS 3

. LER No.: 368/91 012
Event Ikscription: lloth normal service water trains fouled by debris ',

Date of Event: April 16,1991
Plant: Arkansas Nuclear One, Unit 2

Summary

Maintenance and operational errors at Arkansas Nuclear One, Unit 2 (ANO 2) resulted in
rotation of debris laden raw water traveling screens while the screen wash system was
not operating. This permitted significant quantities of debris to carry over into the
common service water (SW) pump suction pit and into the SW systert Pump discharge
strainers on both operating SW trains quickly became fouled, and both trains were
declared inoperabic. A third (standby) pump we.s aligned to an alternate suction scarce
and placed in service to supply loop i SW loads. The loop I nonnal supply pump SW
strainer was cleaned, and the loop was restored to normal alignment The standby pump
was then aligned to supply h>op I!. restoring the Tech Spec required SW configuration
approximately 2 h after the fouling occurred. The conditional core damage pmbability
estimated for this event is 4,8 x 104, The relative significance of this event compared to
other postulated events at AN') 2 is shown below.

,

LER 36H/11012

IE-7 10 4 E4 IE.4 1B.3 IE4 '
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Event Description

' While perforruing preventive maiatenance on the SW traveling screens with the plant in
startup, plant maintenance persot.nci rotated the screens without operating the screen
wash system. The traveling screens serve to prevent debris from entering the SW pump.'
suction pit,itnd this debris builds up on the screens over time. When the screens are.
rotated, screen wash spray., are normally operated to remove the debris. When the
screens were rotated without operation of the screen wash system, the debris was cerried -

;
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over into the SW pump suction pit and was entrained in the SW pump suction supply.
Pump discharge strainers in each of the two service water loops quickly became
obstmeted, rendering the trains inoperable.

Operators then started the standby SW pump to supply loop 1, aligning its suction to the
emergency cooling pond to prevent it from being fouled by the debris in the common SW
pump bay. The normal Imp I supply pump discharge struiner was cleaned, and the pump -
was returned to service. The standby pump was then aligned to supply loop 11, restoring
the plant to a normal configuration. The time required to clean the pump strainer and |
trturn loop I to service using that pump was ~90 min.

Additional Event Related information
i

The SW system at ANO 2 normally takes suction from the Dantenelle Reservoir, and an - '

alternate supply is available from an emergency cooling pond (!!CP). Two independent
SW loops supply cooling water to engineered safety feature equipment, to component |
cooling heat exchangers, and to the nonsafety-related auxiliary cooling water system. |

The service water system supplies the following major loads (partial listing): )
a

1

cmergency diesel generator (liDG) heat exchangers j
component cooling water (CCW) heat exchangers, 1

,

shutdown cooling heat exchangers,
high pressure safety injection (IIPSI) pump coolers,
low-pressure safer, injection (LPSI) pump coolers,
containment spray (CS) pump coolers,
charging pump room coolers,
containment cooling units, and
various safety-related room coolers.

At the time of the event, the reactor was in the star:up mode at low power. Ilad the SW
failere occurred during full-po ver operations, the consequences could have been more
severe. This event couhl also have been more serious had the plant operators failed to
recognize the need to align the remaining SW pump to its emergency suction supply-
before starting it.

ASP Modeling Assumptions and ' Approach

This event was modeled as a postulitted loss of SW while at pour. Given the loss of
,

. SW, successful operator action to align the standby pump to the ' 2P and start the pump|

(which requires an understanding of the cause of the loss of SW before pump start) will

j - provide SW to one of the two SW loop::. less of SW will resuit in the loss of the CCW

| heat sink, Loss of CCW cooling to the main feed pump lube cil coolers, instrument and
~

|

|

| -
\
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service air compn ssors, and the reactor coolant pump (RCP) motors is assumed to result

in an automa'ic or manual scram and loss of fei. water (LOFW).

Both auxiliary Redwater (AFN) pumps on ANO 2 are self-cooled ud were considered
availabh without SW, SW cooling is provided to the charging pump room coolers and
the high pre 8sure injection (llPI) pumps and room, but SW for this purpose was
assumed to be required caly in the recirculation phase following a loss-of-coolant
accident (LOCA). Unhke many c her RCP seals, which use both seal injection and
thermal barrier coo'.iig, the RCP seals at ANO-2 use only CCW for thermal barrier
cooling. Unavailability of CCW for an extended period of time (as could be the case
following a loss of SW) may result in a small-break LOCA.

_

The resulting core damage model used to analyze this event considered the potential
failure of the operator to align the standby pump ,o the ECP, and the potential failum to
clean the two service water strainers and return the two service water loops to service.
The event was modeled assuming the plant was at power and that, had alignment of the
standby pump to the ECP not been successful, a trip and loss of feedwater would have
resulted from the !oss of coolicg to the RCP motors (which would require RCP trip for
motor pmtection), main feed pump lube oil coolers, and air compressors.

if SW were not recovered within ~1 h, then the potenti-1 for an RCP seal LOCA was
considered, in the event of a small-break LOCA from ei:her a stuck-open relief valve
(transient-induced LOCA) or an RCP seal failure, sump switchover was assumed to
occur -6 h after the LOCA, Unavailability of SW at this time was essumed to result in g

unavailability of containment spray recirculation (CSR) and high-pressure recirculation
(IIPR).

A conditioning event tree was used to characterize the plant status associated with success
_

or failum in recover . SW. This event tree is shown in Fi 1. Successful alignment of ,

the standby pump * 6e ECP was assumed to not result in a reactor tri: (although plant
shutdown may stib be required). If the opeiator fails to align the standby pump to the
ECP, then recovery of SW requires cleaning of the discharge strainers. Because of the .

length of time required for this, a small-break LOCA may result from the unavailability of
RCP seal cooling. This is represented by the next branch on the event tree (occurrence of
an RCP seal LOCA is associated with the "up" branch). The next two branches represent
succusful recovery of the first and second clogged strainer prior to switchover to sump
recirculation, when SW is assumed to be required. For situations in which en RCP seal
LOCA does not occur (RCP seal LOCA "down" branch), SW is assumed only to be
necessary to mitigate a LOCA resulting from a stuck-open relief valve.

The traasients associated with the six sequences involving failure to align the standby
pump to the ECP are listed in Fig.1, alang with the probability of the conditioning
sequence, the conditional probability of core damage given the conditioning sequence,

. _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ --
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and the core damage probability for the Eequence. The follow assumptions were made to
estimate the conditioning sequence probabilities:

a. Ti:e ~obability of the operator failing to correctly align the standby pump to the ECP
was a.sumed to be 0.12.

| b. 'Ine time required during the event to clean the first strainer (90 min) was assumed to
consist of a 30-min preparation period and a 6(bmin time-to-repair after work orders
were prepared, tools were drawn, and the repair ciew reached the strainer.
Assuming an exponential repair model with I h as the median repcir time, the

'

probability of not recovering one strainer at time t is ptsTR(t)=e .693(i .5), t > 0.5 h,
!- and the probability of not recovering lx>th strainers at time t is p2s7R(t)=Cs693 (&5) I,

> LO h.
a.

c. The ANO 2 safety anMysis report (SAR) notes that experience with loss of cooling to
RCP seals of the same design as used on ANO-2 indicates that the seals will continue
to function for time periods up to 40 min. No data were provided for losses of
cooling greater than 40 min. In this analysis, the probability of an RCP seal LOCA

,

was assumed to be zero up to I h after seal cooling was lost. Beginuir g at I h, the
probability of an RCP scal LOCA was assumed to increase linearly to 0.34 at 1.5 h,
after which no additional seal failures were assumed to occur (pst = 0, t < 1 h; pst =
0.68(t-1),1 $ t < l.5 h; psL = 0.34, t 21.5 h). This type of seal failure model 9

-
similar to that used in the Accident Sequence Precursor (ASP) Program for mode..; ,_

' station blackout sequences (see ORNL/NRC/LTR-89/11, Revised LOOP Recovery
and PWR SealLOCA Models, August 1989). Using a convolution approach similar
to that in ORN1/NRC/LTR-89/11 to combine the probability of failing to recover SW
with the probability of an RCP seal LOCA allows the probability of the remaining
portions of each sequence to be estimated. For example, the probability of the third ,

'

sequence, which involves failure of the operator to align the standby pump to thei

ECP, an RCP scal LOCA due to unavailability of seal cooling, and failure to recover'

SW before sump _ witchover (assumed to occur 6 h after the RCP seal LOCA),is j|-
s

calculated as follows: ij

; p(seq.3) = p(opt fails to align standby pump to ECP) x f p,(t):, f ,(t) x pm,(t + 6 It) dty

,

.

.where fst(t) is the probability density function for RCP seal LOCA and
'

plSTR(t + 6 I t) is the probability of not recovering one train of SW at t + 6, given it
was not recovered'at t. Since fSt(t) is non-zero only between 1 and 1.5 h, and

PISTR(t + 6 | ') = e. 693 0+6J)/ c .693(t=.5) the probability for this sequence is 0.12 x,

u
0.68 x e. 69st+5.5)dt = 3.8 x 104 .j.t

y

i

i
j

.I

__
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Analysis Results

The conditional core damage probability for this event is estimated to be 4.8 x 104. This
value is strongly influenced by assumptions made concerning recovery of the faulted SW
trains and the probability of an RCP seal failure. The dominant sequence, highlighted on
the following event tree, involves an RCP seal LOCA and failure of HPR and CSR due
to unavailability of SW.

___

E

_ _ _ _ , _ _ _ _ _ _ _ _ _ _ . _ _ _ _
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Resulting
Transicm

Operamr One Faulted Second Faulted
and

Loss of SW Aligns RCP Seal Train Recovered Train Recovered
Standby LOCA Before Sump Before Sump Conditioning Transient Sequence

Sequence Conditional Conditional
Pump to ECP Switchover Switchover

Sequence Probability Probability thobability

y no trip
-2 5.0 x 10-5

1 3.6 x 10 Note 1

5.2 x 10-54.7 x 10-3 Note 22
4 4

3 3.8 x 10 Note 3 3.8 x 10

6.1 x 10'I7.3 x 10-2 Note 44

2.2 x 10~71.7 x 10~2 Note 55
3 7.3 x 10-7

-
6 2.2x g Note 6 m

h4.8 x 10
|

"

!

| Note 1. Small-break LOCA with both SI trains available following sump switchover [p(cd I small-break LOCA and both SW trains available for
'

recirculation)= 1.4 x 10-3)
Note 2. Small-break LOCA with one Si train available following sump switchover [p(cd I small-break LOCA and one SW train available for

recirculation) = 1.1 x 10-2)
Note 3. Small-break LOCA with no Si train available following sump switchover {p(cd I small-break LOCA and no SW train available for

recirculation) = 1.0]
Note 4. LORV with toth Si trains available following sump switchover in the event of a stuck-open primary rehef valve {p(cd I trip with MBV

unavailable and both SW trains available for recirculation) = 7.8 x 10-6)
Note 5. LOFW with one Si train available following sump switchover in the event of a stuck-open primary relief valve ip(cd I trip with MFW

unavailable and one SW train available for recirculation) = 1.3 x 10-5;
Note 6. LORV with no Si train available following sump switchover in the event of a stuck-open primary relief valve [p(cd I tr;p with MFW and

both SW trains unavailable) = 3.3 x 10-4]

Fig.1. Conditioning event tree for LER 363/91-012

, _ . _ .
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.

(OCA RT AFW MFW HPt HPR PO9V CSR
SEO END
NO STATE

I

71 CD=

12 CO

m,

j 73 CD'

L 74 CD

m
~

79 CO

7s . co
,

76 CD
$ n w ,

78 ' ATWS

Dominant core damage sequence for LER 368/91-012

|

_ ._ _ , . . . _ . . . . _
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COh0lTIohAL CCPE LAMA 3t PR0aAAILITY CA!c0LAT!CNS

Event ident i f ie r : 364/91-012
Eve t l'**criptions both normal SW t rains f ouled (cond seg 1)

-Et r Date: 04/16/91
Plants ANO - Unit 2

1EITIATINO EVENT

NON-RFCOVER ABLE IhlTI AT!k; IVENT PROBAhl!.lTik'S

LOCA 1,0E*00

SEQLENCE COhDITIOh AL PRol4Ah;LITY SLH3

End St at e/in t t iat o r P robabilit y

CD

loCA 1.4E-C'J

Tota 1 1. 4 E- C .3

ATWS

!F:A 3.4E-05

Tot a l 3.4E-05

SEQL'EhCC COICITION AL PRCBABILITIE S 4PROBASILITY CC ERI

Sequence End State P rob N Rec **

71 LOCA -rt -afu -tp1 hpr/-hp1 CD 1.1E-03 1.0E*C0

12 LOC A a rt -afw bpl CD 2,5E-04 0,4 E +01

78 LDCA rt ATWS 3,4E-05 1,2E-01

* * non-recove ry c realt tot edite<! ca se

SEQL'ENCE CUNOITION AL PROBASILITIES (SEQUEhCE CROFPI

Sequence End Stele Prob N Rec =*

71 14CA art -afw -hp1 hpr/-hpi CD 1,iE-01 1.0E+00

72 LOCA -rt -afw hp1 CD 2.5E-04 9.4E-01 ;
*

79 LOCA rt ATW1 3.4E-05 1.2E-01

non-recove ry credit f or edited case**

SEOCENCE MODEL: c;\ asp \1999\pwrgseal. cmp

BR ANCF MODEL: c:\ asp \1969\ano2.all

PPO9ABII.!TY FILE: c : \a sp\ l 99 9%pwr,ba ll,p ro

No Recovery Limit

BRANCR T REQtEhCIES / F 909 ABILITIES

Branch system Non-Recow Opr Fall

trans 2.2E-04 1.0E*CQ

Event identifier: 368/%1-012

a

- - - - - _ _ . - _ - . _ _ _ __ _ _ - - _ _ _ _ _ _ _ _ _ _
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loop 1.6E-0$ .1. 6E -01
1DC A 2.4E-06 > 2.41-06 4.30-01 3 1.0L+00

Branch Modelt Ih17(*
Init iator f req 1 7.4E-06

tt 2.8L-04 1.2L-01
s t s Ic4:p 0.CE+0C 1.00+00
6me rg .gx we r 2.60-C) 6.01-01
afw 1.JE+03 2.6T-01
afw/energ.pewer 5.04-02 3.4E-C1
MFw 2.0E-01 > 1.0E+00 3.4E-01 > 1.CE*00

b r enet: *tudelt 1.Or.1
Train 1 Cond T r otu 2.cr-Cl a Une va t table

pot v.or 'rv.c ha ll 2.CE-02 1.0$.+00
1.orv.or.e rv r essat 1.0F-02 1.iE-02
ge t y.ot . o r v. r e seat /ece r g . swe t 1. dea 02 1.0E +C 0
seat.loca 4.0E-02 1, CE + 0 0

ep. r ec t e u 5.tE-01 1.CE+C0
er. roc 7,1L-02 1.00 00
h01 3.0E-04 S.4E-01
rpt (t /td ?.0E+C4 8. 4 r, 01 c7
parv.open 1.0t-02 1.0t+00 4,0E-04 __

bpr /-P.pl 1.5E-04 1.0F*C0
cat 2.CE-C) 1.44.-0 1

* blanch mode l f ile
** forced

Minartch
08-11-1992
1hz12124

3

-

Event Ident1fter 168/91-012

_ . _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ .
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COND3TIONAL CORE CAMA 0E PROBASILITY CALCULATION! .

Event identillers 368/41-012 .
Event !.wacription: Both normal Su t rains fouled ' qcond seq 25
Event Date: 04/16/91
Pla nt ANO - Unit 2

INITIATING EVENT

WON RECOVERABLE INITI ATING EVENT PROBASILITIT8

IOCA 1.0E*00

SEQUENCE CONOITIONAL PROBABILITY SUMS

End State /Initiatot P robabilit y

CD

LOCA 1.1E*02

Tot a l 1.lE-02

ATW$

toCA 3.4E-05

Tot a l 3.4E-95

SEQUENCE CONDITION AL PRCHABILITIES (PRf6 ABILITY ORDER)

Sequence End State Prob N Rec **

71 LOCA -it -afw -hp1 HPR/-HPt CD 1.1E-02 1.0E+00

- 18 LOCA rt ATws 3.4E-05 - 1.2E-01

" non-recove ry credit f or edited c.ase

SEQUENCE CONDIT1"# A1. PROHABILITIES (SEQUENCE ORDEB)

sequence f.nd State Prob N Rec 88

11 14CA -rt. -a f e -hp1 HP R/-HP 1 CD 1.1E-02 , CE+0i
78 1DCA rt ATw1 - 3.4 E-O S - . 1.2E-01

" non-recovery credit for edited case
r

SEQUENCE MODELt- c 3 \a sp\1989\ pwrg s eal .cthp
BRANCH MODEtt ct\ asp \1999\eno2.311
PROBABILITY FILE: c \ asp \1989\pwr_bs11. pre

No Recovery Limit

BRANCH FREQUENCIES / PROBABILITIES

' Branch System Non+Recow Opr Fall

-trans 2.2E-04 1.0E+00
loop 1.6E-05 3.6E-01

-10CA 2.4E-06 > 2.4t-06 '4,3E-01 > 1.0E+00

Event identifiers 368/91-012

._ _= __ _ _ _ _ _ __

.. . . . .. . .
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Branch Medelt I M Tt*

Initiator Iroat 2.4E-06
tt 2.tE-04 3.2C-01
rt/laup 0.0E+00 1.CE+00
ererg. power 2.9E-0) 8.0E-01
afw 1.3E-01 2.6E-01
af w /etwe g.gover 5.0E-02 3.4E-01
PG t 2.CE-01 > 1.DE.a00 3 . 4 E - 01 > 1.00+C0

Branch Nadel 1.or.1

T r a t ti 1 Cond Prubt 2.0E-C1 > UnavalleEle
gerv.cr.stv.chall 2.Cr-C2 1.DE+00
parv.or.srv. escat 1.0E-02 1.1E-02
pest v.er . s t v. r esent / emer g.gove r 1.0E-02 1.0E+00
sea l . loca 4.0 0 -C 2 1,0E +00
ep. t er. t s il 5.9E-01 1.00 00
ep.ree 2.1E-02 1.CE+00
rp1 3.0E-04 8.4E-01
Fritt/bl 3.0E-04 8.4E-01 1.CE*02
porv.open 1.0E-02 1.0E+00 4.0E 04
HiW/-bPI 1.$E-04 > 1.05-02 1.CE+t0

branch Mudelt 1 (W ,2
~

Train 1 Cond P at1 1,0E-02
Train J C r>r d r ot,: 1.5L'-02 > Una va ila bl e

CSB 2.0L-03 > 2.00-04 3.40-01
Etanch M.V 1: 1.or . 2
Train 1 Cond Probt 2.0E-02
Tratti Cond Prob: 1.0E-01 > Una vallatsle

* ti r s sh nwusel file
* * f , rced

o

Minarlek
09-11-1992
D:15:25

-

Event Ident i f ie r : 360/91-012

3

_ _ _ _ _ _ _
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CONDIT!CW AL COks DAMAGE PROBASIL*TT C ALCt?LATION$
.

/

Esent i dent if ie r t 368/eb012 . 'Event De scr ipt ion Both normal SW t rains f ouled (cond seg 31
Event Catet C4/16/91
Plant ANO - Urs t t 7

b

INITIAT!NO EVEN.

N A -kECOVERABIS IlilTI ATING CVENT PRohABILit1ES ,

8 <'LDCA 3.0E*C0 s t

EEOUENCL CONDITION AL OPOhARILITY SUMS

End siat e/Inttistor P roteb illt y
' *

,

CD

LIK A 1.Cf*C0

Total 1.00,00

ATWS

IICA 3.4E*05 8

.

Tote) 3.4E-0)

EEQUENCE COkDITIch AL PRO'uSILITIE S (Ph0BABILITY ORDLRI

Sequence ini State Prob N 9ec'8

71 1DC A -rt -a f w -hp1 HP R /-ItP 3 CD 1.0E+00 1.0E+00

79 LDCA rt ATW1 3.40-OS 1. 2 F. - 01 *

ron-recove ry c redit f or edited case**

SEQUENCE CONDITION AL PRODABILITIES (SEQUEhCE QNDER)

Sogaence Er.d State Prob N R6c'*

11 IDCA -st -afw -hpi itPR / -HP I CD 1.CE+00 1.0E+00
70 LOCA rt AiWS 3. 4 E-0 3 1.?E-01

non-recovery credit f or edited casa**

SEQUENCE pm30ELI c \ asp \199 9\pwrgseal.cfrg)
BRANCH MODEL: ct\ asp \1999tano?.all

PROBABILITY FIIEt ct\ asp \1949\pwr_bs11. pro

No Recovery Limit .

B& ANCH FREQUENCIES /?ROBABILITIES

B ra nch S y st em Non-Recov Opr Fa11
..

i

trans 2.?E-04 1. 06: + 00

loop 1.6E-05 1.6E-01
LOCA 2.4E-04 > 2.4E-06 4.30-01 a 1.0R+00

Event Ident i f le t t 366/91-012

Ii

4

%

__ __ - - _ _ - _ _ _ _ _ _ _ _ _ _ _ __ . _ _ _ _ _ . _ __
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11-361

Branch ho*La *NITOM
Init iator Freq* 2.4L-06

rt J 4L-04 1.20-01
t t / l oop 0.0f*00 1.0E*GO
emerg.3wwer 2.9E-C) 8.CE-01
afw ?.3E 03 2.6E-01
e r m / w*n t g .pwei 5.CE-02 3.4E-01
M tu 2.CE-Cl > 1.CE*00 3.4E-01 2 1. 0F. * 0 0

Dranch Ndelt 1 .06 .1
Train 1 Cor.d Probt 2.0E-01 * Ur,4v411stle

gwt v.or . a rv.c t,a 11 2.CI-C2 1.0E+00
per v.or .s tv resoat 1,CE-07 1.1 E - 02

po r y.c r . s t v.re nest t e=w s g.pwe r 1.0L-07 1.0E400
seal.loca 4.0E-02 1.0L*00
eg . r ec ie l) $.4L-Cl 1.CE*00
ep.ree 2.1E-02 1.00,00

het 3.0'-04 0.4E-01
tpl(f /M 1.CE-04 8.4E-01 1. 0 f. - C 2

gory.cten 1.0E-02 1.Cr+00 4.CE-04
b?P/-HPI 1.SE-04 > 1.0Le00 1.90 00

hrench M;-del: l AV .2 _

Train 1 Corsd P r ot t 1.0F-02 > Uria ws11able
Trate 2 Cond Probt 1.5 0-02 > Ur.s va l labl e

tsa 7.CE-C3 > 1.CE*00 3.40-C1 > .00 00
Oranch Modelt 1.tW 2
Train 1 Cond Probt 2.C E-02 > Ona va ilst le
Train 2 Cond Prot: 1.CF-01 4 tfna va ila ble

* branch model file
** fr-red

Minatick
0 9-I b l 4 %7
15:11:31

3

-

Event tuent1(lor: 3h8/91-012

_ _ _ - - - _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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B-362

i

CONDITIUN AL Ci*E LAMAGE PPO..A91LITT C ALCL'LATION S

i Eve nt identitlers 364/91-012'

Event Descriptiont both normal SW t rains fouled teend seg 4)
Event Datet 04/16/91
Planti ANO - 1; nit 2

INITIATING EVINT

NON-RECOVER ABLE INITI ATING EVENT PROBARILITIES

T9AN$ 1.00+00

SEQUENCE CONDITION AL PROB.'1LITY SUMS

End State /Init istor P ret abil it y

CD

TRANS 1.4E+06

Tot a l 7.8E-0 6

A!ws

THANS 3.4E-C$

Total 3.40-05

SEQtT.NCC CUNDITlON AL PROBASILITIE E (PROBABIt,lTY ORDERI

Sequence fed stare Prob N Rec'*

19 trans rt AtWS 3.40-C $ 1.2E-C1

** non-recovery credit for edited case

$ECCT.NCE CDNDITION AL PROBABILITJES (SEQ 0LN"E CROCA)

Sequence End S t at e Prob N Eec *e

18 tsans it ATW1 3.4E-C5 1.2E-01

** non-recovery creilt for edited cast

OEQUFNCE MODEL : c \ast \199 9\pwrgssal.ctrp

BRANCH MODEl. c;\ asp \1989\ enc 2.all
PROBABILIYY FILI': c:\ asp \1999\pwr_bs11. pro

No Recovery Limit

BRANCH FDECUENCIE3/t' ROB ABILItiks

B ra nch System Non-Recov opr Fal)

trans 2.2E-04 1.0E.00
loop 1.6E-C$ 1.6E-01.
LOCA 7.4 E*0 6 > 2.4E -06 4.3E-01 > 1.0F+03

Branch Models INtToa
Ir ttiator Freq: 2.4E-06

Event Idgntifiert 364/91-012

<

ii

._. --. _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _
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- B-363-

at 2,et-04 1.2E401
tt/ loop 6.0E.00 1.gt.og
emerg. power 2.DE*01 0.0E-01
afw . 1.3E-03 2.EE-01
efw/ewetg. power 5.0E-02 - 3.4E-01'
Mrw

. 2.0E*01 > 3.0E+00- 3.44-01 > 1.0E +C0
Branch Models 1.or.1
train 1 Cone Predit 2.0L-01 > Unavailable

{: gory.or.ory.chall 2.CE-02 1.0t+004

pory.or.arv ressat 4.CE-02 . 1.1E-02o

g, ger v.or.arv. reseat /ener g. power 1.0E-02 1.0Ee00
; seal.loca 4.0E-02 1.0E+00

ep,rectsl; 5.9E-01 1.0E *00
ep,rer 2.1E-02 1.C E .00
hp1 3.0E-04 8.4E-01
hp1 (f /bl 3.0t-04 4.4t-01 1.0E-02" ger v .oren 1.0E-02 1.0E+00 4.0E-04
hpr/-hp1 1.5E-04 1.0E+00

,: car 2.0E-03 3.4E-014.;

| * branch model file
j ** forced
'

. r

i ' {
-I

M.inarick
08-11-1952
25:18:46

i,

v

, . .

:f -

lc

l'

. !
>

$

i

1

'

r

!'

i
1

|

!
i

h

,

T

r.-

> Eyent 14entitlett 368/91-012

h

_. -

<
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B-364

CONDITIOEAL CORE CAMACE PROBABILITY C ALCULATIONS

Event Identifier '368/01-012
'twent Description Both normal $W t rains fouled (cond seg 5)
Event Date: 04/16/91

. Plant: ANO - Unit 2

INITI ATING EVEtt7.-

NON-RECOVERABLE INITI ATING EVENT PROBABILITIE3

TRANS 1. CE * 0 0 '

SEQt'T.NCE CONDITION AL PROBABILITY SUhJ

End St ate / Initiator P robabilit y

CD

TRANS 1.3E-0$

total 1.3E-OS,

i

ATWS

TRANS 3.4E-05

total- 3.4E-05

SEQ' ENCE CONDITION AL PROBARILITIES (PROBASILITY ORDER) .J

Sequence End State Prob N Rve**'

le . trace rt ATw$ 3.4E-05 1.2E-01

I ** non recovery credit for edited case

SEQUENCE CONDITIONAL PROBA91L171ES (SEQPEWCE ORDER)

- Sequence End State Prob M Rec'*

I.
18 t rans rt ATwS 3.4E-0$ 1,2E-01'

i

** non-recovery credit for edited case

i
SEQUENCE MODEL: c 3 \a sp\198 9\pwrqa ae l .cPp

- BRANCR MODEL: c \ asp \1989\ano2.s11

, PROSVl!L.ITY FJ1El c t \a sp\ 1989\ pwrf s 11.p ro -
|'

__

= No flecovery Limit

BFAwcH FREQUENCIES / PROBABILITIES

Branch System Non-Recow Opr' FALL

trans 2.2E-04 1.0E +0 0
loop 1.6E-05 . 3.6E-01
LOCA 2. 4 E-0 6 > 2. 4 E- 0 6 4.3E-01 > 1.0E+00.

Branch Modelt INITOR
In.ittator Freqs 2.4E-06

Evkat Identiflers 3(4/91-012~
'

_.

q- e-ay *e p-. .# - - - . ee=. v % e.,'.gm-m ,t'ip%.i e>_f e
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11-305

tt 7.80-04 1.2E-01
r t / l oot. 0.0E*00 1.0te00
errergawwer 2.9T-03 a.00-01
at= 1.31-01 2.6t-01
etw/energ.7,ver S.0E-02 3.4r-01
%w I.CE-C1 a 1. 0 tA 0 3.40401 > 1.00 00

Bra %h Model 1.Ut" .1
Train 1 Cond Prot 1 2,DF-01 > Unav41l4H e

guir v.or . s rv ,r ba l l 2.0 E -02 1.0F+00
Istv.or.arv.rescat 1.00 Ce 4.1L-02
gy t v , et . o r v. r e sea t !=nw e g .gewet 1.0f-02 1.00400
seal.loca 4.0* 02 1.CE*D0
ep.reefall 5.9E-01 1.0L+00
ep. rec 2.lE 01 1.0F+00
t; 1 3.00 04 6.4L-01
!T1 (! / til 3.0s-04 8.4I-01 1,00-C2
ge r v . c.t w h 1.0E-01 1,0E*C0 4.04'-04
kWk/HT! 1.5E-04 > 1.0 F -0 2 1.0K+C0

agench Models 1.or.2
Train 1 Cemd Peett 1.0F-C2
T4te 2 Corid Prob 1.M-C2 Unavellatdo

CSA 2.CV-01 > 2,0k-C2 3.4V-01 ---

Prav h Ms.tel: $ .06 . 2
Train i Coad P t3 : 2 , C f.- 0 7

Tre'n / Cetid s tol's 1.0L-Cl * Ut,a va l l a ts | e

* r:ravh % del (11,

** forced

MlcarIta
C4 11-1442
15:19:46

-

ve fk eb hrh *

_
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B-366

CONDITIONAL COPE DAMAGC *AODAhlt !TV CM4VLATIONS
t:

Event identifiera 368/91-012
Event Dese 1ptions both nor:s1 SW trains fouled (cond seg 65
t kont Date s - 64/16/91

- Plant 3 ARO * Unit 2

IH!7]AflNG EVENT

MUN-AECOVERAall let!TIA?!hG EVENT PH03ABIL3 TIES

TEAss 3.CE+00

ELQUENCE CONDITTOE AL PROhARILITY SUM $

f.no State /Initiat or F ronabillt y

CD

TRANS 3.3E-04

Total 3.3E-04

ATWS

TRANS 3,40-05

Totti 1.4K-0$

$EQLTNCE CONDITION AL Ph0 BAN!LITIES (PRORAltit!TY ORDE8) |

Sequente End State Proh N Rec'*

18 trans et ATWS 3.4t-05 1,25-01
,

* * norrrocove ry ci e: tit for edited case

IEQi?ENCE COND|flON AL PROHARILITIFS (SEUIJENCE ONDERI

Sequence End state Prob N Reese

19 trans Et ' ATW1- 3.tt-05 ' 1.2E- 01 '.

* * non-recove ry credit tot edited case

.,.

AT.QUENCE MODEL4 - ct\ esp \l949\pwrgseal.vegt"

1sPAhG MODEL: ct\ esp %1989\ano2.s11 >

PROHABILITY FlJJ. c tasp\1966tpwr, bell. pro
'

i No Recovery Limit

Bd ANCH F AF.QtTtC TE S / P ROS Ab i t.I T IE S

* Branch system Non-hecov - Opt fell

t res 2,hE-04 1.0E+00
twn - 1.ar-os

__

3.sE-os

Branch Modelt IN! TOR
Init ia tor Fteq t 2,4E-06

dyent Identifiert.364/91=Q12

:
,

|_ --

I-

|

|'

y
f

!~__

|

|

-y ,- , , - - * -.r.mr-- w- v i e -ivy- - v. w
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Il 367

tt 2.9E-04 1.20-01
rt/ loop 0. 0 E .0 0 1.0E*00
eme r g .pe ve r 2.9E-03 0.CE-01
afw 1.1E-0) 2.61-01
a f w/ene r g.powe r 5.0E-02 3 . 4 r.- 01
Pru 2.0E-01 > 1.CE+00 3.4E-01 > 1.0E*00

branch Model: 1.0F.1
itain 1 Cond Prob: 2.0E-01 > One va t table

go r y.o r . s tv . c ha l l 2.0E-02 1.0L*C0
re i v . c r . e r y . r e sea t 1.0E-Cl 1.1E-02
ge r v.o r . o r v . t'e sent leu r g . gewe r 1.00-02 1 Ct+00
se a 1. loc a 4.CE-02 1.0E*00
ep. ree t si) 5 SE-01 1.0E*00
ep.ree 2.1E-C2 1.00+0C
tpl 3.0E-04 8.4E-01
bpi tf /M 3.CE-04 0.4t-01 1.0E-02
per v.ng,en 1.0E-02 1.CE*00 4.0E-04
hTR/-HP! %.5E-04 > 1.01*00 1.0E*00

tir a n ch Modelt 1.CT . 2
Train I Cond P r oto 1.0E-C2 > Una ve11able __

Yeate 2 cond Probt 3.St-02 > Cnavailable
Csa 2.CE-03 s 1.00*00 3.4E-C1 > 1.0E+00

14 ranch Models 1.0F .2
Train 1 Cond Proet 2.0E-0 2 > Unavailable
Train 2 Cond Prob 1.0E-01 > Dnavalletle

* branch tredel file
** forced

Mina r 1ck
04-11-1992
15:20:41

Event Identifter: 36s/91-012

_ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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i

E lie w U.S. Mriar Rylstory Cernini,o

( 6- P9 ) Nponi WB k>. 31W01%
bpium: 4/30/92

LICEhSEE EVLNT REPORT (L E F)
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t mutatim of 1%nturni Cmtzuls!Cmi Py A Ptmid un In h I

_ _ . _ _RNLDfdlllL.1 1& M2tI_it.1 MEIE f 71 N F/CILITI.M IW1E_ill.
S y nutial bev isim

| Ny..Ymr_ . Ymt,._ J W er_ ,_
JytyrJr;th psy_.Yptr__ FaciJity hmus |h ket kdyrQ)_$ sit),

J14 1[ f 9 _1 d_lc- 0 [ 11)_ d_0] _0_ _ __01 5_l} _5 .11. . ___ __ .

CIDATN; WIS EJWI IS TitilTl@ IWIMI' F) M kM3kUthTS T 10 01 L
51LM1.J ._IQe13rKAct_QLdfL61hytELill)
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11ML _ 20 M59.)( 1)(1) _ 50. v.( c )( 1) _ 50.73(a M 2)(v) 7L 71(c)
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_ 20.405(a P I)(i ti) J 50. 7X e)(2)( 1) _ 50. 7Xa)(2)( viliX A) Netract belm an!
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APFlWi (Limit to 1+T s3num, i.e. , a;pnmientely fif tm. si:E e-Snre ty}<writtm lirws) (16)l

nn April I t. , 1991 both loop = of the service water system were declared inoperable
for approximately three minut es when a breakdown occurr ed in the implement st ion et
procedural controls that resulted in debris bypassing screens at the pump suctions

-

an<l c logging :lischa r ge s t rainer s . The traveling screens were being rotated for
in*pection and l ubr i cat ion . Sect ier.s of the procedure for this activity were
performed out of sequence tbereby allowing screen rotatier s (thout w uh sater flow.
A contribut ing f acter was ineffective communicati m . Througnout the event cooling

at a t at ted capacity. Eestoration of one loepwater was supplied to both loops but
to normal pressure and f low conditions was accomplished in approximately three
minutes by $1!gning the standby pump t o the emergency cooling pond. Cleaning of

debris from the puep discharge strainers restored both loops to an operable status
in app rox ie t t e ly c=a hour s . The reluirement to perform procmiures in the proper
sequ-nce, unless sy cifically author ized otherwise , has been emphasized tc
ag repriate wi t n r er;sn r a personnel. Other corredive actions involve trAinir.g of

per m nel c m arning pros edura l c ompliance an,i effectise c onun ic a t iers ,

sa

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .- - -- - _ _ . _ _ _ _ _ _ . _ _
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NRC hum WA U S. L 1mr keyulatory Crminsicn
( t.- 89 ) Agprtest OtB to. MW-0104

Expirm : 4/30/92
IJONE IMhT kUWT (11I) 1HT CIhTNATim

ICf1Jn MME (1) D Off PWiG ( 2 ) .ME2DtM1 PAE (3)
Sapot iA1 ReV1S hm

Arhan % 1mr ue, toit h Jtoi __.Ja,to_J,gts _
. . _ . , . . . - _ . .. .. _ .. . .

OD[ddO[ [ p[ _e $ 1 - 0 [l[LrM 0 0[Md5
int (If nire sin e~ . .la nynral. me attitiant MC Form WA s) (17)

A. Plant Status

At the time of this esent, Arkansas Nuclear One Unit 2 (ANO-2) was in startup
conditions (Mode 2) with Reactor Coolant System (kCS) (AB) temperature et 545
degrees, pressure 2250 psia and puer SE-2. The traveling acteen system for the
Service Wat er S> ntes (Sh) (Bij was tagged out fo: am irit onant e activities.

B. Even* D% 1pt ion
_

On April 16, 1991 both SW loops were declared inoperable for approxi w '- three
minutes due to a breakdown in the implementation of procedural controls snich
resulted in a preventive maintenance (PH) procedt.re being worked with sections
out of sequence. This resulted in debris bypassing SW pump suction scre ens and
clogging the pump discharge strainers.

The SW cyst em pres ides cooling for equipment essential to ensure safw operation
and shutdown of the riant. During normal operation, the water supply is
obtained from the Dardanelle Bezervoir. An alternate supply for t he syst em is
wailable from the leere,ency Cooling fond (LCP). The system consists of two
independent f lo-s paths (Loop I and Loop II) which furnish water to Ergineered
Safety features (ESF) equipment, a flow path to the non-safety-related Aaxtliary
Cocling Water systee (FG), and Corponent Coo'ing Water (CCW) {CC) haat
errhengers, (CCW removes heat ftom components in various reactor auxiliary

,

systems whic h carry t edicatt tve or pot er.t t ally radioactive f luids. ) During

normal operation one pump supplica Loop I, another pump supplies Loop II, and a
third pump (which can be aligned to either operatirg loop) serves as a standby.
Before water ftom the Dardanelle Reservoir reaches the pump suct ions it passes
t hrough bar grates and t raveling water screens, A basket strainer is installed
in the discharge line of each pump.

Me.chr nic a l ma int ename personnel were performing quarterly preventive
maintenance on one the traveling water screens at the SW intake. In order to
obtain access to a part of the screen for inspection and lubrication,
maintenance personr:et requuted that operations pensonnel remove hold cards from
tLe traveling screen motor. The hold cards were being controlled and outage
work was being coordinated by a akift supervisor from the Control Foom
extension. The shift sapervisoi authorized the auxiliary opetator
(non-licensed) to remove the hold card from the traveling screen motor. This
held card removal allowed maintenance personnel to rotate the screen without the
no ul c lean tr>g sprey (wash) being in operet ion.

I
l

_ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ - - -
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NRC Form W A l'. S. Mr. lear PegulatoriCriminstan
(&B9) Amtrxu! 09 ho. 3DO-0104

Expirus: 4/30/92
LIGMR DnT kuni (IIR) 11Xf GNTIWATlW

FACIIJTY MME (1) IU N'I MtGB (2) In Mem (M pKE (3)

Saputial Revisicri
Arkanas kricar Oe. thit Tm _Icar Ntahr _ Mw;z_

olilRkMJ1A N 91 1
-- o_U12 -- olo_3DMDb

I"I (If more sina is invitwi, uw mklitimal MC Fors M s) (17)

When the maintenance personnel started screen rotation, they recognized that
debris was traveling up the screen, stopped screen rotation, and contacted the
Control Room extension. The message was relayed to licensed operators in the
extension via a shift administrative assistant. Communication of the message
from maintenance personnel was 91ther not clear or was misunderstood.
Permission was granted to continue screen rotation. Rotation of the screen
without screen wash in service allowed debris to reach the SW pump suctions and
begin to clog the discharge strainers. At approximately 1625 hours a high
differential pressure alarm was received in the Control Room from the Loop I
pump discharge strainer. Approximately two minutes later the high dif ferential
pressure alarm was received from the Loop Il pump discharge strainer. Centrol
Ecom operators noted a decrease in discharge pressure of the operating SW pumps.
The high dif f erential pressure condition of both operating SW pump discharge
strainers resulted in both loops being declared inoperable.

.

C. Foot Cause

The root cause of this event is a breakdown in the implementation of procedural
controls which allowed b.s '.o be worked with sections out of sequence. This
resulted in debris bypassing SW pump suction screens and clogging the pump
discharge strainets. The procedure being used for the mainterance activity was
written with the assumption that each section would be performed in the sequence

nrecified. If this had been dono. the screen wash flow would have been
.

established prier to rotating the u reen and debris woald have been preventel,
frns reaching the pump suctions. . Personnel performing the activity believed
that it was an acceptable practice to work FM procedures with sections arranged

; et the discretion of the performer as long as steps within each section were
followed in the indicated order. The re-arrangement of sections was believed to '

be acceptable for more efficient performance of the activity. A contributing- )
factor to this event was inef f ective communication between operat ions and- i

maintenance personnel concerning debris carry-over. Other procedural controla j
were reviewed and determined to contain adequate instructions concerning j

procedure impleeentatlon.
~ '

D. Corrective Actions

The Control Room licer. sed operator aligned the standby pump to the ECp anu
-restored normal pressure and flow to Loop I at approximately 1630 hours. The
normal Loop 1 pump strainer was cleaned and the pump was started to supply Loop
I fron the ECp at app.ox imst ely 1752 hour s. The standby pump was shifted to
surpl, Loop 11 from the ECP to restore both loops io normal pressure and flow at
1813 hourr..

- , . ~ - . . -- - . - _ - _ . , ._ . .- - - -
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Other corrective actions include:

1. A caution card was installed on each traveling screen jog button and a hold
card was installed on the travelins screen motor breaker to prevent screen
operation without shift supervisor opptc, val. This is a temporary measure
until follow-up t ra ining has been completed.

2. Training of operations personnel was parformed stressing the importance of
not operating SW traveling screens without wash flow via the Operations Night
Orders. The Operations Manager is also providing additional training to all
operations personnel during the current requalification training cycle
regarding this event and emphasizing the importance of proper communi rtion.
This follow-up training is expected 'o be coupleted by M y 31, 1991.

3. L' nit 2 maintenance personnel were informed via a memorandum that pH
procedures must be followed in the written sequence unless exceptions are
specified in the procedure. Specific training concerning this event has been
provided to first line supervisors by the Unit 2 Maintenanca Me..a g e r . The-
Unit 2 Maintenance Manager is also meeting with each individual crew to
provide additional training concerning effective communication between
maintenance and operations, as well as pH procedure compliance. This crew
training is expected to be complete by May 31, 1991.

4. The SW intake design has been evaluated against thuse from a selection of
other nuclear power plants. The ANO-2 design was fou:.d to be similar with
respect t o separat ion of intake bays, interlocks and maintenance procedures.
The SW system has also been reviewed to determine if other changes to
equipment or procedures are necessary to minimize the ,assibility for
introducing debris into the s.ystem. The results of this review are being
finalized and d ,cumented. Completion of this effort is anticipated by
May 31, 1991.

-

5. Evaluat ion of the event revealed that it could be applicable to Unit .l . The
Unit 1 Maintenance Manager provided t raining to maintenance personnel via a
memorandum desc ribing the event and issuing guidance concerning pM
performance standards.

6. Subsequent to this event, additional guidance was issued to all site
personnel regarding who is authorized to operate plant equipment.

_ __ _ __ ___ - - - -
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E. Safety Significance

Both Sk loops were declared inoperable for approxiestely three minutes while the
standby pump was being placed into service. Throughoat the event cooling water
was being supplied to both loops, but at a reduced capacity. The safety
significante of this event was reduced by several f actors auch as reduced lake
water temperature, low reactor power level, and the reduced decay heat load
present after a refueling outage. However, consequences of the results of the
reduced cooling capability could have been more significant if initial SW inlet
temperature weie higher (as ja the case dutitig the botter summer months) or if
operation of ESF equipocrit had been required.

F. Itasis for Reportability

Technical Specif tration 3.7.3.1 provides an action requirement for having only
one SW loop operable but does not provide an action if both loops are
inoperable. Declaration of both SW Loops inoperable resulted in entry into
Technical Specification 3.0.3. Having been in a condition with oath SW loops
inoperable is an operation prohibited bv Technical Specifications and is
therefore reportable pursuant to 10CFR50.73(a)(2)(1)(B).

Two independent trains nf SW having been declared inoperable due to a single
cause or event (debris bypassing the t ravelirs screens) is a condit ion
reportable pursuant to 10CFR 50. 7 3( a )( ? )( v i i ) .

G. Addit tent.1 In f orma t ion

There bas e been no previous events of this nature reported as Licensee Event
Reports et ANO.

Energy Industry Identification System (ElIS) ccxies are identified in the text as
'[XX].

a
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ACCIDENT SEQUENCE PRECURSOR PROGRAM EVENT ANALYSIS '

iLER No.: 369/91-001
Event Description: Switchyard breaker test results in loss of offsite power
Date of Event: February 11,1991 '

Plant: McGuire 1

Summary

Errors and equipment failures during installation of new switchyard relay protection
resulted in the opening of all switchyard breakers coanecting Unit I to the grid. Reactor

7
and turbine trips folicwcd, and both diesel generators (DGs) started and loaded. An
excessive cooldown rate resulted in safety injection (SI) actuation and main steam
isolation valve (MSIV) closure. Subsequently, reactor coolant pressure increased, and
two pressurizer power-operated relief valves (PORVs) actuated. Containment pressure
increased to 0.76 psig. Offsite power wa-. restored, and operators began unloading the
DGs after about 1.25 h. The conditional cote damage probability estimated for the event
is 2.6 x 104. The relative significance of this event compared to other postulated events
at McGuire 1 is shown below.

LER 369/89 001 -

I E-7 IE-6 1E-5 IE-4 IE 3 IE 2
l i I I I Im

I
360 h EP

Trip - I LOFW + 1 WP-
| AflR AFW -360 h AFW
1- precursor cutoff

Event Description

Prior to the event, Unit I was operating at 100% power while relay protection
madifications for the switchyard autotransformer were in progress. At McGuire, the
'autotransforrrer serves to crosstie the Unit 1230-kV switchyard to the Unit 2 525-kV

( switenyard. A : sudden pressure fault detection . relay had -been added to the
j; autotransformer, and testing was in progress to verify that operation of the relay would

i . properly isolate the autotransformer. The autotransformer feeder breakers' trip coil -
c.ircuits were blocked to prevent their actuation, and a simulated fault pressure signal was
introduced. Additional protective relaying that had not been blocked detected the

p
!

I
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I
simulated sudden pressure relay operation and the failure of the autotransfonner breakers

to open. This actuated a breaker failure scheme that cleared both main buses in the 525-
kV and 230-kV switchyards. Each McGuire unit remained connected to the grid through
two transmission lines, which connect directly to the main transformer outputs,
bypassing the switchyard buses.

The output from the Unit I generator was directed to the Craighead and Mecklenburg
transmission lines. The increased current in the Craighead line was detected by relay

protection as an overcurrent condition. This,in conjunction with a failed distance relay
for the Craighead line, resulted in openit.g of the Craighead line feeder breaker. The
entire output of the unit was then directed to the Mecklenburg line, which was sized for
only one-half of the unit's output. The feeder breaker for this line tripped on overcurrent,
and all offsite power was lost to Unit 1.

When all connections to the grid were i m. the generator output frequency rose,
increasing reactor coolant pump (RCP) speed and flow. The irsulting increase in reactor
power initiated a high Oux rate reactor trip, which was followed by a turbine trip. DGs
1 A and IB started and automatically picked up their emergency loads.

The loss of power to nonsafety-related valves prevented operators from isolating certain
main steam loads, and excessive cooling of the reactor coolant system (RCS) resulted.
Low steamline pressure initiated a St and automatic isolation of the MSIVs. RCS
temperature and pressnre then began rising untillimited by operation of two PORVs (a

ird valve was unavailable because of maintenance). Containment pressure began

rising, ultimately reaching 0.76 psig.

The SI signal was reset, and power was restored to the switchyard. About 75 min into
the event, operators began removing loads from the DGs and restoring the plant to a
normal alignment.

Additional Event Related Information

The utility reported that 4 min into the event, the condenser "was in full load rejection
mode." It was also reported that an inability to isolate steamline drains and other main
steam valves contributed to excessive steam demand and cooldown.

At McGuire, air is removed from the condenser by steam-jet air ejectors. This system -

might not be impacted by a loss-of-offsite power (LOOP). Condenser cooling is
provided by the condenser circulating water system (CCW). The CCW system is
crosstied between Units I and 2 via an 84-in. line. As power to Unit 2 was apparently
maintained during the event, some CCW may have been available to the Unit I
condenser. These features may have contributed to the excessive cooldown of the main

steam system.

.

_ _ _ _ _____ _ _ ____ ____ __
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ASP Modeling Assumptions and Approach

This event was modeled as a plant-centered loss of offsite power with pressurizer PORVs
demanded. Probabilities for LOOP non-recovery (short tenn) and failure to recover AC
power prior to battery depletion were revised to reflect values associated with a plant-
centered 1.OOP (see ORN1JNRCILTR 89/l1, Revised LOOP Recovery and PWR Seal
LOCA Models, August 1989). The two operable PORVs were assumed to be adequate
for feed and bleed.

Analysis Results

The estimated core damage probability associated with this event is 2.6 x 10 4. The _

dominant core damage sequence, shown on the following event tree, involves a
"

postulated loss of emergency power following the I.OOP, and failure to recover AC
power prior to battery depletion. If the unavailable PORV is assumed to fail feed and
bleed, the resultant core damage probability is estimated to be 2.9 x 104

_ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ __
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CUNDITION AL CO*f fMAGE PROHAltiL IT) C Alf1*LAT ION S

n yeM. Ident i f ie r t 349/91-001

t ve s.. De sc r i pt ion t Swit c hya rd tes we ke r t est reewits in a lloP
twent Ostas C2/11/91
riants m Guire 1

!blTIAtING LV4NT

k _Mi - R E COVF R Allit IW 171 Af1h0 Fvth? PitoisAhlLITIC S

Itt:P .) 0E-0)

StyUt h(E Ct% 1 TION AL PROHAMILITY $UMS

End Ss at e / Init ist o r P totaabilit y

CD

law J.40-04
~~

To* a l 2.6E-04

A!w s

tLu%i C.cE*00

Tot a l 4.M *00

stot!EN.:E CONMT1cN AL PkCdtAH' Lit:F $ (Pi4C$AMILITY ORDLR)

Sequence End State Prob h Mec**

49 liXS - rt / lep emerg. power -a f wlomerg .n ower POlt F ' * . SkV. ChAL1. - CD 2. 3F.-0 4 2.4E-01
gory.or .a rv. resset /eme rg.3+wer -scal,loca EC.McM

50 LOOP -rt/Inop eme r g .gmtre r -a t w / eme r g . gewe r PORV .OR . 88V .CH ALL CD 2.DE-Oh 2.4E-01
pe rv .o r , s t y. r e pea t /eme rg .gowe r

M IIX* - rt / l' 9p emerg. power e tw/ eme rg .gv,we r CD 1.2E-05 5.?T-02
O

* * non-r ecove ry c r edit for edited ca se

SlQUENCE CONDITION AL PRO 14Ai41LI?!F.S (5kQt;khCC ($ DEB)

Se+. enc e End St at e Prob N Rac'*

49 100F -rt/ loop eme rg .r. owe r *a f wlemerg.powe r POBY.OH . sH V. CiW ., CD 2.30-04 2.40-01 ,_

po ry.or .s tv. r eseat /eme rg.guswe r -a sa l . lm:4 IP.AIC
SD IIOP *rt/ loop emerg. power -afw/emerg. power POR V .OR . lid V . CH A;.L CD 7.0E-05 2.40-0)

po ry .o r . s t v. r e s ea t / ewe rg . powe r
M 140P -rt/ loop emero. power a f wlemet g .sewe r CD 1.70-0$ 8.2E-02

non-recove ry creellt f or edited case**

$h QUENC E WOEL1 c 1 \4 sp\ } 96 9T pwrb4ee l .cfrp
IMAMCit MOOLLt c t \ e sp\ 199 9 ttexNui r e . s ll
PiciiABILITY F III c \a spi 196 9\pwr ba t i . pro

ho kocove r y 4.imit

BRANCH FREQUE NC IE S IPWOB AB LLI T IE5

t.ve nt Ident if ier : 369/91 c0!
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iBranch tystem Non-Recov Opr rail '

- . trans 4.3E-04 1.0E *00 - |H EOOP - 1.6t-0$ > 1.6E-0$ 3.#" '* s I,CE+01
,

Branch Models INIT0A
.:lhltiatot Freqt 1.6t-05. ,

loca 2.4E-06 4.3E-01-
tt 2.tE-04 - 1.ZE-01
rt/ loop 0.0E C0 1.cL400 j
ene t g . pn=e' 2.9E-03 9.0E-01
afw 3.5E-04 2.6E-01
a fia/ emm a g .powe r 6.01-02 3.4P-01
mf, 1.0Rt00 7.0E+0F 1.0E+03 .

'

P0HV.08.Sav.CMALL 4.0E-02 3 1.Ct+00 1.0E*00
Branch Models 3 . 0F .1
Train 1. Cond Prob 1 4.05-02 a 1.0t400

poiv.or. s rv. t e sea t 3.CE-07 1.1E-02
'porv.on +v. r esca t t emn e g.gove r 3.0F-C2 1.0E+00

seal. loc. 0.0E*02 1.00 00 j
op.reets!) t,0E*00 1.0Et00 0

'EP.pEC 4.ht-OL 1 $.30-01 1.0E*00
Branch Modent 1.0F . I - I
train 1 Cond Proht 4.5E-03 > 3.5E-01

hp' 1.CE*03 9 . 4F. * 01
hp1(f/c) ' 2E-03 8.4E-01 1.0E-02
hp:/-hp1 1,SE-04 1.0E*C0 1.0E-03
pory.open 1.0E-02 1,0E 4 0 0 4.0E+04

r * branch me, del file

' |* * f c-co d -
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On February 11. 1991, A Unit 1 Reactor Trip occurred at 1355:13. Prior to
the event, l'ait I was operating in Mode 1 (Power Op r tion) at 100% power.
ne Reactor was tripped by a Nuclear Instrumentation (NI) Power Range Hi Flux
P. ate signal. The trip sigr4 .eas initiated when offsite power to the unit
was lost because a blackout occurred in the '" (V awitchyard. The blackout
occur ed as a result of a failed relay in cc.' .anction with a post
modification test being perfo: Tad cu a newly added relay circuit in the
sv.tebyard. Subsequent deprest Ization of tee Main Steam (SM) system ,

resulted in a Safety Injection (SI). An Unusual Event was daclared at 1420
due to 1.oss of Power and SI. The Technical Support Center (TSCe was
activated as a conservative measure ani 7SC personnel made the required
notification to the NRC. A thorough * echnical review was performed on the
event and, consequently, a decision wo made by Station Management (with
cancurrence of the NRC) to restart the Res m :r Unit 1 was returned to Mode
2 (Startup) operation on February 13,195., at apps-outmately 0345. This
event is tssigned causes of Inappropris t Action, Management De h tiency, and
an Equip., Failure.
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McGutte Wurlear St ation c onsists of two generating units and the auxiltary
equipment f or the two unit s. It f unctious an association with the McGuire
230 kV and $2$ kV Switchyards illl$ H ).

Each unit generates power at a voltage of 24 Kilovolta (KV) that is delivered I

through two half sise step-up trausfoamers lEllS:XIT!R] to the McGuire
Switchyard by overhead t ransmission lines. Unit 1 is ronnected to the 230 kV
awatchystd. while tin (t 2 to connected to the $25 KV switchyard, The output
of each unit in then delivered into Duke's transmiss.on system through
switchyard power riscuit breakers-(ti!S 52) (PCli) in a breaker and a half
configuration and transmission lines. (See 3 age 18 of 18.)

Normal musiliary power on each unit is supplied by two musillary power '

transforeves (24 KV/6.9 NV) each rated at 100 kilovolt amperes LEVA). Each
austliary t ransf orater has two secondary output windings, supplying normal
power to two serttons of 6.9 KV switchgear | Ells:5WGR) and standby power to
two other sections.

The 230 KV and $25 KV swatthyards have two electa tcal buses (EllHilW] and 4
number of eticutt breakets that connect the generators (E!!$ dLN| with the
ttansmiselwn system. The buses provide junttion points for the power
eschange between generators and the system. PClis intertupt flow of power and
isolate any sectton that may be f aulted. To distanguish between the two
buses in each sw6tthyard.-they are designated as the red bus and the yellow
bus. In addition to naming th: buses. rach power tittuit breater is assigned

..

a number, which aids in ideat tf ying the individual bveakers, Itut h !

.switchyards-are used to connect.two riscuits between the red and yellow
busca.

The $25 kV and 230 KV switcbyerde ate 4annected through an autetransIosser
which permits power utstribution between the two voltage levels.-

Seven patre of transmission lines totinect the 230 KV switchyard at McGuire
with the rest ut the Duke system. The Craighead 1.ines and the Methlenbute,
Lines connect wid. Harrisburg Tie $ubstation near Charlot te. N.C. The Norman-
Innes and the Schocoover lines- t te with R.tverbend Steam Stat ions switt hyard.
The Illa dbuin lines feed the Longview Tte Statinn near Hickory, NC. The

-Westport Lines tie with Marshall Steam Stattens switchyard and the Cowans
ford L6nes connert with Cowans Ford Hydro Plant.

- Fault Pressure helaying (Ells:ftl.Y) is used on the switchyard autotransformer .
as a supplement to the primary ptetettive relaying. . N n internal
t ransloteer w*nding f ault s become severe. they produce.large asiounts of gases
from the breakdoru.of the insulation.lE!!$ilSL) materials. The expanding
gases cause * imptd rise in the prtssure on the insulattng'otl. fault.
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pressure telays r.n soecttees detert these faults before the prasary
protecttve relays ran.

pault pressure relays are mounted on the outside of a transformer rasing and '

use a bellows (Ells BEj mechantse to detect sudden changes in the transformer
oil pressure.

t

If the f ault pressure relay (a) on the transformer detects a high rate of
pressure rise on the insulating oil, indicating en internal winding f ault, it

'will operate, through tripping logic, to suittate Lockout Relays | Ells:86).
These lockouts will clear the faulted transformer by totally clearing and
de-coettizing the feeder breakers.

A becaker f ailure relaying scheme is provided for backup au% transformer
fault protection. It ensures tsolation of the autotransfo: - r if the f reder
breakers fail to trip when initiated for a fault rondition. This is
accomplished by opening all ted and yellow bus pCBs in the 525 KV and 210 KV .

switchyards.

The directional distance phase relay (Ells:2tj 211.C is the primary f ault
protect 4on of a transatssten line. It protects all tbree phases of a ,

transmission lloe for phase to phase, three-phase, and two phase to ground
faults, n as relay is directional in that it will respond ao f ault current
flow in one direction only. This direction is determined by comparing the,

line current flow with the bus voltage. The bus voltage _is the non changing
quantity, or referente voltage. The directional distance relay detects
faults within a certain distance of a lines local terminal by acasuring the ,

line jaipedance.

When directional distacce relays are deprived of their operating voltage it
-as possible that these. relays will ptek up f rom load current only._ The loss

of operating voltage is usually due to the malfunction of the voltage device
or its associated circuits supplying this voltage. To prevent an undesirable

*trip from this occurrente, an instantaneous overcurrent phase relay (Ells:67)
50P is installed to supervise each directional distance relay.

The directional distance phase relays (21LC), its associated overcurrent
(%0PJ relay and its assortated carrier (85) it,IIS:85) relay must be ptched up
to initiate tripptog. No tripping will take place if the 21LC relay picks
up. but the 85 relay and the 50P relay does not pick up. ,

The purpose of the facore Instrumentation System (ENB) (E!!S:lC) is to -
monitor Reactor (Ells;RCT] pre leakage neutron flux _and generate appropriate
t rips ' aod ala rms (Ells:Aufl for various-phases of Reactor operation. The'

_
outputs of the se .rce, intermediate and power range detectors { Ells:DET) are

'. used to limit the mantraus power output of the Reactor within their respective
ranges and are used as u puts to monitor neutron. flux from a completed-
shutdown condition up to 120 percent of full power. The power range detector
prsvides power level indtcation and trip signals for Reactor protection.-
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alaras to warn of abnormal condations, and signals for remote recording,
indicating, and computing | Ells: CPU) equipment.

Description of Event

ou Tebruary 11. 1991, at apptosisately- 1030, while Units 1 and 2 were
operating at 100% power. Transatssion Departn>ent personnel began conducting a ,

test of a modification which installed a new relay circuit. The relay !

circuit is a f ault pressure relay switch 63FPX on the autotrensformer which .

ties the 230KV switebyard to the 525KV switchyard. The scope of the testing !

involved simulating a fault pressure relay trip of the switchyard
autof.rans f orsu bang. Since the system dispatcher would not allow the
autotransformer to be deenergized because of system load, the test was
conducted witm the feeder breakers to the transformer closed. The trip coil
(ElIS CL) circuitry was blocked on the f eeder breakess to prevent their
trip;ing as a result of the test. Transmissicn personnel failed to open all
affected downsttese relay contacts which would have completely blocked the ].

actur. tion of the tutotransformer breaker failure relay scheme. This sches.e
is redundant to the primary lockout scheme (which was blocked) and is
designed to clear a zone around a f ault even if the PCBs f all to open. The
next zone of protection in this case as to open all PCBs tied to the red and
yellow bus. What follows is the sequence of events that occurred af ter the i

planning and implementation of the relay scheme blockingt |
|

1) At approximately 1350, Transmission personnel initiated a staulated |

isult pressure relay operation by placing a jumper across
appropriate terminals located in the autotransformer control panel.

2) The associated lockout relays (86AT and 86ATS) actuated as expected 1

and did not open the autotransformer feeder breakers (as expected
because they were blocked).

| 3) The breaker failure scheme recognized the fatt that the
autotransformer feeder breakers remained closed and assuised that a
fault was still present that had not been cleared and opened theI

( autotransformer feeder breakers. i
i

l' t. ) The breabr failure scheme operated as designed and opened 28 PCBs
clearing both red and yellow buses in the 525KV and 230KV
switchyards.

5) At this point,15tts 1 and 2 remained connected to the grid through
their associated " half" breakers which connect the unit bus lines
directly to outgoing transmission tte lines. (Craighead White and

_
McAlenburg Black, f or l'ait 1). (See page 18 of 18.) Each
outgoing line is stred to handle approntaataly one half of full |
untt output. ]

6) At an unknown time before/during the event, distance relay 21LC

|
. failed closed. This is a distarice rilay which monitors the

. . . , ....o
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Craitbead Vbite transalasino line. This defective relay satisfied
the logic required to trip KB8 when the red and yellow bus
cleared. This provided abnormally high current through the Inne
and completed the recessalve to trip PCBS. Thus, t he l'CB tripped
clearing the Craighead lanc and eliminated I of the t remaining
Unit I ties to the grid. (See page 18 of 18.)

7) The loss of the Craighead White transmission line caused full load
current to be diverted through PCBil to the Necklenbuts Black line.
This caused an overload condation on pCall.

8) pCBil trapped 0.2 seconds later at 1 %$:04, on overcuarent which
elcared the Necklenburg Black liue. This was the only rrmaining ;
connectiou of Unit I to the grid resulting in a loss of all off
site power to Une I.

9) The unit had not received a sunback sigorl at this point and full
load cuttent from Unit I was subsequently redistributed to unit
ausiliaries. This induced a voltage transient in the station
electrical distribution system.

10) Since the generator was now producing more electricity than
required by station loads, f retjuency began to rise. This increased
kractor S olant (NC) (Ells:ABl pump speed,

11) The Nuclear l'ucore instsument System (N1) recognized a thange in
Reactor power f ree 100 percent to.104 percent power in
approntmately 1 second and inittsted a high flus rate Reactor Trip
signal. The Reactor tripped at 13$$:13 f ollowed by a Turbine
(EllStTRBI trap at. 135$314.

Following the Reactor and Turbine Traps Diesel Generators (D/0) (E!!$iDG) 1A
and IB started and began sequencing on blackout load groups.

Seconds later, the Control Room [Elis:NAl Senior Reactor Operator (SRO)
instisted emergency procedure Ep/1/A/$000/Dl, Safety injection or Reactor
Trip, which requises manually caeressing the Reactor Trip switches and
performing other actions to stabilire the unit, ife also verified that a
Safety lajection (SI) (Ells:BG| had tiot occurred.

NC system temperature and Pfaio Steam (SM) system (E!!S: Sal pressure started
decreasing. NC systre tempera 4 pre was trending toward $$7 degrees Fahrenheit
as e# petted. The NC system was now being tooled by natural cisculation.

~ Operations (ops) personnel sealized that SM system pressure was decreasing-
.

below no load value4 They attempted to reset the Monature Separator
; Reheaters (NSRs) (Ells;taSkJ and remotely close valve ISM 15. SN to Second

Stage keheaters. They were unsurressf ul in this atten'pt because was no power ;

available. Also, steam line drain valves were open and could not be remotely- ~

closed. This tout ributed to high SM system cooldown sate. -

|-
-
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OPS pertonnel throttled the Ausillary }cedwater Control valves (filS:hAl to !

the full closed position to iteit tooldown. Also. they were in the process
of manually clostog' valves ISM 15 and ISP1, SM to feedwater Pump Turblue 1A,

4

and ISP2, SM to feedwater Pump Turbine IB, when, at 1412, approsteately 17
minutes af ter the Reactor Trip, the low sican line pressure SI setpoint was
reathed.

Af ter the SI, a SM lsolation situal automatically initsated whhh raused the
hain Stess Isolation Valves (MSIV) to close This stopped heat removal fion
the NC system and caused pressure and temperature to increase, and NC system
Powet Operated Relief Valves (PORV) INC.32 and W 36 opcoed. p0HV thC 34
did not lift due to being jumpeted closed per worc arguest 142869. No
Pressuriter (LllS:PIR) code safety valves lifted.

Lower Contatrument {LilSiNHj temperature and pressure started increasing due
to loss of contatrument ventilation. This caused the lower ite condense
IIlls:BC) doors to briefly open. OPS personnel-then catted proredure
LP/1/A/5000/01 and entered proceduce IP/1/A/5DD0/02, High fnergy Line Preak
Inside Contaitusent . Containment pressure eventually peaked at 0.76 psig.

An linusual Lvent was dettated at-1420. Concur rent ly. OPS personnel verified
i

that all Si termination tritesia as described in procedute LP/0/A/5000/02 l

were met. The $1 signal was reset at 1422.

By 14M, power was fully restored to the switchyard and was avanlable to the
6.9 kV buses in the plant. Shortly af terwards, OPS personnel began

_

;

t a'ansf erring loads f rom the 0/C. supply to the noimal 4160 volt supply bus.

The Technical Support Center (TSC) and operations Support Center (OSC) were
activated ,ts.a (onservative measure and subsequently f ully activated at 1503
with _ the Stat ion fianaget as Laergency Coordinator. '

TSC personnel deterstbed that there was no radtological concern and derided j
to enhance unit tooling by ve6. ting steam through the SM system atmospheric i,

PORVs, The Main Condenser had been made unavailable as a result of the tinit
blackout.

By 1630, the unit was stabilized to a point that allowed the unit to be- i

shutdown in a routtne manuer. . Subsequently, TSC personnel. directed ops _ ,

pes sottnel to conacnte proceduce Op/1/ A/6100/02, Controlling Procedure for
butt Shutdown.

The OSC and TSC were deact ivated at 173 0

- The Statiou Manager called f or an todependent review to evaluate the'evetit . |
Prior to restarting the uniti Many station ge nups, benign Engineering. and -j
Transmission Departnent Personnel parttripated in this technical review. j

This technical tevacw encompassed the f ollowing htres;

;.g. ... . e . . . . . <

1

i

l
i

L.
-,-,z. , - , - - - - , . - . . ,, . ~ _ . _ _. ._____a.----.-.--.--. ;.a

-



Ib385

. . . . . .e........m.....-..*
UCINSit 1VINT HEPOHT ILER) TEXT CONTINUATION .~.m e e m . v a+

eee>a
TT . . ... . . ......# , , , , , , , , , , , , , , , ,

. . . . . . . . - . . . . . .
. . . . . .est e__sm s.-

Juare Nu(leaf Statieu 0 }sge] 0] 0 [ t}9 } g -. Op { g {0 fj# 1 g
. . . . . . . . . . .

- NC system sadiothemistiy samples were taken and found to be within
bot 1 mat pasametets. This indicated kcartor Core integrity was
maintained.

- A visuel survey of l'ntt 1 Conta ttunent was ter f ormed l>y OPS
persounel and no ptoDiese wear found.

V
Y- Design Lrigineering 5..partment and Ma ttatenante logineering Servates
~(MLS) rersonnel walked down the PZR MV disttiagge pipe and no

problems were f ound.

- The ite (nodenser, see bed, and door s weie surveyed by PtLS
personnel and were determined to 1c undamaged.

- Destga Engshee rtog Depas tment per sonnel evaluated the temperature
spike in tentainment and determined there was no innsediate
equipment /st rut tur al viamage. .

- 0P5 per sonnel cycled the PZR PORV a number of times and there was
no eviderte of high distharge pipe tempe sture which would have
indicated NC system leakage through the valve seat.

One malf unc tioning lower Containment Ventilation (VL) pwer supply-

was arpatted as direc ted by Wik keqt.est 144402.

MES and Performanca (Pikr) personnel began per f orming an evaluation-

of the high flux rate telp signal.

- Steam ranerator blowdown valve ll!B 8 did not operate properly. This
was sepaired and functionally versited as directed by W rk
Fequent 144386.

The Operator Aid Computer (OAC) was down intermittently during the.

event. lustrument and Electrical (IAI) personnel repatred and
returned the OAC to service.

- OPS personnel reviewed leergenty Operating Procedures on cionite of
PtSIVs tu evaluate the need for adding steps to manually shutif f
sicas line drains.

- Relay 211.C in the switchyard was repaired by Transmission
Department personnel.

No other elettrical prol-lems were found. 7-

- The Chemical and Volume Cont rol FM system wa s surveyed and all
was determined to be notmal. '

.

Af te r evaluatitig the t art'6 assnciated with ti e event and co recting all
equipment protilt es ident s'' icd, it was determined that it was safe and prudent

. . . . . . .

_ . _ _ _ _ _ _ _ . _
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to restart the Reactor. Start up activitnes continued on a continuous basis
and t? nit I was returned to Operativo on february 13, at 0345.

)

Conclusion

A cause of Misunderstood Vertil Instructions and lack of Attention to Detail |
ts assigned. Just prior to start of the modification, Charlotte Area '

(Terating Center ( AJC) and Transmission personnel :nticipated that the |

autot ransf ormer could be de-energized long enough to perf orm a post
modification test within a short time of completing the job. It is

,

'

Transmission Department policy to test new devices on operating equipment as
soon as possible af ter they are installed to provide maximum assurance that
the egaipment is safe. The Relay crew performing the test was aware of this
policy and was ansious to c omplete the checkout. The Relay Supervisor
contacted the AOC several times that day and asked him to clear the
autotransformer and grant permission to proceed with the test. At 1200, the
Relay Supervisor contacted the ADC for permission to remove the
autot rans f ormer f rom se rvice. The ADC in consultation with the System
Operating Center (50C) determined that the autotransformer should not be
taken out of service at that time due to syntes load conottions. A
discussion between the AOC and Relay supervisor f ollowed. They discussed
performiog the test with the autotransformer energized. The AOC was
confident that the Relay crew personnel had the knowledge and expertise to |
perf orm the test with the autotransformer energtred. They were faced with an |
unusual testing situation that ttiey had not previously planned for and were !
reluctant to proceed. They had bored that the autotransf ormer could be
cleared t'elore the end of the day.

The Relay Supervisor was mindf ul that (since the autotransformer was still
energtred) the downstream relay log 4c must be blocked to prevent the
autotransformer from detecting a f ault and t ripptog the f eeder breakers
during the test. He directed the Relay crrw personnel to develop a plan to
open the relay contacts so that simulating a transformer fault pressure
signal would actuate the relay logic but would not open pCBs 1, 3, 52, 53 to
lockout the autot ransf ormer. The Relay crew personnel then held a
brainstorming session on how to perform the test with the autotransf ormer
energized. The Relay crew technicians researched the drawings and reviewed
their plan with the Relay Supervisor. The relay drawings were complicated,
confusing, and hard to read. There were two separate downstream relay

| contacts that should have been opcoed to block pCBs, 1, 3, 52, 53 open.ng.
However, the field c rew f ailed to find one of these logic pro **ction paths in
tbest search of the drawtogs. The Relay Supervisor did not iteottfy this
during his review- Theref ore, enly one of these paths was ident ified and

'
| nuly one of the contacts was opened. lioth (ontacts should have been opened
' to block the trip.,

A mitigating f actor is that at 1300, the belay Supervisor nottced th:t
another Transmission Department errw bad arrived and was working in the near
vicinity of the autotransformer. He knew the autotransformer fault
protection was questionable since the circuit had not been tested yet. He

|
. .. .;.g . >.. .

|

:
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alan was aware that t he aut ot r anslotsie r was to a loaded condition and if the
t irt utt dad not noth proprily i.nder fault ( oudit ions , that the

autot t ans t oime r t ould f ail r at ast e ophic ally, endangt e tng the srt ond
Transmission Department crew. He also realized that the end of t he wan k day
was appicat hing and he did twt want to leave t he aut ot r ans f erther protec tive
relaysng in a degtaded state ovetunght. At 1339, he asked the onstte
Dresations Department Se rvit e kepirsent at ive t o t all the AOC and grant
pe r sist, t on t o pr ocred wi t h t he t e st . -

A t hr re part y touver sat ion f ollowed with tust rut tions betug sclayed between
the Operations Departs.ent f.civu r Frpresent at ive and the kelaying hopcivisor.
The EC beltrved that the kelay Supervison was to make a dert s ton rega rdirig
the test and (all his bat h bricie protreding. The Belay Supervisor believed
that he had beco given termisaton to prot red with the trat.

A rause o f Mana psient De f t r i ctu y is assigned due to a Lath of policy and
Inadequate Groups Interlate. The majority of the McCulic swatthyard was
rentrolled by Transmission Department Opciatina Divisten and System Operatina
Center Depa rtment personnel. Only t he f our PCbs (PCh8, 9, 11, 12 for Uutt I
and PCh'd , 59, 61, 62 for Unit 2) t hat dir ec t ly r unt>ct t the Units to the grid
we r e c ont rolled by McGuire ops Cont t ul koom pro nonnel. 7:aditionally, only
work on the four Unit related PCBS had seguired toncurrente from System or
Area Oper at ions per sonnel plus t he add t t t onal (oncur rent e by Mc Guire ops
Control Roots personnel. Since this modif tt at ion was out side the t raditional
boundary of plant owned equipment, it was ionsidered exempt from the Nuclear
St at ion Modti t( at ion progr ee and t he s t ation won k c ont rol pioress ,
f r ansat ssion Depat t aent and AOC per sonnel did not t onsider it appropriate tu
noti f y McGue rr UPS Cont rol koon personnel t hat work was in progress to the
swatthyasd since it was out of their ficld of espertise. Consequently, this
activity ws: in progress without any knowledge by McGuue OPS Control Room

.

personnel. thwrve r , swit t hya r d at t tvit ies out side this boundary tan and do
impact the station. Also, had the plant electrital system been in a degrade
state (i.e., 1 D/G out of servic e), t he Duke Systr es load dispat c her s would
nut have been awale of this, prior t o t his event , due t o the esist itig

_

division of equipment ownrishtp, these was nn agterment between St ation
operations Transmission Department, AOC and SOC of how art tvit ies nn the
switthyard outside plant owned equipment boundaries should be handled.

Transmission Departe.cnt pen sonnel have historit ally avolded ca ror s in the
swlt t hya r d t ht ough a vas trty of inf ormal means suc h as t reintog on swit t hya rd
equipment and t out rols, vertin(at ion of wn:1ng by an andependent wotket ,
st r u t (onusunication dist tpline including repeatbark f or breaker alignment
orders, and toordinat wn through expectenced dispatchers. Verbatim procedute
complian(e han normally not t ren required, and complete proceduics with
sportitc testing guidante have not usually been avatlabic. The tethostaan

_

crews are expe(t ed t o ut ilize thca r estensive tollettive experietae and
tsanning t o det ermine the best methods for installing modifications and
pe r f ormitig t est s .

.,y.. s , n ... +,
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This eveut is also assigned a cause of Equipment ratlure because the
switchyard blackout and subsequent Unit trip would not have occurred if |
protective relay 21LC had not failed. During normal system conditions, the |
85 relay is closed and the 21LC relay trip contact is held open by voltage '

prescot in the re'ay. This open contact verifies there is not a f ault
'
i

present ca the transmission line. However, after the event. the 21LC relay
contact was found stuck closed. This closed contact provided a trip path
through the 65 relay and the 50P overcurrent relay on the Craighead White i
transoission line. One half of Unit I current (1500 taps) flowing through i

the transatssion line escceded the overcurrent .stp setpoint (1200 Appa) of
the SDP relay. This combination of f actors satisfied the logic which
indicated that a f ault was being fed on the Cranghead White transmission line
and PCBB opened to clear the indicated fault. The switc? yard was designed to
handle a single f ailure which included a lockout of the main busesi however,
the addition of a latent relay fatture exceeded the capability of the 'i-

switchyard design to saintain power.

Transmission Department personnel attempted to determine why relay 21LC was i
stuck closed. System operating data indicated that there had not been any
f aults on the transmission line (stace the relay pieventative maintenance)
whieb would have caused the contac-t to pick up. The status indicator on the
relay did not show a trip coal activatich. The relay was disassembled and
inspected by hnowledgeable Transmission Relaying and Metering Department
personnel. . They could find no magnetic, mechanical, or electrical
al' normality that attributed to the contacts closing and remaining stuck
closed. However, they suspected the cause to be a deposit of organics onto

,

the contacts due to either outgassing caused by heat from internal electrical 5

'ccepouents or improper lubrication. This investigation is ongoing and the
21LC relay may be sent to a relaying manuf acturer for f urther analysis of the
defective somponents.

PERF personnel theorized that the high flux rate trip signal was initiated
because the Ni system recognized a change in Reactor power due to the
thenmalization process in the NC system. MES personnel theorized that the
high flux . ate trip signal was initiated due to the voltage transient in the
station electrical distribution system. Neither of those theories have been
proven and the investigation of same is ongoing. 1

J

OPS personnel responded to the transient in a cimely manner. With the I
exception of relay 21LC all equipment and systems operated within

,

specifications as et.pected during this Reactor Trip.- The TSC and OSC i

activation went very well. Concurrence to restart the unit was received by '

the NRC based on evidence that:

-_ l. The plar.t equipment operated properly,

2. Plant OPS personnel responded correctly using appropriate
procedules, and

-.4.... ..r ..
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|

|
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3. A <areful appicath to restart was r vnstrated by dotug a
toepretensive inspet t ton of t he n' md any t eeded tve re tt ive
attions sete taken.

The boson injet tian safet y norric usage factor for this event was 0.017. The
.ueulative nortle usage facton for all Unit I saf ety injettion events to date
is 0.102 with 7 significant saf ety inject ion events. Tte total allowable
nottle usage fattor as 1.0 with NkC notiftratten acquired at 0.70.

A trview of the Operating l'apersente Pacgram (DEP) data base for the previous
_

24 months prsor to this event revested no events tuvolving a Reactor Trip in
whi(h the cause was an inappropriate Action, 4 Management Deficiency, or en
Iquipment failure where Transmission Department personnel were perfoaming
6witahyard modifi<stnon wolk. llosever, t wo previous event s were documented
in Prt.blem Invest igat ion ficpor t (PIR) 2-ME9-02 D and 2 MM9 0209 luvolving the
Tr ansat s eion depar tment s.here wa n t tea commup * c ation was irradequat e.
The s e f c.t e , this problem is considered recurring. *

This event le not Nuclear Plant Reliability Data system reportable.

There were no personnel injuries, radiation esposures, or uncontrolled
teleases of radicartive material as a result of this event,

L:0RRLCTIVE ACTION $1

(1m:ne d t a t e ; l) OPS personnel implemented emergen(y shutdown and acrident
mit igat ion pe o< edures Ip/1/A/$000/01, Sa f et y Injett ion or
Reattut Trip, and 1:P/1/A/5000/02, High Energy !.ine break
Inside Cant a tfuhent .

2' The 03C and TSC were ectivated,

3) Offsite powes was restored to the unit within 40 minutes
(essential bus). -

Subsequert : 1) An indepenJer.t techair al review of plant equipment was
performed. This scytrw revealed that the plant equipercot
operate 1 properly and there was no major damage to it.

2) An interim 6witrbysto work control policy to incicase the
of f stle power svstem seliability was implemented. This
policy requiten the AOC Dispatcher to notify McGutte
Cont rol Roos personnel of any activat ier in the
s'sstchyard that could affett the station. Also, when the

_. sta' ton enters a degraded elettrical systra
configuration, the McGuire Cont rol Room SRO will not tf y
the AOC Dispattber. This will heighten the awareness of
all work gteups of increated statten vulnerability during
the degraded rnndition.

"'"
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3) Cheetstry samples of the Ne system were taken and f ound
to t,e witbin normal parameters. This indicated that the
Reactor Core was not damaged.

4) A survey of t' nit 1 Containment was perforeed and no
probless were found.

5) The sce condenser ice bed. and doors were surveyed and no
problems were found.

6) Design Engineering Department persottnel evaluated the
temperature spike in containment and determined that
there was no Isrsediate equipment or structural damage.

7) Design Engineering Department and MES personnel surveyed
the PIR PORV and discharge pipe and deteratned that there
was no leakage through the valve seat. '

8) Relay 21LC was repaired by Transmissica department
personnel.

9) The unit secondary side was surveyed and no problems were
found.

