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NOTICE

This report was presared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or implied, or assumes any legal liability of re-
sponsibility for any third party's use, or the results of such use, of any information, apparatus,
product or process disc!osed in this report, or represents that its use by such third party would
not infringe privately owned rights.

NOTICE

Availabihty of Reference Materials Cited in NRC Pubhcatiors

Most docurrents cited in NRC pubhcations will be available from one of the foNowing sources-
1. The NRC Pubhc Document Roon 1717 H Street, N W

Washington, DC 20555

2.
The Superintendent of Documents, U.S. Gowrnment Printing Of fice, Post Of f u e Box 37082,
Washington, DC 20013-7082 ,

i
63. The National Technical Information Service Springteld, V A 22161
|'

A!though the hsting that follom represents the maiority of documents cited i 4 RC pubhcations
it is not intended to be exhaustise.

Referenced documents available for inspection and copying for a fee from the NRC Pubhc Docu
ment Room include N RC correspondence c',a internal NRC memoranda N (C Office of Inspection
and Enforcement bunetins, circulars. infr,rmation notices. inspection and investigation notices;
Licensee Esent Reports, vendor reports 7.nd correspondence, Commission papers; and apphcant and

i ,

| bcensee documents and correspondence
I

3

| The following documents in the NUREG series are available for purchase from the GPO Sales
Progr am:

f NRC booktets and brochures Also available are Regulatory Guides NRC regulahons in the Code offormal NRC statt and contractor reports, NRC sponsored conference proceedings, and ,I

Federal Regabt ons, and M: clear Rmulatory Commission Issuances.,

i

Documents available from the National Technical Information Set, ice include NUREG series
reports and technical reports prepared by other federal agenaes and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regu'atory Commiss.on.

I Documents a<a4ble from pubhc and special technical ht' aries include all open hterature items,
| such as books, journal and periodical articles, and transactions federal Register notices, federal andI

state leg stabon, and congressional reports can usually be obtained from these hbraries
I

i

Documents such as theses, dissertations, foreign reports and translations, ani non NRC ;onference
proceedings are available for purchase from the organization sponsoring the pubhcation cited

Sing'e copies of NRC draf t reports are avadable free, to the extent of supply, upon v,ritten
request to the Division of information Support Services, Dittribution Section, U.S. Nuclear
Regulatory Comm:ssion, Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the N RC regulatory process
are maintained at the NRC Library, 7920 Norfo% Avenue, Bethesda, Maryland, and are availabfe
there for reference use by the public. Codes and standards are ususNy copyrighted ed may be
purchased from the originating ceganization or, if they a e Arnerican National Standards, from the
American National Standards institute,1430 Broadmy, New York NY 10018.
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NOTE

This document is bound in two volumes: Volume 5 contains the '
main report and Appendixes A, B, and C; Volume 6 contains

j Appendixes D, E, and F.
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LIST OF ACRONYMS

AFW auxiliary feedwater

AFWS auxiliary feedwater system

ATWS anticipated transient without scram
BWR boiling-water reactor

CC component cooling
CCW core cooling water

|
CRT condensate return tank
CSR condensate storage tank |

CSS core spray system

CST condensate storage tank
CVCS chemical and volume control system
DG diesel generator

DHR decay heat removal
ECC emergency core cooling
ECCS emergency core cooling system
ECCW emergency condenser cooling water
EDG emergency diesel generator
EFW emergency feedwater
EPS emergency power system
FSAR final saf ety analysis report

HPCI high-pressure cooling injection
!HPI high-pressure injection

HVAC heating, ventilation, and air conditioning
LER licensee event report

LOCA loss-of-coolant accident
LOFW loss of main feedwater
LOOP loJs of offsite power i

LPCI low-pressure coolant injection j

|LPCS low pressure core spray
LPI low pressure injection
MFW main feedwater
MyWP main feedwater pump

MSIV main steam isolation valve
MSRV main steam relief valve
NRC Nuclear Regulatory Commission
PORV power- or pilot-operated relief valve
PWR pressurized-water reactor
RCIC reactor core isolation cooling

RCP reactor coolant pump

RCS reactor coolant system

RHR residual heat removal
RHRS residual heat removal system

RPS reactor protection system
SDC shutdown cooling

SG steam generator
SI safety injection
SLB steam-line break
SRV safety relief valve

SS secondary-side
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APPENDIX D

PRECURSOR DOCUMENTATION
.

Reactor plant operational events for 1986 were selected for docu-
mentation as p recursors to potential seve re core damage based on the
selection criteria described in this report. Thes e events are docu-
mented here.

For each precursor, a precursor description sheet end a conditional
core-damage calculation are included. The precursor description sheet
briefly describes the event sequence, provides plant and event data
pertinent to the evaluation, and documents the modeling considerations
and decisions made. Included with the conditional core-damage calcula-
tions are individual sequences probabilities for the more significant
core-damage (CD), core-vulnerability (CV), and anticipated-transient-
without-scram (AWS) sequences; identification of dominant sequences for
each end state; and a listing of the branch probabilities and f requon-
cies utilized. Individual sequences were listed if their probability
wa s >0. 03 t ime s the probability of the dominant sequence for each end
state.

Probabilities for sequences that reflect a decrease in conditional
probability are enclosed in parentheses. A decrease in cor e-d amage ,

cora-vulnerability, or AWS conditional probability for an individual
sequence can occur in sequences containing success branches when an
unavailability is modeled. For example, consider two sequences involv-
ing an initiator A, an observed degraded system 9, plus another C.

Sequence 1 includes success of B; sequence 2 includes f ailure of B.

A occurs, 3 succeeds, C f ails (sequence 1)
A occurs. B fails (sequence 2)

The probability of sequence 1 is probability (A) x (1 - failure
probability (B)] x failure probability (C); the probability of se-

quence 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 f ailures and
over the same period of time is subtracted f rom the value calculated
considering the unavailable system so as to estimate only the additional
impact of the unavailability. Applying this procedure to the above
sequences with the likelihood of initiator A assumed to be 0.1, the
likelihood of B f ailing (given that it has been degraded) assumed to be
0.5, the likelihood of C f ailing assumed to be 0.03, the 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)
(1)

0.03) = -1.47 x 10-3x

[0.1 x 0.5] - [0.1 x 0.01] = 4.9 x 10-2 (2)

D-3
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In this case, the differential probability for sequence 1 is negative,
indicating a decrease in probability for the sequence compared with the
same time period without the unavailability.

Each event is identified by its uniqu'e docket-LER number.
Table D.1 provides an index to the documentation for each precursor
and an index to conditional core damage calculations performed for a
postulated nonspecific reactor trip and a postulated LOFW a the dif-
ferent BWR and IVR plant classes defined in this report. Rese calcula-
tions are included following the documentation of precursors. he LERs
associated with each precursor event are included in Appendix E.
Table E.1 in Appendix E provides an index to the corresponding LERs.

I
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Table D.1. Index to precursor descriptions
and conditional core-damage calculations

'*I'
LER No. Event title Plant name

247/86-017 Dpen condenser dump valves cause Indian Point 2 D-6

trip, and one safeguards train
fails to start

247/86-035 Trip, LorW, and two AFW train Indian Point 2 D-11

failures occur
249/86-013 KPCI and one train of the core Dresden 3 D- 16

spray and LPCI systems are
inoperable

250/86-036 Unavailability of DGs Turkey Point D-21
Units 3 and 4

250/86-038 AFW systes is unavailable Turkey Point D-26
Units 3 and 4

250/86-039 Trip occurs with stuck-open PORV Tutkey Point 3 D-31

261/06-005 Bue failure causes a trip Robinson 2 D-36

followed by a LDOP with a DG
unavailability

269/86-001 TRIP, LOPW, had a stuck-open Oconee 1 D-42

MSRV occur
269/86-011 Emergency condenser cooling Oconee Station D-47

system is unavailable Units 1,2,

and 3

277/86-003 DG trip in test ceuses scram Peach Botton 2 D-32

280/86-029 Charging pump service-water Sorry 1 D-57

ptops are unavailable
280/86-031 High-head injection system is Surry 1 D-62

unavailable
281/86-010 313h-head injection system in Surry 2 D-67

unavailable
282/ 86-CC6 Emergency power system is Prairie Island D-72

Units 1 and 2unavailabile
282/86-011 Emergency power system is Prairie Island D-77

unavailabile Units I and 2
285/66-001 Trip occurs, and automatic Pt. Calhoun D-82

depressurisation arsd turbir.e
bypass system fails to open

293/8b-027 LOOP occurs due to winter stors Pilgria 1 D-87

301/86-004 MSIVe f ail to closo on demand Point Beach 2 D-92
W

318/86-006 Trip occurs, and one atmospheric Calvert Citifs D-96

dump valve fails to close Unit 2

341/86-048 RCIC and HPCI are unavailable Persi 2 D-101

362/86-011 Saltwater and CCW systems are San onof re 3 D-106

unavailable
366/86-035 LPCS system is unavailable Katch 2 D-111

370/86-006 Kigh-head injection systen is McGuire 2 D-l!6
unavailable and DG A is out
of service

3S9/86-011 Energency power systes is St. Lucie D-121

unavailable
409/86-023 LOOP occurs due to lightning LaCros se D-126

strike at coal-fired unit
413/86-031 Small LOCA forces plant trip Catawba 1 D-130

414/86-028 SG PORvS open inadvertently in Catawba 2 D-135

test, and trip when other
failures occur

458/86-002 Rand-held retto causes LOOP River Bend 1 D-140

458/86-047 Energency power, LPCS, RHR River Bend i D- 146

train A, and RCIC systems
are degraded twice

D-5
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PRECURSOR DESCRIPTION SHEET

LER No.: 247/86-017
Event Description: Open condenser dump valves cause trip, and one

safeguards train fails to start
Date of Event: May 28, 1986
Plant: Indian Point 2

EVENT DESCRIPTION

Sequence

Unit 2 was operating at 30% powe r. The condenser steam dump con-
trol system was switched f rom the temperature mode to the pressure mode

1455 h because of erratic behavior observed on temperature controllerat

TC-412J. At 1556 h. all 12 condenser steam dump valves received an opensignal as a result of faulty steam dump controller PC-404. This
resulted in an increased steam flow and a reduction in reactor coolanttemperature and a subsequent SI actuation. t,

!

SI train A actuated, resulting in a reactor trip and safeguardsj actuation; however, train B did not actuate. SI train A signal resulted ,

!. in closure of the MSIVs ~2.5 s after the reactor trip, effectively| ending the high steam-flow condition.
*

"

The required functions that did not fully actuate because train B
did not function were cuntainment isolation phase A, train B, and some

<

! of the required redundant valving required for SI.
SI train B was successfully actuated at 1507 h, when the control

room operators reset SI. Resetting SI consists of manually locking in
.

,

I another SI signal and depressing SI reset buttons. This action actuates
-

parallel contacts in both trains of the SI logic. B2cause train B had
not been actuated by the first SI signal, the introduction of the secondI signal initiated a separate SI sequence. SI equipment was stripped and
automatically restarted; all required redundaat valves (trains A and B)then operated normally.

:

,

j

1

Event Identifier: 247/86-017

D-6 !
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Corrective Action

The steam dump. control system repairs were as follows.

All electrolytic capacitors and the auto / manual relays were replaced1.
on condenser steam dump controller PC-404, and the controller was,

!

recalibrated.
2. Current-to-pneumatic converter PM-404 was replaced with a new unit |

and calibrated.
3. Temperature controller TC-412J was replaced with a new utiit and

calibrated.
4. Pressure transmitter PT-404 was calibrated.

,

4

Corrective action for the SI system actuation circuit was as follows.
The SI actuationRelays SIA-2, SL-2, TR-2, and TR-2X were replaced.1.

log-in was tested and verified operational. ,

Plant / Event Data

Systems Involved:
Turbine bypass and HPI

Components and Failure Modes Involved: one trainTwelve dump valves f ailed to open during operation HPI,
failed to autostart

| Component Unavailability Doration: NA

Plant Operating Modet 1 (30% power) ,

i
Discavery Method: Operational event'

Reactor Age: 13.0 years*

i
Plant Type: PWR

J

Comments

The event was modeled using a steam line break event tree, consis-
Because of thetent with similar events identified in the ASP Program.

limited information in the LER, HPI redundancy was assumed lost. The

model assumed local operator action would be required to close the dump
valves had the MSIVs f ailed to close. If this was not the case (i.e., '

|
the dump valves could have been closed from the room) then the core i

damage probability estimate would have been lovec by a factor of at'

least three.
|

i

!
.

. 1

| |

!
;

Event Identifier: 247/86-017
i
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I

I

l

MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

SLB 0.34 Steam line isolated on MSIV closure
;

Branches Impacted and Branch Nonrecovery Estimate

HPI 0.04 One train failed (recove rable from
control room)

! Plant Models iltilized i
'

FWR plant Class F'

i

4

i

,

:

i

l
'

)

.

:1

.

!

!

;

4

i

! |

.

Event Identifier: 247/86-017
.

,

I

i, i

D-8
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CONDifl0NAL CORE DAMA6E PROBAllLITY CALCULAi!DNS

Event identiller 247/86-017
Event Description: Open Condenser Dusp Valve Causes Trip and ESF Train Fails

Event Date: 5/28/B6

INITIATING EVENT

NON-RECOVERABLE INITIATING EVENT PROBABILITIES

3.4E-01
SLB

SEQUENCE CONDITIONAL PROBABILITY SUMS

End Statelinitiator Pro 6 ability

CD

SLB
l.0E-04

Total 1.0E-04

ATNS

SLB
1.0E-05

1.0E-05Total

DOMINANT SEQUENCES

End State CD Conditional Probdility: 9.!E-05

101 SLB -RT -RE9.S6.lSO -AFW -HPl PORV.0 PEN.DUE.TO.HP! PORV. CLOSURE HPR/-NPI

End States ATWS Conditional Probellity: 1.0E 05

112 SLB RT

SEQUENCECONDITIONALPROBABILITIES

Sequence End State Prob N Recee

101 SLB -RT PEO.56.150 -AFW -HPl PORV.CfEN.DUE.70.hP1 PORV. CLOSCD 9.1E 05 e 1.9E-01

URE HPRI-HP)

102 SLB -RT -REO.SB lS3 AFW -kPitF/B) -PORV.0 PEN HFR/ HPl CD 5.0E-06 5.lt-02

104 SLB -RT -PEQ.59.lSO AFW HPl(F/B) CD 4.2E-06 4.8E 02

(ventidentilitri 247/86-017

D-9
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112 SLB Ri
ATNS 1.0E45 e 4.lE-02

e doeinant seguote for end state
et nor.-recovery credit for edited case

M0XL c:\ asp \newoodel\psrbeslb.txt
DATA:

No Rec m ry limit

BR'ACH FRE00ENCIES/PROBA81LITIES

Branch Sntes Non-Recov Opr Fall

SLB 1.lE47 ) 1.0E+00 *** 1.M+00 ) 3.4E41
Branch Model INITOR

initiator Freq: 1.lE47
RT 2.5E44 1.2E41
RED.S6.!SO 6.4E44 1.0E+00
AFW l.0E-03 2.7E41
HP1 1.0E-03 ) 1.0E42 5.2E-01

Branch Modell 1.07.2
Train ! Cond Proot 1.0E42
Train 2 Cond Prob: 1.0E41 ) Unavailable

HP!(F/91 1.M-03 ) 1.0E42 5.2E41 4.K-02
Branch Model 1.0F.2+opr

frais ! Cond Prob 1.0E42
frain 2 Cond Prob 1.0E-01 ) thavailable

HFR/-HP! 3.0E43 ) 3.0E42 5.6E-01 4.M-02
,

Br u ch Hodel 1.0F.2+oor
Train 1 Cend Prob: 3.0E42
Train 2 Cond Prob 1.0E-01 ) Uuvallable

PORV.0 FEN 1.0E42 1. M +00
2EG.M.ADDifl0N 8.3E04 1. M +00
PORV.0 PEN.DUE.10.HP! 8.0E41 1. M+ 00
PORV. CLOSURE 6.0E43 1. M +00

een forced

Austin
09 11 198T

13:46:40

i

Event Identifier: 247/86 4 17 '

,

D-10
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PRECURSOR DESCRIPTION SHEET ,

A

LER No.: 247/86-035
Event Description: Trip, LOFW, and two AFW train f ailures occur
Date of Event: October 20, 1986
Plant: Indian Point 2

EVENT DESCRIPTION
i

Sequence
i

At 0936 h the Unit 2 reactor tripped from 100% power when reactor
trip breaker B unexpectedly opened because of loose wires in the relay ;

ra cks. Breakers RT3 and 4 were deenergized. One of the reactor protec-

tion relays had also been deenergized while a monthly SI surveillance
test was being performed in a nearby equipment rack.

Following the trip, SG 1evels dropped rapidly as expected. Both
motor-driven auxiliary feed pumps started on low-low SG 1evel. While

!

following the emergency recovery procedure, a control room operator
discovered that auxiliary feed pump 21 had tripped when its breaker
trip |..ed for an unknown reason. The pump was then successfully restarted
from the control room. AFW was used to maintain the SG water levels. !'

The steam-driven auxiliary-feed pumo steam relief valve had also
popped open following the plant trip when its steam pressure control v

valve opened because its set point was out of calibration on the low
side. The steam-pressure control valve received an automatic open
signal on low-low steam generator level in two of the four SGs, ad- .

nitting steam up to the turbine governor valve. The auxiliary-f eed pump f
,

speed changer setting was et minimum as designed, but response by the
pres;.ure control valve was too slow, which caused the relief valve to i

lift.
t

I

Corrective Action
,

Repairs were made.

Plant / Event Data
i

Systems Involved:
: AFW, MFW

Components and Vailure Modes Involved:
Two trains ,f AW f ailed in operation

i

Event Identifier: 247/86-035 f
!

i

'

D-11
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i

Component Unavailability Duration: NA
Plant Operating Mode: 1 (100% power)
Discovery Method: Operational event
Reactor Age: 13.4 years
Plant Type: WR

Comments

The FSAR states that upon SI actual signa 1, the MW system will
isolate. An SI actual signal actuation is not reported to have
occurred. Upon RPS actuation, the MW regulating valves should fully
open, yet the LER states that the AW pumps started as a result of low
SG level and were used to maintain SG level. Therefore, MW is assumed
to have tripped, even though the LER does not appear to say so.

The event was modeled assuming that the turbine-driven AW pump was
made unavailable when its steam side relief valve opened during pump -

start. This, in combination with the also unavailable motor-driven
train produced the calculated core damage probability estimate. It is ;possible that the turbine-driven AW pump was available for steam
generator cooling; if this was the case, the core damage probability :estimate would be lower by a factor of ~10. However, the IER does state

!that steam generator inventory was maintained by one of the motor-driven
AW pumps and does aor clarify that the turbine-driven pump would have
been available if required. '

MODELING CONSID2 RATIONS AND DECISIONS

!

Initiatore Modeted and Initiator Nonrecovery Estimate
{

Transient Base case nonrecovery
{

,

7 Bran _c,hes Impacted and Branch Nonrecovery Estimate l

iAW Base case Two of three trains failed on demand; !

one train was nonrecoverableMW Base case Assumed failed in operation

Plant Models Utilized '

'c
; PWR plant Class F

'

_ ,

'

i

'
i

,

,

1

Event Identifier * ".7/36-035 !

D-12 *
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CON 0lfl04AL CORE DMA6E PROBABILITY CALCULAT10NS

Event Identifier: 247/86-035
Event Description: Trip. LOFW. and Two AFW Train Failures

Event Date: 10/20/86

Plants Indian Point 2

IN111ATINGEVENT

NON-RECOVERABLE INITIAi!NG EVENT PROSAllLli!ES

TRANS !.0E+00

SEQUENCE COND!i!DNAL PROBABILITY SUMS

End State / Initiator Probability

CV

1RANS 5.!E-04

Total 5.lt 04

CD
'

TRMS 2.9E-04

Total 2.9E 04

I

ATWS,

1RANS 3.4E-05

Total 3.4E 05

DOMINANT SE00ENCES

EndStates CV Conditional Probattlity: 2.3E 04

'

125 TRMS RT AFW MFW kP!IF/8) -$S.DEFRESS -COND/MFW

|
EndStates CD Conditional Prcbability: 1.2E 04

126 IRMS -hi AFW Wd MP!IF/B) -$S. DEPRESS CCND/MFW

EndStates ATUS Confitional Probability: 3.4E-05

Event Idtetifier: 247/06 035
'

D-13
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128 TRANS Ri

SEQUENCE CONDifl0NAL PRDBABilli!ES

I
Sequence EnaState Prob N Rette

119 1RANS -RT AFW MFW -HPI(F/B) -hPR/-HP1 PORV.CPEN -SS. DEPRESS CV 5.2E-05 5.BE-02
-COND/MFW

120 TRANS -Ri AFW MFW -HPI(F/B) -HFR/-HPl PORV.0 PEN -SS. DEPRESS CD 2.7E-05 3.0E-02
COND/MFW

122 TRANS -RT AFW MFW -HP!(F/B) HPR/-HP! SS. MPRESS -COND/MFW CV 2.2E-04 5.BE-02
123 TRMS -RT AFW MFW-HPl(F/B) HPR/-HPl -SS.MPPESS COND/MFJ CD 1.lf-04 3.0E-02
124 TR E S -Ri AFW MFW -HPI(F/9) HPR/-HPl $$. M PRESS CD i.2E-05 8.8E-02
125 TRANS -RT AFW MFW HPI(F/B) -SS.M PRESS -COND/MFW CV 2.'it-044 4.9E-021

'

126 TRANS -RT ATW MFW HPI(F/B) SS. DEPRESS COND/MFW CD 1.21-04 e 2.5E-02
127 TRMS -RT AFW MFW HPI(F/8) SS. DEPRESS CD 1. 3'.-05 7.4E-02
128 1RANS Ri ATWS 3.4E-05 e 1.2E-01

e dosinant sevence for end state !,

** non-recovent credit for edited case
.

SEDUENCE MDML: c \ asp u essedel\parttree. cap
9 RANCH MOPEL: c \ asp \nessedel\indpsint.txt

:
PROBABILlleFILE) ::\ asp \newordel\per,b. pro

|No Rscovery Limit
j

|

BRANCHFRE0\|EhCIEStPROBABILillES

:
Br ant.h Systee Na-Recov Opr Fail,

IRANS 4.BE 04 1.0E+00
LOOP 4.6E-06 3.9E-01
LOCA 2.4E 06 4.3E-01

i RT 2.BE-04 1.2E-01
RT/ LOOP 0.0E+00 1.M+00 !
EMER6.PCWER 2.9E-03 8.M 01 )
AFW 3.B! 04 ) 1.0E 01 2.6E 01

Bruch Medel 1.0F.3+ser
Train 1 CondPron 2.0E-02 ) Failed
Trsin 2 Cesd Pre 6: 1.0E-01
Train 3 Cond Prob: 5.0! 02 ) Failed !! Serial Ceep:nent Pro 6: 2.BE04 l

AFW/EMERS.P0sER 5.0E 02 ) 1.CE+00 3.4E-01 l

Branch Modelt 1.0F.!
Train i CendPreb 5.0E-02 ) Failed

MFW 2.0E-01 ) 1.0E+00 3.4E-01 i

Branch Model 1.0F.!
Train ! CondPret 2.0E-01 ) Faites

1 Event identifier: 247/06035

l
D-14 I

l

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



,

.

PORV.0R.5RV.CHALL 4.0E-02' 1, H +00

P0RV.0R.94V. RESEAT 2.0E 02 5.M-02 1

PORV.04.lRY. RESEAT /EMER6.P0eER 2.0E 02 1. M+00

98.RELEAS. TEM 1.5E-02 3.4E-01

St.RELEAS. TEM / WW l.5E 02 3.4E-01

WI 1.5E03 8.4E-01

Wl(F/M 1.5E-03 8.4E-01 4.M-02

WR/-HP! 1.5E 04 1. M+00 4.0E-02

PORV.0 PEN 1.0E-02 1.0E+00

SS.MPRESS 3.6E-02 1.0E+00
*

COND/WW l.0E+00 3.4E-01

LPl/W1 1.5E 04 3.4E-01
,

LPR/ HPl.HPR 6.7E-01 1.M +00

LPR/MP! 1.5E-04 1.0E+00
<

* branch model file
et forced

Austin
^

09 11-1987

14:20:03

.

!

r

Event Identifier: 247/84-035

D-15
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PRECURSOR DESCRIPTION SHEET

LER No.: 249/86-013
Event Description: HPCI and one train of the core spray and LPCI

systems are inoperable
Date of Event: August 27, 1986
Plant Dresden 3

EVENT DESCRIPTION

Sequence

Dresden 3was in the run mode at 19% power with the HPCI system '

declared inoperable for repairs (reason not stated). At 0030 h during
surveillance testing, the train B CSS full-flow-test valve (3-1042-4B)
was discovered to be damaged, so the valve would not close; the B core
spray subsystem was also unpressurized. In addition, the LFCI system
minimum-flow valve (3-1501-13A) showed a double position indication -
the valve was in midposition. "Ihe 2/3 DG failed to close manually onto
bus 33-1; however, the generator was able to be synchronized manually to
bus 23-1 without incident. In the event of a LOCA, the DG would have
closed automatically on bus 33-1. A unit shutdown was begun.

Investigation revealed that valve 3-1042-4B (the "B" pump CSS full-
flow-test valve) had a f ractured motor-operator housing. The torque
switch failed and allowe d the motor to drive the valve disk into the
valve seat until the motor housing was fractured. The torque switch was
incorrectly installed in the reverse direction.

Investigation revealed that the handwheel retaining-ring was dis-
engaged and resting atop the handwheel bearing of the Limitorque motor-
operator for the LPCI system minimum-flow valve (3-1501-13A). The valve
was opened manually.

Investigation revealed that DG 2/3 failed to close onto bus 33-1
because a terminal block screw was loose in junction box 3TB-187. Cold
shutdown was achieved at 2007 h.

Corrective Action

The torque switch on valve 3-1042-4B (CSS full-flow-test valve) was
installed correctly, and the motor housing was replaced. The handwheel
retaining ring for the LPCI system minimum-flow valve (3-1501-13A) was
correctly installed. The loose terminal block screw in the DG 2/3junction box 3TB-187 was tightened.

Event Identifier: 249/86-013

D-16
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Plant / Event Data
'

Sys tems . Involved:
LPCI, core spray, emergency power, and HPCI ,

Components and Failure Modes Involved [
Pump B CSS full-flow-test valve -- f ailed to close in test t

LPCI system minimum-flow valve -- f ailed in- midposition in test
DG 2/3 -- f ailed to close onto bus 33-1 in manual mode operation in
test ,

HPCI -- inoperable (reason not stated)
'

Component Unavailability Duration: 15 d
Plant Operating Mode 1 (19% power)
Discovery Method: Testing
Reactor Age: 15.6 years i

Plant Type: BWR
,

Comme nt s

Dresden station has three DGs. Each unit has one dedicated DG and
,

{ the third is a swing DG (2/3) between both. One train of each unit's ;

ECCS is supported by DG 2/3. Yailure of DG 2/3 would prevent emergency [
power to one ECCS train. The SDC system is independent of LPCI so it
was not affected.

MODELING CONSIDERATIONS AND DECISIONS
.

Initiators Modeled and Initiator Nontecovery Estimate

Postulated transient Base case nonrecovery *

Postulated LOOP ;
,

i Postulated LOCA
!.
| Branches Impacted and Branch Nonrecovery Estimate !

:

HPCI 1. 0 Out of service and assumed unavailable
I 'LPCS Base case Assumed one of two trains fails in

test -

,

LPCI Base case Assumed one of two trains fails in ;

i test
.

!

!
| Plant Models Utilized

BWR plant Class B t

!

Event Identifier: 249/86-013

D-17
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1

CONDITIONAL COE IW%GE Ff(JMPILITY CALCLLATIONS

Event Identifier: 249/86-013
Event Cescription: WCI and One Train of LPCS and LPCI Are Inocerable
Event Date: 8/27/86
Plant: Cresden 3

LMVAILABILITY, IMATION= 360

NON-RECONU/ ELE INITIATING EVENT PROEAP!LITIES

TRANS 3.lE-01
LOOP 2.0E-03
LOCA 5.9E-04

SEQUENCE CONDITIONAL Ff<CMBILITY SmS

End State / Initiator Probability

CV

TFMS !.4E-06
LOOP 6.!E-07
LOCA 2.5E-09

Total 2.0E-06

CD i
'

TRANS 6.BE-07 !
LOOP !.7E-06 '

tDCA 3.4E-07

Total 2.7E-06

ATWS

ixm3 0.0E+00 1

LOT 0.0E+00 )
.

LOCA 0.(E+00 i

Tetal 0.0E+00 I

COMlWWT SEQUENCES

End State: CV Conditional Probability: 9.N-07 i

Event Identifier: 249/66-013

D-18
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130 TFMS SCFM -SLC.0R.ROXS FCS/TIAS FW/FCS.TFMS ft! -EAY.R6 -COND/FW.FCS -SDC

End State CD Conditional Frobability: 1.3E-06

213 LOOP -EPERG.F0WER -SCFM SRV.CMLL/ LOOP.-SCFM SAV.CLOSE WCI SRV.46

SE@i NCE CONDITIONAL PRGBASILITIES

fecuence End State Prc6 N Fece+

109 TFMS -SCFM PCS/TPMS SRV.CMLL/TPMS.-SCFM -SRY.CLOSE IS CD 1.SE-07 2.4E-01

OL.COND FW/FCS.TFAS HPCI CRD SRV.C$
117 TFAS -SCPM PCS/TfMS SRV.CMLL/TFMS.-SCRM SRV.CLOSE FW CD 4.*E-07 2.4E41

/PCS.LOCA HFCI SRV. ADS

130 TFMS SCFM -SLC.OR. RODS FCS/iFANS FW/FCS.TT@S HFCI -SRV. CV 9.*E-07 + 2.2E-01
RS -COND/FW.FCS -3:C

134 UMS SCFM -SLC.0'..FSDS FC5/TFANS FW/FCS.TFMS HFCI -SFV. CV 4.6E-07 1.1E-01

ADS CCND/FW.PCS -LPCS -SDC

147 TRANG SCFM -SLC.OR. RODS FCS/TFMS FW/FCS.TFMS HFt! EAV. CD 6.2E-0E 2.aE-01

ADS

207 LOOP -EMERS.FSB -SCFM SRV.CMLL/ LOOP.-SCFM -SRV.CLOSE IS CD 7.iE-06 2.3E-01

OL.COND HPCI CRD SRV.RS

212 LOOP -EMERS.F0WER -SCFM SRV.CHALL/ LOOP.-SCFM SAY.CLOSE HP CD 7.4E-08 7.7E-0:

CI -SRV. ADS LPCS LPCI FIREWTR.0R.0THE'(/LFCS.LPCI/ LOOP
213 LOOP -W6.F%E -SCFM S;V.CHALL/ LOOP.-SCRAM SAV.CLGSE W CD 1.DE-06 + 2.2E-01

C! SRY. ADS

222 LOOP -EMERG.FCWER SCFM -SLC.0R. RODS HFCI -SRV.ACS -LFt3 -SD CV 5.9E-07 3.1E-01

C

238 LOOP EMERG.F0WER -SCFM SFN.CMLL/ LOOF.-SCFM -SRV.CLOSE IS CD B.6E-06 2.6E-01
l

OL.CCND WCl
'

240 LOOP ESS.F0WER -SCFM EAV.CHALL/ LOT.-SCFM SRV.CLOSE HP CD 7.2E46 2.tE-01

C1

309 LOCA -SCFM PCS/LOCA FW/PCS.LOCA HFCI SRV. ADS CD 3.4E-07 1.2E-01

* dcainant secaence for end state
** non-recevery credit for edited case

Note: Fce unavailabilities, conditional prctability values are differential values which reflect the
added risi 6e te failures associated with an event. Pa*enthetical values indicate a redxtion in aist
coecared to a similar certed without the existing f ailures.'