10) Sitos were placed on the switchyard gate which state:
ATTENTION all circuits in this switchyard can affect
McGuire plant operation. Notify AOC at 382-0383/0384
prior to beginning any work in the switchyard.

11) Transmission Department personnel suspended all
non-emergency work in the switchyard until a complete
policy controlling switchyard activities is forsulated.

12) Transmission rianagement personnel reviewed this event
with appropriate personnel.

Planned: 1) MES, IAE. and PIRT personnel will continue the evaluation
of the cause for the NI high flux rate trip.

2) A multidepartmental task force has been set up to review
administrative control of switchyard activities and
develop a policy for control of the same.

3, Transmission Department personnel vill complete the post
__ modification test en the b3FFX relay (trcuit.

4) MES and Design' Engineering personnel vill evaluate the
setpoint for acoustic monitoring of the PZR code safety
valves for PER PokV cycling events and determine 11 the
setpoint should be changed,

. . . , . . , . s . .* . . . . o .

<w
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)) Transenssion Department personnel will continue
evaluation of the failed 211.C teley contact. This may
include sendtog the relay to A. Brown Bovert. Inc. for
analysts. They will also investigste other mod 6fications
performed earlier to determine if thss could have caused
failure of the relay,

t, ) General Office OPS personnel will ve:Afy that an adequate
emergency plan caists te restote power to the station in
the event of a loss of both switchyards.

,

SAFETY ANALYSIS:

This event resulted in a Reattor Trip with the plant being capable of
tetusninj to operatic'n.

When the bla'itout logic was initiated. D/Gs I A and IB started. And all 10 .

load groups were sequenred on within 11 seconds (after the load sequencer
inittated). The total load was hell below the D/G capacity. If the D/Gs had
not started and loaded properly, ops personnel would have seferred to
emergency procedures whith provide instruction to energise the 4.16 KV buses
face Unit 2 if necessary. Of fsite power was available to both essential 4.lf,
KV buses from Unit 2 through standby transfoteers SATA and SATB.

Upon loss of power'to the NC pumps, coolant flow necessasy for core cuoling
and the removal of residual heat was maintained by natural circulation in the
NC system aided by Auxiliary Feedwater in the secondary system. ops
personnel were awate of this and were monitoring subcooling parameters.
Adequate subcooling margin was always maintained during the event.

Of fsite p*er was restored within 40 minutes of the loss of pwer.

Approsimately 17 minutes into the event an Sl occurred due to low stese line
pressure. Both NI pumps and i NV pump (lW pump was already running)
started. l.ow steam line pressure resulted when a steam beader isniation
valve remained pattially open while_ steam pressure continued to be reds;ed by -
steam usage on the secondary side. Ops personnel were aware of decreasing L

steam pressure and were to the process of securing steam usage and isolating
leaks when the Sl occurred. it bas been determined'that there was no-
equipment or atturtural damage as a tesult of the Sl.

I

Pressuriter PORVs INC.32 and INC- M opened as acquired to maintatn NC system
pressure at approssmately 2335 psig. The Pressuriser and Steam Generator
code safety valves were not challenged during the event. Integrity of the

, . . pressartzer Relief Tank Rupture Disk was not challenged.

An Unusual Event was declared and the TSC was activated as a precaution
i 4sc of th loss of of f atte power and $1.

. 3. +. . . ~. m ....a....-.

.
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The lower contatrument air temperatute spiked at 140 degrees l'ahrenheit due to i

the VL at t handling units t rtpping of f during the loss of power. A visual
inspection was pettormed and it has been determined that t here was no
equileent or struttural damagt as a result of the St. These units are not ..!

.

powered by the D/Gs. The increased temperature resulted in an air voluse'

e s paas t on t o lowe r t ont a t tue-nt . This caused the Ice Condenser Doors to open
briefly as designed. Maximum pressure experienced was 0.76 psig whita is ;
well belcw the 3 psig se* point for actu.ation of contaittment spray. t

'
All Secondasy system and accident attigation equipment f unctioned as expected
and rio nuclear safety contetus occurred as a result of this incident. These
were no challenges to fisstuu product bartiets as a result of this event.

There were no personnel injuries or radiological releases as a result of the
'

- event,

The health and safety of the public were unaffected by this event.
. 6

AD0!T10NAL INIORMATION:

Sequence of Events:

TR Trip Report=

pR '- Personnel Recollection

E.RI - Switchyard Events Recorder
Logbooks (TSC, OSC, SRO, etc.)th S-

VR Work Request History-

E.R2 - Plent Events Recorder

Date Time Event

8/21/90. Resay 2 TLC preventative maintenance was perfotard by
Transmission Department personnel. (WR)

2/11/91 s0 D0 The load dispatcher was contacted by the Relay crew.~ The
load dispatrher stated a M minute outage of the
autotransformer wuld be acceptable later in the day.
(FR)

s1000 The new 63FFX relay rtreust was. installed for the
autottansformer bank. (PR)

s1001 The load dispatcher was contacted about testing the
relay. System load had increased ~and it was not possible -
to perform the post modtfication (mod) test at that time
with the autotransformer ' isolated, (PR)

1200 The modification crew bratustormed a test mettod that
could be implemented while the autotiansformer was
energized. (PR)

** *
;.; . .. .

|
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st300 The kelay S.get visor not i< cd anot hei c rew woikitta nea r
the transformer. (PR)

1319 The onsite Operal try Depar t ment keptesentative called the
AOC t o get permissicsn f or t he Relay (trw to pro (&cd with
the te6t. (PR)

s|340 The post mod test was toplemented but problems were
_

entountered due to ths blet k tng r,wltt h being labeled
backwards. (PR)

s t ')SO The blo(king switth was re labeled and the test troused.
(PR)

I M5 ; 01 The $6 aclay deretted a lault on the autotransfoamer bans
and cierred both switthyard buses-, ( 1 .14 1 )

IM5:02 The Craighead White line was cleared due to failed 211.C
relay and overload. (IRI)

In5:04 The Me< kicobun g Hlac k line was cleared itue to overload.
(ERI)

135$:13 NI power tanke initiated a heartor Trip due to high flus
rate. (Ek2)

.

IM5:14 The Turbine t i ttped due to a reactor t rip. (Ek2)

D/Cs IA and 18 started. (Lk2)- --

13% : 19 ops personnel manually opened the Beactor Trnp Breabers.
(ER2)

13M : 34 OPS personnel manually statted NV pmep ti. (TR)
*

The Turbine Driven Aust* t a s y Feedwat er puer (I'D MVp)"-

started. (ER2)

1359 Tbc (ondenser was in f ull load sejection mode. (LR2)

1400 Fredwater isolated due to Tavg less than 551 degiera
Fahrenheit. (LR2)

1602 NC system letdown was isolated. (TR)

1412 An S'l line isolat ion signal was initiated Juc to low
packsure in loop A. hl was initiat ed. Ibe ne t endense:
doors opened. (Ek2)

1420 An Unusual Event was d4clared. (l.B)

;. .e... . .. .
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1422:33 The 51 nignal was erset. (IR2)

14)$ 1% wet vea f ully restoted to the unit and available to the
hC pump motoss. (LB)

1452 llot h VC/YC s hillet s we e down. The OAC ws down. (1.B)

l',01 Tlie OSC and W C were attivated. (LB)

ISO % A Train VC/TC was runnleig. (l.B )

1510 The TD AlVP was stoppe.f. (Lb)

1511 OPS pes sortnel began awapping loads (som the D/G supply
buses to the nosmal 4100 volt Supply buses. (l.h )

1520 SM bender was etessustred. (LB)

1529 The OAC was plac ed bat h to servic e.

1537 Containment peessuse increased to approstmately 0.5 pels,
lowet c ont a ttunent t es: pes ature torreased to 140 degr ees
lehrenheit. (LB)

l$39 Contatuernt piessure inc teased to 0.7 psig. (Lil)

1544 TEC prisonnel decided to tool the unit lay venting steam
thsough the SM atmosphet ic M*Va. (f bl

1600 PTH pressure was 2240 pet and WC loop B t emperatute was
$$4.1 dege res l'ahrenhe t t . (Lbl

1607 WC Pump B was stented, (LB)

1632 Two lower c ont aiteent ventilation units ate in tesvite.
(l.it)

1622 Coutainment preetute decreased to 0,) pelg < High
ptetsune 6tation att was availsl>le. (LB)

1629 low pressure stat 6pn att was available. (1,B)

1617 Cont ul Room OPS I eisonnel omved tnto the noima1 abut down
pincedure. (l.B)

104) The t'nusual Lvent was de-estalated. (LIO

1649 Two Condenset Clitulating Water System (Ills:kGl puaies
weic available and OPS personoel *cie prepartns to dusip
steam to the condenset, (IB)

. - > ,..;.........
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1701 NC Pump A was running. %nagement 1 cr sonnel dist-.ssed
sends ets an uispect ion t eam tot o c onta tivnent. (Lh)

1724 OPS personnal started Hotwell pimp A. (IB)

17 M Th. OSC and TSC were de attavated. (LB)

2/11/91 0%5 The heactor was re-started. (LB)

_

;j;- - ,. _ . . . , , , . . . .
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ACCIDENT SEQUENCE PitECUltSOlt PitOGitAM EVENT ANAL,YSIS

1.Elt N s.: 4(X)/914XIS
Event Deser:ption: IIPl unavailability for one refueling cy cle because of inoperable

minillow lines
Date of Event: Apnl 3,1991
1 lant: 1larris 1

Summary
-_

liarris is equipped with three charging / safety injection pumps (CSlPs) that provide
charging and seal flow during normal operation and provide high pressure injection
(llPI) during eccidents. Each pump is provided with a nonnal minimum flow path and
an alternate minimum flow path for pump protection. During normal operations, the
minimum flow path is via the seal water heat exchanger back to the pump suction.
During satet) injection (SI) operation, this path is isolated, and two alternate paths via
relief valves to the reactor water storage tank (ItWST) are aligned. Tests conducted
during a sefueling outage revealed that both relief valves were failed, as well as associated

piping. Ilao HPI been demanded during the operating cycle, sufficient flow would have
been diverted via the alternale miniflow system to fail the injection function. Under some
arcumstances, pump runout and failure could also have resulted.

The conocional cote damage prol ability estimated for this event is 6.3 x 10 3. The
'

relative significance of the event compared to other postulated events at 11arris 1 is shown
beloW.

<
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,

. . _ -

Event Description

The CSIPs provide charging and reactor coolant pump seal injection flow during normal
operatioa at liarris. Under accident conditions the CSIPs act as llPI pumps, providing

___ _
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high-presscre makeup to the reactor coolant system (ItCS). While acting as charging
pumps, tic' (' SIPS are tvatected against deadhead operation by nonnal minimum 00 v
lin(s that are capable of returning 60 rpm through the seal water heat exchanger to the
pump tretion. On:M S1, tne~ lines are automatically isolated, and two alternate
mi:dmom flow lines are aligned, ite!ief salves ICS 744 cad ICS 755 are located'

respectiveiy in these lincs. T%y are designed to lift at approximately 2300 psig to
recirenlm.qvater back to the k'NST.

During cutage (mting. thvse telitf valves were both found to be damaged, along with
associated pipmp. Pebef vahe ICS-755 failed to hold any pressure during bench"

testing, and ICS 744 lifted at 1100 psig. Piping upstream of valve K'S-755 was found
to be cracked; this piping failed d9t ng testing. In addition, a weld indication wasi

identified upstream of ICS-744. Utility investigation detennined that the damage was a
result of water-hammer effects. Gas accumulations: believed to be air, were thought to

have developed in the alte.rnate miniflow lines during previous testing or maintenance.
Displacement of this air during earlier system testing apparently resulted in water-hammer
and damage to the piping and v:dves.

The utmty reponed that, had llP1 been demanded, the failures in the alternate miniflow
lines would have diverted sufficient Oow that the system would not have been able to

perfonn its safety function. It was also reported that, in the event of a large break loss-
of coolant accident (l.OCA), the additional now through the alternate miniflow system

would have resulted in CStP runout.

Additional Event lleluted information

A draving of the llarris charging /SI system is shown in Fig.1.
_

EOP FRP-C.2,"ltesponse to Degraded Core Cooling," provides instructions for ItCS
depressurization and use of ihe accumulators and loiv-pressure injection (LPI) pumps if
the high pressure system is unavailable. This alternate mitigation method would only be
effective if secondary side cooling were available and if (ne itCS could be depressurized
prior to core uncovery. The Accident Sequence Prtcursor (ASP) models, described in
Appendix A, do not currently address the potential use of secondary-side 3

depressuritation end LPI for core cooling success.

/.SP Modeling Assumptions and Approach

This event was modeled as an unavailability of the CSiPs for SI. The failures were
assumed to be nonrecoverable. Since the procedures requite SI to be initiated prior to
opening the PORVs fcr feed ad bleed, the failed relief valves would also have resulted
in a failure of that function as well as S1 in the event of a 1.OCA.

-______.--_m___ _ _ _ _ _ _ _ . ~ _ _ _ _ _ __ _
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The utumilabi'ity esisted throughout the icfueling cycle. To estimate the relative
significance of the event within a 1-yr observation period (the inten al between precarsor
reports), a 1 yr unavailabdity period was utili/cs,in the analysis (6132 h, assuming the
plant was critical or at hot shuhlown for 7(M of the year).

Two sensitivity analyses were also performed. The first involved the potential use of
steam generator (SG) depressurization and the 1.PI system for sequences in which
secondary side cooling was available. A f aihue probability of 0.12 was asstuned for this
alternate core cooling method. As described in Appendis A, a failure probability of 0.12
is and in the ASP Program fot situations in uhich action could be taken from the comtol
svam, tvt v hich are no routine or invoke substantial operator burden. (Use of SG
deptessuiitatiori and .l'; at an alternate to llPI is not addressed in the evnent ASP
models,) The second sensitisity ..nalys', addressed the possibility that two CSIPs would
be ef fective in providing high pressme malcup.

Analysis 1(esults

The conditional core damage probability associated with this event was estimated to be
6.3 s 10 1 The dominant core damage sequence, highlighted on the following event '

tree, involves a I.OCA, scactor trip and ausiliary feedwater success, and fallute of IlPl.

If SU depressuritation and I.P! is assumed to provide successful core cooling with a
failuie probability of 0.12, then the conditional probability for the event is reduced to 7.8
x 10 4, still a signineant event.

It is possible that use of tuo cha!ging pumps would provide adequr.c injection flow even
Will) llie failed relief valves, but ilo tilfor1Hation is available that would per:1)it t}gjs to be
confirmed, if this were the case, the conditional probability estimated for the event
would be -1.3 x 10'd without the use n.' SG depressurization, and 2.3 x 10 5 if SG
depressurization and I.Pl were effective in providing core cooling.
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CONDIT1Cmkk CORE DAFML PkOBASILITT CALCVLATIONS
r

'
Event identifiers 400/91-009

!Eve nt Descriptions HP1 unavailable due te inoperable min 1* flow lir.es
twent Datet 04/03/91
Plartt hatris 1

|

UN AVAtLABI117Y, DUltATION- 4132 ;

NON-WLCOVERAB'_5 IN171ATERG EVENT PRDBASIL17185

TRANS 3.4t*00
Loop $.3E.02
toCA 6.M-03

$

ELQUENCS CtWD! TION AL FitOBAhlt.!TV $UM8
!

Lnd State /!nitiater P robabilit y

CD

TRAmt. 1.bt-05
IDDP 1.9t-0$ ,

1DCA 6.3E-03

Total 6.3E*03

ATw$ ,

TRANs 0.0t*00
titV 0.00+00 ;
14KA 0.0t+00 >

Total 0.0L*00
s

I

SF40tNCE CONDITION AL PROBAB1LITjt$ (PADDASILITY ORDER) j

sewenee end stat. P r ot, N ma..

72 loca -et -afu HPI CD 6.3E*03 -4.3t*01

)
J

** non-recovery credif 'or edited case

- 3EQUENCE CONDITIONAL PPDBAh1LITit$ (SLQUENCE OkDtR)
~ ~ ~

5equerce End $ tate ~ Prob ~ N' Rec **-

77 loca +rt -afw Ht! cD 6.3E-03 4,3t-41

e. non.recevery credit for edited case

Notet Fat unavailabilities, conditiotiet probability values are dif ferentlet valuee which reflect the'

addwd risk due to failures associated with an event. farenthetical values indicate a reductica in risk
carapared to e similar period without the esisting f ailures.

SEQUENCE MODEL c \ asp \1999\pwrbemal. cmp
BRANCH MODEtt c1\ asp \1989\hartie.s11

PPoaABILITY FItte estasp\19s9tpwr_bs11. pro

No Recovery 1.imit

Event identifter 400/91-008
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I t< a 7.4L-06 4.)t-01
ft P.91-04 1.2f+01
f t / J ungi 0.0F+00 1.0te00
et e t g . Le,ve r 7.66-03 8.0l-01
afy 3.45-04 2.6L-01
a t w /cae r g .sewe r i.0L 02 3.40 0)
elv 1.0Fe00 1.DE-02 1.0E-03
3.it v . e t . a r v .c ha l l 4.Ct-07 1.0te00
gor v.t r .e rv. iespat 2.0F+0/ 1 .16. 02
pr.r v.os . s t v . t e stat /eme r g .5*** E 2.01 07 1.00e00
tea l , hw s 7.78-01 1 . 01;* 0 0

ep.tec(al) b.18-01 1.0L*00
ep. toc 7.0L-02 1.08+00
hr! ).tt-04 > 1.0t+00 9.4f-01 a 1.00 00

-

klar,tti E dell 1.(4 ^ . )
1 sin 1 Cond Prot >s 1.00-02 = failed
Tseth 7 ( ond P ic> tis 1,Cl*01 Failed
Train 3 Corid F r eet.t 3.0L-01 * lalled !

hr ! (r /al 5.0L-s4 a 3.Cr*00 0.4t-01 > 1.0t+00 1.0L-02
int am.h ode t 3.Or . 3 + t.p t
T t a t ti 1 Cofid P rot 1 1.00 02 * Felled
Train 2 Corid Probt 1.0E 01 * .elled
trath I h.nd Probi 1.08.-01 * Falted

Lpr / hgil 1. h t. - 0 4 1.6t,00 1.00-0)
f or y .r1*n 1. O r 4-0 2 1.0te00 4.05-04

* t r ent 's nv id e ) flie
** f ort ed

vo t e.o t t c h

0)-1%-1992
18101:31

Fvent identitlers 400/91-006
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Comon-c a u s e failures, which would have af f ected both trains of liigh Head Saf ety
Injection, were identified d u r itig testing while the plant was in a tefueling
outage. The failures involved alternete miniflow lines f or both Charging /Saf ety
In jec t 'sn Puers (CSIPs). These alternate miniflow lines are designed to protect
the CSIPs for accidents where the RCS repressurites siter safety * injection is
actuated. Water haoper in these lines had damaged relief valves and test
connections on these alternate minific.# lines such that a signif(rant portion of
the saf ety injection flow would be diverted f rom the RCS.

This event is being reported in accordance with 10CIR$0.7)(a)(2)(v) as an event
that stone could have prevented the fulfillment of a safety function.
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On Apri! 3. 1991, dor t og the third refueling outage (RFO*l), it uns deteseined
degraded rondit ion duringthat High Head Saf ety injection (UHSI) had been in a

Cycle 3. This degraded condition resulted from relief valve and drain line
failures in the Cha r gitig /Sa f et y in je c t i on pump (CSIP) alternate sti ni f l ow l ilie s
whic h would have diverted a port ion of t he sa f et y irijec t ion flow. ,,,,,

The CSirs provide t hra ing flow and teactor Coolant P.ver seat injection during
normal plant creestion. Wile operating in t hi s mode. the CSlfs are protetted
from pump deadhead operation ty nore41 miniflow lines that are designed to
provide a minimum flow of f,0 3ps. During accident conditions, the Calps provide
High Head Safety injection to the BCS. While operating u this safety injection
sede of opeestion, the nornial minillow lines are automatically isolated to ensure
all salcty injection flow is provided to the RCS.

If the plant acendent is a secnndary side break, safety injection will be
aut omat ically ac tuat ed. Afte; the secondary side of the stes= generator is dry,
the facesa heat removal would end and t he ' CS would repressurise. '. o prevent
CSlp failure from deadhead operation in this event, an alternate miniflow is
plated into service when the normal minillow is isolated (see Attachment 1).
This alternate einillew path is through relief valves (ICS-744 and 1C5-75%) whith
are set to open at 2,100 +/- O pois and recirculate to the Refueling Water
Stovage Tank.

During RFO-), testing identified damage to the alternate esinillow relief valves,
105-744 and 105-755, and test connectinne 105-754 and 105-756, inane d i a t e l y
upst ress of ICS 755 and 105-744 r e s pe c t i ve l y . Relief valve IC5-755 was removed
to test its relief setpoint in accordance with Intervice I n s pec t ism
r equ i rement s . In its place, an orificed spool piece is installed to support
integratsd f.ngineered Safety Features (ESP) testing. The relief setroint of
1C5-755 could not be determined on the available testing equi eent becausel
encessive valve seat leakage prevented pressurisation, 105-75) was subsequently
repaired and reset. The ESP testing that is perf ormed during the cutage actuates
flow through the orificed spool piece that is installed to replace the relief
volve. Dur i.is t he BFO-) ESF testing, wat er hammer caused the piping connec tion
upstream of 1C5-754 to fall. A small leak had previously celsted in this weld,
repair of this leak was scheduled for this outage. This piping has been rewelded
and the welds upstream of t he other test connection (1C$+156) were inspected by
WDE. One weld indication near ICS-756 was repaired. Supports were designed and
installed t o prevent recurrence of this event. Based on the failure of ICS-755,

the other t elief valve in this system (ICS-74 s was selected for testing. The
lift setpoint of ICS-744 was determined to be 1100 pois, normal set roint is
2300 psig. This valve was disassembled and inspected. Damage to the valve
ac t uat ion r umponent s was identified during this inspection. This valve will be
repaired and reset, or repleten prior to plant entry into Mode 3.

m,-...,
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EYDff DEScalPTIOW (continued)

The physical layout of the piping upstream of the alternate miniflow relief
valves i s shown in Att achment 2. This tiping arrangement results in an ait void
being t ra pped below the reliet valves when they are installed in the system.
Af ter the- relief valves are instelled and the clearance is temoved. one of the
upstream valves remains closed. This- prevents water from refilling this
piping In addition. the piping upstream of the relief valves does not have a 3

high point vent to remove the trapped air. Procedures are being developed to
refill and vent this piping.

CAE8. El

The cause of this event was water haerner that alpatently occurred because of an
air void that reasined in the alternate miniflow lines f ollowing previous testing
and mainterience. Previous to this outage. ICS-744 was tested in May 1989. At
that time, the as found relief setpoint was less than one percent below the
acreptable range.

There have been no sisilar event s reported.

SAFETY SICNIFICANCgt

The amount of safety-injection flow diverted by the failures ident if ied . would
have resulted in the HWP FSAs LOCA flow f(quirements not being met. In addition.
!or a large break 14CA, the additional flow through the alternate miniflow line
would have tes dted in CSIP runout conditions.

,

The consequences of the small or medium break IEA may b4ve been mitigated by
local operator inspection in this ares. This inspection would have occurred as a
result of inadequate high head safety injection flow - being indicated in tbt '

Control Room. If this inspection had not been succes sf ul ; in identifying the !

- diversion, then plant conditions would have advanced until actions were initiated
per LOP-rap-C.2, "gesponse to Degraded Core. Cooling." nie proceds.e directs
tooling and depressurising of the RCS to inject the accumulators and to place
Low-Head Saf ety Injection (LHSI) into service. Doce this was accomplished, core
cooling would be adequate and the plant would have been stabilised for recovery.

Por a large break LOCA. if the CS!Ps f ail,. LHSI Pumps would still f unction and
would recover core cooling as decay heat production decreased. Potentially the' I

operators would have detected CSlp runout prior to pump damagt. Culdance on
detecting potentini CSIP tunout i, included in the E0P Uset's Culde and the l

indications of CSIP runout were included in operator training prior to Cycle 2.

..e.....
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5 JCTIVE ACTIO3S:
-

1) The broken piping upstream of test connection, ICS-754 was repair A by
revelding the line. The weld indication upstream of ICS-756 was also
repaired.

2) SuFports were added to test c or.nc e t i on lines upstream c; 105-754 and 1C5-756 --

to pre"ent f utur e cracking.

3) Relief valves ICS-744 and ICS-755 are being rebuilt and will be retested, or
replaced prict to entry into Mode ;.

4) Maintenance i stru:tions for installation of these relief valves (IC. 144
and ICS-755) are being changed to refill the piping prior to installation
and to vent the piping through the relief valves by hydraulic pressure
following installation, thereby eliminating the air void.

5) A procedure is being prepared tt- ensure this piping remains full of water
f ollowing any activity that could potentially drain this piping,.

6) The procedure described in corrective action $ will be performed quarterly
during Cycle 4 to ensure this piping res:ains f ull. Following Cycle 4 if it
is determined that corrective actions 4 and 5 maintain this piping full,
then this quarterly testing will be terminated.

Ells CODE INFORMATIOW3

BQ - High Pressure Safety injection System

7
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ACCIDENT SEQUENCE PRECURSOR PROGRAM EVENT ANAL,YSIS

LER No.: 400/91-010
Event Description: Reactor trip breaker fails to open on trip
Date of Event: June 3,1991
Plant: liarris 1

Summary |

During performance of a calibration procedure on reactor coolant system (RCS) flow
instrumentation, a reactor trip signal was inadvertently generated. The "B" reactor trip-
breaker correctly responded to the signal, opening to cause insertion of control rods, but !

the "A" reactor trip breaker failed to operate. It was subsequently detennined that !
circuiuy in the "A" train solid state protection system (SSPS) had failed in a way that !

prevented it from responding to automatic reactor trip signals.

The conditional probability of subsequent core damage estimated for the event is
6.6 x104. The relative significance of the event compared to other postulated events at
IIarris 1 is shown below.

LER 400N1-010 -

IE.7 156 IE 5 I E-4 IE-3 1E-2
I I 1 I I Io

360 h EP
| LIX)P + 1 , g fy)p ..gP
| hTTR ABV

^
L-- precursor cutoff

Event Description

While performing a calibration procedure on an RCS loop "A" flow instrument,
personnel at IIarris inadvertently caused a pressure spike in the common reference leg to
the three "A" loop flow transmitters. The two inservice flow transmitters falsely sensed a
low-flow condition and generated a reactor trip signal. "B" reactor trip breaker responded -)
correctly, opening to deenergize the control rod drives and allowing the control rods to
insert. "A" reactor trip breaker failed to open, however.

Investigation revealed that the "A" reactor trip breaker failed to respond to the automatic
trip signal because an undervoltage output driver circuit board in the SSPS had failed as a

1

|

|
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resu!t of previous improper maintenance actions performed on the breaker This type of
failure, discussed in IliN 85-13, W stinghouse Technical Ilulletin NSilbTil 85-16, and
N U RF.G-1341 (Regulatory Analysis for the Resolution of Generic issue llS,
Enhance nent of the Reliability of the Westinghouse Solid State Protection System,
January 1989), results in output voltage being maintained from the SSPS even if
automatic trip signals are present. This failure prevents both automatic undervoltage and
automatic shunt trips of the associated reactor trip breaker, although manual trips are still
possible.

While little information was available e neerning the specific maintenance procedure tint
caused the f ailure of SSPS "A", NURiiG-1341 indicates that a number of earlier failures

resulted from" .. poor maintenance and test rrlated practices." "These practices involved
-

the inadvertent shorting of the scram breaker's lundervoltage] UV trip coil, causing a
shoned failure of the output transistor in the UV driver card." In 1985, as a result of the
earlier failures, Westinghouse recommended that maintenance practices be cinnged and
that the UV driver card be replaced with a new card containing a fuse that wott,,. ope-
the UV coil was shorted. Corrective actions identified by the utility indicate that the
existing UV driver cards are to be replaced with fused cards.

ASP Modeling Assumptions and Approach

While the initial reactor trip demand resulted from a spurious signal, the assumption was
made that, once trip was demanded, a trip or shutdown by alternate means was required
to pree core damage.

The cunent Accident Sequence Precursor ( ASP) models do not address the anticipated
transient without scram (NFWS) issues of concern in this event. Instead, the following

-

model was used to estimate the conditional core damage probability associated with the
event:

Manual Pnmary limergeng IURv/
. Rod Preuure Al W lloratum SRV

imenion i s,uted (A~lWS) (llPI ' Rncat IIEN

lhwn) (A'lWs) (Wp st(q.
STNm No.

|'''''''''' ' transient rapinem
w ith challenged prunary,

,

sehd valves, ,

| oK
* og

0i
| ; |11iur3 co i
'

i on ca 2
0 '

u s in)
, 21 a 10'3| 50 10 (.D '3

_ _ _ _ . _ _ _ _ . cn ,

in this model, branches and associated probabilities were defined as follows.
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Branch
,

Anticipated Transient - Scram demand with failure of the control rods to-
Without Semm(ATWS) automatically insert into the core. A combined probability

was calculated for this branch and the next branch and is
discussed under Manual Rod Insertion.

>

Manual Rod Insertion Failure of the operator to manually scram the reactor or
failure of both trip breakers to open after- manual

,

actuation. A combined probability for this branch and
!

NnVS was calculated by assuming that the probability for-
both scram breakers failing to open (either automatically
or manually) is 1.0 x 10-5. Since the manual trip function
was not impacted during the event, this probability _'was
also not impacted by the SSPS cirenit board failure. The
conditional probability of SSPS "B" failing, given SSPS
"A" failed, was assumed to be 0.1. Manual scram as a
backup to automatic scram was considered highly reliable
(it is proceduralized, addressed extensively in training, .
and practiced at each scram); a failure probability of 4.0 x

_

104 was assumed.'

The resulting probability of failing to automatically or
manually trip the reactor during this event is therefore

p(fail of SSPS "B") * ; ^~ ail to manually trip) +
p(fail of both scram breakers) w 0.1 * 4.0 x 104 +
1.0 x 10h 5.0 x 10-5,

Primary Pressure Limited Unfavorable troderator temperature coefficient results in
RCS pressures greater than -3200 psi. Above~ thisi-

pressure, unpredictable pressure boundary and
component failures are assumed to occur. ~'A branch-
probability .of 8.8 x 100 was assumed, based on
information provided in the NUREG 1150 probabilistic.

' risk assessment for Sequoyah.

AFW (ATWS) Failure of auxiliary feedwater (AFW) flow and secondary
heat removal using the steam generator relief valves and
atmospheric dump valves. Flow from at least two_ AFW

- pumps was assumed to be required. A branch probability'-

of 2.3 x 100 was estimated.

;

- - -~. , . , _ , , _ - , _ . . . - - , _- , , ,
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Emergency Boration (llPI Failure to inject concentrated boric acid via the
+ Baron) charging / IIP! system to terminate the fission process. A

failure probability of 0.12 was used in this analysis. This
probability was assumed to be dominated by operator
error in a high-stress situation.

PORV/SRV rescat (NIWS) Failure of one or more primary relief valves to close
following ATWS pressure relief. A branch probability of
0.1 was assumed.

Failure of high-pressure A failure probability of 1.1 x 10 3 was used in the -

recirculation (IIPR) analysis, consistent with the nominal ASP model value
for liarris.

Analysis Ilesults

Based on the event tree model and branch probabilities described above, a conditional
probability of subsequent core damage of 6.6 x 10 6 was estimated. The dominant core
damage sequence (sequence 2 on the previous event tree) involves failure of automatic
and manual trip, and failure to initiate emergency boration.

_
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The plant received an automatic Reactor Trip on RCS Low Flow during the performance
of a maintenance calibration procedure on an RCS flow transmitter. All rods fully
insert.d on the trip signal, The "A* Reactor Trip Breaker did not open on the
automatic reactor trip signal but did open on a subsequent manual trip signal. The
failure of the 'A' Reactor Trip Breaker to open was due to a failed undervoltage
output driver cerd in the *A* $olid State Protection System. The failure of the--

undervoltage output driver card was the same as described in IE Notice 8513 and had
apparently occurred ducin6 maintenance on May 18. 1991. The failed undervoltage
output driver card was replaced with a modified card which prevents this failure
mechanism.

This event is being reported as a Technical Specification violation and Engineered
Safety Features actuation per 10CFR50.73 (a)-(2)(1)(B) and 10CFR50.73 (a)(2)(iv).

.....4...
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At 1533, on June 3,1991, an automatic Reactor Trip occurred due to a pressure spike
in the flow t ransmitter comen ref erence leg fot * A' reac tor coolant loop low flow.
All rods f ully inse t t ed on the reactor t rip algnal. The "A" reactor trip breaker _

f ailed to open on the automatic reactor signal but did open on a subsequent manual
reactor trip signal. An Aust11ary Feedwater ( Alv) actuation signal was initiated
on low steam generator water level. All AIV pumps started as required and were E

later secured.

ne low loop flow signal occurred during the perfotmance of surveillance test
MST 100%, Reactor Coolant Flow Instrument (f50415) Calibration, on one of the thr<e
' A" reactor coolant loop flow t r ansmit t e t s . Manipulation of a transmitter isolation
valve caused a pressure perturbation in the sensing lines of the two ineervice
transmittore, resulting in the generation of the low flow signal. MST 100% was
tecently revised because the RCS flow transmitters were changed to a new type during
the previous refueling outage. As required for the new type of flow trarraitter,
steps to correct for ins t ru:sa nt zero ehtf t at pressure were added to the procedure.
It appears the reactor trip occurred when the high side (common to all three fluw
transmittera) 1selation valve was opened to perform this reto shift check.
Procedures have since been revised to use the low sida (non comison) isolation valve
to perform this zero shift check.

The failure of the "A" reactor trip breaber to open on the automatic reactrr trip
signal was caused by a f ailed undervoltage outg ut driver circuit Noard in the So td
State Protec t ion System (SSPS) . The f ailure of the undervoltag,e ouput driver card

a random failure. The undervolt age our7ut driverwas initially determined to be
card was replaced. "A" train SSPS was tested and the plant was restarted, Dut.ng
sut sequent invest ! gat ion it was determined that random f ailure was probably not the
cause of the undervoltage output drive r card f ailure and that it apparently failed -

during maintenance performed to correct a breeker closing problem on the 'A' reactor

trir breaker on May 18 1991. The failure that prevented the "A" r actor trip
breaker from opening was the same an described in IEN 85 13 and Vestinghouse
Technical P.ullet in NS ID-TB $ b l6. This failute mechanism results in the output
voltage from SSPS being maintained even if an automatic trip signal is present.
This prevents both the automatic undervoltage and automatic shunt tripa. Manucl
trips remained available during this time period,

WIM:

The reactnr t rip was caused by a pecturbation in the sensing lines during isolation
valve manipulation while performing M5T.700h, Reactor Coolant Flow Instrument
( F 0415 ) Calibr e t ion. This pertutbation was caused eitber by opentrr, the isolation
valve too quickly or because the high side (comtnor, referena leg) isolation valve
was used Engineer review determined that unit.g the high side isniation valve
abould be aco ptable but that using the low side isolattuo causes less perturbations
and is accept able f or the se r o shif t check . The f ailuce of " A* h ac tor Trip Breaker

....s

_ _ - - _ - - - - - _ _ _ - _ _ _ _ _ - _ . _ - _ _ . - _ _ _ _ _ _ - _ - _ _ _
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GR$1: (continued)

to open was a result of a failed undervoN age output driver card in the 'A' Solid-
~

- State Protection System. This f ailure apparently occurred during maintenance on the
'A' reactor trip bretker closing circuitry on May- 15, 1991. . The' post maintenance
testing performed af ter this maintenance vertfled the close-circuit problem was
corrected but failed to detect the problem in the SSPS undervoltate output driver
card. ,

There has been one previous event, reported in' 11R 91-009, where manipulation of
instrument valves reaulted in an Engineered Safety Features actuation when a common
reference leg was af f ected. In that event. Auxiliary Feedwater actuated on a low
steam generator level signal. There have been no previous eventa that were similar
to the *A* Reactor Trip Breaker f ailure,

S AFETY SIGMHQ_ANfJ:

During this event all systems functioned properly except for the f ailure of the *A*
Reactor Trip Breaker to open, The saf ety significance of ths ' ' A' Reactor Trip-
Breaker to open on an automatic signal is attigated by the f act that the "B" Reactor
Trip Breaker was always available f or automatic actuation and that manual actuation

,|of both Reactor Trip Breakers was always - available. Additionally, emergency
procedures require that the operator immediate1) verify all rods fully inserted on - l

a reactor trip signal, if not the operator immediately inserts a manual reactor trip l
s i gnal ~. This would have been performed if the 'B' Reactor Trip Breaker had not I

opened automatically,
]

-|

The reactor trip and AW actuation are reported as an Engineered Safety Feature .

actuation per 10CTR50.73 (a)(2)(tv). 1

The f ailure of tho' 'A' Reactor Trip Breaker to open is being reported as_ a Technical
Specification violation per 10CFRSO. D (a)(21(1)(B);

'

,

, I

l
,

GQERECTIVE AQUpM: '

n _l, Revise the Reactor Coolant System flow calibration : procedures to
perform the zero shift check using the low side (non common) pressure
and include precautions to perform valve manipulation very slowly to'

prevent perturbations in the sensing lines,
~

2. Replaced the failed'undervoltage output driver card with a new fusid
card as recommended by Westinghouse Technical Bulletin NSID-TB 8$.16,

3. Placed non. f used undervoltage output driver cares on administrative
hold and ordered additional fused undervoltage output driver cards.

..e...,

|

: |
4

m .- . .~-.-n,.. , , , , - , - . .-. -
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90EEtCUVE.AC HON 5' (continued)

4. The 55PS tegte test will only be dele t ed as a pr.s t ma tr.t enance test ing
r e qui r e nie nt f or t e ac tor t i t p br e ake r work with the Manap,et Operations-

approval.

5 Adatttonal troublesho<ttrg si de nc e is Letog dtveloped and will be -

im orpor at ed int o appr optlat e pr ocedures .

f. An unh11 t r al (ord will Le manufactured to supply 12')V DC f or rearter
t r i p br e ab e r maint enarg e and t r oubleaboot ing . This umbilical coid will
not (onnect t o t he 46V SS?$ output A temporary 48V power nupply will
t.e used to supply a simulat ed SSPs input a l gr,nal f oi any future reactor
trip tireaker work.

7 Apptopriate site personnel involved in maintenance and modtitcation
work onstte will t.e senaltired to this event and the requirement t h a t.

po n t - mai nt enanc e /po s t mo't i t r a t t on testing be extensive snough to
e taut e nu additional problems a r e. created by the maintenance or
medi f t t' a t t on activities.

.

.a g.. ..e A.a a
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ACCIDENT SEQUENCE PRECURSOR PROGRAM EVENT ANALYSIS

Event No.: 410/91-017
Event Description: less of five nonsafety uninterruptible power supplies
Date of Event: August 13,1991
Plant: Nine Mile Point 2

Summary

A main transformer fault occurred, resulting in turbogenerator trip and reactor scram.
Following the tr.msformer fault, five uninterruptible power supplies (UPS) deenergized,
removing power fram nonsafety-related instrumentation and equipment, Equipment
affected included rod position indicators, control room annunciators, lighting, and
communications systems. Two of three trai.cs of the low pressure coolant injection
(LPCI) system were initially unavailable, having previously been removed from service
for maintenance.

Plant operators started the reactor core isolation cooling (RCIC) system for tractor vessel
level control. Since rod position could not be verified, the automatic depressurization
system (ADS) was inhibited. Approximately one-half hour after the scram, power was
restored to the UPS buses, and the plant proceeded to cold shu:down. The conditional
probability of subsequent core damage associated with the event is estimated to be '

3.8 x 10 4. The relative significance of this event compared to other postulated events at
Nine Mile Point 2 is shown below.

LFR 41(Wl-017

I E-7 IE 6 I E-5 IE 4 Ilh3 1E-2
I I l l |x

Trip - Trip with , 360 h
_

i

| -IIPCI unavail EP unavail

| U X)P
360 h I(PIC/precurwr cutoff )
RCIC unavail

Event Description

Nine Mile Point 2 was operating at 100% power when one phase of the main transformer
faulted. The main generator and turbine tripped, and the reactor scrammed. *

Simultaneously, power was lost from five uninterruptible power supplies _(UPS 1 A,1B,

. . . . --
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lC, ID, and IG)i Power was lost from the UPS units as a result of the impact of the j
'

transfonner fault on plant electrical systems combined with the unavailability of backup
control power natteries in the five units.

C

. As a result, the following was lost: _j

|

all indications of reactor control rod position, resulting in the operators' inability to-

verify that the reactor would remain shut down;

condensate and feedwater system controls, resulting in main feedwater pump trips.

and loss of normal feedwater to the reactor,

. virtually all control room annunciators (alanns),-hampering the operators' ability to q-

monitor post-scram operation of the plant;
,

both the in platt radios and the page telephone communications systems, limiting --+

control room communications with in-plant pemonnel;

control room indications of plant fire alarms, requiring local monitoring of fire alarm'

*

panels;

almost all plant cornputers that perform monitoring, alarm, protection, and da;a--

recording functions, reducing the operators' ability to monitor plant status, disabling -
some m.inor automatic functions, and making reconstruction of the event difficult;

multiple control systems, resulting 16 a loss of nomial cont,iinment space cooling and - )' -

requiring that operators divert some attention to monitoring containment temperature;-

many other parameter displays ~on the main control' board, limiting the.' operators' j-

I. ability to monitor plant conditions, particulakly for balance of-plant (BOP) equipment; -
,

the safety panuneter display system, removing an aid to operators for analyzing planta

conditions and reducing information that was available in . Unit 2's technical support
center; and

some plant lighting that posed a personnel safety hazard but did not significantly|-

affect plant personnel.

Specific loads powered by the failed UPS units are listed in Table 1.:

Following a scram, operators nonaally refer to the rod position indicating system (RPIS)

7 to verify that the control rods have all insened properly. With the RPIS unavailable, the
'

J - operators entered contingency procedure EOP-C5," Level / Power Control," and blocked,

~

.. ADS, since rod position could not be verified. The operators suspected the unit had.

i
..

t

,

. . _ - _. __ _ :. _ _, , , . - . . - , . . _ . . ~ . _ _ _ . .
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scrammed because:

scram pilot lights were deenergized (indicating scram circuits deenergized, which-

allows scram ,alves to operate);

scram discharge volume was full (indicating that control rods have- inserted,-

displacing water from the CRD over-piston area to the scre.n discharge volume); and

flux level was indicated on the source range monitor scale and was decreasing,-

llowever, since the potential for recriticality existed during cooldown (since rod position
was unknown), ADS was inhibited until power was restored to the UPS buses. After

-

power restoration, multiple rods did not indicate full-in. The rod drive control system
was reset, after which six rods still did not indicate full-in. The scram signal was
subsequently reset by placing jumpen v/ ires in the reactor protection system, after which
all n<ls indicated full-in.

Subsequent to the loss of load and reactor scram, two safety relief valves operated to
relieve steam from the reactor to the suppression pool. In addition, turbine steam bypass

valves opened to relieve to the main condenser.

The RCIC system was placed in service to pmvide vessel makeup. Its automatic control
system experienced flow oscillations, and operators placed RCIC in manual control to

bensure stable flow to the reactor. Residual heat removal (RilR) pump "A" was then
placed in service in suppression pool cooling mode. Reactor pressure was rapidly
reduced, and a condensate booster pump was aligned to supply condensate to the reactor.

Approximately one half hour after the scram, the deenergized UPS buses were _

repowered. Specific pmcedures to restore power to the UPS buses did not exist and the
procedure for UPS startup was unsuccessfully attempted. One operator recalleC from
startup testing perfonned with the UPS system engineer how to lift the motor operator
from the UPS maintenance supply breaker and manually close the breaker. This action
was successfulin restoring power to the UPS buses.

About 2-1/2 h after the scram, RilR loops 11 and C, which had been unasailable at the
time of the scram for preventive maintenance, were restored to op ability. Ten minutes
later, the ADS inhibit switch was retumed to nonnal.

RilR pump B was subsequently started in the shutdown cooling mode, and the reactor
was placed in cold shutdown.

Additional Event Related Information

The Nine Mile Point 2 Final Safety Analysis Report indicates that ten UPS power

-- _ _ _ _ _ _ _ ______
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supplies are utilized at the plant. UPS power supplies 2VilB-UPSI A, Ill, IC, ID, and
IG are all 75-kV A,1-series 120/208-V, 3-phase, nonsafety-related units. Loads
supplied by these units are indicated in Table 1. Nonsafety related supply 2VBB-
UPSill is a 5 kVA, single-phase,120-V unit that supplies the gaseous efBuent radiation
monitor in the plant stack. Reactor protection system (RPS) supplies 2VBB-UPS3A and
3B are 10-kVA,120-V, single phase units. These units feed all RPS logic trip channel
loads and MSIV control solenoids and are considered nonsafety related as tbr loads

" fail safe" (deenergire to operate).

Two UPS supplies are safety-related: 2VB A-UPS2 A und 28. These units are 25-kVA,
120 V, single-phase systems that supply emergency core cooling system (ECCS)
instrumentation and control loads. These units are of a different design from the 1-series

units that failed during the event.

A simplified one-line diagram of the 75-kVA 1-series UPS units is shown in Pig.1. A
(AX) VAC 3-phase input power source from the in-plant electrical distribution system
provides the normal AC input power to the UPS unit. When CB-1 is closed,600-VAC
3 phase power is applied to the input of an AC to-DC converter. This converter,
consisting mainly of transfonners, silicon-controlled rectifiers (SCRs), and filtering
circuits, provides a regulated DC voltage source output.

This output is the normal power source input to the DC-to AC inverter. If the 600-VAC
source of power is unavailable, the DC power source is provided by a 5100 A/h batig
This source of power to the inverter is by way of Cib2 and a blocking diode. The diode
pn vents the converter from charging the storage battery. Similarly,if the output section
of the converter is unavailable, circuit elements prevent discharging the storage battery.

The DC to-AC inverter, consis;ing primarily of interconnecting transfonners, SCRs, and -

filtering circuit elements, provides a high-quality AC output from an UPS unit and is
prowided to the critical loads by way of CB-3. The inverter regulates its output vehage to
1% of a nominal value.

An alternate source of UPS power output is a maintenance supply. This supply is
pmvided by in plant electrical distribution buses that are different from those for normal
UPS AC input. The maintenance supply is applied to the UPS unit by way of a
stepdown transformer and a regulator. The regulator is designed to maintain its outpui
voltage within 2% of nominal for a range of input voltages When CB-4 is closed and
CB-3 is opened, the reguhtted maintenance supply is the power output for a UPS unit.
CB-3 and -4 are motor-operated circuit breakers and receive automatic electrical signals
from the UPS unit's control logic to appropriately open and close.

UPS control logic provides automatic electrical signals to the converter, inverter, circuit
breakers, and static power transfer switch, which are necessary for proper operation of

.

DP
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the UPS unit. For conditions that could ro ult in improper UPS operation, the control
logic provides automatic electrical signas to opca CB-1, -2, and -3, thus isolating the
converter and the invener. The control log.c also provides an electrical signal that pennits
Cil-3, -4, and the static power transfer switch to be operated when the UPS power
output source is automatically transferred from the invener to the maintenance supply.

The control logic power supply prevides the required power to the unit's coi. trol logic.
Should this power supply degrade below prescribed values, the unit is designed to open
CB-1,-2, and -3, thus isolating the UPS inverter. If the maintenance supply is available
md within specification, electrical signals are provided to operate the static switch and
close CB 4, thus providing power to critical loads from the maintenance supply.

<

Figure 2 shows a simplified diagram of the control logic power supply for a 1-series
UPS unit, With switch Si closed, the K5 relay is energized, and phase B of the
maintenance power supply is applied to the inputs of the control logic power supplies.
'Ite solid-state power supplies and the parallel battery circuits fann the power supply for
% controllogic required to operate the UPS i-series unit. <

<
"

When the electrical fault occurred in the main power transfonner, in-plant B phase
electrical distribution bus voltages were reduced by approximately 50% for about
200 ms. When the voltage reduction occurred, the comparator circuitry within the UPS
units detected this out-of-tolerance condition for the maintenance supply and precluded
transfers to these sources by locking out elecuical signals that operate each UPS unit CB-
4 and parallel static switch. At the same time, the B phase maintenance supply continued
to provide the AC power input to the control logic power supply since the degraded
voltage values applied to the K5 relays were above the drop-out voltages for these relays.
Because of this degraded AC input voltage and the severely degraded batteries, the bC

_

output voltage of the control logic power supply decreased to below the logie trip
setpoints for the UPS units and isolated the nonnal power output sources for eaci: of .ne
five units. Isolation of these sources, along with a ,ransfer h>ckout, resuhed in the los

~

of power outputs from the five UPS units.

The simultaneous loss of power outputs from the five UPS units would not have
occurred if the degraded voltage condition had not existed, er if the AC input power to
the control logic power supplies was provided by the inverter power outputs, or if
functional control logic power supply txuteries had been installed in the units.

ASP Modeling Assumptions and Approach

The event has been modeled as a loss of feedwater with two trains of LPCI and one train
of RIIR unavailable. These unavailable trains were restored during the event. To reflect
this and the long time period before RilR is required, a nonrecovery likelihood of 0.12
was assumed for RHR. Because of the requirement to inhibit ADS due to the lack of

_ _ _ _ _ _ _ _ _ _ _ ____________-________-_______-_-___ _______ - - -
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- control rod pontion indication, this system was also assumed to be unavailable. A non-
recovery probability for ADS cf 0.12 was utilized, to reflect the possibility of recovery in
the control room under burdened conditions.

Analysis Results

The conditional probability of subsequent core damage for the event is estimated to be
3.8 x 104. The dominant sequence, highlighted on the following event tree, involves a
loss of feedwater with unavailable long-term core cooling.

~"
Additional information concerning this event is included in NUREG-1455, Transformer

Failure and Common-Afode Loss ofinstnunent Power at Nine Afile Point Unit 2 on
August 13,1991, October 1991.
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Table 1. Major loads on failed uninterruptible power supplies (UPSs)

UPS 1 A

1. Control rod reed switches
2. Rod position indication system (RPIS)
3. Rod sequence conuol system (RSCS)- UPS 18 backup
4. Rod worth minimizer (RWM)
5. Digital memory module (DMM)- UPS 1 backup
6. Four rod display
7. Rod withdrawal inhibit _

8. Gaseous effluent monitoring system (GEMS)
9. Vent GEMS
10. Liquid rad waste system (LWS) computer
11. LWS control
12. Safety parameter display system (SPDS)
13. Emergency response facihty functions
14. Emergency operating facility computer link
15. Controllers to condensate booster, condensate and feedwater miniflow valves

- UPS IB backup
16. Fourth-point heater drain purr p controls - UPS IB backup
17. Partial control room annunciators - see note
18. Cooling water bypass gates (MOV 52s)
19. Partial paging system (Gaitronics)
20. Partial reactor recirculation control 3
21. Post-accident sampling system (PASS - A train)

-

22. Partial drywell cooling
23. Steam bypass control- motor generator backup
24. Turbine FJH and trip functions - motor generator backup
25. SRM recorder- UPS 1B backup
26. IRM/APRM,IRM/APRM/RBM recorder-UPS IB backup
27. Recirculation flow recorder - UPS 1B backup
28. Safety-relief valve temperature recorder
29. Cooling water monitoring
30. Jet pumps monitoring
31. CRD monitoring
32. Ttutine monitocing
33. Condenser monitoring

_________ ______________ _________-______________-_ _ _ _ _ _ _ _ -
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Table 1. Major loads on failed uninterruptiMe power Eupplies (cont.)
,.

UPS 1B

1. Digital memory module (DMM)-- UPS 1 A backup
2. Rod sequence control system (RSCS)- UPS 1 A backup .

'

3. Rod withdrawal inhibit '
4. Feedwater control system (FWCS)

,

5. Controllers to condensate booster, condensate and feedwater miniflow valves

- UPS 1 A backup
6. Partial reactor recirculation control
7. Fourth-point heater drain pump controls - UPS 1 A backup '

8. GE transient analysis recorder system (GETARS)
9. Partial contml room annunciators - see note
10. Partial walkie talkies (leaky wire radio system)
11. Partial paging (Gaitronics)
12. Control room fire protection panel

'

13. Partial drywell cooling
14. Post-accident sampling station (PASS B train)
15. SRM recorder- UPS 1 A backup
16. IRM/APRM,IRM/APRM/RBM recorders- UPS 1 A backup
17. Off gas radiation monitor
18. Recirculation now recorder- UPS 1 A backup
19. - Radiation area monitoring -

20.- Radwaste radiation monitoring
21. Radon area monitoring

- 2 2. Turbine monitoring
23. Generator monitoring
24. RCS monitoring
25. RPV nomial monitoring
26. RI1R monitoring -
27. RWCU monitoring

UPS IC

1. Partial essentiallighting
2. ' Partial egress lighting
3. Partial paging
4. Stack GEMS

_ . - . - .. - . - - _ _ _ _ . _____ __ _ _ ___ _ _____ - .



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

:1
:,.

1
.R

'

B|4275

. Table 1. Major loads on failed uninterruptible power supplies (cont.) .

UPS JD'

1. Partial essentiallighting
2. Partial egress lighting'

.3. . Partial paging
4. Dial telephone .

. . ii
UPS JG .

1. Plant process computer
2, Digital radiation monitoring computer (DRMS)..

,

3. Meteorological monitor .

4. Fire panel computer '

-5. 3-D Monicore computer

;

Note: This table does not include all the circuits associated with balar.ce-of-plant instruments. ' Control '|;

room annunciator circuits powered by UPS 1 A will switch to UPS IB when UPS I A fails. Control -

~ room annunciator circuits powered by UPS IB will switch to UPS l A when UPS IB fails.
.
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Fig.1. Simplined electrical single line diagram for a 75-kVA 1-series UPS unit
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Fig. 2, Simplified diagram for UPS control logic power supply

(shown at time of ev' it)
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CONDITjoN AL CORE DAMAf.E PRORASILITY C ALCULATIONS

Lverst Ident i f ie r : 410/91 017
Event De script ion: Loss of f tve non-es tet y unint errupt ible power supplies

Everit tate 08/13/91
Plants Nine Mlle Point 2

|NITIAf!NC EVENT

NON-RECOVERAM;J In1TI AT!hG LVENT PRDhABILITIf $

TRANS 1.0Ee00

EL0nasct: Ci>NDITIOhAL PkDitAHILITY SOME

End Stat e/lcit tator P robabilit y

CD

TH AN S 3.9E-04 __

Total .1.9E-04

Atw$

TRARd 3.0E-CS

Tot a l 3.0E-05

5400LMt CONDITION AL PROBASILITIE S (PMORAnittTY OkOER)

Requence End State Prob M Ree" 3

12 t r ana -r s.nbutdown PCS/THANS a rv.chall/t rans.-scram -s t y.close CD 3.1E-04 1.4E-02
FW/PCS.TRANS -hoct RHRisDCI RHRtSPCOOLl/RMRt10C)

20 t a ans -r n sbutdown PCS/TRANI e rv.cha ll/ t t ans ,-sc r am atd.close CD 4.tE-05 4.1E-02
FW/PC1.TRAN$ hpc1 ERV.ADE

22 t r ana - rm . shut down PCS/TRANS a rv.chall/t rans.-scram arv.close CD 2.0E-0$ 1.4E-02
FW/PCS.TRAh5 -hpc 1 blR($|)C) kitR (RPCCX)L) / RHR t $DC)

99 trans tv. shutdown ATwS 3.CE-C5 1.0Ee00

** non-recove ry credit for edited case

SEQUENCE CONDITION AL JROBABILITIES (SEQtF.NCE ORDERl

Sequence End State Prob N Hoc *

12 t rana -rs. shutdown PC5/TRAN$ erv.Chall/t rans.-scram -ary.close CD 3.1E 04 1.4E-07
V W /PC1.TR7'6S -hpc1 RHRtSOC) RHH t SPCOOLl /RHR ISDC)

22 t r ans -tr nutdown PCE/TRANs a rv.chall/t rans.-scram arv.elone CD 2.0E-05 1.4E-02
TW/PC1.TRANS hpcl HUR($DC) RdR t SPCOOL) /RHH ($DCI

28 t rans -ra. shutdown PCE/TPANS erv.cha ll/t rans.-scram sty.close CD 4.0E-05 4.1E-02
FW/PCE.TRAN3 tipc i SRV. ADS

94 trans ts.seutdown AtwS 3.0E-0) 1.0E+00

" non-recovery credit for edited case

SEQUENCE M00ELt c1\ asp \1989\bwreseal. cmp
BHANCH MODELt c; \ a spl G9 9 \ n t riem12. s 11
PROBABILITY f!LEt c \a sp\1989\t'wr call.pra

Event Identiflett 410/41-017

____
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No Recovery L! alt

BP AhCH TREQUENCIEs/PROBABII.1 TIES

Branch Systes N:*n-Recov Opr Fall

trana 1.1E-03 1.0E+00
loop 3.6E-0$ 2.4E-01
loca 3.3E-06 S.0E-01
r u . shut d own 3.0E-05 1.0E+00
r u . shut down/ep 3.SE-04 1.0E+00
PCS/TRAss 1.70-01 > 1.0E+00 1.0E+00

Branch Model 1.0F . )
Train 1 Cond Prob 1.7E-01 > Unavailable

arv.chall/trs's.-scram 1.0E+00 1.0E +00
arv.cnall/ loop.-aeram 1.0E+00 1.0E+00
ary,close S.9E-02 1. 0E *0 0

emerg. power 2.9E-03 S.0E-01
ep. rec 2.1E-01 1.CE*00
FW/PC$.TRANS 2.9E-01 > 1.0E*00 3.4E-01 > 1.0E*00

Branch Models 1.00.1
Train 1 Cond Probt 2.9E-01 > Unavailable

!=/pca.loca 4.0E-02 3.4E-01
hpci 2.0E-04 3.4E-01
retc 6.0E-02 7.0E-01
crd 1.0E-02 1.0E+00 1.0E-02
3RV.AOS 3.7E-03 > 1.0E*03 ** 1.1E-01 > 1.2E-01 1.CE-02 > 0.0E+00

Branch Modelt 1.Ce' .1 + or
Tiale 1 Cond Probt 3.7E-03

1pe s 2.0E-02 3 . 4 E- 01

ISCI (RHR ) / LPCs 4.0E-04 > 2.0E-02 7.1E-01
Bianch Mocelt 1.0F.3
Train 1 Cond Prnbt 2.0E-02
Train 2 Cond Prob 1.0E-01 > Unavailable
Train 3 Cond Pred: 3.CE-01 > Unavailable

RHRISDC) 2.3E-02 > 4.9E-02 3.4E-01 > 1.2E-01 1.00-01
Branch Model 1.0F .2 + se r + opt
Train L Cond P rob t 3.0E-02
Train 2 Cond Probt 1.0E-01 > Unavailabl.
Serial Ceaponent Prob: 2.CE-02

rhr(sdcl/+1pc1 2.0E-02 3.4E-01 1.0E-03-
RRR (EDC) / LPCI 1,0E+00 > $.00-01 1.CE*00 > 1.2E-01 1.0E-03

Branch Model 1.0F.1+cpr

Train 1 Cond Probt 1.0E+00 > 5.0E-01
RHR ($PCOOL) /RHR (SDC) 2.0E-03 > 4.0E-01 3.4E-01 > 1.IE-01

Branch Modelt 1.0F .1
Train 1 Cond Probt 2.0E-03 > 4.0E-01

Rim t3PCOOL) /-LPCI.Rus t 3DC) 2.0E-03 > 1.0E-02 3.40-01 3 1.' E 01 =.

Branch Madet 1.0F .1
Train 1 Cond Prob 2.0 E-03 > 1.0E-02

RHR (SPCOOL) /LFCI .RHR (SDC) 9.3E-02 > 5.0E-01 1.0E+00 > 1.2E-01
Branch Model 1.0F.1
Train 1 Cond Prob: 9.30-02 > S.CE-01

rerow 2 CE-02 3.4E-01 s.0E-03

tranch evidel file*

** forced

Minarick
05-30-1992

Eve nt Ident if ie r 410/91-017

e
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At 0548 hours on August 13,1991 Nine Mile Point Unit 2 (NMP2) experienced a turbine trip
and reactor scram when the "B" Phase Main Transformer developed an internal fault. The
transformer f ault c' .ated an electrical disturbance throughout the normalelectrical distribution
system, resulting in the loss of five non-safety related Uninterruptible Power Supplies (UPS).
As a result, the Control Room lost annunciation and most Balance of Plant (BOP)
instrumentation. The conditions described in this report mandated entry into a Site Area . --

Emergency as specified by the Site Emergency Plan. Prior to the event, NMP2 was in
operational condition 1 (RUN) at 100% rated thermal power.

The root cause of the transformer ' Alt is still under investigation.

Control Room operators verified the reactor scram, identified and re energized the f ailed UPS's,
identified the cause of the reactor scram, and cooled down the reactor to terminate the
emergency event. Other corrective actions included: 1) replacing the "B* phase transformer
with the installed spare; 2) modifying the UPS's; 3) replacement of back-up batteries in the
UPS's; 4) developin0 a back-up battery replacement schedulo; and 5) revision of the Reactor
Water Cleanup Operating Procedure.

. . ~ . - .
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l. DESCRIPTION OF EVEtH

At 0548 hours on August 13,1991. Nine Mile Point Unit 2 (NMP2) experienced a turbine trip -
and reactor scram when the *B* Phase Main Transformer developed an internal f ault. The
transformer fault also created an electrical disturbance throughout the normal electrical
distribution system. This electrical disturbance resulted in the losh of five non-safety related
Uninterruptible Power Supplies (UPS). As a result, the Control Room lost most Balance of
Plant (BOP) instrumentation and all annunciation which created several conflicting indications
of reactor status. The conditions described in this report mandated entry into a Site Area
Emergency as specified by the Emergency Plan.

Prior to the event, NMP2 was in operational condition 1 (RUN) at 100 percent rated thermal
power. The following Feedwater System (FWS) and Condensate System (CNM) pumps were
running at the time of the event: Feedwater pumps ,"WS-P1D and PIC; Condensate Booster
pumps 2CNM P2A and P2B; and Condensate Pumps 2CNM-P1 A, P18, and P1C. Residual
Heat Removal System (RHR) Loops *B" and "C" (also serve as Low Pressure Coolant injection)
were removed from service for scheduled maintenance on various valves and instruments.
Several Technical Specification (T.S.) Umiting Conditions for Operation (LCO's) were entered
for various liquid process effluent monitors. Aside from the LCO's and the RHR outaDe, plant
operating conditions were normal.

The following sequence of events is a reconstruction of the events which occurred. Due to ~
the loss of UPS power, the normal means of recording events of this nature were initially
unavailabio (process computer, recorders, and alarm typer). Control Room meters and
recorders, powered from the affected UPSs, were inoperable during the first thirty four .

; minutes of the event. The plant process computer was unavailable an additional forty nine
minutes. This sequence of events is based on operator interviews and wotten sta;ements,

,

operator logs, Post Accident Monitoring (PAM) recorded plots and operating crew debriefs.

Af ter evaluation of plant conditions follovving the transient, the Station Shift Supervis?r (SSS)
ordered the reactor mode switch be placed in the SHUTDOWN positiors and commenced
responding to plant conditions; The Control Room operators recognized that the two operating
Reactor Feedwater pumps had tripped and manually initiated the Reactor Core Isolation
Cooling System (ICS) to contful decreasing reactor water level.- Reactor systems responded
to the turbine trip as expected. At 1050 pounds per square inch gauge (psig) reat'or
pressure, the PAM recorders shifted to fast speed and continued to provide reactor pressure
and water level indication throughout the event, and an Alternate Rod insertion (ARl) was

j- initiated. Two Main Steam System (MSS) Safety Rehef Valves (SRVsl lifted to limit reactor -
pressure to 1070 psig. The Emergency Operating Procedures were entered when entry
conditions were met for decreasing reactor water level.
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0543h Ms

The main turbine tripped as a resu!t of an internel fault in the *B" Phase Main*
Transformer.

Turbine S*op Valve (TSV) closure and Turbine Control Vatve (TCV) fast closure signa!s*

resulted in a reactor scram and Reactor hecirculabon pump downshift to slow speed
due to the End-Of Cycle Recirculation Pump Trip (EOC RPT) signal.

Turbine Dypass Valves opened to control reactor pressure.*

Normal station power fast transferred to reserve power.*

Uninto,ruptib'e Power Supplies (2VDB UPS 1 A-10,1G) f aded to provide power to their*

respective loads resulting in:

Loss of the plant Radio Communication System (Radiari.*

* Loss of Control Room annunc ators.

Cooling Tower bypass valves oaent d on loss of power to temperature monitority*
instrumentation (valve rnetive power is from stution reserve pt "er).

Loss of Plant Process Compute'(PCS), Safety Parameter Display System (SPDS),*
Emer gency Response Facility (IM) computer. General Electric Transient Analysis
Recording System (GETARS). Gaseous Ef fluent Monitoring System (GEMS)
computer,3D-Monicoie computer, and the Digital Radiation Monitoring System
(ORMS) computer.

Loss of plant GAltronics cornmunication and p6png system.*

Partial loss of the plant telephone system.*

* Loss of Balance of Plant (BOP) instrumentation.

Locs of Essential lighting (normal s) stem lighting remained operational).*

* Non safety related Control Room recorders faded as is.

s ._
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LDLLClilM10tLOLIVENI (cont.)

Reactor Feedwater level control valves locked up in the open position.*

9 loss of Drywell Cooling lunit cooler fans only).

* Loss of Control Rod Position Indication.

Condensate Booster Pump and Reactor f eedweter pump minimum flow valves*

f ailed open.

At 1037 psig a reactor scram signal was generated by the Reactor Protection System*

(RPS) logic on high reactor vessel pressure.

At 1050 psig an ARI signal was initiated, and the PAM recorders switched to fast*
speed.

* At 1070 psig, two MSS, SRV's, 2 MSS'PSV128 snd 2 MSS'PSV133, lifted for >

appvorirnately 30 seconds.

Condensate Booster Pump 2CfdM P2A tripped on low suction pressure and pump*

2Cf4M P2C eutomatically started.

The two operatrg Reactor feedwater pumps tripped on low suction pressure.' *

The Division ll Pr mary Containment Hydrogen / Oxygen sample pump tripped spuriously.*

The Control Room operators made th6 following observations indicating that an automatia
reactor scram had occurred:

* Scram pilot lights were extinguished.

Average Power Range Monitor ( APRMI Meters on Corarol Room auxiliary panels*
were operable and indicating downscale (w.th front panel recorders f ailed at
100%),

-

OM1Aoua

Heactor mode switch was placed in the "SHUTDOWi4* position on orders from the SSS.*
This was a conservative action which would have generated a reactor scram if an
autt atic reactor scram had not yet occurred.

r .~
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* Scram [hsctntge Volumes were indicating full on Control Hoom munihary panels.

Obf,Ib]|9u!$
_

* In order to maintain reactor water level without Reactor Feedwater pumps operating,
ICS was rnanually initiated. The ICS turbine emperienced flow, speed, and pressure t

oscillations while 6n automatic and was transferred to manual control, Subsequently
the ICS tutbine performance parameterk stabilized.

* Henctor Hecirculation flow control valves capenenced en automatic runback at reactor
water t evel 4 (178.3 inches) as des'00"d.

ObbG bouts

At reactor water Level 3 (159 3 inches), a scram signal was generated by RPS on low*

vessel water level. Additionally, the RHR samplo and discharge to radwaste
y (ontainment isolation valves (Group 4) isolated.

Emergency 0,1eratmg Procedure N2 [OP llPV. *hPV Control * was entered due to*

lowering reactor water level (159.3 taches and docreasing) Additionally, Control Room
operatora entered Emergency Operating Procedure N2 EOP Cb, * Level / Power Control *
due to the lack of control rod position indication, Per N2 IOP C5, the Automatic
Depressurtistion System ( ADS) was manually inhibited to prevent automatic initlation.

RHH train A was placed in suppression pool coohng to support ICS operation -

*

1

000?}9u!&

* Dae to los; of Control Room annunciation with a plant transient in pro 0ress, the SSS
at sumed the rote of Site iruergency Director (SED) and declared a Site Area Emergency
in accordance with Site f mergency Action Procedure S.[ AP-2, *Classificbtion of
Erne'0 enc y Conditions *,

* Operatoia were dispatched to invektigate UPS operation.

000Etouts

* State and local authoriterM were notified of the Emergency declaration.

. , , .
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uaSCRIPTIOfLQELYUi1 (cont.)

0612 houn

* Nuclear Regulatory Commission was notified via the Emergency Notification System.

0614 hours

ICS injection to the reactor was secured and the system realigned to full flow test*

(condensate storage tank to condensate storage tank). This hne up leaves the ICS
pump readily available for injection.

0615 houn
'* Reactor vessel water level reached Level 8 (202.3 inches).

* The Condensate Booster pumps were secured to limit the reactor vessel cooldown rate e

and to control reactor water level.

* Plant operators reported that 2VDB-UPS1 A through 1D and 1G had tripped, |

Q620 hogn |

* Condensate pumps 2CNM-P1B and PIC were secured (2CNM.P1 A remained in service),
Reactor vessel water level began to decrease and reactor pressure stabitued,

QQ22 hours

* The SSS directed restoration of 2VBB UPSI A through 1D and 1G by manuatly -
transferring to the maintenance bus power source. As a result, Control Room
annunciators and other indecations were restored.

* A Group 9 Primary Containment isolation occurred (Primary Containment Purge and
Vent System (CPS) valves). The isolation occurred when power was restored to the
isolation logic before the Standby Gas Treatment (GTS) radiation monitor power was
restored.

u . . .
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0030 heva

* Thu full core display, when restored, indicated that all rods were fully ?tsetted enept
sin which had no indicatiori. Operators also observed that one rod had no indication on
the Had Worth Minirriiter (HWM) and that 15 rodt *..ue without indicat6on on the flod
Sequence Contetil System (HSCS),

lim hi hest individual Drywell temg 'trature* Drywell urut cooler tant wefe restored D
ret o'cled was 105 degrt>rt I abrenheit The h80 hest everage Drywell teroperature
rernained below 150 degrees I abrenheit.

OtM 0_ hVVr3

* Condensate Dooster Pump 2CNM P2 A was started to rnaintain reactor water level
with;n a t and of 100 inches to 180 inches, Control floom operatora ettempted to open
the Heactor I codwater pump suction valves 2CNM MOV84 A and D without equalising
the pressure across the volve (at SSS threction due to unknowr! radiolopical conditions
an the lu. hine Building;l. T he valvsr> would not open precluding flow to the it, actor. As
e result reat tor wolor level decenased tc level 3 (159.3 inches) and operators re-
entoted I mergency Operating Proceduto N2 EOP-HPV. Operators subsequently used
the Heactor I cedwater pump bypass volve 2CNM L V137 to controireactor vessel water
le v el .

00k0 h0Vf1

Jumpers were installed to bypass the itPS interloc ks per I:mergency Operatinge

I'rocedure N2 i OP 0, 'NMP2 f OP Support Procedure *, attachment 14, to reset the
reactor scram with a scram signal still present, This action was perfortned to permit,
draining the scram discharge volorno and perfornung additional scrams to insert control
rodh h4d it bt'en #4 Quired,

00L3Iwws

lhe scram was reset per Emergency Operating Procedure N2 iOP HPV section RO,e

*Po+.et Control'

* All rods indicated f ull in lhe SSS directed emit trorn [mergency Operating Procedure
N2 i OP Cb. Hextor p< essure was controlled usmo the turbine bypass valves.

.
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L_DLS(.Ril'1K t10LLYLN1 (cont]

0100hQVii

Commenced truinual rnonitoong of vanous plant effluents due to the loss of DRMS and*

GtMS computors

071Lhoura

* Plant process computer was restored

Re*, tarted the Division || Primary Containnient Hydeogen/Onygen sample pump.*

0729.houts

* Started enechanical ner removai pumps to maintain condenses vacuum (reactor pectsure
was being controlled using the turbine bypass valveth

0130 hours

Condonsote pumr 2CNM-Pill was started due to a high stator temperature on the* .

OperatinD Condoiisate pump 2CNM Pi A.

0140 hown

* ICS was secured to reduce the cooldown rate.

0260 b0u!5

* The Safety Parameter Display System was restored.

Of 05 heur.s

* A stack GE MS computer retioot was initiated to re establish Control Room indication.

Of!00 hours

e neactor necoculation System fio.v controi vanes were f uity opened

s . . .

M
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LDLSCBIPl101LOLLYENI (cont.)

OB10huuts

* RHR loops B and C were returned to operable status.

0021.liouts
,

The ADS inhibit w0s removed, returning the system to automatic, and the jumpers*

were temoved, restoring RPS interlocks.

003.4 hows

* Verified that no adverse radiological conditions existed on site.

0#421 outs

* The Stack GEMS computer was declared operable.

081212Ws

Initial reports from Offsite Radiological Assessment Teams indicated readings were*
,

normal at background levels.
.

02311oun

* ICS outboard containment isolation check valve 2tCS*AOV150 did not indicate fully
closed. Operato s de energited the (notor operated injection shutoff valve

,

2|CS*MOV126 shut per Technical Specifications and declaied ICS inoperable. (ICS
was not required at this time for reactor water level control).

0930 hour.s.

* 2VDD UPS 1C & 1D were restored to their normal power sources.- 2VBB UPS 1 A & 10
could not be transferred to their normal power supply; therefore, they were left on their
maintenance supply.

,

,

f
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LLESCfitP_1101LOLLYU1T (cont.)

1000liguta

* The Control Room operators determined that two SRVs had lifted et the beginning of
the event (Ob48 hours). Operat:ons Surveillance Procedure N2 OSP ISC M@002.
"Drywell Vacuum Breaker Operability Test'. which is e test required by Technical
Specifications following a lift of SRV's, was initiated by 1000 hours.

1020lmws

* ""fBD UPS 1G was restored to its normal powei supply.

1031Jmuts

* The Group 9 isulation was reset.

.1055licuts

e Reactor Water Cleanup System (WCS) pump 2WCS P1D was started and the system
kned up to purity and reject reactor water to the condenser hotwell. This action was ;

performed to maintain reactor water chemistry and reduce reactor water level.

10LGJwes

* WCS isolated (Group 6 end 7 isolation) due to a high Delta Flow s,gnal. tripping pump
2WCS P10.

.1161.lmuts

* Operations Surveillance Procedure N2-OSP lSC-M@OO2, *Dryweil Vecuum Breaker
Operabihty Test". was completed

11LBhews

RHR loop " A" was secured from the tuppression pool cochng enode and pump*

2RHS'P1 A was secured

12123 sun

Group 4 isolation. RHR sample and discha'De to radwnte isolation valves, was reset*

-
%# h4
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L_DESCElEIlotLOflVI!H (contJ

e Group 5 lsolation, shutdown cochng isolation valves, was reset to establish shutdown
coohng hneup (this isolation signalis present when reactor pressure is above 128 psigl.

* Group 6 and 7 isolations, WCS inboard and outboard isolation valves. were reset.

141b lt9uth

* Condensate domineralver bypass volve 2CNM AOV1C9 was closed to minimite reactor
vstler chemistry concerns.

14b8 houa

* Reactor Recirculation pump 2RCS'P1B was secured to prepare for initiating shutdown
coohn,;.

3 LOB A0uf s
C

* Residual Heet Hemovat pump 2RHS*P1D was started in the shutdown coohng mode.

LL ' d bQu3

* Condensate Dooster pump 2CNM P2 A was secured per the norma 1 shutdown Operating
procedure, N2.OP 101C. ' Plant Shutdown *

1h20. tours
-

* Condensate pump 2CNM PI A was secured.

3 046_hWM

Reactor water temperature dropped below 200 decrees Fahrenhett. Cold Shutdowne

condition (Mode 41 was estabbshed.

W43.twa

* SED terminates the S4te Area Emergency.

. _ _ - _ - _ _ . .
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Iraalformetfeutt .

The initiating event discussed in this LER is the failure of the "B" Phase Main Generator Step-
up Transformer (2MTX XM1Bl which developed an internal fault. The "B" Phase transformer
dif f erential and the overt.ll onit dif ferential relays activated to isolate the f ault by disconnecting
the main generator from the 34$ KV line. This resulted in a turbine trip causing a r63ctor
tr. ram from Turbine Control Valve fast closuretrurbine Stop Valve closure.

Presently, an actual root cause of the transformer failure cannot be suQgested and when i

established, will be st,bmitted in a supplement to this report.

UElfaituts

Subsequent to the internal fault which occutred on the main step up transformer five Exide
UPS's (2VDB UPS1 A.18,1C,10, and 1G) tripped resulting in loss of power to their
respective loads. A root cause evaluation has been completed in accordance with Nuclear
Division Procedure NDP.16.01, " Root Cause Evaluation"

Extensive analysis and testing has concluded that all five Emide UPS units shutdown as * 'sult
of a logic initlated trip. The f ailure of the "B* Phase Main Transformer caused a voltage c ' .
on the maintenance power supply to all five UPS units. The degraded voltage on the
mai.tenance power sup, y caused the voltage on the UPS logic power supply to decrease
below its trip setpoint. causing the units to trip. Concurrently, the automatic load transfer to
the maintenance supply was prevented by design due to the degraded voltage conditions on
the maintenance power supply.

The root cause for the simultaneous tripping of the five UPS units is improper design. The
UPS is not designed to accomenodate a degraded voltage condition of the maintenance power
supply. The Tc.llowing design f actors allowed the UPS lognc power supply voltage to decrease
below its trip setpoint as a result of the "B" Phase Main Step up Transformer fault.

The logic power supply is normally energired f rom the maintenance power supplye

with the inverter output as a backup versus inverter preferred,

Under degraded voitage conditions, the logic power supply switchinC circuit doese

not actuate until the supply voltage has decreased to_well below the level that
will cause the logic to trip,

o . <.
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LL_C AVSLOLLYLMI (cont )

Although degraded batteries (internal to the UPS units) were discovered during the course of
this evaluation, it was concluded that this condition was not the cause of the simultaneous
tripping of the five UPS units. However, fully charged batteries may have prevented the
tripping of the units even though that is not part of their design basis,

fic2GtOLSClanj

A reactor scram occurred as a result of a main turbine trip (Turtune Control Valve fast
closureTTurbine Stop Valve closure) initiated from the *D* Phase Main Generator Step-
up Transformer f ault. This is an espected function through he generator protective
relay scheme. A turbine trip and subsequent reactor scram is an expected response and
consistent with station design when reacter power is above 30 percent of rated.

G1DVD 4.C00.10nTmth0'OliVD

Sutisequent to the reactor scram, the Residual Heat Hernovat System sample and discharge
to Radwaste vanes isolated when reactor water level reached Level 3 (159.3 inches).

The Group 4 isolation is an expected response to reactor water level dropping below 159.3
inches. Decreasing water levelis a normal function of a reactor scram from full power (reactor
vessel water level shnnks due to a rapid reduction in reactor steam flow), coupled with a loss
of Reactor Feedwater flow, All systems functioned as required.

O'DVD11b04tt!DO i

The root cause investigation into the WCS high differential flow isolation was performed
utthring fJuclear Division Procedure fJDP.10.01, " Root Cause Evaluation *. The root cause has
been determined to be proceduralinadequacy. Specifically, Operating Procedure N2 OP-37,
Rev. 3 * Reactor Water Cleanup System *, Section E.4.0 had instructional steps in the wrong
sequence. In this section the WCS is started from no pumps in operation to one pump
running, one filter /demineratiier in service, with all system flow directed to either the L.iquid
Radweste System of to the main condenser. This section also dehneates steps to be
performed it venting of ttus system is required

Af ter reviewing N2-OP.37 and ascertaining the pump casing temperature was within 100
degrees Fahrenheit of reactor water temperature, the Control Room operator determined the
appropriate procedural step to use He then instructed a plant operator to shut the WM pump
d;scharge valve to aid in the system venting evolution. This action t!olated the piping

, , .
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11. CAUSE OF EVENT (cont.)

downstream of the pump from reactor pressure. The Control Room operator then at gned this
piping to the main condenser, which was at a vacuum. The Control Room operator started the
WCS pump and opened the reject flow control valve 2WCS.FV135, exposing the pump
discharge piping to condenser vacuum. This caused the hot water in the pump discharge
piping to flesh to steam, resultirW in the reject flow transmitter sensing line fiashing and a very
low tiero) reject ? low signal n nen the plant operator began to open the pump discharge
valve and WCS intet flow rose to over 150 gations per minute, the high 3 ff erential Low timets

'init:ated Onlet flow signal > 150 gallons per minuto and reject flow signal at C gallons per
minute). The Control Room operator attempted to reduce system flow but the 45 second
timer elapsed and the high differential flow isolation occurred, if the procedure had left
2WCS-FV135 shut until the system venting was complete, the isolation would not have
occurred.

OfDVD E 50at2D1

When the UPS f ailure occurred GTS Ef fluent Monitor 2GTS HE105 def aulted to a de-energized
stMe; hovsever, the trip relay was also de energiicd, preventing the isolation signal. When
power was restored, the GTS hi0h radiation level tnp logic sensed the tripped condition of
2GT S.RE 105 and initiated a Group 9 containment isolation. This condition occurred consistent
with station design where a topped condition at 2GTS RE105 conservatively results in a
containment isolat.on. The root cause of the isolation has been determined to be the loss of
UPSI A and UPS10.

e

3tChniCDLSDCCi!CaliOILCODCttD1f

The root cause evaluation for missed Technical Specification survemance 4.6.4.b.1, requiring |
the drywell vacuum breakers be cycled within 2 hours of any SRV discharging steam to the
suppression pool is continuing. Also, the root cause evaluation for the deviation from
Technical Specifications section 3.3.1 ACTION statement b. and Table 3.3.1-1 ACTION
Statement 2 is continuing. These ACTION statements required that the reactor mode switch
be locked in the " SHUTDOWN' position and one logic channel of RPS be placed in the tnpped
condition within one hour of removing both logic channels of RPS from service with the RPS
jumpers. The resu!!s of these evaluations will be reported in 6 hupplement to this report.