SEDINCE M3 DEL: c:\aso\rewoocel\barttree.ceo
ifMCH MCIEL: c:\ asp \tenedelitresden.txt
PROBA5!LITY FILE: c :\aso\ne. code! \t wr_c .:,*o

.

No Recovery Limit

SPANCH FFf0TN:IES/F%CEA51LITIES

Event Identifier: 249/66-013
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kanch Systes Non-Recoy Opr Fall

TMNS 8.6E44 1.0E+00
LOOP 1.7E-05 3.1 41
LOCA 3.3E46 5.0E-01
SCMM 3.5E-04 1.0E+00

l
SLC.0R. RODS 1.0E-02 1.0E+00 4.0E-02
PCS/TMNS 1.7E41 1.0E+00
PCS/LOCA 1.0E+00 1.0E+00
SRV.CHALL/TMNS.-SCMM 1.0E+00 1.0E+00
SRV.CHALL/TMNS. SCRAM 1.0E+00 1.0E+00
SRY.CHALL/ LOOP.-SCMM 1.0E+00 1.0E+00
SRV.CHALL/ LOOP. SCRAM 1.0E+00 1.0E+00
SRV.CLOSE 1.6E42 1.0E+00

i EER6.POER 2.9E43 8.0E41
| FW/ftS.TRANS 2.9E-01 3.4E41

FW/PCS.LOCA 4.0E42 3.4E41
L- 1901 2.9E42 > 1.0E+(0 7.0E 41 ) 1.0E+00
i kanch Modelt 1.0F.1

Train ! Cond Prob 2.9E-02 ) Unavailable
ISCL.COND 2.0E42 1.0E+00

1 CRD 1.0E-02 1.0E+00 4.0E-02'

SRV. ADS 3.7E-03 7.!E-01 4.0E-02
COND/FW.ftS 1.0E+00 3.4E-01
LPCS 2.Or-03 > 1.0E-0! 3.4E-01

kanch Model 1.0F.2
Train ! Cond Prob: 2.0E-02 ) Failed
Train 2 Cond Probi 1.0E41

LPCI 1.0E-03>1.0E-01 7.!E41
kanch Model 1.0F.2
Train 1 Cond frobi 1.0E42 ) Failed
Train 2 Cond Prob 1.0E-01

FIREWTR.OR.0TER/LPCS.LPC!/TRA 1.0E+00 1.0E+00
FIREWTR.0R.0TER/LPCS.lft!/ LOO 1.0E+00 1.0E+00
FIREWTR 0R.0TER/LPCS.LPC!/ LOC 1.0E+00 1.0E+00
SDC 2.9E-03 3.4E41
LPCl(CC) 1.0E-03 3.4E-01
LPCI(CC)/LPCI 1.0E+00 1.0E+00
C.I.AND.V/LPCI 1.0E+00 3.4E41

* branch model Ule
** forced

Minarick
02-24-1998

12:02:05

EventIdentifieet 249/86-013
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PRECURSOR DESCRIPTION SHEET

LER No.: 250/86-036
Event Description: Unavailability of DGs

Date of Event: November 6, 1986
Plant: Turkey Point 3 and 4

EVERI DESCRIPTION

Sequence

The DG B was out of service for tetting and ins t rume nt calibra-

tion. The DG A we,s in testing when the discovery was made that it would
not shut off. It was removed f rom service for repairs. The DG B was
restored to service in 1.5 h. Because Units 3 and 4 both share the two
DGs, both units were af fected.

Corrective Action

DG B was restored to service in 1.5 h. DG "A" was repaired.

Plant / Event Data

Systems Involved:
Emergency power

Components and Failure Modes Involved:
DG B - was out for maintenance
DG A - failed in test

Component Unavailability Duration: 1.5 h
Plant Operating Mode: 1 (100% power)
Discovery Method: Te s ting
Reactor Age: 14.1 and 13.4 years, respectively
Plant Type: PWR

Comment s

Because the entire station has only two DCs, both units were
affected by this unavailability.

Event Identifier: 250/86-036

D-21
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MODELING CONSIDERATIONS AND DECISIONS
)

Initiators Modeled and Initiator Nonrecovery Estimate

Postulated LOOP Base case nonrecovery,

Branches Impacted and Brar.ch Nonrecovery Estimate

Postulated EPS 0.34 Recoverable locally at equipment; 0.34
assumed because DG A did start but
f ailed to stop and DG B was only out
for testing '

Plant Models Utilized

PVR plant Class E
!

,

i

!

I

l

Event Identifier: 250/86-036 I

D-22
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CONDITIONAL CORE DAMA6E PR04AllLliY CALCULATIONS

Event Identifier: 250/86-036
Event Degripties: Usavailability of Diesel Benerators
Event hte il/6/M
Plant Turtev Point 3

'

UNAYAILABILifY. DURAi!DN= 1.5-

NON-RE00VERA8LE INITIATING EVENT PROBAllLITIES

LOCP 2.TE-06
i

SE00ENCE CONDif!0NAL PROSAllLITY SUMS

End Statellaitiator Protatility

CV

LOOP 4.6E-09

Total 4.6E-09

CD

LOOP 1.!E-09

Total 1.!E 09

ATuS

LOOP 0.0E+00

; fotal 0.0E+00 |

DOMINANT M90ENCES

End States CV Conditional Prenatility: 4.5E 09

217 LOOP -RT/LD0P EMER6.P0mER -MN/EMER6.P0sER -PORV.0R.SRV.CHALL SS.RELEAS. TERM

End States CD Conditional Pro 4 ability: 7.3E10

216 LOOP -RT/ LOOP EMER6.P0utR -MN/EMR6. POWER PORV.0R.SRV.CHALL PORV.0R.SRV.RISEAT/Em(R6. i

PONERa ,

'

M OVENCE CON 0lil0NAL PRODABILlilES

!

| Event identifier: 250/M 036

! D-23
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Secuence EndState Prob N RecH

215 LOOP-RT/LCOP EMERS.P0sER AFu/EMER6. POWER PORV.0R.SRV.CHALL CV 1.8E 10 4.5E42
-PORV.0R.SRY.RESE AT/EMERO. POWER $$.RELEAS. TERM

216 LOOP -RT/ LOOP EMER6.P0eER -AFW/EMERS.PteER PORV.0R.SRV.CHALL CD 7.3E 10 e 1.3E41
PORV.0R.SRV.RESEAf/EMER6.P0tER

217 LOOP RT/ LOOP EMER6.P0utR -AFW/EMER6.P0sER -PORV.0R.SRV.ChALL CV 4.5E49 e 4.5E42
$$.RELEAS.fERM

218 LOOP RT/ LOOP EMER6.P0tER AFu/EMERS.PCDER CD 3.7E 10 3.6E42

6 doeinant sequence for end state
et non-recovery credit for edited case

hete For unavailabilities, conditional pretability values are dif f erential values which reflect the
added risk due to failures associated with an event. Parenthetical values indicate a reduction in risk
compared to a stellar period without the tilsting f ailures.

SEQUENCEMOCEL: c \ asp \neseodel\perntree.cep
BRANCH MODEL: c \ asp \nessedel\ turkey. tit
PROSABillifFILE: c \ asp \neseodel\pwr,b. pro

No Recovery Limit

BRANCH FREQUEN !ES/PROBAllLlilES

Branch Systes hon Recov Opr fail

IRANS 4.8E-04 1.M 40
LOOP 4.6E46 3.9E41
LOCA 2.4E-06 4.3E-01
RT 2.BE44 1.2E41
RT/ LOOP 0.0E+00 1.0E40
EMER6. poser 2.9E43 ) 1.0E40 8.0E41 ) 3.4E-01

Dranch Modelt 1.0F.2
Train 1 Cond Prot 5.0E42 ) Failed,

| Train 2 Cond Pron: 5.7E42 ) t!navailable
| AFW 1.5E-03 2.7E41

AFW/EMER6.PCsER 1.5E43 2.7E41
MFW l.91-01 3.4E41
PORV.0R.SRV.CHALL 4.0E42 1. M +00

PORV.OR.SRV. RESEAT 2.0E42 5.0E42
PCRV.0R.SRV.RESE AT/EMERS.P0tER 2.0E42 1.M+00
SS.RELEAS.iERM 1.5E42 3.4E41
$$.RELEAS.1ER'il-MFu 1.5E-02 3.4E41
HPI 3.0E44 8.4E41
kPl(F/B) 3.0E44 6.4E41 4.0E42
HPR/-hP! 1.5E44 1.0E40 4.0E42
PCRV.CPEN l.0E42 1.0900

Event identifier: 250/96-036
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55. DEPRESS 3.6E 02 1.0E+00

CONDinFW l.0E+00 3.4E-01

LP!/HPl 1.5E-04 3.4E-01

LPR/-HPl.HFR 6.7E-01 1.0E+00

LFR/HPl 1.5E-04 1.0E+00

* branch sedel file
et forced

Austin
09-!!-1987
11:12:03

e

Eventidentifter 250/B4-036

D-25
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PRECURSOR DESCRIPTION SHEET

LER No.: 250/86-038
Event Description: System is unavailable AFW
Date of Event: December 4, 1986
Plant: Turkey Points 3 and 4

EVENT DESCRIPTION

Sequence

During routine testing. AFW pump B of AFW train 2 unexpectedly
tripped off on an overspeed trip (the set point had drifted). Because
the station AFW consists of three turbine-driven pumps (pumps B and C on
train 2 and pump A on train 1), pump C was placed in service. Personnel
then discovered pump C's steam supply valve (MOV-3-1403) failed to
open. Train A was available but could not service both Units 3 and 4.

Af ter trains B and C were restored to service, unit 4 AFW cu t or
valves were inspected. The alignment of the valves rendered one train
inoperable.

Corrective Action

The AFW pump B trip set point was adjusted. The valve MOV-3-1403
motor was replaced.

:

Plant / Event Data

Systems Involved:
AW

Components and Failure Modes Involved:
Train B - failed in testing
Train A -- f ailed in testing '

Component Unavailability Duration: 360 h
Plant Operating Mode: 1 (100% power)
Discovery Method: Te s tir.g
Reactor Age: 14.2 (Unit 3) and 13.5 years (Unit 4), respectively
Plant Type: WR

Comments

Both units were affected by this event; howe ve r, this unavail-
ability is a prob 1cm only if both MW systems f ail simultaneously, as in
a stat'on LOOP event. In a LOOP only one unit could be provided with
sufficient AFW.

Event Identifier, 250/86-038
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|

MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

Postulated LOOP Base case nonrecovery

, Branches Impacted and Branch Nonrecovery Estimate

AFW l.0 Recovery impossible without repair and
local troubleshooting ,

Plant Models Utilized

PWR plant Class E

Event Identifier: 250/86-038

D-27
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CONDIT10NAL CORE DAMABE PROSAllLliY CALCUL4710kS

Event Identifier: 250/96-038
Event Description: Unavailability of Auxiliary Feedsater
Event Date: 12/4/86
Plants furney Point 3

Uh4YAIL481LITY, DURAi!0No 360

NON REC 0VERABLE lhlilAtlh6 EVENT PR08Al!LlilES

LOOP
6.5E-04 |

BE00ENCECONDlil0NALPROMilLITYSUMS

EndState/ Initiator Prelability

CV

LOOP
( 7.9E 09 )

total
( 7.9E 09 )

i

CD

LOOP
5.8E05

Total
5.BE-05

Afu$

LOOP
0.0E+00

total
0.0E+00

DCMih4NT SEQUENCES

End States CD Conditional Probability: 2.6E-05

214 LOOP RT/ LOOP -EMERB. POWER AFu HP!(F/3)

MOVENCE CON 0!i!DNAL PROMl!LITIES

lequente
EndState Prob N RecH |

|

212 LOOP ki/ LOOP -EMER6.P0eER AFW MP!(F/3) HPR/ HPl PORV.0 PENCD 5.9E06 3.9E 01
213 LOOP -RT/LD0P EMER6.P0mER AFW HPI(F/l) hPR/-MPl CO 2.5E05 3.9E-On

Event identifier: 250/66-058
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214 LODP RiiLOOP -EMERB. POWER AFW HPI(F/B) CD 2.6E 05 e 3.3E01

218 LOOP RTILOOP EMER6. POWER AFd/EMERS.PCutR CD 1.5E 06 3.1E01

e doeinant sequence for end state
** non-recovery credit for edited case

Note For unavailabilities. conditional probability values are differential values which reflect the
added risk due to f allares associated with an event. Parenthetical values indicate a reduction in rist
toepared to a steilar period nithout the esisting f ailures.

SEGUEnCEMODEL: c \ asp \neseode!\perbtree. cop

$RANCHMODEL: c \ asp \ne.codel\ turkey.txt

PR094BIL11YFILE: c \ asp \nenoodel\per.b.oro

ho Recovery Lielt

BRANCH FRE9'JENCIES/PROBAllL111ES

Branch Ivsten N:n Recov Opr Fall

IRAm$ 4.BE04 1.0E+00

LOOP 4.6E-06 3.9E 01

LOCA 2.4E 06 4.3E 01

RT 2.BE-04 1.2E-01

RTILOOP 0.0E+00 1.M+00

EMERS.PCWR 2.9E-03 1. M-01

AFu 1.5E 03 ) 1.0E+00 2.7E 01 ) 1.0E+00

tranch Model 1.0F.3

Trsin 1 Cond Prob: 5.0E 02 ) Unavailable

Train 2 Cond Prob 1.0E 01 ) Unavailable

Train 3 Cond Preb: 3.0E 01 ) Unavailable

AFW/EMERS.P0nER I.5E 03 ) 1.0E+00 2.7E-01 > 1.0E+00
,

Branch Modelt 1.0F.3
Train 1 Cend Prob 5.0E-02 ) Unavailable

Train 2 Cond Prob: 1.0E-01 ) Unavailable

train 3 Coed Prob 3.0E-01 ) Unavailable

MFW l.9E-01 3.4E 01

PCRV.0R.5RY.CMaLL 4.0E-02 1.M +00

PORV.0R.SRV. RESEAT 2.0E 02 5.0E-02

PCRV.0R.SRY. RESEAT /EMER6. POWER 2.0E-02 1.M +00

SS.RELEA5.1ERM 1.5E 02 3.4E-01

SS.RELEAS. TERM / mFu 1.5E 02 3.4E 01

HP! 3.0E 04 8.4E-01

HPltF/B1 3.0E04 8.4E-01 4.0E-02

HPR/ MPI 1.5E 04 1.0E*00 4. M 02

PCRV.0 FEN l.0E-02 1.M +00

SS.MPRESS 3.6E 02 1.M +00

COND/MFu 1.0E+00 3.4E-01

LPl/HPl 1.!E-04 3.4E 01

Event Itentifier: 25HB6 03B
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LPR/HPl.HPR 6.7E 01 1.0E+00
LPR/HPl 1.SE 04 1.0E+00

6 branch model file
+t forced

Austin
09-11 1987
11:14 ;6

l
i
|

|

|

Event 1(entifier: 250/86-038
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PRECURSOR DESCRIPTION SHEET
1

,

iLER No.: 250/!6-039
Event Description: Trip occurs with stuck-open PORV t

Date of Event: December 27, 1986 !
iPlant Turkey Point 3

.