. .m
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!!L_ ANALYSIS _0LLYLHI

The following conditions are reportable in accordance with 10CFR50.73 (a)(2)(iv), * Ariy event
or condition that resulted in mrnual or automatic activation of any Engineered Safety Feature
(ESF), including the Reactor Protection System (RPSl*-

* Automatic reactor scom.

* Group 6 and 7 (WCSI Primary Containment isolation.

* Group 9 (Primary Containment vont and purge) Primary Containment isolation,

Group 4 (RHR same'e ,3nd redweste discharge) Primary Containment isolation.*

The remaining conditions are reporteble in accordance with 10CFR50.73 (a)(2)(i)(B), ' Any
operation or condition prohibited by tne plant's Technical Specifications **

* Missed Technical Specification surveillance 4.6.4 b.1.

* Deviation from Technical Specifications section 3.3.1 ACTION statement b and
Table 3.3.1 1 AC110N statement 2, dunng implementation of the r morgency
Operating Procedures.

ESEAC1Wal!Qal

The reactor scram occuired as designed. When the turbine tripped on generator protective
relaying, en automatic reactor scram occun ed to counter the positive reactivity added by the
pressure excursion. Therefore, the autornatic reacnr sctcm occurred in accordance with the
system des'gn described in the Updated Safety Analysis Report (USAR).

A Reactor Water Cleanup isolation occurred at 1066 hours. The WCS isolation (Groups 6 and
7)is an ESF f unction of the Primary Containment and Reactor Vessellsolation Control System.
Even though the WCS is classified as a primary power generation system, the inboard and
outboard isolation valves are included in the Primary Containment isolation System, which is
designed to protect against a radioactive releasa to the environment during accidents involving
reactor coolant pressure boundary breaches. The dif ftrentirl flow measurement method (flow
into the WCS compared to flow out of the WCS)it t. sed to detect system leakage and provide
a system isolation signal. The WCS isolation was a conservative action and did not impair the
station's ab.hty to achieve a safe shutdown vardition, nor was there any impact to plant
personnel or public safety stemming from the molation.

-
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IILANALYSIS_OE1YENI (cont.) :

A Group 9 Primary Containment 6 solation signal occurred at 0622 hours when power was :
restored to the UPS System. No actual valve movement occurred due to the purge and vent - t

Ivalves already beinD shut. Even though t o high sad 6ation level trip would have occurred, two
"

other trip signals (low teactof water level and h6Dh drywell pressure) temained operable on loss '

of UPS power. When UPS power was initially lost, power was interrupted at 2G15.RE105
'

which resulted in the radiation element defaultin0 to a de energized state. Power was.
subsequently restored to the trip logic prior to testoring power to the radiation element, and
the Group 9 trip lo0'c initiated upon sensing 2GTS-RE105 in a de-energired state. A Group, !

9 isointion is a conservative action and had no impact on the course of the event.
I
'

The RHR sample and radwaste discharoc valves (Group 4) isolation signal was generated when
teactor vessel water level dropped below level 3 (169.3 inchos) at 0556 hours. T he lowering
teactor vessel watet level could indicate a breach in the Reactor Coolant Pressure Boundary,
therefore, these valves feceive a shut signal attempting to isolate the leak, conserve teactor
coolant, and hmit the escape of radioactive rnatetials from the Primary Containment. In this
event, the low water level occurred due to level shrink on a scram from high teactor power
with a loss of feedwatet, therefore the Group 4 isolation was a conservative action.

|

hChDjCALSDCCihCaliQn.h&WC8 |

As a function of the turbine trip and teactor scram at 0548 hours, two teactor vessel safety
tchef valves. 2 MSS'PSV128 and 2 MSS'PSV133 lifted discharging steam into the
suppression pool. NMP2 Technical Specification section 3.6.4 tequires that drywell vacuum
breakers be cycled within two hours. It wps not discoveted that safety relief valves had htted
until 1000 hours durin0 a strip chart revicW,' The drywell vacuurn breaker surveillance was

,

implemented immediately upon discovery Unitiated at 1000 hours. Complete 1161 hours). T he,

| drywell vacuum breckets hmd the upward forces on the drywell floor created by a higher
pressute in the suppression chamber than in the drywell. When a safety relief valve htts,
dischargin0 steam to the suppf etston pool, energy is added to the suppression chamber. The
drywell vacuum breakers att required to be demonstrated operable in preparation for an
extended safety relief valve lift or pressure control using safety relief valves for an entended -
period. In these cases the drywell vacuum breakers may be required to open, in this event,
the httin0 of two safety tchef valves for 30 seconds had a -neghgible effect on the
drywell/ suppression chamber dif ferential pressuto, The time between the htting of the safety
relief valves and satisf actory performance of the drywell vacuum breaker operability test did
not af f ect the ability of the drywelli suppression chamber, or vacuum breakets to pot form their
safety function. This condition had no effect on the safe shutdown of the plant of the health
and Safety of the public or plant we''"Jfsc

|
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l!LNALYSIS OLLYLNI (conta

Dunng implementation of Emergency Operating Procedures, RPS jumpers were installed
bypassing all but manual scram functions. Neither RPS trip system was placed in the trip
condit on nor was the reactor mode switch loch ed in * SHUTDOWN * as required by Technical

_

Specihcailon sections 3.3.1 ACTION statement b. and Tabic 3.3.1 1 ACTION statement 2.
Using N2 LOP G attachment 14, operators had defeated att RPS interlocks except for the
manual scram function for a per!od of approximately one and one half hours. This action was
required in order to permit resetting the scram signal, allowing the scram discharga volu.no to
drain, and subsequently allowing additional scrams to ef fect control rod insertion had it been
re quir ed .

Th,5 action is directed by NMP2 EOP's and is consistent with the Doiting Water Reactor
Owners' Group Emergency Program Guidelines, BWROG-EPG Revision 4 and is specifically
recogmied in the NRC Safety Evaluation for OWROG EPG Revision 4, and in NMP2 plant
specific Safety Evaluation (SER 90-145 attachment 4, event 15E),

OyCWWW

Dased on evaluation of this transient against the Updated Safety Analysis Report (USAR
transient analysis, the following conclusions were made:

* Reactor pressure rise as shown on both PAM recorders is much less severe than
the pressure rise shown on rig are 15.2.1 of the US AR (Generator Lord Rejection
with bypass) 1070 psig vs.1150 psig.

* Reactor water level as shown on toth PAM recorders is slight lower than the
US AR, however, this discrepancy was due to all feedwater pumps t;,pping during
the transient.

* Neutron flux was not recorded; however, the assumptions made in the USAR
which influence the neutton flux spike such as pressure rise, scram speed and
void f raction are all more severe than actual conditions. In addition, Instrument
Snrveittance Procedure N2.lSP-NMS W@007 ' APRM Functional Test', was
performed on August 14.1991 verif ying proper operation of APRM flux scrams.

Based on personnel interviews and review of as-found conditions, it can be*
concluded that all systems which are designed to mitigate the severity of 'his
tv pe of event (i.e., EOC.RPT, Turbine Bypass Vaives, SRVs. and ARI) functioned
asIX _nted

,
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11L_AN6iYSIS_OLIVLNI (cont.)

Based on the above items, it can bo concluded that the results of this transient were within
the bounds of the current transient analysis and at no tirne Was the health and safety of the
general public of plant personnel at risk.

.

USAR Section 7,4 indicates that instrumentation and controls of the following systems can
be used to achieve safe shutdown:

* Reactor Core isofation Cooling (ICS)

* Standby Liquid Lontrol System (SLS)

* Residual Heat Removal (Shutdown Cooling Mode of RHR)

* Remore Shutdown System (RSS)

The sources which supply power to the safe shutdown systems listed above originate from
onsite AC/DC safety related systems. Therefore, theloss of normal UPS's (2VBB-UPSI A,18,
1C.1D.1G) and failure of the *B" Phase main output transformer at no time adversely
affected the safe shutdovm capabil:ty of NMP2.

The duration of the event from the reactor scram untile Alting Ihe Emergency Action Procedure
EAP 2 (termination of the St.e Area Emergency) was 13 hours 55 minutet

IV. CORRECilVE ACJ10N$ -

The immediate corrective actions taken were: normal operator response to the turbine trip and '
ireactor scram; identifying the cause for the loss of Control Room indication and annunciat on;

restoring power to the f ailed UPS's; and identifying the cause of the turbine trip and reactor
. scram.

$

follow up correctWe ac* ions include:

1. The spare main transformer was connected to the 'B' phase and pre operational testing
was completed.

2. The failed *B" phase main transformer has been disconnected and removed from its
'

pedestal. Preparations are being made to shrp it offsite for f ailure analysis.

s . - .
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3. The logic powet supply for 2VDD UPS1 A through ID and 1G has been modified to bo
inverter ptofotted with the insintenance supply as a back-up,

4. All the UPS internal batteries have been replaced. ^

5. Ar, evaluation was performed on plant hardware that utilites mternal batteries. It was
coricluded that tio control functions are dependent on any of these internal Latteries.

,

6- Changes have been incorporated in the vendor manual to address the identified UPS (

design deficiencies.

7. An evaluation is in progress to assess further UPS logic power supply modifications.

11 . A replacement schedule for the UPS Internal batteries is being developed based on
suppliet f ecomrfiendations and actual service conditions.

9. Operettons Support personnet have chanDed Operating Procedure N2 OP 37, * Reactor
Vvater Cleanup System *, to te order thei steps to assure system back pressure is
established prior to beginning finw sciection that could cause system depressurliation.

Y ADDil]QNAUfEORMAll0N

A. Failed components:

Comporent description * fl * phase Main Generator Step-up
output transformer

Ratings 40BKVA 65 degree Celsius rise,
FOA-1 phase - 00 Hi

Mariuf ac t ur er McGraw Edison
Mask number 2MTX-XM10
Senei numt.cr C 06607 5-2
Niagara Mohawk drawing EE N01 A
Niagara Mahank spec LO11A

% %
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Component description Uninterruptible Power Supply
Ratings - 75KVA, 60KW
Manufacturer - Exide Electronic.) Corporation
Mark Number - 2VBB.UPS1 A,10,1C,1D and 1G
Model Number - Mark 11
IJiagara Mohawk drawing EE 001BH
Niagara Mohawk spec - E035A

B. Previous similar events: none

_

_
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C. Identification of components refetred to in this LER:

COMPONENT IEEE 803 Ells lEEE 805 SYSTEM
F1JNC110N ID

_ _ _

-

Control Room Annunciateon N/A IB

Reactor feedwater System N/A SJ
_

Condensate System N/A SD

Reactor Core isolation CoAng N/A BN
System

Reactor Recirculation System N/A AD
-

Reactor Protection System N/A JC

Main Steam System N/A SD

Plant Computer System N/A 10

Plant Communication Systern N/A F1
,

(Gaitronics)

Containment Vent and Purge N/A VD

Reactor Water Cleanup System N/A CE
_

*D' Phase Main Transformer XFMR EL

Uninterruptible Power Supply UJX EE

Reactor Feedwater Pump P SJ

Condensate Pump P SD

Condensate Dooster Pump P SD

Residual Heat Removal Pump P DO

Post Accident Monitoring Record 3r XR IP

Reactor Recirculation Pump P AD

Safety Relief Valves RV SB

- . _ .

_ _ _ _ . _ _ _ _ _ . _ _ _ __ _ _ - - . _ . - _ - - - _ - - _ - - - - - - - - - - - - - - - - - - - - - - ' ' ' ---
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COMPONEt(T IEEE 803 Ells lEEE 805 System
FUNCTION ID

,

Plant Process Computer CPU ID

Alarm Typer TTY ID

Turbine Stop Valves SHV TA

Turb!ne Control Volves FCV TA

Turbine Dypass Valves FCV JI

Radio Leaky Wire ANT FI

Coohng Tower Bypass Valve V KE

Feedwater Level Control Valves LCV SJ

Minimum Flow Valve FCV SJ/SD

Average Power Range Monitor MTR IG

Recorders

Average Pcwcr RanDe Moc.itor PR IG

Meters

Reactor Hecirculation Flow Control FCV AD

Valve

Condensate Store 0e lank TK KA

Containment Vent and Purgo ISV VB

isolation Valve

Radiation Momtor RIT BH

Condenser Mechanical Air Removal P SH

Pump

Reactor Water Cleanup Pump P BF

Drywell Vacuum Breaker VACD OF

u ,.

N
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ACCIDE."T SEQUENCE PitECUltSOlt PitOGitAh! EVENT ANAL,YSIS

LEll No.: 423/91 011
livent Description: lloth trains ofIIPSIinoperable due to relief vahe failures
Date of livent: April 10,1991
Plant: h1illstone 3

Surnmary

During testing of the high ptessure saf ety injecuon (llPSI) systern while in hiode 3, the
"A" llPSI relief valve lif ted and wouhl not rescat until the running IIPSI pump was
stopped. Flow loss through the stuck-open valve was 79 ppm. An investigation
detennined that the incident occurred because the design relief valve set pressure was too

close to system operating pressure. A similar condition existed with the "11"llPSl ielief a

valve; however, it was " ragged shut" during the test to prevent it from lifting, and
therefore no failure of the "li" valve was noted. Ilad both valves lifted during accident
conditions, the system would have been unable to perform its safety function.

The conditional core damage probability for this event is conservatively estimated to be
8.1 x 10't. The relative significance of the event compared to other postulated events at

hiillstone 3 is shown below.

LI:R 423hl nii
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Evetit Description

While the plant was in h! ale 3, at 557 F and 2250 psia, a leak test surveillance procedure
was initiated on the llPSI system. This test invoived aligning "A"llPSI pump via a test
line to the space between two check valves at the point where llPSI is supplied to reactor

'
coolant system (RCS) loop 4 hot leg, llecause of gradual leakage past the check valve
closest to the RCS, the pressme b: tween the two check valves was above 1765 psia, the
setpoint of the relief valve protecting the "A"llPhi train. When the test line isolation

_ - - _ _ - . - - - _ _ _ _ _ _ _ . _ - . _ _ _ _ _ ~ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ , _ _ . _ _ _ _ _ , _.._ __ _ , _ _ _ _ _ _ ._
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valve was opened, the "A" setief valve lifted and Ivgan relieving appmsimately 79 gpm.
It continued to relieve until the pinnp was stopped.

'

I he utility stated that the mot cause of the event w as a design deliciency. The llPSI ictief
valve setpoints were at values only slightly above normal operating pressures.
l'erturbations in system pressure, including those resulting from operation at minimum
now conditions, would result in litting of the reliel valves. Noting that the plant design
basis allows for no moie than 50 gpm of loss from the system thuing accident operation,
the utility indicated that the relief valve is espected to nelieve only 40 gpm at pressures in
the range of its 1765 psia setpoint. As system pressure shouhl have piomptly returned to
this range once the test line u as alirned and the relief valve lifted. it is unclear u by a How
iate of 79 ppm was observed.

-

l>uring the course of the test, the "it" train relief valve was " gagged" closer! to prevent it
hom opening. As the setpoint of the "11" valve u as the same as the "C' valve, it is
reasonable to presume that it would also have opened if exposed to the system pressmes
observed. T tility noted that a number of similar faihnes base occuned in the past as
a result of uessme surges, valve manipulanons, and surveillance testing.l

ASP Modeling Assumptions and Approach

As this failure couhl have occurred dming any accident sequence in which IIPSI was
c tuated w hile RUS pressure exceeded 1750 psig,"A" train ofIIPSI was assumed to be
inoperable. The " gagging" of the "l1" train relief valve corresponding to the failed valve
on the "A" train implies that a similar failute mode was expected for the "l1" train valve,
had it been tested. The "II" train of IlPSI was therefore also modeled as inoperable.

The unavailability period is dif ficult to estimate for this event. It is possible that the relief -

valve lift was caused by the system lineup used for testing, combined with backleakage
thmugh an injection line check valve. Ilowever, the 1.l!R noted a number of similar
failures had previously occurred, and indicated that the problem was a result of relief
valve setpoints too close to system operating pressure. In this case, the llPSI
unavailability may have existed since initial criticality. For this analysis, a long-tetm
unavailability of IlPSI was assumed to have existed. To estimate the relative significance
of the event within a 1-yr observation period (the interval being evaluated in this report),
a 1 yr unavailabihty period was utilized (6132 h, assuming the plant was critical or at hot
shutdown for 70% of the year).

Although the current Accident Sequence Precursor ( ASP) model for Millstone 3 does not
include use of the charging pumps as an alternate to the llPSI pumps for safety injectiun
(SI) and bleed and feed, these pumps tan be used for this purpose. The two normally
available charging pumps were assutr'd capable of providing successful Si and feed and
bleed for this analysis. The failure probability for high-pressure injection and feed and

. _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ - _ _ _
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bleed was estimated assuming that the nonrunning charging pump had to start 1.011 and j

one of the two isolation valves to the refueling water storage tank, volume contml tank, i

and itCS cold legs had to operate [3 x .01 x .11. Itased on screening probabilities used
! in the ASP Program, this failme probability is estimated to be 1.3 x 10-2,

| Note that while flow through the relief valvo during injection would render the llPSI
'

ineffective (requiring the chaing pumps for injection), flow through the tellef valves
af ter sump switchover to hi. a. pressure recirculation (llPil) would result in loss of
containment sump invente- and eventual failure of IIPR. This situation could be
detected through chanres .. le el indication in auxiliary building tanks and sumps and in
the containment sump. The llPSI pumps would have to be tripped and the charging

L pumps osed for llPit as well, llecause of the length of time available for this action, an
operator failure probability of 0.12 was assumed (see Appendix A for a description of the
operator action failure probabilities used in the ASP analysis).

Allemately, the plant could be cooled down and placed on the resiJual heat removal
(Rill () system, with makeup provided ny the charging system (this action is not
addressed in the current ASP models).i

Analysis itesults
'

,

The conditional probability er subsequent core damage associated with this event was ;

estimated to be 8.1 x 10 i, assuming the charging pumps wouhl be effective for safety
injection. The dominant core damage sequence, shown on the following event tree,
involves a postulated loss-of-coolant accident and llPit failure, !

If the plant was cooled down and placed on the RllR system prior to draining the |
refueling water storage tank, the need for llPR would be eliminated (makeup using the ;

charging system wouhl still be required) Considering the RilR system as an alternate |
means of decay heat removal reduces the conditional core damage probability estimated i

for this event to 8.9 x 10 5. (Modeling changes to address the use of the RilR system as
an alternate means of decay heat removal following a small break I,0CA ate currently
being considered in the ASP program.)

|
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ha pecovery L;eit
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ist a nch syst em Ilon-kecov Ctr TatI

trars 4.6E+04 1.0E *00
loop 1.9E-05 3.3E-04
loc a 2.4F-06 4.3E-01
t 2.ti-C4 1.2R-01

7:#1000 0.CE400 1.0E+00
emerg.b ver 2.9E-Cl 8.00-01
afe 3.et-C4 1.6C-01
a f w eas t g .powe r 5.0E-02 3.st 01
rfw 2.0E-01 3.4E-0*
,w r v.o r . o r v.cha l k 4.0E-02 1.0F*C0
rcrv.or.arvoresent 2,CE-02 1.1E-C2
terv.or.stv. repeat /cmetg.gower 2.0E-02 1.0E+00
ses1,loce 3.*E-01 1. 0T. + 00 _

er.rectalt 1.6E-01 1.cf*C0
; a p. rs e 1.5f+01 1.0E+00
I hPI 1.00-03 = 1.3E-02 ** 8.4E-U1

Branch Moselt 1.00.2
Traln 1 Cond Probt 1.0E-02
Train 2 Cond trebt 1.0E-01

bP!(P/Rt 1.01-03 > 1.3E-C.? ** 9.4E 51 1. 0E -L 1 '

Brarich Pindel t 1.06' 2 *cpt
Train 1 Cnnd P rot > t 1.0E*C2
train 2 Cond P?ct: 1.0L-01

gerv.open '.00-02 1.00 00 4.0E-04
HPSI-HP! 1.$E-04 > 1.5E-04 1.05 00 1.00-03 > 1.2E-01

Brenen W dels 1.Cf.2+cpr
Tra'n 1 Cond P rob 1.0E*C2.

Tre'e ? Cend Prcb 1.bE-02
car 9.3E-05 1.0E+00

* branch medel filu
** forced

Minor 1:4
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On Aprd 10. P91, at 2225 hours with the plant at 09 power m Mode 3 (Hot Standbyh 557 destees
Tahrenheit and 2250 pua-. a rafen mjecuon ststem ISlH! rebet sahe hhed while performmt a boundary stLe
leak ieu surudlance procedare The sahe did not rescat untu the runnirg " A" safett injecuan pump was
uopped The '9 gpm flowrate of the rehef vahe exceeded the 50 gpm anumed for panne failure of the safety
ir.3ecuan sptem.

.

The root cauw of the everu is deugn dehciencs- The setpomt for the rehef sahes wa. too close to the
operaung preuvre of the nuem The b uem hat hmoncah) operated close to the rehet sahe setpoint-
Prenure surget uhe manipulanont and sune.. lance tesung hase preuously resuhed in the httmg of sptem
rebef sahes

F immedkate correcuu acuon shift management decla 1 the salen m3ecoon $3uem moref able. The ' B~ tram
rebel sahe. which was temporati!3 ragged to rrimimite fadure dunn; troubleshocung were ungagged. and the
"B" tram w as dertared operaNe ~ The nst"n desgn prenure wat reanahted and the setroint of the rebef
sahes was mereased to 2250 pua from 17e p -4 hath trami of the safen miection sistem were declared
, eraMe foltoumg the merease m setpomt for the ' A* tram and "b" tram rebel uhes

,

d'

)d I *s * _4S%
4, .4
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On Aprd 10.1091, at 222f houn unh the plam st 09 power in Mode 3 (Hot Standb)). 557 degices
Fahrenhen and 2250 pua, the ' A" tram high pressure salen myection (SlH) rehef salve
(3SlH'RVM3 3 Al hbed and dd noi sneat uhde performmg leak tesung of the SlH to RCS L. cop a Hot
Leg check vahe OSlH'Vil;i n accordance with the Reactor Coolani Sntem (RCS) Preuure Isolanoni
\abe Teu sunediance procedure (Sp 3f>0lf J) The rehef sahe hhed uber* the Test Lme Imlanon
Yahe US!H' AYHPC) was opened This shgned the pipmg between check salves 35tH*Vll2 and the
RCS t oop 4 Hot leg ched uhe ORCS *V1004 to the ufen trucctmn pump d:scharge pipmg which a
protected from oserpremnianon b) rebef uhe 35tH'RVHf 3A The 79 grn. flou rate of tne rebef
sake exceeded the 30 rpm ammed for the pamse fadure of the safet) miecuan s>siem Shih
managemem declared both trams of the safet) mfection ustem ar operable and logged mto Technical -
Specifwauon 3 0 3 The " A" $1H pump mai nok.ted from the *D" train The temporar3 gagging deoce,
prenoush innalled on tbc "B' tram rehef uhe (3SlH'RVH$3FU to hmit fadures whde irnesugaung the
Idung problems. were remosed, and the "B" tsam was declared operable ? bours sad 15 mmutes aher
mvokmg Techrucal speafaanan 3 0 3 At that time, Technical Specificauori 3 5 : a was mvoked with
one tram of SIH operable Both trams were declared operabic at 1208 hours on Apri! 13. 1991,
follaalr.; the resetung and tesimg of the ' A ' tram and "D" " ' rehef nahes

!! . f, Arc ofic.m

The root came of the esent h deugn 1efroenn 7tw setromt for the rehef uhes was too close to the
operaung pressure of the sutem The uurm has hatonca!h operated close to the rehef sabe setrotnt "

The preuure that the rehef uhe wa* sutnected to dunng the perlotmance of the sursetilance procedure
vai in exceu of the normal 9ttpomt of 17H rua The gradual leakape through check sahr 3RCS*V100,
located m the safen infecuan bne at the *C," reactor coo | ant loop, allowed the upstream pressure
Ibeiween 3RCS*V100 and 351H'Vll!! to apo xh reactor coolant e stem preuure of 2230 pia When
uhe 351H* AV8H9C uas orened per the procedure. the ufet in!ecuan piping which mcluded rehef
uhe 35!H'RV5M3 A uas suNecteo to tha higher preuure resulung m the Ithmg of the rehef sahe,

Il1; Ar.ahhLdlxtM
Thn esem n being reported m accordance utth 10CFR50 73(aH2Hs), as an event or condiuon that
alone could hase presented the fulhHment of the safety function of systems needed to rmtigate the
comcquences of an acen1ent. and.10Cf R50 '3(aH24vuL as an esent where a unple cause or condmon
caused two mdependem trams to become moperable n a smgle sutem deugned to mangate the
conequences of an accident An immed. ate nauficanon was made m accorcance unh
10CFR50 7;(toOHiu)

There were no opmficant safen cormequences due to thn t - nt The sursedlance procedere was
performed unh the reactor shut down and the pIant m Mode 3 Rfbei sahe 351H'RV6M3A f..ut when
the ' A' ulen imect or. pump wa< unpred to louer the sutem preoure below the bh setpomt f or '
deugn bam accidems which require the ufen myecuon pumps to operate, the rehef sabe would be
subjected to preuures m the range of 145 psia onl3 at rnmimum flow conditions At tha preuvre. the
rehef uhe has t'een prosen to rehese at approumaich 40 gpm which n withm the niargin of the ulet)
miccisan sutem-

!
~
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f
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IV Correctne Anon

When the event occurred. shift management declared the safets miecuon sistem inoperable and insoked -

Technical Specificauon acuan 3 0 3 The failed " A" tram rebel sahe (35tH'PN885 3 A) was gagged shut. j
The temporary gaggmg dence prenoush mstalled on the "B" tram rehef vahe (3SlH'kV8853B1 to hmit i

failur% while mieuigaung the hfung problems, mas remosed, and the "B'' tram of the safet) mjection -

system was declared operable folicaing the remosal of the gaggmg dences and Technical Specibcaaon |* Mia was invoked. The system deugn pressure was reanahred and the setpoirit of the * A* tram and .

,

"B" tram rehef sahes w as increased to 2:50 pua from 1%$ pua based on the concluuon of the I
a nalysis

A test procedute was uTitten, approved, and performed that unhred the appropnate steps of the
j

sursedlance procedure to dupbcate the condiuons that exated when the rehef sahe hfied
instrumentauon was instalied on the safeti mfecuon system to prende a trace of the actual pressure seen
by the reh f vehe. The testmg venhed that the pressure in the ssstem exceeded the rebet vahe setpomt
pressure T. e test procedure venhed that other combmauons of vahe and pump manipulanons did not
subject the rehef vehes to pressures higher than their reu hit setpomt of 2:50 psia

1

t Maume inMrrre

The safet3 mjecuon s>uem rehef sahes base had a hatory of hitmg durmg survedlance tesung Prenous
procedure changet to mmamire vahe manipulauons whde the system was m operauon appeared to have
mmimued rebet vahe hitmg problem There have been no prenous simdar esents with the same root
cause and underlymg concerns

.
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ACCIDENT SEQUENCE PitECUllSOlt PItOGilAM EVENT ANAL,YSIS

LER No.: 440/914X)9
livent Description: Twu liDGs inoperable
Date of I! vent: March 14,1991
plant: l'erry

Sununary

Perry was operating at 1(4)% ;nwer on March 14,1991, when the Division 2 cme gency
diesel generator (!!DG) failui a surveillance test. Subsequentiy, the Division I liDG also
failed its surveillance test. It took 11 h and 55 min to restore one IIDG to operable status,
it was later determined that one !!DG had been inoperable for over 28 d, and the other
liDG was potentially unavailable for 15 d. The conditional core damage probability
estimated for this event (assuming both EDGs were unavailable for 15 d) is 5.3 x 104
The relative significance of this event compared to other postulated events at Perry is
shown below.

t.1;R 440Nl 4KPJ

lli.7 Ifi fi 115 5 llL4 11!.3 llL2
I I I I | |m

^
.

' 3t.0 h litrS ~~ g g y )p
I 4 RCIC
I Tnn II)lAV i

prnurw cutott J ggits

Esent Description

Perry was operating at 100% of rated power at 0915 hours on March 14,1991, when the
Division 2 IIDG failed its monthly surveillance test. The llDG reached rated speed but
was unable to generate any output voltage because the field contactor failed to close.
Subsequent investigations revealed that excessive plav in the pivot point of the latch
mechanism allowed the latch arm to twist sideways and weld the contacts in the trip
position of the K1 close coil of the field contactor. It was concluded that this could only
have occurred during shutdown of the liDG during the last surveillance test performed
February 14,1991. Thus, the EDG had been out of service for the entire 28-d period
between tests.
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When the Division 2 EDG failed its surveillance test, plant Technical Specificatiens
required that the Division 1 EDG be demonstrated operable. During this demonstration
run, the Division 1 EDG started and came up to rated speed, but the operators were
unable either remotely or locally to synchronize the generator to the grid. The Division 1
EDG was also declared inoperable, in this situation, the plant Technical Specifications i

require either one EDG to be retumed to operability within'2 h or for shtlown to begin. |

In spite of this, the plant remained at full power throughout the ~12 h time required to ,

!
repair the Division 2 EDG.

The plant decided to repair the Division 2 EDG first, since the failed component was
known. Field contactor repair parts for the Division 2 EDG were not available from
warehouse stock and were instead obtained from the Division 1 EDGi The Division 2
EDG was repaired, tested, and placed back in service at 0220 hours on March 15,1991.
At this time, investigation and troubleshooting was begun on Division 1 EDO. The
utility concluded that the lower limit switch on the motor-operated potentiometer was
malfunctioning although no conclusive cause was ever identified. If this _was the case,
then the EDG would be expected to function in the event of a loss of offsite power
(LOOP). However, after inspection, cleaning, exercising, and post-maintenance testing,
the problems that prevented the governor speed control from functioning during the
surveillance test could not be recreated. The utility believed that the conditions causing
the event were corrected during the maintenance activities. Division 1 EDG was placed
back in service at 2305 hours on March 15,1991. Both EDGs were inoperable at the
same time for repairs for 11 h and 55 min. If the cause of the Division.1 EDG failure
would have prevented its operation following a LOOP, then both EDGs would have been
inoperable for an expected 15 d.

Additional Event-Related Information

Offsite power is available to the Perry 1345 kV switchyard from five 345 kV
transmission circuits. Engineered safety features (ESP) loads are assigned to three
independent load groups designated Divisions 1,2, and 3. Divisions 1 and 2 are

~

,

'

- redundant, while Division 3 supplies power for the high-pressure core spray (HPCS)
systetn. Each division consists of a 4.16-kV switchgear bus and assembly, diesel
generator standby power supply, motor control centers, batteries; an'd battery chargers. '|
The preferred power supply for the class 1E buses is the startup transformer. Alternate ~ q

power is available through a manual nonnally-open disconnect from the unit 2 startup -
transformer. Emergency loads for Divisions 1 and 2 are supplied from EDGs rated at

' 7,000 kW.

ASP Modeling Assumptions und Approach

Division 2 EDG was inoperable for more than 28 d, and Division 1 EDG was unable to
synchronize to the grid when required. Since the cause for the latter unavailability was

__ _ __ ___
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never positively identified, nor was it demonstrated that the !!DG would have assumed
loads following a postulated LOOP, it wi s assumed that the Division 1 11D0 was
unavailable for one half its surveillance period of 15 d. 'therefore, this event has been
modeled as a postulated 1.OOP with both the liDGs unavailable and nonrecoverable for
15 d.

Analysis itesults

The conditional probability of subsequent core damage estimated for two !!DGs
unavailable for 15 d is 53 x 104 A sensitivity analysis was perfonned to ascenain the
effect of out of service time on the conditional probability. If it is assumed that the two
liDGs were only unavailable for the 11.9 h iepair time, the conditional probability of con: -

damage decreases by more than an order of magnitude to 1.7 x 10 5,

The dominant core damage sequence, highlighted on the following event tree, involves a
postulated LOOP, a nonrecoverable emergency power system failure, and failure to
restore AC power prior to baitery depletion.

,

m
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COND17)(W AL (t$L DAPEC PROhAMility C AffULAtlON $

Event idet:t !!let a 440/91-009
t vet 4 14 sc a lpt ic+n t two energency diesel generator e ahog4rable
6 vent Date: 03/14/91

1 lant i Petty 1

UN AV All A4431 ]TY, DU# A110ha 3 t.C

NON + Rn (t;'4 4 AD !.E 1N ITI ATING EVillT PROMApli..)T!kl

(4 0P 3. 18'.- 0 1

KLQUI NCE OUNDITION AL Pk0hAMILITY SUM 3

6 nd it st e / t r.it lat e r Probabtlity

C9

(Ex t %.3L*04
~

fnt a 1 6.3E-04
'

ATwa

tiv.P 0.0F*00

Total 0.01+00

S&. QUI N C) (t)ND! TION AL PHouAll1 LITIE S (PHodAal!.1TV ORDta)

Requence 4.nd State Prob N Rec's

81 lone t MENG.Puest.H = r s . shot devn/ sp op, rec CD S .38:-0 4 S.3E 01

** non-r ecove ry credit foi edited rase

SEQUENCE CONDITl# AL PRObAHILITIES ($EaCENCE ORDED)

S o.'uen c e End State Prob N pec=*

Si loop iMEkG.PowKh *rs.shutdownsep ep.nec CD h.30 04 S.30-01

** ncn-recove ry c redit f or edited case

Not e : For unavailabilities, condit icaal probabli tt) values ato dif f erent ial valuva which refleet the
,

added risk vlue to fallutet a ssociat ed with an event . Patenthetleal values indicate a reduction an riat
cvwpa red t o a almt lar period tritbout t he es ist ing f ailur.s .

St.QUENCE MODEll e t \a sp\ l 98 9\ terc sea l . tanp
hi4ANCH MODE [.3 ct\ asp \l%%9\ parry.all
FHOBAHILITY F1tJ; c3\ asp \l94%\bor,ca11.ptp

No Betovery Limit

hitANCH FREQUENCIE G/PHOHASTLIT[Et

It r a nc. h System Non-kecov Opr Fall

trens 1.'iE-04 L.0L*C0

k vor.t Ittent i f ie r t 440/91-C0%
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ioop 1.6E-05 S.3E-01
inca ~ 3.3E-04 6.0E*s t |
r m . shut down . ' 3.0E-Ob 1.0E*00-

'|rn. shut down top 3.SE-04 1.0E+00
. pealt rane

. 3.1E-01 1.0E *00
. ar< chall/t rana.*scssa 1.0E+00- 1.0E*00
arv.chall/ loop.*acram 1.0E+00 1.08 00
siv.close 6.3E-02 1.0E+00
EnEkC.POWta.

,

1.0r.2 .
l

2.9E-03 > 1,0E+00 s.CE-01 > 1.0E*00
.

Granch Modell -

Train 1. Cor? Probs 3.0E-02 2 ralled ,

Train 2 Cond Probt 5.1E-02 > ralled--
]ep.roo

. 1.7E-01 1.0E*00
t w/ pca .t r ana 4.6E-01 3.4E-01
f w/ pe s. loca 1.vE+00 3.4E-01
hpel - 2.0E-02 3.4E-01
reic 4.0E-02 1.0E-01
crd 1.0E-02 1.0E+00 1.0E-02
arv.ada 3.1E-03 1.1E-01 1.0E-02
1pc e 2.0E 02 - 1.4E-01
1pel t thr) /1pc o 6.0E-04 - 1.1r-01

- shtinde) 2.3E-02 3.4E-01 1,0E-03
thr tadel /-lpel 2.0E-02 1.4E-01 1,0E-0 3 '
thttsdel/lpc1 1.0E+00 1.nt+00 1.0E-01
thr ispccall / rhr tadet 2.0E 03 3.4E-01
rhe tspecol p /-! pct . rhr t edel 2.0E*0) 3.4E-01-
rh r ( s pecol) /lpe t . rb r (ad ?.I 9,3E-02 1.0E*00
thsaw 2.0E-02 3.4E-01 2.0E 01

* branch maael (11e
** forced

Minertek
C3-14-1992

,
16:23:4$

$

d.

4

._

l
1

-

||-
..j

-.
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| Event identifier 4 440/91-009
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On March 14, 1991 at 091$. a fatlure of the Divleton 2 Diesel Generator (DC) occur red
when the field failed to f lash during the montMy autveillance operabtitty test. The
Division 2 Du war declared inoperable and the ot her divisional DCs were run within 24
hours to ve r t l y ope t al.t i t t y . Daring the Di v is ion ! DC t est . the governor speed cont rol -

failed t o respond t o manual . oper at tua in t he lower direction, preventing
synchrontratton to the grid. The Divtaton 1 DC was declared inoperable on March 14
1991 at 142$. Following repalts, the Division 2 DG wee declared operabic on March 15,
1991 at 0220 and the Diviston 1 DC was declared operable at 2305.

The root caone of toth e vent s was equipment m41funettnn. The Otvision 2 DC field
contactor kl failed to close due to a component fatture, which occurred at completion
af the last successful diesel autvettlance run during engine shutdown on February 14
1991. The Dtvision 1 DC equipment malfunction was teclated to the governor cont rol
circutt, which was serviced and t etci prior to declaring the DC operable.

T .2 prevent rec ur rence. design and prxedural changes were initiated to enhance the
r e llat>i li ty of the f teld contu t or and procedural changes will be made for servictng
t h e- gover nor cont rol circuit ry. I n acid i t i o n. the Diviston 2 DG fatted component wds
eturned t o t he vendor for fatione analysis and a notification of the event was
provided to the DG Owners Groups (Delavat and General Motora EMD).

Nbsittal of this report natistten the requirements of Tachnical Spect acations
..M.I.l.3 and 6.9.1.

,
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1. INTRODUCTION

Frc.m February 14, 1991 at 1124 to March 15, 1991 at 0220, the Division 2 Diesel
Generator (DG) was rendered inoperable due to an undetectable equipment problem
that occurred during shutdown af ter the previous monthly surveillance test. With ~

the Division 2 DC inoperable, there was no diesel backup power available for
Division 2 saf ety related equipment during this period, in violation of Technical
Specification 3.8.1.1 action statement (b). which requires an inoperable DC to be
restored to an OPERABl.E condition within 72 hours. Otherwise, the reactor is
required to be in Operational Condition 3 (HOT SHUTDOWN) within the next 12 hours
and in Operational Condition 4 (C01.D SHUTDOW) within the f ollowing 24 hours.
Additionally, from March 14, 1991 at 1425 to March 15, 1991 et 0220, the Division
1 and Division 2 DCs were both inoperable due to unrelated equipment problema.
During the entire time of these events, the plant was in Operational Condition 1
(POWER OPERATION) at normal full power operations, with the Reactor Pressure
Vessel [RPV) at ,aturated conditions at approximately 1040 psig.

11. DESCRIPTION OF EVENT

on March 14, 1991 at 0905, a monthly surveillance test instruction

(SVI-R43-TL318) " Diesel Generator Start and Load Division 2" was initiated. The
Division 2 Diesel Cenerator (DC) engine {ENG) started and accelerated to minimum
speed (441 RPM) within the specified time; however, the field contacto'r (Kl)
failed to close, resulting in no generator output voltage. The Division 2 DG was
declared inoperable at 0915 following this valid test and failure. The plant
entered Technical Specification 3.8.1.1 action statements (b) and (e), which
require among other things, the demonstra* ton of operability of the remaining
OPEkABLE diesel generators by performing appropriate surveillance requirements
separately for each diesel generator within 24 hours. -

To accomplish the above mentioned requirements for the Division 1 DC,
surveillance test instruction (SVI-R43-T1317) " Diesel Generator Start and Load
Division 1" was Initiated at 1425. During the operability test, the Division I *

DG engine started, accelerated and achieved rated speed and voltage, but the
governor did not respond in the lower direction upon demand from the Control
Room, prohibiting manual synchronization to the grid. The DC control was shif ted
f rom the Control Room to the local panel with the same result. As a result of
the inability to satisf actorily complete the surveillance requirements, the
Division 1 DG was declared inoperable at 1425. The plant entered Technical
Specification 3.8.1.1 action statement (g), which requires restoration of either
Division 1 or 2 DC to en OPERABLE condition within 2 hours or entry into
Operational Condition 3 (HOT SHUTDOW) within the next 12 hours and into
Operational Condition 4 (COLD SHUTDOW) within the f ollowing 24 hours. The NRC
Operations Center was informed of the inoperability of both Division I sud 2 DCs
via the Emergency Notification System at 1614. The Division 3 DC surveillance
test was satisfactorily completed at 2035.

.. . .HSM h. . O.

a
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It was decided to restore the Division 2 DG first due to the known nature of 'the e

Divisjon 2 DG fatture med the need to restore at least one-of the Standby Diesel
Centrators in an expedient manner. At the time no field'contactor Ki parts were
available from warehouse stock. Therefore, it was decided to obtain the required *

field contactor K1 norte (carrier assembly and tripping coil assembly) f rom the
Division 1 DC and t ransfer thewe parts for installation in the Division 2 DC.
The carrier ..esembly and t ripping coil assembly were t ransferred f rom the
Division i DC at 1630. Fellowing inspection, installation, f 4nctional testing
and one successfel maintenance run to verify proper latching of field contactor

'KI, the Dfviolon 2 DG aurveillance test for operability was successfully
completed ca March 14, 1991 at 23D. The Division 2 DC was declared operrble on
March 15, 19h at 0220. Following extensive troubleshooting including visual

^

inspectlon, cleaning and etercialng all accessible contacts, verification of all
terminattuns, replaerment of transferred parts and appropriate maintenance
testing, the Division 1 DC survelliance test for operability was successfully
completto on Msrch 15,1991 at I DO. The Division 1 DC was declared operable at
230*.

111. CW$E ANA!MSIS

The root cause of the Division 2 DC f ailure was a f ailure of the field contactor
El (ITE Telemechanique Cat. No. A1430) to close due to'a f ailure of the switching

,

i cont act, to reset. The troubleshooting investigation identified the switching

| - contacts for the K1 close cotl on the tripping coil assembly open. Disassembly
i of the mechanium revealed the' contacts lightly welded in the trip position

| ':
preventiag contact reset on contactor trip. This was attributed to excessive

| play in the pivot point of the-latch mechanism allowing the latch arm to twist
sideways. - The latch are slid along the tang of the tripping coil assembly
preventing a normal smooth contact snap renet. This resulted in an extended
(time unknown) energitation of the trip coil with subsequent contact arcing (in
comparison to normal clearing time). The fatted closed trip contact-and the'
resultant open contact- in the' closure control circuit prevented K1 f rom closing,
thereby constituting-a valid failure of the Division 2 DC. During thle
investigation, it was further determined that the malfunction could have only ,;,

'

|- occurred during the shutdown f rom the February 14,'1991 aurveillance test.-
l. Therefore, the Division 2 DC was inoperable f rom February 14, 1991 at 1124 untf1'

March.15, 1991 at 0220; however, there were no indications of the f ailure which
could have led to that discovery until the next attempt ~ to run the engine.

This is a valid test and failure in accordance with Regulatory Guide -(R.G.) 1.108
C.2.e.5. Th(s is the first valid f at ture in the last 100 total valid tests to
occur on the Unit I Division 2 Diesel Generator. The Division 2 DC failed to
achieve specified generator ' voltage during surveillance testing. The total
repair time for the Division 2 DC was 17 hours and 5 minutes. The total.

..

- out of-service time f or the Division 210 was 28 days,14 hours, and 56 minutes

.~.- m. . n.
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because the failure was determined to have occurred dur*ng engine shutdown from
' the previous monthly surveillance test completed on Feh aary 14, 1991 at 1124.
The Division 2 Diesel Generator Surveillance Test interval will remain at once
every 31. days in accordance with Perry Technical Specification Table 4.B.1.1.2-1.

The root cause of the Division 1 DC surveillance test suspension was equipment
malfunction. Af ter the successful engine start, when operators attempted to
synchronize the generator with the grid, the manual governor control f ailed to
respond in the lower dir'etion. Extensive troubleshooting was performed on the
Division 1 DG sovernor c atrole af ter the engine was shutdown. The lower limit
switch on the motor operated potentiometer appeared to be the as1f unct ioning

| component. Based on the perf ormance of automatic reset and the lack of manual
| control in the lower direction from either local or temote locations, the

| malf unction was isolated to a- amall portion of the circuit that includes two

| relays, the governor lower limit switcL and associated wiring. Troubleshooting
i included visual inspection, cleaning and exercising all screasible contacts and

limit switchea, verification of all terminations, and appropriate maintenance

| testing. However,:the conditious that prevented the governor speed cont rol f rom
functioning during the survelliance test could not be recreated during subsequenti

| troubleshooting. Althoitgh no conclu,,1ve cause of the Division 1 DC governor
' speed control malfunction could be identified, it is believed that the conditions

( causing the event were corrected during these maintenance activities. The
| tripping coil assembly f rom the Division .2 DC was serviced and reinstalled on the
l- Division 1 DG along with a new carriet assembly obtained from the salvage

warehouse.

Followup investigation determined that the problem with frequency control, which |
prohibited synchrontaing the Division 1 DG with the preferred source and required .- j
the DC to be declared inoperable, would not have prevented the DC from assuming. |

L loada under accident conditions. Thus in accordance with R.C.1.1D8 c.2.e.2. the i

| Division 1'DC te6t was not considered a valid failure since the DG was fully I

( -- capable of performing its intended saf ety f unction. The Division 1 DG could have )
t. provided power promptly to the engineered safety features in the unlikely event a j

|
loss of offette power occurred. |

|

IV. SAFETY ANALYSIS
|

| The Standby Diesel Generator System provides. an independent source of AC power to
j the Division 1, 2 and 3 Class 1E buses in the event of a loss of the redundant

| offsite power supplies. During the entire event, Class IE power was available
' f rom two physically-independent circuits from the transmission network to the
l onsite electrical dist ribution system. Additionally, the High Pressure Core

Spray System (BC) (HPCS) and its associsted diesel generator were verifiec
operable during this event. Upon failure of the synchronizing mechanism, the
Division i DC could not be determined to be OPERABLE. due to the inability to

.-
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demonstrate loading capabilit ies per the surveillance test. During this time,
however, the Division i DC was capable of responding properly to a lose of bue
voltage until it was further disabled by the temoval of parts to expedite the
ryatre to the Division 2 DC. The total time was 11 houre and 55 minutes that
both Division 1 and 2 DCs were incapable of responding to a loss of power to
their respective busses. Therefore. the event la considered safety significant
because the loss >f Division 1 and 2 backup power supplica results in condittora
outside Updated Safety Analysis Report assumptions under certain accident
scenartoe.

Previous sim!!ar event s with two or more inoperable divisions of the DC system
were identified in [ irs 87-009, 89-001, and 90-005. None of these event s were
caused by failures of the field contactor K1 assembly or the diesel governor
mechanisms. Two previous plant events documented in Condition lleports occurred
involving the field contactor Kl. The first occurrence was due to a sticky w

latchinE mechanism resulting f rom aged grease. This resulted in a valid test
failure of the Division 1 DC (reference letter PY-Ct !/NRR-ll20L dated January 19
1990). The second event in December, 1990 was due to performance of an
inadequat e Periodic Test Instruction, resulting in an open cloutng coil on the
Division I contactor and the switching contact welded. As part of the corrective
actione from this event, the Division 2 contactor was inspected by work order on
February 12, 1991 for similar damage and found in satisfactory condition.
Subsequent to this inspection activity, proper operat ion of the Division 2
contactor was verified by independent maintenance and surveillance runs of the
diesel generator on February 14, 1991. The failure discovered on March 14, 1991
on t he 01 vision 2 DC is , therefore, conaldered to be an isolated instance due to

the cause for malfunction.

VI. CORRECTIVE ACTIONS ,

Corrective actions previously ident ified and implemented would not be expected to
have prevented this event from occurring. ,

The following corrective actions were or will be completed to prevent recurrence:

1. The Division 2 DG carrier assembly was sent to the vendor (Basler Electric)
for failure analysis. Conclusiona and recommentations as a result of the
failure analysis will be evaluated by the responsible system engineer in
conjunction with the DG engineering support group. Appropriate corrective
action (s) Will be impleihe'1t ed 48 neceStary.

2. Notification of this even was provided to the DG Owners Groups (DeLaval and
General Motors EMD) on Ap (1 4, 1991.

.
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3. Implement design changes (DCP 91-0086 and 91-0086A) to enhance the
reliability of the field contactor (Kl) by monitoring critical component
position and addition of an electrical seal-in feature. This design change
should prevent undetectable failures of the field breaker K1 causing the
diesel generator to be inoperable. These design changes were already l

implemented on the Divirion 1 DC.

Revise periodic Maintenance Instruction " Diesel Panel Maintenance" to4.

incorporate specific inspection criteria and service requiremente for both
Division 1 and 2 field contactor Kl.

5. Revise Instrument Maintenance lustruction " Diesel Generator General
Maintenance" to incorporate specific inspection and service requiremente for
both Division I and 2 governor cont rol circult ry.

This submittal satisfies the requirements of Technical Specificatione 4.8.1.1.3
and 6.9.2.

Energy Industry Inf ormation System Codes are identified in the text as IXX).
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ACCIDENT SEQUENCE PRECURSOR PROGRAM EVENT ANALYSIS

LER No.: 443/91-008
Et ent Description: Loss of offsite power
Unte of Event: June 27,1991
Plant: Se". brook

Summary

Seabrook underwent a loss of offsite power (LOOP) on June 27,1991. Following the
~

LOOP, the main turbine generator tripped, causing the reactor to scram from 100%
power. Both emergency diesel generators (EDGs) started and energized their respective
buses and loads. Normal power was restored to the plant's emergency buses 36 min
after the LOOP. The plant was stabilized in Operational Mode 3,llot Standby, within I
h. The conditional ~m du y F?bability estimated for this event is 4.4 x 10-5. The
relative Qm!bnce of this event compared to other postulated events at Seabrook is
shown below.

LER 443NI 4X)H

IE-7 I E-6 I E-5 I E-4 IE-3 IE-2-
1 I I I I,,

^
i

[Trip-
1 360h
g gw- -

-tiX)Ppruurser emort _a tmv + 1- (nominal)g gg

Event Description

Seabrook was operating at 100% of rated power at 1334 hours on June 27,1991, when
two 345-kV switchyard circuit breakers tripped open while returning a relay to service
following preventative maintenance. The relay had two break-before-make switches
instead of one break-before-make and one make-before-break as required.
Consequently, the two switchyard breakers opened without generating a signal to open
the unit auxiliary transformer (UAT) supply breakers for onsite buses 1-4, E5, and E6.
This prevented the automatic transfer to the reserve auxiliary transformer (RAT). Both
EDGs automatically started and energized their respective buses and loads. The opening
of tiie switchyard breakers caused a turbine trip followed by a reactor scram. When the

_ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _- _ _ _ _______-_____ .-_ _
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turbine tripped, the turbine control valves fast closed causing a steam line high-pressure
spike. This, in turn, generated a high-high steam generator (SG) level signal, which

.

isolated feedwater. The actual SG level never approached the high-high level setpoint, but
the loss of feedwater (LORV) caused an emergency feedwater (EFW) actuation. After
the LOOP, the shift superintendent confirmed within 5 min with the load dispatcher that

<

'

power was available to the R AT. Buses 14 were energized from offsite sources within
20 min of the LOOP. Following the trip, the atmospheric steam dump valves (ASDV)
opened to limit steam line pressure. When the operators started reactor coolant pump
(RCP) C to establish forced coolant flow, ASDV C did not modulate to control pressure;
consequently, the SRV on SG C lifted. Vital buses E5 and E6 were energized from
offsite sources within 36 min of the LOOP, and the EDGs were secured within )

45 min. The piant was stabilized in Operational Mode 3,llot Standby, within I h of the |
JLOOP.
|

Additional Event-Related Information

Seabrook is supphed 345-kV from three offsite sources distributed between two buses
that, in turn, supply the two RATS. The RATS are the alternate supply for the 4.16-kV
emergency buses, ES and E6. The nomial supply for E5 and E6 comes from the U ATs,
which receive power frcm either a 345-kV offsite source or the unit main generator via a
generator step-up transformer connection. Each UAT and RAT is a three-phase, three-
winding transformer, with one wye-connected 13.8-kV oatput winding and one delta-,

connected 4.16-kV output winding. The 4.16 kV windings supply bcses 3,4, ES, and
'

E6. Buses E5 and E6 supply vital,4.16-kV safety-related loads and are backed up with
emergency power fiom the EDGs. Buses 3 and 4 supply 4.16-kV nonsafety-related
loads.

ASP Modeling Assumptions and Approach

The event has been modeled as a plant centend LOOP, Probabilitics for AC power
j nonrecovery following an RCP seal loss-of-coolant accident (LOCA) and prior to battery -

depletion, and for a seal LOCA, were revised to reflect values associated with a plant-
centered LOOP (see ORNIJNRCILTR-89/11, Revised LOOP Recovery and PWR Seal ;
LOCA Models, August 1989). Since power was available to the RAT, the LOOP
nonrecovery probability used in the analysis was revised from that assumed for a nominal
plant centered LOOP at Seabrook to 0.12, to reflect burdened recovery in the control
room had the EDGs failed.

Analysis Results

The conditional probability of core damage estimated for this event is 4 4 x 10-5. The
dominant core damage sequence, highlighted on the following event tree, involves a -'

|

|
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LOOP, failure of emergency power, an RCP seal LOCA, and failure to recover 'AC *

_ power before core uncovery.
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-' CONDIT!CEAL CORE DAMAGE PROBASTLITY CALCULATIONS .
~

Event 3 dent 1tler: 443/91-008
Event Descriptions Loss of of f alte power . v

Event Dates 04/27/01
Plantt Seabrook ~1

INITIATING EVENT

NON-RECOVtaAall INITI AT3NG EVENT s A.DABILITIES

tlx3P 1.2E-01

SEQUEWct. CONDITIONAL PPDBABILITY SUM 5
.

End Statt/Initlator p robatillit y

CD

frOP 4.41-03

Tot al 4.41-01

A7ws

LOOP 0.0K+00

Total- 0.0E400

SEQUENCE CONDITIONAL PROBADILITIES (PkOBASILITY O(DER)

Sequence End State - Prob N Sec**

53 LOOP -et/lodp emerg. power -af w/emerg. power -pory.or arv.chall CD - 2.9E-04 9.$E 32
$r.AL,tDCA EP. REC (Sti

.. . . .

$4. 1DOP -rt/ loop emerg. power -a f w/emerg.pover -pory.or.arv,chall - CD - 1.51-04 9.SE-02 '|
BE AL tDCA EP.9EC

55 LOOP -rt/ loop emerg. power - af w/emerg.powe r ~ CD 4.7E-05 3.3E-02
48 140P --rt / loop emerg. power -afw/emerg. power porv.or .arv.cha11 - CD 1.7L-06 9.5E-02 a

pefv.or.stv. reseat /emerg. power SEAL.tacA EP.pEC(SL)

* * non-recovery credit for edited case

SEQUENCf CONDITIONAL PROBASILITIES (SEQUE.NCE ORDER)

sequence End State Prob N Sec8* .

1 de- loop 4tt/ loop smorg. power -a f v/awrg. power - pory.or .stv.cha14 - CD - 1.2E-06 9,$E-02
pory.or.are.tesvat/emerg. power SEAL.LUCA EP. REC ($L)

- $3 IDCP yrt/loep emerg, power -af wlemerg.powe r part .or .o ry.chall ~ CD- 7.9E-05- 9.5E-02 ,

1EAL.14CA . T.P. REC (SL)
,54- trop -rt/Jocp emerg. power .-afw/emerg. power -porv.ot.ory.chall - CD 4.5E-06 /9.51 02

( SEAL. LOC A EP. REC
- 55 ~ IDOP -rt/ loop . emerg. power afw/emerg. power CD . 4.7E-0 6 - 3.3E-02;

,

" non-recovery credit for edit *d case

SEQ 0LNCE MODEL: c \ asp \1989\pwebseal. cmp
DRANCH MODEL$ ct\ asp \1999\seabreuk 311
PROBASILITY FILR3 ct\ asp %1989\pwr,bs11. pro

Event Identitlers 443/91-008:

Y
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1
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to Recovery Limit '
{

. . . t

i- . kRANCH FREQUENCIE8/ PROB ABILit!ES -*
-r

k ra nch System Mon *Recow Opr rain
_f

trans $.3E 04 1.0E+00
LDOP -

. 1.6E-05 3 1.6E-06 t.30-01 > 1.2E-01 '

, Branch Models.1NItpH '

!C Init tstor Freql 1.6E-OS
j: loca 2.4E-06 4.3E-01 ,

rt 2.8E-04 1.2L-01
rt / loop . 0.0E*00 1.0E+00
emerg. power 2.tL-03 0.0E-01

-afw 1.3E-61 2.6E-01
afw/empre. power 5.0E-02 3.4E-04
mfw 1. 0E +00 . 7.0E-02

i . po t v.or . s t v.chall 4.0E-02 1.0E*00
1 po t y.o r. a rv. r e sea t 2.0E-07 1.!E-02

poty.or. s tv. reseat teme r g.po=* r 2.ME-02 1.0t+00
SEAL. LDC A 2.7E-01 > 2.3E 01 1.0E+00 '

pranch Mudet: 1.0F.1
Train 1 Cond Prob 2,7E-C1 a 2.3E-01 I

EP .DCC (SL) $.7E-01 a 4.6t=01 1.00400) ;i .
- . Branch Model 1.0F.1

Train 1 Cond Probt 4.7E-01 a 4,8E-01 I
i EP, REC .. 7.0E-02 > 4.32-02 1.08: + 0 0
i' Branch Models 1.0F 1

Train 1 Cond Prob 7.00-02 > 4.3C-02.

* hp1 - 1.0E-01 8.42-01
~.

'S
3

hp!tt/b) 1.CE-03 B.4E-01 - 1.0E-02
| c. hpr/-tapi 1.5E-04 2.0E*00 1.0E-03!'- - porv.cpen 1.0E-02 1.CE+C0 4.0E-04

$
i ' * ' branch model file
i ** forced

|'' Minarica
06-06-1992
14:34:37

1. .

'_1
'l

I
i

' )

Event Identifier: 441/91-Oca
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On J_une 27,1991, at 1:34 p.m., a turbine generator trip with a subsequent reactor trip occurred while
the plant was at 100% power. The turbine trip was initiated when -two switchyaad 345kV circuit
breakers idpped open disconnecting the generator from the offsite distribution system.

The event occurred during the perform, ce of a _ preventive maintenance activity on a_ breaker failure
relay |50BF-2/11(II)] for 345kV circuit breaker 11. As the relay was being returned to service (closure
of two inife blade switches), momentary arcing occurred across the contacts. The arcing caused a high
speed tripping auxiliary relay to pick up without picking up an associated lock out relay. This partial-
relay actuation resulted in 345kV circuit breakers 11 and 163 opening witbout generating a signal to
open the Unit Auxiliary Transformer (UAT) sut ply breakers to unit busses 1 through 6. Because of
this, the automatic transfer to the Reserve Auxiliaty Transformers (RAT) was prevented, resulting in -

| the automatic starting of both emergescy diesel generators. Offsite power remained available to the -
| R ATs at all times, A turbine trip accurred within one second of the opening of the 345kV circuit

breakers. The turbine trip initiated . remor trip. Following the reactor trip, natural circulation was-

established. A Main Feedwater Isolation and subsequeat Emergency Feedwater Actuation also occurred.
Additionally, a Containment Ventilation liolation and an actuation of the Control Room Emergency Air
Cleanup and Filtration System occurred due to the momentary deccergisation of the Emergency Bosses.

| The root cause has been determined to be a manufacturing error in the relay housing contact block
assembly for the breaker failure relay. This breaker failure relay was caution tagged to preclude any
further maintenance until it is replaced during the first refueling outage. Other relays similar in design
will be inspected to ensure that the correct switch assemblics are installed. In addition. Ae automatic
transfer scheme from the UATs to the RATS and the tripping scheme for the out of stei lay will be
reevaluated.

'.*!J ** "* .
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On June 27, 1991, at 1:34 p m., EDT, a turbine generator trip with a subsequent reattor trip
occurred while the plant was at 100% reactor power. The turbine trip was initiated when two
swuchyard 345kV circuit breakers (11 and 163) tripped open disconnecting the generator from the
offsite distribution system.

Description of Event

Prior to the event, the plant was at 100% power, with plant systems in a steady state condition.
The event occurred during the performance of a preventive ms atenance activity on a breaker8

failure relay 150BF.2/11(H)] for 345kV circuit breaker 11. When the two knife blade switches were
closed to restore the relay to service, a momentary arcing occurred across the ' contacts. This
caused a high speed tripping auxiliary relay (94 78/B)), part of the 78/B3 out of step relay, to
actuate without, actuating an associated lock out relay (86-78/B3). This partial relay actuation
resulted in the opening of 345kV circuit breakers 11 and 163 without generating a relay signal to

3

open the Unit Ausiliary Transformer (UAT) Supply breakers to unit busses I through 6. As a result
of the UAT breaker not opening, the automatic transfer to the Reserve Auxiliary Transformers
(RAT) was prevented, resulting in both emergency diesel generators starting automatically and '
energizing 4kV vital busses E5 and E6. It is important to note however, that offsite power
remained available to the RATS at all times durmg the transient. Power was manually transferred
to the RATS once operators ensured that the plant was in a stable' condition.

The sudden loss of turbine load caused the early valve actuat'on (EVA) and the power load
unbalance (PLU) protective features to actuate the rapid closure of the turbine control valves and
intercept valves. A turbine trip occurred within one second of the opening of the 345kV circuit
breakers. ' The rapid closure of the turbine control valves created pressure pulses which resulted
in a Main reedwater Isolatics. These pressure pulses _were transanitted through the steam flow
transmitters water filled lines and sensed by the high pressure side of the steam generator narrow
range level transmitter. This resulted in the steam generat r high high signal and subsequent
feedwater isolation. Actual steam generator levels did not approach the high-higin le rel.setpoint
(P 14) at any time. Due to the loss of feedwater to a steam generator, an Emergency Feedwater
Actuation occurred as designed.

The turbine trip initiated a reactor trip._ Natural circulation was established in the Reactor Coolant
System (RCS) as espected. Due to the loss of power, condenser stcain dumps were not available,
cucept for a brief period (approximately one second) following the trip. - The atmospheric steam
dump valves in each of.the four main steam headers opened to control steam pressure during the
event. Plant bt ses were re-energized from the offsite power sources beginning at 1:54 p.m. EDT

- with all busses-being reconnected by 2:20 p.m. EDT.
.

In addition, when 345kV circuit breakers 11 and 163 opened, vital instrument bus IE momentaiily
deenergized resulting _in a Train fA* Containment _ Ventilation. Isolation and. an actuation of the

_

Control Room Emergency Air Cleanup and Filtration System.

. Safety Corneauences

'There were no adverse safety consequences as a result of this event, Offsite power remained
available to the R ATs at all times during the transient. 411 the applicable trips and interlocks.
associated with the .r e a ct o r trip functioned as designed. In additions the emergency dicsci

3~ ~ . n... .u. sa. .
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yencrators reac hed their rated speeds and voltage, and scquentiall) energi; d their respc<tise loads
as required.

All operator actions were dete mined to be appropriate to ensure the safety of the plant. At no
time during this event was there any impact on the health and safety of plant employees or the
put>hc.

BJ.TLGl.ht -

The root cause has been determined to be a manufacturing error in the re'ay housing contact block
anembly on the 34$kV breaker 11 break-r f ailuie protection relay. The contact block is designed
to have a make before break feature which allows the relay to be removed from service while ;ther *

relay protection circuits remain in service. The contact assembly is comprised of a bank of knife
blade style smitthes in the relay housing. The knife blade switches are in pairs with one of the-

paired switches being c onfigut e d to make.before break w hile the other is c onfigt.r e d as a
break.before-make switch. This configuration allows the device to be removed from a <cutrent
transformer circuit without interrupting the circuit. Post trip troubleshooting revealed that one of
the pairs of knite blade switt hes was intorrectly assembled with two break before make switches.

.CE!ElivL bil.L2R

After the trip, the plant was placed in llOT STAND 11Y in accordance with operating procedure 'OS1000.11, ' Post Trip to llot Standby" An escot evaluation and post trip review were immediately
initiated. A lluman Performance linhancement Sy. tem (llPliS) analysis as well as e root cause
analysis were also initiated.

The subject relay, $0llF 2/II(ll), was caution tagged to preclude any further maintenance while
the usit is operating at power. The out of step relay (78/113) was tagged out of service until a
thorough test is performed. Additional corrective actions include the following:

1) The relay housing for relay 30t112 2/11(11) will be replaced duting the first refuehog -

outage.

2) Other relav assemblies similar in design to relay 50ltF.2/11(H) will be inspected to ensure
that the correct switch assemblics are installed. These inspections will be performed
before further preventative maintenance activities are conducted on the relays, These
inspections are currently scheduled to be completed by December 31, 1991.

3) The tripping scheme for the out of step relay (78/I13) and the automatic transfer scheme
from the U ATs to the R ATs will be reevaluated This evaluation is currently scheduled
to be completed by December 11, 1991

4) An evaluation will be conducted *n drierrnine the cause for the momentary deenetguation
of the vital instrument hus IE This evaluation is currently scheduled to be completed
during the first refueling outage.

;;;~ - .i~........7.'
~
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At the time of this evcat, the plant was in Mode 1, Power Opeestion at 100%, with an 14CS
temperatues of 587 degrees Fahrenheit and presaute of 2,215 psig.

This is the first event of this type at Seabrook Station.
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ACCIDENT SEQUENCE PIRECUltSOlt PitOGItAM EVENT ANALYSIS

LEll No.: 445/91-012
Event Description: Potential charging pump unavailability due to hydrogen void

expansion
Date of Event: March 26,1991
Plant: Comanche Peak 1

Summary

Two hydrogen gas voids were identified iu chemical and volume control system (CVCS)
piping. One of the voids, in the boric acid tank (llAT) gravity feed line, was large
enough to impact charging pump operation following use of the line or during safety
injection (SI) when lower charging pump suction header pressures could result in-
expansion of the hydrogen void into the suction line. The conditional core damage
probability estimated for this event is 6.2 x 10 5. He relative significance of this event
compared to other postulated events at Comanche Peak 1 is shown below,

_.

LER 445NI.012
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Event Descriptioni

On March 26,1991, analyses of ultrasonic inspections of CVCS piping at Comanche
Peak 1 indicated that hydrogen voids existed in two locations, the 2-in. diameter alternate

boration line and the 3-in. diameter gravity feed line fmm the llAT, The utility stated that
the size of the void in the alternate boration line was small and would not have resulted in-
degraded charging pump perfonnance. However, the void in the DAT gravity feed line
was large enough to potentially impact charging pump perfomiance by directly damaging
or gas-binding the pumps. This could have occurred if the BAT gravity feed line was
used for boration or when charging pump suction pressure was reduced, which would
cause the gas void to expand into the suction header. This later condition could exist
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following transfer of charging pump suction from the volume control tank (VCF) to the
refueling water storage tank (RWST) during a safety actuation.

'Ite utility performed the ultrasonic examinations of charging pump piping following a . !
recommendrion in an October 25, 1990, letter from Westinghouse regarding the !

formation and venting of hydrogen in charging system piping. This letter responded to
NRC Information Notice 90-64," Potential for Common Mode Failure of High-Pressure

!

Safety Injection Pumps or Release of Reactor Coolant Outside Containment During a
Loss of Coolant Accident."

Additional Event-Related Information

The two centrifugal charging pumps, along with the two SI pumps and two residual heat >

removal (RHR) pumps, provide for Si at Comanche Peak. The Si and RHR pumps are -
normally aligned to the RWST, The charging pumps are normally aligned to the VCT.
After an Si actuation signal occurs, the VCT is isolated from charging pump suctions by
two series motor-operated valves, and two parallel, motor-operated isolation valves are -
opened to provide flow from the RWST to the charging pumps.

Following a small-break loss-of-coolant accidem (LOCA) or during feed and bleed, and
after the RWST inventory is depleted, the RHR pumps are used to take water from the
containment sump and provide it, cooled by the RHR heat exchangers, to the suctions of
the charging pumps and SI pumps. The piping arrangement is similar to many later
Westinghouse plants - one RHR pump supplies flow to both charging pumps and (via
the charging pump suction headcr) to one SI pump. The other RilR pump provides flow
to the second SI pump.

A simplified diagram of the SI system is included as Fig. L

ASP Modeling Assumptions and Approach-

The event has been modeled assuming both charging pumps would b? mavailable !

because of expansion of hydrogen from the B AT gravity feed line into the charging pump
suction header following a small-break. LOCA or when required for feed'and bleed.
During the recirculation phase, one Si pump was also assumed unavailable because its j

.

suction supply is via the charging pump suction header. The unavailability may have -
existed since initial criticality, which occurred ~1 yr prior to the event. A 6132 h
unavailability period was utilized, based on an assumption that the plant was at power or
hot shutdown for 10% of the year,

i Because the suction piping for the Si pumps is cross-connected upstream of valves
i 8923A and 8923B, it is possible that hydrogen gas in the charging pump suction piping- .

'

V
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could migrate to the second SI pump during recirculation. A sensitivity analysis was
performed to assess the irtyct of this possibility on event significance.

Analysis Hesults

The conditional probability of core damage estimated f( r this event is 6.2 x 10 5. The
dominant core damage sequence, highlighted on the fot'owing event tree, involves a
postulated small-break LOCA, auxiliary feedwater and hig h pressure injection success,
and failure of high pressure recirculation.

If the second Si pump were to be damaged by hydrogen traveling through the cross-
connect in the p",1p suctions, then the significance of the event is much higher -
6.3 x 10 3 basec - the current Accident Sequence Precursor models and 2.1 x 10 3 '

using revised models currently under development. For this to occur, however,
sufficient hydrogen would have to expand into the charging pump suction piping to
damage both charging pumps and Si pump 1 A, and also travel (via valves 8923A and
8923B) to the suction of SI pump IB.

LER 445/90 035 (documented in Appendix C to the 1990 precursor report) describes
'

another event at Comai.che Peak involving potential charging pump damage caused by
hydro),en. In that event, incorrect design and installation of vent valves between the
pump suction piping and the VCT prevented venting of hydrogen in the. suction lines
back to the VCT, but did not prevent hydrogen from traveling from the VCT to the
pumps.

_
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Ultrasonic examination of the Chemical and Volume Control System (CVCS) suction
piping was performod on March 4, through March 15,1991, These examinations
reveafed voids in the altornate boration lino ano the gravity feed line from the Boric Acid
Storage Tank (BAT). Engineenng evaluation shows that voeds in the alternate boration _
line would not affect operabihty of the Centnfugal Charging Pumps (CCPs). However. _
engineenng evaluation indicatos that the void in the gravity feed line from the BAT could
causs damage to or gas binding of the CCPS.

The potential root cause was identified as hydrogen coming out of solution,in the lower
pressure CCP suction header, Corrective actions includo daily venting of the gravity feed

- line and further monitoring for hydrogon accumulabon. Based on the results of this -
monitor.ng, venting requirements will be established.
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1. R ESCHIEllQtLOEJ11EREEORIAU L LEYLill
_

A. BLEQllIAD LL LYE ({LC LASSif1CAllQlj

Any ovont or condition that alono could have provunted the fulfillmont of thu satoty
function of f.tructures or systems that are nooded to shutdown the reactor and
ma.ntain it in a safe condition, or mitigate the consequences of an accidont.

B. PLAllLOELHAIll11.C Of f DH1RRS.EnlQILIO_IM EEYEt11

On March 26,1991, Comancho Poak Steam Electnc Station (CPSES) Unit 1 was in
Modo 6, Cold Shutdown, with thu Reactor Coolant Systom (RCS) (Ells ( AD)) at a
temperaturo of 130 degrees Fahrenho:t and pressure of approximately 300 pounds
por square inch-gago.

C. SIAlyS.0ERInuCipntsjiys1LMS,_on.Cofangtittf13
IHALWEllILl!10EEBADLEALIHESIMlLOLIHELYEllI
At1D_IMALC_0111EIDU1ED lOJUE EVE!11

Thore were no inoperablo structures, systorm or components that contnbutod
directly to the ovent.

D. { {ABilAT1Y ESVMMA FlLQE IM EEYEt1TJfiC EVDR11DAILEAtlD
AEEH0XlMAIE.11MES

On October 29,1990, Westinghouse sont a lottor to CPSES regarding the formation
and venting of hydrogen in the Chemical and Volumo Control System (CVCS)
(Ells:(CD))in responso to Nuclear Regulatory Commission (NRC) Information Notico
(IN) 90-64, "Potontial for Common Modo Failure of High Pres,suro Safoty injection
Pumps or Releano of Reactor Coolant Outside Containmont Dunng a loss-of.
Coolant Acc dont." In this letter Westinghouse, identified locations in the CVCS
suction piping where gases would tend to accumulate. Westinghouso
rocommended ultrasonic enamination to monitor the rato at which gas accumulatos
in those local.ons.
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From March 4,1991, through March 15,1991, ultrasonic examination of various
locations of the CVCS suc, ion piping was performed. Locations examined included
the 8 inch diameter suction header; the Positive Displacement Charging Pump
(PDP) (Ells:(P)(CB)) suction line; the Centnfugal Charging Pump (CCP) 02
(Ells:(P)(CB)) miniflow line; and all of the vertical piping connected to the 8 inch
diameter suction header, including alternate boration. boric acid filter, chemical feed,
and the gravity food line from the Bonc Acid Storage Tank (B AT) (Ells:(TK)(CB)).

The uttrasonic examinations revealed voids in two locations, the 2 inch diameter
attemate boration line and the 3 inch diameter gravity feed line from the BAT. The
size of the void identtfied in the tjternate boration line was determined to be
relatively small. Engineering evaluation shows that a void in this line would not
cause any significant degradation in CCP or PDP performance, or affect operability
of the Emergency Core Cooling System (ECCS)(Ells:(BO)). The size of the void
found in the BAT gravity feed line was much larger. Engineonng evaluation
indicates that this void could potentially cause daraago to or gas binding of the CCPs
when the BAT gravity feed line is used for boration, forcing the gas bubble into the
auction header, or when pressure conditions change causing expansion of the '
bubble into the suction header.

On March 20,1991, this event was recorded via the appropriate administrative ~

procedure. The reportability of this event was uncertain at first, however, after further
evaluation it was determined to be reportable at 1645 on March 28,1991. At 1840
on March 28, '991, the NRC Operations Center was notified via the Event
Notification System.

E. THE METH_QQ QF DISCOVERY OF E ACliCOMPONENT OR SYSTW
EAlt.URE OR PRQf EDUR AL ERROR

Ultrasonic examination of vanous locations of the C'.'CS suction piping was
performed due to concerns expressed by Westinghouse in their October 29,1990,
letter. As a result of the examinations, conducted from March 4,1991, through
March 15,1991, voids in two locations of CVCS suction piping were identified.

- - . - . - - - - - - - - - - - _ _ _ - - - _ __
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11. CQldEQREt[LQJ1SYS10A FAlLUEES

A. ff]LUREjdQQUdECliAljlSff,_AllD EFFECT OF EACH FAILE,r2
QQldEQllGil

Not applic .ble - thoto were no component failures associated with this event.

D. CAVSE OF EACH CQfdEQ11ENT OR SYSTRA FAILVEE

Not applicable - there were no component failures associated with this event.

C. SYSIDAS_QREEQQllDARY FUf1CJ1011S_Il16LWERE AFFECTED BY
EALLURE OF COMPONEt4TS WITH MULTIPLE FUffCIlORS

Not applicable there woro no component failuros associated with this event.

D. [ AILED COldEQJ1ENT INFORM ATIQlj

Not applicable there were no component failures associated with this oyent,

lit. AllALYSIS OF THE EVENT

A. SAFETY SYSTEf4J1ESPONSES TH AT-QCCMEllED

Not applicable there wer3 no component failures associated with this event,

D. D.UllAllON OF S AFETY SYETEM TR A1H INOPER AD1L[IY

Not applicable there were no niety systems which G .--'dered inoperable due
to a failure.
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C. S AFETY CQNSEQVEt[QES AND IMPLIC ATlQJJS OF THE EVEt(I

The operability of two independent ECCS subsystems, as required by Technical
Specifications 3/4.5.2, ensures that sufficient emergency core cooling capability will
be available in the event of a Loss of Coolant Accident assuming the loss of one
subsystem through any single failure consideration. Either subsystem operating in
conjunction with the accumulators (Ells:(ACC)(BP))is capable of supplying sufficient
core cooling to limit the peak cladding temperatures within acceptable limits.

Dunng this event the potential for gas binding of the CCPs existed due to void
accumutation in the CVCS suction piping This increased the probabihty of a
common-mode failure of both independent ECCS subsystems.

IV. CAUSE OF THE EVENT

ROOT CAUSE

Evaluation of this event has identified the potential root cause to be hydrogen coming out
of solution in the lower pressure CCP suction header and collecting in the vertical piping
This phenomenon is not present under current plant conditions (Mode 5), and therefore
cannot be venfied until normal RCS hydrogen concentration is re-estabbshed.

V. CORRECTIVE ACTIONS

A. LfitEDIATE

The gravity feed hne from the GAT was vented. Administrat:ve controls were
estab|ished to vent this line daily,

m
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B. QQRRECTlVE ACT1QRS TAKEtJ TO PREVENT RECURRENCE

BOOT C AVIE

Evaluation of this event has identified the potential root cause to be hydrogen coming
out of solution in the lower pressure CCP suction heador and collecting in the vertical
piping.

CORRECTIVE ACTIOH

The gravity feed line from the BAT will be monitored for hydrogen accumulation upon
return to normal hydrogen concentration in the RCS Based on the results of this
monitonng, venting requiromonts will be established.

VI. PREVIOUS _SIM!L AR EyfMIS

On 0:tober 4,1990 NRC IN 90-64 was issued. During evaluation of IN 90-64 it was
concluded that a design error existed that could result in the common-mode failure of the
CCPs due to gas binding (the CCP suction piping, high point, solenoid operated isolation
vent valves (SOLV) (Ells:(FSV)(CB)) were oriented in the wrong direction). This condition
was addressed in Licensee Event Report (LER) 90435.

As a resu!t of the October 29,1990, lettor from Westinghouse addressing the SOLV
onentation, vanous locations in the CVCS suction piping were identified as having the
potential for gas to accumulate. The subsequent ultrasonic e <aminations are the subject
of this LER (9t-012).

Vil. AQQlllON AL INFORM Al[QR

The 1:mes hsted in the report are approximate and Central Standard Time.

|
|
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Appendix C

CONTAINMiiNT-illil ATl!D AND O'llllilt liVi!NT DOCUMl!NTATION

'lhis appendix contains documentation for 1991 operational events identified in
the Accident Sequence Precursor (ASP) Program that involve

unavailability of containment isolation, containment cooling, containment.

spray, or post accident hydrogen contml;

other events that cannot currently be modeled in the ASP Program (primarily
-

*

shutdown related events).
'

1:or each event, a description is provided, along with the applicable 1.liR. A table
of contents Table C.1, is also provided.

Note that copies of 1.!!Rs used in the ASP Program are also used in other Oak
Itidge National 1.abaratory programs and may contain markings made during abstracting
and emling in those programs.

.

Table C.I. Index of containment-related and other events

1.liR No. I! vent Title Plant Name Page

No.

255NI 017 Reactor coolant pump seal heat exchanger tube failure could l'alisades C5 ,

result m low of coolant outside containment

26nN1-013 Iloth containment airlock doors open at same time ltrowns Ferry 2 C 12

269Nl-028 Decay heat removal sy stem operational problems Oconce 1 C 25

287NI 002 Reactor coolant inventory loss at cold shutdown (lonx 3 C.91 ,

2S7N!4XN 87,(kl0 gal reat tor coolant system leak Oconce 3 C.105

293N14X)5 loss of one division of class iE loads Pilgrim C-133

302NI.018 Engineered ufcguards actuation inapivopriately bypawed Crystal River 3 C-147

327N1-020 1 ou of fire protection sy stem Sequoyah I C-IS4

336N1-010 Reanalysis of main steam line break Millstone 2 C 163

369N1-On6 Potential failures in containtnent spiny and air return McGuire 1 C-171

_____ _ _ _
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424fil-(0) Instruinentation protilcans lead to RilR purnp voitexing and Vogtle 1 C 181
loss of shutdown coohng during reactor cavity draindown

528/91-(01 Reactor coolant purnp seal heat exchanger tule failure could Palo Verde i C 103
result in nonisolable loss of coolant outside containinent

.

w
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ACCIDENT SEQUENCE PRECURSOR PROGitAM EVENT ANAL,YSIS
,

i

:

1.E R N o.: 255/91-017 ;

Event Description: Reacter coolant pump seal heat exchanger tube failure could
result in loss of coolant outside containment ;

Date of Event: August 5,1991
Plant: Palisades

t

Summary

An engineering analysis at Palisades determined that the failure of a reactor coolant
pump seal cooler tube could fail the component cooling water (CCW) system and -

.

tesult in a nonisolable loss of reactor coolant outside containment. |

Event Description I

Reactor coolant pump (RCP) seals at Palisades are cooled by heat exchangers in which
heat is transferred to the CCW system. Failure of 4 cooling water tube in an RCP seal
heat exchanger would allow high pressure reactor coolant system (RCS) inventory to
flow into the low fressure CCW system. There are isolation valves in the CCW

,

system supply and return lines for the containment; however, the utility analysis does
not indicate that these valves could be closed against RCS pressure. In addition, these

'containment isolation valves receive a signal to close on high containment pressure.
which would not exist. Failure of an RCP seal heat cxchanger tube thus could result .

in a uncontrolled release of up to 55 lbrn/s (approximately 550 gpm) until primary "

pressure was reduced into the range of CCW pipe design pressure,150 psig. As
CCW system relief valve capacity is inadequate for ILis event, pressures of up to 1400
psig would be expected, and failures in the CCW piping system mi he occur.' Onet ,

i likely point of failurr would be the CCW surge tank, as surge tanks are typically nited
for only a few psig. Similar analyses for Palo Verde (see LER 528/91-001) suggested
that up to several hundred thousand gallons of reactor coolant could be released
outside containment before pressure in the CCW piping dropped sufficiently to pennit "

L isolation,
l
1
' in addition to the RCP seals, the CCW system provides cooling for the following:

fuel pool heat exchangers, radwaste evaporator, charging pump seals, shutdown '

cooling heat exchangers, waste gas compressor and aftercooler, vacuum pump seal
water cooler, low-pressure safety injection (LPSI) pump seal coolers, high-pressure
safety injection (HPSI) pump seal coolers, containment spray (CS) pump seal coolers, ;

.

, --4 ,. '. , s.w . m y- --~.m-.-.-,...-,..,.,,,,_,..s -,,e; rv, w- , . . . ,,,,u., ..w_ ,..W,. , , , , . _ . , _ .,._._____-.m _ _ _ ___mm_ ____ _ - .m.,..
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reactor shield cooling system, letdown heat exchanger, and the control rod drive |
mechanisms. j

1

l
An RCP seal heat exchanger tube failure could be expected to result in loss of CCW ,

cooling to the above loads. An alternate service water supply exists for the LPSI, |
lIPSI, and CS pump seal coolers. Notable among the other loads that would be lost |

are the shutdown cooling heat exchangers, which provide cooling for sump I

recirculation as well as for shutdown cooling, and the charging pumps. Loss of the |,

charging pumps,in conjunction with the loss of CCW, would remove all cooling fmm
the other three RCP seals. This could potentially cause additional seal failures. -

Substantial releases of RCS inventory are thus possible within the containment, as
well as without, liigh pressure and low-pressure injection capability would 1,e ;

'

unaffected; however, shutdown cooling and sump recirculation functions would be
lost.

A preliminary evaluation of the radiological consequences of these failures by the j

utility indicates that offsite dosce could exceed 10CFR100 limits within 90 min. ]

i ASP Modeling Assumptions and Approach

This event was not modeled as an accident sequence precursor.

~

. . _ . - _ _ __ ._ _ - . . . - . ,__.,,,_,..,___.____a_.,,, , . _ ,



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

_

C-7

..g.. - . . . . . . , . . . .

- . . . . . . . . .

LICENS([ EVENT MtPORT (Lim 8 .*'* u * * =

G """ .. .u . . . . e , m.

fa11sades fiftnt. 016 j e t t 10 | ;t s is . t jod o| .,
,,

...- . U. NrlAt I NT ff.~- S Y s1 T M tnCA WITHIN THF P R f *'40 Y cnoLANT Pt*MP... .. . . . . . . . . . . . . . . . .

.o... ... .... .... E 45 I""~56 ,. ... . . . . . . . ~ . . . . .a.....+
N/A 018101910g g |

1|A o |s 9 i 9| 1 fl d 7 0| 0 9 |1 o| $ d1 N/A 6 pj0g8|0 t | |
~ ~

, , , , , , , , ,..............n.i-..- _ . .
. . . w a .., m, m . .e r. n

_ _ _
m e .n.ie. e s u.. m ..we

.. u nio --...n..
_

m =.e.
_

m* +
_

t. nw_

L = .g, , =,.
. ..

_

m e ,ea.
_

...wa w -
.

] ] ] = r . awe. Informationa1= . in . . . . . .
m .m.,,u . . . . . . . . r..

.....nm..............
. . . . . . .

. 4. '6@.

rris T HilIman. 'tr Licensit:a Er.gineet 4 116 9 1 il7 6| 4 |- | 81 11

..........-......o,..............

!..... ty;:e v;na ;;;p y;;g.. - . . , c..,.. . . . . . . ... .

NA f f I i 1 I i 1 e t i | i t '.

' 1 1 1 i f 1 i ! 1 I | f 1 .

e...m........e,..... o.. . ... . ..
, , , , , , ,

] ..i .e. . c+.o es..-as,o. .# . ] .s.
| [ |

*

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

BLTEA.Cl

At 1000 hours on August 5. 1991, the plant was operating at approximately 100%
power. An evaluation by the Reactor and Safety Analysis engineering group
determined that a postulated break in the primary coolant pump (PCP) integral

! heat exchanger could result in a prirnary coolant system leak outside the
containment building. This determination was based on Palisades specifici

l calculations developed as a result of the review of Information Notice No. 89-
| $4. * potential Overpressurization of the rarnponent Cooling Water System.* A

preliminary evaluation of the radiological consequences resulting from an'

inter. system LOCA within the primary coolant pump indicates that. 'f tbt leak
was not isolated, the site boundary thyroid dose limit, as spectfun in 10 CTR
100, would be exceeded in approximately 90 minutes.

The postulated failure leading to an inter system LOCA within the primary
coolant pump was not covered in the original design basis of the plant.

Corrective action for this event includes determining the appropriate
modifications to address the issue and documenting the radiological
cor.;equences analysis of an inter-system LOCA within the primary coolant pump.

5'.'. ' ** "'
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At 1000 hours on August 5, 1991, the plant was operating rt approximately 100%
power. An evaluation by the Peactor and Safety Analysis engineering group
detemined that a postulated break in the primary coolant pump (pCP) integral
heat exchanger [AB;H1] could result in a primary coolant system leak outside

~thecontainmentbuilding[NH). This determination was based on Palisades
specific calculations developed as a result nf the review of Information
hotice No. CF54, ' Potential Overpressurization of the Component Cooling Water
System.'

ElilE9Ed
The NRC issued an Information hotice No. 29 54 ' Potential Overpressurization
of the Component looling Water System * on June 23, 1989. Its purpose was to
alert licensees to potential problems resulting from f ailure of the component
cooling water (C*W) tubing within the integral heat exchanger of the primary
ccolant pump (PCP). The notice also described design deficiencies of the CCW
tubing at Surry Power Station reported by the licensee.

D11Gt1119.0

Four identitel Byic:-Jackson primary coolant pumps [AB;P) are installed at
Palisades. The primary coolent at the integral heat exchanger [AB;HX) is
pressurized to about 20f,0 psia with a temperature of approximately 540*f. The
CCW system [CC) has a design pressure of 150 psig and a design temperature of
140*F. In the event of a postulated inter-system LOCA, primary coolant would .

enter the CCW system and pressurite the CCW system beyond its design pressure.
The possibility of a LOCA occurring within the PCP was not pr*viously analyzed
at Calisades.

Based on the information provided in IN 89 54, Palisades performed an analysis
to evalutte overpressure protection rtouirements of the CCW system in the
event of failure of the PCP integral heat exchanger tubing. The analysis
identified a postulated scenario in which a double ended guillotine break of a
tut >e in the PCP heat exchanger would result in overpressurization of the CCW
system with potential for a leakage path outside the containment building.

A preliminary evaluation of the radiological consequences of the inter system
(OCA was perfomed. For this evaluation it was conservatively assumed that
all the leaking primary coolant was released directly to the atmosphere with
no holdup. Two cases were assumed in the evaluation; one being an event
generated lodine spike and the other a pre accident iodine spike. Similar
results were produced for both cases and showed that, if the leak was not
isolated, the site boundary thyroid dose limit, as specifted in 10 CFR 100,
would be exceeded in approximately 90 minutes.

. .g. . . .

..
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This event is being reported to the Nkt as an informational licensee event
report.

tMLOLlELLYLil

This licensee event report did not involve the f ailure of any equipment
-.

important to safety.

The postulated f ailure leading to an inter system LOCA within the primary
coolant pump was not addressed in the original design basis of the plant.
This 13 a low probability event that requires a complete break of the PCP
integral heat exchanger tubing. A break of this tubing is unlikely
considering the geometry of the PCP.

6!iAL1115 0F THE EVENT

Various. break locations were PUMP t.tns 'M Nconsidered within the PCP Integral
heat exchanger. The worst location vApon Hf Ar txcawan
of such a break would be at the inlet p
weld area of the tube side of the Oheat exchanger which coritains the
pristry coolant. A break at this O

# 8area would result in maximum flow due N
to the least flow resistance in the *%
tirect path (see figure 1). A # \
parallel path is also available for MOOli 9 P4tAun
the primary coolant. This is reverse $ PNH
flow via the flow path that cools the g
seal package from the heat exchanger towgp g-

(see Figure 1). In order to maximtre q :$ CCW CxJi
the flow from the PCS. a double erded -

guillotine break was assumed. A -,,,u m
RilRAN (LPRI transient thermal- LNd
hydraulic code) model to simulate UMggge,
this break, with and without th( THIR94ta pang
parallel path, was developed The

Nmodel incorporates the specific
geometry of the Palisades Byren-
Jackson pumps and the inter-cony.etten Figure 1: P'alisades Byron Jackson PCP

~

CCW system. Ir,tegral Heat Excharger

..g....
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1. Various break locations that would Cause an inter tyttem LOCA were
(onsidered, A break at the inlet tubtng weld of the integral heat
enchanger was cnntidored most tredible and is also the most
tuntervative break for this analysis. The break was assumed to take
place at the entrante weld to the heat enchanger tube side, Primary
coolant nyttem (p(5) fluid enters the CCW tystem at the break (thell
tid & of PCP heat enchanger).

2. In order to stetilf y the model, the temittrcular path to the (CW esit
f rom the tube tide break location 16 assumed to be an extention of the
tube tide up to the (CW exit location. Ihtt assumption adds to the
conservatism in thin analysis.

1 A third relief valve (RV fl08) is available on the (CW inlet line to
the pCP Integral heat enhanger, (1he first two relief valves are RV-
0956 and RV 0939), lhts is located in the reactor shield tooling
system. Relief provided by this valve it in the order of 15 gpm at
150 psig, and was tontervatively omitted for the analysts.

Rl5Ut15

A postulated inter tystem LOCA event caused by a f ailure of tubing within the
primary (nolant pumo integral heat enchanger was simulated using R(1RAN 02.
Pr* mary coolant enters the component (ooling water nytten. Rapid
pressurtf ation of the ((W tystem in observed. The occurrence of this
postulated accident under current conditions would produce a mailmum pressure
and temperature in the ((W tyttsm of apprcalmately 1416 psia and 544*f,
rettectively, assuming no pipe failure.

A evadel using a reitef valve dettgned to past the ficw required to maintain
t*.e (CW tystem pretture at 150 pitg was developed, the reluits showed (CW
pressuret to be higher than espected. This was due to erttital flow upstream
of relief valvet RV 0956 and RV 0919. The flow rate that thould be reiteved
to keep the CCW nyttee pressure below the permitted martmum of 150 plig 15 55
Ita/tec, However, this relief capacity cannot be obtained purely by using
larger safety r(Itet valves because of (rtticel flow (o..dttions u n tream of
relief valvet R6 0956 and RV.0939. When a signif ttantly largre reitef valve
replactng Rv+0939 only was modeled, it was observed tha; the CCW tystem
prenture downstream of the rettef valves was mainteined at about 150 pstg and
400'f. However. piping upttream of the reitef valves deve oped pretturen
htgter than the design pressure of 150 ping. Prentures of about 950 pstg were
observed in the p(p integral heat enchanger. Brief prenture tpthet throughout
the ((V system, f ollowing crittral flow occurrences in the relief vWet, were
observed, lhete npthet lasted for a few secondt and reached about, ?00 pilg.
luf ther analytit is required to determine nadtitcations to the nyttem,

;.,,,....
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Another factce that was considered was the PCP seal integrity issue, Due to
the f ailure of the KP integral heat enchanger and the resultant rapid
invasion of the primary coolant. a nearly instantaneous temperature rise in
the PCP seal area is observed. The high terrperature of about 540*F could
initiate degradation of the PCP seals. Any leakage through these seals would
be confined W the containment buildir g and would not worsen the radiological -

consequences,

CONCLU510N5

The study conducted on the PCP inter system LOCA for Palisades has determined
the need for increased reitef capacity. By prevloing increased relief
capacity. the CCW systte outside of the containment can be maintained at about
150 psig. f urther increases in reitef valve capacity (stre) will not
contribute to a further reduction in CCW pressure because of the critical flow
phenomenon observed upstream of the relief valves.

COLPlulYLM110N

Prior to the development of the corrective action related to this event.
operator training on the issue of an interfec thg system (OCA and an inter-
system LOCA was in progress. The event described in IN 09 54 15 being used as
an example of an inter system LOCA.

Proposed corrective action that was developed as a result of the evaluation of
this event includes:

1. Determine the appropriate modtittations or alternatives to address the
issue, include in the evaluation of proposed modifications or
alternatives a cost / benefit analysts, PRA analysis and radiologic',1 _

consequences analysis.

2. Document the radiological consequences analysts for an inter system 10CA
within the PCP under current plant conditions.

'

ADD 1110!iALlhl05dAllDN

ho previous sistlar events have been reported In accordance with 10 CFR 50.73.

b
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ACCIDENT SEQUENCE PRECURSOR PROGRAM EVENT ANAINSIS

>

;

L E R N o.: 260/91-013
'

Event Description: Iloth containment airlock doors open at same time ;
'

Date of Event: June 5,1991

Plant: Ilrowns Ferry 2 ,

,

Summary i

Unauthorized personnel action resulted in disarming of % drywell airlock interkick and
simultaneous opening of both the inner and outer air.c sk doors, resulting in loss of
primary containment integrity. ,

!
L

Event Description .

During the power ascension test program at Ilrowns Ferry 2 with the reactor critical at I

<!% power and 150 psig, three mechanical maintenance craftsmen were supporting in- |
'

containment thennal expansion testing through operation of the drywell airiock doors.
Ilased on a brief discussion with a radiological controls technician, one of the craftsmen
violated procedures by disarming the airlock interh>ck and opening both the inner and
outer airh>ck doors simultaneously, thereby allowing direct access to the drywell.,

The craftman informed his foreman and general foreman of this action, who failed to
notify the shift operations supervisor (SOS). The drywell doors remained open for
approximately 4 h before the airlock status was questioned and reported to the SOS.
Primary containment integrity was reestablished 45 min after the report to the SOS. At
the time of this event, the reactor was in startup mode with the vessel pressure at 150
psig.

Additional Fvent Related Information

Browns Ferry 2 is a boiling water reactor (11WR) with a Mark I pressure suppression
containment. Loss of integrity of the primary containment shell provides a directg

p pathway to the reactor building, bypassing the suppression pool, for postulated
i . radiological releases frum the reactor vessel or in containment piping.

|

ASP Modeling Assumptions and Approach

Since this is a containment-related event, it has not been modeled for potential core

damage significance.

_ . _ _ _ . . _ ___
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On June 5, 1991 at sI pt ou lme t ely (4 4% hour s a Insa of' primary cont ainment integrity
scurred when both drywell pe*bnnnel altlock doore were opened. Thth condition
occurred af t er the interlock which prevente both docra from belns air.ultaneously
open w a s d i s< a rtied . tipon noti rtition the Shif t Operations Supervisor re estabitsbed |
primary containment integrity e approximately 0645 hours.

.

'I b e root cause of this event was an unautherleed personnel action. The individual |

involved (uttlity, non-11c erise6) pe r f ornied ut.aut hor t red work by dise raitng t he
int e rlot h on t he d rywell a t r',ock . A contributing cause of' this event was the lack
of =H inn taken by thue in the dirert area during the event.

T' corrective arttona to addreas the speelf tce of this event included general and
spec iall:cd t r o tntr:g for plant personnel, procedure enhancementa to ensure |'

Opriations permannel ate tempenettle f or the oper et ten of t he drywel; doore, and
pe r unnel cor rec t ive ac t ion in artnrdar.cc with TVA policy. In addition, TVA
gerfrtmed an inirg rndent review to identify arcan in which improvement s were pruient

! to f ur t he r e rmar,t c n,aintenance triated activities and to rettforce regulbite

! trerational attitudch. This review r e sult ed in addit ional pre.c edur e leprovements, |
ruldelines t o e nhance pre. t ent briefine , and identiftration of future trainfor'

e;t'aies.

|
i

i;-4e ,
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On June 5. . A et approsimetely of t' hours a loss of primary containment
integrity occurred when both dryvell personnel airlock doors were opened. This
ccndition occurred after the interlock which prevente both doors from being i

almultaneously open was disarmed.

During the power ascension test program, entries were required to verify proper i

thers'ai expansion of primary system piping. This testing was being performed in
accordance with Test Instruction (TI) 190,17sttalhtIm413XP6nsign, with
reactor coolant system pressure at approximately 150 pets. Mechanteel
Maintenance craf tsmen were designated to operate the drywell airlock doors.
These individuals were the assigned and quellfled personnel to perform this
test,

At opproximately 00a0 hours on June 5,1991 three Mechanical Maintenance |

craftsmen were' dispatched to perfor1a the tank of operating the airlock doore to
'

surport t'.e thermal expansion testing. After supporting three entries into the I
I

drywell to determine the radiological conditions, a brief discussion took place
between one of the three Maintenance craftsmen and a Radiological Controle
technician. Based on this dieeueston the craftsman understood it was acceptable
to defeat the airlock interlock and open both inner and outer doore, providing
an unobstructed pathway into the drywell. After defeating the airlock
interlock, the craftsman reported his action to his foreman and general )
foreman. These indleiduale did not question this action and failed to notify i

the Shift Operations Supervisor ($05). !

At approzimately 0600 hours on June 5,1991 the status of the airlock was
questioned and the condition reported to the 503. (The method ut!!1:ed to
defeat the airlock interlock had caused the door position indication in the
control room to be erroneove.) Following this notification the 803 took
appropriate actions and reestablished primary containsect integrity at
approximately 0645 hours.

|

At the time of thie, event Unit 2 was in the startup mode with a reactor
moderator turerature of 365 degrees Fahrenheit and a reactor vessel pressure of
150 pois. 50 fuel handling or operations over spent fuel were in progress. The
loss of primary containment la a violation e' Technical Specification 3.7.A.2,
which is reportable in accordance with 10 CTR 50.73(a)(2)(1).

ANALY513_Ol'lVINT

A. }RLISAud190

The safety significance of this event was evaluated assuming the
primary containment airlock doors were both open for approximatt h

W YQ W tqi %
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h four hours on June 5, 1991. The plant conditione esisting at the time of

I this event are listed in Table I telow,

'!
Isbit_l

Plant operatir.g Conditions Prior to
the Prie.ary Containment treach Event

__

teactor Status: Critical <lt IN11 Power

SCRAM Setroints 15% rull Power
Primary system Pressures 150 PSIC
primary System Teaterature 3WF
Decay liest 1.oade <0.04% Full Power
ruel rieelon Product Invent o ry: <lt of the Saf'ty

Analysta Amaumption
Reactor Coolant Flanton Product Inventory 0.0001% of

the Safety Analysis Assumption for Failed Fuel

The plant design philosothy provideo multiple barriere to fissien product
telease: 1) the fuel cladding, 2) the primary system boundary, and 3) the
primary contatteent. in addition, a secondary contaltunent ensures filtered
release of any leakage f rom the primary barriera. During this event the
primary contaltw nt was functionally disabled such that the temaining tvu
barriers and the secondary containment vers telled upon to protect the
putalic health and safety. This constituted a decreased overall capability
to mitigate a postulated accident and thus increased the probability that an
accident, had it occurred during that time frame, would result in the
release of fleston products and radiological dose conteequences to the
public. Itowever, the plant c-perating conditions that existed at the time of
the event presented a greatly reduced source tera, a reduced challenge to
saf ety systema and a reduced challenge to the primary system boundary such
that there was no significant impact on public healtt and safety. -

B. Anf yala_sLfostulettdlventa.

Design t, asis accidents and transients which could oc:ur in the startup/ hot
shutdown condition and which challenge the fuel cladding and primary system
terriers are a stuck open relief valve, control rod drop accident, small
break less of coolant accident, and large break losti of coolant accident.
Each is discussed below.

1. Stud _Open Relte!Jahr

In the event that a single relief valve inadvertently opened, the
reactor would have depressurized by exhausting steam to the supprassion

A4. . .. u t r e di
-

-
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pool via the relief valve tell p're. The energy stored in the coolant and
reactor easemibly would have been transferred to the supprenaton pool. Fuel
cladding integrity would have been maintained by keeping the core auteerged
with water injected by low pressure puepe. Aton safety-related condensate
and condenaste bovater punpa were running and catable of injecting makeup
wat er, and saf ety-relat ed EllR and corn spray pumpa were evallable to
automatically start and restore level. Flaalon products would have remained
within the f uel cladding and radiological telease f rom the open primary
contatteent would have been well t elow 10 CIT 100 limita af ter being
filtered by standby gas treats,ent prior to release f rom the plant etack.
The prot, ability of this event occurring during a f our hour period la 5.1 x
104 based on full power rated conditions.

2. Gen 1191 F94 DI0p_Attldtal

In the unlibelv event of a control rod drop accident, energy deposition
in the affected fuel elementa may result in locallred fuel cladding
failure and fleaton product release int o 4.he reac tor coolant . lied this
occurred, the flaston proiucts would have been retained within the "

reactor coolant ayates and the lack of primary containment integrity
would not have been a factor. The very low decay heat combine 4 with the
low initial ayatem preanute would have allowed the primary ayatem to
contain the heat produced and would not have required steam release to,
a.alntain ayates preneure below rated. The main steam leolation valves
were closed throughout the event and thus there would have been no
release via the main condenser. Reactor coolant ard fission products
would have been contained within the reactor coolant ayatem and would
not have been released to the pria.ary contattunent unlean an unt elat ed
paealve equipment failure auch as a pipe break, seal failure, or
inadvertent relief valve actuation la sentened, and the probability of
these events in extremely low. Thus the lack of containment integrity
would not have a algnificant impact on the consequences of a control rod _

drop accident init iat ed with the plant conditions estating at the time
if the event. The probability of occurrence of a conttol rod drop
accident la much less than 1.0 s 104

3. 1.oas_.of f oolent Accidents.Jeall trisK

In the event of a r. mall pipe brea) (approntmately 0.01 ft!) or a
recirculation pump neal failure, reactor toolant would be released to
the primary containment at a rate within the makeup capability of the
high pirat.ute systems to maintain water level above the top of the
core. If noreal makeup systems did not maintain water level, the
reactor would arram and ICCS syntesis would automatically start to
maintain water level over the core. The 11guld portion would accumulate

and a si nificant amount would bein the lower levels of the drywel'1, t

rele ased through the breach to the secowry contaltsent an alcam. The

G is+i %l.W
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reactor would gradually depressurite as the lost reactor coolant is
replaced vith cooler makeup water, ne stess released would not be
sufficient td pressurire secondary containment and thus secondary
containment vould stay intact. ruel cladding intogrity would have been
s'ainteiaed since the core would remain covered. Radiological dose
offaite would be well below 10 Crg 100 11alta due to the lack of fuel
damage, the low fission product inventory in the reactor coolant, and --

the design function of the secondary containment.

A arall break LOCA or recirculation pump seal failure with primary ,

containment open would expose equipment located within the reactor
building to more severe environmental conditions. Because fuel damage
would not occur, radiation done to equipment would be less than that
assumed for environmental qualification. Temperatures in some areas of
the reactor building would exceed those assumed for environmental
quellfication for 10 CTR 50.49 although to a much lesser extent than in
a large break. For 10 CFR 50.49 equipment needed to safely shut down
the reactor, documentation le available to demonstrate that it will
perform its safety function. Further, if a loss of offsite power is not

3assuned to occur, the condenaste and control rod drive ayatens would
have been avallable and capable of maintaining water level,

ne protability of a small break LOCA occurring during a four hour
period le 1.95 x 10-5,

4 L99 L9 Lie clanL ACCidnL._.L gIA t_l t e s.h

in the unifkely event cf a design basis pipe rugt are inside primary
containment, primary coolant would be discharged from the break in the
form of 11guld and steam, ne reactor would rapidly depressurtre and
the water level would rapidly decrease. Low water level signals would
autcmatical'./ initiate a reactor scram and low pressure ECCS systems
would automaticatly initiate to provide core cooling. ne 11guld
portion would accumulate in the lower levels of the drywell and spill
into the torus while with the primary containment h ors open a
significant amount of steam would be released into the eecondary
containment. Secondary containment would become pressurized and relief
panels within the bui .ing and on the refueling floor would actuate.
Fuel cladding intearity would have been maintained due to the design
response of the ECC) systems. Radiological release, had it occurred,
would be limited to e *ctivity in the reactor coolant which was small
due to the low pcwe a'J 1ack of recent core power history.

Because fuel dam; . sould not occur, the radiation dose to equipment
would be less than that assumed for environmental qualification. Eners,y
discharged from the brtA and out of the primary cont ainment doors would

u t M hg i M , -- ~ - - ~ - ---- - - --~~ ~ ~ - - - -
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create temperatures in excess of environmental qualification
temperatures utilt*% r 10 CTR 50.49 analyses for some areas of the
reactor building. Altnough this reduces the reliability of the aff ected
equipmes.t, there is a high probability that a minin'.m complement of ECCS
egulpment would remain capable an' providing adequate core cooling. The 1

core cooling requirements were greatly reduced during the event due to
the low decay heat thus reducing the challenge to core cooling systems.
Therefore, there was excess margin in available ECCS equipment. ECCS
systems and associated electrical equipment and instrumentation are
generally distributed throughout the reactor building such that all ECCS
functions would not be ef fected to the same degree by a localized energy
release. Equipsert located remotely from the containment d nr opening
would have continued to perform 'te function and the event would not
have resulted in a common r * iv *e of ECCS due to harsh.
environment.

The dose at the site boundary from release of the existing reactor
coolant fission product inventory directly to the environment, and very
conservatively taking no credit for primary or secondary containment,
was calculated to be 0.96 REM whole body and 65.2 REM thyroid. This f
well within the 10 CTR 100 limits of 25 REM and 300 REM respectively.

The probability of a large break 1.0CA occuring during a four hour period
is 1.8 x 10-7

5. RislLAllguaggAt

The risk to public health and safety is a function of the nrotability of
occurrence of postulated accidents and the consequences in terms of
offsite radiation dose. Some accidents and transients postulated in the
FSAR are not possible with the operating conditions that existed during
the event, such as turbine trip without bypass. Others as discussed'
above have insignificant consequences due to the reduced decay heat load
and fission product-inventoty. Accidents such as pipe breaks have a
reduced probability of occurrente due to the reduced primary system
pressure. As a result of the reduced temperature and pressure
conditions at the time of the event, the maximum piping stress (primary-
.and seconGary) was less t'_.n 17 kai which is less than 40 percent of the_

normal allowable stress. Maximum pipe stresses at other locations range
down to 25 percent of allowable. These lower stresses provide an
important additional margin of safety. Primary plus secondary stress'
being less than 40 percent of normal allowable stress is a generally
recot . zed point .below which critical cracks in intermediate (between

lterminal end pointa) pipe locations need not be postulated .
SeismoloCically induced stresses which are a significant part of the
total stress for which the primary system piping is designed were not

tac rom 36th 6-eh
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present during the event, and the probability of a design basis
certhquake occurring in that four-hour timeframe was calculated to be
1.6 x 10-8, 1b s supports the conclusion that a critical crack was
not credible during the event.

plant conditions were also not sufficient. to cause catastrophic failure
auch es a double ended pipe rupture or a critical pipe crack that is
assumed to occur in the design basis accident analyste conaldering that
the system in designed for at least 1146 palg. In NUkEC 1061 Volume 3,
the NRC Piping Review soassittee recognited the leak-before-break (1.B8)
approach as a valid methodology to justify mechantatically that breaka
in high energy flutd system piping need not be postulate #'. The 1.BB
concept is based on the f act that piping f abricated frem tough, ductile
materials can tolerate large through-wall cracks without complete
failure under service loading.

The LBB approe< in conjunction with conservative leak rate mt"nitoring
limite used at on.'It provide justification that a pipe break was not a
credible e'ent under the existing conditions. Drywell leakage
monitoring equipment was operable and leakage monitoring was belns
conducted in accordance with the technical specifications.

The probabillt ten of occurrence for the evente considered in this
analyala are based on rated conditions. These probabilities would be
further reduced if they had been determined utilizing the actual event
conditions. The actual probability of a pipe break would also be
substantially less due to the reduced primary pipe stresses associated
with reduced system pressure as discuenci above.

C. Sumsty

A review has been made of limiting design basia accidente and tranalents
which could (hallenge the primary containment during startup and hot
shutdown conditions. These included a stuck open relief valve, cont rol red
drop, and small end large break loss of coolant events.

I NRC Branch Technical Position MEB 3-1, Reelston 2, June 1987, provides
criteria for determining pipe rupture locations in fluid systems. 0.4 times the
sum of the attesa limits given in NC/ND-3653 of ASMI: Section 111 is specified
for Clasa 2 and 3 piping for postulation of critical cracks. This was selected
as the most conservative for this evaluation.

a
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The postulated effecta en the environment are greatly limited by the low
decay heat, the low actual pressure and temperature, and the availability of
necessary safety systems.

TVA's assessment of the safety significance of this event has demonstrated
thatt (1) the postulation of a double-ended guillotine break is not
required. (2) the evaluated events have a low probability of occurrence, (3) -

the postulation of critical cracha is not required due to low stress levels,
and (4) the calculated offsite dose as the rasult of a voret limiting lcrge
break LOCA is well below 10 CFR 100 limits. Thus, the lov accident
probability in conjunction with plant conditions during the event lead to
the conclualon that this event had no actual or potential adverse impact on
the health and safety of the public.

CAVILDLEYIHI

The root cause of this event was an unauthorized personnel action. The |
Mechanical Maintenance crafteman (utility, non-licensed) performed unauthorized
work by disarming the interlock on the dryvell airlock. Prior to this act the
craftsman had received no direction from his supervisor or the SOS to perform

this task. In addition, the craftsman did not have written authorization
allowing him to perform this work. A contributing cause of this event was the
lack of action taken by those in the direct area during the event.

PF H LOUS_31M11AP_EYENIS

There have been no previous occurrences of loss of primary containment integrity.

CREMCIDI ACIl0EH

Upon notification inmediate corrective action was taken by the SOS to
re-establish primary containment integrity.

Corrective actions have been implemented in several areas to addreas the
spectiles of this event. The areas and their respective corrective action (s)
are provided below.

1. YtIhtl_Cennitt119n - Without proper authoritation, the Maintenance
craftsman modified the assigned scope of work. The foreman and general
foreman, failed to react to the unauthorized personnel action after becoming |
aware or it.

CSItrLtc u tig.ns - Plant management developed an operating plant
philosopny training package and conducted empicyee training sessions for
plant personnel f rom June 7 through June 12, 1991. These sessions provided
final event description, plant personnel responsibilities, SOS

w T cn uto

Aii

__ __ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _____________ _ _ _ _ _ _ _ _ _ _ __



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

C-21

W f om 3%a U.5 MKitat REGutA108V CCw1551CA approved OM8 ho, 3150-0104
.

( t- 3 7 ) taptres 4/30/92
LICtM*A t TVtWT ttPOP1 (IER)

ital C0hil M TION

YA 1 tbA*[ (1) |r@ti WJMBf f (2) { (QNMpL{Q] . LP A;[M L_

{ { } |5tQUEN11aL| |RIVISION{ | | | j
i 1Y1AL ! l %MUt_ L_L#atu I I I 1

heL!my WL2- . _lchit!QML21JkLCL2L11=LLL 1 13 l--! LL.11DL210!L.lLL
ltri (If more space is read red, use edettional het Fo a 3ps) (17)

responsibility / authority, and attitude and response to issues. In addition,
the training sessions addressed specifle examples of previous events
involving poor foreign material control, failures to perform adequate
self-verification end problems associated with configuration contrrl and
equipment manipulation.

2. V9tk_ftM1.1Cta - The craf tsman defeated the interlocks without proper -

authorization and work documentation as required by plant procedures.

C9 tit.CLlYt ltt10D - In addition to the training described in item 1 above,
TVA his trained Maintenance craft and craft supervision on the requirements
for the performance and documentation of assigned work. TVA will also
providt more in-depth training and will include this type of training in the
craft annual training prcgram. |

3. I't2f fd1rLChengtlYelue11pn - Risks and consequences associated with
changing the method of defeating interlocks were not adequately reviewed or
assessed for applicability during s 1987 revision of the procedure for
defeating the interlocks.

CctIrillYt_AC119ne - Oper ating instructions have been enhanced to ensure I

Operations personnel are responsible for operation of the dryvell doors.
Maintenance instructions for defeating drywell interlocks have been improved |
to ensure correct drywell airlotk door status la indicated in the control
room with the interlocks defeated, and to remove responsibility and
authority of operation of the dryvell airlock from the Maintenanee craft. A
review of over 2000 plant procedures to ensure that interlock mechanisms are
properly controlled has been completed. Based on the results of this review
plant procedures are belhg enhanced as necessary to f a, prove comunications.

4. MtMacI1912cihqda - Prior to this event, plant management had met with _

plant personnel on several ocesalona tc, emphasize the importance of
recognizing that ErN is becoming an operating plant, including the increased
technical specification and operating requirements which would be in
effect. Discussions included emphasis on correct job performance (e.g.,
ensure adequate time is taken; ensure each activity is clearly understood,
if not, ston; if equipment failures occur, ensure proper actions are taken
to determine root cause; self-checking). Several in-house assessments,
including independent reviews (e.g., Operational Readiness Review, Senior
Management Assessment) were cenducted to assess the readiness of personnel
to resume operations. While significant improvements were noted, management
recognized that continucus, sustained eephasis and actual operating
performance would be necessary to obtain desired levels of excellence.
Frequent muagement assessments of operational performance were included in
the Power Ascension Program,

i.t li J MT.e ii-~ ~
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Gottn11vsJRtigna ! - Training as discussed in item 1 above was given to..
plant personnel. diteQualityAssurance(QA)performedsurveystodetermine
the ef fectiveness of this training. : Based on these surveys,.. additional
training was-provided in the Maintenance area. In addition, the site
Training department has enhanced its progree on the requirerents of the-
plant's safety barriers and the responsibility to maintain their
effectivenesa.

5. Unauthorittilsf pentteLAttion - The personnel involved performed.

unauthorized work in violation of plant procedures.

Gernclitt Atilon - The ,arsonnel involved have received personnel
correctiva action in accordance with TVA roticy.

{In addition, TVA ennagement performed an independent review of the event to
identify arena in which improvements may be prudent to further enhance
maintenance-related attivities and to reinforce requiente operational
attitudea. This teview resulted in the development of the comprehensive act of
improvements listed below.

1. PISttturt lnhentemenig - The plant instruction governing work request 1

control, Site Director Standard Practice (SDSP) 7.6, tiaintenancLfienggetrLent
System, contained adequate rentrols to ensure Operations notifications and.
author 1 ration prior to commencing work. The procedure has,-however, been
enhanced to improve the process for notifying Operatiens of the status of-
-in-piogress work. - Specifically, it han.been enhanced to ensure that if I

during performance of a work order (WO) any significant delaya (over four
hours) and scope changes occur, the SOS and unit operator are notified. The-
work planner's guide has also been improved to reflect this enhancement. In' I
addition, for work that affects certain critical systems, a " red sheet" must
be tilled out and inserted in the front of the work package as a flag to;
alert craftsmen of potential adverse impacts on plant. operations.

-2. $hif t Turn 9.Ytta - To ensure proper attendence and information exchange -
I during SOS turnover meetings, Generei Operating Inst ruction 300-1

Attachment A, $$LlutngycI_ChtEAllR1, was enhanced to clearly. Identify the [
individuals scheduled to attend the shif t turnover. The turnover checklist
was also enhanced to include a listing of power ascenaton. testa that would .|
be carried over into the oncoming shift. In addition, the checklist nov

| requires the.11 sting of prejob briefings to ensure the oncoming shift-
- receives a briefing on the votk activities / test ' activities tu progress;

3. QAjtylev - The site QA organization performed a review of open W0s; No W0s~ ~|
-were identified where Operations notifications were not being.made. The
review revealed that 12 of the W0s required minor changes or improvements in

,

. the way Operations notifications were being provided, and 14 W0s were -

s%u MiTGiG ~ ~ "~" * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ' ~ ~ ~ ~ ~ ~~
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unnecessary and needed to be closed or canceled. TVA determined that no
problems would have result ed f rom execution of these W0s. The remaining
W0s were found to have adequate scope and work controle. QA also
independently reviewed over 700 of the procedures discussed previously in
It em 3 above , flottdurg _ChangelYalust190.

4 titteet f tlefinsa - To enhance the conduct of job briefings. guidelines
~

have been lanued to test directors to reemphantre compliance with
procedural requirreents f or conduct ing briefings f or powe r ascena tor.
testing. These guidelines require that pretest briefings be held on the
shift during which the test in performed; that personnel directly or
indirectly involved in performan.,e of the test be present at the briefingel
and that the test director conduct two preteet briefings: one prior to the
test crew assuming shift dut ica (a general test overview, usually at the
Operations ahtft turnover sieeting) and a second prior to connencing the
test (a detailed briefing). Briefings will ensure the test crew enderstand
the trat criteria, expected plant responses, and required actions.

5. Isak.Run11ticatien_Itaining - To ensure that required job performance
criteria have been addressed. TVA revjeved the tank qualification process
and found it to be entisfactory. In addition, QA la monitoring the I

implement ation of this program on en ongoing basis to evaluat e the adequacy
and effn tiveness of the program.

6. CteLLQualificat19n Iggining - TVA la ateo evaluating the applicabtllty of
a prach Bottom type meretning and evaluation program for traft personnel,
This includes the possibility of using craft meterning services provided by
Edison flectric Institute (Power Plant Haintenance positions Selection
System).

7. NycLAntensionltvLEtylcy - To ensure that support activities are -

completely speelfled and documented, TVA reviewed the power ascenaton
trata. Mtneteen tests were revieweds seven of which were improved.

8. Rif LItchultelMYisCIEIALIIsining - TVA reviewed the current STA
training program, which includes senior reactor operator qualification, and
found it adequat ely cove ra priniary cont alrunent requirement e. Interviews
with individual STAS found them knowledgeable of these requirements.

9, hrrmaR Qvallficat.lgtLAeluttipD - TVA will develop a acreening and
evaluation program to assess the job performance of Maintenance foremen.
The program will include screening and evaluation of both current foremen
and future selection candidates to ensure they possess adequate skills to
Ierf ore their supervisory rolen. A almilan pecgram har heen successfully
implemented at the penth !$ot tom plant . TVA will review the peach Bottom
program and consider its key elements for incorporation into the TVA
prcgram. Additionally, TVA in developing e continuing supe,rvlacry training
program which foremen will attend,

G i& M W
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10. Attrag_Ltitle - To ensure that only individuale requiring access to plant :)
areas obtain the applicable access level TVA reviewed access levels of i

site personnel and changed the level of 108 individus1s. |
|

11. |Letigt.gLCI1111a.1_Agthhita - To ensure proper control by Operations. TVA !
;_
^ reviewed other critical activities, such as those related to fire

protection, radiation monitors, and high radiation doors. No deficiencies
were identified. )'

12. Etcsadary.lentainmeALinter1Rcks - To preclude a similar evene from
occurring on 5FN's secondary containment airlocks. TVA checke0 secondary
containment interlocks and verified proper funettonality.

i

13. tiainirnmac.cJianatemenL11ruciutt - To ensure that BrH has an optimum
Maintenance management organization, TVA will evaluate the existingd

two-level Maintenance supervisory structure.

I
TVA's June 13, 1991 letter from D, A. Bauman to S. D. Ebneter previously ,

committed to perform these corrective actions. |

l

DMLTtMR

None.
.
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ACCIDENT SEQUENCE PRECURSOR PROGRAM EVENT ANALYSIS.

AIT No.: 269/91-028
Event Description: Decay heat removal system operational problems
Date of Event: September 7 and September 19,1991
Phtnt: Oconee 1

Summary

On September 7,1991, approximately one month into a refueling outage, low-
~

pressure injection (LPI) / decay heat removal (DilR) system train A was removed
from service and train B was placed in operation. Service water to the B train was
either not aligned or became isolated, and the LPI pump suction temperature rose over
a 4-h period from 110 F to 187 F, without the operators being aware of the
temperature rise. The problem was identified and the system was realigned correctly
when operations personnel in the reactor building reported that water in the reactor
vessel was " roiling".

On September 19,1991, as preparations for startup were being made, reactor coolant
sysicm (RCS) pressure was increased from 90 to 245 psig, with the intention of
increasing RCS pressure to 300 psig. Operation at the higher pressure necessitated
that the DHR system be realigned in the "switchover" mode; however, this was not --

done. Consequently, a DHR pump suction relief valve lifted and relieved
approximately 12,000 gal of reactor coolant to the high activity waste tank before the
problem was identified and corrected.

_

Event Description

On day 37 of a refueling outage, LPI pump 1 A was in service to provide decay heat
removal. To facilitate testing of an LPIinjection valve in the A train, plant operators
removed the A train from service and placed B train DHR in service. Service water
for cooling of the B DHR heat exchanger was either not aligned at that time, or it was
isolated soon after, and RCS temperature began to rise.

RCS temperature was about 110 F at 1007 hours, when the B train was placed in
service. At about 1420 hours, a nonlicensed operator in the reactor building infonned
the control room that the water in the reactor vessel was " roiling" and that significant
amounts of steam were coming from the vessel. Control room operators then noted
that the LPI pump suction temperature was 187 F and that no service water was
flowing through the B DHR heat exchanger. DHR train A was placed back in service,
B was shut down, and RCS temperature was observed to decrease. The utility

_ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ -
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subsequently calculated that a temperature of 212*F existed in the core region.

- Unaware of what had transpired, maintenance personnel closed the A train LPI
injection valve about 30 min later, isolating DHR. Operators then placed B train back
in service, this time ensuring proper service water flow. By 2200 hours, RCS
temperature was reduced to normal (110 F).

Subsequent investigation found that multiple control room indications of DHR'
temperature, service water flow, and valve position were available throughout the
event and that six operations personnel were assigned responsibilities in the control
room during the inadvertent heatup.

Late on day 50 of the planned 55-d refueling outage, the plant was in a cold shutdown
.andition with RCS temperature at 100 F and pressure at 60 psig, RCS pressure was
increased to 90 psig at -2200 hours and, around 2300 hours, operators energized
pressurizer heaters to initiate a pressure increase to 300 psig. At the time, the LPI
system was in DHR mode.

When the LPI system is operated in DHR mode, reactor coolant is drawn from a hot
leg to the LPI pump suctions and then is pumped through the DHR heat exchangers
back to the reactor vessel. The LPI pumps are capable of developing about 200 psid,
and portions of the LPl/DH.R system are rated for only 420 psig. To protect the
system from overpressures, pump suction relief valves are provided that operate at
125 psig. This precludes operation of LPI in DHR mode at RCS pressures above 125
psig. LPI operation;for decay heat removal can be accomplished at pressures
somewhat higher by realigning to a configuration referred to as."switchover" mode.
In this configuration, water from the RCS is drawn first through a DHR heat
exchanger and then pumped directly back to the reactor vessel. This reduces
somewhat the pump suction pressure and permits removal of decay heat at higher RCS
pressures.- In this event, the necessity to convert to switchover mode was overlooked.-

As RCS pressure began to rise, increases in the high activity' waste. tank level and in
makeup flow were noted. Decreasing pressurizer level was also observed, nd an:
investigation was begun to determine if and where a leakage of reactor coolant might
be occurring. At around 0030 hours the next day, a nonlicensed operator reported that
the LPI suction relief valve was leaking. At that point, control room personnel
realized that the plant should have been placed in switchover mode before the pressure
increase was attempted. Using auxiliary spray, RCS pressure was reduced below 110
psig by around 0400 hours and the LPI suction relief valves reseated. Approximately -
12,400 gal were transferred to the high activity waste tank during the event.

i

A subsequent investigation. noted that six operations personnel were assigned -
responsibility in the Unit I control room during the event.

- .-
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Additional Event Related Information

Contributing causes to these events included inattention by operations personnel,
improper use of and inadequate procedures, schedule and workload pressures,
inadequate training, poor communications, and management failures.

ASP Modeling Assumptions and Approach

This event was not modeled as an accident sequence precursor.

_
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Executive Sumary

The AIT investigated the Oconee unit 1 events of Septeinber 7,1991,
Reactor Coolant System heat up/ loss of decay heat removal, and
September 19-20, 1991, LPI system overpressurization. The inspections
covered the periods of September 9 13 and 20-25, 1991. The AIT concluded
that neither event posed a significant threat to the plant or the public.
However, after completing an in-depth review of the events, several
significant weaknesses were identified.

For the Reactor Coolant System heat-up/ loss of decay heat removal event,
the AIT concluded that inadequate procedures, lapses in oper& tor
responsibilities /watchstanding principles, and informal schedule changes
for testing were major contributors to the initiation and progress of the
event. Procedures associated with operating the LPI system while in a
shutdown condition did not address specifics of the U'l system alignment
for decay heat removal, including establishing Low Pressure Service hater
flow through the LPI (decay heat) coolers. Operator responsibilities
were found to be lacking pertaining to monitoring critical plant
parameters and maintaining a safety perspective.

For the LPI overpressurization event, the AIT concluded that failure to
follow procedures, weaknesses in operator responsibilities /watchstanding
principles, and lack of management oversight were major causes of the
event. In addition, corrective actions taken in response to the
September 7,100, Reactor Coolant System heat-up/ loss of decay heat
removal event were ineffective in correcting weaknesses previously
identified ir. operator responsibilities and watchstanding principles.
Procedures were not followed when the control room operators suspended
use of the controlling procedure for unit start-up on the step prior to
ihe step requiring alignment of the LPI system to the switchover mode.
Most significant of the weaknesses identified pertains to inadequacies in
Senior Reactor Operator supervisory responsibilities and management
oversight in general. The unit supervisor did not maintain an
appropriate overview of control room operations. His lack of awareness
of the conduct of shutdown operations, including plant status and impact
of outage activities on his shift was a direct contributor to the event.
Facility management oversight was also deficient in that apparent
weaknesses identified after the Reactor Coolant System heat up/ loss of
decay heat removal event were not detected or corrected.

Although not directly related to the events discussed above, a serious
weakness was identified in the " control" of valve testing. Because of a
lack of testing controls, the recovery from the Reactor Coolant System
heat-up/ loss of decay heat removal event was unnecessarily interrupted
when a valve undergoing testing was cycled shut. The licensee has taken
corrective actions to ensure that operators maintain " control" over
systems which are not actually operating but may be called into service.

Pertaining to both events, the AIT identified a lack of or weaknesses in
abnormal operating procedures covering shutdown plant casualties. The
recovery from both events would have b::nefited by having procedures which
were more specific to shutdown plant conditions.

. _ _ _ _ _ _ _ . _ _ - _ _ _ _ _ - _ _ - - _ _ _ _ _ _ _ - _ _ - - _ _ _ _ _ _ _ _ _ _ _ - _ _ .
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In conclusion, one counon significant weakness contributed to both
events. Management inadequate oversight and deficiencies in 1

watchstanding principles were considered to be root causes of these !

events. Along with this, the AIT concluded that the lack of a sense of l

responsibility exhibited by unit supervisors and control room operators I
in regard to these events are faults that utility management should have
detected through routine oversight of plant operations. |
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1. September 7, 1991, Loss of Decay Heat Remonal

I. INTRODUCTION AUGMENTED INSPECTION TiAM (AIT) FORMATION AND
INITIATION

A. Background

Oconee units 1, 2, and 3 are B&W pressurized water reactors
with steel lined prestressed post tensioned concrete cylinders
with hemispherical dome containments. The units are located 8
miles north of Seneca, South Carolina in Oconee County. Unit I
went critical in April 1973 and was commercially operational in
July 1973. Units 2 and 3 went critical in November 1973 and
September 1974 and were comercially operational in September
1974 and December 1974 respectively.

On Saturday September 7, 1991, at approximately 1730, the
licensee notified the Resident Inspector of a unit 1 Reactor
Coolant System heat up from a temperature of approximately 110
to 187 degrees Fahranheit. Unit I was in a refueling outage,
core recently reloaded, and the LPI system was aligned in the
decay heat removal mode of operation. On the following day, at
1452 the licensee notified the NRC Headquarters duty officer of
the event that had occurred on September 7. The notification
stated:

"The purpose of this call is to inform you of a situation that
occurred here at Oconee unit I at 1425 yesterday, September 7,
1991. An improper adjustment was made to low pressure service
water flow which allowed the reactor coolant system water to
increase in temperature from about 110 to 187 degrees
Fahrenheit. When alerted by an operator in the reactor
building that the temperature appeared to be increasing, action
was taken to increase the flow of service water. Reactor
coolant temperature began to decrease imediately. At no time
was LPI (reactor coolant water) flow lost or even decreased.
The NRC resident inspector was notified. We are informing you
of this due to the high level of r,ttention to residual _ heat
removal events that take place during shutdown.'

B. AIT Formation

On the morning of Monday, September 9,1991, the Regional
Administrator, after further briefing by-the regional and
resident staff and consultation with senior NRC management,
directed the fomation of an AIT from Region 11 and NRR
personnel. The AIT was to be headed by a Region 11 Reactor
Safety Section Chief. The basis for the formation of the AIT
was to gain a clearer understanding of an event related to the
generic concern of shutdown risk management,

i
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C. AIT Charter - Inspection Initiation

Refer to Appendix C

II. Event Description

A. Event Overview

At approximately 1424 on September 7, 1991, a non licensed
operator reported from the reactor building to the control room
that he observed a significant amount of steam coming from the
reactor vessel area and that the water in the reactor vessel
was railing. The operators in the control room then noted that
the LPI pug suction temperature was indicating abnormally high
at 187 degrees fahrenheit. They also noted that the Low
Pressure Service Water flow to the decay heat cooler was
indicating zero flow. The other LP! train was immediately
aligned and decay heat cooling was restored on unit 1.
Apparently, the "A" flow control valve controller on the Low
Pressure Service Water system had been improperly set earlier.
This resulted in decay heat not being removed (Reactor Coolant
System heat up) over a period of approximately four hours.

B. Detailed Sequence of Events as Verified By the Ali

DATE/ TIME EVENT

09/07/g1

- 0700 1A LPI pump is in service in the decay heat removal mode.
Low Pressure Service Water flow through the 1A decay heat
eccler is approximately 300 gpm. The control room logs
indicated the 1A LPI pump suction temperature to be about
100 degrees Fahrenheit at shift turnover.

- 0930 The unit 1 operations coordinator and maintenance
engineering discuss the problem with the V0TES sensor on
ILP-18. Based on the 12 hour epoxy curing time, the unit

-operations coordinator recommends to the unit I supervisor
to place the IB LPI train in service and remove the 1A LPI
train from operation (decay heat removal mode) to support
VOTES testing on valves ILP-12 and ILP 17.

- 1007 18 LPI train is placed in service for decay heat removal

ILP-8, 13 and 18 are verified open-

Low LPI flow and low pump differential pressure-

limits are discusst

1

!
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- IB LPI pump is started and valve ILP-14 is throttled
open to attaih 2700 to 2800 gpm flow. !

- IB Low Pressure Service Water flow indicates -400 gpm |
(no ILPSW-252 position changes are made at this -|
time). )

,

- lA LPI train is secured by throttling ILP-12 and
stopping 1A LPI pump.

ILPSW-252 controller is adjusted by the reactor l-

operator to decrease flow from -400 gpm down to -250 l

gpm to match the A Low Pressure Service Water flow.
(The reactor operator claimed that the controller was
left in auto.)

The lineup was performed based on the operators knowledge
of the system. There are no requirements to switch LPI
trains using approved procedures. Clearance was also
given to perform VOTES testing on valves ILP-12 and ILP-
17.

1045 Unit 3 supervisor visiting unit I control room noted an-

LPI pump succion tempera.ture of approximately 123 degrees
Fahrenheit. He did not note this as abnormally high and
did not alert the unit 1 operators.

During interviews following the event, this reactor
operator has stated that following aligning IB LPI train ,

in the decay heat removal mode, he had verified the LPI
suction and discharge temperatures and did not notice any
changes. The LPI temperatures were not obserad by either ,

of the four reactor operators assigned to unit 1 or the i
unit I senior reactor operator or the unit 1 and 2 control
room senior reactor operator. |

1415 The reactor building equipment hatch is closed in |-

'preparation for placing the reactor vessel upper plenum
assembly.

1420 Non-licensed operators enter the reactor building to do-

work on the main bridge in preparation for reactor vessel
head movement. The reactor operator announces to the.
personnel that= the reactor vessel was " steaming". The
control rocm was notified by pt one.

LPI suction temperature indicated about 187 degrees-

Fahrenheit and the controller for valve ILPSW-252
indicates zero flow.

!

.

.w._
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The control room senior reactor operutor, shift-

manrger, and reactor operators check the valve
alignment.

The reactor operator places ILPSW 252 controller in-

manual and begins opening the valve.

- 1424 The unit I supervisor enters the control room from the
operations center (located inside the control room doors).

The reactor operator aligns lA LPI header, starts IA-

LPI pump, and establishes 800 gpm flow through valve
ILPSW 251. At this time ILP-17 and ILP 12 are still
released to the VOTES crew for testing. The breaker
for ILP 17 was open. Valve ILP-17 was open and
approximately 3000 gpm flew was established through
the A header.

Radiation protection personnel set up air sample,-

take dose rates, and surveys around canal. They note
that the vessel water was bubbling with a lot of
steam coming from the vessel. S to 10 millirem per
hour (normal) dose noted. The non-licensed operator
tells the radiation protection personnel to get out.

The VOTES crew was not notified that 1A LPI train was-

now in service and that A train valve manipulation
are prohibited. Abnormal procedure AP/1/A/1700/07
was referred to but the procedure was not specific
for this event.

- 1426 Decreasing trend on A cooler outlet temperature is
observed and IB LPI pump is secured.

- 1440 Radiation protection notes that half the stud holes are
full of water. Radiation survey and air samples are taken
with no changes noted.

- 1445 1A LPI decay heat cooler outlet temperature is noted at
approximately 145 degrees Fahrenheit. The control room
senior reactor operator orders the reactor operator to
stop cooldown by throttling valve ILPSW-251 to prevent
exceeding the 45 degree F/hr cooldown rate limit. A
manual cooldown rate trend was started.

- 1458 1A LPI train flow statalaru *15A-3 A-8" is received in the
control room. The VOTES personnel, not aware of the
change in status of IA LPI train, cycle closed valve ILP-
17 from the breaker. The unit 1 operators realize the
mistake. IB LPI train is placed back in service and Low
Pressure Service Water cooling flow through valve ILPSW-
252 is established at 600 gpm.

1
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1459' 1A LPl. train'is secured and VOTES personnel-are paged.-

ILP 17 is re opene'd following discussions with the VOTES
-- personnel.

1504 LP! flow is established in both trains using IB LPI pump i-

(1400gMfheader). LPI cooldown is continued at 20
degrees Fahrenheit /hr.

1530 The-operations superintendent and-integrated scheduling--

' superintendent decide to initiate a-detailed
__ investigation, the Oconee Site Review Group is notified.

1730 NRC resident inspector is notified.-

1900 Shift turnover occurs and'LP!-suction temperature is-

122 degrees Fahrenheit and progressing toward 110 degrees
- Fahrenheit. -

2200 LPI pump suction temperature reaches-110 degrees-

Fahrenheit.

C. Initial Conditions-

On September 6,1991, the unit was in day 37 of End of Cycle 13
refueling outage.- Fuel, composed of 1/3 new and-2/3 burned,
had been reloaded-in the vessel:sarlier on September 6, 1991,_

.

and the fuel transfer canal had been drained. Source range
- nuclearLinstrumentation N!-1 and NI-2 were in service; Reactor
vessel level was approximately level with the vessel flange (78
inches on LT-5). The vessel-head was not installed; the
indexing fixture was-in place in the vessel in preparation for
plenum installation. Nozzle-dans were still; installed on the~ 4

*

four cold legs; having been positioned earlier;in_the outage .
for steam generator work. The IC LPI pump was~1n operation in'
the decay heat removal mode with discharge into the vessel z
through both LPI headers.2 The LPl~ pump-suction temperature was-
100 degrees Fahrenheit and LPl. cooler' outlet t'emperature was
approximately-10 degrees Fahrenhett-lower than LPI pump suction
temperature. .The 1A and.1B-LPI' pumps were also available. . '

Both trains of the Low Pressure Service Water System were in
service with flow through both decay heat coolers. . VOTES
(motor operated valve actuator. diagnostic testing)Ltesting was
scheduled to be performed on valves lLP-12, 17, 14.and'lBa

The equipment hatch was open and the reactor bu'ilding~ purge-was !t

in; service. . Radiation.-Instrument- Alarm 3,--locatad on the-'
'

- auxiliary bridge, and Radiation-Instrument Alaim 4, located'at'.

the. reactor building entrance, were:Inzservice.; In addition,:
portable--monitors located at%rious locations in the building
. were also available. The reactor-building particulate,-Iodine,-
gas, and the high range containment monitors _were out of

- service. Both main feeder buses and the start-up transformer-

'F W * 4vr-*t+T'4 e. -1 N--- r -g- aw,- - , - -?- _ _______ _.-_2_u.m_-- -_.___. w_ _ _ _ _- _ _ _ ___m. -___ m___a-__4



.. . . .. .

_ _ - _ - _ _ _ _

C-39

6

were energized. Both Keowee units as well as the emergency
transformer were also available. Keowee *.ydro unit 2 had
failed to start at 2054 on Saa'C'.r b. foilcaing a request by
the dispatcher. A failed relay was identified and replaced.
At 0055 on September 7, the unit was returned to service, prior
to the heat-up everit. At 0700 on the morning of September 7,
1991, the 1A LPI train was in service in the decay heat removal
mode. IB LPI train was not in service due to scheduled VOTES
testing of ILP-18.

D. Event Initiation

The AIT interviewed the operators involved in the event. The
purpose of these interviews was to identify what happened in
the cont ol room and to evaluate operator actions during the
event and subsequent recovery. The following is an annotated
list of operator actions as presented to the AIT during the
interviews. This list is not meant to represent the chronology
of the event; the intent is only to present relevant operator
actions.

At the beginning of the shift (0700) on September 7, 1991,
plans were to perform a VOTES test on the IB train isolation
valve (ILP-18) using temporary test procedure TT/1/A/251/ll,
VOTES Testing of LPI Header Motor ')perating Valve *.. The IB LPI
train was aligned per the instructions in TT/1/A/251/ll to
accomodate testing on ILP-18. For reasons not specified, the
test procedure also required that ILPSW-252, IB LPI cooler low
Pressure Service Water outlet control valve, be shut. The.
shutting of this valve stopped all cooling water flow through
this idled cooler.

VOTES testing comenced on valve ILP-18. The plans for VOTES
testing of ILP-18 were changed, however, when testing revealed
a faulty VOTES strain gage. Installation and cure time for the
new VOTES sensor, which is epoxied on the valve yoke, was
approximately 12 hours. Based upon this, the unit 1 operations
coordinator and maintenance engineering (the group performing
VOTES testing) requested that the unit supervisor place IB LPI
train in service (decay heat removal mode) and remove train lA
from service such that VOTES testing could be performed on
IA LPI train valve ILP-17. The unit supervisor in turn
instructed a reactor operator to perform the realignment.

At 1007 the operator realigned the LPI system per step 12.1.2
of TT/1/A/251/ll which instructed that the IB LPI pump be
aligned to the IB LPI header to control Reactor Coolant System
temperature per the LPI system procedure OP/1/A/1104/04.
Independent verification of this step was also required.

There are several factors in this step which contributed to the
initiation of the Reactor Coolant System heatup. Step 12.1.2

I
1
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references OP/1/A/1104/04 for aligning the IB LPI header.
However, OP/1/A/1104/04 does not contain guidance for shifting.
LPI trains while in the decay b9at removal mode. Because of
this, the operators performed the shift in alignment from
memory without a step by step instruction - The task.of-

shifting trains is relatively simple requiring manipulation of
only a few valves. The valves on the LPI train were indeed
aligned and verified properly. However, IB Low Pressure
Servir.e Water, valve ILPSW 252, which was shut earlier, is not,
addressed in step 12.1.2 of TT/1/A/252/11, nor is it addressed
in OP/1/A/1104/04. Because of operator error,- valve ILPSW 252
a',>parently remained shut preventing cooling water flow through
the B decay. heat cooler. After the realignment of the LPI
trains the control' room operators were involved in tasks for
supporting outage work. Then, at approximately-1424, on
September 7, 1991, a non-licensed operator reported from the
reactor building to the control room that he observed a
significant amount of steam coming from the vessel area and
that the water in the vessel was roiling.

;

E. Operator Response (bcovery)

Although the control room operators responded properly to the
unexpected heat-ur, the recovery was not entirely without
complications.-;-

Following' the call, at 1424, from the non-licensed. operator in
the reactor building notifying the control room of the vapor

j coming from the reactor vessel, the control room operators -
immediately noted that LPI pump suction temperature was-
indicating 187 degrees Fahrenheit and Low Pressure Service
Water flow indicated zero. Based on this. the control room

. operators started the 1A LPI-pump to establish cooling through 4

'the 1A LPI train. The control room operators verified 1A LPI:
-pump current draw (amperes) to be normal and LPI' flow to _ be at
3000 gps. The LPI suction and cooler discharge ~ temperatures-

| were'noted to be dect.?asing with a Low Pressure' Service Water ,

flow of 800 gpm through valve ILPSW-251. - At 1426 the IB LPI
,

J
t

train was. secured based on confirmation-that decay removal''

function was restored. The control room operators ~ initiated
the Reactor Coolant System cool-down in a controlled. fashion

: .
and were diligent in maintaining cool-down rates to within
administrative and Technical Specification limits.'

!

L While establishing decay heat' removal, the control room
| operators failed to recognize / recall that VOTES. testing was
!~ continuing;on:the 1A.LPI train. During the start up of the 1A

LPI train, in response to the high Reactor Coolant SystemH

temperature condition, the operators failed to recognize or
realize the significance of there being no cor. trol room
position : indication for valve ILP-17. The breaker for -the 1A
LPI train discharge valve (ILP-17) was open for. VOTES testing.

|

l
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This resulted in a loss of remote control of this valve from
the control room panel as well as a loss of position indication
on the panel. At the time that the control room operators
started the 1A LPl train, the valve, ILP-17, was open. The
valve could very well have been closed.

At 145B the lA LPI train low flow statabrm was received as the
VOTES personnel, because of the continued testing described
above, started to cycle close valve ILP-17. After establishing
flow through the 1A LPI train, the control room operators had
failed to notify the VOTES personnel to suspend VOTES testing
on the 1A LPI train. The control room operators recognized the
cause of the statalarm and placed IB LPI train in service and
established Low Pressure Service Water cooling flow through the
decay heat cooler by opening valve ILPSW 252. The 1A LPI train
was secured and V0TES personnel were notified of plant
conditions and orosred to suspend testing. At 1504, both LP!
trains were placed in the decay heat removal made and a cool-
down rate of 20 oegrees Fahrenheit /hr was established. By
1900, during shift turnover, the LPI suction temperature had
decreased to 120 degrees Fahrenheit.

As described above, on the morning of September 7, IA LPI train
was removed from service and aligned for testing using
procedures TT/1/A/251/ll and OP/1/A/1104/04. The operator
stated that after he placed the 18 train in service he verified
that low Pressure Service Water had been established to the IB
LPI decay heat cooler by observing flow indication on the newly
installed controllers for valves ILPSW-251 and 252 (flow
control vsives that regulate cooling water flow to the lA and
IB train cecay heat coolers respectively). This is a
significant point in that neither TT/1/A/251/11 or
OP/1/A/1104/04 contain guldmce relative to establishing low

-

Pressure Service Water flow to the decay heat coolers when in
the LPI decay heat mode of operation, it should also be noted
that, as described above, valve ILPSW-252 had been closed and
independently verified at 0226 that morning when the IB LPI
train had been aligned for testing of ILP-18 per TT/1/A/25'/ll.
Based on subsequent litansee analysis of the rate and extent of
the Reactor Coolant System temperature increase, low Pressure
Service Water flow was either not established or was
imediately secured (speculation) to the IB LPI train decay
heat cooler when the IB LPI train was placed in service. The
operator also stated that he monitored reactor coolant
temperature for a period of thirty to sixty minutes and noted
no change (increase). This is inconsistent with the licensee's
analysis which indicated that the Reactor Coolant System
temperature increase began coincident with the realignment. It
is also inconsistent with an observation made by the unit 3
supervisor, who t'en passing through the unit I control room at
1045, observed reactor coolant temperature to be 123 degrees
Fahrenheit. He later stated in an AIT interview that although

_ - _ - _ - _ - _ - _ _ - _ _ - _ _ _ - - _ _ _ _ - _ - - - ..
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the temperature was slightly higher than expected, he did not j

consider the temperature to be extraordinary and therefore did- )
not alert the unit I control room operators. Normal reactor
coolant temperature in this condition is 110 degrees
Fahrenheit.

From 1007 when IB LPI train was placed in service, until 1424
when the elevated reactor coolant temperature was detected, no
member of the unit 1 operating staff monitored reactor coolant
temperature. It is significant to note that the control room
Senior Reactor Operator wa present in the control room for |

lvirtually the entire period of the event. Although he war
responsible for "... ensure (ing) the safe operation of the
unit (s). .." per OPM 2-1, for the period in question,- he did not
monitor reactor coolant temperature on unit 1.

F. Radiation Protection Response

When actified, the radiation protection technicians providing'

coverage-for reactor building activities on the third and
fourth floor reacted quickly in setting up portable air
samplers and surveying dose rate around the canal. All
personnel working on the third and fourth floor were instructed
to evacuate the area. In addition, a body burden analysis was
performed on each of seven individuals working in the reactor -
building on the third floor because of the potential for
radioactive intake. The body burden analysis of these
individuals did not indicate any internal activity.

G. Licensee Response (Short Term)

1. Event Notification

The NRC resident inspector was notified of_the event by
the licensee at approximately 1730 on the day of the
event, September 7 1991. The headquarters duty officer
was not notified until tb following day. The
notification of the NRC headquarters duty officer, made at
1452 following discussions with the resident inspector

Istaff, was classified by the licensee as a voluntary call.
The AIT reviewed the facility's Emergency Plan
Implementing Procedures (Volume C, Rev 91-8), Emergency'

Classification Precedure RP/0/B/1000/01, in particular,
the classification of events, Loss of Shutdown Functions
(Enclosure 4.1.5), and entry into emergency action levels.
A requirement to declare an ijnusual Event if decay heat
cooling were lost for greater that ten minutes was noted.
However, the licensee did not consider this event to be a-
loss of decay heat removal because primary coolant flow
through the LPI system was never lost; only servica water
(cooling water) through the decay heat cooler.was lost.
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2. Immediate Corrective Actions

As described previously, upon discovery of the elevated
Reactor Coolant System temperature, within several minutes
the decay heat removal function was established by the
control room operators. Additicnally, within
approximately 24 hours of the event, licensee management
initiated several other actions. These included:

Investigations-

The licensee initiated a detailed team investigation
by members of the Oconee Site Review Group.
Interviews of the involved operators were commenced
within a few hours of the event. Based on the
potential safety sigatficance and the sensitivity to
shutdown cooling events, after consulting with the ~
Vice President for Nuclear Production, the decision
was made to bring in a Corporate guided Significant
Event Investigation Team to review the event.

Shift Briefings-

The on-coming shifts were briefed by plant management
as to the significance of the event and the need for
attention to detail at all times including shutdown.
Clear identification of the operator at the controls
(OATC) was discussed. The operators' responsibility
for monitoring of plant critical-safety parameters
was reinforced.

Log Readings / Parameter Monitoring-

LPI pump suction temperature loggings were commenced
-

every two hours by the reactor operator. LPI pump
suction temperature was placed on a video trend in
the control room. Later, reactor vessel water level,.
pressurizer leve' , and source range counts were added
to the two hour logging requirement. Prior to this,
loggings were required only at the begining of the
shift, every 12 hours.

- Equipment Checks

Because of the concern that the control valve (ILPSW-
252) may have failed shut isolating Low Pressure
Service Water flow to the decay heat cooler and
because the flow controllers wera newly installed
during this outage the licensee again performed
stri..g and calibration checks on these controllers.
No problems were identified.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -



C-44

11

Notifications-

As discussed previously, the NRC resident inspector
and-the NRC Operations Center were notified. These
were made as information calls only.

The AIT concluded that because of the plant status
(outage) and the extended period of time over which the
event (heat-up) occurred, two additional areas should have
been addressed as part of the licensee's initial actions.
These included reviewing whether the work load in the
control room may have contributed to the event and whether
inappropriate execution of operator responsibilities may
have contributed to initiation and lack of detection of
the event.

111. REVIEW OF CONTRIBUTING FACTORS

A. Procedures

The Ali reviewed procedures related to the maintenance being
performed on the LPI system valves, procedures available to the-
control room staff related to plant condition at the time of
the event, and procedures available to the control room for
responding to the abnormal conditions specific.to the event.

1. Abnormal Procedures

The abnormal procedures available, AP/1/A/1700/07 Loss of
LPI system, and AP/1/A/1700/24, Loss of Low Pressure
Service Water, did not provide guidance to the control
room operators for rescting to the event.- Neither of'
these procedures were immediately utilized by the control
operators to recover from the event. The procedures were
referred to by the operators later for guidance. Both
procedures address a total loss of the system flow related-
te a loss of the system pump. The actual event was a mis-
positioning of a valve, and neither procedure referred to
the affected flow control valves (1LF5W 251 and 252). In
summary, the licensee does not have abnormal' procedures
which specifically address loss of decay heat removal
capabilities due to loss of service water flow. However,
as noted later in this report the licensee had addressed
loss of decay heat removal during classroom and simulator
training.

2. Surveillance - Procedures

For a shutdown plant with reactor coolant temperature less
than 200 degrees Fahrenheit, the. facility?s procedure
governing the routine logging of plant parameters,
PT/1/A/600/01 " Periodic Instrument Surveillance", did not
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require frequent recording of reactor coolant temperature.
Temperatures were recorded approximately every 12 hours,
at shift change.

3. Test Control Procedures

There are two administrative control mechanisms at Oconee
designed to control the removal and restoration of si.ation
equipment; the bl')ck tag out and :he Removal and
Restoration. The block tag out is normcily used to
isolate whole systems or parts of systems for maintenance.

The philosophy of a block tag out is that boundary valves
~

are tagged and are not to be moved. Valves within the
boundary have their breakers tagged out and such valves
can be moved manually provided movement does not result in .
movement of water. Movement by such means as electric
power and air require control room involvement. Valves
not within the boundary can only be moved with permission
from the control room.

The Removal and Restoration is normally used for smaller
scope jobs, such as to remove a single component from
service. The normal process previously used for
performing the static VOTES tests, is for operations to
issue an Removal and Restoration isolating the valve (s) to
be tested, allowing the static test (s) to be completed,
and then returning the valve (s) to service.

It should be noted that although the operations procedure
which describes the Removal and Restention process,
OP/0/A/1101/06, Removal and Restoration of Station
Equipment, should be used to "... remove from service
equipment which ... affects the operability of the unit -

...(or) affects safety related equipment ..." (step 2.3),
*

the procedure does not require that Removal and
Restoration be generated during refueling or extended
outages. Specifically, step 2.6 of the Limits and
Precautions states that "This procedure is to be used
during normal plant operations. ...(but) may be used
during refueling or extended outages at the discretion .)f
the unit coordinator."

The AIT concluded that in this case, the conventional
administrative process was not used to remove and/or
restore the LPI system to/from service; but the failure to
use the process was not a contributor to the event.
However, the specific procedures employed to control the
testing associated with this event were inadequate. Two
procedures were used in realigning the LPI system for
V01ES testing. The two procedures were TT/1/1</251/11,
VOTES Test of LPl Header Hoter Operating Valves, and

|
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DP/1/A/1104/04, tPI System. The TT, 12.1.2 (1.V. step),
required the operators to..." align the IB LPl pump to the
10 LPI header to control Reactor Coolant System
temperature per OP/1/A/1104/04 LPl System." As covered
previously, the Ali review of the procedure coupled with
interviews with the operators revealed that the procedure
contained no information pertair "g to realigning flow
fror one operating train of LPI w another when in the
normai decay heat removal mode of operation or
instructions relative to aligning Low Prc sure Service
Water to the decay heat coolers,

it should also be noted that the licenste elected to not
use a block tagout or Removal and Restoration while
conducting testing on the LPI trains. Instead, the
licensee decided to maintain the train undergoing testing
in a condition from which it could easily be called into
service. 1his reasoning was based on the risk associated
with a plant that is shutdown on decay heat removal
cooling and the desire to have a readily available backup
means of decay heat cooling. The AIT concluded that the
licensee's reasoning for the plant conditions described
was sound and their decision was proper. However, this
same reasoning would lead to the conclusion that proper
controls must be adhered to when conducting testing on
systems important to safety. Because of the inadequate
test controls, lA LPI train flow was lost soon after being
called to service in response to the elevated reactor
coolant <' tem temperature.

B. Operator Responsibilities

The responsibilities of the reactor operators and the senior
reactor operator in the contro? room, are delineated in
Operations Management Procedure 2-1 Duties and
Responsibilities of Reactor Operators, Non L kensed Operators,
and the Senior Reactor Operator in the Control Room.

These positions were focused upon primarily because these
personnel were in the control room for virtually the entire
period in question. The reactor operator's duties include
providing "... surveillance of operations and instrumentation
(in) the control room to ensure the safe operation of the un't.
During shutdown periods, he/she shall ensure that continuous
safe shut-down conditions exist". Further, "The reactor
operator shall ensure that his/her... instruments... are
responding as expected for the existing condition."

Additionally, procedure TT/1/A/251/ll, VOTES Test of LPI
Header, required specifically in Limit and Precaution 6.3, that
the operators were not to allow the LPI pump suction
temperature to exceed 140 degrees Fahrenheit.

- - - - - .
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Per Management Procedure 2-1 the control room Senior Reactor
Opc-ator is required to be "in the control room" during all
modes of plant operation from cold shutdown conditions to 100
percent power operations. The Senior Reactor Operator is
responsible for reviewing with unit supervisor (s) their unit
status and activities planned during the shift. The Senior
Reactor Operator's primary concern is to ensure the safe
operation of the unit (s). The Senwr Reactor Operator is
required to make rounds in the control room to review control
room status. The Senior Reactor Operator is required to
oversee the activities in the control room.

it is apparent that with several reactor and senior reactor
operators in the control room for the duration of the Reactor
Coolant System heat up (over approximately 4 hours) the duties
and responsibilities of the licensed control room operators
were not met.

C. Comunications

On the morning of eptember 7, 1991, at approximately 1000 the
unit I supervisor gave the VOTES test technicians permission to
begin work on valvo ILP 17, a valve in the discharge flow path
of the 1A LPI pump. It was understood that ILP 17 would be
closed intermittently as part of the testing.

At 1458 that afternoon, after the loss of decay heat removal
event had been identified and 1A LPI train had been placed in
service, ti,a control room received an alarm indicating a low
flow condition in that train. The low flow condition was
caused by the VOTES test personnel closing valve ILP 17.

One example of ineffective comunications associated with this
specific event was identified. In response to the heat-up -

event when the control room operators elected to place lA LPI
train in service, at approximately 1424, they did not notify
the VOTES test personnel that the train had been placed in
service and that testing should be discontinued.

D. Independent Verification

When the control room operators realigned the LPI system on the
morning of September 7, 1991, to perform VOTES testing on
valves in the lA LPI train, they used procedure TT/1/1/251/ll.
Step 12.1.2 requires the control room operators to align the IB
LP! pump to the B LPl header to control Reactor Coolant System
temperature per OP/1/A/1104/04, LPI System. This procedure
step (12.1.2) requires independent verification. Both control
room operators signed the step, certifying to the fact that
they had aligned 1B train to control Reactor Coolant System
temperature. As is delineated elsewhere in this report,
OP/1/A/1104/04 was inadequate to facilitate realigning from one
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optrating LPI train to another when the plant is in the normal
decay heat removal mode of operation. More specifically,
neither procedure contained guidance relative to establishing
Low Pressure Service Water to the decay heat coolers, a
necessary functior if one is to control Reactor Coolant System
temperature. Notwithstanding these administrative
deficiencies, both operators independently verified that they
had aligned LPI to control Reactor Coolant System temperature.

The AIT concluded that because of the inadequacy of the
procedures available to the control room operators to realign
the LPI trains in the decay heat removal mode, the operators
apparently did not realize the significance of the I.V. step
requiring verification of the ability to remove decay heat.
The operators apparently w ified that the LPI system specific
valves were aligned to provide an LPI flow path.

E. Low Pressure Service Water Modification

Nuclecr Station Modification ON 12526 replaced the pneumatic
control system for several valves at Oconee unit 1, including
ILPSW-251 and ILPSW-252. These two valves control the service
water supplied to the two decay heat removal coolers by
throttling the service water discharge from the coolers. The
modification corrected a Human Engineering Discrepancy which
identified a problem with some valve controllers and manual
loaders in the control room which operate such that the
controlled valves are shut at 100% controller demand, in
addition, the previous controllers had become obsolete, making
replacement parts difficult to obtain.

The previous pneumatic controllers were replaced by ehttro-
pneumatic controllers manufactured by Moore Products Company,
Model HYCR0 352. T5e same modification had been installed in
unit 3 during that unit's previous outage. The same type of
controller is a,so used on other unit I systems. Featuro!. of
the new controllers included both auto and manual control
functions, ability to select digital display of either service
water flow, control valve position or service water flow set-
point and a continuous analog display of set point and flow-
rate. The modification was installed for both trains of decay
heat removal while all fuel was removed from the reactor
vessel, when decay heat removal was not needed. Post-
modification testing was performed on both valve controllers on
September 2, 1991. Testing of ILPSW 252 (Low Pressure Service
Water return from 18 train Decay Heat Removal cooler) was
satisfactory completed; however, the stroke test of ILPSW 251
(Low Pressure Service Water return from 1A train Deacy Heat
Removal cooler) was unsatisfactory, requiring adjustment of t'e
valve operator. This valve was satisfactorily retested on
September 3, 1991. When ILPSW 251 failed the stroke test, the
Removal and Restoration form under which the work had been done

_.
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' eed, and rework was dsne under the control of theu .

modification work procedure. As described previously,
OP/0/A/1102/06 Removal and Restoration e' Station Equipment,
specifies ' Removal and Pestorstions sh.ui( be generated to
remove from service equipment which, ...itfects safety related
equipment," the same procedure states that Removal and
Restorations need only be used during refueling outages at the
discretion of the unit coordinator. The unit 1 coordinator had
concurred in the process used to rework ILPSW 251. However,
with tha Removal and Restoration form cleared, there was no
formal documentation available in the control of the
operational status of this valve. This rework was completed on
one shif t, and the on shift opentors were aware of the status;
therefore, the latk of formal control had no impact on this
particular event. In addition, although all post modification
testing war completed on ILPSW 252 on September 2, the Removal
and Restoration was not signed off until 1726 on September 7
(after the event). The unit 1 operations cocrdinator, who was
present during the testing, confirmed that all testing had been
completed on September 2.

The quality of work associated with this modification and the
material condition of the plant was evaluated by direct
observation and walk down of the modification, tours of the
plant and interviews with plant personnel and NRC resident
inspectors. No deficiencies were noted in the actual
modification installation. Post event testing of * 'th LPSW 251
and LPSW 252 revealed no deficiencies with either c.. troller or
valve The material condition of the plant waI considered.
avera e for a plant of this age, with significant efforts in
house eeping and general area maintenance noted in the turbine
building. No deficiencies were noted in either area which
would have contributed to the initiation or progress of this
event.

Although the controller installation had been completed as
discussed above, two flow indicators showing service water flow
to each of the decay heat removal coolers were not installed
because the instruments had not yet been received. However, it
was not felt that the lack of these irstruments contributed
significantly to the event, because flow indication was
available on the controller and other indications of system
performance were available to the operators.

The AIT evaluated the operation of the controller and concluded
that the operation was straight-forward and user friendly. The
controller appears to have corrected the deficiencies present
in the previous controller, which is still installed in unit 2.
The orientation of the new controllers is opposite of the old
installation, with the new orientation being 1A train
components on the left and IB train components to the right,
which is consistent with most control room equipment. However,

:
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an operator who had been used to the previous orientation may
have a greater probability of operating the wrong train as a
result of this change.

The AIT concluded that the modifications, installation of the
two new Low Pressure Service Water flow controllers, were an
improvement over the previous asign. The controller layout is4 4

'

not complex and was found to L easy te understand and operate,
and was appropriately labelled, in sumary, the controller
design did not significantly contribute to the initiation or
progress of the event. However, the possibility remains that
the operator could have inadvertently operated the idled
(train A) low pressure service water flow controller.

F. System Engineer Involvement
.

The Low Pressure Service Water system had been modified by the
| installation of new controllers for the service water discharge
| valves (ILPSW 251 and 252) for both Decay Heat Removal cetlers. )The duties of the system engineer (designated the system

manager at Oconee) are documented in Oconee Nuclear Station ,

Directive 4.4.5, Mgr., System Engineering Program. This
directive was comprehensive and specifically addressed
requirements to perform system modification reviews. In! ,

'

practice, an accountable engineer will nomally be assigned to
coordinate and review a specific modification, with the system

,

manager maintaining an overall status of the system. This |

modification had such an accountable engineer assigned. |
Through interviews with station personnel and in reviews of ;

modification documentation, the AIT determined that the system
manager and system accountable engineer had been actively
involved in the planning and implementation of this
modification. The actions of the system manager and
accountable enginee were in accordance with the station
directive and were determined to have no significant impact on
this event.

G. Training

The AIT investigated training and procedures related to ;

operations during decay heat removal mode of cooling and the
work being performed to support VOTES testing of the LPI system
valves.

The AIT interviewed licensee personnel regarding training
activities concerning maintaining plant conditions during Decay
Heat Rersoval operations. Licensee discussions were
corroborated by the contents of training lesson plans. In
addition, the AIT reviewed the facility's implementation of>

training related to Reactor Operator and Senior Reactor'

Operation watch standing responsibilities.

,

,
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, , , . .



..
.

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

|

I,
! C-51

18

The licensee has both classroom and simulator raining which
address a loss of cooling during the Decay Heat removal mode of
operation. The facility's training emphasizes the need to
maintain cooling to the reactor while in the plant conditions
in effect during the event. The facility's training emphasizes
the responsibilities for tracking plant conditions to maintain
plant safety. However, this may not have been incorporated
into the requalification program.