2 EVENT DESCRIPTION .

|
|

Sequence [
-

Unit 3 was tripped manually following a loss of turbine governor (
oil system pressure and a subsequent rapid electrical load decrease f rom !,

730 to O MW(e). No automatic control rod insertion occurred. The reac- !
'

]
tor control operator, noting that the coolant temperature was increasing
above the reference temperature, plar.ed the rods under manual control,

i

and initiated rod insertion. Concurrently, a second reactor control
operator attempted to raise the oil pressure, unsuccessfully. At this

. time (~24 s into the transient) it became clear that the unit could not j

i be recovered, and the unit was tripped manually. During the transient, ;

a PORY opened but then would not fully close, necessitating closure of'

the associated block valve. The unit was stabilized in <5 min. The j
most probable cause of the drop in oil pressure was the clearing of

| blockage of the governor impeller orifice, resulting in the auxiliary
governor dumping control oil. The control rods f ailed to insert auto- |

matica11y because of two cold solder joints in the final variable gain :

summator of the power mismatch circuit. The cause of the PORY f ailure {

i to close was under investigation. The PORV, turbine governor impeller, !

and associated components were inspected; and no problems were found. I

] The cold solder joints were repaired. The control, lube, and seal oil (
,

j piping were to be cleaned.
1

j Corrective Action
!

f,I The PORY block valve was closed.
.
j

j Plant / Event Data f

Systems Involved: f
Pressurizer reliefy

4 -

Components and Failure Modes involvedt [
PORV -- f ailed to open in operation (

!

: Component Unavailability Durations NA |

1 Plant Operating Mode t 1 (1007, power) ;

Discovery Methods operational event i*

Reactor Age: 14.1 years |

|
Plant Type PWR j

,

:.

Event Identifier: 250/86-039 j

D-31
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I

Comme nt s i
!

Hanual control rod insertion occurred before any trip signal actua-
tions.

MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

Transient 1.0 No recovery

Branches Impacted and Branch Nonrecovery Es timate

PORV/SRV reseat Ba se case Recove rable from the control room by
closing the block valve

Plant Models Utilized

Plant Class E

,

l

!

Event Identifier: 250/86-039

D-32
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i
i

CONDif10NAL CORE DAMAGE PR06A41L11Y CALCULATIONS i

Event identifier: 250/06 039
Event leuription: Trip and Stutt Open PORV

Eventlaten 12/27/864

Plants farley Point 3

INiilAi!NSEVENT
L

NON REC 0VEAAtti INiilAilh6 EV(Ni PROSA$! LIT![$
,

1.0000TRMS

NOVENCECON0lil0NALPROBAllLiffSUMS

End State / Initiator
Pro 6 ability

-

CV ,

e

TRES 6.M-04
F

Total 6.5( 04
;
,

CD

TRMS 1.4E-03
e

Total I.4( 03

Aipl
i

IRMS 3.4E-05 |

1stal 3.4E-05 ,

,

DOMINANT 5(90ENCES

End States CV Conditional Pro 6a6tlity: 6.4[-04

102 TRMS RT-MW PORV.0R.SRV.CMALL PORV.04.lRV.REl(AT -MPI WR/-NPI ll.DEPREll -LPR/-MP
1.WR

End States CD Conditional Pro 6alilityi 1.3(-03 |

103 TRMS -AT -MW PORV.0R.lRV.CHALL PORV.0R.lRV.REMAT -NPI WR/-MP! ll.MPRill LPR/-MP
t

1.MPR

f

:

twent ldentifier: 250/16-039
'

:
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,

EndState Attl Conditional Protantlity: 3.4E05

128 TRMS RT

$E0VENCE CONDlil0NAL PRO M llLITIES

i
Sequeste

EndState Pron N Rt.te

102 TRAh5 -Ri -WW PORV.0R.SRV.CHALL PORV.0R.SRV. RESEAT -HPI HPCV 6.4E 04 * 5.0E 02
R/-NPI -$$. DEPRESS -LPR/-HPl.HPR

103 TRMS-RT-AFW PORV.CR.SRV.CHALL PORV.0R.SRV. RESEAT -HP! HPCD 1.3E 03 4 5.0E-02
R/-HPI SS. DEPRESS LPR/-HPl.HFR

104 TRA4S Ri -AFW PORV.CR.!RV.CHALL PORV.CR.SRV. RESEAT kP! kPCD 7.2E-05 5.0E-02
R/-HPl SS.0EPRESS

128 TRMS R1
AtWS 3.4E-05 e 1.2E-01

6 doeinant stavente for end state
H non-recovery credit for edited case

SE9UENCE MODEL: c \ asp \nessedel\serttree.tep
BRANCHMODEL: c1\ asp \rescodel\turley. tit
PROBAllL1Ti FILE: ti\ asp \nessedel\per b. pre

No Retcypry Lielt

3 RANCH FRE90ENCIES/PRCHi!Lif!ES

kanth lystre Non Recov Opr Fall

!
TRMS 4 lf 04 1.M+00
LOOP 4.6E-06 3.9E-01
LOCA 2.4E 06 4.3E-01j RT 2.8E 04 1.2E-01
RT/ LOOP 0.0E+00 1.M+00
EMERS. POWER 2.tt 03 8.0E 01
WW l.5E-03 2.7E 01
WW/ERER6.P0sER 1.5E 03 2.7E-01
WW !.tE-01 3.4E 01
PORY.0R.SRV CHALL 4.0E-02 > 1.0E+00 n 1. M +00

kanth Model 1.0F.!
Train ! Cond Prob 4.0E 02

PORV.0R.$RV. RESEAT 2.0E 02 ) 1.0E+00 5.M-02
kanth Model 1.0F.!
frain ! Cond Prott 2.0E 02 ) Failed

PORV.0R.SRV.MSEAT/EMERS.P0mER 2.0E-02 1. M +00
SS.RELEAS.fERM l.5E 02 3.4E-01
$$.RELEAl. TERM / M W l.5E 02 3.4E 01
W1 3.0E-04 1.4E 01
W1(F/I) 3.0E 04 8.4E 01 4.M 02

Event Identif ter 250/86 039

.
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e

T

i

wt/-MPI 1.M H 1.M+M 4.M-02
'

PORV.0 PIN l.M-02 1.M+00

N.MPetM 3.M-02 1.M+#
.l

Cout/ru 1.M*H 3.4-01

LPl/el 1.W H 3. 4 01 '

LPt/-MPl.MPt 6.71 01 1.M+M

LPR/wl .t.M H 1.M+M (
|
:

l e breech sedel file
H (ttged

.

Austin
H l! 1907 .

,

lill6:M
i

1

'
,

!
t

i !
'

:

i

!

!
?-

!
,

t
t

i

I i

!
1

t

A

,

! f
i ,

!

I
!

i !

!
:,

' >

i
r

I
-

,

tweet identifier: 250l N -039 .I

l |
'
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PRECURSOR DESCRIPTION SHEET

LER No.: 261/86-005
Event Description: Bus failure causes a trip followed by a LOOP with a

DG unavailability
Date of Event: January 28, 198o
Plant Robinson 2

EVENT DESCRIPTION

,S,cq ue nce

The plant was operating at ~80% power. EDG B had just been taken
of service to install a solid state overcurrent trip device on itsout

output breaker. This breaker upgrade was being performed on all
Westinghouse type DB safety-related breakers and had been completed on
EDG A the week before. At 0917 h, the EDG B output breaker had just
been "racked out" when emergency bus E-2 was lost as a result of a blownfuse. This also resulted in the loss of instrument bus 4 (IB-4), which
is suppifed by motor control center MCC-6. Nuclear ins t rumenta tion
system power range channel N-44 (fed from IB-4) was lost, which ini-
tiated a turbine runback. The automatic-rod-control and steam-dump-
control systems would not function properly. As a result, a reactor
trip was received on "Hi Pressurizer Pressure" ~21 s af ter bus E-2 was#

lost. "

One minute af ter the reactor trip, the main generator oil circuit
breakers opened, and the plant auxiliaries (those powered by the
auxiliary transformer during operation) shifted to the startup trans-
former as part of the normal turbine generator lockout feature. Approx-
imately 1 a later, a west bus lockout occurred in the ll5-kV switchyard;this deenergized the Unit 2 startup transformer, resulting in a loss ofoffsite ac power. EDG A started autonatically and loaded emergency busE-1. Approximately 67 s af ter the west bus lockout was received, an SIand MS1V signal were received. These were caused by high steam-line
flow coincident with low Tave. The low Tave signal was caused by the
plant cooldown as a result of the reactor trip. The high steam-lineflow signal was present due to loss of bus IB-4. During the attempt to
restore bus E-2, an opecator accidentally disabled HPI train B.

At 1027 h power was restored to bus
loading the B EDC. E-2 by manually starting and

At 1115 h af ter investigation, of fsite ac power was restored to the
plant's nonvital electrical distribution system.

Event Identifier: 261/86-005

D-36
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,

l
1

At 1228 h, a second SI signal was received. It was caused by

steam-line high differential pressure, which resulted when frozen
sensing lines caused "C" SC's PORV to stick open. Ihe "C" PORV was .

closed by isolating the air supply to the PORV.
4

Corrective Action

The investigations concluded that two major events (loss of emer-
i ,

gency bus E-2 and the loss of offsite ac power) were separate and inde-
pendent from one another. An extensive investigation of the EDG B
output breaker, bus E-2 control cabinet, associated circuits, and wiring
was performed. No unusual conditions were found that would have caused

.

Later, while in the process of enargizing E-2 via E-1the blown f uso.
(cross tie E-1 and E-2), degraded voltage relay actuation caused the E-2
normal supply breaker to trip open.

Plant / Event Data

Sy s tems Involved: AFW, eme rgency power, HPI/ recirculation, and LPI/
recirculation

f
Components and Failure Modes Involved:'

Diesel generator -- unavailable due to maintenance
|

Component Unavailability Duration: NA
Plant Operating Mode 1 (80% power)
Discovery Method Operational event

{ Reactor Age: 15.4 years
Plant Typer PVR

,

;
Comme nt s

None

MODELING CONSIDERATIONS AND DECISIONS
!

Initiators Modeled and Initiator Nontacovery Estimate

LOOP Base case Normal recovery assumed

Event Identifier: 261/86-005
Ii

D-37
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Branches impacted and Branch Nonrecovery Es timate

EPS Base case DG B out of service for repairsHPI/HPR Base case Train B disabled by error
PI/LPR Ba se case Train B unavailable because DG B wa s

unavailable
APW Base case Motor train B unavailable because DG B

was unavailableSS release Base case "C" PORY required local action toterminated isolate the valve

Plant Models Utilized

PWR plant Class B

!
l

i

|

)

,

I

Event identifier: 261/86-005

D-38



C0@lflohAL C0et DAMA4E PR06Ai!Llif CALCULAfl0:4

Eventidentifier: 261/86 4 05
Event Descriptions he Failure Causes Trip and LOOP sith 06 Unavailple

tintlate: 1/24/N
Plant Retinson 2

IN!!!Ai!NGEvtNT

NON-REC 0VfRABLEIN!!!ATIN6(VENTPROBAllLit!!$

3.9141 |
LOOP |

|
St9UENCE C04 1110 MAL PR06Al!LITY $UMS

PrH allity
End Statellnitiator

CV

5.3t43
LOOP

5.3(43 l
fetal

CD

;
3.0E44

LOOP

3.0(44fetal

Aful

0.0E+00
LOOP

0.0t+00Total

toninauf St9UENCil

tri States CV Conditional PrHHility: 5.0E43

!!! LOOP -RTILOOP Entkl.P0utt -MulEMER6.P0stR -PORV.04.$PV.CHALL ll.RELEAS.TIRm

fad States CD Conditional PrHHility: 2.ft44

210 LOOP RTILOOP (MERS.P0utR MulintR6.P0stR

Meut#CECDs0!T!04ALPR0kt!Lif!!$

Event identifir 261/H40$
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$tovente End State Prot N Rette

215 LOOP RTILOOP EMD6.P0stR WW/EMint.PostR PORY.DR.lty.CHALL CV 2.M44 1.M41
PMV.0R.lRV. RESEAT /EMRB.PostR $$.RELEAS.itRM

216 LOOP RT/ LOOP (MR$.P0MR -MulintRI.PostR PORV.0R.lRV.C. HALLCD 1.lE45 3.lt41
PORY.0R.lRV. RESEAT /tMER6.P0stR4

217 LOOP RT/ LOOP (MR6.P0stR MultaER8.PostR PORV.04.lAV. THALLCV 5. M 03 a 1.M41$8 RtLEAl.itRM

210 LOOP RTILDOP (Met.P0stR Mul[MRS.P0etR CD 2.7t44 e 1.lt41
e tosinant sequen:e for end state
** non recovery credit for edites case

SiOVENCE MOML: c \aspineseodel\serntree.tes 1

iM ANCH MCOEL: c \ asp \atesodel\ro6inson. tit
PR00A81LlifFILE: c \ asp \aeneodel\per,b. pro

) No Recovery Lisit

MAhCH FRf 0UENCit$/PROBAllllfl[$

; kan:h listee Non4ecov Der Fall
+

! TRiel 4.l(44 1.M40
LOOP 4.6t46 3.tt 01
LOC 4 2.4t-06 4.M41
R1 2.l(44 1.2(41
RT/t00P 0.M40 1.0t+00
(MRS.P0stR 2.9143 ) 5.M42 1.M41

k och Modelt 1.0F.2
Train 1 cond Pron: 5.0(42

)frain 2 cond Pron: 5.7t42 ) Unavailable
Wu 3.l[44 ) 1.3t43 2.6t01 !