The AIT reviewed the training program used to train operators
and senior operators in the day to day operations of the plant.
Guidelines for this training are developed by the training
department. Responsibility for the proper execution of this
program lies with the Operations Support Group. The Operations
Support Group develops a training book for each operator and
senior operator, who must then demonstrate his/her knowledge
and abilities related to the various subjects of day to day
operation of the plant. Qualified reactor operators and senior
reactor operators test the knowledge of the student operators
assigned. When the candidate has demonstrated sufficient
knowledge and on the job performance he/she will be referred to
a management representative to receive credit.

Based on the above, the AIT concluded that the initial licensed
operator training program provided sufficient knowledge so that
the operators could competently operate the LPI and Low
Pressure Service Water plant systems in a shutdown decay heat
removal condition. However, based on licensed operator
interviews, the Ali concluded that the requalification program
does not cover in detail system training for shutdown plant
cperations.

H. Outage Management / Planning

The licensee has a clear definition of an outage and the
philosophy as covered by Duke Power Company procedure 3.0,
Outage Management Philosophy. The nuclear operations manager
is responsible for establishing a team that determines how
outages are to be planned and conducted, and ensures continuity
between the three Duke Power nuclear stations.

The AIT reviewed the licensee's management and planning of the
outt)e. The intent was to detennine to what degree
unnasonable pressures may have been placed upon the operating
staff to meet the scherfule. Also considered was whether outage
work not completed within the criainal schedule window, which
is subsequently moved to another p riod in the outage,
contributed to the event.

Ali interviews with control room operators revealed that the
operators use, as a self-imposed measure for excellence, the
ability to complete a job on time or ahead of schedule. This

- __-__-_ - _ - .-
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could result in a *self-generated' stress to improve on the
schedule. Through interviews, the Ali noted that the general
feeling among the operators is that management seldom pushes
them excessively. However, interviews also m ealed that
" engineering' does press, sometimes unreasonably, to move
onward with the schedule. No operator interviewed thought that
the event was caused by being too busy to properly monitor the
plant. It should be noted that facility management was aware
of the outage work load during this period of time, and
compensated by augmenting the required number of two reactor
operators with two additional operators to manage the outage
work load for the period in question. However, the Ali did
conclude that the personnel in the control room were so
actively engaged in support of outage work that they overlooked
the monitoring of critical plant parameters. This is not to
indicate that the work load was excessive but instead that the
management of the control room workload was inadequate. The
Reactor Operator responsible for monitoring / maintaining plant
conditions should not have been permitted to become so involved
in outage activities that his primary responsibilities were
overlooked. in sumary, the problem was with the supervision
of the control room, specifically the unit I supervisor and the
control room Senior Reactor Operator, and their failure to
control / limit Reactor Operator involvement in tasks other that
their primary responsibilities.

On the subject of valve testing, it was noted that the schedule
is frequently adjusted. This requires the control room
operators to make unexpected adjustments to the control room
routine. These adjustmenti include changing systems lineups
and plant conditions. Additionally, these changes, which could
be term d as minor operational evolutions are not necessarily
reflected on the schedule of activities and usually do not
involve pre briefings.

For the specific case associated with this event, VOTES testing
of valves ILP-17 and 18, the licensee originally did not
schedule the testing early in the outage due to the high decay
heat load and Technical Specifications restricted the testing
during fuel movement. The core barrel was removed this outage
and reactor vessel inspections were conducted with the reactor
de fueled. The refueling cavity had to be filled for the
reactor vessel work, and VOTES testing was scheduled for this
de-fueled window.

However, packing nut problems were encountered with the valves
in question. These problems could not be corrected while the
refueling cavity was full because valves llP 17 and 18 are
considered by the licensee as boundary valves in addition to
the system check valves. Consequently, the test was
rescheduled for later in the outage, when the licensee intended
to perform VOTES testing on one train at a time. These outage

4
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schedule changes were appropriate considering the
circumstances.

The AIT concluded that the licensee made several informal
changes to the outage schedule to acconrnodate VOTES testing.
These changes, affecting control room routine, initially appear
to have a relatively minor impact on control room operations.
However, when combined with the expected outage work load for a
particular shift, these unplanned schedule adjustments
apparently perturbed the control room routine to an extent that
a loss of safety system configuration control resulted.

Specifically, the Reactor iclerA System heat up event was
initiated with the unplanned (for '.he involved operating shif t)
shifting from 1A LPI trait te 18 train to accommodate VOTES
testing. Later, VOTES testing complicated the event recovery
when continued testing resulted in i loss of the LPI train
af ter it was placed in service to renicve decay heat. There are
other significant contributing factors, discussed elsewhere in
this report; however, the above discussion illustrates that
significant results can be prcmpted by seemingly minor
unplanned configuration changes made during outage conditions.

1. Control Room Instrumentation

The AIT reviewed the availability of control rooia instruments
and indicators and how they may have impacted the event.
Important parameters involving this event were Low Pressure
Service Water flow and Reactor Coolant System temperature (LPI
purp suction). LPI pump suction temperature was available on
the front of the control room panel in two locations. -These
included an analog (wide range) instrument and a CRT display
which included along with Reactor Coolant System temperature,
several other parameters not directly related to this event. A
digital temperature indicator was also available and functional
en the forward side of the back control panel. This indicator
is visible to the operators from the normal watch standing
position in the control room. Decay heat cooler low Pressure
Service Water flow indication was also available and functional
on the same back control panel. This indicator was part of the
flow control modules for flow control valves ILPSW 251 and 252.
Valve position indication can also be selected as an indication
on these modules, in addition to the indicators described
above, low LPI flow and high Reactor Coolant System temperature
(190 degrees Fahrenheit) alarms were functional in the control
room. The LPI pump suction temperature reached a mrx; mum of
187 degrees Fahrenheit during the event so the alarm did not
actuate. The low LPI flow alarm sounded when 1.Pl A train flow
was lost temporarily whsn the V0TES test personnel shut llP-17.

The AIT concluded that sufficient indication of Reactor Coolant
System temperature was available, provioing the necessary
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information to alert the control room operators of the
increasing Reactor Cool' ant System temperature and the lack of
Low Pressure Service Water flow through the on line decay heat
cooler. There was discussion on whether the flow controllers
for the Low Pressure Service Water may have failed causing the
flow control valves to shut. Also, there was a potential that
the control room operator may have adjusted the wrong
controller, A verses B, or was otherwise confused when he made
the flow adjustment. The Ali considers flow controller failure
unlikely. However, had a failure / error occurred and had the
control room operators been attentive to the monitoring of
these critical safety parameters the problem would hue been
easily identified much earlier than was the actual case.

IV. SAFETY CONSEQUENCES / SIGNIFICANCE

A. Radiation Protection

The radiological consequences of the heat up event were
minimal. There was no significant change in dose rates nor was
there any significant increase in airborne activity in the
reactor building during the event. The general area dose rates
around the fuel transfer canal remained at 8 - 10 millirem per
hour. Air samples taken following the discovery of the event
revealed that airborne activity remained at approximately .25
maximum permissible concentration. In addition, no increase in
amount of activity releases through the equipment hatch, while
the hatch was open, was noted.

When the event occurred Radiation Instrument Alarms 3 and 4
were operable. Radiation Instrument Alarm 3 was set to alarm
in the control room at 22.5 millirem per hour and Radiation
Instrument Alarm 4 was set to alarm at 2.5 milltrem per hour.
These alarms did not actuate at any time during the event.
Continuous air monitors located at the equipment hatch and on
the third floor of the reactor building did not show any
change. Radiation Instrument Alarm 47, reactor building
particulate, Radiation Instrument Alarm 48, reactor building
lodine, Radiation Instrument Alarm 49, reactor building gas,
were out of service for a performance tests, and Radiation
instrument Alarm 2, reactor building Main Bridge, Radiation
Instrument Alarm 5, in core Tank, Radiation Instrument Alarm 57
and 58. Hi Range Containment Monitors, were out of service as
they were being replaced during the outage.

Expansion of reactor coolant during the heat up caused water to
be displaced into approximately one third to one half of the
reactor vessel stud holes. These had to be decontaminated and
approximately 100 millirem total dose was received on this
effort.

,.
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B. Fuel Integrity

Fuel integrity was not jeopardized during this event.
Generally, fuel damage during shutdown conditicns will not
occur unless the water level is below the point that fuel
uncovery occurs. Water covering the fuel is sufficient to
prevent fuel or fuel clad damage due to the low heat fluxes (in
comparison to power operation) and the resulting fuel
temperature, which for practical purposes remains at the water
temperature regardless of whether or not boiling occurs.

The licensee reported that there was no loss of inventory,
which is substantiated by the report that water level swell due
to heat-up during the event caused water to be displaced into
some of the reactor vessel bolt holes. A substantial loss of
inventory would have resulted in an ultrasonic level indicator
alarm. The alarr set point is of the order of five or six feet
above the top of the core. Level indicator LT 5 was also
available. The reported temperature of 187 degrees Fahrenheit
at the LPI pump suction, an alarm set point of 190 degrees
Fahrenheit (which the licenset confirmed to be operating and in
calibration), and a licensee calculated temperature of 212
degrees Fahrenheit in the core provide further substantiation
that 60 temperatures were attained that could cause fuel
damage.

C. Safety System Performance

All safety systems perfonned as designed. The loss of flow
through ILPSW-252 and the problems encountered while the 1A LPI
train was aligned in the decay heat removal mode were personnel
errors and not considered to be safety system failures.

As discussed earlier in this report, the specific failures
associated with the lack of low Pressure Service Water flow
through the B decay heat cooler was apparently due to operator
error in performing the initial system realignment conducted on
the morning of September 7, 1991. The loss of flow to the A
LPI system minutes after it was placed in service in response
to the elevated Reactor Coolant System temperature (107 degrees
Fahrenheit) was due to a lack of test controls on valves
undergoing VOTES testing.

D. Plant Proximity to Safety Limits as Defined in Technical
Specifications / Technical Specification Adequacy

The AIT reviewed Oconee Technical Specifications to determine
whett r a " mode" change was made as a result of this heat up
went and Tiso h any Technical Specification safety
limits / requirements were exceeded.

|
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Technical Specifications 1.2.6 defines Refueling Shutdown as:

'The reactor is in the refueling shutdown condition when, even
with all rods removed, the reactor would be sub critical by at
least 1 percent delta k/k and the coolant temperature at the
LPI pump suction is no more than 140 degrees Fahrenheit
Pressure is defined by Specification 3.1.2. A refueling
shutdown refers to a shutdown to replace or rearrange all or a
portion of the fuel assemblies and/or controls rods."

Technical Specification 1.2.7 defines Refueling Operation as:

"An operation involving a change in core geometry by
manipulation of fuel or control rods when the reactor vessel
head is removed."

Technicti Specification 1.2.1 defines Cold Shutdown as:

'The reactor is in the cold shutdown condition when it is sub.
critical by at least 1 percent delta k/k and Tavg is no more
than 200 degrees Fahrenheit. Pressure is defined by
Specification 3.1.2."

The licensee's position regarding their Technical
Specifications and this event is that unit I was in cold
shutdown prior to, during, and at the discovery of this event
since the indicated reactor coolant temperature at the LPI pump
suction did not exceed 200 degrees Fahrenheit. The licensee's
interpretation of Technical Specification 1.2.6 and 1.2.7 is
that the unit was not in a refueling shutdown condition as
there was no fuel movement in progress, and because of this,
the requirement to be below 140 degrees Fahrenheit was not
applicable.

The AIT compared the Oconee Technical Specifications with the
Standard Technical Specification for pressurited water
reactors. The Standard Technical Specification defines
Refueling as fuel in the vessel with the vessel head closure
bolts less than fully tensioned or with the head removed and
average coolant temperature at less than or equal to 140
degrees fahrenheit.

Related to Technical Specifications the Ali also reviewed the
following:

Technical Specification 3.8. Fuel Loading and Refueling,
applicable during fuel loading and refueling operations as
defined by Technical Specifications 1.2.6 and 1.2.7 (listed
above). For the plant conditions at the time of the event this
Technical Specification was not applicable.

- -_ _ - - - - - _ . __________-__ ___ _ - _ -
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Technical Specification table 3.1 2 which specifies a maximum
allowable cool down rate with the Reactor Coolant System
depressurized as equal to or less than 50 degrees Fahrenheit in
any one hour period.

The Ali reviewed cool down rate information covering the period !
af ter the elevated Reactor Coolant System temperature of 187 i

degrees Fahrenheit was identified. Based on this review the |
allowable rate was not exceeded. It should be noted that the
rates were calculated using the LPI pump suction temperature;
the only indications available as Reactor Coolant System
temperature.

Technical Specification 3.6.1 which requires that containment
integrity shall be maintained whenever all three of the
following conditions exist:

a. Reactor coolant pressure is 300 psig or greater.
b. Reactor coolant temperature is 200 degrees Fahrenheit or

greater.
c. Nuclear fuel is in the core.

The reactor vessel heaa was removed which assured that the
Technical Specification limit could not be reached because of
Reactor Coolant System venting, for the plant conditions at
the the of the event this Technical Specification was not
applicable.

Tne AIT reviewed the Technical Specifications applicable to-
1hutdown plant conditions to determine whether the
specifications or lack of sr.ecifications contributed to the '

event. The following is a summary of this: review. The
assurance that a facility will be maintained in a configuration
(depending on plant conditions) that ensures protection of
public health and safety, operating personnel, and the facility
can be accomplished through various specifications including:
licensee commitments, administrative controls and procedures,
and operating procedures, etc. The facility Technical '

Specifications are also included in this-group which, as part
of the o)erating Itcense, specify minimum equipment which must
be opera)1e depending on plant conditions / modes. All of these
standards are combined to provide guidelines to ensure the
facility is operated safely. Technica1' Specifications for
Oconee vintage plants _ tend to focus on power operational modet
end are less specific-for shutdown and refueling

; conditions / modes. This strong reliance on Technical :
1 Specifications for power operations is a typical philosophy. to
' achieve safe power operation. However, for facilities'that are

less specific in non operational modes, it is not prudent to
rely solely on Technical Specifications for shutdown / refueling-
operations due to the spuse coverage provided by these,

lechnical Specifications for shutdown / refueling conditions.'

|

,
<

|
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The AIT considers it reasonable that adequate administrative
controls be in place to provide an appropriate " mix' between (
Technical Specification and administrative controls to provide
specifications for shutdown plant operations.

E. Conclusions / Safety Significance

1. Conclusions

With regard to the heat up event of September 7, 1991, the
Ali reached the following conclusions:

Technical Specifications for Oconee tend to focus on power
operational modes and are less specific for shutdown and
refuelingconditions/ modes. This lack of specificity was
not covered by facility administrative controls.

Adequate procedures did not exist for operating the LP!
and Low Pressure Service Water system while in shutdown
plant conditions.

Abnormal operating procedures were not adequate to address
shutdown casualties such as loss of decay heat removal due
to loss of heat sink / Low Pressure Service Water.

The licensed operators in the control room during the
event (four reactor operators and two senior reactor
operators) were inattentive to their duties and
responsibilities.

Control room supervisors, unit I supervisor (Senior 4
Reactor Operator) and unit 1/2 contro~ room Senior Reactor
Operator did not appropriately carry out their duties to
ensure critical safety parameters were monitored and
controlled. In sumary, they did not maintain a proper
safety perspective for a shutdown unit nor did they
instill this perspective in their subordinate reactor
operators. This is an indication of inadequate
supervisory oversight and failure to properly assign and
implement responsibilities in the control room.

Facility management oversight was not at a level necessary
to ensure that control room activities were meeting
management's expectations.

Valve testir,9 schedule changes were informally modified
withoat appropriate briefings of the control room staff,
disrupting the normally heavy control room outage work
load.

e

1
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Controls governing VOTES testing were not provided to
ensure that control room operators maintained " control'
over testing being conducted on safety systems expected to
be maintained in an operational state.

Existing control room instrumentation was adequate to
provide the necessary information to the control room
operators to determine that an increasing Peactor Coolant
System temperature and a low Pressure Service Water no
flow condition to the decay heat cooler existed.

Operators possessed knowledge sufficient to ensure
competent operation of systems required for shutdown plant
operations, including the recently replaced Low Pressure
Service Water controllers.

The heavy control room work load was inadequately managed
by the contros room supervisors such that the operators
became so involved that they were distracted from
monitoring plant parameters. The pre-occupation with
control room activities should not have precluded the
operators from fulfilling their responsibilities for
monitoring critical safety parameters. This is considered
to be a fundamental watch standing nrinciple on which safe
nuclear power plant operations are based.

2. Safety Significance

The AIT investigated the event and reviewed the licensee's
preliminary analysis cf core conditions during and after
the event and concluded that the event did not result in a
significant threat to the public health and safety. As
discussed previously in this report, fuel integrity was
not jeopardized during the event.

The Ali also enmined the potential of plant / core damage
had the event continued without operator intervention,
lhe All concluded there was little possibility of damage
for the following reasons:

Continuation of the event would have caused the LPI-

temperature to have reached 190 degrees Fahrenheit,
which would have initiated an audible alarm.

Continuation of the event would have eventually led-

to loss of LPI flow due to flashing in the high point
of the LPI suction lire or air entrainment from the
hot leg. Th 'icensee's analysis indicated that LPI
flow lots wot , occur at 15 hours with no operator
action Je to air entrainment. Pump flow loss would
cause an audible alarm, and an operator response
would be likely.

- _ - - - _ _ _ - _ - _ _ _ _ _ _ _ _ - -
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The licens.e's analysis indicated core uncovery at 21-

hours with core damage calculated to occur at 25
hours, all presuming no operator action. The All
considers it unlikely that the event would have
continued much longer than it did without detection
because of the number of people working in
containment and the obvious generation of copicus
quantities of steam, it is noted that the discovery
of the loss of cooling occurred as the steam release
started, not after prolonged boiling which would have '

caused LPl temperature to approach the boiling
temperature. In addition, the on coming shift would
have detected the elevated Reactor Coolant System
temperature during log readings required at the
beginning of shift.

The equipment hatch was s _ sed prior to discovery of--

the heat up condition, the personnel hatch was
operated with the requirement that one door be closed
at all times, and a manifold arrangement was being !

used via the escape hatch for electrical and other
o ' age support wires and tubes to provide for j
co..tainment closure,

j

The operators had other options for stopping the !-

heat up, including: |
,

a. Re-initiation of Low Pressure Service Water |
flow.

b. Gravity feed of water into the reactor coolant
system. |

i

c. Initiating flow from the Reactor Coolant System j
into the LPI system via the connection between '

the LPI hot leg suction line and the containment
,

emergency sump, effectively bypassing a vapor '

bound elevated section of LPI piping.

d. Use of other pumps to transfer water from the
borated water storage tank to the Reactor
Coolant System.

e. Re-initiation of LPI flow if lost following
appropriate correction _of conditions as
identified in items ha and 5d.

Interviews with personnel who were in the control
room during the event indicated that they were aware
of these potential actions, although detailed
abnormal procedures addressing some of these

.
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potential shutdown plant conditions were not
available.

Little release of radioactive material would occur-

due to steaming as long as the fuel remained
undamaged.

V. ROOT CAUSES

A. Inadequate Procedures

Procedures used in realigning the LPI and Low Pressure Service
Water systems while shut-down from train lA to train IB were
inadequate. The procedures did not provide guidance for
operation of the LPI and low Pressure Service Water systems
while in the decay heat removal mode of operation. This
resulted in Low Pressure Service Water not being lined up to
the appropriate decay heat cooler when the systems were
realigned and the subsequent unmonitored reactor coolant system
heat-up.

B. Inappropriate Execution of Operator Responsibilities

The licensed operators were inattentive to their duties and
responsibilities in that critical plant safety parameters were
not monitored for a period of approximately four hours. This
resulted in reactor coolant temperature unexpectedly increasing
from 110 to 187 degrees Fahrenheit. This is indicative of a
weakness in the training and/or understanding of the
fundamentals of watch-standing principles.

C. Inadequate Facility Manayment Oversight

Management oversight was not sufficient to ensure that control
room activities were meeting management's expectations, i.e.,
that the contro; room staff were executing their duties per
established guidelines and management directives.

D. Schedule Changes to Accommodate VOTES Testing

The control room operators, in addition to the normal outage
work load, had to adjust to several informal changes to the
outage sc..?dule to accomplish valve testing. These changes,
made soon after shift change on the morning of September 7,
1991, caused the operators to realign the LPI trains which
eventually resulted in the unmonitorcd reactor coolant system
heat up. Although these changes did not r se the event, the
disruption in control room activities to amplish these tasks
played a significant role in the initiation and progress of the
event.

I
|
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2. September 19 20, 1991, Over pressurization of the LP! System.

I. INTRODUCTION - AIT FORMATION AND INITIATION

A. AIT Continuation

On the morning of Friday, September 20, 1991, the Regional
Administrator, after further briefing by the regional and
resident staff and consultation with senior NRC management,
directed that the AIT made up of Rtgion 11 and NRR personnel
for the reactor coolant system heat up event of September 7,
1991, be extended to include this event. The basis for the
continuation of the Ali was to gain a clearer understanding of
an event related to the over pressurization of the LPI system
and the subsequent loss of approximately 12,400 gallons of i

reactor coolant.

B. AIT Charter

Refer to Appendix C

II. EVENT DESCRIP110N

A. Event Overview

Late on the evening of September 19, 1991, the licensee failed
to follow their start-up procedure. This failure to follow
procedure resulted,in the over-pressurization of portions of ;

the LPI system and the subsequent loss of approximately 12,400 |
gallons of reactor coolant.

B. Detailed Sequence of Events

TIME EVENT ,

9/19/91 2151 IB High Pressure Injection pump started for
testing.

2200 Reactor Coolant System pressure increase to 90
psig to stabilize letdown.

2300 Unit I supervint called the control room and
notified the Re.ctor Operator that unit I was
' cleared' to increase Reactor Coolant System
pressure to 300 psig,

i. 2300 The Reactor Operator receiving the communication
! tells the Reactor Operator at the Controls that -
! the unit I supervisor wanted to increase

piessure to 300 psig. The Reactor Operator

i

L
: _ _

'
. . . - - . . . -.
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energizes pressurizer heaters to increase i
pressure to 300 psig.

2352 18 letdown filter is placed in service, i

09/20/91 0000 One Reactor Operator, while operating High
Pressure injection pumps, notices an increase in
High Activity Waste Tank level, and makeup flow
rate. The Reacter Operator also notes
decreasing pressurizer level and informs the
other Reactor Operator.

0013 Letdown filter is bypassed, suspecting a gasket '

leak.

0014 The Reactor Operator sends non licensed '

operators to check for LPI and High Pressure
,

injection leakage.

-0016 The Reactor Operator informs the operations
engineer and shift supervisor of increased
leakage. The operations engineer and shift
supervisor review prints.

~0020 Unit I supervisor refers to abnormal procedure
for excessive Reactor Coolant System Isakage.

-0020 Nc.n licensed operator finds drains in High
Pressure injection pump room overflowing.

0025 Control room receives a call from a performance
technician that 1LP-26 (LPI Pump Suction Relief
Valve) is leaking.

0027 Shift supervisor and operations engineer review
Reactor Coolant System pressure and the LPI
lineup. They realize that the plant should have
been in switchover mode.

.

0027 Shift supervisor directs the Reactor Operator to
deenergize the pressurizer heaters.

-0100 Shift supervisor confers with all reactor
! operators and unit supervisors in unit I control
f room to determine what had happened. He decides
| not to enter switchover mode, but to
L depressurize Reactor Coolant System using

auxiliary spray.

0100 0200 Control room sendt non licensed operators to
lineup auxiliary spray. -(Valves are located in

,

the Penetration Room)

.

- v-- n n- -m, .i.- , -, ,, ~ +yr --.+yw-- - , , - e,-y, 3 -- e r+-* - w-------4-, -- e,- - - . ..v --
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0130 0200 1here are problems with the auxiliary ,

spray lineup: One of valves (stop check) was
completely lagged over with no observable label. ,

The downstream valve was closed. |

0200 NRC resident notified of event by licensee.

0i34 1he operators began using auxiliary spray |
(pressurizertemperaturewas391 degrees
Fahrenheit, Letdown Storage Tank Temperature was ;

93 degrees Fahrenheit, Reactor Coolant System |
Pressure was 207 psig). |

0243 Reactor Coolant System pressure decreases below )

200 nsig.

0300 Radiation protection shift supervisor'is
notified of leakage in t.Pl pump-room._-Air
samples and contamination surveys are-initiated.

,

0320 Reactor Coolant System Pressure lowered to-less |
than 125 psig. j

0410 0415 Relief valves rescat (High Activity Waste Tank I

level increase stabilized). ;

0615 Licensee makes information only call to NRC duty
officer in' operations center.

C. Initial Conditions

On September _19, 1991, unit l_was in day 50 of a scheduled 55
day refueling outage. The reactor was com letely refueled and j
start up activities were in progress per tie start up '

procedure. During shift turnover at 1830, the unit was in cold )
shutdown with the Reactor Coolant System intact and temaerature |

at 100 degrees Fahrenheit. A pressurizer steam bubble sad been
established and Reactor! Coolant System pressure was being.
controlled at 60 psig. The_LPI system was in the decay heat
removal mode.of operation with both LPI headers in service. At .i

1335 the High--Pressure injection system had been placed in
service per thr unit start up procedure covering cold shutdown
to Reactor Coolant System temperature of 250 degrees. Fahrenheit
and pressure of 3!,0 psig. This was performed earlier by the
day shift.with the 1A High Pressure injection pump: operating,
maintaining pressurizer level._ The 1B High. Pressure Injection
pump was scheduled for a performance test and the- test was
started shortly after shift-turnover., The Reactor Ccolant-
System pressure was-increased te 90 psig, with the control room--

Senior' Reactor Operator aware'of the increase, to. stabilize
letdown. flow to maintain the IB High Pressure injection pump
bearing temperature during the pump performance run.

. _: _ : _n _ _. ._ ._ . .._ ;n _ ._ . . _.
._ _ . . _ . -- ._ _, __
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D. Event initiation

1he All interviewed the operators involved in the event. The
purpose of these interviews was to identify what happened in
the control room and to evaluate operator actions during the
event and subsequent recovery. The following is an annotated
list of operator actions as presented to the Ali during the
interviews. This list is not meant te represent the chronology
of the event; the intent is only to present relevant operator
actions.

On the evening of September 19, 1991, pending completion of the
IB High Pressure injection pump test, the unit was in route to
placing the reactor coolant pumps in service. The
prerequisites for placing the reactor coolant pumps in service
were the availability of the IB High Pressure injection pump
for seal injection backup and an Reactor Coolant System
pressure of approximately 300 psig for reactor coolant pump net
positive suction head requirements. Plans were to start
pressurization of the Reactor Coolant System following
completion of the post maintenance test on the High Pressure
injection pump. In addition, because of the design of the LPI
system, the LPI system would have to be realigned in the
switchover mode of decay heat removal prior to increasing
Reactor Coolant System pressure above 125 psig. The procedure
for unit start up outlined the requirements to conduct this
alignment change.

The need to align the LPI system in the switchover mode of
operat bn prior to Reactor Coolant System pressure of 125 psig
arises . rom the fact that, portions of the LPI system are not
designed for the combined Reactor Coolant System and LPI pump
pressure. Therefore, the coolant is first directed through the
LPI coolers and then routed to the suction of the LPI pumps and
into the reactor vessel.

At about 2300 on September 19, 1991: the IB High Pressure
injection pump test was completed, the B High Pressure
injection pump was now available and the operations engineer
notified the unit I supervisor that the requirements to
pressurize were met. The unit supervisor, following
notification from the operations engineer, called the control
room and notified them that they were now " cleared" to increase
pressure. The Reactor Operator controlling plant pressure
energized the pressurizer heaters, initiating the pressure
increase. The operations engineer was not aware that the
requirement to place the LPI system in the switchnver mode of
operation had not been met. The unit supervisor, the control
room Senior Reactor Operator, as well as the opetetors in the
control room failed to refer to the next step in the start up
procedure which required the LPI system to be put in the
switchover mode. Instead, Reactor Coolant System
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pressurization was initiated with the LP1 system in the normal
decay heat alignment.

At approximately midnight a control room operator noted a
rapidly increasing High Activity Waste Tank level combined with
a decreasing pressurizer level. The makeup flow was limited
due to a flow restrictor placed on the pressurizer level
control valve for low temperature over pressure protection.

E. Operator Response (Recovery)

When the operators noticed that the High Activity Waste Tank |
level was off scale high, both the letdown storage tank level
and pressurizer level were decreasing. Based upon this, the
operators concluded that there was a leak in the auxiliary
building. The operators initiated the operations procedure for
indications of primary leakage. Based upon the observed
conditions. Non licensed Operators were dispatched to search
the auxiliary building for leakage. A maintenance technician-
called the control room to report leakage from the LPI relief
valve. After the leak was detected the operators concentrated
on the letdown system as the most likely source of the leakage
because it was the last system manipulated. The operators
bypassed the. letdown filter which had just been placed in

,

service. This appeared to stop the leak because pressurizer
level began to recover. However, the operators noticed that
letdown storage tank level was continuing to drop. At this
point it was clear that system leakage was continuing. After
it was apparent that there was still leakage, the control room
operator was informed that there was a leak in the tPI pump
room. At this point the operators discovered that the plant
was not in the switchover mode which was required to be in
service above 125 psig; the plant was at approximately 250
psig.

4

The control room operators then turned off the pressurizer ;

heaters and reactor _ pressure stabilized and subsequently began !

to slowly decrease. After the operators noted the slow
_

lresponse of reactor pressure, the shift supervisor directed the
,

control room operators to manually align the auxiliary spray
system. The manual alignment of the auxiliary spray system
took about two hours. The manual alignment was exacerbated by
lagging covering some of the valves in the warm up line.
During this time, the leakage from the reactor coolant system
continued. The auxiliary spray system was turned on and the
rate of depressurization increased. The relief valves reseated
at 110 115 psig, .When the relief valves reseated the leakage
stopped and the level stabilized in the High Activity Waste
Tank.

__
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f. Licensee Response (Short Ters)

Event Notifications

The NRC resident inspector was notified of the event by the
licensee at approximately 0200 on September 20. 1991. The
headquarters duty officer was notified at 0615 the same day.
Notification of the NRC headquarters duty officer, was
classified by the licensee as a voluntary call. The Ali
reviewed the facility's Emergency Plant implementing Procedures
(Volume C, Rev 91-8), Emergency Classification Procedure
RP/0/B/100/01, in particular, the classification of events,
Reactor Coolant System leakage (Enclosure 4.1.1), and entries
into emergency action levels. For Reactor Coolant System
leakage exceeding the specified limits, entry into emergency
action levels is required only with the unit in Hot Shutdown
through power operations, for this event the unit was in Cold
Shutdown.

Investigations

The licensee initiated a detailed investigation of the event.
Interviews of the involved operators were commenced within a
few hours of the event. Based on the potential safety
significance and after consulting with the Vice President for
Nuclear Production, the licensee made the decision to bring in
a corporate guided Significant Event Investigntion Team to
review the event.

Manager on Shift

Plant Management elected to place a manager on shift until the
outage was completed. This manager had written instructions to
ensure the following:

Operators have procedures and the procedures are being-

followed.

Senior Reactor Operators are maintaining a " big picture"-

with regard to plant status; ensuring plant safety is
maintained.

Senior Reactor Operators are maintaining proper command-

and control over plant operations.

Communications standards are being met.-

. _ _ _ _ - . - _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ - _ _ _ - _ .
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Shift Briefings

The on coming shifts were briefed by plant management as to the
significance of the event and the need to follow procedures.

Plant Start-up

Suspended plant recovery from the outage until event was
understood and measures in place to prevent recurrence,

i

111. REVIEW OF CONTRIBUTING FACTORS

A. Procedures

Controlling Procedure for Unit Start up

The AIT reviewed procedure OP/1/A/1102/01, Controlling
Procedure for Unit Start up. The procedure covered performance
of the unit start-up, in a step by step format. The procedure !

could be perfomed in a step sequence that differed from the
written procedure only if it was changed in accordance with the
licensee's Operations Management Procedure OMP 1-9. This
procedure contained instructions for performance of steps out
of sequence provided an adequate approved justification was
written on the working copy of the procedure.

The AIT reviewed the administrative )rocedure for performing I
procedure steps out of sequence whici is covered in Operations j

Management Procedure OMP 1-9, Use of Procedures, section 6.3, !

Deviation f om an Approved Procedure. Sub-steps 6,3.A.1 a, b, ,

Iand c provided the instructions for deviation from the sequence
of steps in an approved procedure. With two exceptions the
procedure for deviation from approved procedures was followed
for the changes in step sequence for OP/1/A/1102/01,
Controlling Procedure for Unit Start up. The two exceptions
were, steps 2.1 and 2.2 were not performed in sequence. Step
6.3. A.I.b of OMP 1-9 required that an evaluation of the
consequences of a sequence change should be documented on the
working copy of the procedure by the individual performing the
procedure and by the initials of the Senior Reactor Operator
approving the change in sequence. This was not done; however,_
it did not have an effect on this event.

Step 2.3.1 was signed by an operations engineer that was not-
performing duties as an operator on shift. Additionally, the
operations engineer wrote the justification for performing the
step out of sequence. The appropriate approval was not given
for this justification.

An additional observttion of inconsistencies in OP/1/A/1102/01
was that not all of the completed steps were dated when they

- - -. . _ .
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were initialed and timed. This provided misinformation on the
actual date that steps were performed. Skipped steps were left
blank and the dates and times were filled in later. Operators
stated that undated steps were performed on the date of the
preceding step. When the dates for skipped steps were filled
in, it gave the appearance that steps had been performed on the
wrong date.

Other procedural weaknesses noted by the Ali are discussed
below. la e neral procedures covering LP! operation did not
provide a straightforward, "up front" warning to conduct
switchover prior to exceeding 125 psig. Part of the problem
was the number of procedures involved in making the switchover
operation. The problem is exacerbated by the apparent failure
to address these areas of operation in periodic operator
retraining.

Procedure OP/1/A/1102/01, enclosure 4.1, states that " Enclosure
4.lA (Flowchart) should be used as a guide by the Senior
Reactor Operator / Reactor Op< ator to aid in maintaining the big
picture.' Step 2.4 is followed by a " bullet" block that
identifies 'LPI IN SWITCH 0VER" but does not identify a
pressure. This is step 2.5 in the procedure, but this step
designation is missing from the flowchart. This is an
important omission since the instructions for following the
procedure state: "All number steps are critical path steps.
All steps that follow a bullet are parallel ;teps that need to
be done along with the critical path step but not in any
sequence. Prior to going to the next critical step, all
parallel steps should be completed unless otherwise stated."

Step 2.6 includes,-" PRIOR TO 150f (psi)....", thus the
flowchart allows switchover above the proctdure requirement of
125 psig (as discussed below). The Ali concluded that all
steps with such pressure and/or temperature restrictions should
have the restrictions clearly identified prior to the step.
The flowchart did not consistently include this information.

Step 2.4 of the above procedure states: " Prior to reaching 100
psig in the Reactor Coolant System...." and step 2.5 is " Align
LPI system to Switchover Mode per OP/1/A/1104/04 ...."; no
pressure is identified. A note following step 2.5 mentions 350
degrees Fahrenheit, a caution prior to step 2.6 mentions 310
psig, and a note prior to step 2.6 mentions > 295 psig. There
is no mention of a pressure associated with switchover.

Procedure OP/1/A/1104/04, LPI System, *;. imitations and
Precautions" section at the front of the procedure does not
mention switchover nor does it provide an applicab" " essure
limitation. This information is covered later in
enclosure 3.2, " Reactor Coolant System Heat-up", where step 2.1

i
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C-70

37

states: " Place system in SWITCHOVER H0DE as follows prior to
exceeding 125 psig."

As discussed above, several procedural weaknesses were
identified; however, the AIT concluded that adequate start up
procedures were available. Had the procedures been utilized
they would have provided appropriate guidance for aligning the
LPI system to the switchover mode without overpressurizing the
system.

Abnormal Operating Procedures

During this evolution the operators had the abnormal operating |
procedure AP/1/A/1700/02 " Excessive Reactor Coolant System '

Leakage" available. The procedure was opened, but was not used
in the mitigation of the event. There were no Abnormal
Operating Procedures or Emergency Operating Procedures that
address Reactor Coolant System leakage specific to shutdown
conditions. The operators used procedure OP/0/B/1106/33
" Primary System Leakage Identification" to determine the i

potential leakage path into the High Activity Waste Tank.

After realizing that the LPI system was in an improper lineup, |
the operators considered aligning the LPI system to switchover. 1

However, they chose not to because of radiological concerns
associated with the relief .alve leakage in the LPI room. The l

alignment to switchover would have required an operator to !
e.ter the.LPI toom. The operators also considered using the !

Power Operated Relief Valves to reduce pressure. The decision
was made not to use the Power Operated Relief Valves due to the i

potential of the Power Operated Relief Valve sticking open or
the potential rupture of the rupture disc in the quench tank.
The operators chose to use auxiliary spray to reduce pressure.
This required a time consuming manual alignment of auxiliary

I spray. Had an Abnormal Operating Procewre been available
addressing Reactor Coolant System leakage when shutdown, the
decisions on how and by what method to reduce pressure would
likely have been straight forward and more efficiently
executed.

B. Operator Responsibilities

The team reviewed Operations Management Procedure 2 1 "Outies
and Responsibilities of Reactor Operators, Non Licensed
Operators, and the Senior Reactor Operator in the Control
Room". This procedure in part defined the responsibilities of
the licensed reactor operators on the control board, Senior
Reactor Operator in the control room, and the non licensed
operators.

Again, as in the September 7, 1991, heat-up event the unit I
supervisor and the control room operators were def t:ient in

:=
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meeting their watch-standing responsibilities. The control
room Senior Reactor Operator was distracted, by the heavy on
going workload, from fulfilling his responsibilities pertaining
to monitoring overall plant operations and ensuring that
procedures are followed. The unit I supervisor's overview of
unit 1 operations was inadequatet this was considered by the
Ali to be a major weakness associated with the event. The unit
I supervisor was not sufficiently involved in the control room
routine on the day of the event so as to have a feel for the
impact of outage work on plant operations. Additionally, the
unit I supervisor notified one of the Reactor Operators,
without first verifying plant conditions / status, that the
Reactor Coolant System could be pressurized. This
communication was made by telephone and bypassed the control
room Senior Reactor Operator. The Reactor Operator receiving
the notification to increase pressure passed the word to the
Reactor Operator who was controlling Reactor Coolant System
pressure. This Reactor Operator then comenced the
pressurization without referring to the appropriate procedures.
Subsequently, the LPI system was over pressurized due to an
incorrect system line up for the planned evolutions.

C. Control Room Activities

The Ali reviewed the activities in which the unit I licensed
operators were involved on the night of September 19, 1991.
The team noted that there was a significant amount of work
on going throughout the early part of the shif t. The
activities included: post maintenance test run on the IB high
pressure injection pump, completion of the containment
isolation valve checklist, performance test run on the motor
driven energency feedwater pump, returning to service the 1A
and IB feedwater heaters, restoration of ILPSW 18, return to
service of the reactor building cooling units, and seci supply
filter replacement. Of these activities, the IB High Pressura
injection pump performance test required by far the most
effort, keeping the unit supervisor, the control room Senior
Reactor Operator, and two reactor operators prrtoccupied. The
control room Senior Reactor Operator, who was responsible for
monitoring plant parame*ers and maintaining the overall
picture, was heavily involved in coordinating the High Pressure
Injection pump test. He also was involved in the details of
the containment valve verification process. The completion of
this test was a prerequisite for pressurization of the Reactor
Coolant System to meet reactor coolant pump net positive
suction head requirements.

Considering that four reactor operators were assigned to the
shif t, the AIT concluded that the overall work load for the
operators was not excessive. The amount of work going on at
the time was substantial; however, it was not atypical for
plant start-up following a refueling outage. Additionally, the

i
1
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AIT concluded that preoccupation with activities should not
have precluded the operators from referring to the start up
procedures. With one exception, based on a review of
activities, as well es conversations with the involved licensed
operators, the Ali concluded that the workload, although not
well organized, was not a major contributing f actor to the
initiation of this event. However, it is likely that the
recently qualified unit I control room Senior Reactor Operator,
considering his inexperience in this position, was overloaded
with the details of outage activities. Licensee management, as
a corrective action for the prios week's Reactor Coolant System
heat-up event, had assigned a control room Senior Reactor
Operator exclusively to the unit 1 control area to monitor
overall plant operations, concentrating on the safety of the
plant and critical safety parameters while shut-down. Clearly,
this function was not executed by the control room Senior
Reactor Operator due to his involvement in outage activities.

Considering the above, the AIT concluded the unit supervisor
did not tour the control room and was not involved in 15e
control room routine in sufficient detail so as to asse.s the
level of distractions which may have been impacting operator
performance on the day of the event. Specifically, the
workload of the control room Senior Reactor Operator should
have been redirected by the unit I supervisor such that
management expectations (monitoring overall plant safety and
maintaining the ' big picture") for the existing outage
conditions were met. The AIT concluded that these unit I
supervisor duties were not performed.

D. Training

The inspectors reviewed portions of selected guides that were
provided to the licensed operator instructors. The lesson on
the LPI system identified all switchover mode requirements.
Although the maximum pressure prior to switchover was not
specifically identified in a lesson plan, start-up procedures
were identified. Operator training did address the system
fundamentals, and if operators followed procedures as they had
been trained, this event would not have occurred. Training
deficiencies did not directly influence this event,

in interview. conducted by the Ali, operations personnel noted
that little refresher training is provided with respect to such
areas as systems, new procedures, and shutdown (outage)
operations. Also noted was that Oconce's training is focused
on the NRC exams, and in this regard the training has been
successful as evidenced by the facility's record in passing
these exams. However, the operators expressed the need for
more training in the areas of plant evolutions and plant / system
operations. The A!T concluded that emphasis should be placed

_ _ _ -
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on training in the areas of shutdown plant operation, including
emergency response and shutdown system lineups / functions.

E. ComunicatioLs

lhe AIT reviewed Operations Management Procedure 21, ' Duties
and Responsibilities of Reactor Operators, Non Licensed
Operators, and the Senior Reactor Operator in tLe Control
Room". This procedure in part defined the responsibilities of
the Licensed Reactor Operators on the Control Bosrd Senior
Reactor Operator in the Control Room, and the non licensed
operators. 1he procedure delineates the lincs of comunication
for instructions from shift management to plant operators. The r -

lines of comunication in the procedure did not reflect the
pathway for information during this event,

in general, the AIT conclMed that poor comunications existed
within the control room between the Senior Reactor Operator and
Reactor Operator. Specifically, the unit I supervisor, without
verifying plant status ordered / notified one of the four control
room Reactor Operators that the plant was ' cleared" to be
pressurized. This comunication was conducted by telephone.
The Reactor Operator receiving the notification then informed
another Reactor Operator (operator controlling plant pressure)
N increase Reactor Coolant System pressure. The control room
knlor Reactor Operator was not involved in the comunication.
This effectively by passed the control room Senior Reactor
Operator's responsibility for maintaining the plant " big
picture,"

IV. SAFETY CONSEQUENCES /SICN!FICANCE

A. LPI Over Pressure f.nlysis
,

A brief evaluation of the event and examination of the LPI and
High Pressure Injection pump areas did not identify any
significant complications. Overall, the Ali concluded that LPI
system integrity was not affected. The following is a sumary
of the LPI system pressurization including a review of system
performance had the pressurization continued.

The Reactor Operator was planning to raise system pressure to
300 psi and actually reached 245 psi on the LPI pump suction
piping. LPI pump discharge pressure reached about 450 psi. If
300 psi had been reached, the discharge pressure would have
been approximately 500 psi. This would have over stressed some
10 inch piping (maximum code allowable of 420 psi) but it is
unlikely that this could have caused a pipe failure. The heat
exchanger is hydrostatically *.ested to 600 pst and is not a
concern, nor is the suction piping with a maximum code
allowable pressure of 489 psi. Other leaks could be conceived,
such as in instrumentation, that would increase the leak rate,
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but not by the magnitude needed to exceed High Pre,sure
injection capacity. Such leaks are isolable from the Reactor
Coolant System and most could be isolated locally. Some local
valve oui ations may have been difficult unless LPI operation
was tef3 w t 'i. stopped to allow depreesurization of the LPI
system.

The licensee's post event LPI system engineering analysis
identified two instruments that required replacement because
they were over-ranged and two others that requi :d
recalibratica. The licensee reported that no over-
pressurization of major system components occurred with respect
to such criteria as allowable hydrostatic test pressure (heat
exchangers), maximum code allowable pressure (piping), and
dee kan capability (valves). The licensee concluded that the
LPI system is safe for continued operation.

B. Radiation Protection

The over pressurization of the LPI system resulted in
approximately 12,000 gallons of reactor coolant leaking out of
the Reactor :nolant System /LPI system. The leak was contained
within the auxiliary building. There was no change in activity
levels noted by radiation monitoring instruments located in the
High Pressure Injection room as well at " discharge to
environment" locations. Personnel doses received from the leak
were minimal and body burden analysis performed on personnel,
who had entered the LPI and the High Pressure Injection rooms '

while the leak was in progress, did not identify any presence
of radioactive intake. :ae leak did cause the unit 1 'A' LPI
pump room and the unit I and 2 HP1 room to become contaminated.

At midnight, after noticing an increase in the High Activity
Waste Tank level and decreasing pressurizer level, cont ol room

!

personnel suspected a leak in the High Pressure Injection or
the LPI system and dispatched non-licensed operators to check
for leakage. At this point radiation protection was not
notified of the suspected leakage.- The_ non-licensed operators
entered the High Pressure injection pump room and observed that
the floor drains were overflowing. The non licensed operators
did not take into consideration the potential for airborne
activity. A performance technician who entered the LPI room,
observed leakage on valve ILP-26 and notified the control-room.
This performance technician received a total dose of 10
millirem frnm approximately 2000 on September 19, 1991, to 0200
on September 20, 1991. At approximately 0300 radiation
protection personnul were notified by control room personnel of
the leaking valve (ILP-26) in the A LPI pump room and requested
radiation protection coverage for entry into the.LPl pump room.
Air samples taken prior to the entry into the LPI pump room
indicated less than .01 Maximum Permissible Concentration.
However, personnel entering the room were required to wear.a

-
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particulate respirator to reduce the potential for uptake.
Additionally, a body burden analysis was perfomed on the
personnel, including radiation protection, who had entered the
LPI room. No presence of activity was identified.

The normal relief path for the fluid past ILP 26 is to the High
Activity Waste Tank, located in the High Pressure injection
pump room, through a hard pipe connection. However, due to a
leak in the valve itself, there was some coolant being sprayed
into the LPI pump room causing the tPI pump room to become
contaminated. The hard pipe connecting valve ILP 26 and the
High Activity Waste Tank also has among other connections, a
line from the High Pressure injection pump base drains. With a
30 40 gpm flow through tha pipe, some coolant backflowed
through the High Pressure injection pump base drain and into
the High Pressure injection pump room caustna the High Pressure
injection pump room to become contaminated. Surveys taken by
radiation protection indicated contamination levels of up to
200,000 dpm/100cm2 in the "A" LPI pump room and up to 250,000
dpm/100CM2 in the High Pressure injection pump room.

The High Activity Wa.te Tank has a capacity of approximately
1800 gallons. To prevent overflowing of the tank, the contents
of High Activity Waste Tank were pumped to the miscellaneous

, waste holdup tank throughout the course of the event. Contents
| of the miscellaneous waste tank were then pumped to the

radioactive waste feed tanks located in the radioactive waste
factitty from where the liquid was released following
treatment.

During the event, no change in dose rates as well as activity
levels were noted on Radiation Instrument Alam 32, auxiliary
building gas monitor, Radiation 'nstrument Alarm 43, unit i
vent particulate monitor, Radian on Instrument Alarm 44, unit 1 -

'vent monitor, Radiation Instrument Alarm 45, unit I vent gas
monitor, and Radiation Instrument Alarm 15, High pressure
injection room area monitor. In addition, no activity was
detected in the Low Pressure Service Water system which is the
heat sink for the LPI coolers. The Low Pressure Service Water
discharges into Lake Keowee through the condenser circulating
water system.

The AIT concluded that the radiological consequences of the
event were minor resulting in no environmental releases or
personnel overexposure. However, the Ali concluded that the
notification of radiation protection should have been made
earlier so as to give sufficient time for radiation protection
to assess the situation and thus minimize the potential for
exposure,

l

1
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C. Conclusions

With regard to the LPI system over pressurization of
September 19 20, 1991, the AIT reached the following
conclusions:

Procedures for plant pressurization and start-up were available
but not followed by the control room operators.

Abnormal operating procedures were not adequate to address
shutdown plant casualties such as high Reactor Coolant System
leak-rate.

A combination of inexperience and the heavy control room outage
workload distracted the. control room Senior Reactor Operator
from his primary responsibility of ensuring the safety of the
plant and maintaining a proper safety perspective or ' big
picture".

Shutdown plant system alignment and operation training was
weak,

Control room comunications between the unit supervisor,
control room Senior Reactor Operator, and the Reactor Operators ,

'

were inadequate.

Connand and control of activities in the control room were
inadequate. Administrative procedures covering the comand 4

chain were inadequate.

No operator in the unit I control chain of command exhibited
ownership for the plant startup procedure. As a result, the
step requiring 1.PI alignment to switchover was not performed.

Corrective actions in response to the September 7, 1991,
heat-up event were inadequate. Although management attempted
to make changes to improve the conduct of control room
operations after the first event, business remained effectively
unchanged. The following' conclusions apply and were also maoe
in reference to the prior event:

Unit I supervisor and the unit I control room Senior Reactor
Operator, did not appropriately carry out their duties to
ensure that the safety of the shutdown plant was maintained and
procedures were fol'wed.

Facility management esight was not at a level necessary to
ensure that control oom actititles were meeting management's
expectations,

m
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V. ROOT CAUSES

A. Failure to follow Procedures

Procedures for start up cf the plant from ref ueling conditions
were not followed. Steps requiring alignment of the LPI system
to the switchover mode of operation were not completed.
Additionally, precautions that Reactor Coolant System pressure
not be raised above 125 psig until the LPI system was aligned
in the switchover mode were not followed.

B. Inadequate Corrective Actions

Corrective actions in response to the September 7, 1991, heat-
up event which required a control room Senior Reactor Operator
be assigned exclusively to the outage unit to ensure that the
" big picture" was maintained were inadequate. The contrcl room
Senior Reactor Operator was not involved in the decision and
subsequent order to pressurize the Reactor Coolant System.

C. Inadequate Control Room Communications

Control room communications were inadequate. The unit I
supervisor by-passed the control room Senior Reactor Operator
when ordering the Reactor Operator to raise Reactor Coolant
System pressure. Additionally, the unit I supervisor made the
communication by telephone withcut reviewing plant status.

D. Inadequate Management / Supervisor Oversight

Management / supervisor oversight was not sufficient to ensure
that control room activities were meeting management's
expectations. Facility management was not aware that
corrective actions taken because of the prior heat-up event
were not being adequately implemented. The unit I superviso-
was not sufficiently aware of plant status when communicating
to the Reactor Operator to increase plant pressure.
Additionally, oversight of control room operations by the unit
I supervisor was weak due to his lack of control room tours
during the subject shift.

3. Confirmation of Action letter / Management Mteting

A Confirmation of Action letter (CAL) documenting the licensee's
commitments made as result of the two shutdown events on unit I was
issued by NRC Reginc 11 on September 20, 1991. The letter required the
licensee to take ti.e following actions: ,

4. Immediately provide 24-hour operational oversight using management
personnel on shift until the NRC agrees this coverage is no longer
necessary.

_ - _ - _ _ _ - _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - - _ _ _ _ _ _ _ - _ _ - _ - - _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _
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b. Investigate the facts and circumstances associated with the
September 19-20, 1991, overpressurization event and report the
results of this investigation and the corrective actions taken for
this and the September 7, 1991, loss of shutdown cooling event to
the NRC staff,

c. Perform and complete an engineering evaluation of the
overpressurization of the low pressure injection piping to determine
the effect this had on the low pressure piping,

d. Do not restart the unit (i.e., achieve criticality) prior to meeting
with the NRC to discuss these issues.

The circumstances associated with the events were discussed with the NRC
during a meeting conducted in the Region 11 office on September 25, 1991.
As discussed previously, the engineering preliminary evaluation performed
by the licensee did not indicate any adverse effect on the LPI piping.
On September 27, 1991, the NRC granted permission to the licensee to
achieve criticality on unit 1. On Oczober 18, 1991, the NRC released the
licensee from the requirement to have 24-hour management oversight in the
unit I control room,

4. Exit Interviews With Licensee Management

inspection scope and findings were summarized during two exit interviews,
one on September 13, 1991, and the other on September 23, 1991, with
those persons indicated in Apper. dix A. The NRC described the areas
inspected and discussed in detail the inspection results covering the
Reactor Coolant System heat-up event on September 7, 1991, and ths LPI
over-pressure event on September 19-20, 1991. No propriet.ary material is
contained in this report. No dissenting comments were received from the
licensee.

5. Licensee Long Term Corrective Actions

in addressing the causes of the two events covered in this report and
other significant weaknesses identified in the investigation, the
licensee had taken or has plans to initiate the following corrective
actions:

Implement enhanced controls of testing activities effecting valvea.
posicioning. ,

b. Add a dedicated control room SRO for shutdown units.

c. Develop a set of duties and responsibilities for the unit supervisor
which support and reinforce the expectations of the control room
SRO.

F
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d. Differentiate the duties and responsibilities of the operator at the
controls (OATC) with respect to the other control room reactor
operators, such that expectations for oversight of the primary plant
are reinforced,

e. Revise management procedures to reflect c. and d., and train reactor
and senior reactor oparators on the changes,

f. Evaluate command and control, and watchstanding practices to develop
and implement standards which assure lines of comunication and
authority support duties and responsibilities of the control room
personnel.

__

g. Perform a review of all procedures associated with shutdown
operations and provide training on these proceduras to all operating
personnel,

h. Perform a review and implement enhancements to inttegrate the
planning, scheduling, and coordination of valve positioning

f;activities during shutdown conditions,

1. Perform a review and implement enhancements to procedures and kprocesses for the conduct of system hydrostatic testing. 4

j. Analyze and take corrective actions to address the impact of control
room outage burden on the safe conduct of operations.

Several of the above actions have been completed as interia measures
following the events reviewed in this report. The remaining actions will
be completed prior to the licensee comencing the next refueling outage
(unit 2) currently scheduled for January 1,1992.

- - _ _ _ __ _ _ _ _ _ _ _ _ _____ _ _ _ _ - .
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Appendix A

Persons Contacted

S. Alexander, Shift RP Supervisor
H. Barron, Station Manager, Oconee Nuclear Station
J. Collier, Nuclear Production Engineer
T. Coutu, Unit 1 Operations Manager
D. Coyle, Projects Manager
D. Craig, Nuclear Operations Coordinator, nuclear Support
1. Curtis, Compliance Manager
J. Davis, Superintendent, Technical Services
D. Deatherage, Operations Support Manager
C. Eflin, Nuclear instructor
W. Foster, Superintendent, Maintenance
R. Futrell, Nuclear Safety Assurance Manager
A. German, Design Engineer, Oconee Nuclear Station

"P. Gillespie, Reactor Engineer
B. Holcombe, Oconee Safety Review Group, Member
W. Horton, Operations Coordinator
D. Hunter, General Supervisor, Instrument and Electrical
G. Jones, Operations Coordinator, Unit 1
W. Knight, Shift Supervisor
0. Kohler Licensii.g
E Kyle, Nuclear Assistant Shift Supervisor
T. Lackey, Nuclear Control Operator
C. Little, instrument and Electrical Manager
H. Lowery, Oconee Safety keview Group, Chairman
J. Mangum, Jr., Nuclear Control Operators, Unit 1 R0
D. Helton, Instrument and Electrical Specialist
H. Morgan, Operations Coor tinator, 0 ilt !
L. Howell, Nuclear Control Operator
D. Nuckolls, Nuclear Assistant Shift Supervisor
M. Patrick, Test Engineering Supervisor
L. Payseur, Shift Manager
S. Perry, Assistant Licensing Coordinator
D. Powell, Superintendent, Station Services
J. Preston, Nuclear Assistant Shift Supervisor, Unit 1 SRO
G. Ridgeway, Shift Operations Manager
G. Robinson, Nuclear Control Operator, Unit i R0
W. Rostron, Production Specialist, Maintenance Engineeting
G. Rothenberger, Superintendent, Integrated Scheduling
J. Rowell, Senior Engineer, Projects
E. Shaw, Nuclear Assistant Shift Supervisor. Control Room 1 SRO
S. Spear, General Supervisor, Station Sciences .

1. Stevens, Shift Supervisor
P. Stovall, Director of Operator Training
J. Strictland, Nuclear Control Operator
R. Sweigart, Superintendent, Operations
M. Tuckman, Vice President, Nuclear Operations
J. Ward, Control Room Operators
T. Wehrman, Oconee Safety Review Group, Member
R. White, Technical Systems Manager, Oconee Nuclear Safety Assurance
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J. Whitener, Nuclear Instructor
H. Williams, Nuclear Assistant Shift Supervisor
C. Yongue, Radiation Protection Manager

- _ .

I
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Procedures Reviewed

AP/1/A/1700/02 Excessive RCS Leakage
AP/1/A/1700/07 Loss of Low Pressure injection

AP/1/A/1700/24 Loss of Low Pressure Service Water 1

OP/0/A/1102/06 Removal and Restoration of Station Equipment )
PT/1/A/600/01 -Periodic Instrument Surveillance '

OP/1/A/1102/01 Controlling Procedure for Unit Startup
OP/0/A/1102/ll Controlling Procedure for Cold Shutdown
OP/1/A/1104/04 Low Pressure injection System |

o imary System Leak identificationOP/0/B/1106/33 r
OP/182/1104/10 Low Pressure Service Water
IP/0/A/3001/OllB Testing Motor Operated Valves Using VOTES
TT/1/A/251/11 VOTES Vesting of LPI Header MOVS ,

OP/0/A/1102/20 Shift Turnover |
'

OMP 2-1 Outies_and Responsibilities of Reactor Operators,
Non-licensed Operators, and the Senior Reactor
Operator in the Control Room

Nuclear Station Modification Manual
Oconee Nuclear Station Directives |

Oconee Nuclear Station Operations Manual
ONS Emergency Plan implementing Procedures
ONS Technical Specifications
ONS Final Safety Analysis Report
ONS Integrated Scheduling Group Directives

Other References Reviewed

1. Duke Power Company. " Outage Management Philosophy," Procedure 3.0, Rev 4,
May 2. 1990.

2. Crutchfield, Dennis M., " Loss of Decay Heat Removal." generic letter sent
to all holders of operating licenses or construction permits for
pressurized water reactors, GL 88 17, NRC, October 17, 1988,

|
3. " Duke Power Company, Oconee Nuclear Station, Integrated Scheduling.

Group " Section 1.0, " Introduction / Responsibilities," ISG Directive 1.0,_
Rev 9, February- 18, 1991.

4. " Duke Power Company, Oconee Nuclear Stat;on, Integrated Scheduling |
Group." Section 3.0, " Refueling Outages," ISG Directive 3;0, Rev 7,
May 22, 1989.

5. Tucker, llal B., "0conee Nuclear Station, Docket Nos. 50 269, 270, and
287, Generic Letter 88-17, Loss of Decay Heat Removal," letter from Duke
Power to USNRC, January 3, 1989.

6. Tucker, Hal B., "Oconee Nuclear Station Docket Nos. 50 269, 270, and
287, Generic Letter 88 17 Loss of Decay Heat Removal," Letter from Duke
Power to USNRC, February 2, 1989.

.
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7. Ebneter, Stewart 0., "NRC Inspection Report Nos. :50-269/91-08, 50-
270/91-08, and 50-287/91 08," Letter from NRC Regional Administrator to
Duke Power Company, April 15, 1991.

8. " Duke Power Company, Oconee Nuclear Station, Selected licensee
Commitments, Manual," Oconee FSAR, Chapter 16, Section 16.5.3, " Loss of
Decay Heat Removal, Commitment," February 1991.

9. Hood, Darl S., " Comments on Expeditious Actions and Notice of Audit un
Oconee Nuclear Station, Units 1, 2, and 3 (TACS 69758, 69759, and
69760)," Letter frcm USNRC to H. B. Tucker of Duke Power Company, May 17,
1989.

10. " Loss of Vital AC Power and the Residual Heat Removal System Ouring Mid- ,

Loop Operations at Vogtle Unit 1 on March 20, 1990," USNRC, NUREG-1410,
June 1990.

Training Documents Reviewed

1. " Design Engineering Department Operability Evaluation," Oconee Unit 1, y

PIR Numter 1 091-0101, September 20, 1991.

2. " Low Pressure injection System," a lesson la the operations training
program, OP-0C PNS-LP!, Rev 5, October 1, 1990.

!
3. " Controlling Proccdure for Unit Startup," a lesson in the operations

training program, OP-0C-CP Oll, Rev 5. June 19, 1990.

4. " Controlling Procedure for Unit Shutdown," a lesson in the operations
training program, OP-0C CP-014. Rev 5 August 18, 1989.

_
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Appendix C

All Charter

The Charter for the AIT was prepared on September 9, 1991 and updated on
September 20, 1991. The special inspection commenced with an Entrance
Meeting and licensee management briefing September 9, 1991 for the first
event and September 20, 1991 for the second event. The Charter for the
AIT specified that the following tasks be completed:

1. Develop and validate the sequence of events asscciated with the
September 7,1991, degradation of decay heat removal and the
September 20, 1991, overpressurization of the low pressure injection
piping at Oconee. This sequence should begin with plant conditions
immediately prior to these events, including known significant
deficiencies in safety-related and balance of plant equipment, and
extend until the plant was stable.

2. Evaluate the significance of these events with regard to
radiological consequences, safety system performance, and plant
proximity to safety liinits as defined in the Technical
Specifications.

3. Identify any human factors, training, or procedural deficiencies
related to these events. Evaluate operator action during the Unit 1
events of September 7 and 20,1991, and subsequent equipment
recovery. Specifically, evaluate the effectiveness of the
procedures for recovery frw. loss of decay heat removal and low
pressure injectio') overpressurization which were used during these
events, and the requirements for monitoring primary plant parameters
such as reactor coolant temperature and pressure while shutdown and
during changes to the shutdown cooling lineup.

4. Evaluate the degree to which prior work planning for the outage
could have precluded these events. include the following aspects:
(a) Independent Verifications. (b) Verbal Comunications, (c) Outage
Control, and (d) System Engineer involvement.

3. Evaluate the accuracy, timeliness, and ef fectiveness with which
information on these events were reported to the NRC. Also,
evaluate the adequacy of both of the events classification.

6. Determine if any of the following played a significant role in these
events: service water modifications; plant material condition; the
quality of maintenance; or the responsiveness of engineering to
identified problems.

7. Evaluate management involvement during the Unit 1 event, the post
event reviews, and the subsequent recovery.

..
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8. For each equipment malfunction or personnel error to the extent
pr ,ctical, determine s

a. Root cause,

b, if the equipment was known to be deficient prior to the event,

c. If equipment history would indicate that the equipment had
either been historical?y unreliable or if maintenance or
modifications had been recently performed,

d. Pre event status of surveillance, testing (e.g., Section XI), ~'
and/or preventive maintenance.

9. Prepare a special inspection report documenting the results of the -'

above activities within 30 days of inspection completion.
,

,

)

4
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Acronyms

AIT Augmented Inspection Team
DPH Disintegrations per Minute
IV Independent Verification
LPI Low Pressure Injection
NRC Nuclear Regulatory Comission
TT Temporary Test (Procedure)
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Operations St.ift Organization Chart
(after 9/7/91 heat-up event)

OUTAGE POSITIONS: |

Shif t
Supervl3Or

Ops.Eng. Outage War.

I

_ l
I.

______ _
_ _ _ , . e

:

I 4
i *

Unit Unit Unit "

1 Supervisor 2 Supervisor 3 Supervisor

9
l $

Unit I and unit 2
share a comen
control room.

Control Control Control
Room SRO Room SRO Room SRO

_

RO RO RO

RO RO RO
_

RO
OATC N;TE: Prior to the 9/7/91 unit I heat-up event

unit I and unit 2 shared the contaol room
.RO suo.
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ACCIDENT SEQUENCE PRECURSOR PROGRAM EVENT ANALYSIS

LER No: 287/914X)2
Event Desenption: Reactor coolant inventory loss at cold shutdown

Date of Event: March 8,1991

Plant: Oconee3

Summary _

There are two reactor building emergency sump (RBES) suction lines at Oconee 3.
During leak rate testing, a flange was installed on the wrong suction pipe. When th-
valve undergoing leak rate testing was cycled,14,000 gal of water flowed from
reactor coolant system (RCS) to the emergency sump. Reactor vessel level dropped to
the bottom of the reactor coolant nozzles, internpting decay heat mmoval for ~19 min.
The open sump valve was subsequently closed, gravity feed was used to refill th 3CS,
and decay heat removal was restored.

Event Description

While shutdown during a c: fueling outage,14,000 gal of wat- iaked fmm the RCS and ,

borated water storage tank (BWST) to the reactor building at Oconee 3. Reactor vessel
level dropped from ~12 ft above the top of the core to the bottom of the reactor coolant
loops (the location of the RiiR suction line) ~4 ft above the top of the core, in a short

-

period of time. This loss interrupted decay heat removal for ~19 min. Core temperature
increased from 94 F to a maximum tempereture of 117 F. The utility estimated the time
to core boiling was 55 min, and the time to uncover the core was 3 h after decay heat
removal was lost. The reactor core had been refueled.

,

The cause of this event was a blank flange installed in the wrong train. The blank flange
was being installed to perform a required leak uleck ot a section of the LPI system. The

,

blank flange was supposed to be installed on the pipe that connects the RBES train "A" to
low-pressure injection (LPI) isolation vah e 3LP-19. The technicians perfonning the leak
test installed the flange based on a handwritten label on the wall above the pipe. The
flange was actually installed on the RBES train "B" pipe, which connects to LPI isolation
valve 3LP-2.0.

After perfonnance of the leak test (on the wrong train), valve 3LP-19 was repacked. Due
to the location of the valve and its surrounding enclosure, this required the motor operator
to be removed and then Tinstalled. This was accomplished between February 23,1991,

_ _ _ - _ _ _ - _ _ __ _ _ _ _ - - _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ - _ _ _ _ _ - _ -



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

C-92

and Maich 5 1991, while the reactor was defueled and the LPI system was shut down.

At approximately 0730 hours on March 8,1991, technicians asked the control room for
permission to stroke valve 3LP-19. At approximately 0848 hours, a technicia' began
manually opening the valve. The utility stated that, although the operators had granted
permission to stroke-test 3LP-19, a requested control room notification prior to the actual
valve stmking had not been received. At 0848 hours. the control room received a reactor

building normal sump high alarm. At 0852 hours, the 3A LPI pump was stopped due to
Ouctuations in pump amperage, and procedure AP/3/A/1700/07 " Loss of LPl" was"

entered. At 0854 hours, technicians completed manually opening valve 3LP-19.

At 0856 hours, valves 3LP-21 and 3LP-22 (BWST supply to LPI) were opened as
required by the loss of LPI procedure, but were reciosed when it was realized that water
from the BWST was not refilling the RCS.

At 0857 hours, technicians closed the valve 3LP-19 electrically. Between 0859 at.d 0901
hours, technicians cycled the valve again - the technicians were still unaware of the -
effects of opening 3LP-19. The control room had attempted to page the technicians
without success and had sent an operator to 3LP-19 to have the valve closed. The
operator reached the techniciansjust as the technician had closed the valve for the second
time electrically. The operator infomied the technicians to stop work and leave the valve
in the closed position.

At 0903 hours, operators reopened valves 3LP-21 and 3LP-22. Reactor vessel level
increased and these valves were reclosed at 0905 hours when reactor level reached 76 in.

'

(just below the head flange). Opera:om vented the 3A LPI pump and returned it to
service at 0911 hours. BWST level had decreased from 43.4 ft to 41,7 ft.

.

Although containment closure did not exist during this event, the utility stated that :
containment closure could have been established within 1 h. Air samples taken during

.

and after the event indicate that no significant airborne contamination above 0.25 times -
Ge maximum permissible concentration was generat'ed during the spill. The loss of RCS |
inventory also increased the dose rate for workers in the reactor building. The higtest
whole-body dose to anyone inside the reactor building at the time of the accident was
40 mrem.

Additional Event Related information

The reduction in reactor vessel water level was observeu by personnel in' the reactor
building. Dose rates above the fuel transfer canal incicased to 8 rem /h. The third and-
fourth floors of the reactor building were evacuated.

b
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ASP Modeling Assumptions and Approach

During this event, the reactor head was removed. Successful core cooling required
sufficient makeup now to compensate for boil-off, which could have been provided by
gravity feed from the BWST once 3LP-19 was manually closed. If 3LP-19 failed to
close, makeup could have been provided by two of the LPI pumps once 3LP-6 (an LPI
suction cross-connect valve) was closed, or by another high- or low-pressure source of
torated water. Because of the time period available, all valve operations could be
performed manually, which significantly increases the likelihood that reactor vessel
makeup could be provided before core uncovery. The core damage probability estimated
for this event is <104, and therefore the event was not identified as an accident sequence
precursor.

~
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on March 8, 1991, at 0H48 hours. Oconee Unit 3, while shut down during a
refueling outage, spilled 14,000 gallons of water from the Reactor
Coolant System (RCS) and horsted water Storage Tank to the Reactor .
Building curing a valve test. A Reactor Building Emergency Sump (RBES)
isolation valve had been cycled without installing a blank flange to
pr o vr.nt flow to the RBES. *he blank. flange had been incorrectly
inst lled on the other suction train. Reactor vessel level dropped from
appron wately 12 feet above the top of the core to 4 feet above the top
of the core. This loss interrupted decay heat removal for 18.5 mt .tes.

Remote reactor bul' ding radiation monitors were unavailable due tt
Isyst em upgrade. Operator action isolated the leak.' reestablished

reactor vessel level and core decay heat removal. Tne maximum RCS
temperature &n the core reached approximately 117 degrees Fahrenheit.
Radiation cope rates above the reactor vessel increased significantl y.
A local evacuation of areas An the reactor building prevented tacessive
redsation exposure. Two root causes of the event weri-identified
deftetent procedure, inco.nplet e information and management deftetency,
anadequate labeling policy. Contributing causes were inappropriate
actiona, improper action and paor communicat ion. Corrective 1ctions
2Muu upgraded procedares and labeling to ident tf y. *langes and review . -

of work activitias af f ecting decay M st removal ability.
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BAC EROUND

The Low Preheare Injection (LPI) (E!!stbP) system at Oconee le used to
rethove cor e dec ay heat durAng shutdown conditione, Three LP! pumpe are
available to take auction trum the decay heat diop line which originatee

_

at the bottom of a 8eactor Coolant S y st ea$ (RCS) (E!!$3Ab) reactor vessel
discharge leg (het leg). The potnt at which the decay heat drop line
joins the hot leg is g proximately four feet above the top of the
teactor core. bit ernate suction cources f or the LPI puicpe are the
Scrated Water Storage Tank (BWST) and the peactor Building Emergency
sump (RME5). Tr0 LPI pumpe discharge through either of two coolere to
t he ras' itor vessel .

Two owmpe extet in the Reactor Building (RB) basement. The Reactor
Building Normal Sump (RBNS) se used to procese normal drainage to the RB
floor. The Reactor Building Emergency surep (RBES) is designed to
provice eaction to the LPI pumps when BWST inventory is depleted during
arctdent conditions. There aru tw- pipes which emit.the RBES, penetrate
tne Peacter Building wall, and join the LPI suction header. Each pipe
to teolated f rom t he LPI suction source by valves 3LP-19 and 3LP-20, !
tocated in the Auxiliary Building. A blank flange te installed on the
PRES side of the euction pipes when it is necerasary to test the
teolation valves duttng decay heat removal operation. P roceou r o s
specif y that tinly one anlet pipe may be blanked at a tica to allow 9e
open pipe to serve as a backup LPI suction source.

During shutdown, with RCS level established at or below the reactor
veneel head flange, the e are three reactor veneel level instrumente
avatleble to the controi room. LT-5 (Reactor Vessel Wide Range 1.evel)
is calibrated on a scale of 0 to 100 inches where sero inches is at the
cent eritte of t he hot lege. Two ultrasonic detectcre monitor the level I

'in the b hot leg and the B1 Reactor Coolant Pump discharge (cold leg).

EVENT DESCp!PTION

On Febtwary 13. 1991, Oconee Unit 3 was shut down for refueling. On
February 22. 1991, Maintenance Suter visor A ase.gned Maintenance

,

technicians A and B the tasa of installing a blank flange on the auction
|pipe from the Untt 3 Reactor Building Emergercy Sump (RBES) to 3LP-19

(RBES Train A to Low Preneure Injection Isolation Valve). The
tece.niciane <peet toned Maintenance Supervisor A concerning the location
of t nis pipe. Maintenance Superviser A consulted a schematic diagram
(oconee Flow Dtagr am M2 A. 3-1) which he aneumed gave the correct
phyetcal layout of the emergency supp, He gave directione to install
the blank flange on the left euction pipe as virued when f acing the
RBES. This corresponds to the west auction pipe. Maintenance

,

Techn6ciano A and B used these directions to independtntly verify the
locatton of tne pipe. The technicians were us tr.g Maintenance procedure
MP/C/A/1800/lCS, " Reactor P .t ading Emergency Sump LPI Suction Line
Flange Installation, Removal and Screen Inspection." The techniciana
also observed a handwritten latel reading "3LP-19", wit h an ar row ',reinting to the west pape, had been wr ttten on the wall above the pipe.
The/ installed the flange on the west eaction pipe which to actually
connereted to 3LP-20 (PBE5 Train S tc LPI | solation Vaive).

=ac . anea +4,
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At 0401 on February 23 1991. (perations initiated PT/3/A/203/04, "LPI
System Leakage". Enclosure 13.2. This procedure is designed to leak
check the suction pipe from the RBES to 3LP-19 and valve 3tP-19 itself
and is required by Technical Specification 4.5.4, Low Pressure Injection |
Sys Le Leakage. The initial e nditions section of the procedure j

tequires a verification that the blank flange is installed on the 3LP-19
suction pipe and not installed on the 3LP-20 suction pipe. Reactor
Operator A (RO A) used the maintenance flange installation procedure
(HP/0/A/1800/105) to verify that 3LP-19 had been blanked. A Hon-
licensed operator (NLO A) verif ted that a blank flange did not exist on 1

3LP-20 using the handwritten markings on the wall. The leak check
portion of the procedur e was performed. Although the required pressure i

was maintained, a small leak was noticed on the flange itself, it was 1

not realized that the test was invalid since the flange was incertectly
anstalled.

After performance of the leak test portion of PT/3/A/203/04 on the 3LP-
19 suction pipe, valve 3tP-19 was repacked under Work Pequest 57933D.
Due to the location of the valve and it; sur rounding enclosure, this job
required that the motor operator be removed during the task and then
reinstalled. This was accomplished between February 23 1991 and March ,

5, 1991 vhile the reactor was defueled and the LPl system was shut down. |

|

On March 6 1991, the Oconee Unit 3 plant status was as follows: The j

reactor vessel had been re fueled. The reactor vessel had its closure l

head and upper internals removed. Water level in the Reactor Coolant J

System (PCS) was !etween M and 80 inches on LT-5. RCS Wide Range Level 4

Transmitter. This places the level at slightly below the reactor vessel |
head flange level. This is above the reduced inventory action level j

addressed by Generic Letter 88-17 Less of Decay Heat Eemoval, which ;

corresponds to 14 inches on LT-5. The tPI system was operating in the ;

decay heat removal mode with the 3A LP! pump discharging through the 3B i

LPI header .The 3C LPI pump was available as was the lA LPI header.
The 3B LPI pump breaker was removed from service but could hate been |

used if the breaker was first " racked in" Core entit thermocouples had |

not yet been inserted into the core during the core reassembly process i

following refueling. The Unit 3 Reactor Building Radiation Indicatingo

Alarms (RIAS) (E 115 : 11 ) . Reactor Building Purge radiation monitors. and
unit vantilation monitors were being replaced with a rw- System and were
out of servtce. The Peactor Building equipment and per sonnel. hatches
were closed, The Reactor Dailding Purge system (ventilation) was not
operating but a flow path through the purge filters was provided to
prevent the Peactor Building from pressuriting due to the use of
compressed air during outage activities.

At approntmately 0730 on March B. 1991, Instrument and Electrical (ILE)
Techntetans A. B and C asked the Control Foce Supervisor for permssion
to stroke valve 3LP-19. They we r e using Wer k Eeques t 57933D and
procedure IP/0/A/3001/10 " Maintenance of Limitorque valve operators"
to check the valve operator limits. The control Soom Supervisor was
reluctant to stroke the valve. He-vas aware of the small leak on the
installed flange that had been detected during the leakage test. The
Control Poom Supervisor discussed the icb with Unit Operations Encineer
A in. th* presence of ME Techntetans A and B. Unit Operstions Engineer

<
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A was concerned that the suction piping may contain air and that cycling
th, talve might lead t o att binding of the operating Low fressute
In}ection (LTI) pump. The Control Foom Supervisor and Unit Operatinns
Engineer A Jointly concluded that valve 3LF-19 could be s t r oked, that
leakey to the Pf45 would be negligible. and that the ope r a t ing 1.P l pump
would t e secured pr tot to the valve stroke. The Contr ol Room Supervisor _

give permission to stroke the valve.

Th, control boom Supes.tsor has stated that at this point he requested
that the IM iechnicians contact the cont rol r oom pr iot to stroking the
valve. IM Technttians A and R do not remember t>e iny 1ad*3 contact
tbe cont oL tc.om. Atter fteratlens removed the as8= s rM .gz
assntiated with valve 3L0 19. IM Technician C ws si tron %s at the
1reaker to 3f F-19 and est ablished twmunication with IEE Technicians A
ard H who vere at the valte itself. At apprcatmately 08:48. IM
T erhnic 19n A 1.e gan manually open tnq valve ILF-19

At rA48, the control runm received a Peactor Building Narmal $ ump (PliNS)
hign slarm. Ileactor Op+rator B (ko B) notar,ed that LT-5 had decreased
to 20 inches. At 05!46i37 an Fmesgency Sump level High alarm was
neceived in t he contr ol room followed by a Peactor Vessel Ultrasonte
Level alarm. Control room personnel began i nv e s t ig a t inej the cause and
vertfying the LFI valve lancup.

Padiation Frotection Specialist A (PPS A), assigned to the FB personnel
ba t.c h , recenved a call from personnel in the Peactor But1 ding stating
that seactor vessel water level was decreasing. Padiation Trotection
Technician A (PTT A). assigned to the third floor of the P e act or
Building (level of the top of the fuel transfer canal), found with a
portable dos, rate meter that dme rates above the fuel transfer r=na1
had incr eased to appr oximat ely 8 Rem / hour . RPT A evacusted tb< d
f lo'r et the P* actor Bailding and came to the personnel hate' 5A
sent him back to evacuate tbc fourth floor and direct any t . on the
tout t h floor dawn the stairwells and away from the feel tra,...et canal,
kP5 A cnntacted personnel en tha PB polar crane and determined fr e
th*tt dcsimett' not in an 9
atmot er ally higf. and per sonal r atemet er s th4t they wer ein the polar crane wereradiation field. The workers
net directly over the fu*1 transfer canal anel were not evacuated.

M appr oximat e ly 085 2 ope r e t t ens ent * t ed AP/ 3 / A/1700/07, " loss of LFl"
p u edure. f40 f1 called kt5 A at the Pit per sonn*1 hatch t o investngata
pmstble leakage in the Feartor Putiding and was told that althougu
kaltation frateettm had not board of any leeksge, they wre awar, of a
inn nf r e a e t t.t vessel level. At 0R'32,32 PO c s t epped t he 3A til pomp
due tc 4 fluctuatten in pump amperaq., At 08H r'A pump ttg began f r om

'
'b- F*ac'cr Building rint ma l fiump t o was t * hold up t ank s .

At if'4t's IM Techntrtans A and n completed manually opening valv* 3t F-
14

t -I F % ?lh. eglves 3LI-21 .md ll!'-22 (Bor a t * d W 5 t e r S t or age Tank Supply
A. clil) ,re r e opened per the to.s cf trl precedc. after clostng tha
vals e treakers !be breaker s had been npane 1 t o pr event i na dve r t e n t,
p ration as a step in the f uel t r ans!*r (ar:41 dr ain pr ocedur e . At

reclo9ed when it was reallied5:f % 7 :21. valves iLf+21 ersd 3L f ' 2 2 ve r e i

. -.
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that water from the Borated water storage Tank (BWST) was not refilling
the PCS.

3LFa19 from the L.eaker at 0857,3g with I&E Technician B.' closed valveI&E Technician 0, after conferrin
Between 0859 and 0901 velve 3LP-19..

was cycled again electrically f rom the breaker. The I&E Technicians
were still unaware of the effects of opening 3LP-19 since the valves are
located in the Auxiliary Building. The control room htJ attempted to
page the IEE Technicians without success and had sent Non-licensed
Operator B (NLO B) to 3LP-19 to have the valve closed. MLO B reached
the valve just as 1&E Technician C had closed the valve for the second
t ime f r t>m the breaker. HLO B informed 1&E Technicians to stop work on
valve 3LP-L and leave.it in the closed position.

RPS A had received a call from a worker exiting the Reactor Buildino
basement that water was flooding the floor and had reached six to twe be-
inches near the RBES. At 0901 RFS A called the control room and spoke
to P0 A. He informed R0 A of the leakage in the Peactor Building and
the increased dose rates above the fuel transfer canal. At 0902:52
Operations reopened 3LP-21 and 3tP-22. Reactor Vessel level increased
and 3LP-21 and 3LP-22 were reclosed at 0905:32 when LT-5 t e ached
approximately.76 inches.

Operations vented the 3A LPIP and returned it to service at 0911:02.
BWst level had decreased from 43.4 feet to 41.7 feet. LPI Pump suction
temperature had risen from 94 degrees Fahrer.heit to 99 degrees
Fahrenheit.

Radiation P: rtection personnel collected the five ongoing samples from
,

I the continuo"s air samplers in the Reactor Butiding between 0912 and
0940. Five additional collections were taken from these same samplers
approximately two hours later. Compensatory samples which were being
collected on the Reactor Building Furge system and the Unit ventilation
system were also analyzed. Results shosed less than 25 percent of the
maximum permissible concentration of airborne contamination existed in
the Reactor Building at the time of this event. -six ef the stxty people

I who were in the Remetor Building during the event had body burden
analyses performed and results were al.1 less than 0.03 pe cent of the
maximum parmissible organ burden. The highest radiation exposure of any,

j personn+1 in the Reactor Eu11 ding at the time of the spill was 40
millirem. Spilled water was pumped to the Liquid waste Disposal .i 4

I (E!!5:WD) system where it was processed and released. Decentamiratirn |
of the i:aarter Buildtr y basement was per formed af ter at was drained. j

follow up investigation on the day of the event s how+ d tha t the RBES
nump blank fit.ng* had been installed on the suetion pipe to 3LF-20 and
not 3tF-19,

The On-stte Safety Review Groty was notified to begin an investigatt m
.of the incident. An Emergancy Notification of the Nuclear Regulatory
commission (NRC) was completeu per 10CFR50.72. The resident NRC
. inspector was also notified.

Duke 0*stgn Engineering was asked to analyze the event with resp *ct to
core temperature increase. Their analysis, using conservativa
assumptiens of decuy heat. load and core conditions, cencluded that core

m.-.-
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temperatures could not have increaset; more thsn 23 degrees Fahnenheit.
Graphs contained in the Loss of LFI procedure which plot time to core
bntling after a loss of decay heat removal versus time after shutdown
indic ate that the time to core balling under the conditions of this
event was 40 minutes.

_

C0flCWHON'.i

Approximately 14,nOO gallons of water wete spilled to the Unit 3 Peactor
Eu11 ding basement. Approntmately 9700 gallons originated frca the
Peactor Coolant System (PCS) and the temninder from the ! tor a t ed Wat e r
Storaga Tank (FW5t). Peactor vessel level dropped to the bot tce of the
hnt leg where Low Pressure inlettton (LF1) suction is taken, leaving
four feet of water above the top of the core. Concurrent with the Inst
of ECS Inventory was an 18,5 e ten.t e loss of decay heat removal ability.
The til pump used for fntced cool'ng of the RCS was secured to prevent
ram tation. Furthermore, tha loss of inveritor y lead to incteased dose
r at* 1 sbove the fuel t r ansf er c a ria l , FC5 water temperature in the cot *
increased to 117 degrees Fahrenheit but stayed well below the 212
degr**s r equir ed to reach core 9C5 boiling.

The 1 m of PCS Inventory occurred because the blank flange used to
proveM PCS drainage had not been installed on the correct. tuction line
and s e r t itcation of t he prepet installation was not performed
adequately. A root cause of this event is de ficient prora dure .
Ancomplete information. Section 4.2.3.4 Procedur e Pequir ements. of
Duke Power Company's Administrative Felicy Manual for Nuclear $tations
states that the nomenclature used within a procedure to describe
equipment "should agree with that on the equipment actually installed in
the field" and that the procedure should be written in aderriste de t ail
to ensure accurate results from users. Contrary to these r equir eme nt s .
tbe procedure that is used to install blank flangas on the kcactor
Building I'mergency 9 mp (PDES) suction lines, did not adequately
describe the PBis sucttor, pipe flanges. The correct result could have
been accomplished as follows: 1) by ref erring to the containment
p*netratton number which is labeled in the Reactor Building and is
present on the flow dimoram of the system, 7) by r e f err ing t o the
physical arrangement of the RBES uction lines (i.e. west or cast). 1)
t* y labeling the suct en linas as "1L2-19 suction lin*" nr "?LF-20
suction line" and r e f e r r ing to them at such in the precedure, or 4) by
incorporating a sketch of the FAFS in t he procedure. The operations
rrocedure for performing the leak test on 31P 19 and 3LP-20.
OT/3/A/203/04. Irl System leakage. and a Ferformance p r oc e du r e for
stroking thes* valves. FT/1/A/0150/72R. Fefueling Valve St r oke Test s .
alsn do not adequately describe the suction pipino.

Anothat root cause of this event is a ssigned mansgament d* f ic1*ncy ,
inadequata pregram (Isbeling). No appr eved labeling exis t*d on t his
piping at the flanga location, Conversation with Operations Unit
Engineers and Operations Shtft frparvtsors indicate that the
identification of ILf-l* and 3LF-20 suction pipes have had to be
researched during other cutages, Operations Management P r oce dur e 4-5
5tatinn l abeling and Cont rol Board (cnvent lers , describes in detail the
t a spons a bilit ie s and requirements for station labelang. It lists

. . ( e s.s s.=
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components such as valves, pumps and breakers that must meet these
requirements. Flanges are not' addr essed in this procedur e. The fact
that a handwritten sign was used at the suction pape andicates that a 1

need for proper labelang existed. )
1

A contributing cause to this event.is inappropriate action, action taken ,

was not the be.t alternative. on the part of Matntenance Supervisor A !

and Non-licensed Operator A (NLO A). The blank flange would have been i

installed correctly if Maintenance supervisor A had correctly used the i
schematic flow diagram. The flow diagram uses a rough sketch of a sump |
but at is schematie only and is not meant to show the actual physical |

layout of the sump. The penetration number was present both on the flow 1
diagram and in the Reactor IT11 ding and would have properly identified I

the component. ' Piping layout diagrams exist that could have been j
consulted which give the correct physical locations of the suction i

pipes. l

An opportunity to identify that the b'nank flange was installed on the
wrong pipe was present when NLO A was sent to verify that the flange was
not installed on 3LP 20 suction pipe. However. N10 A used handwritten j
labeling to incorrectly verafy the location of the flange.

,

|

Another contributing cause is inappropriate. action on the part of the |
Control Room Supervisor and !&E Technicians A and B because deficient '

communication and misunderstood verbal instructions occurred. Station
training in the proper methods of communicatior, had been per formed in
1990. However, directions to contact the control room were not repeated j

back to the originator nor was a repeat back requested. _ Once the |
decision to stroke 3LP-19 was made, some loss of RCS inventory was 4

inevitable. However, the magnitude of the loss may have been I

significantly lower if proper communication existed between the Control '

Room Supervisor and I&E Technicians A and B. Fnowledge that valve 3LP-
19 was being stroked manually would have allowed control room personnel
to more quickly diagnose and mitigste the loss of RCS inventory.

l
The response to .the event by Operations and Radiation Protection j
personnel was proper. Operations quickly secured the operating LF1 pump
when indleations of cavitation were observed. The appropriate actions
were taken to isolate the leak and t estore reactor vessel level.
Radt9 tion Protection personnel quickl, detected the areas with elevated
dose rates. evacuated those areas. and routed tr af fic appropriately. No
estarral radiation exposure greater than 40 millitem occurr+d as a
re9 ult of this * vent. Internal exposure was less than 0.03 per cent of
maximum permissible organ burden.

Several lessons were learned from thts event-. They involve the
procedural mechanism fc- initiatino a Reactor Building evacuation. the
special precautions necessary for f uel transfer canal work, and the
scheduling of work activstles which rmay-tmpact decay heat removal
abil i t ie s .-

Due to the R4diation Indicating Alarm (RIA) system upgrade modification.
the control room did not have direct indication of dose rates in the
P* actor Building. Control room and Radiation Protection personnel dtd
not communteate cone +rntng the higher dose rates until late in the.

4

. 4 9.e &. M 9
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event, both gtnups were c.ccupied with other matters? Operations with
reestablishtig core decay heat removal and Radiat ten hotection with the
local evacuatton in the Reactot Building. Radiatton Frotection
per sonnel have stated that they expet* 1 Operations to evacuate the
Feactor Building. On the other hand serations was following
AF/3/A/1700/07, " loss of LF1" Fer se , nel evacuation is requir ed as 4 -

step in a section of this procedure which establishes containment
closure. The nitute c! this event did not require entry tw o the
cont a tnment closut e sect ion of the procedure. Therefore t e Peactor
Building evacuation was not perintmed. Not e pr ecise com-vmica ;1on
between Operations and Radiation Frotection and better procedural
gm dance is r equired.

Although the areas with high dose tates were quickly evacuated, it is
possible that signtitcant personnel e cosure could have occur r ed if wor k
had b++n in progress in the fuel transfet r. anal at the time nf this
event. Hnwever, alarming dras tmeter s utt it red t y et ews assigned t o f ue l
t ransf er canal work would have alerted pet sonr+1 to the rising dose
r at es and initiated an evacuation f r om the area,

Tha scheduling of the arrivity anvolving velves 3tt.19 and 3LT-20 also
needs review. There are mnte opportune times in a refueltnq outage
schedule to perform this task. $pec.s f tcally, the outage schedule re f er s
to a low point maintenanc e wtndow, which oct.uis when the r e ac t e;r la
defueled. A review of the previous six refueling outages at Oconee
Huclear Station Indicate that valve strches of the FBES suction valves
occurred six times during Icw potnt matntenance. live times with fuel in
the core and the fuel transfer canal filled and once with fuel in the
enre and vastel level .i Bn inches.

Frevious event s lendtrm to a loss of d* cay heat removal due to cycllng
of the PDf S suction valves has nnt nceutred. There 1 'e been seseral
anc ident s involving mislabeled nr unlabeled compenen'. in the last two
years. However. they all invnive components (valves, breakers) which
are listed in the labeling directive (Operations Mansgement Procedure 4-

_

5, $tatton tabeling), None of the incidents involve compohents not
list ed in this direct tve. This event is not considered t.n be recurring.
It is nnt NFROS *pottable.

GBPEGIYUGKNS
19ae d t a t e

!) Ioss of Fenctor C oo ! .m t Syst*m ( R O*i ) Inventory was
stepped t$y closing volve liF-19.

J) Decay heat remova l i.as r ees t abi tsbe d by f illing th* r e ac t ot
cessel to 80 inrhes on IT-5 (WLde Fange f>c eter Ve*se,
t. eve l ) . verting and restarting th* 3A low Fressure in)*ct ion
(U 1) pump,

3) The third and fcurth floor of the Feactor P ulhng wer *
avacua ed and personne ! t r a f(tr routed asay-frnm areas ofr

hiah dose ritas.

. *==
..$.e9W b..
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%bs e que n t

1) 5ter ciled labels wer e painted on the keector Building well
above the M.I .19 and 3LF 20 suc tion pipes indicating the
upt.tteam isolation valve for each line.

LF1 System t enhage. was etformed cotractly21 F1/3/A/203/D4.
tut t ion lines t o 31 F- 19 and 3tf-(< 0.on the

F l a nr.e d

1) Steric tled lat els will be painted nn the Peacter Putlding at
the 5:eact or Fullding Emer gancy bu-p ( PH S ) surt ton pipes of
rhe other two neonea Unitn.

7) fior *%r es use d t o itis tall t he Peac t or ituilding f met oam y
S ump suc t inn flange s and ,it ocedur e s whic h requtM ine
vert (1 cation nf cettectly installed flanges will be ennenrad
to moree wit h late l tna,

il Flanted connec tions on s af e t y systems r out inely enanipulated
duting shutdcwn cendittens will be identafled. Associated
procedures and wor k pr ocesser will be r eviewed to assure
thit loca' ann. description and labeling are pioperly
de s e t a be''

4) The RCS and 111 systems and associated connections will te
analysed to ider.tif y potential flow paths whtch cc-uld lead
to a rapid loss of insento*y. Appropr iat e tsat r ac t s will be
implement ed (inc ludtr>g restr sctions on configur at ton
chances) in ntdet to pr ot ect against a single error
tesulting an a loss of decay heat coolino

51 h ocedates will be implemented t o a sur e ut radietsen
rnonstoring cluipment with local alatm is installed an the

"ti ens f e r c anal at es anytime the Feactor Coolant $ystem tF*S)
is an a t educed event ery condit ion.

6) A t r aining package describing the limitation on the use of
flow diantaas and elect:; cal elementaries vill be assued to
all sup*rvisot* with tha pot ent ial t o use these drautnaa.

in A communtratinn will L* issued to all statien perser.:el with sdttections cn the proper actions to be t aken an t esperwa to
missing or Informal labelang found in t.he plant. Inis
direction will be ir.cor por a t ed int o adminu t t a tive
p t cr edtJ r e s .

B) This event will te teviewed with all Contto; Roos ' mt
cre's with empha611. en theInsttteent ar# 'ec* t ical (1&E ) .

c ommunic a t t en rtencies and the r e spont it'111t y c f the
indivi %al * 3 s repeat t u s of snfereration from the
individual i he se ccmmar.cating.

.s. . ~ s w
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") Aria /1rou/01 - loss of til . will he revised on all three
w rote untit to ptevide tettet guidmhre to ensure that a
I e a r t r.t Ity11dit y ev ac ua t j un et ( ut 4 d'kfShQ 1644 O| detAy hettt

temr, val events.

Ini A tran,ang pv hage w i ll t-e astued t e all shif t hads at tnn -

flotettien (f4) lationnel atteestr.y th* t% ettam e of
Iommun)ra()rjn w((h Ihe { pnt i n } [ nom )[ I'l' {> ,_. thai en

ai *a eva< ont u n is wa s t ent ed t.ut h a s tv.t o:e.fr*l.

;Alfls ANALY W

lba t pid Inst <t b e p e t ..t fonlant tystem ( O r '. ) t m ent or y pt e t et,t ed t vc
challen pa to tarlent esfety !) a less ni cor e d+ cay best temoval
at slat y stut ? ) an ineteese in note ret ** in t he Peartnt Building.
The shility to temove rot e tot ay heat ut tng f o;"*d c ooling wat lett les
le t minuteg. rote teaperstate+ i n c r e a ' ut a n e s t o a t e t .'' l degteen
fahsenheit in ad snunmetely 41? degtres te.htenheit in this time, thin
1 well teltu the amm nt t *76):+d to begin MT t e l l i tvJ in the role.
' nt e imil s tig would lead to tuatbet l o t s o f M *> 6nventory and eventual
erte um:overy end damage. luke De t ign i nginee r ing hos e t t 3ma t ed t ha t
the (Ime t o ( nt * but1ing was at leatt M ennutes f a om tbe Intttal loss
of decay heat r emoval and t he time to r ot e um ove r y was appr es smat ely
tble, houst The loss of det.ay heat r emoval wa s fo t t iga t e d t:y pi nmpt and
appe ttante opetstot at t son is ing t he i tat of Low liessure lhjertion
Ill { t m edat e . The leak was 1 olat ed by c los tby va lve T!!* 19.
breated water f r om t he For ated Wat er Stot age t ank (PW51) was used in %
t **s t at i s ch t ear t nt s*stel level. The til pump was vehted and returned
+, <*t"tre.

1f 1 [ [' al ') rnuld pnt | p ", been rlosed, t he (415,7 t ould S t lll have been q

*Fle tn flood tbe rese. opp t a t i en o f s n ' .e a nn t be 11~ 1 t>ut t n on 14 ade.

i 11 ! o of ilt a ?) tould base 6 snia te d t he l'ai supply f i nm the leak and
allm ed flonding of t he t'i flow from the teactot eetsel would ha.e "

t**o to the Festto P it iding t'a s*m*nt via the open Ris l 4 nr . by
1 % f' l a t i n ) ! I' * det ny Ident .if t ij k l 1 11 ' 4 R i n t) | $ D k a t ) Det 9 a I\ + $ Ik!*k Ot 3||-

t t +* watet vouad have t**n alleiwed to fill th* f tse l 18 ahtfel fanal.
we M r a nvent or y was deple t ed, f os e ed (ooling r ound have been
*=tal.1inhed by allowing the 1l'1 pumps to tshe nuetinn fiom Ihe Pe a< t nt
I, : . I | dIh1 l it.* I y* htf y $..m{ t ( P I2 t 8, ) .

A l t hwfi ( ont a inme nt r 10 4ut e d)d not ett1%t datitig thi6 e%ent. Opatellon9-

IWJtt*eting Rtaff han gtated that r ent a lnfuent C l ^t 'it e (Ould hate t+#n
*-'ntInshe1 wnthin or,* noul, N e t ht e nant: * nn F r a c t or Ituilding
l et * t t at n on i alt et wete t(hadaled to guth a mantet that only the *1d* ol
= p*oettation had volk sena duled at a t we , the Peartet bulld tt'g f ut ua
flN ,ath (ould have teen a tola t ed by e t t het of t wo t ema t ely og et a t e d
i41.es IMth the g * s onne l ha t c h a nd * *lu t tme rit batch bete in pin'e.
Alt (47 e% tsken dut if 6) 41'.4 S | t e t the event IndlCate that nO
* a miti ar mt anItetn* r ont amine t itm aOnve D 28 t itne e tt e tranimum
j*) t' ] 4 % i t 1.' # ! :" c hl ! h t i f'h kan gerietated d,it1h] t t18 $[-lk1.

u .. -
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The loss e f %CS arn entc r y also p r e sent e d a t hr eat to the health and
saf ety of the wolket s an the Feactor Puilding. tsse rates increased in
and atmve the f uel t r ans f er canal. The dose rate on the thir d floor of
the Pentter Building at the fuel transfer canal adjacent to the teactor
vessel increased f tom less than 80 Milirem pet hout to 8 kem/hr. The
acticn el Radiation trotection per sonriel in per forring a local ~

,

evacuation of the third and fourth floor of the Eeactot P"11 ding
adepat ely pr ot ec ted per sonnel f rom the ne increased dose tates. The
highest whole body dose to Aryche inside the Feattot Building at the
time of the arcader.t was 40 ma.litem,

worket protectien from the increased dose e tt e s was remplicated by the
fact that r adiation monitor ing which gave i nd t , * * ' on t o t he control room
cf Feattet Building dose tates was out of serve * The entire padtation
Indicating Alarm (AIA) system was tvang upgr aded and it was not possible
t o t emove the alarms from servare indivndually. Radg et ton f reiect ion
astued an alatming desimeter to at least one vor her in each wot h group
In the Featter Butiding af that group did not have constant dose sate
monit ar ing t y a Fadiat ion T r otec t ion (PI ) Technician, These dosimeters
gli e an audnt le alarm when a cumulat ive dese et g dose rate setpoint tu
reached. If a wnrk crew had t>een pet forming a task in the fuel transfer
renal at the time of this actident, they would have t.een alerted by
eithet an sistming dnsimater, an IJ Technarian, or visual evidence of
detten?nny watei level.

The comHnation of pr og t operator action, sufficient BW5T inventery,
and t he attltty to est ablish cont ainment closure provided eiequate
protection against threats to the health and saf ety of the public
present from th. loss of daca; heat t emwa l st ility.
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ACCil)ENT SEQUENCI: PitECUllSOlt I'llOGil AM EVENT ANAL,YSIS

LElt No.: 287/91 008
livent Description: 87,00() gal reactor cooling systern leak
livent Date: November 23,1991

Plant: Oconce 3

Summary _

s

A 3/4 in, compression fitting on an instrument line failed, resulting in a 70 gpm scactor
coolant system (ItCS) leak, vnd a shutdown was begun. At 33% power, feedwater
oscillations caused a reactor scram. No engineered safeguards (ES) or emergency
feedwater (El W) actuations occurred.

Event Description

At 0141 hours on Nowmber 23,1991, with Oconee 3 at 1(X)% power, alarms were
received that indicated failure of"lCCM Train A" This instrumentation system includes
the reactor vessel level indication systern (IIVLIS) and an itCS wide-range pressure
transmitter. At approximc'ely the same time, a fire alarm was received that was located
inside the reactor containment building. An operator attempted to visually inspect the
reactor building using a video camera; however, the image was so foggy that the operator
assumed that the camera was either not working properly or was badly out of adjustment.

_

At 0143 hours, it was noted that the letdown storege tank (LDST) and pressurizer levels
were decreasing and that high pressure injection (llPI) make up flow had increased
significantly. The reactor building normal sump also showed an increase ir Nvel.
Operators concluded that the problem was an itCS leak rather than a fire.

At 0203 hours, the leakage was estimated to be 70 gpm, and a rapid controlled shutdown
was ordered. ItCS letdown was isolated at 0211 hours to climinate that loss.

At 0217 hours, an integrated control system (ICS) asymmetric rod signal generated a
rapid load limit mnback from 77% to 55% full power. The control nxi drive indication
was diagnose 1 as spurious, and the ICS feedwater and reactor control stations were put
in manual;o stop the automatic runback at @7e full poiver.

At 0320 hours, the leak was still estimated to be approximately 60 to 70 gpm. Power
reduction was stopped at approximately 33% full power to shut down one of two main

_
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feedwater purnps and the ICS feedwater control station was returned to automatic.
Oscillations in feedwater flow eventually caused a reactor scram. At the time of the
scram these oscillations raised the power level to approximately 37% full power. The
nu.in feedwater pumps do not trip due to low discharge pressu ,, so both pumps
continued te nm until the operator manually uipped MRYP "A".

At 0348 hours, the unit was considered to be stable in hot shutdown, and the leak was
estimated to be approximately 130 ppm. Reactor building sample results indicated that
the reactor building atmosphere entained radioactive iodine at twice the maximum
pennissible concenuation (MPC) and noble gases at 407 MPC.

At about 0400 hours, the video camera in containment was used to examine the area and

showed a significant amount of steam rising from the A steam generator (SG) cavity, No
indications of steam leakagt were observed in the vicinity of the reactor vessel head or

SG 11.

At 0520 hours, the ES system was bypassed and RCS pres ure was reduced below 1750
psig (the ES high pressure actuation setpoint).

At 1717 hours, the RCS reached 200 F and 293 psig (cold shutdown).

Throughout the event, additions were made to the letdown storage tank from the bleed
holdup tanks and concentrated boric acid tank to maintain adequate inventory to
compensate for the leak. No ES system or El W actuations occurred.

At 0800 hours on November 24,1991,it was estimated that approximately 5 to 10 gpm
was still leaking out of the RCS due to the fact that the pressurir.er was still at saturation

,

temperature and was' maintaining a 30 psig system pressure.

Ily 1700 hours on November 24,1991, the unit was completely depressurized and the
leak stopped. )

.

At 1300 hours, on November 25,1991, an inspection team entered the reactor building
and krated the source of the leak. A 3/4-in. diameter instrument line had pulled out of a
compression fitting downstream of a root valve. The line was located at the top of the
RCS hot leg pipe where it entered the "A" SG. The tubing configuration is shown in
Fig.1 The same configura: ion was used on both SGs and the reactor vessel head on all
three Oconee units when RVLIS was installed. A series of tubing reducers were used to
transition from a 3/4 in, root valve to 3/8 in, tubing. This configuration resulted in a total
of six compression joints per line. The compression fitting that failed had not been fully
crimped onto the instrument line during initial installation in 1987. Subsequent
inspection of 455 compression fittings found 28% outside the nominal makeup gap

1

- - _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ -



.. _ _ _ . __

|

|
|

C-107

range. One of these showed indication of leakage, and another had a loose nut.

Additional Event.Related Information

A projected dose was calculatul using an assumed carixm filter efficiency of 907e. An
estimated dose was calculated using actual filter efficiencies from the latest surveillance
tests. Iloth methmis use annualired average meteorological data rather than actual
conditions at the time of the release. Monitoring prior to the leak estimated that eight fuel
pins were leaking. Dose to the public was calculated to be 0.00139 mrtm whole lxx1y
(0.0122 nuen. .hyroid) due to liquid release,0.00218 mrad whole-lxxty for noble gas,
and 0.0513 mrem (projected iodine) thyroid doses.

Modeling Approach and Assumptions

During this event, reactor plant makeup flow was sufficient to make up reactor coohnt
lost fram the failed tulx. Mitigation of the event, including the reactor trip, required a
normal post-trip response plus continued makeup from the running IIPI pump. If this
pump were to fall, two other pump.; were available for makeup. The leak rate was
limited by the site of'te failed instrument line. The conditional pmbability of subsequent
core damage estimated for this event is <104. The event was not identified as an accident

sequence precursor.

__ ___ _________-__-_ _ _ _ -
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On Novemt er 23. 1991 Oconee Unit 3 was operating at 100% Full Pevet (FF)i

| when the Control Room Operators (CPos) received several alarms at 0141
: hours which indicatert f ailed instrumer.ta inside the reactor building (RB).
| ht 0143 hour s , the CRos observed sympto.es of excessive Reactor Coolant

_

g system (RCS) leakage and began assessing the leak rate. At 0203 hours,
they started a rapid controlled shutdown. At 0214 hr- 1 th. Shifti

supervisor concluded that leakage was approximately 60 to 70 gpm. Lnd
declared an A1.ERT. At 0327 hours. the unit tripped frcan 33% FF due to e,

control oscillation while the CRos were attempting to secure a feedwater'

pump. At 0641 hours, an additional unanticipated Reactor Protective System
actustion occurred due to oretator error. At 1720 hours the unit reached
cold shutdown and the AL.ERT vas terminated. The leak was determined to be
a f ailed fitting on an instrument line at the top of a steam generator. A
total of approumately 87.000 gallons of RCS leakage van confined within
the RB. The instrument line was replaced, and additional fittings
inspected. The root causes are Management Deficiency and Equipment
Failure

^
, es m

q x .j . c 3 y; ,~.c
. . . . . . .

!

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



~
.

.

. .

|

|

C-110

-

. . . . . . . . . . . . . . . .
, , , , , , , , , _ , . , , ,

. , . , , . . .
,

... ...m.

UCtN$[E (VENT Rf POstT ILEfu '!;,*4,'.'4*,ONC'.7%,'*Jr**.? .Tt.'.-|
TEXT CONilNUA160N W,;*4*/'.*',O";;,||P,ML*"||2 ',"| |TfD

.".F.t||it'r.;. .rO. e *.T.*W'.,.".47 .:Utwm. .m . .

Tu s. . . . m ......# , , , , , . . r ,,

atqa::. y;a. . . .

oc onee Nuc lear station o p to le le p 1817 90 - 01018 - 0 10 Olf O' ?!'
& . . m. . ..

DEf41%' lid

1be Peatter l'rotective System (PIS) (f!!5eJC) is a safety related system
which monitor s pet ametets related to the safe operation of the plant. The
Pf5 providea e two out-of four lognt for tripping the teetter when a
pr ede t erinined setpoint is esteeded. One parameter which will cause en Pf f. '

ettuation is low Feerheater [E!!5:$J) Pump discharge pressure. 1he Rf8
logic requites that prestore twitches fot '>oth pumps must actuate in et
least two-of-foor channels to initiate a trip. Another petameter which
will cause e trip is RCS pressure being either too high or too low. During
cooldown and deptessuritation to cold shutdown, the FFS normal RC1 pressure
trips c on be can be byposted and a lever high ~ressute trip setpoint
imposed to limit pressur e encur sions.

The Int egrat ed Control $ystem (ICS) [Fl!$eJA) provid.s automatic control of
both pr amar y and secondary system c omponents. Westtor control rod
positions fee h eter flow tates. and throttle valve positter.s are adjusted
by the ICL as needed to mattitain the principal control parsmetersi average
reactor coolent temperature (leve), feedwater throttle valve pressure drop,
and main turbine (f115.14) head r pressure.

The Conttol Red Drive (CRD) It!!5 e AA ) system r*reives a t eactor power
demand signal from *he ICS through a hand / automatic selector station known
as the "Feactor/ Bailey" stetten. The power demed signal is f ur ther
processed and is input to the CBD control station, known as the * Diamond"
panel. The control rods are divided into safety, regulating, and power
shaping groups. Groups one 'htough four ate safety rnds. used to provide
shutdnwn capacity, and must be f ully withdr awn f rom the core be f ore the
reactor is petmitted to go critical, Groups five tnrough seven ete
regulating tods, used to regulate power level. Group eight is a special
group of pattial length rods, and is used to control powet distribution
along the ecre enis.

_

Control Rod lE!!5iRX) position indtcation is pinvided t'y a series of
! pcsition indtration switches locet.d along the length of the drive

mechenism. A faulty awltth can result in en instrut et e indication. Also,
the group out limit is activ.ted when the fit.t rod ir a group tehches its
out limnt switch.

|

| The High I'ressute injection OtP!) System { Ell $ BQ) cont rols the Peactor
j Coolant System (RCS) |E!!$.AB) inventory provides the seal water ter the
|

Peactor Coolant pumps |Ellsir). and recirculates RC5 letdown for water
quality maintenanc e and t eactor coolant botic acid concentration control.!

The HTa System is slao a part of t he f.me r gency Cot e (ooling System (ECCS)
whica mittgates the consequences of loss of coolant accidents (LOCA).i

I The Peacter Coolant System (PC5) has two steem gene r atet s (Ell 5 MX) with
assoc s ate d pumps , pip'ina, nr.d inst r ument ation. These are designated Loop A
and 1.oep 5. The flow indtcations for each loop are pr ovided by one flow
element with one pett of impulse lines whic h ac t as headars and are

. . . . +
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' r nnrier t ed t o seve s el dif f ef ent ial gq e asur e transmitters. f ous of t hese
transmitters ar e t'onnec t ed in t he four redandant t hannels of t he PFL. A

f if th t r ansmit ter pr ovides t he notmal input to the 105.

1he kcartor Vessel 1.evel Indicating System (PVLit) |fil5 iKT ) was (natelled
on Unit 1 during a,- outage that c oncluded in Marc h, 1987, This _

modi f a r a t ion a+ en level tr-s t r umerit s and asspe lst eo inst s ument impalse
lines t o L. .. ing t aps ran t he t e net ot vessel head, both A and R steam,

y*nerators. and t wo t aps nn the derag hest dr ey l i tt e ,4

I

LVLli1 LGCt11WAl

On hovemt'er 13, 1991 .'conee t; nit t was oper at ing at 100 \ Pull Iower ( f I' ) .
All sa f et y syst *ms we r * opet atrie . Tha unit was known t o heve a highet than
normal level of beactor (ool.nt System (PN.) activity die in an eettmated it
fae l r. l a 411 h =J p t hhol e leaks.

At 0170 huuts, the Cunttol poom Operatnts (Chos) u,mpleted an Pr$ leakage
pe t t ottle test w5sch todirsted 0.10 opm t ot al system l e a k a ge ,

f. P/.L Lteh

At 0141 hours. the Ckos received alarms whic h indireted f ailure of "lCCM i

Train A*, which nneludes the keattet Vessel level Indication System (PVl!L).

anr1 en PC5 wid+ r ange pr essur e transmitter. At opptomimately the same
q

time, t hey t ere aved a f at e alatm from a detector (f il$ 410] lot a ted inside
the reactor containment building (PP) (filsitnll. CPD A thec^ ed f or a ;Lm

spurious slatm 19 t eset ting t he ftte alare and observed that it alarmed
again, lhe CPns notif ied the t)n t t * ut ie t v i e n t and Cont r e;l Poom benant-

keactor Operator (CPSPO) that a pr oblem e xi s t e d, CPO A also at tempted to
sssually inspert the p tt using a vAden cemeta installed instde the Fil at one
ered af t he t fueling canal and a monitor adjatent to the control room.
Howevet, the image ses so f oggy that CR0 A assumed t hat the c atee r a was
eiths- not workang properly or was badly out nf adjustment.

At 0143 hours, 000 P not ed that the letdun 5tnrage 'l a n k ( LDST ) and
fressuttrer lesels were decr easing and that li t ch I' t e s n ur e lhjettinn OtTI)

make-up flow had int r ened a ngnificantly. The PB normal aump also showed
an increase in level. The ope r at or s concluded t hat the problem was an WCL
leak rathet than a flee end entered Af/3/A/11n0/02, ''facessive RCt.
l.eakage "

Le Lhtit sup.tvisnt and the Shift ttanager, who per f ore s the Shif t
lernn tral Advn ant i nrie t t on . wete nntified at that time. * hey both teached
the Unit i surtrol swm shortly after notification.

At 01% hours, an b li g a r t t r u l a t e taitatinn aantens II.!!$ill) alarmed

mn=entera1)
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At 0203 hours, the leakage was estimated to be 70 gpm and the Stift
Supervisot ordered a t apid c ont rolled toutdown. The CRos set the
Integr ated Control System (105) los a load redx tion at 15 MW/ min.
They isolated PCS letdown at 0211 houtt to eliminate that loss free the
system.

fAt 0214 hours. the shift Supervisor uffacially declared the unit to be in
an A1.f RT Feet gency Claesificat ion and bea nn makirq the necessary
notifications to establish the Technical Support Center (TSC), and
operational support Center (Ost) se r eqJired by the Oste Emergency Plan,

At 0217 hours, dur ing the powe r r educt ion. an ICS Asyme t r ic Pod signal
gener ated a r apid lead limit r mh ac k o f t he I CS f i ne 77% to SS) ff. The
oper atot s diagnosed the CPD indacat ion as af ui tous and, at the Unit
Supervisor's divertion, placed the 105 f eedva t e t and Peteter control
stations in manual to stop the automatic runbark at 60% Fr. ,

Throughou' the event. the CFos nada addit ions to the 1.0$T from the Bleed
Hsidup Tarks and Concentrated Boric Acid Storage Tank (CPAST) to maintain
adequate inventory to compensate for the leak.

At 0305 hours, the TSC, adjacent to the (Init l&2 control room, and O$r,
adjacent to the Unit 3 control room, were einned and the Station Manager
assumed the p>>sition of Emergency Coordinator. Or.e of the first T5C
actions was to have the operator s re-establish letdown flow at 20 gpm to
facilitate collection of PC5 liquid samplet to be analysed f or boron
concentr ation and f or indications of fatled fuel. Othet iemediate actions
included initiation of Radiation }totection surseys of areas outside the
teactor stuilding, and out sida the Sit + Fratected area to assure that r.o
r adioactive matet ials we r e be stia r *lansed f rom the PB as a result -)f the s

event. Tha Crisis Manag+n.ent center (CtT) was activated an accordance with
the emer gency plan.

7
At 0320 hours, the leek was still est3matei to be approntmately 60 to 70
gre,

k.RttRCLIup

The powe r r educ tion was stopped at opproximately 33% ff' in order to
shutdown one of the two mean feedwater pumps frem a stable power level. At
0320 houra, the ICS Feerkster cont r ol station was rett rned to Automatic.
This resulted in a slight sncrease in the esgnitude of the normal
oscillation of the control system. At 0324 hour s. CR0 A placed the "P"

t' ann Fee & ster hanp (MFWT P) in manual and began to teduce its demand,
Apparently, fDWP B discharga pressure reach +d the Peactnr Protective System
( PI'5 ) trip setpotnt for two or more pressure switches and the contact
buffers for that portion of the locine sealed in. As MFWP B output was
teduced. TDWl' A output moment ar ily incr e ase d t ut a divergent oscillation
began. Wben the mattnatude of the osc silation became apparent to CR0 A he
increa.ed the output of MihP B.. As be brou%t the demand f or MFVI' B up.

!
~
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t h. e ont t ol system t eat t ed to mat r h t ot al te r . hate r flow to tot al f eedwater
demand by redac ang MFWI' A demard and ou'pwt . The oscallation also resulted
in f eedwater header low pressut e a arms. to Main Steam pressure alarms,
and <*pening of turbine by-pas _ valve. (Tlivu ) due to high Main Steam
pressure. Mf Wi' A suction firiv went to tero ar i the MtWT A mininum flow
valve cycled open. Other system parameters sucu as reactor power, -

gerie r at ed powe r . PCS pressure had FCS temper ature were also oscillatirig.

The low discharge pressure on NWl' A apparently reached the trip setpoint
und t he second pump's cont act buf f et s actuated. This satisfied the RFS
logic and. at 0327 s S$ hour s , FFS c hannels A and !? trigted on low Main
Feedwat er Fump dischet y. pressur e . which t ec. air es de tect ion of low
disci.ar ge pr essure (800 esi) on both pumps. At the time of the trip, the
oscillst ann had t a s ted pt wer to approximately 375 fr.

The 1Feediat e post t rip t e rpfinse of t he plant was normal . All CED breakers
opened and all contr ol rod gr oups wer e inser t ed into the cot e . The turbine
gener et nr t r ipped. and buth 4ky and 7kv electrical power supplies |E!!$iEA)
t r ans t et t ed t o t he statt-up source. Unit 3 stabilized at hot shutdown
conditions with the operators safely cnntrolling ti.e reactor after the
trip. No Ingineered safeguar ds system or pressor tver relief valve

' '

actuatnons occuried.

The RCS system response was normal. kCS pressure ranged between a low of
1958 psig and a high of 2141 pstg. RCL average t empe r at ut e dr opped f r<wn
$78 F. at the time of the trip to M1 f. I r essur trer level dropped f rom
approaimately 220 inches to between 135 and 144 inchcs. Letdawn was
isolated by the CRos in accntdsnce witi, the trap procedute.

On t he seconda r y side , the post trip teduction in feedwater demand
proceeded as normal, and the steam gener atoi level was enanntained between
20 and 28 inches. The turbine stnp valves closed and the TBVs opened. At
least some of the main stese relief valve se traint s wer e reached and acme
of the valves opened, Main steam pressure varied between 973 psig and 1044
psig, according to the Transient Nonster [EllSilQ). The cperators
momentarily reduced turbine headet pressure to 970 psig in order to restat
one of the main steam relief valves, then t aturned t o the normal post.t rip
pressure of 1010 psig. The Mann reedwater pumps do not trip due to Inw
discharge pressure. so both pumps enntinued to run until CR0 A manuali/
tripped MFWP A. The eme r ge nc y f e e ds a t e t system (EllSiEA) was tnot actuated
after the trip.

At 0140 hour s . letdnwn was re astablft* -1 a t 20 . .n .

By 034B hours. tn. unit was corsidered to t e at stable het shutdown. The
leak was then s at tmated to t>e apptextmately IM gpm. RB sample results
indst ated that the FB etmosphere cont air.ed t aitoac tive lodine at 2 times
ma x imo.fi permissable rencentratten (htC) erd Ibt le gases at 407 MFC.

.. e .
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At about 0400 hours, the video camera in containment was used to esanine
the area. It showed a significant amnunt of steam rising f r un the " A"
Steam renerator cavity. The steam was condensing on virtually all visible
walls , hand r ail., and equipement . The camera was panned to view the
reactor vessel head, which showed stqnificant amounts of water, but no
steam leak, on the head. The top of the "B" Meam Gener ator cavity was

1also cherk(d. but shoved no steam source.

At 0406 haurs. Chemistry samples showed an FCS boron concentiation nf 579
ppm. At 0445 hours, the operatoi a began to cool the RCS down to $32 F.-

Plane were made to initiate boron addition to r aise boron concentratten f or
long term shutdown mar gin conalder ations .

At 0520 houts, the Engirieer ed sa f e guards (ES) (E!!SiJF) system was
bypa s se d. 09 p r oc e dur a . tm f er e lowering FCS pressure below the f5 high
pressure setpoint of 1750 psig.

At 08,30 hours, the SC5 preasure had been reduced to 1735 psig and
temperature was $35 T. f ermission was given by the 15C t > begin coeling
down to 450 f. at a rate of 45 degrees per 30 reinutes. However. the
operators had several procedures in progress and took some time to assure
that al'. appropriate requirements were met and steps documented prior to
continutng the cocidown.

L.lA&dYt thalf.fLAGMLhD
St ep 2.3 of Fnclosut e 4.2 in the shut dwn prvcedure specified that the
turbine bypt%s valves (TBVs) ' Ell 5 Lo] were to be placed in Manual. The
TBVs are used to cont rol main steam pressure end. therefore, the saturatio*i
t etepe r a t ut e in t he . team gs ne r atot . whgeb. in turn, controls the RCS
t mperature, However CR0 A had been cont r olling pressure by using the 103
turbine heade pressu. setpoint control. He wished tn continue in that
mode to minimite the number of ICS stations in Manual and, therefore, limit
operator burden. This was discussed with CRSRO A. who gave verbal approval
f or Cko A tn keep the TBVs in Automatic and to per f orm the transfer to
Manual out of sequence at a later time. The enset point in the procedure
wher e this would be accociplished was ne' discussed

At 0606 hours, the ANSAC/ DSS (ATuS mitigation syste.a) was byp used. At
0613 hours, the Emergency f eedwater pumps were placed in Manual.

4

At 0622 hours, RCS pressure was 1660 psto and temperature was 526 F.
At 0633 hours, the Rf5 was placed in " Shutdown Bypass" which allows the
system to t>e teset t>elow the nermal low pressure trip setpoin'. This also4

| Instates an over-ptessure trip setpoint of 1710 psig to prevent inadvertent

|
re-pressuritation. CR0 B announced to the other Operattens perronnel in
the conttet room that he was about to "teset the reacter" and, at 0638

,

hour s , the cont t el r od drive t reaker s were reset. This was done in
pr eparation f or par tially withdr awing one arcup of control rods as a6

st undby sourc e et negative reactavtty.

,
.

9.$ . M S.h8 Y. .
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Heweve r , when the br e ake r s we r e r e set. the 1C5 removad an automatic bias
which is applied to the turbit e header pressure setroint af ter e trip.
(This bias automatically increases the setpoint by 125 psig to raise the
seturation temperature after a trip to limit the PCS cooldown and contt01
PCS temper atur e at $t5 F . ) As a result of removing the bias, the ICS
sensed a 125 psi pressure error and opened the bypass valves in an attempt
to achieve the new setpoint. This creattd a cooling transient on the RCS
and PCS pressure dropped to appresimately 1620 psag.

CR0 A responded by placing the TPVs into Manual at 0638 hours and driving g
them clnaed. This response resulted in RCS semperature and pressure
increasing ogsin. CPO A stated that he concentrated on NC$ tempeteture and
turbirie header pressure whi?e trying to snatch the setpoint to demand in
ordar to smoothly return to automatic. At approximately 0640 hours. CR0 A
returried the TBVs to Auto but PC5 pressure was att11 increasing rapidly.
At 0641 hour s . RCS rir es sut e r eache d t he overpre ssur e set point and tripped
the RFS. The CFD hreakers opened but. str ee all control rods were already
fully inserted. no other consequences occurred. RCS pressure continued to
increase to approximistely 1720 psig until CR0 A took the TBVs back 1rito
manual at 0642 hours and reopched th*m to stabilire pressure.

L. 5*stwenLA;11cna

The operators subsequently .eset the control red drive breakers end
withdrew one group of control "ods to !t\ withdrawn in accordanc* with
procedure. The cooldown continu*d.

at 1717 hours. the RC5 r eached 200 F . and 2'M psia (cold shutdown). At
this point t6e event emergency classif ication was terminated.

At 2115 hours, samples of PP atmoFph*r e indir eted that airborne lodine
_

activity was 138? Mrc.

Between 0002 and 0450 hour s on the mor ning of November 24, 1991 pperations
pumped part of the water from the 9d normal sump into waste tariks for
prncessing. 1

At 0800 hours, it was estimated that appennimately 5 to 10 gpm was still
leaking out of the RCS due to the it:t that the pressbriser was still at
saturation temperature and was maintaining a 20 psig system pressure. The
normal cooldown process requires that personnel enter the RB to align
manuel val >es to establish a flow through ths pressuriser to cool it.
However. due to the level of airtsorne cont'imination this was not possible
and a less ef f ective flow path had to be used. Additionally, a special
method of venting the pressuruer and steem generators was incorporated
1M o the shutdnwn procedur e to r edoce level in Steem Generstor A hot leg
below the leak. Fy 1700 hours on November 24 1991, the unit was
com;'le tely de-pressur tr ed and the leak stopped.

At 2200 hours. airbo:ne nodine activity inside t.he FB was 731 MFC.

. < . .

_____._________ _.___ __ ___
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On November 25. at 0100 hour s. '.h e Peseto Building l'ur g. Sys tem (EII5iVA)
was started to clean up the H atmosphere fer building entry.

'
At 1300 hours, airborne iodine setivity was 2' MM . An inspection team
entered the FB and located the source of the leak. It was found to be due
to a 3/4 inch diameter instrument line which bad pulled out of a
compression fitting downstream of a root valve. The line was located at
the top of the RCS hot leg pipe unere it ente'ed the '' A" S team Gene r ator
(SG A).

The tubing configuration is shown as Attathewnt A. The same configuration
was used on both steam generaters and the reactor vessel head on all three
Oconee units when RVL15 was installed. Note that a serats of tubing

reducers were used to trar sition f rom a 3/4 inch root valv$ to 3/8 inch
tubing. This configuration resulted in a total of sin compression joints
per instrument 14.ne.

The toot valve, fittings, and af f ected tubing f rom SG A were subsequertly
removed from the system for inspectaen and analysts. The equivalent
impulse lines on the "B" Steam Generator and the reactor vessel head were
inspected sn; found to be intact. It was subsequently decided to replace
these lines with a new configm ation which used welded fittings to reduce
to 3/8 inch tubing. The r.ew conf 3gur ation has only two compression joints
per line.

yd] OFarker Hannifin Ccepany (Farker ). manuf acturer of the litting. wasi

contacted and provided a t ange of " nominal" value s for the makeup gep
between the ben on the fitting and the end of the nut. The Farker
spokesperson stated that thase nominal values did not constitute acceptsnce

,
tolerences or specifications. Th* inspectaons showed that the gap wat

,

j 0.182 inch versus a nominal 0.153 inch. 1he degree uf crimping of the tube
i was deterpar**d by comparing the internal diameter (lD) reduction of the

failed fitting to the redaction due to the fitting at the other end of the'

tube, which did not fail. The 10 redaction at the f ailed end was only
4 0.002 inch compared to 0.007 inch at the " good" end.
,

I
noth Oconee Engineering personnel and the Babcock and Wilcox Lynchburgi

Research Center (BT,W) concluded that the inspections indicated that the
fittin6 had not been fully crimped ente the instrument line during initial
fitup aSd installation in 1987.

It was decid*d to inspect a sample of compression fittings located in tne
FB. which included ton Farker and 5wooelock fittings. Vernier calipers
were used to measure the gap on Parker f attings f or comparison against the
nominal values supplico by Farker. Swagelock fittings were checked with
Swagelock go/no go gauges.

This initial sample found approximately 10% el the fittings to be cut of
the ncernal r ange , although all of the fittings checked had been in service
with no G gns of leakage. The decision was made to perform a full

.

..G . e W 4 9
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inspection of fittings attached to the Fenctor Coolant System and primary
s u,,po r t systems such as the High tressura Injection Systems. This
inspection included 455 fittings (264 Ftrber and 191 twagelock) of which
126 (27.7%) were found out of the nominal range. Of these, one had boron
on it, indicating that it had leaked, end another had a loose nut. The

-

technicians attempted to tighten all of these fittings into the nominal
range. However. 27 Farker littings (5.7%) could not be tightened into the
nominal tange withuut use of eacessive force in the opinion of the
technicians. Maintenance Engineering selected one of these tarker
fittings. which had been the most out of the nominal ras.gt after re-
tightening, to be replaced and inspected. Maintenance Engineering
concluded from their inapection that the ferrule was installed properly and
was adequately crimped on the tube despite being out of the nominal range
provided by Farker. Three mot e fittings were subsequently tightened into
the nominal t ange . The remaining 23 fittings. of which 16 are 1/.' inch and
7 are 1/4 inch, wete left out of sange after en engineering evaluation
enneluded that it was acceptable to da so. Fettions of that evaluation are
addressed in the Safety fvaluation section of this report.

Other equipment inside the PB was inspected due to exposure to the
estremely humid atmosphere during the event. These components and the
results are listed on Attachment B.

Because a divergent control oscillation developed in the Integrated Control
System and appeated to cause the unit trip. a team of consultants was

'brought in to analyre available data ir accordance with the BW Owners
Group Transient Asse ssment Pr ogram. The results of that assesament are
included in the Conclusions section below.

LAdiG1991C AL.ScAalqutAtt a

The RC3 water that teeked into the Pfl over flowed the Normal and Emergency
Sumps and covsred the RB basement floor. It was contained there until it
was transferred to weste storage tanks for treatment. A total of 87.103
gallons was treated and released.

The Reactor Building Futge System was used to lower airbarne activity
inside the RB. The Furge System is e once througn ventilation system which
filters RB air through High Ef ficiency Particulate Air and Carbon Adeorber
filters prior to release through the Unit vent. Radiation Frotection
personnel calculated the dose to the public due to releases via the Furge
using two different filter effactencies. The Frejected Dose was calculated
using an assumed carbon filter e f f netency of 90%. An Estimated Dese was
calculated using actual filter efficienetes from the latest surveillar.ce
tests. Both methods use annualised average meteorologi:al data rather than
actual conditions at the ttme of the ase.

The release data is sunv.arized on Attachment C. Final calculations vill be
included in the semi-annual Effluent I port.

... _ .
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Monit or tng in accoa der te with the f uel Peliability f rogram indicated that ,
priot to the leak, there was an estimated 9 leaking fuel pans. Unit 3
activity levels shor tly tief ore the leak were approntmately 0.11,
macrocuries/ milliliter dose equivalent lodine , ecyared to Unit I levels of
approstmately 0.01 mictocuries/mtllilitet dese equivalent lodine.

As a result, the leek produced high conteetnation levels throughout the PB.
Some of the tesults of smear surveys are shown on Attachment D. The
decision was made early in the outage to per f arm maritmee der _ont ennation at
this time. The intent was t o el(ow t he cont amination t o decay until the
nest scheduled refueling outage and minimite the amount of dose due to
decontamination activitier,. Hruever . additional items were f ound which
r e ,uired mainte nance and entended the outage beychd the initial scope, The
total dose to per sonnel per f ormtnQ outaa* ect ivities through 0600 hours,
December 17 1991, was 30.'70 person-tem. No petsonnel have received doses
in e nr e c s o f Duke f ewe t a rbe t ni s t r a t iv e limits.

CMl!LVLlMiL

LEL1,t ek

It is concluded, based nn the inves t igat ion per f ormed by Oconee f ngineer ing
and BatN oc h and Wilton, taat the inntsating cause of the leak in it'is event

wap improper installation of the f it t.ing. Specliscally, tne fatting but
was r,nt fully tightened. Therefore, a contr tt ut tnc cause of Insppropriate
Action, (Improper Atiten. Action chosen *.at preper but esecution failed
t.ec ause an ac t ion v is pe r f orcied wit h insufficient precision), is assigned.
However. the tom cause of thts event is de t e r mine d t o be fianagement
Deficien y. for less t han adequat e policy. dir ect ive . or tr.sk specific
pr oce dur e . as explained below.

A r eview of pr oc edat es. Qualit y Cnnt r ol (QC) manuals, and petsonnel
interviews indicated that pr ocedor es provided less than adequate guidanc e
and/or documentetson cf installation er inspection of tubing fittings. The
p r oce dur e fot installation of the PVLis instruments includad one signoff
step for each impulse line t e nny installed which cover ed installation of
all associated fittings and instrument tubing. It did not contain specific
instructions on how to maktup fittings, tach step had provision for the
initials of one craft person as installet, one person as independent
ver'fter, and one QC inspector. The reference section of the procedure.

refers to a design specificet ton on installation standards for instruments
whith specifies that tubing f it t ire;s t e installed in accordance with the
manufacturet's instructinns-

Both $weg*lo-k and Fatket provide ins t a ll a t t o., instructions which specify
that tnear fit tinas should t e inst alled " finger tight." then tighter ed 1
ani 1/4 turns (3/4 turns on tubing '/10 irth or less). This prncess has
been considered " skill of the cr af t" and has been included in t ec nnte n an

,. . n . v .
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training. Both vendM s recoenmerid that one f ace of the fiut be marked while
finger t i ght to facilitate countiag the turns. but training documents do
not s nelud. t his r er.omenda tion. The technicians wete scare t / the
s ecomendat ion t o esti the nut. but they did not interpret it as a
sequirement. and they did not, as a general practlce w e k the nut
swageloc k manuf actur es go/no go gauges f or inspecting their fittaregs, but,

_

prior to thic esent, no progr am or ptccedure r equired that they be used and
they were not in general use et Oconee. No similar device of inspection
criteria was referenced in tarker installation instructior.s.

According to the craf t technician who signed the step for the ''A" $tene
Getierator line, the valve, 3/4 inch and 1/2 inch tubing, and associated
fit tings had been n.ade up in the shep area ar i transported as an assen.bly
into the peacto. E'ui i di ng . No one 51gned for the irdividual fitting
connections and it is unanown who per f ormed the fitup trd tsghtening on
them. The andependent verification sign off was based on the fact that the
line was installed, rather than that the aniividual fi' tings were properly
tightened. The QC intrector s;3ted that the line was inspected in
accor dance with the QC manual which rpecified a g+neral inspection of the
t uta i n g . 't did include a requitement to " verify that all fittings are

,

tight." bst no method to check fitting tightness was includei The
inspector stated that he typically checin, to see that fittings cannot be
loosened by hand and tFit the tubing cannot be pulled out of the fitting.

The 1rpulse line was subjected to a pressure test of the entire RCS at 2200
,

psiq as required by Technical f,pecifications during startup follow hg
refueling outages (et any other opening of the RCS). This test includes
walk down of the system and any lenk qe at the fitting should have beer,
detected prior to operation after at was installed. The fitting
subsequent 1/ belv f or 4 and 1/2 years and ta line has been subjec, o
inspection during three s ubu que n t refueling outeges withot. iny indicaticn
of ?eakage. It in apparent that the fitting. if not tightened enaetly in S
accordance with the manufacturer's instructions, was tightened to an tAtent
that the de ficiency could not be discovered by routine obsetvation without
some specific inspect on criteria (such as a go/no go g4Jge or diseaseWblyi

to visually ven if y pt oper compression of the t ut ing ) .-

No system translent has detected immedletely prior to or simultaneously
with the initietton of the leek which might have explained why the fitting
f ailed at tFts part4cular t ime .

The insp(etion per formed on existing fittings o" 11 3 after the event
fot.ad that approatmately 28 % cf the fit (anas in .eted did not meet the
man'*factuier's guidelines. This indicates that " skill of the craft" was
not adepate tr assure that the manufactur*a' s guidelines were met.

oce.,. +u
'
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The toot cause for the reactor trip was found to be an unanticipated
inter action of control signals with ;.lant parametere ster.s pressure and
feedwater flow at low powet condition.: af ter placing a Ma an f eedwater pump
(MrWP 10 in manual to shutdown the pump. This rtot cause is classed as a
Equipment Failure, due to ICS components besng sl ahtly out of ttine.

-

The resolution of the problem is to " tune" the turbine header pressure
.

control to make it more stable in this configuration. The Oconee
philosophy on tuning the ICS is to calibtste individual componente
periodically (typteelly during refueling outages), review c.peteting data to
evaluate system performance, ar1 perform system tuning only when necessary
to resolve a problem. This is based on the fact that tuning activities
requite that small transients be intentionally imposed on the system, which
sneresses the possibility of a unit trap.

The investigation of plant and ICS performance data recorosd immediately
prior to the trip revealed that steem pr e ssur e end f eedwat er demand were
out of phase and limit cycling bef ore Hf Wr B wa's placed in manual. After
switching the pump to manual, the amplitude of the steam pressure and
feedwater flow oscillations increased exponentislly in a clawsic unstable
manner.

i

specifically, one component of the oscillasion was caused by the response
of the turbine heaoer pressure control portion of tht system. This poition
uf the system has been recog-ized by estigned ICS technical support
personnel as being marginally stable when the reactor is in manual. With
the ICS SC/Peactor Master station in Automatie . the feedwater demand was
modified by the turbine header pressure errot signal, which was oscillating
within stable 11a.its due to tha response time of the various components. A
second contritiutton to the oscillation was the response of the feedwater'
pump contr ol portion of tr + system. With both feedwater pv 3s in -

autoenatic. the response time of the feedwa'er pumps to the .nanges in
demand was f ast nough to >eep the oscillatione et able. However, when the

2operator took one pump to manuel, only one pump could respor.d. Therefore,
that pump sp+ed had to change more to pr oduce the same flow change. That
meant that the pump turbine throttle valve had to move further, and, due to
prcportional c;ontrol, the error signals had to be larger to cause the
change. This shif ted the response time of the mrmp control system such
that the oscillet.ons became divetoent.

One difference between this event and other shutdowns ves that the reactor
was an mantal contr ol at the time. This caused the Teve control to modify
the feedwater control signal and prevented the reactor from contributing
to the t verall response to the cont r ol signals. Therefore, the feedwater
pump control system response time was ef fected by the Tave control and the
turbine header pressur e t esporu e time was af f ected by the lack of reactor
response, thus r.etther sub system was experteneing the response times seen
in a normal shutdown. N

..c . - m. . .
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i The period of nocillations (appros. 36 seconds) and time from initiating
event to reactor trip was too short ict the operaters to adequately

i evaluste and react to the situation.
I

! Given eufficient time far diagnosis, the operator could have stabilised the
oscillation by taking other stations to Manual. The first preference would

_,

be f or him t o have taken turbine control to manual. The second pteference,

! would be f or the SG/Peactor master control station to have been lef t in, or
i returned. to manual, as this would have blocked the steam pressut e af f ect
! on f eeth.a ter cont rol .
!

I It is noted that the Oconee training simulator does not model the ICS and
response of individual secondary components in suf ficient detail to exhibit
this type of control oscillation during training.

I

An Antitel question was raised af ter the trip as to why the Emergency
feedsater pumps were not started af the unit tripped on low MPVP discharge
pressure, as indicated by the Unit 3 fvents i<ecorder. because the
initiating pressure switches have the same nominal setpoint as the PPS
switches. This was subsequently explanned as f ollows:

fittt, the FPS logic contact buf f ers require manual reset. * ** e
contact buffers on MFWP B were apparently actuated when CR0 A
manually ran hach. the demano *oi tMt pump which caused discharge
pressure to drop. A control room alarm should have alerted the
Oper ator to the ac tuated buf f e t . but at was apparently overlooked due '

to the large number of alarms resulting f rom the lesh and the sudden
appearance of the divergent oscillation. When CPD A teacted by
increasing manuel demand on NFVP ti, the syst em re sponded by r educing
dem and ior MrWP A, whirh w.s still in Automatic. When MrWP A
dis harge pressure reached the setpoint, the associated contact
tuf f er s actuated and satisfied the logic in the Ris. The E,mergency

-

,

F e e ch a t e r pump s a t t also actuated by indicated low dischstge pressure
on both rifWra, but that logar does not seal in if only one pump
discharge pressure la low. The system will only actuete if both

f MFWrs are low simult antonly.

Second, the pressure switch calibrations were verif:ed af ter the
'

trip. These checks found that one switch in each actuation channel
of the Emergency Feedwater actuation logic was slightly out of the
pr oceduce calibration t oler ance on the low side. Therefore, MtWF
discharge pressure could fall low enough to actuate the RPS aw :hes.
which were all within tolerance. and still be above the actual
setpoint of t he Emergency f eetNater pump logic.

Bet euse of the r.ontinutng divergent secordery plant cis c il l a t i on , it is
t eleved that the teactor weuld have t r apped eve n if the oper at or had not
increased MTVt B speed.

. . . .
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It is concluded that the root cause of the inadvertent actuation of the
Reactor Protective System (Ris) is Management beficiency, Deficient
Supervision, by CRSRO A.

_

CR0 A was operating with the ICS turbine header pressure cont r ol in
Automatic af ter the procedure directed the operator to manually control
header pressure by placing the Turbine Bypass Valves in Manual. However,
both CR$RO A and CRO A state that they had discussed this deviation f rom
the procedute end reviewed portions of the procedure in an attempt to
identify any adverse affects. Hetther CR$PD A ncr CR0 A either recalled
from training or reviewed the procedure adequately to identif y the reason
for the requiremert that turbane Bypass Valves be in manual. This
inappropriate setton of less than adequate attention to detail contributed
to the event,

CR5RO A granted verbal approval f or CPO A to stay in Automatic control for
the time being, Station directives allow performance of steps out of
sequence with the supervisor'e approval but requite that the opproval be
documented in the procedut e. Additionally. Operations management hos a
mor e restrictive Oper atious Management Frocedure which directs that the
Shif t Supervius 's approval, rather than the CRSRO's, is required prior to
perf ormi'q steps out of sequence . Although the emir, ting operating
conditions were unusual, this deviation could not be justified as being
necessary to mitigate an emergency rituation. Therefore. it was
inappropriate for CRSPD A to grant such approval. CRSRO A did so in his
role as supervisor. therefore this act is classified as deficient *
supervinien.

It is noted that the procedures in use. OP/3/A/1102/10 " Unit Shutdown"
Enclosure 4.2, and OP/0/A/110$/09, "Contiol Rod Drave System", did r:ot
provide any Note. Caution, et ver ification step immediately prior to
resetting the CRD breakers to indicate that the turbine bypass valves
should be in Manual or that tesetting the CRD breakers would result in a
change in ptessure if the bypass valves were in automatic.

Etcurtsn:t.andlihettenclusiens
The RCS leak is not consideref to be a recurring event. ocones has not had
a history of leaks due to leak ng empression fittings. The teneter trip
is considered recurring. On April 26, 1990, Oconee Unit I tripped due to
an unenpected control anternetton when an operator stopped the second of
four r eseter coolant pumps dus ing shutonwn. Following a technical
5pecif teatton chang, which pr ohibited oper ation with only two tunning
oumps, the PPS had beeri calibrated to trip the unit di only two pumps were
runcing and power was greater than sero. It was not enticipated that,
during the shutdown, the power level inditated t y the neutron detectors was
small but greater than sero. That event was reported as 1.tF 269/90-06.

..t.-...
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The unplanned actuation of the Ff5 is also considered recurring. On April
1, 1991. Unit 3 had two inadvertent actuations of the Diversified Scram
System (an ATV5 mitigation system which provides a back up to the RI'5)
which resulted in an teactor trip and a subsequent scram of a partially
withdrawn group of centrol rods. The subsequent scram occurred during
troubleshooting when involved per sonnel f ailes to anticipate that the
control r ods would be af f ected by their actions. That event was reported
as IIR 287/91 05. In the PF5 actt ation portion of this event. CR5RO A and
CPo A failed to anticipate the ef f ect of leaving header pressure control in
automatit.

There were no personnel injuries or encessive personnel exposures
associated with this event, Peleases of radioactive materials were
controlled and within normal limits. The failure of the fitting, a tarker
Hannifin Company model 12-3/4 ?>tFW2-55. hs be+n determined to be Nf PM
reportable.

CCt M CU VI_ACI1DNS

Immediate

1. Operators began a controlled unit shutdown.

2. An Fmergency classification of " Alert'' was derlored and notifications
made to initiate activation of the Technical Support Center and Operational
Support Center in accordance with the $tte fmergency Plan.

i

3. Following the Unit trip, operations stabilized the unit a. d continued
shutting down to told shutdown.

Subsequent
,v

1. The root valve, tub:ng, and associated fitting on both the "A" and ''8" g
Steam Generator PVL15 impulse lines w+te teplaced with new components.

2. All enmpression fittin g on tubing connected to the Peactor Coolant
System and related high pressure systems (High Pressur e Injection and Core
Flood) were inspected, and tightened if necessary.

3. An operability evaluation was perior,med to document the engineering
justification for returning Unit 3 to service with the gap on several
fittings r emaining outside 'he manuf acturer 's nominal r ange. This also
documented the Justification for continutng operation of Units 1 and 2
othout shutting down to snspect for similar defects.

4. Appropriate calibration procedutet were revised to change the teing of .

the Integrated Control System with the intent to mintmtre the control
osetllat 2on which caused the unit trip.

.

9 4 . .e W 4.
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$. The calibration of the Main le*% ster Pump lov nischarge pressure PPS
and teergency f eedwater pressure switches were checked. Two Emergency
feedwater pressure switches were slightly out of tolerance low (765 versus
793 psig) and were recalibrated.

F lar.ne d

1. The f!V1.15 instrument line on the Unit 3 reacter vessel head will be
*replaced prior to startup.

2. The equivalent RV1.15 instrument lines on Units 1 and 2 vill be replaced
with a configuration using f ewer compression f att ings during the next
outag. of sufficient duration.

3 All eneptession fittings on tubing e inocted to the Pesctor Coolant
system and related high pressure systems on Units I and 2 will be performed
during the next outage of sufficient duration.

4. Folicy. directive and/or procedur e enhancements shall be implemented to
assure proper installation and inspection of compression fittings.

5. All personnel who inspect, install, makeup et remake tubing fittings
will receive additional training to assure that the manufacturer's
inst ructions ar e unde rstood and c.eplie d with.

6. truring unit .tartup following this outage, a pressure test and walkdown
inspection of the PCS will be per f ormed as required by Technical
Specifications.

7. During unit startup following th n outage. the ICS shall be opet ated in
manual with one Feechsater purnp in service long enough to verif y that the
control oscillation which caused the unit trip is more stable after the
tuning adjustmerst.

8. Oper ators involved Jr. the inappeent 4 action and less than adequate
supervisien will be counselled,

9. Oper ations pr oc edures will be evaluated f or enhancements.
Specifically, additional ''-ondition oriented" guidance on ICS controls will
be r eviewed and implenient eo as deemed arti cpr iate.

Rf f.ILMiAW 15

FSAP Section 15.14.4.3. " 5 ca l l l' r e m it 10CA* de f ine s t h. minir..um area for a
small titeak 1.OCA to t,. 0.001 sq. ft. This corresponds to a circular

!
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opening approstmately 1.13 inches in diaeeter . The tubing / fitting which
failed resulted in an opening of approximately 0,75 inch diameter, or 0.00)
sq. ft, area. The r e f or e , by d* finitiori, thin' event was not a 1.OCA. All
identified consequences were trounded by F$AR analyses for a Small Break
LOCA. The leak rate was calculated to aver age approntmately 80 gpm while
the Peactee Coolsnt System (PCS) was at operating pressute. One High -

h essure Inlection Wrl) pump was cap.ble of maintaining RC$ pressure and
inventory at this leak rate. No Enginect ed Sa f eguar ds actuations we r e
riecessary as a result of the leak. The unit tr jp which occurred was not
caused by tha leak.

As shown in At t achraent C. radiolocic*l releases made as a result of this
event were very small percent ages 'of NPC annual limits, all releases were
made in a controlled mennet after processing the ef fluent eppropr iat ely t o
minimite the r e l e a r, e . The total releases were increased due to the

relata.ely hir,h amount of f ailed fuel (estteated at B rods) which existed
in the core priot to the event. Since there are 177 fuel assemblies and
each assembla has 20e rods. eight leais represents only 0.072 L well less
than the FLAR LOCA analysis, which assumes f.ilure of 1% of tLe fuel rods.
The FtAk Masimum Hypothetical Accident analysis further assumes failure of

'all fael rods, and shows that 10CFR100 limits would still be met.

As discussed previously. the unit trap respanse was well witnin normal post
trap response guidelines. No Engineered Saf eguards or Emergency Feedwater
actuations were required due to the trap. The trip was caused by an
Integrated Control System (ICs) oscillation while in an inf requent but
normel activity, i.e. taking os.e f e e dwa t e r pump out of service at low power
level while snutting down. The princ2ple difference in this event from
routine shutdowns was the comtinatinn of power level and control
configuration, i.e. which ICL stations were in manual. The ICS will be
tuned to etninitte the probability of t.currente, but the worst case
scenario woulJ be for the its to fail in a similar divergent oscillation
while at full power. Should suct. a failure occur, the Reactor Protective
System (FPS) is designed to tr?p the unit prior to any saf ety litaits being
exceeded. In this case the re" f unctioned as ries sqmed.

;

The inadvertent actuation of the Fr5 af ter tesetting the control Rod Drive
(CRD) breakers had minor safe;y significance. Again, the RPS fut.ctioned as
designed to assure that safety limits were not esceeded. If a similar
event occurred at a higher RC$ pressure and temperature (CFD breaken are

; normtlly reset at hot shutdown conditions in preparation for resterting the
reactor af ter a trip). the sudden removal of the Turbine Header Pressure
pos'-trip bias of 125 psig would result in a quick cooldown of the RCS from
ap; imately %5 r to 532 F. ",uch a conldown could ef fect RCS apparent
inve..sory due to contraction of the FtCS water. This would reduce system
pressure and the RTS would trip nn low pressure. The HTl system would
provide additional makeup flow. t'u t , if the pressurtrer was at or near
minimum post-t r ip levels , the pressur4*er level could go off s: ale low

; momentarily. If the operator reacted similarly to CR0 A and closed the
turbine Dypass Valves. RCS pressure would ancrease. If the epecator failed

.

,

-
,~. -.

_ - _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - -



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

C-126

---

............w.. _ , _ , , , , ,gm . ... .
' " ' - ........m

UCENSEE EVENT REPORT MN '2.' *,.* ' '.' '.;'*t' '." M'.%"I'. l'.gi*J* .' .T ".'.". '

TEXT CONTINUATION |L.|"*'.".'MP.,*W7*ft'.L*''.'M".' "'$ff"

\ :"'.;.:.'.1.*.: "~.'*a..* ,'=..~.1W.M.R' .in n
,

m ....e e. xn>
,

g , , , , , , ,
%....n. ....a. , , , , , ,

. . _ . . . . . . .....
.... . -s hautt

ococee Nuclese station o|tjejo{e1 2 |8 | 7 %I . Oj0}B ,0f 1!B of 2 f.
v.._ .= m . e

to control pressure properly, the operator could possibly challenge the
Pre ssur e eterated Pelie f Valve (FORV) . but the Popv should still assure
that no safety limits were exceeded.

oconee Engineering performed an evaluation of the 21 Farker fittings lef t
i out of the manuf acturer's nominal r ange f or fit ting maireup. This
i evaluation concluded that tJnit 3 could saf ely restart with these fittings

-

in place. This conclusion was based on the f acts that t

1) Parker does not consider the gap dimension to be a critical
parameter,

2) the fittings were all tightened as much at appeared feasible to
,

. highly espettenced instrumert technicians.
!
I 3) these fittings have been an place f or year s without leaking.

and

4) one of the fittings most out of the nominal tange was removed'

f rom service. insretted. and verified to have adequate swaging
of the ferrule ont *he tubing.

Because tubing f ailure has always been considered e possible failure mode,
all of the effected instrument lines have been previously analyzed and
evaluated, particularly with consideration of single f ailure criteria.

I However, the affect of failure of these 23 '' problem" fittings was re-

|
analyted. including the effect on the connected instrumentation. A sumar y
of the results of this analysis follows:

1. Problem fittings vet e f ound associated with three RFs Loep A PCs flow
instruments and the ICS 1oop A RC5 Flow instrument. These all share
crm nr. impulse linen and are always sub net to being ef fected by any
single failure of the impulse lines. Failure on the high pressure
side would cause a low flow signal on all the RF5 channels and would
cause a teactor trip on Flum/ Flow /Imbalace. A failure on the low
pressure side would cause the flow indications to f ail high, which

a would result in computet alarms to alert the operator. The low side
f ailure would prevent an RFS Flun/ Flow / Imbalance trip, but would not

a
cause a trip condition to exist. If a real low flow condition
occurred simultaneously with the tubing f atture, the decreased beat
transfer would result in a high PCS pressure condition which would
trip the reactor using separate snattuments.

2. Froblem itt tings were found which could af f ect pressure indication to
Enginetted safeguards Channel B FCS pressure and RF5 Channel B RCs
pressure. A failure on this line could result an actuation of E5 and

+ . s.u n
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Pf5 Channels B. Neither system would actuate solely due to actuation
of only one thannel.

3. Problem fittingt were found on one of two level control transmitters
which cont rol imergenry teccNater flow into the "B" Steam Generator
"GB). The affected transmitter shores an impulse line with

ansmitters for Startup. Operate, and Full Range level indications
on SG B. P e dundan' transmitters exist on all of these except Full
Sange, which provides indication only. The redundant Startup and
operate transmitters would be selected by the 5mstt Automatic Signal
$ elector system so that the failure would have no affect on normal
op* i a t i t,n.

These insttuments are located inside containment. If orie of these
fittings failed, one result would be a main steam leak inside
c ont airnent . This would have no af f ect on the RCS, but , 'I a 1.0c?
occurred after the instrument failure, the open tubing vtald provide
e leak path out of contairpent.

4. Frtblem fittingt were f ound associated with the Fressuriter (FZR)
level transmitters. Sever al fittings are on impulse lines associated
with one normal TZA level transmitter. a second level transmitter
which provides indication in the Standby Shutdown Facility, and a PZR ,

pressure transmittet. Other fittings are on a line cor.nected to only
one of the other two transmitters.

A failure of a fitting on the high pressure leg could cause low FZR
level and pressure indications which could result in the FZR heaters
Lenn,; turned off arid increased makeup. The operator would receive
low level and low pressure alarms to alert him of the f ailure. He
would have to properly diagnose the f ailure and select an alternate
FZR level transmitter. If the operator delayed thin action too long.
the increased makeup flow could fill the FZD and challenge the PORV.
A failure on the low pressure leg would result in a high level
indication, which would cause en ala;m and stop RCS makeup flow. The
operator would have to diagnose the failure and select an alternate
transmitter. If the operater delayed this action too long, the loss
of makeup would allow real FZR level and pressure to drop. This
could lead to uncovering the FZH 5 eaters while they were energised
which could result in damage to the beaters. However. in each
failure mode, the other two level instrtanents would be reading
properly and the af fected instrument would te of f scale either low or
high. making diagnossa easy. Also, FZR instrument failure scenarios
are f requently used in Operator tr aining, and the Operatora are
trained to r ecoonite these tallure mo3*s.

' , . One problem fit ting was f ound on a tr ansmitter f or HFI Nortle Warming
Flow, whic h pr ovides indtr ation only.

.-
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lhe instruments connected to the PCS would result it system leakage, but,
due to the site of the tubing, the leakage would remain within the
capability of a single Hrl pump to provide makeup. The HP! Nortle Warping
Flow instrument is located outside the peseter Building (PB). but the
makeup water is at low t errper ature and the associated ins tt ument root
valves would t.e accessible so that the leak could be isolated. The rther ~

instruments are located instde the RB and any leakaga woulo be co.ifir,ed to
the PD. ,

The evaluation also considered the possibility of similar fittintJ pr:ba a s
on Oconee Units 1 and 2 The conclusion reached was that the type and
degree of problems found on Unit 3 do riot warrant shutting down Units 1 or
2. Both Unit 1 and 2 will undergo similar tubing inspections during the
r.ent outag+ of suf ficient duration. Unit 2 is currently scheduled to begin
a re f ueling out age in Januar y. 1%2. There has been no history of *ubang
failures at Oconee prior in this eve.t Of the fittings found out of

{
norsinal range c.n Unit 3. only one showed any evidence ef a slight leak. ! *.

was concluded that the probability of a fitting fatl'*e on either Unit 1 or
i 2 prios to the rient outage is acceptably small. Fw timore, the tubing
I fittings on those units are of similar site to those on Unit 3. such that

no fitting failure should be any worse than that on Unit 3.
,

In sumery. the leak which occurred did not pose an imediate harard t. the
3 public. The leakage was contained and all result ng ef fluents were treated

prior to release to manamite dose to the public. All teleases were withina

! limits for nor. mal operation. It is concluded that the health and safety of
' the public was not a f f ect ed t'y this event .

. . .m

Plu8
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Attachment B

List of Equipment InspecteJ

Environraentally Qualified Transmitters- 4 of 11 opened and visually
inspected. No evidence of wate r intrusion was it.und.

L.wironmentally Quellfied valves- 8 of 8 Target Rock solenoid valves were
cycle tested successfully.

Valve Operators. Inspected 26 Limitorque limit switch housings for water.

Fire Detectors- 21 of 22 checked out good. Replaced bad one.
-

Electrical tenetrations- Opened 5 junction boxes, found no signs of
moisture.

Control Rod Drivesi Initially Megger tested 20 of 69. all good.
%-Subsequently had one control rod stator f ail during an attempted start-up.

,

Later testing showed 29 of 69 to have some problems attributed to moisture.
Four were replaced and the others were dried out.

Disecunected 2 control roo position indict. tion tube cables. found no sign
of moisture intrusion.

Pressuripar heaters- inspected two junction boxas and meggered 3 cables.
No defects found.

Incore inscruments- Performed TDR eheck n on+ of 7 detectors in each cf 52
strings.

; Resistance Temperature Detectors (RTas)- Checked 5 RTDs on RCS.

Pressure Operated Relief Valve acoustic leak monitor- visual inspection

kcactor Coolant Ptsup Notors- performed High Pot Tut on 2 of 4 pumps,,

j <<aually inspected instrument terminals on 2 ef 4 pumps. Changed oil on _.

1A2 pump (both oil pets) af'er water fcund in upper oil pot.

Cranes- Visually inspected pe'ar crane, control Red Drive crane, and fuel
handling bridges.

<.-w

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



_ . .

C-131

,,,,,,,_,,,,,,,y -
. ..........u,.. - . .~,. . , , , . . . .

. . . . . . . ,

tIctNC.1 EVEN1 REPOHT ILIR) */||".* '|',, *.'"f |'.",*. ,* *.T.'.''.', / *.f!**.'| ."1".'.",2
TtXT CONTINUATION 7."., ||d.'/*"|,";.T. *,.0T'.127 '.'? 'O17f'

!".'.t, 0. 2'v;.|.:.M |".'C. :?'.,,%:S *:t 'I
**

m . . .. o - -,

m oe . . -. . . ,
-

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

.E% i .. . -

w.....
...y. i__ man a -=sti

Ocopee Huclear Stat 1h o gg ;g g,;,9 . 0 [) g6 0;0 2 g1 or 22 , {,

. . . ~ - . . . . . . .

* tac:9.ent C.

V)LI..J Q f'A'liG Dut.lQ.htli4315

_

500RCf CUHIES Minf.F tt0DY TifYR0!D

1.1guld 0,0305 Gross 0,00139 mrem 0.012 2 mr.r e
0.0165 Tr ititam (0.0154 \) (0.0407 %)
0.293 Noble Gas

Noble Gas 672 0.00/16 mred N/A
(0.007* %)

Iodice Gaa 0.000126 0 0004 mrem (Estimated)
0.0511 meem (frojected)
(0.1!4 %)

NOlf s, A.ll % values above are % of maltimum allowed dote per calendar year.
Projectes door used 90 $ carbon filter ef ficiency. t atimated done

used actual filter efficiency.
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i Attachment D

ggMRaination Smyev Results

.

AREA CONTAMINATION ISOTOPIC -

A steam Generator Cavity 24 K epm 127 mrad Co 58 71% Cr-51 11%

? 5 team Generator Cavity 44 K cpm 42 mrad Co-58 58% I-131 13%
Cs-137 5% Cs-134 5\

Basement (10.000 mrad)
West Side 873 mrad Co-58 36% I-131 36%

Cr-51 8% Cs 6%

East Side 590 mrad co-58 47% I-131 20%
Cr-51 11% Nb-95 45
Zr-95 2% Nb-97 2%

lat Flocr 36 K cpm 10 mrad Co-58 52% Cr-51 10%
I-131 10% Cs 9%

2nd Floor 22 K cpm 68 mrad Co-58 34% Ce-137 26%
Cs-134 13% I-131 91

3rd Floor 18 K cpm 156 mrad Co-58 50% Cr 51 11%
(1487 mrad) Nb-95 9% I-131 4% g

Cs-134 2% Cs-137 3%
4th Floor 20 K cpm 46 mrad Cn-58 48% I-131 13%

Cs-137 9% Cs-134 8%
Cr-51 8%

Polar Crane 90 mrad
(182 mred)

NOTE: Readings indhcate high " typical" readings .n general area.
Parentheses indleate readings at localized hot s -'s within generalr
area.

w.
-~
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ACCIDENT SI',QUENCE PRECUllSOR PitOGitAM EVI'NT ANAIMSIS

LliR No.: 293/91-005
Event Description: loss of one division of class 1E loads
Date of Event: March 15,1991
Plant: Pilgrim

Summary

On March 25,1991, Pilgrim was operating at 10(G power and perfonning a Technical
Specification (TS) surveillance run of the B emergency diesel generator (EDG) because
the shutdown transformer (SDT) was inoperable. The automatic voltage regulator (AVR)
for the generator failed. which caused all the preferred and alternate power supplies to
essential service bus A-6 to trip ofl on a sensea overcurrent condition on 'he bus.
Subsequently, the liDG was also lost when it oversped on the loss of load. The loss of
the IIDG caused the loss of all AC power to train B of the vital loads distribution. The
plant remained at full power for over 15 h with only one vital bus, the main generator,

,

one source of offsite power, and one EDG available for all house and safety loads. Also,
the plant operated in the Single Recirculation 1.oop mode during this time since power
was also unavailable for one of the two reactor recirculation pumps.

Event Description

Oi tlarch 24,1991, the SDT was declared inoperable due to solar-induced disturbances
causmg perturbations on the 23-kV distribution system. Easential loads were being -

supplied by the unit auxiliary transfonner (UAT). !!DG B was undergoing a TS-required
surveillance run because of the unavailability of the SDT. The EDG was fully loaded,
synchronized to essential bus A 6, and paralleled with the UAT. The AVR on the EDG
failed and caused an overcurrent condition to be sensed by the lockout relay 186-A6 on
phase B of the feeder breaker A605.

The h>ckout relay actuated and opened breakers A605, A604, and A601, effectively
suipping :he load off essential bus A-6. This large load reduction caused EDG B to
overspeed and trip, followed by breaker A609 tripping open. Thus, essential bus A o
had no power supply, and all of its supplied loads were lost. Among the loads lost were
control rod dnve (CRD) pump B, residual heat removal (RIIR) pumps B and D, core
spray pump B, standby liquid control (SBLC) system pump B, reactor water cleanup
(RWCU) system pump B, turbine plant closed cooling water (TBCCW) pump B, reactor
build.ng closed cooling water (RBCCW) pump B, high-pressure coolant injection
(IIPCI) pump room cooler and turbine exhaust containment isolation valve, reactor core

_ _ _ _ _ - _ - _ _ _ _ - _ - _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ - _ - _ - _ - - _ - - _ _ _ -
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isolation cooling (ItCIC) turbine steam supply isolation valve, and reactor reciculation
system motor-generator (MG) set B. This last item placed the plant in single recirculation )
loop operation. j

!