>

#

kanth Rodelt 1.DF.3*ser
Train! Cond Pro 6: 2.0(42
frais 2 Cond Prot: 1.M41 ) Unavailable

;

i Train 3 Cond Prot 5.0(42
1 Serial Coesonent Prob 2.0f 44"

Mul[MER$.P0nt 5.0E42 3.4t41
i MFW 2.0t41 3.6t41

PORV.04.5RV.CHALL 4.0E42 1.0E40
<

i PORV.0R.$RV. RESEAT 3.0(42 5.M42
j FORV.0R.5RV.RESE AT/EMERS.P0stR 3.0t42 1.M40

$$.RELEAS.itRM l.5t42 ) 1.0[40 3.4t41
kanch Model 1.0F.1,

frain ! Cont Proe 1.5t42 ) Failed
4

$$.RELEAS. TERM / MFJ 1.5(42 ) 1.M40 3.4[-01
tranch Mcdel 1.CF.!
frain ! Cond Prot 1.5(42 ) Failed

tient Isentidier: 26916405
'

1

<

D-40
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i

I

i E

-

WI 1.M 03 ) 1.M 02 1.4t-01

kanch Modeli 1.W. 2 :
frsini CondPret 1.M 02

! frein 2 Cond Pres 1.M-01 ) Unavallatte

Wl(F/B) 1.M 03 ) 1.M 02 9.4t 01 4.M-02

kanch Modell 1.W.2+opr
irals ! Cond Prde 1.M-02 l

frein 2 Cond Pre 1.M 01 ) Unavailable

rti-MPI 1.M-04 1.M+00 4.M-02

P0tv.0 Pit 1.M-02 1.M+00

98.MPM$$ 3.6t-02 1.M * 00
;

i*

ConD/Ma 1.M+00 3.4t-01
!

LPl/WI 1.M-04 ) 1.M 02 3.M-01
i

k anch Models 1.F.2 i

frsia 1 Cond Proli 1.M 02
i

Trata 2 Cond Probi 1.M-02 ) Unavailable

LPil W1.HPR 6.7t-01 1. M+00 ;

LPR/W1 1.M 04 ) 1. M 02 1. M +00 j

Branch Model 1.F. 2 '

|
irsin i Cond Pron: 1.M 02 ;

frain 2 Cond Prott 1. M 02 ) Une<allable
,,

i
t

e branch sedel file
|,

H (0fted t
;

!

I
,

Austip t

M-ll-It97
!! 23:11

i

i
!
[

f

:
'

I4

i

s

1

i

t

I

k

< r

I

e
,

tweet identif ttel 261/64-005 t

!

D-41
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PRECURSOR DESCRIPTION SHEET

LER No.: 269/86-001
Event Description: Trip, LON, and a stuck-open MSRV occur
Date of Event: January 31, 1986
Plant: Oconee !

EVENT DESCRIPTION

Sequence

At 1546 h during troubleshooting, circuit breaker PCB-24 was man-
ually closed without the reset of the generator lockout relays. When !

the breaker was closed, the relay logic was satisfied, causing a yellow
bus lockout. Consequently, all the 230-kV yellow-bus tie breakers
opened.

One of the breakers that opened . ras PC B-21, tha generator to the
yellow-bus tie breaker. When it opened, the only path for current flow
f rom the generator to the switchyard was via PCB-20 PCB-20 f aulted,
undergoing an explosion, ~17 seconds af ter PCB-21 opened. At 1547 h the
turbine / generator tripped, initiating an anticipatory reactor trip from
100% stable power conditions. j

'

Following the reactor trip, both M WPs tripped on high dischar,'e
pressure. A preliminary investigation showed that the MNP speed demar..'
did not run back as expected. All three EW pumps started immediately eto supply feedwater flow for DHR.

Following the reactor trip, one of the MSRVs (IMS-8) opened and
stuck open for 11 min. It reseated when the SC pressure decreased to
975 psig, the minimum RCS pressure was 1750 psig.

|

Unit I was stabilized at hot shutdown ecnditions with no actuations !

of engineering saf eguard systems or pressurizer relief valves, and no
RCS leakage vas induced.

Corcective Action

PCB-20 was repaired. The MWP trip set points were reviewed. TheHSRV (IMS-8) was repaired. '

|

Plant / Event Data

Sys tems Involvedt
!MW, main steam relief, electrical

1

I
.

Event Identifie; 269/86-001

D-42
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1

Components and Failure Modes Involved:
MSRV -- stuck open in operation
MFWPS -- tripped of f in operation

Component Unavailability Duration: NA
Plant Operating Mode: 1 (100% power)
Discovery Method: Operational event
Reactor Age: 12. 8 years
Plant Type: PRR

Comments

None

MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

Transient 1.0 No recovery

Branches Impacted and Branch Nonrecovery Estimate

MFW 1. 0 No recove ry possible in the short
term

SS release 0.12 MSRV stuck open but closed on lower
te rminat ed pressure

Plant Models Utilized

PWR plant Class D

Event Identifier: 269/86-001

D-43
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CONDITIONAL CORE DAMA6E PROBABillif CALCULAi!DNS
'

Event identillers 269/B6-001
Event Description: Trip, LOFN, and Stuck Open MSRV
Event Date: 1/31/86
Plant Occate i

e

INITIA11NGEVENT

NON RECOVERABLE INIT]ATING EVENT PROBABILITIES

TRANS
1.0E+00

SEGUENCE COND!i!0NAL PROBABILITY SUMS
l

End Statelinitiator
i

Probability

CV

TRANS
3.2E-05

Total
3.2E-05

CD

1

TRANS
2.1E-06

Total 2.lE-06

ATWS

TRANS
3.4E-05

intal
3.4E-05

DOMINANT SEQUENCES

ind States CV Conditional Prendility: 2.BE-05

109 TRANS -RT -AFW -PORV.0R.SRV.CHALL SS.RELEAS.fERM HP!

End States CD Conditional Probability: 1.0E-06

103 IRANS RT AFW PORV.CR.SRV.CHALL PORV.0R.SRY.RE!!AT -NPI HPR/-HP! -SS. DEPRESS LPR/-MP
1.HPR

End State AINS Cenditional Probability: 3.4E-05

EventIcentifier: 269/B6-001
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|

128 IRMS RT

SEQLENCE CONDITIONM PRCSABILITIES

EndState Prob N Recet
Sewence

101 TRMS -RT -tFW PORV.0R.SRY.CHALL -PORV.0R.SRV. RESEAT SS.RELECV 2.4E-06 1.0E-01

AS. TERM HP!

103 TRAh5 -RT -AFW PORY.0R.SRV.CHALL PCRV.0R.!RV.P.ESEAT -HP! HPCD 1.0E-06 6 5.0E-02

R/-kPI -SS. DEPRESS LPR/-HPl HPR

104 1RANS -RT -AFW PORV.0R.SRV.CHALL PORY.0R.SRV. RESEAT -91 hP
CD 5.6E-08 5.0E-02

R/-HPl SS.tEFRESS

109 TRANS -RT -AFW -POPV.0R.SRV.CHALL SS.RELEAS. TERM HP!
CV 2.6E-05 * 1.0E-01

123 TRANS -RT AFW MFW -HPitF/B) HPR/ HP! -SS. DEPRESS COND/MFW
CD 4.2E-07 3.0E 02

124 TRANS-Ri AFW MFW -HPitF/B) kPR/-HP1 SS. DEPRESS
CD 4.7E-08 8.8E 02

125 TRMS RT AFW MFW HP!(F/S) -!S.LEPRESS -COND/MFW
CV 8.6E-07 4.9E-02

126 1RMS -RT AFW MFW kPI(F/B) SS. DEPRESS COND/MFW
CD 4.4E-07 2.5E-02

127 TRMS -RT AFW MFW HP!(F/B) SS. DEPRESS
CD 4.9E-08 7.4E-02

ATWS 3.4E-05e 1.2E-01
126 TRANS RT

e deniaant sequence for end state
** non recovery credit f er edited case

SEQUENCE MODEL: c \ asp \nennocel\cwedtree.cs

BRANCH M00EL: c \ ssp \neanodel\cconte.txt

FROBABilliYFILE: c:\ asp \ne nedel\ par b. pro

ha Recovery Lisit

BRANCH FREDUEhCIES/PROPABilli!ES

Branch Systen Non Recev Opr Fall

IRANS 4.6E-04 1.0E+00

LOOP 4.6E-06 3.9E-01

LOCA 2.4E-06 4.3E-01

RT 2.9E-04 1.2E-01

RT/ LOOP 0.0E+00 1.0E+00

EMER6.P0t!R 2.9E 03 8.0E-01

AFW 3.BE-04 2.6E-01

AFW/ERERS. POWER 5.0E-02 3.4E-01

MFW 2.0E-01 > 1.0E+00 3.4E-01

Branch Medel: 1.0F.1
Train 1 Cond Preb: 2.CE-01 ) Failed

FORV.0R.SRV.CHALL 9.0! 02 1.0E+00

PORV.0R.!RV. RESEAT 1.0E-02 5.0E-02

PORV.CR.SRY. RESEAT /EMERS.F0WER 1.0E-02 1.0E+00

SS.RELEAS. TERM 1.'it-02 > 1.0E+00 3.4E-01 > 1.2E 01

Event identifier: 269/96-001
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Branch Model 1.0F.!
Train i Cond Probs 1,5E-02 ) Failed

SS.RELEAS. TERM /-MFW l.5E-02 ) 1.0E+00 3.4E-01 > 1.2E-01
Dranch Models 1.0F.!
Train 1 Cond Pro 6: 1.5E-02 ) Failed

HPI 3.0E-04 8.4E-01
HPI(F/B) 3.0E-04 8.4E-01 4,0E-02
HPR/-HPI 1.5E-04 1.0E+00 4.0E-02
$$. DEPRESS 3.6E-02 1.0E+00
COND/MFW !.0E+00 3.4E-01
LP!/HPI 1.5E-04 3.4E-01
LPR/-HPl.HPR 6.7E-01 1.0E+00
LPR/HPl 1.5E-04 1.0E+00

e branch sodel file
** f orced i

Austin
09-11-1987

11:25:59

1

l

1
1

i

Event identifier: 269/86-001
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PRECURSOR DESCRIPTION SHEET

LER No.: 269/86-011
| Event Description: Emergency condenser cooling system is unavailable

Date of Event: October 1, 1986
Plant: Oconee 1, 2, and 3

EVENT DESCRIPTION

Sequence

The design basis of the ECCW system is to provide water to the con-
denser for the removal of decay heat during a loss of all ac power event
(station blackout). The station blackout scenario is limiting in that
CCW siphon flow through the main condenser is used to remove decay heat.
Decay heat is transferred to the main condenser via the turbine bypass
valves. Feedwater is delivered to the SGs via the turbine-driven EFW

,pumps.
During performance a load shed test on Unit 2 during refueling, the

low pressure service-water system pumps were found to have failed. A

load shed of nonessential loads is initiated when emergency power is
required via the underground feeder from Keowee through transformer
CT-4. The load shed protects this power path from overload. When the
load shed test was initiated, the condenser circulating water pumps were
deenergized. Normally, this causes the gravity flow system to align
automatically and to allow the flow of water f rom the intake structure '

through the condenser and discharging to the Keowee tailrace into Lake
Hartwell. The elevation difference and a siphon effect are used to
cause the condenser circulating water to continue to flow. For this

test, the condenser gravity drain to the Keovee tailrace was blocked
because it was not part of the test. The pumps had started initially on
loss of load to provide condenser cooling but began to cavitate after
1 h.

CCW flow was restored by restarting a CCW pump, and the plant was.

restored to its normal powered condition without any plant damage or
system upsets. Before the occurrence, two low-pressure service-water

operating with ~13,000 gal / min per pump. The low-pressurepumps were
service-water pumps are supplied from the CCW crossover header, which
was being supplied from Unit 2 at the time.

,

i

Event Identifier: 269/86-011

D-47
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In the evening of October 1, 1986, the test was repeated; but this
time the gravity drain feature was also c e a, t e d . The results were the
same with the loss of low pressure service-water flow. The U.S. Nuclear
Regulatory Commission (NRC), Region II, was advised of these results
late in the evening, and NRC concurred that Units 1 and 3 could continue
to operate until the test data could be fully evaluated. Units 1 and 3were at 100% power. At 0900 on October 2, 1986, evaluation of the tests
revealed that the operation of this design feature (the CCW siphon flow)
was questionable for Units 1 and 3 and that this resulted in inoper-
ability of the low pressure service-water systems for Oconee. As a
result, an orderly shutdown of the two operating units was begun as
required by Technical Specification 3.3.7. Both units reached coldshutdown conditions by October 3, 1986. An investigation determined
that the ECCW system (gravity flow system) was not working. The lake
level was lower than normal, and the low pressure se rvice-wa te r pump
housings were exposed. Because the housings were not qualified for this
duty, air leaked in and caused pump cavitation and loss of the condenser
syphon. All three units were affected.

The root cause of this incident is the inadequate design and test-
ing of the ECCW system. This led to a failure of the ECCW system to
perform its intended function as described in the FSAR under all assumed
conditions. Inadequate original design evaluation of the ECCW system
and the lower-than-normal lake level of Keowee are contributing f actors
to the cause of this incident. ,

Corrective Action,

Numerous design and procedure changes were made (see LER pp. 4-5).

Plant / Event Data

Systems Involved:1

AFW and SG emergency condenser cooling

Components and Failure Modes Involved:
CCW pumps - f ailed in tes ting

! Component Unavailability Duration: Assumed 120 d
Plant Operating Mode: 1 (100% power).

Discovery Method: Testing
Reactor Age: 13.5, 12.9, and 12.1 years, respectively

|

.

Plant Type: PWR
)

Comme nt s

Because the system is shared by all units at the station, all three
units were affected. AFW is affected given that an EPS failure has

Ioccurred.
)

1

(

Event Identifier: 269/86-011
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;

MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

Postulated LOOP Base case nonrecovery

Branches Impacted and Branch Nonrecovery Estimate

' AFW and EPS 1. 0 No recovery assumed possible in the
short term

|

Plant Models Utilized

PWR plant Class D

i

,

d

P

. ;

;

'
;

^

Event Identifier: 269/86-011
i
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C0clT10NAL CORE DAMA6E PROBA91LITY CALCULAi!ONS

Event Identifier: 269/06-011
Event Des:ription Station Energency Condenser Cooling Systen is unavailable
Event Date: 10/1/86
Plant: Oconee i

UNAVAILABilliY DURAil0N= 2880

NON-RECOVERABLE INiilATING EVENT PROBAB!Lli!ES

LOOP 5.2E-03

S!9UENCE CONDITIONAL PRO M BILITY SUMS

End State / Initiator Probability

CV
4

LOOP ( 5.9E 09 )

Total ( 5.9E-08 )

CD

LOOP 1.lE-05

I
Total 1.lE-05

ATWS
|

LOOP 0.0E+00

fotal 0.0E+00

1

DOMINANT SE9UENCES i

EndStates CD Conditional Probability: 1.2E-05

218 LOOP -RT/ LOOP EMERS. POWER AFW/EMERS.PCd R

SE9UENCE COND!il0NAL PROBABIL!ilES

Sequence EndState Preb N Recet

218 LOOP -RT/ LOOP EMER9 POWER AFW/EMER6.P0d R CD 1.2E 05 * 3.lE 01

Event identifier: 269/86-011
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* doeinant sequence for end state
** non-recovery credit for edited case

Note For unavailabilities, conditional probability values are differential values shich reflect the
added risk due to f ailures assxiated unth an event. Parenthetical values indicate a reduction in risk
compared to a steilar period without the existing f ailures.