Th plant continued to operate at 100% power until power was reswicd to bus A-6 |
~15 h later. After power was restored, the recirculation pump was restarted. Starting |
this large load caused the IIPCI and RCIC inverters to trip. This event is addressed in |

LERs .293/91-006 and 293/91-024.

|
The Nuclear Regulatory Commission granted a waiver of compliance for operation _;

beyond the 24-h liniit required by numerous Limiting Conditions for Operation and a |

License Condition. Ilowever, this waiver was not required since power was restored in !
, less than 24 h. I

(

I

L Additional Event-Related Information
:t

l-

L The auxiliary power distribution system (APDS) at Pilgrim has six 4.16 kV buses. Four
l of these buses, A1, A2, A3, and A4, are designated as normal service buses, while the j

other two, A5 and A6, are emergency service buses. The emergency service buses i

l supply power to essentitil loads required during normal operations, abnonnal transients, i

| and accidents. The other four buses supply power to station auxiliaries during planned i
opei ations. Power to all six buses is normally supplied by the UAT or the prefe ;ed
offsite source, the startup transfomier (SUT). The SUT is used to supply power during
normal startup and shutdown. Power to the buses is then transferred to the unit source
after the main generator is on line. Backup power to buses A-5 and A-6 is supplied from
EDGs A and B or the SDT.

|.
|'
( ASP Modeling Assumptions and Approach -
|
t !

|| This event was not modeled as an accident sequence precursor since it only involved a
l loss of redundancy for vital plant loads. Ilowever, it was an interesting event in that the

plant remained at full power for over 15 h with only one vital bus, the main generator -;

| (which would be unavailable following a scram), one source of offsite power, and one
! EDG to power all ho'use and safety loads. The utility noted that the probabilistic risk
l- model for Pilgrim indicated that the risk associated with remaining at nower was less than

initiating a plant shutdown for a period of up to 48 h, (The current Accident Sequence

; Precursor model for Pilgrim indicates ti a time period is ~116 h.)
l-

l

!

|
!

|

|-



_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

C.135

T .- o u . . . . . m . . . . . w .. m , , , , . . , , , , , , ,

. .. m . , w
......u . m . ... u . 9 9

UCt N5tt EVE NY HtPOWI (LERI " 0'. M C, 4 1.... D.. .I//..M i. u."<d./. N l.i..s m . .% .. s. .

r t ? 'U. .f..'.'o%,"*1. m?. * *.7. .,. .". '. /L f".' ti. .hP .. . . .n w. u-
..oo. . . . . , w . n o . . ., ..u ,

Los s of AC Powe r to 'B' 1rai_ns _o. _ _ f_ty $y_st_ ems _d_e l _ Ol[e.pj opj o L2yhnhpilgrim Nurdear F>over Station ..
f Sa e _ u o sel Generator

o
'*' '

'B' Voltage Rrgulator F_ allure Ouring Surveillante
i _

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

...m......, ...w...........,..

__ _. w __ , . ._ ._ _ _. _ . _ _

N!% 039otog g g
-

__

.9N .d 5 9 i 1 9 { O M... ]...l...l[gh... g j'..<.. -.M __ gj g y_
. . . . . . . . . . . .

N "~Ti
~ . . . . _ . . . ~ . _ . _ _ . . - ._ , _

%_1 e ..~ * T iT . . o... . ' na --

~n ..
4_

7. I 0;o_ ; -. m...
_

wt

..4.o ...i
,_

"'] . ,.
n

_ g .. . ;;n..
s: w n.. , . ... o ..

_

1

.n.,.

u . .. . o .
,

n-. . . r. 4 ..o-. .

u n .o~ n_,......

. l " .*'' .
- -_._____.-._'T" _ ! " "* t"1. . . _ -.__ 1*"**"'

_ __ _nt?*iU * * ' '"' ""E" _ _ _
,

mnw
lDaul as H. [1115 . Senior Compliance Engineer S Ld M 7m i 1 p_O al6

""**''''***"""'"''**"'"***'''*'."*ff"."_'

. - . ~ _._ _. ._f al ,;; ....h_ 4n. fygT- *;;L '.y ~.s., g;;.;*. a a.

. p. ,. , . _. - . . ..--. .- . .m . _
x tiF. t c,r 0u i y {_41 J Lil 4_ U_L 4..__ __ _L 4J _L L_L1._1__

. _ _ _ _. _ '3' *"I '22$ " ' 11*" ' "' 'L. _ _ . . _ _ _ _ _ , . _ . _

_.1.11_[_ _.
_d. _ _._._

2 d _l^.1 M EL9 ,
.,_1_ _

. - _.J._ 1J i
J . ' . ' ' ' . .

*. . . . .

. . . i-..........~.7 ,. . ~.
- . ,7_______._g.- - .

, , s
2_._1.A1_

On Har d 25, 1991 at 0610 hours, the [ met gency Diesel Generat'or dDG) 'B' became
ino;erable. 4 ;oss of AC pc.er to Train 'B' components of safety systems, and
actotions of portions of the Primary Containment and Secondary Containment
Isolaticn Control Systems occorred during a Technical Specification required
surutilante test of the EDG ' B'

The cause for the esent was a f ailure of the automatic voltage regulator (AVR) of |
the (DC 'B' that was fully loaded on its safety bus at the time of the event. The
voltage regulator was manuf actured by the Basler Electric Company, .odel number
SVR01 A0;cdBIB , s e r i a l r. Ae r 90.U500105. The affected safety system components
were re.cnerg(nd and returned to normal service by March 25. 1991 at 2l00 hours.
Tre EDG 'b' voltage regulator was replaced and the IDG 'B' was surveillance tested
*!th satisfactory results -ife surveillante was c0mpleted on March 28. 1991 at
agro.imately 0915 hours. The failure of the AVR w15 (aused by the failure of the
AVE ugnetic a71tfier due to Icw insulation resistante. A manufacturer seaith of
its productie f ailure and returned uteriait data indicated the failure was an
isolated ottorrer.ce.

This event ot tur r ed er t rq pe.er coerat ion .M le at 100 percent reactor power. The
renter made selet tor sol tch was in the RUN p%)ti.on. The Reactor Vessel (RV)
cressure .as 1030 psig with the RV water ter;erature et 548 degrees Fahrenheit.
This r m rt is sutmitted in accor m with 10 CFR 50.73 wbparts (a)(2)(iv) and
t.a)(2)(vit a ed this mot ;: sed % tutet to the publi; tealth and safety-

..o.m <
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lhls report is t:eing submitted to meet our coreitment to surD18'***k the original
report. At the tinie the original report was sJbmitted, the cause for the failure .

cf the autom.stic voltage regulator had not teen determined. The manufacturer's
f ailure analysis report has sir >ce taen issued and the results are included in the
CAUSC section of this report.

[AQQDg3Q

lhe Auulliary Po.er Distribution System (APOS) consists of 51: 4100 VAC buses. The
AP03 is divided into emergency service (Buses A5 and A6) and nor#41 service (Bases
A1, A2, A3, A4). Uu AS and A6 supply power to essertial loads required during
normal operations and J nermal operational transients and accidents. Buses Al, A2.
A3, A4 supply power to other station auilliaries during planned operations. hver
is di tributed to the sin 4100 VAC buses during normal operation from either the
unit saur(c (Unit Aviiliary Transformer) or the preferred offsite source (Startup
transtormer), lhe preferred poetr source 15 used to supply the 4160 VAC buses
caring normal startup and stutJown. Af ter the main generator has been $3nchronind
to the 345 IV transmission system. the 4100 VAC buses are transferred from the
preferred po.cr source to the unit pc.er source. The 4100 VAC emergency service
Buses A5 and A6 can also be supplied f rom the standt:y power source (EDG ' A' and j
'B') or the secondary power source ($hutdown Transformer).

Pe.er from the 4100 VAC buses is fed to 4100 VAC pc.ered loads and. through load
"

cer'ter transformers, to 480 VAC load center buses. Bus A5 feeds 4160 VAC po.er to
the motors of the Control Rod Drive (CRO) System pump 'A', Rostdual Heat Removal
( FM ) System loop 'A' pumps (P.203A/C). CDre Spray (CS) System loop 'A' pump

(P.215A), and via t ransf ormer x.21 f eeds 48G VAC power to But Bl . Similarly, Das -

A6 feeds 4160 VAC power to the motors of the CR0 pump 'B'. En loop 'B' pumps

(P-2038/0), Core Spray loop 'B' pump (P-215B), and via transf ortner X-22 f eeds 480
VAC power to Dus 02 Bn M is a swing type tus that can be powered by either BI
cr 82. and is normally aligned to Bus Bl. Bas 06 was aligned to Dus B1 at the tire

-

of toc evert Fo.cr f rc* the 4M Lum h f ed to rmt.rs and to *otor control
centers (HCCs), Po.er f rom the KCs is fed to other motors, motor operators, and
ec.er panels,

loteted at thi end of this rgirt is a ligure that depicts a sirrplifted $1rgle lire
diagram of a portion of the APD5 inc lu tru) Buses A$ and A6. The diagram does notd

depitt fender bred ers ABOl ( 15.~ . B ;;) ) and A902 (152 602) that are located on the
M aO cut Dien t Ger+ratcr an ' Shu t h.n framfarmer side of breder 152 600

,__ _. _ .
__a-=-~~-4--

NW D 4
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The IDG *B' was beina wrveillance tested as reautred by Technical Specification
L 9.B. ) t.ec ause the Shutdow') Transformer (SDI) became inoperable on March 24, 1991
at 2300 hours. Ibis was the result of the actuation of lockout relay 186-S that
occurred due to a solar indvred disturbance on the of fsite 23 KV distribution I

system. When the SDI became de-energized, the offsite 345 KV transmission system
lines 342 and 355 were energized. the 345 KV switchyard air circuit breakers were --

closed, the Startu;: Transformer ($d) was operable, the (DCs 'A' and 'B' were
crerable, and tFe 41EO VAC Auxiliary Power Distribution System (including emergency
Buses AS and A6) was er.ergized via the Unit Auxiliary Transformer (UAT). The (DG
'B' was being tested per procedure 8.9.1 (Rev. 28), " Emergency Olesel Generator
Su,veillance", it: tion 8.2. The event occurred while the EDG 'B' was fully Icaded
at cpprosimately 2600 rk and synchronited to but A6 in parallel with the Unit
Avriliary Transformer. af ter teing loaded for approutmately 15 minutes.

LYDillKElEI]M
On March 25, 1991 at 0610 hour >, an automatic actuation of lockout relay 186-A6
followed by a trip of the Emergency D!esel Generator (EDG) 'B' output breater A609
(152-609) occurred during an unschedaled Technical Specification required
surveillance test of the EDO 'B' The EDG 'B' trecame inoperable, a loss of AC
po.er to Bus A6 and related .ctrces c' AC power to Train 'B' components of safety
s ystems occered a trip of the Recirc ulatlan Sys tem motcr-generator (MG) set / pump
'S' occurr(d, ar.d actuations cf portior.s of the Primary Containment and Reactor
Putiding Isclation Control Systems occurred. These occurrences were the result of
tne attuation of lod cut relay 186 A6.

The loss of p aer to 4100 VAC Bus A6 resulted in a loss of power to the follcwing:

ine all] VAC meters of CRD pump 'B', RHR purps 'B' and 'D', Core Spray+

pue; 'B'

MO VAC Icad center Sus 82 and its related loads:

isrtim Building Cicuo Ccoling Water (TECCW) System Loop 'B' pump*

(P 110!O

45^ VAC C 614 includir.g:*

125 V2" Elttery cNrger 'B' The 125 VDC Battery 'B' wa'.*

ut',epertly al' ped to the cach.p battery charger (pc cred f rom
O s 9',' at Ot11 hours.;

* 2tJ ' " ~ no rma l t 3 * !e r y charger. The 253 VOC 6attery was.

. ic.Mtly a!)ye! to tS tacy c tattery cNrger (pc--erej f rom
k f[4 3! ( *. i rm.rg

3 s. , v; .
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Standby Gas treatment $yttem W.f5) ,'~ rain 'B' hester (VGif 20lB)*

and enhaust fan (VtK-2108). 'This caused the $G15 train 'B' to
'be inoperable.

Control Room High Efficiency Air filtration $yttem (CRH[AIS)*

Train 'O' air inlet fliter heater (VCM+101B). This cauted the.
CRHIAFS Train *B' to be inoperable.

.

High Pressure Coolant Inje(tlon (HPCI) turbine eshauit vacuum*

containment isolation valve MG-2301-34.

Reattor Building Cloned Cooling HM er (RBCCW) System loop *B'*

pumps (P 2020/(/I). This caused the Containment Cooling $yttem
Loop 'B' to be inoperable. The RbCCW Leops 'A' and 'B' were
then cross-tied at-Obil hours.

RBCCH Syttem Limp 'O' best enchanger discharge valve (6300f,)*

$41 t Servic e Wate r ($5W) Sys t em 100 * B' pumps (P--2000/t). This*

also Tau 6ed the Containment.(poling System loop 'It'. to be
inopvrable.

' . Diesel Fuel 011 1rans f er $ystem 'D' pur.ip (P-1410)*

Reactor feedpomp *B' aunillary oil.purnp (P*lS28)*

Bat tery Roca '0' enbaust f an (WX-1038)*

TitCCH System Loop 'O' beat endanger discharge valve 00-3805)*.

480 VAC HCC-Bih.incluatng:- *

1.0G 'B'; aun t liary panel (C-104A)*

L(K' 'ti' ccepartr+nt supply f an (V5f 40Bil) and enhaust f an* .

(v[X-? l etB)

_Drywell Train 'U' unit tcolers (VAC-20CA2iB2/C2/02/[?/f2 and*

-VAC4200A2/02)-

hPCI comprtment unit' toolers (VAC.201 A/h). Ints (avsed the*

- HPCI system to te adMnistratively incurable L:ut eat maint Ined
in *,tandby.servite,

[ e' RnR/ Core Spre t rgOttr+nt . 'B' urd t t ofilers' (VAC-704C/0)
. .

.

_

! '

* CQI P $f'rd y 1 Q00 'll' v alvt s (11 1400df), 4{t c 24!1, .2$B) . Ihl%
taund the Cort $ Tray I.000 - d ' ' 10 t;F ih0(erdble.'

m
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kHR loop 'B' SuiDress104 Pool suction valves (H0-1001-78/0).*

Drywell Spray valves (H0-1001-23B and -2f.B), Heat Exchanger
bypass valve ( 6 1001-168), pumps minimum flow valve
(n)-1001-1BS). This caused the RHR loop 'B' to be inoperable
for the Suppression Pool Cooling and Drywell Spray modes.

_

RCIC turbine steam supply isolation valve (H0-1301-16)*

RHR Loop 'B' Suppression Pool Cooling / Suppression Chamber Spraye

block valve (MO-1001-348), Suppression Pool Cooling valve
(M0-1001-368), Suppression Chamber Spray valve (H0-1001-378).
This also caused the RHR Loop 'B' to be inoperable for the
surprestion F' col Cooling and Drywell Spray modes.

RHR loop 'B' %utdown Cooling suction valves (HC-1001-430/0).*
g

ThiscausedtheRHRloop'B'tobeinoperableforthenonsafety|
related Shutdown Cooling u>de

Standby thald Control (SBLC) System pump *B' (n 2078)* -

* RNCH valves:

HO-4010A/B (RHR toep 'B' heat exchanger isolation)+

nb4009A/B (RBCCH tog s 'A'/'B' non-essential loadse

isolation)

MO-4002 (Drywell trains 'A'/'B' and Rer1rculation System*

toops 'A'/'B' coolers return line isolation)

G 4083 (RBCCW Loop 'B' heet exchanger bypass)*

Fower supply (Y1) for the following:*

Suppr m ion Pool water level and temperature monitoring*

(Panel C-165)

KC-618 air conditioning units (V4C-203A/3) and condenser* i

units (VCC-203A/B)
'

KC-B18 f an/daner control (Panel C-249)*

htirculation System M3 set 'B' aualliary all pumps (P-225A/8)..

This resulted in a lod out and trip of the recirculation H5
set /p re 'B' Tu rp*cd of the HO set / pump 'A' w45 then
gradually decreased manually to approximately 30 percent.

,-en. o
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Suppression Chamber Train '3' circulating fan (VEX-2078) 1*

Reactor Water Cleanup (RHOD System rectrculation pump 'B'*

(P-2048)

CRHEAr$ Train 'B' sapply f an (VSF-1038). This also caused the~e

CRHEAFS Train 'B' to be inoperable. ,

Safeguard 120 VAC Train 'B' (Control Power Supply-Panels Y4 and*
Y41)

480 VAC HCC-B28 including:*

Mala Stack Dilution Fan 'A' (V5F.206A)*

Main Stack Ollution Alt. Heaters 'A' and 'B' I*

* Main Stack Exhaust Fan (Vu-209)

. Electric (Jolt Heaters (Vf'JH-201A/B/C)*

The loss of safeguard .l20 VAC Train 'B' power from Panel Y4 to 120 VAC powered
relays located in Panel C-942 resulted in actuations of portions of the Primary
Containment Isolation Control System (PCIS) and Reactor Building isolation Control
System (RBi$).

'

The PCIS actuation resulted in-the following responses:

The Train 'B' Primary Containment System (PCS) Group 2/$ampling System*

isolation. valves that were open slosed automatically.

The inboard and outboard PCS Group 3/RHR System isolation valves. In t!.e.*
closed position, remained closed,

e' The outboard PC$ Group flRWCU System isolatien valves F.>-1201-5 and 80, l
in the open position, closed automaticallyi

The RBIS actuatton resulted in the following responses;

. . .The Train 'B' Secondary Containment System (SCS)/ Reactor Building supply
and exhaust ventilation dampers, in the open positicn. cicsed
automatically.

The SCS/5Gts Trata 'B' eihaust fan (Vtx-2010) did not start.because it was*

degnergized, The SC$/$GTS train 'A' ethaust fan was started manually by.
4 utility licensed operator to fnalntain a nautive. pressure within the
Reacter. Building.

, ....-o
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Failure and Malfunction R2 port 91-97 was written M document the event. The NRC
Operations Center was notified in accordance with .0 CFR 50.72 subpat ts (b)(2)(ii)
and (b)(21(lii) on March 25, 1991 at 0840 hours. Nine 24 hour Technical
Specification Limiting Conditions for Operation (LCOs) and a 24 hour LCO for

-facility Operating License condition 3.E were entered as a result of the event.

This event occurred during power operation while at 100 percent reactor power. The
reactor mode selector switch was in the RUN position. The Reactor Vessel (RV)
pressure was 1035 p519 with the RV water temperature at 548 degrees Fahrenheit, i

Verbal and written requests for a waiver of compliance of Facility Operating
License condition 3.E (single recirculation loop operation) and the 24 hour
Technical Specification LCOs were made to the NRC to permit restoration of
e!ectrical power to Bus A6 and related loads. The written requests were documented
in Boston Edison Company letters 91-041 (March 25,1991) and 91-051
(March 26. 1991). The NRC granted a one-time waiver of compliance that
conditionally entended the 24 hour limit of license candition 3.E and the 24 hour
Technical Specification LCOs. The watver of compliance was documented in an NRC
l.etter dated March 27, 1991. The waiver for Facility Operating License condition
3.E and the 24 hour Technical Specification LCC: was not invoked because the LCOs -

were terminated by 220 hours on March 25. I',91 and the Recirculation System MG W
set / pump 'B' was returned to service on March 26. 1991 at 0043 hours.

LAM 51 5

The cause for the actuation of lukout relay 186 A6 was an overcurrent condition
sensed by protective devices for phase 'B' of feeder breaker A605. The overcurrent
condition was the result of a failure of the EDG 'B' autc mc voltage regulator
(AVR) that occurred during the surveillai.ce tatt (8.9.1) while EDG 'B' was loaded |
on Bus AL The voltage regulator was manufactured by the Basler Electric Company,
model number $ k lE ~,82 BIB, serial number 9047500105. The cause for the failure of
the AVR was the f ailure of the AVR magnetic amplifier (11) ihat was due to low
insulation resistance. A manufacturer search of its production failure data and
returned materials data indicated the f ailure was an isolated occurrence. A
possible contributor to the failure was the range of EDG 'B' room temperatures that
have been greater than the range of EDG 'A *oom temperatures. A compariscn of EDG
'A' and 'B' roor temperatures during 1990 revealed EDG T room temperatures
appostmately 10 degree Fahrenheit higher daring the Summer months and
approntrately 15 degrees lower dering the Hinter months. The EDG 'B' AVR. like the
[DG 'A' AVR. 15 withh a panel located in the respective EDG room. Tbs components
of the normal ventilation system for the EDG ' A' and 'B' rooms are included in the

'preventive maintenance program. However. a calibration frequtncy has not been
establiihed and calltration procedures have not been developed for those components.

The cause for the less of pcwer to Bus A6 and related loads was the actuation of
lockout relay 186-A6. Actuation of lockout relay 185-A6 resuiti in a trip signal
to feedrr treakers A601/A604/A605 to Bus A6, For snit actuattor, of lotbout re'ay
IS LA6. the EDG 'B' output treaker A009 1152-609) to Bus A6 was in the closed
p0sitten for surveillance testing at the time of tre actuation and remaine J closed
as designed.

. . . .
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"se for the trip of LDG *B' output breaker A609 was an overspeed condition of j..

-1 engine of EDG B' The overspeed trip occurred at approximately 1090 |
L. Igned and w.. tte result of the actuation c.f ludout relay IB6-A6. When- |
the . ut relay actuated and tripped feeder breaker A605 to Bus A6. the EDG 'B'
oversp,4 6u" to the sudden load reduction and the automatic voltage regulator i

failure snat e tcted the EDG 'B' ergine goy?rnor control. The overspeed condit'.on I
caused the EDG 'B' overspeed relay (OSR) to actuate the 6DG 'B' shutdown relay I
(50R) that resulted ir. thin trip of breaker A609 |152 609) as designed. !

!

CORECIDUCUM |
I the CRHEAFS Train 'A' was surveillance tested in accordance w'th procedure 8.7.2.7

and was completed with satisfactory results on rch 25. 1991 at 1215 hours,

the SBLC System pump 'A' was surveillance tested in accordance with procedure 8.4.1
and was completed alth satisfactory results on March 25. 1991 at 1356 hours.

The follo=Ing actions were taken prior to re-energizing Bus A6:

The cause for the actuation of lockout relay IB6-A6 wa* Identified.*

Bas A6 was meggered M accord.nce with precedure 3,H.3-4, " Insulation*

Test". =tth satisfactory as-foo t results.

Lockout relay 186-A6 was reset in accvo.qce with Procedure 1.3,11 (Rev,*
9). " Reset of Lock-Out Relays and Protect).e Relay Targets *, on !

March 25, 1991 at appiculmately 1400 hours. - l
i

Bus A6 was re-energized on March 25,1991 at 1413 hours. |e

feeder Breaker A608 (152-608) to transformer X-22 was opened and the*-

primary and secondary sides (4100 VAC/480 VAC) of transformer X-22 were
nieggered in accordance with procedure 3.H.3-4 with satisfactory as-found
results.

f eeder breaker /608 ( $ 52-608) was closed and Euses B2. B14. B18. B28 and*

related loads were re-energized by approximately 1900 hours on
March 25. 1990.

The following attlons were taken after Buses A6 and 82 (and related loads) were
re-energized:

The safeguards 120 VAC frain 'B' power was restored at 1918 hours.*

The ICI5 and p915 'were reset on March 25, 1991 at approximately 1930 hours*

and the af fected system .cre returned to normal service.,

..e . n . ..
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Th Recirculation System MG set / pump 'B' was restsrted on March 26, 1990+

at 0043 hours and the 24 hour LCO for license condition 3.E was
terminated. The start resulted in a trip of the 125 VDC/120 VAC inverters
of tht RCIC System and HPCI $ystem. LER 50-293/91-006 was written
regarding the trip of the inverters. The inverters were reset at 0052 ---

hours. The 425 VDC Dattery 'B' and 250 VDC Battery were subsequently
ali. rd to Lnelt normal battery chargers at approximately 1840 hours.

The 24 hour Technical Specification LCOs were terminate' by 2300 hours on
March 25, " 1.

The SDf lockout relay (186-51 was reset in accordance with procedure 1,3,11 and the
SDI was re-energized on March 27, 1991 at 2100 hours.

IC6 'A' was surveillance tested in accordance with procedure 8.9.1 and was
completed with satisfattory results on March 25, 1991 at 0502 hours (just prior to
the event), March 26. 1991 at 0703 hours, and March ?7, 1991 at 0558 hours.

fhe following actions were taken prior to operability testing of the EDG 'B'. '

The automatic voltage regulator was replaced..

The generator windings were meggered with satisfactory as-found results.e

The EDG 'B' and automatic voltage regulator was post work tested in*

accordance with procedure IP 91-030 (Rev, 0), Post Malotenance Testing of
'B' Diesel Generator to A6". Essentially, TP 91-030 duplicates EDG 'R'

surveillance testing that is perforir?d per procedure 8.9.1 (Rev. 28)
section 8.2. The test (TP 91-030) included additional administrative
controls to preclude a loss of power to Bus A6 If a malfunction were to
occur during the test. The test began on March 28, 1991 at 0413 hours and
was completed with satisfactory results at 0539 hours. The review of test
data was completed at approsti3 tely 0615 hours.

The IDG 'B' was tested in accordance d h procedure 8,9.1 (Rev. 28) with
satisfactory results. The test began on March 28. 1991 at approntmateh 0615
hours. The LCO for EDG 'B' w.s terminate 1 on March 28, 1991 at appror*iately 0915
hours.

9

Temporary Mooification 91-22 (Rev. 0) was prapared and approved on March 25, 1991.
Essentially, the modification provided for energiring the circuit that controls the
RHR/Shutrio.n Coollo) suction line holation valves while Panels Y4 and C-942 were
de. energized. This action was taken as a contingency measure and its
implementation was net necessary because 120 VAC power was restored to Panel C-942
(via Panel Y4) or, Mrrch 25, 1991 at 1918 hours,

t
.s....,.,
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Procedures 2.4.25 (Rev. 13), " Loss of Shutdown Cooling". 5.3.18 (Rev. 5). " Loss of
120 VAC 5afeguard Bus Y3''. and 5.3.19 (Rev. 5). " Loss of 120 VAC Safeguard Bus Y4".
have been revised. Procedure 2.4.25 (nov Rev. 14) directs operator actions to
precedures 5.3.18 or 5.3.19 if a loss of shutdown cooling CCcurs because of a loss -

of the supply power to Panel Y3 or Y4. Attachments 1 and 2 were added to *

Procedures 5.3.18 (now Rev 6) and 5.3.19 (now Rev 6). Essentially, these
attachments reflect the actions that would have been taken if Temporary
Modification 91-22 M d been implemente1.

.

A ralibration frequency will be established and calibration proteoutes will be
developej for applicable components cf the normal ventilation system for the EDG

'
'A' and 'B' rooms.

- Pi edure 2.1.12.1 (currently Rev. 8). ' Emergency Diett1 Generator Daily
Su -tilance". 15 pe-formed te record critical EDG 'A' and 'S' parameters including
root. emperature. The procedure wil' be reviewed for possiole improvement, fhe
focus of the review will be to ensure appropriate EDG ' A' ar.J 'B' room temperatures
rnd initiate applicable Mrrecthe action if necessary.

_

$"111LI M iM iG$
This event posed no threat to the public health and safety.

The Core Staney Cooling System (CSCS) consists of the HPCI fystem. Automatic
Depressurization System (ADS), Core Spray Sy< tem, and RHR System (LPCI mode),
Although not a CSCS system, the RCIC System is capable of providing high pressurs
water to the Reatter Vessel for core cooling. In the event the HPCI System hsd
received an initiation signal while Bus A6 and its related loads were de-energized,
the system was capable of starting to provide high pressure water for ccre
cooling, If the HPCI comgartment temperature; had subsequently increased
suf fitiently to initiate an automatic trip of the HPCI turbina/ pump, the RCIC
System was operable and capable of providing >',a pressure teater for core c' 'ing. a

3 in tna enlikely event the RCIC System became ineperable while the FPCI Syst< s
'

not available, an automatic (o* manual) at.tuation of the ADS would reduce Rea.
Vessel pressure for low presse e core cooling provided indepenoently by the Co n
Spray System (toop ' A') and RHR/LPCI mode (Loop ' A'). *

Pus A6 and related loads were de-energized on March 25, 1991 at 0610 hours. During
the period Bus A6 and related loads were de-energized, the redundant Bus AS and its .

related loads were energized and operatie Bus A6 and related loads were
de-energirec for a period of approximately 15 hours. Based on tt.e Pilgrim Station
probabilistic model, an assessment for continued plant cperation versus a plant j
shutdown coxluded the margin of safety for plant operation up to 48 hours in this
r. ode would rot be significantly less than that for a plant shutdown.

: m.....
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This report is submitted in attor'lante with 10 CfR 50 73(a)(2)(tv) because tbv 1015
and RBIS artuations. although a designed response to a lo n of poser to the relays
of the affected (1rtultry, were not pleDned.

This report is also ubmitted in aC(ordante with 10 Crk 50.73(a)(2)(v)(0) because -

cooling func tion in the event of an actuation of the HPCI System.
.Sg|Fe HPCI compartment unit toolers were de-energized and inoperable for their
'

,

$1MILAblU IQ M lYl005 IN hl$

A<<viewwasconh(tedofPilgrimStationllR$ submitted since January 1984. The
tr.tew focused on (tRs involv,ng a failure of EDG 'A' or 'B', or their voltage
frgulators, The resten revealtc no pr#vious failure of IDG 'A' or 'B', or thJir
voltage regulators. keview of failure and Halfunction Reports for similarity
revealed that voltaqt oscillations had otturred during previous (DG '6'

'

surveillance testing (Procedure 0.9.1). The root cause was a dirty motor operated 6

potentiometer that was due to its encimure cover not being installed for an
unide.tifiable period of time. The potentionmeter was cleaned and the cover was ;
installed, The pottattometer is physically separate from the vcitage requ!.stor. |

1.VO .1 $W51 R 10tN ! U l C&i 10tS Y S RM .II. I IS L f.,00L5

lhe fil5 codes for this ,epo't are as follows:

C."'OMh l.$ CTf5

Ampilfler (L1) AMP |
r

Breaker (152 605) DrR
Bts (A6) BU
Iiegalator (Voltage Regulator) kG -

Relay, tocslng Cut (Iri6-5, 106.A6) 86
Iransformer XIMR

515}lMS

Comp nent f'aling System (RBub/IBCCH) CC;

Ct: trol Comp!.i. t nvir onmental Control System (CRHt AIS) VI
Control Red Drive (U D) System AA

Core $ pray System BM

INrgenc y Onsi te Power SWply System (it6) U
E ngtraered Saf ety f eatures AChation System (PC15/R815) Jt
tuential Servic e HJter System (W) bl
High Pre sure Ceolant Injec tion (HK]) System BJ
t cw Vol tge Pc.c r SytterA Class it (D
Medium Pc er System . Clau li fB
Leactor F rc Iso!aticn Cooling tKIC) Syst'S BN
Re4Clor kotiriulation 5.ysit'm AU
Reutor Hiter Cleanup (WU) System Ct
Pttsid( Al N it kewal (FM) S y5 tem 60
5tandty R , Irrat" nt Sp tem ;5GtS) BH

t u :'t! r " ' W t'N' '. tr? U
_

%+a a
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_ _ _ _ . . _ _ . _ _ . _ . _ . _ _ _ - _ _ . . . .-s



_ _ _ - _ _ _ _ _ _ _ _

|

C-146 i

v. r -.. . . . . ....u..... . . <
, , . , ,,,

i ...o.x<

UCENSEE EVENT REPORT (LER1 > ';' *f,|.'J .*c!7,;*,* T.WT , % |T.i .*J; ;-

TEXT CONTINU AT10N j,J*,'f."P.*.'t.1- ',di'e'.1S '''. ;/J f| $ _ ?..

?i. ." .'.W.\..a!*.*.t.A**TG.i w 0., 7" '?! :;hi'#4 -
c ....v.r .w.,. e>. rw

.. , . . . . . . m n'w.no
g a s a ,, e e ..u 3

i .. ! ". q. ' - i
'

o jg ;n 3 ;, p gy ; ) yg) | 5f g; [ ; | .,F21 grim Nuclear iv.er 5 t c.t i v'1 os ig ,

q,,,..__..~_...,

34 5 R v Swf1CMvd RDj, y,,,
# SHUT 00nwTRAh5FCauta

STARTWP TRAN$f0RutRg 23/346EV
_ _ _TRAktfOmutR g

riv____-- rTv_ iv i sa6td.14KV
_

_

_ ._ -

LA, V ,0 *'''YI

y w uwst a u x iLi & R v ,
m m inANsvbe IR &%

3 # 3 '' ' ' '" # 8,AtKNfQw ain

Gth!RATCR pr.SEL b

'
., M CitATCu

'
fM

,
._. 182+400

Dit!ELDit tl L NCINEAATORN GEhtRATOR
8 /Ae .

N M. M, N ici A.e.f)
k, M X

.ies Aio4 A. eat < aiot ;A.e. .

gAio. | (V U T'V
J'

j a 16 0 V BUS A-5 BUS A-6 416 0 V ,

__

M 1 A A ,

1,603 feC3 A t or (WA A6CFalC7f A60er ASCtA 50 2 i A503'
4'A504 i V| k; '4 ;'

*, ,

* * -et z. : "*
C RD'S' p hm*S* HMR'C' C a * S'

C R D' A * RM R * A' R HR * C' C E' A'
,

Siot Saos ,

480 V BUS e-1 l 480 V B U '. B - 2

l) l) I) I) ''''i) |)*'''|) 1) |) |)
i i i i | i i i i

8 15 829 817 TBCCW TSCCW 828 814 Sit

pyys 8001 8602 pyy,

} } P-1108P-110A

f LO AD CENTER B-6
i

EVERGENCY AC DISTRIBUTION

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



- _ _ - - _ _ - - __.

C-147
l

ACCIDENT SEQUENCE PRECURSOR PROGRAM EVENT ANALYSIS

LER No.: 302/91-018
Event Description: Enginected safeguards actuation inappropriately bypassed
Date of Evera: December 8,1991

Plant: Crystal River 3

Summary

During a plant stmtup and while at -15% power, the pn:ssurizer spray valve opened but p
did not close after pressurizer pressure was reduced. Reactor coolant system (RCS)
pressure decreased, and a reactor scram occurred. Prior to reaching the engineered
safeguards (ES) setpoint, ES was bypassed. This action was inappropriate, since the
cause of the RCS depressurization had not been determined. *

Even1 Description

On December 8,1991, Crystal River 3 was being returned to power following a reactor
trip and maintenance outage. With the plant at ~15% power, the pressurizer spray valve,

.

'

RCV-14, failed to close and resulted in a decrease in RCS pressure over the next 19 min.
Valve position indicated " closed" when the valve opened and remained " closed" when it
failed to rescat. Manual closure of RCV-14 was attempted without success. A variety of
reasons for the RCS pressure decrease were discussed by the operators (pcessurizer
heater failure, secondary-side induced overcooling, and loss-of-coolant accident) but the
cause of the pressure decrease remained indetenninate,

,

At the end of the 19 min period, RCS pressure decreased to the 1800 psi low RCS
pressure trip setpoint, resulting in a reactor trip. Following the reactor trip, RCS
pressure still did not stabilize. Three tninutes later, RCS pressure had decreased another
100 psi to 1700 psi Prior to the RCS teaching 1500 psi, both trains of high-pressure
injection (IIPI) were bypassed. This action was inappropriate since the cause of the RCS
pressure decrease had not been diagnosed.

Two of the three ES low RCS pressure histables tripped at 1500 psi, and the Senior
Rcactor Operator ordered the bypass removed. Once this was done, full IIPI actuatior
occurred automatically,

llPI flow occurred for -2 min before it was terminated. RCS pressure again begat -
decrease, and makeup now was increascu to recover RCS pressure. Forty-six minutes
after the trip, the reason had still not been detennined for the continuing loss of RCS
pressure. A decision was made to cloo messurizer spray block valve RCS prtssure

<
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recovered. Stable RCS and pressurizer conditions were achieved, terminating the event.

ASP Mode:ing Approach and Assumptions

nis event has not been modeled as an accident sequence precurscr.

_
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On December 8.1991, Crystal River Unit 3 was being returned to power operation.
As reactor power was being increased from 11% RATED T;1[RNAL POWER (RIP) to 15%
pTP, Reacto roolant System (RC5) pressure increased to tha open setpoint for
the Pressuriter Spray Valve, PCV.14. RCV.14 opened; however, the ' closed *
indicating lamp did not extinguish. On decreasing RCS pressure. Rr,y.14 did not
close, resulting in a continued slow decrease in RCS pressure. Prior to RCS
pressure reaching the ingineirad 5t'oguards ([$) actuation setpoint, an operator
inappropriately bypassed [5. 5hif t supervision directed ES out of bypass and E5
actuation was initiated. After f5 was reset, a plan was implemented which
bypassed f 5 and used High Pressure in.)ection to raise RCS pressure. RCV 14 was
manually isolated, terminating the event. The plant was placed in M0')E 5 (COLD
SHUTOOWN) and PCV-?4 was repatred and tested satisfactorily. Plant Maintenance
Procedures are batng revised to preclude recurrence of this type of Motor
Operated Valve f ilure Arinnistrative guidance has been developed on the
bypassing of ES actua gon signals.
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On December 8 1991, Crystal River Unit 3 was being returned to power operation
following a reactor trip on December 3 and a short maintenance outage to repair y

excore Nuclear Instrumentation (hl)(IG). The plant was operating in MODE 1 (POWER
OPERAi!ON) at 11% RATED THERMAL POWER (RTP) and power was being slowly raised. At
0247, power was increased from 11% RTP to approximately !?% RTP. At 0249, power
was again increa ed, this time from approximately 12% RTP to approximately 14% RTP.
During each of these power increases, Reactor Coolant System (RCS) [AB) pressure
increased to the 2205 psig setpoint for opening of the Pressurizer Spray Valve,
RCV.14 [AB,V). The " closed". Indicating lamp (It) did not extinguish in either*

instance. RCV.14 (AB,V) failed to close, resulting in a steady decrease in RCS
( AB) pressure over the next 19 minutes, Troubleshooting s'rategies in the control
room during this time period included taking manual control of RCV.14 (AB,V) and
selecting it to the " closed" position. This was done despite the fact that the
spray valve indication never changed from indicat;ng full closure of the valve
which had led the operators to believe it had no'. opened. Control room operasors
also looked for symptoms of a Loss of Coolant Accident (LOCA) and pressurizer
heater failures, The operators concluded that a LOCA was not in progress, however
they still suspected that the pressurizer heaters were not functioning normally.
They also evaluated the possibility that the continuing RCS (AB) depressurization
might be the result of a secondary plant induced overcooling of the RCS (AB). This
was based on secondary plant anomalies which existed just prior to the onset of the
transient. At 0308, RCS pressure decreased to the Reactor Protection System (RPS)
[JC) low RCS pressure setpoint of 1800 psig, resulting in a reactor trip.

Following the reactor trip, RCS [AB) pressute did not recover as expected. By
0311, RCS ( AB) pressure had 6ecreased below 1700 psig and the permissive to

-

manu ',1y bypass automatic High Pressure Injection (HPI) (BQ) actuation had been
met. Prior to reaching 1500 psig, one of the control-room operators announced and

! bypassed both trains of HPl (BQ) but did not receive permission nor was his
announcement acknowledged although operator interviews indicated that the Senior

!
i Reactor Operator (SRO) on duty was amare of the bypass. This action, taken at

approximately 0313, was inappropriate since the reason for the ongoing RCS
depressurization had not yet been diagnosed and management concurrence with the ES
bypass had not been obtained. The acting Operations Superintendent, after,

completing phone notification of the Plant Manager, recognized that the operator
had bypassed ES and recomended, to the SRO on duty, removal of the bypass. While
this action was being discussed, two of thre: ES low RCS pressure (1500 psig)
bistables tripped and the SRO on duty imediately ordered the bypass removed, at
which time full HP! actuation occurred automatically. The Emergency feedwater
Initiation and Control (EFIC) (JG) System was also actuated by the HPI signals,
resulting in the automatic start of both Emergency Feedwater (EFW) pumps (BA.P).
Both pumps were subsequently shutdown when Main Feedwater (MfW) flow was verified
to be acceptable.

. .....:
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J
Iull HPI (BQ) flow to the RC5 occurred for approximately one minute, after which
the ostem was once again placed in (5 bypass, per the procedure, so that equipment
(ou,J be manually controlled. HPl [BQ] flow continued for approximately another
min.ste and was then terminated due to the rapid recovery in RCS pressure, The [5
bistables were then reset to are the HPl System [BQ) for reactuation, followin -

the termination of HPI, RC5 pressure again began to decrease due to RCV-14 [ AD,V
st til being open. At approntmately OD5, one of the three 15 15008 blstables
tripped. As RC5 pressure decreased to a minimum value of 1503 psig on the Loop 'A'
Wide Range indication, consideratile discussion by the control room crew led to a
plan to bypass [5 since a full actuation was not necessary based on observed
indications, and to increase malteup flow into the RC5 (AB) by opening HPl Valve
MUV 24 [BQ,15Y], This action was taken at approximately 0343, Over the nest 10 -

minutes, RCS pressure gradually recovered as the increased makaup flow filled the
pressuriter and (ompressed the pressurlier steam bubble.

Af ter RC5 pressure had increased to approstmately 1700 psig, MVV-24 was closed.
It had been ant f(ipated that pressurtier temperature would eventually stabilire as
the event progressed, however, pressuriter temperature continued to slowly
vecrease. At 0354 It was decided to clos = the Pressurifer Spray Blocit Valve
[AB,15V). RC5 presture began to quid ly recover, 5 table RCS conditions were
achieved (RC5 pressure at 2155 pstg RC5 temperature at 537*F, and pressurtrer
level at 100 inches), terminating the event.

An Unusual Event (UI) was declared based on a valid [5 actuation and the lmergu cy
Plan was entered at approntmately 0455. Appropriate natifications of the state and
the NRC were made within 15 minutes pursuant to 10CTR50.72(a)(3), The ut
declaration was untimely since the automatic (5 actuation occurred at 0319 and the
emergency was not declared until 0455, Once the emergency was declared, all
nottftcations were made within required times,

,
.

This event constitutes an [5 actuation and 15, therefore, being reported in
ncordance with 10CTR$0.73(a)(2)(tv).

CMLDLUDil
The cause of this event was the failure of RCV 14. The f ailure was compcunded by
the concurrent f ailure of the position indication for the valve, RCV.14 is a '

Walworth 2,5 inch, vertical body, vertical stem, st_ainless steel prissure se.1
globe valve. The motor operator for RCV 1415 4 LimilR4ue Actuator Type SMB-00,
rated at 15 f t lb, with a 1 horsepower 460VAC motor.

WCV 14 f ailed to close in both the manual and automatic . codes of operation becaus
the middle ring of braided pacliing had become wedged between the valve stem and
both the carbon spacer ring and the lantern ring located directly below the
patking, The wedging action created an entremely high running load such that when
the valve was required to close, the close co6 tacts cn the torque switch npened,

4
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ef fectively removing power to the valve's motor operator. The root cause for the
damage esperienced by the middle braided ring of packing has not been determined,
the f alse RCV 14 position indicatien can be directly attributed to a missing valve
stem anti rotation key and retalning bolt, the function of the anti-rotation key
was to prevent stem rotation during valve actuation. Once the stem was free to

-

rotate during valve actuation, the initial timing estabitsbed during Motor Operated
Valve (MOV) testing between the stem's position and the geared limit switch was
lost. Each successive operation of the valve served to increase the error in
position indication, inspection cf RCV-14 af ter disassembly showed the valve stem
to tie within 1/32 inch from the back seat (near fully open) despite the fact thati

I the Main Control Board " closed" indicating light was illuminated.
'

The administrative guidance for initiating a manual bypass of [$ was inadequate \
t'.us resulting in the inappropriate bypassing of HPl prior to automatit initiation. <

,

LYLMLANRUj)

All emergency systems actuated appropriately and functioned as designed: RPS
actuated due to a low RCS pressure signal of 1800 psig and all full length rods
inserted; E5 actuated at 1500 pstg RCS pressure, Initiating full HPl on both ES
trains; and the E5 block loading sequence preeeded as appropriate with no
abnormalities. The HPl actuation also initiated EFW flow via [FIC actuation. With
MfW available and adequate suticooling margin maintained throughout the event, EFW
was not needed and was secured.j

Although this event is not specifically addressed or analyzed in the Final Safety
Analysts Report (FSAR), the relevant analyses (Chapter 6 *[ngineered Safeguards"
and Chapter 14 " Safety Analysis") indicate that as long as adequate Subcooling
Margin (SCM) is maintained during an RC5 depressurization event, the integrity of ~

the core is not compromised from a lack of adequate core cooling. Since adequate
SCM was maintained throughout this event, there was never any threat of inadequate
core cooling.

No steam was released to the environment through the Main Steam Safety Valves or
Atmospheric Dump dalves due to the low core power level at the onset of the event
and the associated low decay heat load There was never any threat to the general
public or $lte personnel during this event.

GMLC.U.YLEllh

the plant was placed in MODE 5 (COLD SHijlDOWN) and RCV 14 was repaired at.J tested
Gatisfactorily. A comorehensive failure analysts of RCV-14 *vas performed,
addressing all mechanical and electrical aspects of the valve failure. As a result
of the f ailure analysis, the appropriate maintenance procedure has been revised to
ensure proper installation of the valve stem anti-rotation key. Additionally, all
MOVs are Deing revtewed f or anti. rotation dev Ke applicability. This includes an

4. . . . .
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in depth review of testing and/or maintenance history files for indications of
anti rotation devices not being installed. Other applicable Maintenance Procedures
will be revised as necessary to address the installation of anti rotation devices
as required by the specific valve design,

_

1r s hing is being developed to provide direction regarding identifying and
distinguishing between RCS overcooling and depressurtration events, the steps to
be taken to stabilize the plant in each instance, and the appropriate bypassing of
[5. This training will be presented in the next cycle of Licensed Operator
Requalification Tratning, Administrative guidance has been developed to provide
direction for the appropriate bypassing of E5 actuation signals.

PEU99L11EILAABBL5

There has been no previous instance where a malfunction of RCV 14 resulted in
automatic actuation of either the RpS or LS system. However, there have been three
similar failures of R(V 14,

y
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ACCIDENT SEQUENCE PRECURSOR PROGRAM EVENT ANALYSIS j

3

LER No.: 327/91-020
Event Description: Loss of fire protection system

Date of Event: July 22, ICf ;

|Plant: Sequoyah1
|

Summary

All fire protection spray and sprinkler systems and hose stations were unavailable for
~7.5 h, when the high. pressure fire protection (HPFP) system was inappropriately
aligned for testing without knowledge of the control room operators. .}

|

Event Description
1

While Sequoyah I was operating at 100% reactor power, tne fire protection spray and
sprinkler systems and the fire hose stations were declared inoperable when pressure was
lost in the fire suppression water system headers. Failure of assistant unit operators to ;

follow approved plant procedures following surveillance activities had resulted in a j

system configuration in which an open dowpath existed frun the fire suppression water ]
system headers to a test drain, This configuration resulted from failure to close valve -
2-26-575, the auxiliary building HPFP system supply valve. ' Failure to comply with |
procedures . demanding main control room notification of the fire pump 2B-B ]

1performance test was a factor in nondiscovery of the misconfiguration. In combination
with an open fire pump test header isolation valve, a direct path from the 2B-B fire pump
to the 10-in, test discharge valve had been established. This resulted in loss of header

apressure, with the consequent inoperability of the spray and sprinkler systems, and of the
fire hose stations. ;

q

The incorrect valve configuration of the HPFP was undetected for approximately 5.5 h.
!

About 3.5 h elapsed during which the system was discovered to be degraded (through
gradual loss of system pressure) but without knowledge of the cause. System pressure
was restored approximately 2 h following discovery of the open valve. ,

J
q

Additional Event Related Information
]
1

Additional fire protection capacity is provided by offsite contractor pumpers.

Loss of HPFP also impacted the system's ability to provide emergency feedwater to the
RCS steam generators as would be required under flood conditions.
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ASP Modeling Approach and Assumptions

His cyc.a has not been nxxieled as an accident sequence prreursor,
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AnstaA:t it m t to 1400 span s, i.e.. eppro.+ atets fifteen v ngle-seate typewritten t weu t iti -
On' July 22, 1991, at 2115 Eastern daylight time (EDT). with 1| nits 1 and 2 operating in
Mode 1. Limiting Conditions for Operation (LCCs) 3.7.11.2 and 3.7.11.4 were entered when
all fire protection spray and sprinkler systems and-hose stations were declared
inope rabl e . The requien action provisions to estatalbh fire watches and route backup'-
fire hoses within one boar could not be .ccrnpiled with because all. plant areas were +

af fected, constituting operations prohibited by te:hnical specifications. These' systems-
were declared inoperable as the result of a loss of pressure in all ! ire suppression. q.
water system headers. The loss of beader pressure was the result of incorrectly

_.

l'

' t-

positiered valw a that were manipulated during fire pump. testing on the af ternoon-of
July 22, t! pen disectery of the incorrectly positioned valves, actions were promptly- i

implemented to restore system-pressure in a centrol'.ed manner. System pte'ssure was ,

~ restored,' system valve alignment was ve rif ied, and LCOs 3.L 11.2 and 3.7.11.4 ' were . p
exited at 01:4 EDT on July 2). The Operations. personnel responsitle for incorret'.ly
positionin,; the valves were appropriately disciplined..This LEB also supplements
in!crmation travided in Specia! Peport 91 '2. dated August 5 lHl.
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te* 's ec.e stat e os reaa rea. use act >,v s' sat s ro n 6s s , o1one

M W I P.T Iy R_HMT
e

on July 22, 1991, at 21t$ Ematern dayliut<t tirre (LDT) with Units I and 2 operating in
Mode 1 (100 percent reactor pc=rt, reactor coolant system (RCS) pressure at 2,13$ pounds *

per hquare inch gauge !paig} and RCS average temperatute at $/8 degtees fahretheit, the
_

fire protettton 6 pray and 6prir.kler sy6tems IFll5 Code KP) and f ir e hose station 6 lEll$

Code KP l wer e dec lar ed irsoperable when pressure was lost in the fire ruppression water
system (f!!S Code FP) headers. Although significant firewatch coverage was in effect,
the at t ion prm t s tor.s of Limiting cond(tions !c,r Og e ra t t on ( LCOs ) 3,7.11.2 and 3,7.11.4
<ould not te comp'ted with treaa+e of the acrTe and c au.e of the ir. operable sys tems.
1his const it uted an operat ion pr ohitit ed by technical specif(cations (TSs).

During the pe r t orrn.inc e of .wrveillante Instruction (SI) 13.2, "rtre Pump 18-5
Fertormai e Test," aid 51-73.4, "firr P ap 21-P. l'ertor u nce Test," on July 22, 1991,
inaspropriate per60 tinel actions naulted in an incorrect valve al t griment that created an
oper, flow path t rom t he fire s t.pp r e 6 k i an wette r ayatem headers to a te6L drain, which
d i s c hd r p s anta the i n t is k e t m e ta y . Consequently, header pressure for the firei

sum re s s ly water system was subsetaend y los t , avid the system was declared inoperable
at 2115 IDT on July 22. At the t ime c,f this event , the system was being considered the
tockup nystem irquired by Action b.1 of LCO 3.7.11.1 because of the triabllity to f ully
tw e t flow rate ar.d pressure reqairements. This condition was previously reported to M C

5pecta. krport 91 -M , dated %y 20 ;99!, and Llit $0-127/9t0Q9, dated June $, 1991.i

Prcaine of tr e lx k of ny6 tem pressure, the spray and sprinkler systems require'd by
LC O !.7.11.2, .s nd the : lre tose stations r equi r ed by LCO 1. 7.11.6 were also declared
inepen n ie at 211$ LLt on July 2:

At u pp r u im.i t e l y M.iC t DT x July 22, a dayat it t ., n s l a t -4 t unit vperator (ACO)
restonnille for Aat c r i r du Sx ir ' of '*echanical Legineers ( Ab:1f ) 6ection XI, testing
I'AC3 A') .u a s s i c-ed to pert. 51-73.2. ACO A was also apalkned to be the S!~7.3.2
test dire-int. (nrelated prot; "r w e r e- e n mt.nt ered wi th the ultrasonic fhw instrument

lanro (Or tt in ! #' b t , MDd the test cef0f ettOn mas delayed.

j At dpp ronllea t el y 1 WO t;!, an evening stift ACO responsible for AS% , Seetton XI.

t e u i% ('AL ?') ~.u au sgned to an ist in Lt e complet ion ref $1-7 3.2 and to perform
! 5 -? i,u n 3 . .u. alu s ass tped as t w M-73.4 test director. A pretes; britting was

.g ed in tu C-73.4 test sca e I W IIT. However. 51-71.4 had not been approved for
pg-*tJrLai *Iy II' dh3 i l d 's 4hkIt ;ErdtkOnt *uperVtsUr Ib b 5I=L

ht ai .1 % i r s t - y l$ K [I', le dAte 4 '. t '* t 1 [ g pa r t lyi O! bI 73. w.3 6 C N''p $ t t e d gnd
i ii.r A l, - ~4 r e g . c r e gt t 3,. gyg;cy ;gy a c g gg i } { gu g p A!'Q A gersto ag the ([ggg

.

v,
e

,rs it;s valve g.igr 7 se d V P <c t se d an %c 4ecend person and in 4 pender:t.

t A ir g tne A* ;a L w t a t h. m i n c ci. .oi rc 'm (TRs !qt rWiew, jer + N' .

tt, '. t3 0, t e ;t a t, u t e s . ne tv.' .rw e,ystet statas,*

', V , f . g ' 4' d' * , ".-f s 4 ' it } [ g f! I n g the hlf" pr(E f Jt e fkres - ,

i n. M ,cce, ;te- sci ct*j pytt- of( h P -- .i y L i t2 ; t< s; .. ,

alertro the 'tT k ta t0c cha w s t a i n .t mMe !- 4 e tyga,s sic .g- .e*

* - .I ssate~ ,,t.i-

|
|
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51-73.4 involves the positioni of eight valves. The purpese of these valve
tnanipulations is to isolatt '.e pump t<eing tested frorn the rest o f t he s y * t uti and to
provide a test flow tath. The AL0s placed seven ;f the eight valves in the required
posittor One valve. 2-20-575. " Auxiliary fluilding Htf P Sunly Valve." was lef t open.
$1 73.4 requires 2-26-575 to te s ta t . AUO A and ALO B did ' ut valves 1-26-5AO. "FP _

Strainer 'nlet 1solat ion Valve ." and 1-26-55 3 "f r ut raine r vi et Isolatien Valve."
isolatir:g the W . 1 HFFF strainer. Ad d i t t o r,a l l y , the fire rp test beacer isolation
valve. 0 %t-859, was crened, kith the HFFF system i 5 1.i..q. a direct path from*

tLe 2P-B fire p.stp to the 10 inch test discharge valve was estatlisted.

ite Aros intentionally did not follow the steps of 51-7 3.4. They were trvirg to save
time ty tirit s ui for ''I-73.4 tefore tte results of 51-73.2 were reviewed and approved.

_

b ever, trey realized tr.at t he IF-B f ire pterp *as technically inoperable until 51-73.2
was c orrp l e t e . It cy t elieved 't at ty leavine 2- %-575 cren, a ilow path for the Unit 2

f i re pt.mps wculd Le available ur1t il S!-7 3.4 was ac t ually s t ar tt d. Ibis deviation was
nct authorised. Ibis aligr. ment was nat d a c urre n t e J in the ccnfiguration Icg or in the

51-73.4 gecksge.

Ite two AM s tack t he S1-7 3. 2 and SI-7 3.4 rackage s to tt e %K. The Aros deligered the

51-73.2 ratkage to tLe Unit 1 ASDS aad inf errned him that ttey were " set tp'' frr

51 73.4 The ASCS inter;teted this to mean that the tekt egal; rent was inst-llec. The
A50$ wanted Tectrical Fu;; ort personnel to verify that the test results were
satisfactory and directed the AU0s "nat to start $ 1- 7 3. 4. ' The A50$ meant t ria t two valve *

li .ups were ta te perforced.

A '. app roxist.ately 17 30 EM . th No. 2 HIFF strainer hagt dif f erential pr essure alertr was
r ec ei vec ir, t he N k. AUD B was sent t o the rumping s t at ion to 1 - e s t i g a t e . ALO B "

reported taca to the Ylt that the No. I strainer was isolated. .0 E did not report
(I a t be tad carller 1s3|Sted the ho. . HFFP strainer with Alo A as part Of the hi-73.4
salvt a l i g nme M . T 'l e unit ojeratcr di*ected AUC 2 to utiisolate the No. I HITF strainer.

Tte A505 cten ed t: c,nfigaration log and the s1-73.2 and 51-73.c w rotes to decer-ine
if the ar ne ru s o l i pse r. cf i t e '.o . I strainer was a resat of tM.. tests. The
at rarrel aligWr t .its not d e c tar en t e d . Ite AW5 questit ned t Se AL S aNut i t.e alignm w i

ard the AUD ttd.cated that he did net know the cause of it, t at it fr i g h t bas e t een done i

as p,u t se- ;
i

It e f t a d L|1. 34) ~ h)stel plessJre wah fkrsI a. I e O d$ Mpf r0XkNte % . .b I- t 4 oh ;
'

ily .: t *he ctre't >n af the T is , it * tur*ine tvilcing eiJ t e g an wr i t e r ;r.g the !'

ldiDs hffl~ IeM er free 5ur8', rffortF wrTe initisted ? !DTht* 69d 's31 ale thFtufDi * 2

$ c d. A c ile d e- T t t i s . f i T d t i N . Ibe shift 0} Erat Dns sq er\ih * 07*.A?iec fe I' i T ti
5,

i 0[er3t; ns u r. .s n c tir '. r t pr;1(ctiM. systeT erg;netr 13 "\ a . + t t' CMpe r setary' '

rfrT\tf) i 13 r . .i t *intus CI '** IIr* IJi tenI Iroder5t a s J "t s d' 'T dei i
*

; s ;; ; 4 t i r \a.W wn .t+.<t0 i' F to'xe aai fe d - ' ." i licS pcs;tt at . '. k ] E;'

JT C %d s h' F *t4 *+ nt [ o f *. c' i ft/TNf:'y a; . **
s
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! solation of ti e turbine building and transf ortner yard ogen head sprinkler systems was
rompleted at 2215 ELT to grevent the i t.ailv e r t en t spraying cown of plant equipenent as tte
sys tem was belt s re t ur ned to r ormal . At 2302 FDI a purnper fire teuck was used ta tegin
systen re:ressurizatinn. System pressure was returned to appt odr.stely 145 psig t

2334 f. D r . Safety-related areas c.l tLe plant had fire pretecti coverage avalsa .e a t -

this time. At ( 1.~. V IM ou July 23. system pressure was teing maintained normal. and the
fire suppr e s s l ers .ater s y s t eit wa s a l i g t.ed f o r no r ti.a l service. LCos 3.7.11.2 and

3./.11.4 . eve exiteM at this 14 .

C a0M . OF ,1 \Mi,

The ! low r a t *i from i t,e fire suppression water rystem to the intake foretay was the

result af \alv+$ 2 .4-575 and C-it. - (refer to 1.pdated final Safety Analysis Report
{ Ut bM ) . lis2re 9 ' 1-121 be i r.g incutta lly aligt.ed in Lt,e open position at the same
t i me . f r.e cause of the t ric a r r e c t salve alignment is attributed to it.apg ropr iat e
} e r s ct:nel act s es s.

I The ra' c . ase rf (Lis event was the failure of AUDs A and B to follow atiroveo plant
g r x e d .4 r e f, . lte failure of the Al.Os to follow bite blandard trattite ( 5 51' ) fi . l .

' a rat v t il Testing." d i r e t. t l y led t( thlm event. !Le AVOs were the detignated test>

directats fut tren test esaleatit+s. They violated the reqalsements o :SP-6,1. which
ceal with safety i s sue s , g r ecaut ions and limitations, the threinological test lek,

itetest t r ie f ; r.g s . gerattans r.o t ) f ication. configaration coritrol test deficieneles,

test pe r l o t manc e . If these sec tions had l een f olic;*ed. t heand out of s e q;.e a .

unaut t.o r 's e:1 va l ve e l i g n.te a t would nu . t aw ' een made and/or the TR could have better
ritigated the ( t;n s e que nc e s .

An additici al example of faillrg to follow procedures was the ACOs' noncompliance with
51-13.4-. ! On i t t: ally , salve 2-2t- m was nat clcsed as re~,uired by step 16 of _

Sectien t>.2 of $ 1 - 7.1. 4 . Several et te r s t eps in $1-7).4 were not performed that might
Lave alerted t Fr operators in the Wk t o t t - <- e bar ges te ing made to t he Pl'I P s y s tem.

alignn-m Itc A '@ s did not ct. r une r, t the plant cent igurat ion in the 5! package.
im; e d ind tle at.11ity at the TE cirrators t o de te rmtrie a:t ual plant status,,

piscussitrs =str. atter A'i s , aH an eealuation of their perforsean: e has led to the
cv ;ui mit tw gert,r w : p t u t- l es d r $ r t it.e d d ove a r e isolated to the twa AL0sr

k spe ilt: ally u; re c, ad are n,t a retlect.cn of titiencies with AU0 ferfornar.ce in ,

| tenerci. !

'
l a si <. wsti- 4: ic u we : ?, ;t r uw e. i s , c atrituted to this event. The u s e- of

:s t 'Y A . tti3 fi 's\ 454.' 13ttf 'n I ? Ile BidtL4 C! ( I f* a s f' V r i l i dS t e L ,: s t i' g it hibited
tra %,5 a:tilty dete:m.re o t t.a ; lle' :a ligaratt If t r'e A' 5$ or.d ti e vb j9

.

ter. t- tai stJ ;te +t *- :.5 etr c,* us s it y the s t a t .a at $1-7f. . the evert

{ ft k ( ? t i1( f [f,'t' e a'. ;t ItI i! 4; . ( A ', t' d
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ANAL.YS n Or IVINT

This event is betrg reported in accordance with 10 CIR 50.7)(a)(2)(1)(IL) as an operation
pr ohibited try Ibs.

The open flow path from the Hf f f' system headers to the f orebay impacted the ataility to -

provide design fire suppression water flowrates to the HFff system. This impaired the
plant 's sprinkler systems ar.d hese st ations in t;oth saf ety- and nonsaf ety-related areas
of tt e plant. Add i t i ra ne l l v . some 10 CFR 50. Appendin R. cable irteractions were
dispeti t ioned t,ase d on sued wat er suppression and wat e r c ur t ains.

Af ter tte test header isolation valve was discovered open, a methodical plan of action

was developed to isolate the valve and return system pressure tc. normal. These actions
included the isolation of the tartine tuilding and transf ormer ystd operi bend systems to

}revent the inndvertent spray down of plant equipment, and resultant dh ersion of flow,
while system pressure was reestallished. The test header laolation valve was closed at
approminately 2300 (DT. and system preshare was restored at 23% t.01. The systsm
alienment was restored ar.d strified, and th= system seturned to nornel service at
01 9 I DT , J ul y 23.

the overall duration of t h i s e ver.t was approximately 9 's hours. The system performance
web degraded foi a;pr0Kimately i Loath and 33 mihatts Of this timet. Ibe incorrect i,4%e

e tir f ig srat ion on t he Kr.-t syst m .as not reccanized for approximately $ haurs Jns'
69 <ri nat e s ( a; pr em ima t e l y 1000 f.DT t o 2140 I DT ) . Approximately 3 hoars and to minutes
elapsed while the HPff system pressure was cegraded withriut knowing the cease.
IS 3.7.11.1 action b.1 allows 24 hours tn reestatlish inre water suppression

r a pet. il i t i e s if tt e 6ystem terous in(terable. As detailed at>ove. corrective actions
were pursued and the system restored within this timeframe.

The sco;e and tause of the in.;peratle fire protection systems precluded full cotopliance
with the action provisions of tres 3.7.11.2 and 3,7.11.4; however. extensite firewatch
coserage was in effect at the t ie+ of the event as compensatory measures far tanteleted
f ire t ar rier or detection requirement s. G oving hourly watches wert in effect, which

i provided coverage for all accessitle arear et the centrol and auxiliary t,ailcings. and a
centismus watch was posted at tLe diesel generator building,) Additier. ally, a p eper

,

i truck was cor.r.erted to the HFir systere yard piping as a co vensatory messare. This
l c om er,s a t o r y rne a s ur e .as in piste tecause ri cur.cc r r s of po te-t ial deg r ada t ic , of thea

{ HPTL tire pun po et leads, if a f ir e had oc c ur red dur ing t his pe riod. in-service
1 detectier, ane/cr t ire.atctes wn;c hase a;er ted Operations and a f ire t ritate woGd

have t s e t' di s p.st ri tH ac c or ait ply . N reduced HPff system pressure and flew 'wid have
j leen cetected ty py A seu ral :r.diNti est includir g star; sign 4!s to the c* r fire

le* syst.-n prew ere. . u nec 10. ;ressure au flew from s t r i ta l e s o roses.~ pet . 4

and et .c r % M icns t) mettLtre of it e f ire brigade. Ope r a t i er.1 t' c u l d ha v e ther. ins itted'

ta the <s t e a o f t r.e fate. In [ars'lel tr titse.
'

ad ? t ic% ci tie s)mtet te d i 'i t r i f; .

ac cr s perso ne: wmd bee ;urts c tv iu rtiticatt:n ar.c tattecttw. ei tte cause af |j
; the lasi c! pressutv, d. w a s c o n e. . Ac.c . (r# Japacity w uid hase t..' avat;abit i

irected its:te p sp r . Bis mould proslde the at i ity t o r%te !I bre.sn the ce of f

j indt;( ment icsce er '< n m - + 11 + ust em th . The :x pt Wentalirec mf it erat er of j
-

1 -lvi, ccet <its n rti. . er., w,to r m -r, m e at;;i y. .

? " % iv. a * 'e m fss s r3 *Uc "o ei *
i
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it e t ' W im_Atton
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101, ; t < we ! :s p Jett 9 et t s g i 1. _ _ m .m p. m _1_, _ 1_ gm_
| | 1 lttoufkflat i jatvill%f j | | |

s. u ..o v .., ein,i s. o i i pm LL w n_Llanu.J l i i |
%31MLD ILjLlLil b-L2 Lillj--19 L_2.LDLMQfilLL

-

tlat 11' see, ts4<e * s new red ae acestir al NU. r,, xt.A 5, t're

ANAlys;y el t_VpT
t

Areas of the plaret prot ec ted t-y car bon diviside suppr e s61on sys tems. (i.e., computer
r oom, auxiliar y i n s t r whe r. t r ooms , d ie se l ger;e r a tor s uoms , fuel oil putrip rooms, and
diesel generator elettrical t+ard rooms) were not effected by the loss of HPFP system
water pressure.

The loss cf PPFP system pressure also i rri a c t e d t ric system's abiliP t to provide emergency
feedwater tc the RCS steam generators under flood concatlans, as descrit,ed in Uf5Af,
$cction 9 's.). floweve r , due to the relatively short duration of this event compared to
the f lood not if statieri and pregaration time descrited in Uf5AA, Appendix 2.fA. tie
ur.availabilit y ci fiend mode feed =ater bad no significant impact on safety.

rup!rIIR $ m a

l'pon discovery of the c ot.d i t i eri, actions eere taken to locate and Isolate the problem,
bLen is was determined that system pressure was not available, if 06 3.7.11.2 and
3.7.11.4 were ettered. h tioT 6 began to isolate the turbine buildir4 ar/ t r ans f or me r
yard cien head strinkler systemr. to prevent i r.a d ve r t e n t spray down of plant equipment
utan tbc system teing r e t t.r ne d to service. A review of compensatory actions indicated
tLat the available established fire watrbas, in conjunc tion with detection and
t empa r t me s:t a l i ta t i on , were a g ropriate during system return to service. Ths incorrect
valve alignment was (carected, and a pwns e r wa s ut il i z ed t o tre g in m y s t erii
repressartration f allrwit:g isclation of the turbine butiding and transferrher yard
sprirdler systems. D e system was returned to normal at 0129 EDT on July 23, 1991.

T he O e ra t t en s g e r sot.r.c l r e s pct.s i b .e for incorret.t ly pos it ionir g the valves havet

receiveil appropriate distiplinary action for their failure to follow procedures.

An o[erations review team in eval ating this event relttive to the r es l e that
_

c onsnun i c a t i o ri a [ laved. Il e resvi's of this evaluation will te discussed with Operations
persennt1 as "lesbant learned" i n t ,.> r nkt t i on.

M M 1.!:.N A; ' 'd OP' C f '

A resitw of previais IIRs fid rot idensity any similar occurrences of a loss of fire
supprestict a.cr svstem teader pressure, which caused all 6t rird le r and spray nys tems
at;d Lose statlut6 'ite declare d vperalle.

i
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1 ._ff;,LnL _
| | t lit tM at tet | t et y g s t,wl 11 [ |

te. .,a m < ies, n eat es t 1 i trIALLimLL i_LNesttJ l | I I-o

J111 Aj an1212J L12 JLh-LAllL aJ da _LLL3 kUQf LALL
_ __ _ _

11st its mere weee is eewneo. se sosities! *K f a ina's) tifs

6tPit1ME.!FDL*llM .

N review did identif y-a number of events assoc iated with inapproptiste personnel
pe r f o r ma nc e , e . g . , inadequate and/or inef f ettive connunications, inadequate self-

*

verifica: 'on test steps perf ortned out of sequente, etc. Administrative Insttuctiori (AI)
30. "% clear Flant Conduc t of Operation," ar'd $51'-8.1 provide luidance to plar.t '

personnel f or the perf ormance areas deactit>od above. Corteetive actions for sofne events
included spec if ic enhancement s to Al.)O and SGt -8.1. In general, Ltese procedures
provide the rules and inattuctions governing ttw conduct of daily operational
ac tivities, iticluding testing. If correctly applied, this guidance would have prevented ;

this event. The guidance cannot t,e ef t s.r.tive if it le not followed o* applied correctly. ,

MTIEMU
1

1. N results of the operations review team evaluation of romunication will be |
discussed with Opetations per sonnel as "les6pri learned" information t>y i

Se p t e mt.e t 6, 1991.

|
|
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ACCIDENT SEQUENCE PitECUltSult PitOGitAM EVENT ANALYSIS

Llill No.: 336/91-010
livent Description: Iteanalysis of main steam line bircik

D.uc of Event: October 1 H,1991
plant: Millstone 2

Sumruary

lteanalysis of a postulated main steam line break (MSLil) at Millstone 2 under limiting
_

conditions shows that containment pressute and temperature design litnits would be
substantially exceeded.

Event Description

A reanalysis at Millstone 2 of the postulated double ended MSLil between the steam
generator (SG) outlet and the steam line flow restrictor has shown that the temperature
and pressure design limits of the prestressed,icinforced concrete containment building
would be exceeded. Limiting conditions in the reanalysis were assessed to te full power
operation of the plant with failure to close of the main feedwater regulating valve of the
affected SG. The peak containment pressure and temperature aie predicted to be 93 plig
and 427 F, respectively The Millstone 2 contair.nent design pressure is 54 psig, with a
design limit temperature of 289'F.

Short tenn justification for continued plant operation is the stationing of a reactor operator
-

dedicated to closure of the main feedwater bk>ck valves in the event J any reactor trip.
'

Corrective hardware fixes were to result in automatic closure of the mato feedwater bhick
valves on receipt of a containment isolation actuation signal.

Additional Ever.t.itelated Information

Prior MSLil analysis had assumed limiting conditions in which the reactor is at hot zero
power on the basis that the SGs would have their greatest inventory of hot water in this
operational male, resulting in the maximal discharge to the containment. Ilowever, in
these conditions, moisture carryover to the containment would limit the containment
temperature to saturation temperature associated with the containment pressure. Under the
modified limiting conditions, i.e., at full power with failure to isolate feedwater, the
deposition of superheated steam into the containment would preclude saturation
constraints on peak temperature conditions.

. _ . _ _ _ _ _ _ _ _ _ _ _ _ _ - _ . _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _____- _ - _ - _ -_-__ __ __
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While the modified analysis predicts that design pressure limits will be exc .ded,
comparison of resultant pressure peaks with the ultimate containment strengths esi .nated
in NUlmO-ll50 for a similar containment & sign indicates that uncertainty armains
terarding containment survivat)ility under the limiting MSLil conditions.

ASP Modeling Assuinptions and Approach

'lhis event has not tw:en nxxleled as an accident sequence precursor.
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J unt.cr the hnmag u pt I,ut a dere cen. upor. O e p.er aes e: A tiet reto pom er the main
leedws' ' regulauf g sahe WQ be tiosed ai the INuauOr, of the ebent arid WOulj remain Llosed
throgh r - the tras.e nt T hus at rert p".er. the ina>n feed ater teruleurg uke n not suNect to a-

laded Open Ler.#r }|tra ts ef . at luh p- 9 er the rham !ce;.id ater re gulailry sahe w ould bt D[rn 61tht T '*

irman r of the esem and tha* sowd be tumect in a lailed orn condruon With a main feedanter
teyda ,ng oh e f aaue the feed *ater addmoe would mote star nfhet the d.ffererae in iniual msenton

""'ben een tub power and hot tero power Thus the bnuurg cond non for rnaumum rnau dmharge to the
c oNair mt n' mid d t e fuh p< uer 411) a f allate Di the r03* jeedw ater rc{ulaun( shhe

These intars sete nat tam en imo ac count m periorrmig the 15 AL anah us Further. thes were noi
e ghath ta s e n ,rge a( s o ra ir the \1S L P atah m pertorrt,e t! to su;, port the T\ll action plan etm 10
im pie rn e nt an autorna nuem for mmauon of auuhan feedasier nor the resporse to the NRC
InTe c nor: and Erdtn emeni bacar MJ w here .do.uor,a! \1$LB tectrun, uudses were reqsened

in respome to at: NPC reaseu for irifortr.aaon on asternaut uuuauen of the auuha leedaaier tsuem
made on Dtumber 21 1C9. the ciegn bem ceambne break anahm was reesaluated in the anabsn.
the ad).uona= mau reitases te the tomainmem dae to aavhan leed*ater addinon were added to the
F S O ca e and shown to tase rit. impact on the pe#L containtnent preuure and temperature Smt e tha
stuch *as aced at enh doetuq the mpaa of the r.ew assornauc iruuanon instem, the ougmal f S Ak ,

suompoom were r.o: recatuated Thr was sqponed bs eutuanons dor,e tw the N555 vendor.
Cor mm i f.rpneer:rg TM an.n u w as unmed in the \l4C on Januan * 19b0 5mte the
informanon reaucced m the 1& f Daheon Ma meed m Icbruar,1HO uns sen simdar to the request
rnace m Det err ber 1W n w as auurnec that thn anahsn was ahn suf hcieni to respond to the balleun
There!ne. ne ries anahen was perterrred jor the bul etm A Salen E saluanon Feport was retened f rom
the NK on Omt er ' M: The non-comenau.e a'sumpuum were not discosered ur,nl the MsLE
was renewed to eubate the irnpan of the Canned uemm ger<eraint replacement

1. Culd be recort.. red 0 a; m determarg the CaJte of tho esent rehance has been plated UpOn the
a'.anaNe dxurnemount for the ansa s 5 and culuauora ;wrlarrned ir, the 1974-1950 ume period
became these cubanons were performed oser ten sean ago not ah tif th documentauon has been
remes ed N4 eser. Iro i ne cucurnen.auor; that we hase retricied. we behese me base been liNe to

reu.muruct the top usci. w yaush ths prenom s#mmal ar4 hase deiermmed the root came of the
e s ent

III hil.ad.d_ hG ~

Tha eseni o t em rermed ir. acco ean:e wuh 10CFR50 utan:unnet, which requires the 4eportms of
ans ese nt et condsuon that reula it. the nucleat poser piani bemp m a condeuon outside the desyn
bao of the plan

T Fe u'e i comeaae% es of tho eien: are the p:ste r.ni (n e ri"tuantauca of the tomair4rnen' a i$ C

OteQarm dam)(e to the (omamr% erd struta'e an? safeis re.aitd eQWi'rnent requ' red jor sale %hutduuh
of the r en trom < pWa:e \f 5L 0 esen The salen comeneves are mirumah howeser, upon
Co%deralH =r of Containmem deep maf jm @h re|sted eye p9 ent QuahhcauOrh. trid itandard pust
try UperalDr 40 iuns

in C hrNder 7 g ' he u f e''. U +ti-e g g r r., e . s' *n tLen tite ic unming items were addreued
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iemperaime of the paet od urarn pe t nure m t on'animem l hn toethod el anah m he bee n
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A lumbuonn for Corinnued Operanon 0001 was deieloped to altos the plant to return to power
npe r al' t'n b e stM;on;hg a dedit;Hed re elt tof optratqf to (luse the mein feeddalet block t ah en h elle.d N
ans imtor trip A mam steam brie break esent uas anal red for a douNr-ended break et full power.i
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ACCIDENT SEQUENCE PRECUllSOR PROGRAM EVENT ANALYSIS

LI!R No : 369S1 006
livent Ikseription: Potential failures in containment spray and air return
Date at livent: February 15,1991
Plant: McGuire 1

Summary

Centainment pressure suppres3.on in event of a loss-of-coolant a';cident (LOCA) is
_

provided at McGuire by a containment spray cooling system and a containment air return
fan system, which circulates the containment atmosphere through ice condensers. These
systems are desi ned to start automat'cally when cor.:ainment pressure reaches 3.0 psig3 .

to remove heat from the containment steam / air atmosphere, thereby reducing
containment pressure. When containment pressure drops to 0.35 psig, contaiamcnt air
recirculation and containment spray are tenninated. This is to enstae that containment
pressure does not fall signincantly below atmospheric pressure, a condition for which the
containment was not designed. '

A design review identified that the containment underpressure protective feature at 0.35
psig was implernented as a permissive. Once the containment spray and containment air
wei-culation systems were first started and then stopped by the 0.35 psig permissive,
they would restart as soon as pirssure rose above 0.35 psig. No significant 'deadband"
was incorporated to prevent rapid cycling of the controlled systems. The review
identified that the containment cooling sy.;tems were not designed to cycle in this manner
and were likely to foil as a result. -

Event Description ~

.

The containment air recirculation system is designed to force air from the upper portion of
containment through the lower portion of containment. This acts to reduce hydrogen
accumulations in " dead" spaces and increases cooling of the containment utmosphere by

,

the ice contained in baskets in the ice condenser system. This system starts when
containment pressure reaches 3.0 psig. In addition, a permissive signal indicating
romainment pressure greater than 0.35 psig is required.

'

The containment spray system is designed to spray cool water into the containment to
assist in condensing steam and cooling the post-LOCA containment atmosphere. Water
is initially drawn from the refuelli,g water storar tank; when this supply is exhausted,
water is recirculated from the containment sumr, ths iugh heat exchangers, and back to
the containment spray headers.

- _ - - _ _ - _ _ _ _
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During a LOCA, the containment spray system actuates when containment pressure
reaches 3.0 psig. Containment pressure of 3.0 psig and a permissive indicating
containment pressure equal to or greater than 0.35 psig will also initiate the containment |

air recirculation system. These systems, in conjunction with the ice condensers, act to s

maintain containment pressure below its upper design limit of 15 psig. >

The systems are also designed to prevent containment pressure from falling below the
lower design limit of -1.5 psig. To prevent exceeding this limit, containment spray and
containment air return operation are terreated when containment pressure drops to*

I0.35 psig. When contsinment pressure increases ateve 035 psig, the systems restart,.
and ..wn tt decreases to 0.35 rsig, they stop. This cyr. ling could be expected to impose ,

severe stresses on electric motors and electrically operated valves in the systems, j
resulting in their failure. - ]

The same concerns described also apply to the containment hydrogen skimmer system; |

however, there is a redondant system available for hydrogen control that would not have |
'

been affected. The hydrogen mitigation system would not have been subject to cycling-'

induced failure.

Additional Event Related Information i

Given the design problems described, the cc.ntainment air recirculation system at
McGuire would be rendered inoperable before completing its safety function following a -
LOCA. Concerns are raised about the capability of containment spray, the redundant
containment-cooling system.

- |
The utility believes that the containment spray system should not be considered to be. j

rendered inoperable by the control system design, indicating that the system sl.ould be - |

able to perform its design function before failing. This would be the case if only one
operation of the system were trquired.110 wever, since the system is designed to operate ..

during the recirculmion phase as well as the injection phase of a LOCA, it is not clear-
whether this is the case for all possible accident scenarios. The licensee event report
indicates,"At the time the VX [ containment air return) system failure would have been-
assumed to occur, comainment pressure would have been low, approximately 0.35 psig.
At that point, containment pressure cont ol has been accomplished and sufficiently low
pressures could have been m sintained by the available containment Jyay (ND system)
[actuntly a possible alignment of the RI-IR systra]." (N! r 13raciss, "[l", indicate-

comments supplied by the ASP revievier. Matesial in parentheses inside quotations was -o
contained in the text.) The report also says, " Containment spray ... operation is
auto'matically terminated tipon pressure decay to 0.35 psig, thereby,. controlling
containment pressure." In addition, it is stated that. "... personnel could not prove that
the NS [ containment spray} system pumps ... would not burn up as a result of exceeding
their specified cycling duty." These statements imply that the containment spray system

-
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|
could also fail tefore completing its safety function, although containment cooling might
still be provid-d by the RilR system.

The utili*y also refers to potential"deadheading" concerns (pump operation with little or
no flow, leading to pump damage) with respect to the containment spray system, but
these concerns were not described,

ASP Modeling Ap;> roach and Assumptions

The discovery identified in thic event appears to indicate that two redundsnt systems
intended to provide containment cooling could fail during some accidents. One other
tource of containment cooling might remain availat !c. This event relates to containment

__

functionality and has not been modeled as an accident scquence precur.sor.

.

________--_-__________________.__.-_-_m-_____.__________.______._________-__.________m _ _ _ . . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ - _ _ _ _ . - . _ __ _. -
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On February 15, 1991 Problem Investigation Report (P!K) 0.M91 0032 was
initiated as a result of a concern a pressed by a McGuire Nuclear Production
logineer during tequalificatior tratuing. The Containment Sptry (h5) system
pus.on and the Containaient Air Reture (CAR) and Hydrogen Sktmmer System (VX)
f ans had the potential to dead head due to the Contairunent Pressure and
Control System (CPCS) permissive logic. The possibility also existed for the
N5 system pumps and VX system f an motors and damper motors to exceed their
cycle duty. As a result of the Operability Evaluation (OL) performed by
Design Engineering (DE) personnel, the VX system was declared inoperable on
Units 1 and 2 Subsequently. Technical Specification (TS) 3.0.3 was entered
on Units 1 and 2 ou February 26, 1991 at 2057. Units 1 and 2 were in Mode 1
(lower Operation) at the time of this event. This event has Le.n assigned a
cause of Design Deficiency. To prevent this euent f rom recurring. DE,
Projects, and Compliance personnel are turrently working on a cc.oprehensive
resolution to ensure leng terio reliability of the NS system pumps and VX
system fans a*d dampers, thus eliminating pura dead heading and fan and
dacper cycling.

. . . . ..
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Background

The VX (f!!S: bbl system is destgoed to rapidly return stir to lower
Contairaent after inittal less of coolatt blowdown following a Loss of
Coolant Acrident (LOCA). This is accomplished by the use of air return fans
|filS: FAN). A secondary f"nction of this system is to prevent the build up
of hydrogen in dead ended cocy artments resulting f rcu a loss of (nolant
a(cadent (LDCA). This is accomplished by continuvusly drawing att out of the
demo ended compa*tsients at a rate that limits the hydrogen concentratton to
less than 4 parcent.

The system containa two 100 percent c apacity aa r return f ans, each with a
capacity o' 30,000 tubic feet per minute ((fm). Both fans are automatic.tlly
started wher. Cornainment pressure reaches 3.0 psig and a Containment Pressure
Control System (CliS) start permissive signal is received. The f ans f orce
t he air f rom upper to lowe r Cer,t ainment , thereby, returning the wir which was
displac-d by t he blowdown. An isolation damper | Ells:DMP) is provided on the
distharge of cath f an and act s as a t errier betwere u;ter and lower
Coataircent to [ revent t he air f low f rum l'vrassir.g the ice condenser
(Ells:COND).

The system als. .ontains two 100 percent capacity hydrogen skimmer | Ells:SKR)
fans, each with a capacity of 3,000 cim. A normally closed, motor operated
valve [Llls:V) on the tydrogen si.ianter header prevents the an/ flow f rom
bypassing the ice condenser during intt sal blowdown. It remains closed rital

,

the end of inittel blowdown. After initial blowdown, a start permiss se sd
a Phase B, Containment isolation at 3 .sig, (Sp) signal open the valve
coincident with Cont lui.etit a t t return startup. Af ter the valve has f ully
opened, the hydrogen sh tarner f an will start.

_

The NS system (Ll!$:fsEl 16 designed to spray cool water into the Containment
atmosphere when appropriate to the event of a LOCA ar*uring that the
Containment pressure does not exceed its design pressure of 15 psig. This
protection is af forded for all pipe break sites up to and including the
double-ended rupture of the largest pipe in the Reactor Coolant sytr*m (bC)
(Ells:ABl. The NS system ti made up of two redundant tratns. Each trate
consists of one puap | Ells:P), a heat exchanger lEllS:HX) and associated
piping, valves, and a spray heade*. This system tan be supplemented with the
Festdoal Heat heenval System (NIO lEllS:PPl. The M system is actuated by an
Sp signal initiated either manually or on a two out of f our high htgh
Contatraent prrssure signa'. Follow a rtg the injection phase, the spray pn;ss
are realigned t o draw a suction f rom the Containment sap during the
rectrculation phase.

The CFCS ts part of the Engineered Safety features System (LSF) and is
provided ta prevent exceeding the cegative design pressure t.f the Coutainment
structure. The systems pe:mtsslic ar d terunt ation f eatures are redundant and
are accomplished ty independent pre.sure switc hes }[lIS;FS) which provide

, ., . . . .
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interlo(66 te g r ohibit t ot.t a i 1p o t spray, att return fan, ar d t.y f t r gen
s b 4 m.c r fan striatich wt en Cord a inme nt gressure i s t e lr>= 0 15 psig, lhe
ayat em in designed su(L L Lat im sisgle fanlute <an prevent pa ter Conta tteent
s p r ay o r Cont a t t,eent sar return a rni hydrogen skinsuet fan instistaon nur ran
at allow f unt aiseent spas) or C.orit a a t@ru t all teturn and hydtegen sbimmer fan
ope r a t ion whe .i ut t rega, red Itc 0. 3$ ps s y g ermissive terminat ion f eat ure as
autovattrally retrt suc h t hat under arcader.t t on is t i ons Cont a t raim nt spray,
hydrogen spanswr ard att return fan ogrtation is aut omat ic ally terair at ed
u;on preshure detay t0 0 li psig, t he re t y , t or.t r oll a r.g f ortt e lnn e nt ptessure.

o; e r abi l i t y I va l ua t ion inr ! !b IP Wil-00 M s t a t es . in jart-

latr6sive ryrlir.g will bc [rrvented in the intetis- ty implementing a
s t ai ti n ope r at ing pr o( edur e as s t yned t o a deditated g erator. I t, a t.
pro edure will employ manual ac t .ont a n t / ri t s ta t a l i jwiters te
a c t onpl a sh the (o ll( w n..d f urs t ions :

Inllowing COC5 stoppity of the f am and < lt s t e:g of t he darrtr e s
at 0 h psig, the striator w ill marlually testart it c fans and
eten the d.impers when ptess_ure torteases to.ard 3.0 psnt Ihr

rteratos tan also allew the lans to st art and tLe dampers to
open automatically at ) .O ps t y by Sol t.1 St ate f r ot r( t len
System ( M LS) at t uat a c n ( La t e 1)

f ollowing at t uation of the Lyd t t-g an s k i ndne t fans en an Sp
s i g t.a l , t he f ans wa ll temann an opriation.

F ollowing stening ci tbr hydrogen skinsber fan dam;rrs (valsen)
on an ip signal, the d airTe r s w i l l s ema a n (.te n ,

Lith it se tontensatory p asures, the safety functions of the W s) stem .

will be ensured. The tr<ond and third art tons are consistent wit h the
t ut tent Cata.ba desa p , ar.d arr already planned for implementation at : .

'1: 0u i t e e- MIWs 2417 and 241t . The de,it < a t ed rte r at o r as m t at e d w i t h
tle frist artien will ensure that the design function of the air irturn

tans (stset at ') . O p s i g a nd s t op a t 0.35 psig) is maintained. A $0.59
cvaluatsun has been coutleted and determibe.1 that no unreviewed safety
c.cstnons canst.

Fased t>n these ccmpensatory artions it ts t ent lu ted that the n system
is t e ndit ion ally ope r able g

Wil ) ltese jug eis must te inst alle d 4f ter the n f ans ar e startei
and prior to their trip at 0. % Tsit-

.

let hnic al i; rt afttation f%) 3 - ( . 5 t. s t a t e s that two t ale J en ient C orit a i rste nt
Air hetbtn and Hy1 regen $binwer syr'rms shall t e ope rable an % des 1. .
(Stattun), t (H: t $tanit,v), a rol i lHot h t d an ) . b 4 t h t ne f( nt a a ntrient Als
heturn and M ron n M i e r nitem ina c t h'c , restore the ingerable system
10 q er ab]r status within IJ In.a r n i: tc in at least h.t StanH3 within tte

e

.

O

O

'l
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next L hou t s a nd i n t old bbu t dvs n w a t h s ti the follostrg 30 f.ours. With two
l o n t a i nn,e n t Air fu t u r n ard H ylt ogen M inee r systems anoperable t wi ly with 15
3.0.3.

15 ) 0.3 states, in part, that witain I bour .u tion shall t e initiated to

plair the unit in a Mode in whtr h t he sl ec t i s t a t ion decs stot apply by placing
ag plit able, inat, a s,

_

a At least ht ht aMt y wit hin t he next 0 houts,

b At least Hot $burdown rathan the following L Lours, and

< At l ea s t (' eld M . iow n w i t hin t he subsequent 24 hours.

I>en rilt un of Ivent

on lebruary it, 1991, at 205 7, l'rit t s 1 and 2 rnt e r e d 13. 3.0.3 after an 01

performe-1 l'y bl perst,r.ncl determined that the VX system fans and
d a n.s e r t./ v a l v e s no t .> r s |lllh=Muj tould exceed the specalted cycling duty after
an a ut orna t i t lautn) actuation. T his r ende red t he n tyst em in(te t able tot
leth units The det er siinat ion w as made t y Di personnel as a result of a
(onc ern entressed by a burlear Produc tion Ingst eer regarding the h5 and VK
s y s t ein . lhe ingineer was conc erned about the possibility of the SS system
p ets dead heading as a result of the C005 permistive log s t . L' pen discussing
this concern with another Instneer, it was determined that the possibility
al w entsted of exteeding the cycle duty on the VX system fans and
dampers / valves. Thi s conce r n gener ated I lk 0-M91 0012. written by the
Nuc lea r f r odut t ton 1:ng a ncer Icbr ua ry 15, 1991. During t he OI., it was
determinej that DI tersonnel could not prove that the b5 syster pumps or the
n syst si f ans and damper / valve motors would not buro up as a resuit of
ex< ceding their sgerifted <' cling duty, llowever, Oh }ersonnel d'd determine
that since the h5 system pua.r , would t ramplete their design f unctir.n prior to
any postulated motor damage, they did not present a problem from a safety or
ope ratilit y c orn ern . Therefore, the OE would f ocus on the VX systes.
However , a resolution to t he dead heading problem ts being pursued 1,y Dt.
personnel.

To prevent the n system fans and dateper/ valve motors f rom exc eeding their
t: 'e duty it would be nec essar y t o tanually cont r ol t he st ar'.ing and

stelping, and opening and closing of the f ans and dampers, respectively,
after the aut o stop signal had been tecetved. The manual operatier would te .

c ont tt.lled by a ded t(at eo f ont rol koom Oper ator unde r a Tempo ra r y Ope rating
(Tal pro r krr . lo implement t he c ompensat ory ac tion, procedures.
10'1,./9t,00/0W and 0:0, Imero n y n $yster Operaticn f ollowing A Saf rty
Injrt t u n, were develcred, lhese procedures would guaranter that tha
dedic at ed Cont r ol Iw.m D; c r at or would ensur e that the design l'in(tten of the
B s y s t ern (start at 1.0 ; sag and stop at 0. M ps t t ) w a s ma t nt ais.ed.

.a n

.
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lhe comirnsatory measures set f ort h a n t he OL by 01. pe r sonnel rende r ed tt+ W
systee t endit anally oper able on f ebruary 27, 1991, and Ope r ations (OIS)
personnel were able to estt 1.5. 3.0.3 on Irbruary 27, 1991, at O m .

lo toepensate tot the cyc l a r,g e f f ec t of the itydrogen Skimme r f ans and dampe rs
f ollowing an auto at tuation, it would be necessary to inst all j umper s , t hus
defeatieg t he int erloc k and allowtrig the fans and dampers to operat'
v ont inuously. 10 implemen'. the cont inuous ope r ation of t he Hydrogen Skinner a

fans and dampers, a modif. cation would have to be neplemented. Pretteusly, in
the tpritig of 1990, I IR 0-M904047 had t een generated to per f orm this
oohltration. The Plk had been written when it was noted that the Catasta W
syst em f ans and dartper s ol e rat ed c ontinuously af ter an auio ac tuat ion and
a< t t,rding to the McGuire i nnal Saf ety Analysts (l$AR), the U syst em was
designed to also operate continuously. In actuality, the fans and dampers
will (y(Ir on and off. Thereinse to torrett the disraepancy, Mt6uire luempt
\ a riat ion Not t(es ('il Ws ) 2417 and 24114 were tuntiated on Unnts 1 and 2,
respectively.

Dut ing the t ime of t his event the x 6tfir.ations were scheduled to te
impice. coted on night shif t and were c ompleted during the first week nu Marth-
As a result of the modti tt at ions, the 10 procedures weic revised to cut lude
the liydrogen Sk tnee r f ans an d dampe r s

Cotu l us t on

This event hab l.ern assigne d a tause of Design De f t(tenty t>cc ause of
unant a t t pa t ed envi rotwent al it.t s r et tir.n . The interaction between the
cytling of the fans and dampers with the cycle duty of the fan and
damper / valve motors had not teen previously evaluated. The fans and damper
aritors weie designed to cy(le and the tytle duty f or cat h is known. It nu

e lso known t hat dur tr g a IKA, there will be pressure fluctuations in
Containment, H wever, this information (Containment pressure fluctuations
and cycle duty) was generated by dif f erent design groups when designing the
W system several years prior to this event. At that time, it was not

recognited that the int erat t ton be tween the Cont aitunent envirorwent and the
cycle Aty of the affected motors could present a problem. The problem with
esteeding the cycle duty of a motor presents the possibility of equipment
failure. Motors are designed to start and stop a tertain ut@ber of times
within a certain time frame (cycle duty) dependtr a on tbet r particular
application. When a motor is statted, it pulls approximately 7 to 9 times
more than its full load rated turtrrd , t.rtause the stationary or st ator rolls

rotating magnetic field which the rotor assemt ly is t rying to aligntreate a

i'telt with. This intush of current generates excesstse amounts et beat
Therefetc. if the mutor ex(ceds its destgn <apacity f er cycle dwi. it runs
the risk of failure.as a result of a break down in the insulation, shorting,
er p ounitng caused by excessive over beattrg.

. ding the cycle duty on the Hydr ogen Skimet fans andTe presrnt est
daq ets/ valves, the modtiscattens were implemer.tel to allow the fans and

~ . . . . .
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damperk to cperate tontinuously aftte t et elv nt , s ti auto attuation arist ead o f

T he se mnd s f s i at n ons we r e urople t ed in *ia r c h , 1991.(ytIar.g off arvi on.

Di , Projet t s , and Compliartt e per sonne l a re (ur rent ly wot hing on a
tneprehensive resolution. A rd luf t ng de s ign ( hange s , l$ t ha nge tut +1 t t al , ated
modi f i c a t wn irbg lesient a t ion , t o er> sus e long tessi seliability of the (AR fans
a nd N$ s y n t em pump s .

A seview of the Os.t r a t irig l ate r ent e Patgram (OtP) data base for the previous
.'4 months print to this event f evesled t ne l$ violation wit h a t ont r at ut ory
tause of Design Deftciency. LI.k %9/hB-19 doc ument ed the fanlure of the Unit

Hydrogen Skime r s t o at hieve the fit + intes listed in the l'iAk be( ause of a.

defett6ve crm edute and equipment tonfiguration. The tofrettive actions frr
this event were spec if ar to the flowrate pri,blem because the (otiteen with the
< yc l* duty had ne been identified at that time. This is, therefore, not
(nnside.t<t to be a ret ut r ing pr oblem

.

There weer no per wnnel snjuties, radiation overenp sures or uncontrolled
e clease s of r adioat t ive sist er ials t o the env aiosuunt as a actult of this
event

n +H t:T IVI AC110M-

luene d t a t e r 'Ihr VX syfitem on Units 1 sod I was dec lared inoperable and 7%
30 1 was entered 02i lit.ruary 26, 1991 at 2057.

b.bsequent: 1, DL per onnel assued an 00 for (onditional operability of
the VX system.

2 Pro <cdures 10/l.2/A/9600/059 and 060. Imergency V1 System
operation f olinwing A Saf ety trucrt ion, were developed by
GPS personnel to allow for manual opesation ut the VX
system f ollowing an aut o ac tuat ton.

3. 15 3 +.3 was emited on f ebruary 2 7, 1991, at 03M by 005
persunne1 i,

4. til Vh ;417 at 124115 we r e t emplet ed i n '14 : < h , 1991, thus
defeating ths not en loc k , allowing the hydrogrn e lect
f ans and daster n t o operate continuously af ter .n e mns
an aut o actuatino.

5 The To trvredares were revised to exclude t he hydrngen
,

aktmmer fans and demliers.

Llanned; bl. , i r o j e c t s , and Compliant e pet sonnel are (bt f ent ly wo r b kOg
en 4 (omprehensive r e solut ion t ra-luh ng de si gn (t4anges , TL
< buge s ubtti t t e l , a nd modil 4(a t ion implen-tnt at ior., t o e nsu re
long term reinabtitty of tne CAR f ans and dampers and h5
s y s t em pwspa -.

sa e e. no . * *
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hM LTY ANAL YSIS.

The VX system for Units I and 2 was declared inoperable on February 26, 1991
at 20$7. This was an a result of th* OL wt .h determined that the tolerance
of the tistatle associated with the CPCS was to saall that ieder certants
accident condititris cyclar g of the VX system equipment could ot tur. Even
though the equipment as designed to cycle, the number of acceptetle (yrles is
unknan T he r e t c, r e , compensatory eassures had to be taken. Tr.ese measures
included developitig 10 procedures and appoint trig a dedic ated Contrni Room
Operato to i mp l es:e nt the procedure (s).

In the event of an at endent scenario which tequired the VK systra, it would
have pe rf onned s t s design f unc t ion, initially. H m ver. the possibility
existed of equipment fatlute as a result of cut reding the cycle duty of the
system fans and dampers.

In the event of a VX system f ailure, an altelat e method f or (or trolling
hydrogen por,hets would have been available. The Hydrogen Mitigation System
t iRij in designed to prevent the arrumulation of hydrogen f or ac cident s hbit h
a r e beyond the design t'as t s t o t he plant . If the VX system had failed,
hyd r o gen t t.nc ent r ations mi ght have slaght1/ esteeded the design basts, Lut
the I H't syst en, would have prevented hydrogen accumulat ion to levels which
woul.1 have t ht est ened t he Cont a traent .

At the time the VX system f ailure wculd have been assumed to occur.
Contasseent pressure would have be-n low, approximately 0.35 psis. At that
potnt, C ont a t raent pressure control has been accomplished arid sufficiently
low p r essure s c ould have been maint air.ed by the availible Cont a ttunent spray
(%'D system)

Duinng the time the VX system was anoperable, there were to tidadents that
challenged the design function of the system <

The health and safety of the t,ublic were not affected as a result of this
event.

,. ec...
,,
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ACCIDENT SI:QUENCE PRECURSOR PROGRAM EVENT ANAIMSIS

,

4

1.E R N o.: 424/91409
livent Description: Instrumentation protlems lead to RilR pump vortexing and

loss of shutdown cooling during reactor cavity draindown.
Date of Event: October 26,1991
Plant: Vogtle i

Summary

During a refueling outage, after completion of core reload, a residual heat removal
(RliR) pump was used to pump the reactor cavity inventory to the refueling water
storage tank (RWST), The intent was to lower level to 2 ft below the reactor vessel
11ange to allow reinstallation of the vessel head; however, operational errors resulted in
reduction of vessel level to below mid. loop. The RilR pump in service for decay heat
removal experienced vortexing problems, and decay heat removal was lost for a period
of about 50 min.

Event Description

After refueling operations were complete, the l A R11R pump was used to pump down
the reactor cavity to the RWST. RiiR pump 111 was in service at the time for decay
heat removal. The intent wr.s to pump down level to 2 ft below the reactor vessel
flange, equivalent to a plant reference elevation of 192 ft. An assistant plant operator
(APO) was stationed in containment to monitor teactor level using a temporary tygon
tubing sightglass. The control room cold-cahbrated pressurizer level indicator was
also monitored.

Misunderstanding his instructions, the APO proceeded to monitor a newly installed
permanent reactor coolant system (RCS) level sightglass, w hich was isolated. About
an hour later, when the APO was relieved by a plant equipment operator (PEO), the
PEO noted that the sightglass isolation valves were closed and notified the control
room. The PEO and the APO uien attempted to correctly align the sightglass. At the
time, a clearance tagout existed E>r the sightglass supply piping upper and lower
isolation valves; however, the tag for the lower isolation valve was missing. The
lower isolation valve was opened, but the upper valve was left closed and the
existence of the clearance was not recognized. Helieving that the sightglass was then
providing accurate indication, the operators continued the draindown.

Subsequently, an alarm relating to vessel level caused operators to note a discrepancy
between con.rol room level indication ar ' level reported by the PEO. The control

\
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room gauge initiall" indicated agreement with the value reported from the sigh'. glass,
194 ft. Ilowever, when operators tapped on the gauge, indicated level dropped to
190.75 ft. The draindow was interrupted while operators conferred with an
instnnnentation and controls foreman, who suggested that the control room gauge
could be in error. Confirming that the sightglass, the temporary tygon tubing, and
visual observations of vessel level all indicated a level near the reactor vessel head
flang;e, the control room operators decided to rely on the reported sightglass level as
they proceeded with the draindown, at a rate of approximately 675 gpm (at this rate,
reactor vessellevel would be expected to drop about /2 ft/ min).1

Both the temporary tygon tubing and the permanent sightglass were connected
between the loop 1 intermediate leg and the pressurizer. The control room level
instmmentation upper tap was connected to the pressurizer as wdl. A safety valve had
kcn renoved from the pressurizer to vent it to atmosphere; however, this opening had
been aligned via a flexible hose to the suction of a fan ddven high-efficiency
particulate air (llEPA) filtration unit. The suction from the llEPA filter fan and the
falling RCS level caused a partial vacuum to develop in the pressurizer, and the hose
connection to the filter collapsed. The vacuum that resulted as pressurizer level
continued to drop caused the level instrumentation in use to indicate a falsely high
level.

Anproximately 16 mir after resuming the draindown, the indicated RCS level had
dropped about I ft to around 193 ft when operators noted oscillations in the
indications of discharge pressure, flow, and motor current for Rl!R pump 18.
Concluding that the pump was cavitating or vortexing, they placed it on minimum
flow recirculation. Control room instrumentation was then observed to indicate a level
around 187 ft, corresponding to vessel mid loop elevation. Presumably, once RCS
level stopped dropping, pressure in the pressurizer stabilized at a value close to
atmospherie, and the control room level indication was approximately correct. The 1 A
RilR pump was aligned to the RWST and used to increase RCS level by roughly 3 or
4 ft. An attempt was then made to restore shutdown cooling, but signs of pump
cavitation were noted The l A pump was again aligned to make up from the RWST,
and RCS level was raied ta 194 ft. RHR pump 1B was then realigned for shutdown
cooling and operated s.,tisfactorily. Shmdown c@c was unavailable for a total of
about 50 min, during which time the RCS tempera,o:: creased 19 degrees to 107 F.

ASP Modeling Assunu,tions, Approach, and Results

During this event the reactor head was removed. Ilad the RilR pumps failed,
tuccessful core cooling would have r quired sufficient makeup flow to compensate for
boil-off, which could have been provided by gravity feed from the RWST or through
use of a safe:y injection or charging pump. Isecause of the time available, all valve
operations could havv been performed manually, which considerably increases the

___ -_-___-_-_- _ __ _ _ - _ ___ _
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likelihoal that reactor vessel makeup could have been provided txfore core uncovery.
The core danuge probability estimated for this event is <10 6, and therefore the event
was not identified as an accident seyuence precursor.

-
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On October 26, 1991. Unit I was in a re fueling outage. Core reload was complete
but the reactor head had not been installed and the reactor cavity was flooded.
At 1833 EDT, the 1A residual heat removal (RRR) pump was started to lower the
cavity to just below the reactor flange to allow reinstallation of the head.
During the last segment of the draindow'n evolution, indicatiores of vortexing and
air entrainment were observed f or the IB RRR pump which was operating at a
higher flowrate in the shutdown cooling mode. Operators took action to reduce
the flow of the 18 pump and to stop the draindown via the 1A pump. However, the
discharge pressure for the IB pump rew ined low. A subsequent review of
computer data indicated the IB pump was operating at or near no flow conditions.
The 1A pump was realigned to raise the teactor coolant system (RCS) level.
Reduced shutdown cooling, via the IB pursp, was reestablished within 16 minutes
frc.m the time the IB pump started shuwing indication of vortexfug, and full
shutdown cooling was reestablished within 50 minutes.

The event was caused by inaccurate RCS level indication due to an inadequate
pressuriter vent rath. A pressurizer safety valve had been removed, and it was
thought that an adequate vent rath existed; however. a high efficiency I
particulate air (HEpA) filter had been attached (via a flexible duct) to the
flange opening for the safety valve and obstructed the vent, causing a vacuws to
develop during the draindo m resulting in false high RCS level indication.

Corrective actions include revising procedures to ensure verification of vent
paths for all ovolutions and tightening controls for HEFA filter installations,

7 / |1bOEM
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This report is required per 10 Cn 50.M (a)(2)(v) since the inadvertent
draining of the reactor coolant sysres (RCS) to a level less than that
indicated by available level instrumentation could have potentially
prevented the fulfillment c -he restoual heat removal (PJtR) safety function

of the kHR system.

5. UNIT STATUS AT TIME OF EVillT

Unit I was e, .t d>wn in Mode 6 (Pefueling) with the reactor vessel head
removed. Core reload had been completed and the upper internals had been
reinstalled. The Train n RER pump was aligned to provide recirculation
shutdown cooling and was operating at a flowrate of approstaately
1000 gal / min, The Tral A RMR puup was aligned to drain the reactor cavity
by taking suction from the RC1 loop i hot leg and discharging to the
refueling water storage tar,k (RWST) and was operating at a flowrate of
approximately 67$ ga)emin. FCS system temperatute was approminately 88 F
and RCS pressure was atmospheric since the reactor head was removed.

C DESCRIPTION Of EVENT

At 1724 [DT on October 26, 1991, post refueling operations were initiated
per the instructions of Unit Operating Procedure 12000 C, *Pust Pefueling
Operations (Mode 6 to Mode 5)." The reacter cavity water level was at an
elevation af 210 ft 4 in and the first major task to be accomplished was to
lower the level to 192 ft (i.e., 2 feet below the reactor vessel head flange

level) to allow the reinstallation of the reactor vessel head. (Note: Ur.i t
1 *mid loop * elevation is 187 ft and reduced invent.ry controla are required
by procedure whenever level is redaced below 191 f t.) To lower the level,

Procedure 12000.C directs the operator to establish draining using the PJtR
system per operating instructions provided in Procedure 13011 1, "Realdual
Heat Removal System.'

Prior t o commenc ing the draindown, control room operators contacted
Maint enance Depar tment and Outage Support personnel to determine the status
of the pressuriter code safety valves, Information was provided that one of
the code safety valves was removed. Just prior to the statt of cavity
draining. an assistant plant operator (APO) in the Unit I containment was
contacted and directed to establish a watch at the t y g o .1 tube which is used
for annitorin6 RCS level daring dt rindown and *mid loop' ope rations. During
the outage, a niodification had been implemented to install a *persanent*
sight glass (e permanently installed piping system connected to a tygon tube
with a mounted sc ala) in the Unit I containment for use in monitoring PCS
level. Although it had been installed, the new sight glass had neither been
tested nor released for operations use, no APO was not aware of the
modification status of the new sight gla s t He had noticed the s i gh t glass
after it was installed, had received training on Os sight glass, and during

_ _ _ _
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the previous Unit 2 outage, had seen an identical sight glass bein(
sonitored in the Unit 2 containment. Therefore, the APO interpreted the
control roam instruction as direction to monitor the new *pensanent* sight,
5 ass versus the backup ' temporary * tygon tube which is installed and1

temoved during each set sting outage. Based on his understarding, the APO,.

prer: ended to che new sight glass and established communications for
, montioring the draindown.

.

@
At 1833 f.DT, the dratndown s as star *;ed with the 1A PJ(R pump being used to
pump water at a flowrate of approximately 1000 gal / min to the RVST. 6

1IB RRR pump was opera' 'o provide res vculation shutdown cooling at a
flowrate of approximat 30 gal / min, At 1640 EOT. the night shift unit

shift supervisor (USS) eved the day shif t L'S3. . >iactor cavity water ,,s>

level was no M to be . elevation of app wminat W ft as indicated p
At 1930 EDT,by the pressurtzer cold calibrated level ind! n tor ('2 e,2) .

a night shift plant equipment operater (PE0i rrive,. is tiUnit I

containment to relieve the day shift APO who was ,trf M , tha tygon tube

war- 'ontrol room rastrted that levei was ap ..ia,ately 207 ft. This*

si ht glass being monitored shou'.d be coming on scale -5me t o

hows. to level indicatiot could be obserm d in the sight glass as yet.
Inventqation 5y the oncoming PE0 then f ound the permanene sight glass wcs
not valve J-an corre,:tir The control room was informed and the draindown
was scopped while the problem was inve=tigated. The P'O and the APO then
proo .ded to v.1ve in, fill, and vent the permanent sight glass and the
sight glass levil rose to 205 ft 6 in. In valving in the permanent sight
glass, the PEJ and the /PO did not utilize procedural guidance and,
consequently, an upper isolation valve was inadvertently lef t closed. This
error was not recognized at the time, aptsrently because the level indicated
by the permanent sigk glass was then tonsistent with the level indicated by
the temporary tygon tube and with concr:1 room indication. The sight glass
was believed to be providing an accurata indication of level.

approximately 2010 EDT, the draindwwn was resumed. A draindosn flowrateAt
of approximately 1000 gal / min was maintained until indicated reactor cavity
level was at 202 ft 6 in. The flowrate was then increased to a reading ot

approximately 2500 gal / min, which was ma;ntained until the indt sted le el
was at 197 ft. The flowrate was then redaced to approximately 1800 galf ain,
and within approximately 6 minutes, to approximately 900 gal / min.

At 2200 EDT, vid a reacrar cnity level of approximately 194 ft being
reported by the tygon che watch, annunciato A1.),06 003, ' Accumulator #4
Hi/Lo Level,* was received in the Unit i control room. This annunciator was
pstt of a recently adoed modification to provide a 9*mporary RuS high level
alars (sattaint 192 f t 6 in) during refueling operations. On receivin6 th'
annunciator, the control room reactor operator observed level indicator

.
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ILI 957 to be at top of scale (100 percent) and tapped on tt.e indicator,
ihls caused ILI 957 level indication to drop to 60 percent (i.e., 190 ft 9

in). The draindown was stopped by realigning the A RRR pump oo that it
temnorarily recirculated to the RCS. The PE0 performing the sight glass
watch was directed to visually ve rify RCS level. The FE0 reported that the

] level appeared to be sven with the reactor vestal head flange (194 ft),
,_) which agreed with the level indic ated by *.ha pensanent sight glass and the
] temporety tygon tube. The control room contacted an instrumentation and
f- Controls (!&C) foreman and discussed the ILI 957 indicated leva,1. The IbC

~

foreman indicated that the r e f e r e nc e leg for ILI 957 might need to bey
.@@ filled. Therefore, it was decided that ILI 957 was not providing an

'f
accurate indicatlan of level and, since it was belie $ed that three reliable

W, indications at level (L,e , vessel visual. the permanent sight glass, and
the temporary tygon tube) were natlable, it was cecided to continue with
the dralndown to 192 ft.

,

At oppro<imately 2717 EDT, the draindown was resumed at a reduced flowrate
of approximately 675 gal / min. At approxlmately 2233 DT, with a lev- 1 of
approximately 193 ft being indicated by the alght glass, a contrut room
operator observed discharge pressure, flow, and motor current estillat;ons
for the IB RRR pump, indicating that vortexing or cavitetton of the pump was
occurring. Operator action was taken as directed by Abnormal Opereting
Procedute 18019 C. % ss of Residual Heat Removal," to close the dischacge
valves for the IB RHR yasp. putting the Ib RHR pump on etniflow. Motor
current readings for the IB RHR pump stabilized; however, dischatre pressure
temained low. At this time, ILT,957 was observed to be at approximately 30
percent (i.e., 188 ft 3 in) and narrow range ins t rwne nt 1L1 950 was obse rved
to be at approxima:ely 60 percent (t.o., 187 ft 6 in).

At approximately 2234 EDT, the dratndown was stopped by closing the
dLachstge valves for the 1A RHR pump so that it was operating on etntflow,
The 1A RWt pump was then shut down and its suction was realigned to the ,

l<WST At approximately 2239 EDT, the iA lum pump won restsyted and operated
at a flowrote of approximately 400 gal / min to transfer water from the RWST *

back to the RCS Shortly after beginning the refill of the RCS, the
discherge pressure of the la RhR pump began to show some improvement and a
rectreulatiun cooling flow of approximately 350 gal / min was rerstabitehed.
At approximately 2246 KDT. the 1A luta pump dischstge valves were closed,
placing the 1A RHR pump on miniflow. The LA RHR pump suc' . m was realigned
to the RCS and leakage through the dischgge valve provida_ a rectreulattuh-
cooling flow of approximately 350 gal / min. At this time, an attempt was
made to increase the reetreulatton tooling flew of the IB RBR puesp.
However, after increasing flow to approximately 2600 gal / min, indications of
vortext"6 o cuvttation were apin observed. The IB RRR pwap flow was
reduced to 1800 gal / min and the pump operated satisfactortly with no
indication of vortexing or cavitation. (Note: A subser.snt review of
c ceepu t e . data indicated that PCS temperature began to decrease at this
tisse ) Add!tional refill of the RC$ appeared to be required to obtain

- - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ . _ -_
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full recirculation cooling flow of the IB RfCR pump. nos..wre, the 1 A RRP,

pump was again aligned to take suction from the RV.iT. I

At approximately 22% EDT, the refill of the RCS was retnitiated at a

flowrote of approximately 400 gal /stt The refill was terminated at
approximately 2310 EDT. and level as indicated by the, eight glass was
194 ft 10 in. A visual check of the reactor vessel level was made and level
appeared to be almost evea ,in (i.e., 1 in belov) the vessel flange . At
apprcxtsately 2316 EDT, another attempt was made to tbtain full
reeltculation cooling flow for the Ib Aldt pump. ne 15 RitR pump flow was
inc reased to aFproximately 300') gal / min and the pursp operated satisf actorily
w;th no indication of vart exteg or cavitation.

46 uacy of the level t* s trumentation that wasDue to concerns about the 9
monitored during the draindown, a senior reactor operator ($RO) and a PE0
were dispatched to containment to walkdown t.he tygon tube and the sight ,
glass level indicators. They found the upper isolation valve for the sight
glean closed and hold. tagged. This indicated that a clearance was in effect
so the sight glass. Subsequent investigation deterutned that a hold tag

had also been installed t.n the lower isolation valve but must have fallen
off since it was not present at the t ie- the s.nht glase was put in service.
The clearaace fat *he sight glass was released and the -pper isolation valve
was c.pened '.t was uso discovered that a HEFA filter .ntt was conr+ -
via a fle c te duct, ti the opentn; vhere the pressuriser safety vs've had
been removed At the ame of discovery, the HEPA unit was runntnr, and the
floatble duct was four:t rollapsed The collapse was apparently due to the
vacuum created by the running HEPA filter and RC$ draindown. The HEPA unit
was turned oft an.' . vent nort on the unit was opened to relieve the vacuum

on the pressuriser. ,

D. CAUSE OF EWST

The direct cause of the event was falso high :tC5 level indications which led
to the RCS level being inadvertently lowered to the point where vortexing ,.

occurred. The f ales high indications of level were caused by an inadequate
pressuriger vent path and by the closee upper isolation valve for the sigt t
glass. RCS level instrumentation ut tilted at VECP for mid loop and reduced
inventory operations provides level indication ha6ed on dif ferential
pressure as measured between the hot legs of RCS loops 1 and 4 en i tne
pressurizer (for the level transmitters) and between the int t- t media t a leg of
RCS loop 1 and the pressurise; (for the pe nsane nt sight glass and the }
temporary tygon tube). The pressuttrer serves as a common reference point
f or all mid loop reduced inventory level instrumentation (wide range and
narrow range indleation provided in the control room, and permanent sight
glass and tempotary tygon tube inu1 cation available in containssent),
Consequently, any blockage of tt.e pressurtzer vent path would affect all
reduced inventory level ins t ri.mo nt a t ion . During a draindown of the RCS, a
vent path blockage such as that which occurred in this event would induce a
vacuuri on the roterence leg of this instrumentation inducing a f alse high
ind c a t ion . Althnutn engineering tr" cv has determined thac rio permanent
damage would have occurred to the ins t rume r.t ation , each channel would have
presented a false high indlestion Vhila the sight glass was actually

.

l
.
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isolated from the pressurizer (due to the upper isolation valve being
inadvertently left closed), the valving error also made it subject to
vacuum ef f ect s and explaint why it also presented a false high indication of
level.

The root cause of the event was procedure 1sdaquacy. Procedures for
reducing RCS level during refueling operatione provide sufficient aceps to
ensure the proper installation of level instrument. tion and the adequacy of
vent path (s) during the initial RCS draindown; however, suf ficient steps to __

reverify these items were not included ir the procedutos for the subsequent
draindown evolution. Additionally, adrait strative controls were inadaquate
in addressing the reviews and documentation tequired for the attactusent of
HfPA filter units to plant equipment. In this case. the HEPA filter unit
was instelled without a temporary modification or a work order, Since such
controls were not applied, the control room was not aware of the
installation.

.

A contributing cause was the failure of the operatir.g staff to sufficiently
investigate the cause for the receipt of the RCS 'high* 1evel annunci tor or
the cause for the ensuing * low * level indication of ILI-957. Had
troubleshooting or . contairment walkdown of the levs1 instrtusentacten been

'
initiated at the time of these occurrences, then the problem af fecting the
level instrumentation may have been recognized. One of the causes fc: not
implersenting, troubleshooting of ILI 957 at that time was apparently the
re l i anc e niaced on the visual verification of RCS level. Since the gper
inte ruals we re installed, i t c anno t readily be deteristned <hether this uas
a t, accurare indication of level since the upper internals tend to retain

*
water. The lack of awarenese by the operators of the specific status of the
persanent sight glass isodification is seen as an additional contributing
cause. Since the sight glass confirmed the temporary tygon tube and visual ,

level ind'. cations. operators felt that they had multiple accurate level
indications. On this basis, they delayed troubleshooting of ILI 957,

E. M1ALYSIS OF EVDtT
-

Cer tain items were noted which helped to lessen the cons 6quences of the
the operating crews' practice of assigning a dedicatedevent. The first was

reactor operator to monitor the RER system during the draindown evolution.
The second was the tensive training the operators had received on industry

i f RRR. This included training and simulatorevents involving
scenarios on not response to a loss of RHR durirg the requalification
training segmsnt pr . to the refueling outage. In addition..a previously
implersented modification allowed trending of RER pump motor current on the
emergency r_sponse facility (ERT) computer display. Together, these factors
helped the operators diagnose the occurrence of vortexing and take
corrective actions to mitigate the effects of the event

|

_____ _. ._ _ _ ._ _ _ _ _ _ ____ ________-___-________- . _ _ _ _
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During the event, the IB RJtR pump was unavailable to provide rec trc Jiation
ebutdown cooling for approximately 16 minutes and full recirculation cooling
flow was not reestablished untti approximately 50 minutes after the first
indications of vorteming and air ingestion. Valle a subsequent review of
computer data indicates that the pump was operated at or near no-flow
conditions for opproximately 13 minutes, all available data indicate that
the pump e s pe t t e nc e d vo r t e n ing t,ut did no t e x pe r t e nc e cavitation, Vhen
vorteutng occurs, at causes air to enter the euction of un pump. This will
cause the pump per formance to decr ease but will .not necessertly cause damage
to the piump such as would be espected should cavitation occur. However, if ,

enough air to introduced into the auction of the pump, it will cause the !

pump to become air bound and the pump flow to stop. When flow stops, it is 'l

poselble to ovetbeat and subsequently damage the pump. Due to conce rns that !

cperation of the IB RM pump under these conettons way have caused damage
to the pump, vibration ocasurements and comparison with the pump's
charac teristic curve were satisfactortly torepleted or October 26, 1991, with
no indication of pua'p desage. On Novembe r 1,1991, tAe inservice *est (IST)
for the pump was reperformed. The results of the IST confttmed that no
degradetton of the IB R.tR pump had occurred.

1

For the 1A ItHR pw.p, oper at or a:t ton was e f f ective in preventing

de gradation of tt . pump. Af ter oburving indications af vortening for the .

1B RHR pump, control room operators responded appropriately per the I
contingency ac e toes provided in AOP 18019 C for such an event. This |
tucluded operator action taken to r educe t b.a flow of the IB PJtP pump, stop
the RCS draindown via the lA RHR pump, a nd r e al i gn the - I A RHR puep to raise
itC3 level, Based on our understanding of the event er the time, a

,

deformination was made on October 26 19')l . tha t the event did not repreesnt
' a repo able confitti.n pursuant to 10 'FR Sth 72 (b)(2) Cit t) . However, a

subsey nt detailed review of co-- - Sata which were not evallable to the
operators at the tie + of th* even. .ndicated that possible air

trtastion for (Se 1A KhR pvap a.ay have start: 4 to occur shortly before the
pump's discharge valve wee closed Thte manifestad itself ln the form of a
slightly neuuced discharge pressure and flu , Based on this new informatior.
from the post event critique, a determination was made_that the event could
have porelbly prevented the fulfillment of the PJtR function of the RHR
system, Therefore, an tvent Not tf tcation purtaant to 10 CFR 50.,2
(b)(2)(11t) was rade on November 6, 1991. Although the lA RiJt pump had not
been operated under any avarent. adverse conditions. the 157 for the 1A RHR -
pump was also reperformet- LL. de gr adation in pump perta.aarice was indicated,

by the 15T for the 1A RHR pursp.

.

3
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The lowest PCS level occurred at the time the 1 A RitR pump's beat exchange r
Idischarge valve was closed. As noted above, there la some evidence to
.

suggett that ett ingestion for the LA RMR purep may have started to occur at
that time. Based on our analysis of the available 6 ara, the lowest RCS
level during the event was in the ran6s of elevation 186 to 187 f t.

Vhlie Coorg,ta Power Company now believes that a possibility did exist for a
loss of RitR as providad by the RMR system, calculations have determined that -

the event did not. pose any threat to plant safety or the health and safety
of the public, The settuated decay heat being produced a? the time of the
event was 0,1022 E8 Stu/hr. A subsequent review of RER heat exchangen inlet
temperature data suggestc that the RCS actually experienced an average
hestup of 19 F (i.e., 88 F to 107 F), which is reasonable considering the e
mar ' muss calculated local PCS temperature. The maximum local RCS terrerature
was calculated to be approximately 116 F. Further calculations were mada 50
detetetne the time be fore boiling and the core uncovery based on cemittions
at th time of the event and assuming a total loss of RMR and no makeup to
the RCS. The time to boiling =as determined to be 82 minutet and the time
to core uncove r, was determined to bc 543 minutes. It was also calculated
that a flowrate of approximately 400 gal / min either f rom the RVST or by one
of the RRR pumps operating in the shutdown cooling mode, would have
maintained the RCS water temperature at or below 140 t. If needeo, the

calculated required fluvrate of 600 gal / min could have been out. plied by
eligning a centrifugal charging pump or a safety injection pump to take j
suction from the RVST. Therefore, it ta conctided that the svent did no;

represent a potential for causing a release or an adverse radiological
conditirn either within containment or enternal to the plant. Fu r t he rtso r e ,

the containment equipment hatch was in place and negated the need for
precautionary action to replace it.

F- CORSECTIVE ACTIONS

1, All procedures used for draindown of the reactor vessel will be reviewad
to ensure sufficient steps are ti .lude d f t.. verification of vint path )
adequacy for all draindown evolutions. Additionally, the review will ,

ensure that precautions are included as applicable regarding the use of '

visual ve r t f tcation f rom the refueling deck as a reliable means of
deteritning RC4 level during dratodown evolutions with the upper
internals tnstalled. Procedure revisions, as necessary, are expected to
be completed by December M. 1991 (prior to future *mid+1oop"
operattona)

2. Aamintatrative controis will be revtsed to ensure appropr; ate reviews
and docuaentation for the a t t ac htae nt of HIPA filter units to plent

e qu i p,e r - This revision to espected by January li 1992,

e

____ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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3. The reduced inventory PC$ level inst ruisentet ton will be reviewed for {
pioredural or ha rdware modif ic at tnns to redut o common mode effects of a
single vont path, This review ts espected to be complete by January 15,
1992.

4 Shift personnel involved in the event beve been appropriately d
disciplined and counseled regarding 'he need for additional emphasis on
maintaining awareness of plant configuration status and for ,

investigat ing pr oblems/inconalatenc ies not ed dur ing mejor evolut ions.

A case study will be developed by the personnel involved in the event'

and will b* Fresented to the Operationa etaff. The case study wt!1

emphastre lessons festned from the event, including r,be impor tance of 8

establishing an edequate vent path, the proper steps that should have
been taken for the problemsflnconsletencies that oc cut on during the ,

event; % :,portance of ut titaing procedural galdaar u for plactog the
sight piu in service ; and the r,eod f or appropriat e cowaunte at tons ,
turnovers. and brieftngs. The c ase study in espected to be presented by
March 1, 19 '* 2 . ,

t, - The (sodi fic ation statue system will be reviewed for ponetble
enhanc ement s to make modification status more reedily evellable tn the
Operations staff. Revisions to the program, as necessary, are espected
to be complete by January 21. 1992.

Abnnymal Oper ating Fracedure 18019 C will be rewtowed against'

Westlnghouse Abnotsal Pasponse Guidelttie AkC 1, *l.oss of RHR Vhtle
ope ra ting A t Mid. loop Condit ions." to evaluate the adequacy of specified
actions f.r stopping a kith pump or other actions to take after
indications of vartoutng or pump cavltation are observed. This re tow

/ in expoe.ted to be complete by December 30, 1991,
-

C ADDITIONAL INick?tATION
,

1 Failed Cueronents identification

None,

2 Prevtous Statler tvente

"one

1. (n tgy industry Identiftration System Codes

Reacror Coolent System (PVR) A8

Pastdual Heat Pecoval Bystem (TW) BP

d

iD

,
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ACCIDENT SEQUENCl; PRECURSOR PROGRAM EVENT ANAL.YSIS

LER No.: $28al4X)!
Event Description: Reactor coolut pump seal heat exchanger tube failurt s ould result

in non-isolable loss of coolant ou' side containment.
Date of Event: January 10,1991
Plant: Palo Verdc ,

Summary

An engineering analysis at Palo Verde determined that the fa!fure of a reactor coolant -

pun p (RCP) seal cooler tube could result in a nonisolable loss-of-coolant (LOCA)
accident outside containment, if the cooler inlet or outlet valve to the reactor coolant

system (RCS) could not be closed. These valves are not supplied with emergency
poWC).

Event Description

RCP seats at Palo Venic are cooled by heat exchangers in which heat is transferred to the
nuclear cooling water system (NCWS). Failure of a cooling water tube in an RCP seal
heat exchanger would allow high pressure RCS inventory to flow into the low-pressure
NCWS, Motor-operated isolation valves are provided on the RCS inlet and outlet
connections to the seal heat exchangers, but they are not provided with an emergency
power supply. Should a seal heat exchanger tube fail, failure to manually close the inlet
or outlet motor-operated valve, or loss of normal power t.upplies, could result in a
nonisolable loss of reactor coolant to the NCWS. As neither NCWS cooling nor seal
charging flov, could be provided to the affected RCP seal, the RCP seal would be '

degraded. An engineering analysis performed by Palo Verde detennined that as much as
$8 lbhnassh (roughly MX) gpm) would flow into the NCWS in this case.

NCWS supply pressure is less than 80 psig, and return pressure is only a few pounds
alxive utnuspheric. Since the associated pumps, valves, and piping are rated for low-
piessure application, the NCWS con'ainment isohition valves could rv be relied upm to

-isolate the postulated failure, and an unisolat:d seal heat exchanger failure would
therefore result in overpressurization of the NCWS. Overpressure protection is provided
for the NCWS at the system surge tank, k>cated on the auxiliary building nx)f. A small
relief valve is connected to the tank by a 2 in. diameter line. %e utility indicates that the
flow into the NCWS would exceed the capacity of the relief valve, resulting in failure of
the surge tank, which has a design pressure of 15 psig, This would fail the NCWS and
pennit the e , cape of reactor coolant to the environs. The utility analysis indicates that as
much as 487,MX) gal of reactor coolant leakage could be expected before RCS pressure
would drop sufficiently to allow isolation of the leak.

_ _ _ - _ - -_ __ - - - _ . ._- . _ - - _ - - _ - - - - _ _ - - _ - - - - . -
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An evaluation of the radiolog, Mal consequences of these failures indicated that, under

design basis conditions, offsite doses would exceed 10CFR100 lirnits within 30 min. At
the time of the evt.luation, fuel failures and reactor coolant activity were less than
assumed in the design basis, and potential offsite doses were calculated at values below

the 10CFR100 limits.

Additional F. vent Related Information

The NCWS supplies cooling to nonsafety-related potentially radioactive heat loads.
These include sample coolers, radwaste loads, nonsafety-related IIVAC chillers, the
letdown heat exchanger, fuel pool cooling heat exchangers, control element drive
mechanism (CEDM) coolers, an auxdiary steam vent condenser, the RCP motor coolers,

and the RCP seal coolers.

Closed cooling for safety-related loads is provided by the essential cooling water system
(ECWS). Its loads include the shutdown heat exchangers and the essential llVAC
chillers. It is pos.ible to crosstic the ECWS to the NCWS to supply certain NCWS
loads, including the fuel pool cooling heat exchangers, normal IIV AC chillers, RCP seal
and motor coolers, and the CEDM coolns. Ily cesign, the ECWS will not be used to
cool RCP heat exchanger loads after a loss of coolant accident.

There are four RCPs in the primary system at Palo Verde. The seals on each pump are
normally cooled by NCWS as well as by seal injection flow supplied by the charging
pumps. During the scenario postulated NCWS would be lost to all RCPs. Maintenance
of injection to the pump seals not impacted by the heat exchanger tube failure should
ensure their continued integrity. Thi, might require closure of the air-operated injection
isolation valve for the failed seal. Failure of this "f ail-open" valve to close or remain
closed could possibly increase accident severity by allowing additional RCP seal failures.

'

ASP Assumptions and Approach

This event was identified as containment related and wis not modeled as an accident
sequence pmeursor.

- - - - - _ - - . - - _ ___.___.___m.______________ ,
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.. . m .-,. ~. ...., f MST on January 10, 1991. talo Verde Units 1. 2. and 3At approximately 150
were in M% E 1 (POVER OPEPATION) at approximately 100 percent power when P"NC5
1rgineering determined that a postulated break in a Reactor Coolant Pump (RCF)

_ high pressure seal cooler could result in a reac tor coolant system (RCS) leak
m outside contairv.ent. A conse rvative evaluation of this postulated etut based
Q on assun;tions used I.i the standard Review Plan (N1' PEG 0800) deterstned that

the Fxclusion Aten Boundary cwsula t ive thyroid dose could escoed 10C71100 _

f
Itattz, An evaluation based on existtrg RCS activity shawed that doses wouldg

te a small fraction of 10cFR100 limits.
K
ug The causs was that a tube rupture in the seal c,oler ano it s e f f ec t was not

considered in the original plant design.

Immedia te cort ec t ive ac tions we r e taken to- 1) sontent RCS activity to ensure
10CTR100 limits wcA d not be esceeie. as a ree-lt c f this postulated event and.

2) monitor the Nuclear Coolir g Vater System to provide early detection of a
seal cooler leak A design change is betr.g develcred to mitigate the
restuleted event described in this IJR , The d sign change le expected to be
c omp l e * r.' 'n Uni t s 1, 2, and 3 by July 19' 1.

No , - . . niallar eveats have beeb refct ted in accordance with 10cI150 71.

9102NO2fC
.. . . . . . .

l
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<- - 1. DL$tRIPTION OF MtAT OCCUM LD:

A. Init t al Condit ions ;

At ag g ron testely lho Mai on Jenuary 10, 1991. Pelo Verde Unite 1.
2, and ) were !n MOLF 1 (POVIR OPEDAT!DN) at opprovimately 100 .

7
percent power,

e Peportable t. vent De sc rip t ion ('nc l .d s..g Da te s and Aryros inat e " tees
of Ma br Occur r enc es): -

F .-e nt Classification: A 4.or dit ion t h.t was outside the dasign

taste of the 1,l a n t .

" At apptoutmately l',00 MS) on January 10, 1991 Pvbcs Engineering
determtr.ed that . postulat ed bt sab 'in the l' asc t or Coolar.t ; ump
(PCP)(P)(AB) high pressire seal coolet (SLA!)(C!S)(Ah) could result-

in a teactor toolant system (WC$)(AB) leek outside t he Contalrasent
build t r,g (704) . A conse rvative evol u tion of this postulated event
t>an,J on the as sumpt f or,s used in WREC 0600, Standard review Plan*

($WP) de t e rist ned that the Exclusion Area Boundary (EAb) cumulative
thyroid dose could enreed 10CIV100 limite. An evaluation of this
pt.s t ulat e d event based on en f a t ir.g PCS ac t iv n t y showe d that doses
would Le a small fraction of 100)l00 1;mits. The evaluation also
nowed tho' this postulated event. would not result in eny fuel-

damage.

During an evaluation t.ased on the r e c omu nda t : ana in NRC
ttformation Notice BC 54, * Pot ential C'"e rpre s sur iz at ion of the L.

' y* a," PVNGS Engineetlnt, identified aComponent Cooling,Vatet- ,

postulated scenar io in a double ended guillotine braak of a
Ecf seal coole- Se could result in overpresourlsation o, tte
Nuclear coc.11q Vater system (NCV%) (CC) and therefor *, the
potent tal en ts ted for a leakage path outnide of Co'talnu nt, This
f ailure could re sult in high pressure, high tesperature FCS fluid
entering the low ptessute. low t eepe r a t ure 8CVS pip t rig , Most of
the RCS liabege would flow fece the RCP hody throus.h clearances
between the tepeller hut, and beattrq. sleeve, thiough a clearance
be t w.en t he be n . i n e, sierve and stop seal, inte, a flow passage in
the bearing sleeve, and through drilled (learances in the RCP seal '

s

housing. This leak age wr.uld t hen pr oc eed to the PCP acal cooler
via the seal cooler inlet valve (ISvj aBJ, A parallet flovpath .

'would also be estab'.ished past the journal bearing and 0.= FCP seal
rooler outlet valve (ISV)(AR).

k
i
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Calculations using two phase chcked flew models, ae- alrig only the
hydraulic t e s t s t ant e of i u Ital t itig er st r iction in ttie flow path

indleate the init t el lea. ge flow rate thsough a doubled ended
guillotine break of the tube vould be approximaraly 5,6 pounds ianas
pe r second (lba/mee)-, L i n< e MNS r ent s t rume nt isolatit.n volves
(15V)(CC) are not dJala,ned to teclate or remain taolated m;etnet __

pressutes that could result f rna this Pr$ leakage, ht"5 fluid from
the tube fallute in postulated to flow into the NCVS providing a ,

posential telease perb outside containment through the NCVS surge
tank pressure relief valve (TF)(RV)(CC) on the 7uk111aty Butiding
(NI) roof. '!h i s reltsf valve [ set et 10 pounds pet square t re h
gauge (psig)) <11achan gss t o en open atmosph ;ric scupper on the 4

Au=111ery fullding tuof, S i nc e the magnitude of the biemk eu eeds
the rope tty of the gressute rettet valve, the dealgn pressure of
the s u r ge> tank (15 pelg) rould be exceeded,

in addt t ton t o too above, a postulated c at as t t ophic high pre s sur e
c cu t e r t ube supture may 9imultaneously initiate degradation of th4,
PCP seals of the af f ec ted s ur_:p bec ause cooling and lut.r icat ing flow
w uld be diverted to the break and any residual fluid rensining in
the seal housing would be everuated via the austitary impeller in
the PCP seal housing, however, this degyedation does not increase
the radiological consequences of this pos'ulated event since the -

leak age would be c onf ined t o Cont ainment .

The HCV5 is a closed loop cooling system which provideo cooling
water to numerous heat enchangers that conteln radioat.tive water.
The NCVS is c onstant ly ennnitored by an on lit.a radiation monitor
(MON)(lL) which alarms in the Contini Poois INA) when the cooling fwater act.vtty reaches a manimum preset level, The redtettoa
s.onttor la capeble of detectit:g itCS in.lenhage of 0.08 gallena per .

minute (gr within one hour after the leak begins, L

An evaluattor of the r adiological conaequences of thle scenario
us tba postulated design basis conditione {i.e. constant, continuous
reactor coolant leakage rats and accident dose parameters (todine
spikirg fe4 tons, reactos cc.nlant activities corresponding to one
percent failed fuel and no operator actions) se specified in the
$P P f o r Cha pt e r 15 I S AR anal y s i 1 andtcetes that f u r omulat ive
thyroid done could eveeed 10LF)l07 limit s wt t hin 3G minut e s . An
evaluation ustnk erlating conditions at PVNC5 showed that f,Ah dm e
will be limited to a asell f r ac t lon of 10 CIT 100 limit s.
Lvaluattons of lim' t t og de sign hesio event e also e how that th's
postulated event would not result in fuel failure.

(

. . < . - , . . . .

1
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C. Sta us of structures, sys tems , or component s that were irwperable ,

at the star' "f the event that contributed to the event;

bot applicable - no structures, systems, or components were
inoperable at the start of the event which contribu'ed to this
event. -

D. Cause of each component og system failure, if known:

Not applicable no component or system failures were involved.

E. Failure mode mechanism, and e f fec t of each f ailed component, if

known: ,

Not applicabla no componert failures were involved.

F. For failures or components with multiple functions, list o! systems
or secondary functions that verw also affected:

Not applicabla - no component f allwes wera invclved.

G. For a failure that rendered a train of a safety system inoperable,
estimated time elapsed from the discovery of the failure until the
train was returried to service:

Not applicable - no failures were involved which rendered a train
of a safety system inoperable.

H. Method of discovery of each coc"ionent or syste.a f ailure os
procedural error:

Not applicable there have been no component or sy2 tem failures or
procedural errors identif ad..

1. Cause of event

The postulated event discussed in Section I.B was rm t considercd in
the origir,al design of the plant (!sif Cause Code 3: Design.
Minufacturing, Installatton Error! The de sit,n bas ta of the FCP
seal ecolers descsibed in the Combustion engine. ring Standard
Safety Analysis Report ( Ct.S S AR) and the NRC Safety Evaluation
Report for Palo Verde was that any leakage from the RCS would be
detected by a combination of the NC'JS radiation mccitors and the
high surge tank Invel switches which alarm in the Control Fo w.
Once leakage is detected it would be isolated using the PCP seal
cooler isolation valves, The pssibility of a tube rupture in the
seai cooler and its subsequent effect on the NCVS was not
considered in the original plant design.

..e......

__ _ _ _ _ . _ _ _ . _ _ _ .
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No anusual cha s et t e s is t ic s of t he wor k loc a t ion (e . g. , noise , he a t ,
poor lighting) contributed to this postulated event. The
postulated avent was not a Jeult of personnel errore nor
pi ec edur al e t t e r s .

_

J. Saf e t y syst em Fes; enaa '

Not app 1 t r able there were no aafety ayates top.onses and none J

,ere r.ecessary.

V. l'alled Component I nf o r :sa t i on :

Not applio.ble no component failures wers involved.

!!. A n h5MLNT Of THE $At ETY CONat.QUf,NC01 AND letPhlCATIONS Of TP15 IWNT-

The postulat ed event discussed in Section 1.B vuund be a small bre A
loss of coolant acefdent ( IDCA ) based or the etitsrta specified in
operating procedur(s Control koom pe, e nel vould resporid by entering
and esecuting the actions for a small bi.ek LDCA. RCP alare re.4ponse ,

procedurea wnuld direc t the operators to close the seal sooler isolation
valves to terminate the event. The valves ato designed to operate-
agatnat full differential PCS pressure, however ttey du not receive '

emergency power. If the effected seal rooler could not. be isolated, the )FCS would be depressur t red to allow the NCb'S c ont altweent (polation
valves to be closed to lanlate the laak.

.

A curiservative evalus**on of the radiologicat consequen,: e of a
postulated guillot tn nt eak of the RCP st.4 c ooler tubing was performed.
This evaluation used a constant', continuous reac tor coelant leakage t.te
to the atmosphe re of $8 lhe/sec and accident dosa patateeters (i.e.,
todine sptbin; fatters, reactor coolant activittee correg noding to one
percent felled fuel, tio operator artton to f oolete the reak, etc.)

assumed in the spP for Chap sr 15 eet' dant analysse. The evaluation.
* as ~med all of tb* leakage was released to atmosphere and took no c redit

f or todine part:ttoning factors. This evaluation ind!(ates the FM
cumulative du.e would eersed 10C51d00 limita for dose to the thyroid
within 30 minutes of the pos t ulat ed event . If iodine. partitioning
factors, fles tr e and time dependent lenbage were constdered in this
crsalysis, the results would he less t r.a n 10C FF 100 H a t t e .

A - evaluation of t he consequeues of the postulated gutilot tne break of
the seal cooler tubing wee a.no perfoamed uetng existing conditions at

*PVNCS rather than the conservative para nters specified in the SPP. The
eval ution used an todine apik t ng f ar. t or of 40, indine in Me
equivalent conc ent rat ion of 6.01. 2 mir r ocur len per s111111t er (uc i/ml)
and ett,tt felled fuel pins, all based on ac tual worst case M a for

.

a,s 3 S ee eb.4 s...-
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PVNCS Units 1, 2, and 3. An initial, continuous ree.ctor coolant leak

rate to the atmosphere of $8 lbs/sec (i.e. , no credit taken for reduced
leak rate due to system depressurization), no operator action, no
pr.rtition factor, and accident (SRP specified) Chi /Q values were
conservatively used. This evaluation resulted in rodiological

censequenc as which are a small fraction of 10CFRIGO limits. The EAB 2
-

hour c unulative thyroid dose would be 10.2 Rem and the low Population
Zone (1.PZ ) 24 hour cumulative thyroid dose would be less thaa 13 Rem.
The 30 day Contrel Room thyroid dose was calculated to be 1.9 Res.

The potential leak was also evaluated based on leak before break
criteria. If a leak were to develop by some 1:eexisting flaw or

i: id result in aunidentified eechanism. -he low stresses in the piping
stable crack up to a leak rate of approximately 1,3 gpm, This stable

, crack siza was determined using the methodology of ?TREC/CR 4572 'NRC
1.eak Before Break (LBB.bRC) Analysis Method f or Circu:sferential Through-
Vall Cracked Pipes Under Axial Plus Bending Loads,' which includes loads
daring normal operation aa.1 a safe shutdown earthquake. h"JREG 1061
* Evaluation of Fotential for Pipe Breaks," requires the application of a
factor cf safety of two to the critical crack size to arrive at a
leakage crack size. The resultirg leak rate including this saiety
factor la 0.8 gpm. Recognizing that the tubing would leak before .
breaking. NUREG 1061 requires that the leak detection system used be
capable of detecting a leak equivalent to one tenta of the leak rate
expected from the leakage crack size. In this case that value would be
0.08 gpm. On-line radiation man. coring and chemical sampling are
capable of detecting leakage at this level.

An evaluation of the radiological consequences of small leakage through
the high pressure seal cooler tubing was performed based on leak bef ore
break criteria. This evalaation was based on a constant leak rate of
1.3 gpm to conse rvatively bound the maximum stable crack size leak rate
analyses. The evaluatfon assumed reactor coolant activity co. responding
to one percent failed fuel, a partition factor coefficient for todine
species of 0.01, and accident Chi /Q valu.s. The results show that for
this scenario, the radiological consequences are well below 10CFR100
limits. The EAB 2 hour cumulative thyroid dose would be approximately
1.7E $ Rem and the i.PZ 8 hour thyroid dose would be approximately 4.lE-
$ Rem.

Due to uncertainties in the failed fuel predictions and the spiking
facter. P"NCS will monitor P9s 1-131 dose equivalent concentratici.
levels. If these values exceed a level et ?E-1 uci/c: RCS 1-131 dose
equivalent. EAB doses will be rets aluated and additional actions will be *

taken if required, Vith the activity a; or below this level, offsite
<doses will be lin.ited to a small f rac tion cf 10CFF100 limits.

The double ended guillotine break nf RCF seal cooler tubing was
.

~

. . . - . . . . ,
.

&
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evaluat ed to ansees *Le potential for causing f uel failure by examining
the apertrum of break stree for a small break IDCA. A f ailure of the
FCP seal cooler would correspond to a break sire of 0.004' square feet.
* he asallest br eak s tas evaluat ed f or ernall bre e. IDCA analyals la 0.02
squate feet, and does not result in fuel fa.* h . E '* break aire
bounds all break sisen less than 0.02 equare fo. .no la considered -

hounding for this postulated event. B s. 4 * d or this analysts, the kCP
seal cooler tub f ailure poarulated ev .. would not result in f uel
failure.

The capab* lit y of the Re f ueling We' e r Tank (PVT)(TK)(P.P) to provide
mak eup wate r f oi this postulated esent was evaluated and the kVI
inventory demand was determined to be approximately 487.600 g.il l ons .
Technical Spec tflcation 3.12.6 specif ten a alnimum PVT inventory of
600,000 gallone, based on an BC5 average temperature of %5 degrees
Fahr e Jiel t . Therefore, the RVT tovent ory la adequate for t.ble
postulated events

fiased on the s e e valua t ir ns , it is concluded that although the
o cusequenc e s of a postulated gulllottne b6eae of the seal cooler tubing
using SRP apecified parameters exceeds regulatory limits, an evaluation
of t his postun ated event ustr:g eatsting PVNCS data dea.onstrates
r adiologic al ct osequet.(es below 10C17100 limits. An evaluation of the -

amall leakage that might occur before identiffracion and isolation based
on the applicatica of leak before break criteria also demonstt ates
radiologic al consequences below 10CIV100 limite.

111. CORRt.0TIVE ACT!cN:

A, lea s edi a t a ;

The consequences of this postulated event were evaluated and a
Jus ti f ic ation f or Cont inued Ope re t t oss (J00) was developed arid
submi t t e d tr> the NGC (it.10)?O9.WSC/JST, dated January 18 1991),

To ensure that eny leak of the RCP seal cooler will be detected in
timely fashion the f ollowing compensatory measur es (onlya

applicable in Modes 1 through 4 POWI.R Ol'ISATION thruugh Hu.
SIN 1 TOWN) have been put in place:.

,

1. Chemis t ry nampling and at. normal occurrence pt ocedu rs s have
been t henged to provide for backup grab samples to be taken
at least every 14 hours with the NCVS radiation mor.itor (PU-
6) operable = This nie thod will de tec t in Icakage lover than
0 08 3 p ar4 aise provide a con!1rmation of EU 6 cietation
!f kU.6 1s out ref nervice t:.e 1.berei s t ry s ample A Wll[ be
t aken at least every S hours.

* ....-.. . . .

'

|

|
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2. The .adiation 119: FU 0 slate response procedute and
chee*stry samp. og prrxecute have been sevised to require
. pacific actions be tak en quidly to ident i f y t he suurte of
any in leakage to the NCVS.

,

3. In the event 064nual samplin6 detects short lived flostor
s

p t teduc t ac t ivit y ( tridit ative of Peactor Coolant 1ambage .nto
the NCV5) or a radiation monitor niets la received and
manual sampilog deterte short lived fission product
erttvity, en orderly plant shutdown tu Mode 5 (cot 3
5HUtiv.NN) will c ommenc e . Samplitig will c ontinue during
shutdown to asonitor the leakagn a nd t o de t e r nir,e the source
of the leakage.

If PCs in+ leakage thr.> ugh the seal tooler is determinei not
to be the source; the plant will not be shutoovn anJ
sairpling shall c ont inue . Manual maef'e6 will t.a taken at
least over y $ hout a to ensure that no it ^ ledage in the
tiCJS would ;o t nde t ot t a d by t he yadiatton monitor due to
higher bad ground ac t ivit y,

4. RCS 1 131 dose equiv lent c<n. centration leveln will be
monitoted. !! these value s enced a level of 201 uct/ce,
PCs 1 111 dane equivalent, offsite doses will be reevaluated
and additional actions will be t al en i f r equired,

16 A:tton to l': event P e t. u r t e nc e '

A design shange is being developed to tott! gate the potuis'ed event
des (rtbed in this LI;R . Impleme nt at ion of t bla design change is
expec ted to h completed in Unit s 1, 2, and 3 by July 1993,

IV, !$ t'V IOU S 51 Mi t AR LVENTS

1:o pr evious slmtlar event s have bee n r epor t ed in a< c or dAf C e Wktb
%.fk 0.13

..? 8 po .es . 4

_ . _ _ _ . - . _ . _ _ - - _ - _ - _ _ - - - - . _
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Appendix D

POTENTI ALLY SIGNIFICAf fr EVENTS Til AT WIiRii CONSIDERiiD
IMPRACTICALTO ANALYZE

Thirty-three licensee event reports (LERs) were identified as potentially
significant but impractical to analyze. Such events are believed capabic of impacting core
damage sequences, llowever, they involve component degradations where the extent of
the degradation could not be determined or where the impact of the degradation on plant

-

response could not be ascertained.

For many events classified as impractical to analyze, an assumption that the
impacted component or function was unavailable even over a 15. period (as would be

8done using a bounding analysis) resulted in the conch:sion that a significant event
existed. This conclusion was not supported by the specifics of the event as reported in
the LER or by the limited engineering evaluation performed in the Accident Sequence

,

Precursor (ASP) Program. A reasonable estimate of significance for such events requi es
far mom analysis resources than can be applied in the ASP Prognun.

thief descriptions c' these events are prosided in Table D,1.

Table D.1 Events identified as potentially significant but impractical to anle:e

Potentialfor heating steam pipe break in cable spreading area at fladdam Neck (213/91-
015), A postulated rupture of a 10-in heating steam line in the cable spreading area of
the service building could adversely affect safety-related equipment due to pipe whip or
jet impingement. Pipe supports were not consistent with original design drawings.

Containment isolation valve electrical separation deficiencies at Mills *one I (24519 -020).
Isolation condenser logic dces not meet separation criteria, ard # four containment
isolation valves for isolation condenser are powered from the same electrical division. A
singte failure of the S2 DC power supply along with a loss of offsite power (LOOP)
could rt sult in failure to isolate an isolation condenser line break. Use of the emergency

diesel generator (EDG) v>ould result in a delay of the line break isola. ion. Additional
separation deficiencies were identified with the recirculation isolation bypass control
switch and reactor water cleanup (RWCU) containment isolation valve.

Safety-related circuit rot.sg deficiencies at Palisades (255/91-014). A number of
apparent discrepancies in circuit routing have been identified. Approximately 40 circuits
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that were believed to be safety related were routed with opposite channel circuit % vend
circuits had not been completely evaluated at the time of the I.liR, but all other circuits
have been dis [usitioned as being nonsafetyaciated or of no safety concern.

Stress corrosion cracking of J7 out of 72 control rod drive lurusing screws or Afonticello
|263/91 00N). Inadequate design resulted in stress corrosion cracking of 37 out of '12
control nxl drive housing flar.ge cap scre ss. Control axi drive loads can be supported
by three unifonoly distnbuted uncracked screws. l'ailure of five or more screws on a
single housing could allow separation of the housing from the reactor vessel flange.

Inoperable fire barrier penetration seals at Point th ach I (266191007). 1foles were
kdiscovered m two fire barrier penetration seals in the walls of the safety injection

(SI)/contaimnent spray (CS) pump room. The opemngs measured approximately 6x12
in. and 6x15 in.

i

l
Cell vacking causes sustion batteries to be inoperable at Fort Calhoun (285191018).
Numerous battery cell cracks or curred since 1982. The baucry cell terminal post seals
were inadequately designed and did not allow for corro..mn product buildup at the y

positive tenninal. This corrosion pnxluct buildup caused cracking of the seal nut and
subscouent case cracking as stress iclief mechanisms.

Cable separation barrier inadequacies at Indian Point 3 (28bl91-008). Some electrical
cable trays contained redundant safeguants equipment cables, arid fire barriers were not

>

installed between trays.

thisting degraded voltage setpoints inadequate at Pilgrim (293/91-018). Sulficient
vo!! age may not be available to certain 480 VAC and 120 V AC loads when switchyard

-

voltage decreases below 349 LV, A 1988 analysis that specified the degraded voltage

serroints did not utilize the worst case scenario.

Safety-related 480.VAC circuit breakerfailure at Pilgrim (293/91-019). A AND-VAC
circuit breaker (GI!, type AK- 2 A-50) that is part of a safety-related bus transfer scheme
did not close during a planned bus transfer, resulting in a decoergized safety bus. The
breaker failed because of a fabrication error. r:ive other type AK-2A 50 safety-r .ated
circuit breakers could potentially expuience simihtr failures.

EDt; breaker potential lackout at Maine Yank ee (309|91-011). If the EDG is phased onto
the bus and a plant trip occurs concuntnt with a loss of offsite power, the coincident

| open and close signals for the breaker may lock out the br(aker due to its anti-pumping
feature. At the time of discovery, onc !!DG had been runrimg phased te its emergency

s

bus for approximately 24 h while the redundant liDG was out for maintenance.

_ __ _ _ _ - _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ - _ _ . ___



- _ _ - _ _ _ --_

D5
,

EDG exhaust and ventilation environinent qualification (EQ) documents snissing for
tornado effects at Cook 1 (315/9/d5). Design documents could not be located that
would demonstrate the capability of the liDG combustion air engine exhaust and nom
ventilation systems to withuand the effects of a tornado.

Ihpansion Joint material not qua!(fledforfire conditions at Sequoyah I (327191-010).
The expansion joints between the auxiliary buildug and shield buildings contain a
material for which specific doctanentation supporting fire resistiveness to an accepted
standard is not available. Therefore, the configuration cannot be considered a credible

fire barrier.

EDGs potentially inoperable due to Appendix R fire concern deficiencies at Fit: patrick
~

(333/91 0/0). Pcn.tulated fire scenarios could have resulted in loss of ventilation fans for
spaces containing equipment required for safe shutdawn, including the llDGs. Fire
dampers, penetration seuls, and cable separation were also deemed inadequate for certain
postulated Gres.

Fire damper closure rendered emergency service water (ESW) room ventilation
inoperable at Fit: patrick (333191021). Closure of six 6ta dampers for modification
work restmied air now resu!!ing in an exhaust fan for one of two safety-related pump

'
n> oms tripping on thermal overload. A postulated fire senario was identiGed that could
result in loss of ventilation, potentially degrading ESW, residual heat removal service
water (IlllRSW), and electrie- and diesel driven Gre pumps, loss of service water could
render the EDGs and residual heat removal (RilR) system inoperable.

Safety division motor control center (MCC) cable conduit not embedded in concrete,
susceptible tofire at Fitzpatrick (333191023). A portion of afety divisbn 1 MCC feeder -

cable conduit was found not to be embedded in concrete, as it ens indicated to 'oc in the

original Appendix R evaluation. Iloth trains of safe shutdown equipment could
potentially be danaged by a common fire due to this conduit not being adequately
protected from Gre-

E5W retw n piping incorrectly installed at Fit: patrick (333191-031). T:.c common 12 in.
ESW return header from the four EDG jacket coole s discharges into the train A ESW
and FilRSW pump bay. lleated water from the !!DGs cou'i recirculate through the
EDG Jackets eventually failing the EDGs,

Intake de-icing heaters potentially inoperable due to postulatedfire at Finpatrick (333191-
'U2). During a postulated nre in the control uxnn, the existing design of the circulating
water system ir.take structure de-icing heaters is outside the design bases of the plant.
The control switches for these heaters are located next to one another in the control room
and are susceptible to coincident damage during n Gre.

_
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Inadequate ventilatlan flowfrom high head sqfety injection (HilSI) pump cubicles at
licaver Valley / (334/91-032 . Actual measured ventilation flow from each 111151 pumpf

cubicle was found to be less than the flow rate required to maintain motor temperatures
within required EQ limits due to a manual damper, common to all three lillSI pumps,
thic was ailed in a partially closed position. This potentially degradeo the plant's safer
shutdown capability. Also, the cub!:les were designed to use temporary ventilation
mechanisms during an accident, but this requirement was never incorporated into:
emergency operating procedures. s

Potentialforfire-induced spurious operations to adversely qffect safe shuulown at Trojan -
(344/91-00#). Potential fire-induced spurious operations of the pressurizer auxiliary
spray valve, steam generator power-operated relief valves (PORVs), and the reactor
coolant =ystem (RCS) charging flow control valve could have adversely affected the
ability to safety shut down the plant.- These potential spurious operations were not
completely addressed in the Appendix R review.

Electrical components not qualyledfor operability at low temperatures at Trojan (344/91-
009). Contair. ment isolation valve limit switches, auxilihry feedwater (AFW) isolation

'

control relays, Alav control valve relays, control room ventilation control irlays, freeze ;

protection for service water differential pressure sv' itches and reactor water storage tank -

(RWST) level sensing lines were not qualified for low-temperature operation due to
.'

design bases deficiencies.

|

Potential inability to depressurize and cool down the plant in case offire at Trojan
(344/91-021). It could not be verified during the sit. .lation of emergency fire procedure ,

" Alternative Shutdown for Control Room Evacuatien Caused by Fire" that the plant
could be cooled down and depressurized to residual heat removal;(RllR) system -
conditions following a postulated worst-case fire. The safe shutdown analysis did not:

;

specifically address a plant cooldown and depressurization using o'nly those components. '

expected to remala available following a postulated worst case fire.

- Gain settingfor overtemperature delta T(OTDT) setpoint would exceed hardware limits
and delay reactor trip at McGuire I (369/91009). The gain setting corresponding to the .
average reactor coolant tempereture input for the OTDT setpoint would saturaic the
process electronics prior to reaching normal operating temperature. Departure from
nucleate belling (DNBR) limits could be exceeded for an uncontmiled rod control clusterz

assembly bank withdrawal due to a delayed reactor trip.

Open fire barrier penetrations discovered at LaSalle 2 (374/91001). One open fire
barrier penetration in the EDO cooling water pump room, two open fire barrier
penetrations in the high pressure core spray (IIPCS) room, and various open fire barrier

- penetrations in the. turbine building were discovered during a surveillance. Thesc fire
r

. , , . ._ . - . .._ _ .. . ._ ___ _ _- - - - . _ ~



_ _ . _ - . .. ___ _ _ _ _

D7
i

barriers nad been in a degrmied condition since initial plant startup.

Safe shutdown equipment couldfait due to a postulated Appendit Rfite in the control
room at Sepechanna 1 (387/91-016). A postubted Appendix R fire in the control rmm
could result in a hot short in the control circuit of one of a number of components
required to shut down the unit from the remote shutdown panel. Approximately 90 valves
are irt.pacted on each unit from the RilR, !!SW, RilRSW, and reactor core isolation
cooling (RCIC) systems.

Gain setting for OTDT setpomt would excc ~t hardware limits and delay reactor trip at
Catawha 1 (4 /3/914>09). The gain setting corresponding to the average res" tor coolant
temperutme input for the OTDT setpoint would saturate the process electronics prior to -

reaching normal operating temperature. DNilR limits could be exceeded for an
unconmdled rod control cluster assembly bank withdrawal due to a delayed reactor trip.

Pressurizer levelindication errors due ta inadequate design at Millstone 3 (423/91-003).
The pressuriier level reference legs wert angled upward such that noncondensible gases
accumulated in the condensate pots. This condition resulted in two independent channels
tving inoperable in a single system uesigned to mitigate the consequences of an accident.

'

With the enors postulated, these transmitters would have provided operators misleading
information.

Plant shutdown due to circulating water system pipe rupture at Perry (440191-027). A
nonisolable bn ak occurred in a ocction of 36 in, circult. ting water pipe, which supplies
water to the auxiliary condensers. A tast reactor shutdown from 100% power was
initiated following the rupture. An opn manhole cover allowed water into the underdrain
system, exceeding the capacity of the underdrain pumps. Flooding occurred in the _

service water pump house and safety-rela:ed switchgear. Several equipment
malfunctions and anomatics occurred after the shutdown, including a 13.8 kV bus failure
to transfer, motor feed pump breaker failure to close, startup transformer deluge
initi2 tion, and scram discharge volume failum to drain.

Gain settingfor OTDT setpoint would exceed hardwars limits and delay reactor trip at
Byron 1 (454/9/.003). The gain setting corresponding to the average reactor coolant
temperature input for the OTDT serpoint would saturate the pmcess electronics prior to
reaching norrnal operating temperature. DNilR limits could be exceeded for a baron
dilution accident due to a delayed reactor trip.

Gain setting for OTDT setpoint would exceed hardware limits and delay reactor trip at
liraidwood I (456/91-003). The gain setting corresponding to the average reactor
coolant temperature input for the OTDT setpoint would saturate the process electronics
prior to reaching normal operating tempernture. DNilR limits could he exceeded for a

__. - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _- -
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boron dilution accident due to a delayed reactor trip.

Mispositioned Si throttle valve caused inoperability of both SI pwnps at Callaway 1
( f 83/0/-003). The Si cold leg injection throttle va!ve had been mispositioned for over
2 yr. This condition would have caused the Si flow upper limit of 655 gpm to be
exceeded, rendering both Si trains moperable. Calculations by the utility determined that
the maximum flow rate would be 706 gpm with the tecirculation line open and thmitle
valve udspositioned.

Normal room cooling not adequate for engineered safetyfeatures (ESF) pump room
lands at Palo Verde / (528/914)D7). Normal rotun cooling system cooling to various
!!SF pump rooms is not adequate to meet essential cooling loads because it is not 100%

-

redundant to some components served by the essential heating, ventilation. and air
conditioning (if VAC) system. Therefore, when the essential chilled water system was
removed from service, nonnat ilVAC would not adequately cool the AFW, essent ali

cooling water, CS, and high- and low-pressure Si pump nxnns.

Design basisfire in control room could re.mit in RCS leakage exceeding makeup at Pala
Verde 1 (528/91-008), A design basis Appendix It Grc in the control rmm could result o

in loss of reactor coolant pump (ItCP) seal cooling. This in turn, could result in IRCP
seal damage, which may result in llCS leakage in excess of availrble charging makeup
capacity.

,

loss of essential air handling unit (AHU) due to postulatedfire at Palo Verde 1 (528191-
Oll). A design basis Appendix 11 fire in the control rmm coul.1 result n the loss of onei

train "II" essential AllU. The train "II" AIIU provides cooling to train "11" liSF
equipment, train "II" DC equipment, and train "II" DC battery rooms. The train "Il" =

equipment is necessary for safe shutdown in the event of a fire in the control rtxnn. This
desiga error was caused by a failure of the original Appendix 11 evaluation to recognize
the control circuit for the AllU being kicated in the contml axun.

-

I

Y
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