SEQUENCE MODEL: c \ asp \newoodel\perdtree.cep

BRANCH MODEL: c \ asp \mewoodel\oconte.txt

PROBABILITYFILE: c:\ asp \sewoodel\pwr b. pro

| No Recovery Lielt

BRANCHFRE9UENCIES/PR09 ABILITIES

Branch Systen Non-Recow Opr Fall

TRANS 4.8E-04 1.0E+00

LOOP 4.6E-06 3.9E 01

LOCA 2.4E-06 4.3E-01

RT 2.9E-04 1.2E-01

RT/LDOP 0.0E+00 1.0E+00

EMER6. POWER 2.9E-03 8.0E-01

AfW 3.8E-04 2.6E-01

AFW/EMER8. POWER 5.0E-02 ) 1.0E+00 3.4E-01 ) 1.0E+00

Branch Models 1.0F.1
Train 1 Cond Prob: 5.0E-02 ) Unavailable

MFW 2.0E-01 3.4E 01

PORV.0R.SRV.CHALL 8.0E 02 1.0E+00

PORY.0R.SRV. RESEAT 1.0E-02 5.0E-02

PORV.0R.SRV. RESEAT /EMER8. POWER 1.0E-02 1.0E+00

SS.RELEAS. TERM 1.5E-02 3.4E-01

SS.RELEAS. TERM / MFW l.5E-02 3.4E-01

HP! 3.0E-04 8.4E-01

HPl(F/B) 3.0E-04 8.4E-01 4.0E-02

HPR/-HP! 1.5E-04 1.0E+00 4.0E-02

SS. DEPRESS 3.6E-02 1.0EiOO

COND/MFW l.0E+00 3.4E-01

LP!/HP1 1.5i-04 3.4E-01

LPR/-HPl.HFR 6.7E-01 1.0E+00

LPR/HPI 1.5E-04 1.0E+00

e branch sedel file
e+ forced -

Austin
09-11-1997

Event identifier: 269/66-011

D-51

- -

. _ _ _ . _ -



__ _

PRECURSOR DESCRIPTION SHEET

LER No.: 277/86-003
Event Description: DG trip in test causes scram
Date of Event: Janua ry 24, 1986
Plant: Peach Bottom 2

EVENT DESCRIPTION

Sequence

Before the event, the DG E-2 was in service supplying the E-22 and
E-23 emergency buses in preparation for a loss of power test on Unit 3.

At 0612 h, DG E-2 at:tomatically tripped, thereby removing all power
to the E-22 and E-23 buses. Loss of bus E-22 caused MSIVs A0-2-2-86B
and A0-2-2-86D to close inadvertently (their solenoids deenergized).
The redundant de solenoids were later found failed. Closure of these
valves resulted in a high core-flux condition, which was sufficient to
initiate a full reactor scram. Immediately following the scram, reactor
water level decreased to -32 in. Group II and III isolations occurred
properly at the 0-in. water level. The speeds of all three reactor feed
pumps automatically increased to recover reactor water level. At +45
in. the reactor feed pumps and the main turbine received trip signals
indicating high reactor water level. The feed pumps and main turbine
tripped properly. Both reactor recirculation pumps tripped properly
during the 13.2-kV bus fast transfer. At 0634 h reactor feed pump C was
reset from the high-water-level trip and placed in service to control
reactor water level. Both recirculation pumps were returned to service
by 0645 h.

Additionally, Group II and III outboard isolations occurred on
Unit 3 as a result of this event.

Corrective Action

A review of the most recently completed surveillance test indicated
that all MSIV ac and de coils had satisfactory operating currents when
tested 2 d before the event. The de solenoids were replaced on Janu-
ary 25.

Plant / Event Data

Systems Involved:
Energency power, main steam isolation, and MFW

Event Identifier: 277/86-003
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Components and Failure Modes Involved:
DG -- f ailed in test
MSIVs -- f ailed closed during operation

Component Unavailability Duration: NA

Plant Operating Mode: 1 (95% power)
Discovery tiethod: Testing
Reactor Age: 12.3 years
Plant Type: BWR

Comment s

|
| None

|
'

<

MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

Transient Nonrecoverable

Branches Impacted and Branch Nonrecovery Estimate '

MEW 0.04 Recoverable from control room (tripped
off on high head after scram)

Emergency power Base case DG train E-2 is unavailable
system

RHR/ shutdown Base case One train unavailable because of loss
cooling buses

RRR/SDC Base case One train unavailable because of loss
buses

RHR service Base case One train unavailable because of loss
water buses

SLC/ rod insert Base case One train unavailable because of loss'

buses
LPCS Base case One train unavailable because of loss

buses

Plant Models Utilized

BWR plant Class C

Event Identifier: 277/86-003

.

'
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CONDITIONAL CORE DAMAGE FROBASILITY CALCllATIONS

Event identifier: 277/86-003
Event Descriction: Diesel Generator Trip Test Causes Scras
Event Date: 1/24/86
Plant: Peach Bottos 2

INITIATING EVENT

NON-RECOVERABLE INITIATING EVENT Ff0BABILITIES

TRANS 1.0E+00

SEQlENCE CONDITIONAL F50BABILITT SlMS

End State / Initiator Probability

CV

TRANS 9.0E-08

Total 9.0E-08

CD

|

TRANS 8.!E-05

Total 8.!E-05

ATWS

|
TRANS' l.7E-05 |

!

Tota 1 1.7E-05

1

1

ICMINANT SEQUENCES |

End State CV Conditional rrttability: 5.2E-08

155 TRANS SCRAM -SLC.0R. RODS PCS/TRANS SRV.CLOSE FW/PCS.LOCA E'l RCIC/LOCA -SRV. ADS -C
OND/FW.PCS -H(SIC)

End State CD Conditional Probability: 6.4E-05

101 TRANS -SCRAM FCS/TRANS SRV.CHALL/TRANS.-SCRAM -SRV.CLOSE -FW/FCS.TRANS M(SDC) M (S

Ft00L)/-LPCI.H(SIC) C.I. AND.V/F2(SCC) .H(SFC00L)

Event Identifier: 277/86-003
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End State: ATWS Conditional Probability: 1.7E-05

173 TRANS SCRAM SLC.0R. RODS

SEDLENCE CONDITIONAL PROBABILITIES

Seouence End State Prob N Rec ++

'

101 TRANS -SCRAM PCS/TRANS SRV.CHALL/TRANS.-SCRAM -SRV.CLOSE -FW CD 6.4E-05 + 1.!E-01

| /FCS.TRANS M(SDC) M(SPC00L)/-LK!.H(DC) C.I.AND.
V/H(SDC).MLSPCOOL)

102 TRANS -SCRAM FCS/TRANS SRV.CHALL/TRANS.-SCRAM -SRL CLOSE FW CD 2.6E-06 4.6E-03

/PCS.TFANS -fFCI M(SDC) M (SPC00L)/-LPCI.RHR(SDC) C.
1.AND.V/ M (SDC). H (SPC00L)i

' -
119 TRANS -SCRAM FCS/TRANS SRV.CHALL/TRANS.-SCRAM SRV.CLOSE FW CD 1.1E-05 1.7E-01

/PCS.LOCA FFCI RCIC/LOCA SRV. ADS i

134 TRANS SCRAM -SLC.0R. RODS KS/TRANS -SRV.CLOSE FW/PCS.TFANS CV 6.8E-09 1.3E-02 i

FFCI RCIC/TRANS.0R. LOOP -SRV. ADS -COND/FW.PCS - H (SDC)

138 TRANS SCRAM -SLC.OR. RODS PCS/TRANS -SRV.CLOSE FW/K S.TRANS CV 3.5E-09 6.6E-03

FFCI RCIC/TRANS.0R. LOOP -SRV. ADS COND/FW.PCS -LPCS - M (

SIC)

155 TRANS SCRAM -SLC.0R. RODS FCS/TRANS SRV.CLOSE FW/KS.LOCA CV 5.2E-08 + 1.6E-01
HPCI RCIC/LOCA -SRV. ADS -CDND/FW.PCS - H (SDC)

159 TRANS SCRAM -SLC.0R. RODS PCS/TRANS SRY.CLOSE FW/PCS.LOCA CV 2.7E-08 8.0E-02

HPCI RCIC/LOCA -SRV. ADS COND/FW.PCS -LPCS -fdiR(SDC)

173 TRANS SCRM SLC.0R.ROI6 ATWS 1.7E-05 + 1.0E+00
.

+ doeinant secuence for end state .

+4 non-recovery credit for edited case

SE0lENCE MODEL: c \ asp \neweedel\bwrctree. cap

IMCH MOICL: c:\ asp \newoodel\ peach.txt

PROBABILITY FILE: c:\aso\newoodel\bwr_c.pm

No Recovery Lielt !

BRANCH FRE7JENCIES/Ff4BABILITIES

Branch Systee Non-Recoy Opc Fall

IRANS 8.6E-04 1.0E+00

LOOP 1.7E-05 3.2E-01

LOCA 3.3E-06 5.0E-01

SCRAM 3.5E-04 1.0E+00

SLC.0R. RODS 1.0E-02 1.0E+00 4.0E-02

FCS/TFANS 1.7E-01 > 1 (C+00 1.0E+00

Pranch Model: 1.0F.1 I
'

'

Train 1 Cond Prob: 1.7E-01 > Unavailable
PCS/LOCA !.0E+00 1.0E+00

,

| Event Identifier: 277/86-003
,

I
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SRV.CHALL/TRANS.-SCRAM 1.0E+00 1.0E+00
SRV.CHALL/TRANS. SCRAM 1.0E+00 1.0E+00
SRY.CHALL/ LOOP.-SCRAM 1.0E+00 1.0E+00
SRV.CHALL/ LOOP. SCRAM 1.0E+00 1.0E+00

- SRY.CLOSE 3.6E-02 1.0E+00
EER6.POER 2.7E-05 0.0E-01
FW/PCS.TRANS 4.6E-01 > 1.0E+00 3.4E-01 > 4.0E-02

Branch Model: 1.0F.!
Train 1 Cond Prob 4.6E-01 ) Unavailable

FW/PCS.LOCA 1.0E+00 3.4E-01
IFCI 2.9E-02 7.CE-01
RCIC/TRANS.0R. LOOP 6.0E-02 7.0E-01

.

RCIC/LOCA 1.0E+00 1.0E+00 {
CRD 1.0E-02 > 1.0E+00 1.0E+00 4.0E-02 I

Branch Model: 1.0F.1+gr
Train ! Cond Prob 1.0E-02 ) Unavailable

SRV. ADS 3.7E-03 7.1E-01 4.0E-02
COND/FW.PCS 1.0E+00 3.4E-01
LPCS 3.0E-03 > 3.0E-02 3.4E-01

Dranch Model: 1.0F.2
Train 1 Cond Probs 3.0E-02
Train 2 Cond Prob 1.0E-0! > Unavailable

LPCI( M )/LPCS 1.0E-03 > 1.0E-02 7.1E-01
4 - Branch Model: 1.0F.2

Train 1 Cond Prob 1.0E-02
Train 2 Cond Prob: 1.0E-01 ) Unavailable

N SW/LPCS.LPCI.TRANS 5.0E-01 1.0E+00 4.0E-02
M SW/LPCS.LPCI. LOOP 5.(C-01 1.0E+00 4.0E-02
M SW/L K S.LPCI.LOCA 5.0E-01 1.0E+00 4.0E-02
M (SDC) 2.1E-02 > 3.0E-02 3.4E-01

Branch Model: 1.0F.2+ser
Train ! Cond Prce: 1.0E-02
Train 2 Cond Prob 1.0E-01 > Unavailable
Serial Component Prob: 2.0E-02

M (SDC)/-LPCI 2.0E-02 3.4E-01
M(SIC)/LPCI 1.(C+00 1.0E+00
M (SPC00L)/-LPCI. M (50C) 2.(C-02 1.0E+00
M(SPC00L)/LKI.M(SIC) 5.2E-01 1.0E+00'

C.I.AND.V/ M (SDC). M (SPC00L) 1.0E+00 3.4E-01

* branch soJel file
** forced

Minarick
02-24-1988

12:06:26

Event Identifier: 277/86-003
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PRECURSOR DESCRIPTION SHEET

LER No.: 280/86-029
Event Description: Charging pump service-water pumps are unavailable
Date of Event: September 29, 1986
Plant: Surry 1

EVERI DESCRIPTION

Sequence

All service-water flow to the charging pump service-water subsystem
was lost because the pump be came air bound. This abnormal condition
af f ected the heat sink for the charging pump lubricating-oil coolers and
the intermediate heat sink for the charging pump mechanical seals.

Earlier in the day, one of the redundant charging pumps service-
water pumps, 1-SW-P-10A, had been removed from service for replace-
ment. Maintenance activities required that grinding be performed on a
pump support prior to pump replacement. The grinding activity resulted
in actuation of a smoke detector, which automatically closed a service-
water fire isolation valve. Due to a leak on a strainer blowdown line
in the service-water supply line, the valve closure allowed air in-
leakage, which caused 1-SW-P-10B to become air bound.

The charging pumps continued to operate. The temperatures of the
operating charging pump were monitored.

Corrective Action

The af f ected pump was vented, and the leak at the strainer blowdown
line was repaired.

Plant / Event Data

Systems Involved:
HPI and chemical and volume control

Components and Failure Modes Involved:
Charging pump service water pumps one failed in operation;--

another was out of service
Charging pumps -- degraded operation without service water

Event Identifier: 280/86-029
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Component Unavailability Duration: I h assumed
Plant Operating Mode: 1 (100% power)
Discovery Method: Operational event
Reactor Age: 14.2 years
Plant Type: PWR

Comments

For routine charging operations the pump performance was accept-
able. For transient conditions with the increased heat load associated
with HPI operation, the lack of cooling is assumed to degradeperformance.

MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

Postulated transient Base case nonrecovery
Postulated LOOP Base case nonrecovery
Postulated LOCA Base case nonrecovery

Branches Impacted and Branch Nonrecovery Estimate '

HPI 1. 0 Se rvice water for pump cooling not
recoverable in the short term

!

Plant Models Utilized :

PWR plant Class A
4

|

|

1

; Event Identifier: 280/86-029
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CONDli!0NAL CORE DAMAGE PROBABILITY CALCULAT10NS

Event identifier: 290/96-029
Event Description Charging Puep Service Nater Puns Are Unavailable

Event Date: 9/29/86 j

Plant Surry i

a

UNAVAILABILITY, DURAi!DNs 1

NON-RECOYERABLE INITIAi!NG EVENT PROBABIL! TIES

TRANS i.BE-04

LOOP 1.BE-06
,

LOCA 1.0E-06

SE WENCE CONDli!0NAL PROBABILITY SUMS

End State / Initiator Probability .

,

CV

TRANS 2.5E-06 i

LOCP 9.2E-09

LOCA 9.7E-07

Total J.4E 06

CD

TRANS 1.!E-09

LOOP 1.6E-10

LOCA 9.0E 09'

:

Total 1.0E-06

ATWS

'

TRANS 0.0E+00

LOOP 0.0E+00

LOCA 0.0E+00

Total 0.0E+00

,

DOMINANTSE90ENCES !
'

t

End States CV Conditional Prebability: 2.3E06
t

J

Event identifier: 290/B6029

D-59
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109 TRMS -RT -AFW -PORY.0R.SRV.CHALL SS.RELEAS. TERM HPl

End States CD Conditional Probability: 3.7E-06

307 LOCA -RT AFW HP! SS. DEPRESS

SE90ENCE CONDITIONAL PROBABILITIES

Sequence End State Preb N Rects

101 TR M S -RT -AFW PORV.0R.SRV.CHALL -PORY.0R.SRY. RESEAT SS.RELECV 9.8E-06 3.4E-01
AS. TERM HP!

109 TRMS -RT -AFW -PORV.0R.SRV.CHALL SS.RELEAS. TERM HP! CV 2.3E-06 * 3.4E-01
304 LOCA -Ri -AFW HPl -SS. DEPRESS -LP1/HPI -LPR/HPI CV 9.9E-07 4.3E-01
307 LOCA -RT -AFW hP1 SS. DEPRESS CD 3.7E-08 * 4.3E-01

e doainant sequence for end state
** non-recovery credit for edited tale

Notes For unavailabilities, conditional probability values are differential values which reflect the

added risk due to f ailures associated with an event. Parenthetical values indicate a reduction in risk
toepared to a siellar period without the esisting f ailures.

.

SE90ENCE MODEL: c:\ asp \newoodel\pwratree.ce
BRMCH MODEL: c:\ asp \neseodel\surry.txt
PROBAllLITYFILE: c \ asp \neseodel\psr b. pro

No Recovery Limit

DRMCH FRE90ENCIES/PROBA!!LillES

Dranch Systen Non Recov Ocr Fail

TRMS 4.8E 04 1.0E+00
LOOP 4.6E 06 3.9E-01
LOCA 2.4E 06 4.3E-01
RT 2.8E 04 1.2E-01
RT/ LOOP 0.0E+00 1.0E+00
EMER9. POWER 5.4E-04 8.0E-01
AFW 3.BE-04 2. 6E-01
AFW/EMER6. POWER 5.0!-02 3.4E-01
MFW !.9E-01 3.4E-01
PORV.0R.SRV.CHALL 4.0E 02 1.0E+00
PORV.0R.SRY. RESEAT 2.0E-02 5.0E-02
PORV.0R.SRV.RESE AT/EMERS. POWER2.0E-02 1.0E+00
SS.RELEAS.fERM 1.5E02 3.4E-01
SS.RELEAS.iEM/ MFW l.5E-02 3.4E 01
SS. DEPRESS 3.6E-02 1.0E+00
COND/MFW l.0E+00 3.4E 01

Event identifier: 280/06029
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HP1 1.5E-03 > 1.M+00 ** 8.4E-01 > 1.0E+00

$ ranch Modell 1.0F.3+ser
Train 1 Cond Prob 1.0E-02

Train 2 Cond Prob: 1.0E-01

Train 3 Cond Pro 6: 3.0E-01

Serial Cossonent Prob: 1.2E-03

HPl(F/l) 1.5E-03 > 1.0E+00 u 8.4E-01 ) 1.M +00 4.M-02

tranch Models 1.0F.3+ser+oor
Train 1 Cond Prob: 1.0E-02

Train 2 Cond Prob 1.0E-01

Train 3 Cond Probs 3.0E-01

Serial Cosponent Prob 1.2E-03

PORV.0PEll 1.0E-02 1.M+00

WR/ MPI 1.5E 04 1. M+00 4.M-02

CSR 1.M-02 1.0E+00

LPl/HPl 1.5E-04 3.4E-01
,

LPR/-HPl.HPR 6.7E-01 1.0E+00

LPR/HPl 1.5E 04 1.0E+00

e branch sodel file
64 forced

Austin
09 11 1987

11:42:53

.

EventIdentifier: 280/86-029
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FRECURSOR DESCRIPTION SHEET

LER No.: 280/86-031
Event Description: High-head injection system is unavailable
Date of Event: October 30, 1986
Plant: So rry 1

EVENT DESCRIPTION

Sequence

At 0202 h with Unit 1 at 100% power and Unit 2 in a refueling shut-
down, service-water flow was lost to the Unit I charging pump service-
water subsystem. Operation without service water to the charging pump
service -wa ter system is prohibited by Technical Specification 3.14
because the water provides cooling for the lube oil coolers.;

I

An operator was exchanging the filter elements of an in-line duplex
strainer upstream of the operating Unit I charging pump service-water
pump (1-SW-P-10A) because high differential pressure had been indi-
cated. By failing to fill end veut the filter element, he inadvertentlyallowed air to enter the l aie. When the standby filter element was

;

placed into ser vi ce , the clo-harge pressure of the operating pumpj decreased to zero, The 'acging pump se rvice-wa te r heade r 's low-
pressure alarm annunciated m: ' locked in the main control room, and the
standby pump (1-SW-P-10B) su c2 tarted but failed to clear the low-
pressure alarm.

Corrective Action
i

The pumps were vented and returned to service.

Plant / Event Data

Systems Involved:
High-head injection, service water

; Components and Failure Modes Involved:
!

Charging pump service-water pumps -- f ailed in operation
HPI pumps -- degraded

Component Unavailability Duration: 19 min
Plant Dperating Mode: 1 (100% power)
Discovery Method: Paintenance
Reactor Age: 14.2 years
Plant Type: PWR

Event Identifier: 280/86-031

D-62
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Comme nts

Because of the increased high-head injection system pump heat load
during.a transient requiring HPI, the conservative assumption is failure
of the high-head inj ection system. [See similar failure at Calvert
Cliffs 1 in LER 317/80-027 in NUREG/CR-3591 (ORNL/NSIC-217) and at
Snrry 2, LER 281/86-010. ]

MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

Postulated transient Base case nonrecovery

Postulated LOOP Base case nonrecovery

Postulated LOCA Base case nonrecovery

Branches Impacted and Branch Nonrecovery Estimate

HPI 1.0 Given HPI demand in a transient, pump

service water could not be recove rd
in time

,

Plant Models Utilized :

', I,
.

PWR plant Class A |

I
.

I

;

:

I
l

l

!

t

i

{
1

l

Event Identif ter: 280/86-031 f
1

D-63 !
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CONDIT!0NAL CORE DMA3E PROBAllLliY CALCULATIONS

Event Identifier: 280/86-031
Event Description High Head Injection Systes is Unavailable
Event late: 10/30/B6
Plant Sorry i

UNAVA! LABILITY.DURAi!ON=.3

NON-RECOVERABLE INiilATIN6 EVENT PROBABILITIES
i

IRMS 1.4E-04
LOOP 5.4E-07 |
LOCA 3.lt-07

SEQUENCE CONDIT!DNAL PROBA81Ll!Y SUMS

End State / Initiator Probellity

CV

TRES 7.4E-07
LOOP 2.7E-09
LOCA 2.9E-07

Total 1.0E-06

CD

TRMS 3.4E-10
LOOP 4.9E-Il
LOCA 2.7E 09

Total 3.1E 09

ATNS
f

TRMS 0.0E+00
LOOP 0.0E+00
LOCA 0.0E+00-

Total 0.0E+00

DOMINANTSE90ENCES

fndStates CV Conditional Prdabilityi 7.0E-07

Event Identifier: 290/84031
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109 TRANS -Ri - W W -PORY.0R.SRV.CHALL SS.RELEAS. TERM HP!

End Stater CD
Conditional Probability: 1.!E48

307 LOCA -RT -AFW HPI SS. DEPRESS

SE90ENCE COND!fl0NAL PROBABILITIES

End State Prob NRette
Sequence

|

101 TRANS -Ri -AFW PORY.0R.SRV.CHALL -PORV.0R.SRV. RESEAT SS.RELE
CV 2.9E48 3.4E41

AS. TERM HPl

109 TRANS -RT -AFW -PORV.OR.SRV.CHALL SS.RELEAS. TERM HPI
CV 7.F47 e 3.4E41

304 LOCA -Ri -AFW HPl -SS.0EPPESS -LPl/HP) -LPR/HPl
CV 3.0E47 4.31-01

CD 1.lE48 * 4.3E41
307 LOCA -RT -AFW HP! SS. DEPRESS

e doeinant sequence for end state
se non recovery credit for edited case

For unavailabilities, conditional probability values are differential values which reflect theNote:

added risk due to f ailures associated with an event. Parenthetical values indicate a reduction in risk
coecared to a sisitar period .vithout the esistint) f ailures.

SEQUENCE MODEL:
c \ asp \newoode!\pwratree. cop

BRANCH MODEL:
c \ase\neseodel\surry. tit

PROBABILITY FILE: c:\ asp \nenoodel\pwr,b. pro

No Recovery Lielt

SUNCH FRE9UENCIES/PROBAPILITIES

Branch Systen Non Recov Opr Fall

IRANS 4.8E44 1.0E+00

LOOP
4.6E46 3.9E-01

LOCA 2.4E46 4.3E-01

RT 2.BE-04 1.2E-01

RT/ LOOP 0.0E+00 1.M +00

EMERS.F0WER 5 4E44 0.M41

AFW 3.8E44 2.6E41

AFW/EMERS. POWER 5.0E42 3.4E41

MFW l.9E41 3.4E-01

PORV.0R.SRV.CH ALL 4.0E42 1.0E+00

PORV.0R.SRV. RESEAT 2.0E42 S.M-02

PORV.0R.SRV. RESEAT /EMERS.PCWER2.0E42 1.M+00

SS.RILEAS. TERM l.SE42 3.4E41

SS.RELEAS. TERM / PJW !.5E42 3.4E-01

SS.0EPRESS 3.6E 02 1.0E+00

COND/MFW !.0E+00 3.4E41

Event identifier: 250/f6431
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HP! 1.5E-03 ) 1.0E+00 H 8.4E-01 ) 1.M+00
Dranch Model 1.0F.3+ser
irsin 1 Cond Probs !.0E-02
Train 2 Cond Pro 6: 1.0E-01
Trsin 3 Cond Probs 3.0E-01

'

Seilal Coeponent Pro 6: 1.2E-03
HPI(F/81 1.5E 03 ) 1.0E+00 ** 8.4E-01 > 1.0E+00 4.M-02

Dranch Models 1.0F.3+ser*wr
Train 1 Cond Pro 6: 1.0E-02
Train 2 Cond Prob 1,0E-01

Train 3 Cond Prob 1.0E-01
Serial Coeponent Probs !.2E-03

PORV.0 PEN 1.0E-02 1.M+00
HPR/-HPI 1.5E-04 1. M+00 4.M-02CSR !.0E-02 1. M+00
LPl/HPl 1.5E-04 3.4E-01

<

LPR/-HPl.HPR 6.7E-01 1.0E+00
LPR/HFI 1.5E-04 1.M +00

* branch sodel file
** f orced

Austin
09-11-1987

11:46:21

i

,

Eventidentifier: 280/B6 031
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PRECURSOR DESCRIPTION SHEET

LER No.: 281/86-010
Event Description: High-head injection system is unavailable
Date of Event: July 11, 1986
Plant: Sur ry 2

EVEKr DESCRIPTION

Sequence

With Unit 2 at 100% power and Unit 1 in refueling shutdown, emer-
gency maintenance was being perf ormed on 2-CC-P-2A, Unit 2's A charging-
pump CCW pump. At that time the redundant pump, 2-CC-P- 2B , was in

Atoperation supplying cooling water to the charging-pump seal coolers.
1518 h, while operators were attempting to return pump A to service

i
following the maintenance, the discharge pressure of pump B dropped toj

Both charging-pump CCW pumps were inoperable.zero.
The charging-pump cooling-water system is a closed system consist-;

ing of two redundant cooling-water pumps, two redundant intermediate
coolers (cooled by service water), a head tank, and six seal coolers :

(two per charging pump). Shortly af ter the event began, a low level was |

noted to exist in the head tank. Therefore, a large leak was assumed te
e xi s,t in the system, and efforts were directed toward finding tt.c
leak. However, no significant leaks could be found. Thus, it is specu-

lated that air was introduced into the system during maintenance on pump '

A, which caused pump B to become vapor bound, resulting in zero dis-
,

charge pressure.

Corrective Action

Pump A was properly vented, makeup water was added to the system,
and pump A was returned to service at 1825 h -- af ter operability of the
pump was demonntrated. Subsequently, operability of pump B was demon-
strated, and that pump was also returned to service.

Plant / Event Data
)

Systems Involved:
High-head injection system, CCW system

Components and Failure Modes Involved:
Charging-pump CCW pumps -- One was out of service, failed in testing
and one failed in operation

i Svent Identifier: 281/86-010
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Component Unavailability Duration: 3h
Plant Operating Mode: 1 (100% power)
Discovery Method: Tes ting
Reactor Age: 13.3 years
Plant Type: PWR

_ Comment s

A similar event occurred at Calve rt Cliffs 1 as reported in LER
317/80-027 and evaluated in NUREG/CR-3591 (ORNL/NSIC-217).(See alsoLER 280/86-031 for Sarry 1 in this report.)

MODELING CONSIDERATIONS AND DE01SIONS

Initiators Modeled and Initiator Nonrecovery Estimate

Postulated transient iBase case nonrecovery 'Postulated LOCA Base case nonrecovery
Postulated LOOP Base case nonrecovery

Branches Impacted and Branch Nonrecovery Estimate

HP1 1. 0 Not readily recoverable (assume loss
of component cooling fails HPI)

Plant Models Utilized

PWR plant Class A

,

1

|

|

!

|

i

Event Identifier: 281/86-010

D-68
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CONDlil0NAL CORE DAMA6E PROSAi!Llif CALCtR.ATIONS

Event identifier: 291/86-010
Event Deuription: High ; lead injection Systen is Unavailable

Event Date: 7/11/86

Plant Sorry 2

(MAYAILAf!LITY, DURAi!0Na 3
1

NON-RECCVERABLE INITIATIN6 EVENT PROBABILITIES
|

1.4E-03
TRANS

5.4E-06
LOOP

3.1E-04
LOC 4

SEQUENCE CONDlil0NAL PROBA81Liff SURS

End State / Initiator
Protability

CV

1RANS
7.4E-06 ,

i
2.BE-06

LOOP
2.9E-06

LOCA

Total 1.0E-05 ,

,

CD

TRMS 3.at-09
'

4.8E10.

LOOP

LOCA
2.7E 08

fetal 3.!E 06

ATNS

iPAh5 0.0E+00

LOOP
0.0E+00

LOCA
0.0E+00

Tota) 0.0E+00

:

DOMINANT SE M NCES

EndStates CV Conditional Probability: 7.0E-06

4

Event Identifier: 291/84-010

D-69
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109 1R H S -Ri -AFW -PORV 0R.SRV.CHALL SS.RELEAS. TERM HP!

End States CD Conditional Probability: 1.lE-07

367 LOCA -RT -AFW HPl SS.DEFAESS

SEQUENCE COND!il0nAL PROM 81L111ES

Seouence EndState Prob N Recte

101 !RMS -Ri -MW PORV.0R.SRV.CHALL -PORV.0R.SRV. RESEAT SS.RELECV 2.9E 07 3.4E-01A3.iERM HP1

109 TRMS -RT -AFW -PORV.0R.SRV.CHALL SS.RELEAS.fERM HP!CV 1.0E-06 * 3.4E 01
304 LOCA -RT -W W HP! -SS. DEPRESS LP!/HP] -LPR/HP! CV 3.0E-06 4.3E 01
307 LOCA -RT -AFW HP! SS. DEPRESS CD 1.lE-07 * 4.3E 01

e doeinant sequence for end state
to non-recovery credit for edited cast

Notes For unavailabilities conditional probability va:ees are differential values which reflect the

added risk due to f ailures associated eith an event. Parenthetical values indicate a reduction in risk
compared to a sisilar period without the esisting f ailures.

SEQUEhCE MODEL: c:\ asp \neseodeliperatree. cap
M HCH MODEL: c \assineseedelisurry.tst
FRCHilLliYFILE: c:\ asp \ne.codel\per.b. pro

hoRecoveryLimit

HMCH FREQUENCIES /PRCpl!LITIES

4Branch Syntes
Non Reco< Opr Fall

TRMS 4.9E 04 1.0E+00
LOOP 4.6E 06 3.9001
LOCA 2.4E 06 4.!!-01
RT 2.8E 04 1.2E 01
RT/ LOOP 0.0E+00 1.0E+00
EMERS. POWER 5.4E 04 8.M 01MW 3.8E-04 2.6E-01
MW/EMER6. POWER 5.0E02 3.4E-01
MFW !.9E 01 3.4E01
PORV.CR.SRV.CHALL 4.0E-02 1.0000
PCRV.0R.SRV.RESE AT 2.0E-02 5.0E02
PORY.OR.SRV. RESEAT /EMER6. POWER2.0E-02 1. C(+00
SS.RELEAS. TERM 1.5E-02 3.4E 01
$$.RELEAS fERM/-MFW l.5E02 3.4E01
SS.DEPPESS 3.6E 02 1.0f+00
C040/MFW l.0E+00 3.4E 01

EventIdentifier: 281/S6-010
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y] 1.5E-03 > 1.0E+00 ee B.4E 01 ) 1.0E+00

Branth Models 1.0F.3+ser
irain 1 Coni Probi 1.0E-02

frain 2 Cond ? rob: 1.0f-01

frain 3 Cond Pr%: 3.J 01
Serial Coeponent P. obi 1.21-03

Wl(F/B) 1.5E-03 > 1.0E+00 ** 8.4E 01 ) 1.0E+00 4.0E-02

itranch Modell 1.0F.3+ser+opr

Train 1 Cond Prob: 1.0E-02

frain 2 Cond Prob: 1.0E-01

fratt 3 Cor.d Prob 3.0E 01

Serial Compontat Prob: 1.2E-03

PORV.0FEW l.0E02 1.0E+00

#R/-HP! 1.5E-04 1.0E+00 4.0E-02

tsR 1.0E-02 1.M +00

gl/gP! l.5E-04 3.4E-01

ggj-y 4, 6.7E-01 1.0E+00

gg/pl 1.5E-04 1. M +00

e branch sodel file
se forced

Austin

09-111987
12:16:36

Eventidentifier: 291/B6-010
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PRECURSOR DESCRIPTION SHEET

LER No.: 282/86-006
Event Description: Emergency power system is unavailable
Date of Event: September 8, 1986
Plant: Prairie Island I and 2

EVERI DESCRIPTION

Sequence

Both units were at steady state power: Unit I at 100% and Unit 2 1
||

at 88% power. During an operability test, D-1 DG f ailed to start af ter
cranking for 10 s. D-1 DG was declared inoperable. While the diesel
cooling-water pump 22 was being run to prove operability of D-2 00, a
small oil line burs t; the pump was shutdown and declared inoperable.
With these two components inoperable, a power decrease we begun on bothunits. The two station DGs serve both Units 1 and 2.

The cause of the inoperability of D-1 DG was not immediately
apparent, but further investigation and testing revealed thet leakage
through the fuel-head pressure return orifice check valve allowed the
fuel oil header to drain during idle periods.

Corrective Action

The brass cil line on diesel cooling-water pump 22 was replacedwith a stainless steel line. The fuel-head pressure return orifice
check valve was replaced on the D-1 DC.

Plant / Event Data

Systems Involved:

Emergency power generation system and emergency power cooling system

Components and Failure Modes Involved:
DC -- f ailed to start on demand
Diesel cooling water pump -- f ailed during operation

Component Unavailability Duration: 36 min
Plant Operating Mode:

1 (100% power for Unit 1); I (88% power for Unit 2)
Discovery Method: Testing
Reactor Age: 12.8 years for Unit 1; 11.7 years for Unit 2
Plant Type: PWR

Event (dentifier: 282/86-006
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l

|
|

Cor.me nt s

Because of the heavy heat loads imposed on the DGs during full load
conditions, the conservative assumption is that the DCs are f ailed in a
LOOP. The DCs serve both Units 1 and 2.

Both units were af f ected.

MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

Postulated LOOP Base case nonrecovery

Branches Impacted and Branch Nonrecovery Estimate

EPS 1. 0 Not readily recoverable

Plant Models Utilized

PWR plant Class B

i

Event Identifier: 282/86-006
1

|D-73
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CONDlil0NAL CORE DAMA6E PROBAllLlif CALCUL41104

EventIdentifier: 282/66-006
Event Description: Energency Poner is Unavallan.;
Event Date 9/8/86
Plant Prairie Island i

UNAVAILAllLliY. DURAi!0N: .6

NON-RECOVERABLE INlilAllN6 EVENT PR0! ABILITIES

LOOP 1.lE-06

SEQUENCE COND!i10NAL PRO MBILITY SUMS

EndState/ Initiator Probability

CV

LOOP 5.3E-09
<

Total 5.1E-09

CD

LOOP 1.9E 06

Total 1.9E-06
1

ATWS

LOOP 0.0E+00

Total 0.0E+00

DOMINANT SEQUENCES

End States CV Conettional Prchabilltva 5.lt-09

217 LOOP RTILOOP EMER6.P0eER -Mu/EMER6.P0utR -PORV.OR.SRV.CHALL SS.RELEAS. TERM

End States CD Conditional Probability: 1.lE 00

218 LOOP -RT/ LOOP EMER6. POWER WW/EMERS. POWER

SEQUENCE CONDlil04AL PROMI!LITIES
,

j

i

l'
Event identifier: 282/B6-006
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Secuente End State Pren N Pec o

215 LOOP -RT/ LOOP 'EMER6. POWER -AFWl[MER6.PCWER FORV.CR.SRV.CKALLCV 2.lE 10 1.3E-01

-PDRV 0R.SRV. RESEAT /IMER6. POWER SS.RELEAS.1ERM

216 LOOP -RT/ LOOP EPERS. POWER -AFW/EMER6. POWER PORV.0R.SRV.CHALLCD 8.4E-10 3.9E-01

NRV 0R.SRV. RESEAT /EMER6.PCWER

217 LOC # -RT/ LOOP EMER6. POWER -AFWlEMERS. POWER PORV.0R.SRV.CHALLCV 5.lt-09 e 1.3E 01

SS.RELEAS.iERM

218 LOOP -RT/LOCP EMER6.PCWER AFW/EMERS. POWER CD 1.8E 08 e 1.3E-01

e desinant secuente f or end state
se non-recovery credit f or edited case

Note; For unavailabilities, conditional pretability values are dif ferential values which reflect the

adhd risk due to f ailures assettated sith an event. Parenthetical values indicate a reduction in rist
teepared to a similar perled eithcut the existing f ailures.

SE NENCE M%EL: c:\aso\nessede1\curttree. tsp

BRANCH MODEL: c:\ asp \nessedel\praislan. tit

PROBAllLIT1 FILE: c \ asp \ress: del \cer b. pre

'

No Recoverv Lielt

BR W H FP.E W EN:!ES/PROPAlittilES

Branch Svsten W:n Recev C:r Fail

TRAh5 4.8E 04 1.0E+00

LOOP 4.6E-06 3.9E 01

LOCA 2.4E-06 4.3E 01

RT 2.tE-04 1.2E-01

RT/LOCP 0.0E+00 1.0E+00

EMERS. POWER 2.9E-03 ) 1.0E+00 8.0E-01 ) 1.0E+00

Branch Model 1.0F.2

Train ! Cond Preb 5.0E-02 ) Unavailable

frain 2 Cont Prob: 5.7E-02 ) Unavailable
AFW l.3E 03 2.6E-01

AFWlEMERS. POWER 5.0E-02 3.4E-01

MFW l.9E-01 3.4E-01

PORV.0R.SRY.CHALL 4.0E 02 1.0E+00

PORY.0R.SRV. RESEAT 2.0E-02 5.0E-02

PORV.0R.SRY. RESEAT /EMERS. POWER 2.0E-02 1.0E+00

SS.RELEAS.iERM l.5E-02 3.4E 01

SS.RELEAS.iERMl RFW l.5E-02 3.4E-01

HPl 1.0E-03 B.4E01

HPl(F/l) 1.0E 03 B.4E 01 4.0E-02

MPR/-HPI 1.5E-04 1.0E+00 4.0E-02

PORV.0 FEN 1.0E 02 1.0E+00

SS. DEPRESS 3.6E 02 1.0E+00

Event identifier: 292/B6 006
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COWD/MFW !.0E+00 3.4E-01
LPl/HPI 1 !E 04 3.4E-01
LPR/ HPl.HPR 6.7E 01 1.0E+00
LPR/HPl 1.5E-04 1.0E+00

e branch sedel file
** Iorted

Austin
09-11 1987

12:18:57

|

Event identifier: 292/86-006

D-76
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PRECURSOR DESCRIPTION SHEET

LER No.: 282/86-011
Event Description: Emergency power system is unavailable
Date of Event: December 27, 1986
Plant: Prairie Island 1 and 2

EVENT DESCRIPTION

Sequence

While Units 1 and 2 were both at 100% power, DG 22 cooling-water
pump (DCLP) was out of service for scheduled maintenance. At 0848 h
during the daily test of DCLP 12, a water hose ruptured, rendering both
DGs unavailable. A station shutdown was begun. At 1008 h, DG opera-
bility was restored, and the units returned to full powe r operation.
The two DGs serve both Units 1 and 2.

Corrective Action

The hose was replaced.

Plant / Event Data

Systems Involved:
Emergency power

Components and Failure Modes Involved:
DG water hose - failed in test
DGLP - was out for maintenance

Component Unavailability Duration: 1.25 h
Plant Operating Mode: 1 (100% pover)
Discovery Method: Testing
Reactor Age: 13.0 and 11.9 years, respectively
Plant Type: PWR

Comment s

Both units were affected because they share the same DG. Due to

the heavy heat load imposed during full-load conditions, the con-
servative assumption is that the EPS would be failed in a LOOP.

Event Identifier: 282/86-011
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MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

Postulated LOOP Base case nonrecovery

Branches Impacted and Branch Nonrecovery Estimate

EPS 1. 0 Not readily recoverable

Planc Models Utilized

PWR plant Class B

l

I
|

!

I

l

Event Identifier: 282/86-011
.
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004Dli10NAL CORE DAMA6E PROBABillif CALCULAT10h6

Event identifier: 282/86011
Event Description: Energency Power Systra Unavailability

fvent Date: 12/27/86

Plant Prairie Island i

UN4VAILAllL11Y. DURATION: 1.25

NON-RECOVERABLE !NITI ATIN6 EYENT PROBABilli!ES

LOOP 2.2E-06

SE9UENCE COND1110NAL PR06AlltifY SUMS

End State / Initiator Probbility

CV

LOOP 1.lE 09

Total 1.lt 08

~

CD

LOOP A.0E-08

fotal 4.0E 06

ATuS

LOOP 0.0E+00

Total 0.0E+00

DOMINANT SEQUENCES

End States CV Conditional Probability: 1.ll08

217 LOOP -RTILOOP EMER6. POWER -MW/EMER6.PONER -PORV.0R.SRV.CHALL $$.RELEAS. TERM

End States CD Conditional Probability: 3.8E 06

218 LOOP -RTILOOP EMER6.P0utR MulEMER6. POWER

SE9UENCECOND1110NALPROBallLiilES

i

Event identifier: 282/B6-011
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Sequence End itate Prob N RecH

215 LOOP -RT/ LOOP EMER6. POWER -W W/EMER6.PCWER PORV.0R.SRV.CHALLCY 4.4E-10 1.3E41
-PORV.OR.SRV.RESE47/EMER6. POWER SS.RELEAS.fERM

216 LOOP RT/LDOP EMER6. POWER -WW/EMER6.PCWER PORY.0R.SRV.CHALLCD 1.9E49 3.9E41
PORY.0R.SRV.RESE AT/EMER6. POWER

217 LOOP -RT/ LOOP EMER6. POWER -WW/EMER6. POWER PORV.0R.SRV.CHALLCV 1.lE46 e 1.3E41
SS.RELEAS. TERM

218 LOOP -RT/ LOOP EMERS.P0eER MW/EMER6. POWER CD 3.BE48 4 1.3E41

e desinant sequence for end state
te non-recevery credit for edited cast

Note For unavailabilities, conditional prchability Yalues are differentill values thich reflect the
added risk due to failures associated with an event. Parenthetitel values indicate a reduction in risk
ccapared to a siellar period without the esisting f ailures.

SE0VENCE M00EL: c \ asp \neseodel\parbtree.cep
BRANCH RODEL: c \ asp \neseodel\praislan.txt
PROBABILiffFILE: c \ asp \newoodel\pwr,b. pro

No Recovery Lisit

BRANCHFRE90ENCIES/FR09Al!LITIES

Branch Systen Non Rscov OprFall

IRANS 4.8E44 1.0E+00
LOOP 4.6E46 3.9E41

. LOCA 2.4E46 4.3E41'

RT 2.BE44 1.2E41
RT/LDOP 0.0E40 1.0E40
EMER6.PCWER 2.9E43 ) 1.0E+00 8.M41 > 1.M+00

Branch Medel 1.0F.2
train 1 Cond aron 5.0E42 ) Unavailable
irsin 2 Cood h obs 5.7E42 ) Unavailable

MW l.3E-03 2.6E41
Mb/EMER6.PCutR 5.0E-02 3.4E41
MFW !.9E41 3.4E-01
PORY.0R.SRV.CHALL 4.0E42 1.0E+00
PORV.0R.SRV. RESEAT 2.0E42 5.0E42
PORV.0R.5RV. RESEAT /EMERS. POWER 2.0E42 1.0E+00
SS.RELEAS.iERM 1.5E42 3.4E41
S3.RELEAS. TERM / MFW l.5E42 3.4E41
HPI 1.0E43 8.4E-01
HPI(F/8) 1.0E43 B.4E41 4.M42
HPR/HPI 1.5E44 1.0E+00 4.0E42
PORV.0 FEN 1.0E42 1.M+00
SS.MPRESS 3.6E42 1.0E+00,

Event identifier: 282/96 4 11
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COND/MFW l.0(+00 3.4E-01

LPl/HPI 1.5E-04 3.4E-01

LPR/-HPl.HPR 6.7E-01 1.0E+00

LPR/dPl 1.5E-04 1.0(+00

e branch sciel file
et forced

Austin
0911-1987
12:21:19

Event Identifier: 282/96-011

D-81



. _ . . _ _ _ _ _ ._.

PRECURSOR DESCRIPTION SHEET

1.ER No.: 285/86-001
Event Description: Trip occurs, and automatic depressurization and

turbine bypass sytem fails to open
Date of Event: July 2, 1986
Plant Ft. Calhoun

IVENT DESCRIPTION

Sequence

At 0534 h, during normal operation while the reactor was at 100%
power, an instrument inverter trouble alarm was received in the control
room. Control room operators quickly diagnosed a failed instrument
inverter feeding bus AI-40A. They dispatched an equipment operator to
the switchgear room to reenergize the bus manually by closing the
breaker on a bypass transformer also feeding bus AI-40A. The inverter :
failure placed the RPS in a half-trip condition because the RPS operates
on a two-out-of-four logic and the failed inverter was one of four
feeding the independent channels of the RPS. About 10 s after the :

inverter failure, a reactor trip occurred when a second channel trip was '

received on the SG B low-level trip unit. '

Several unusual transients were noted in the moments following the
trip:

1. RCS pressure increased to ~2400 psia for a short period of time.
This caused PORVs to be actuated.

2. SC pressure increased to the set point of the secondary safety
valves, causing them to be actuated.

3. Overfeeding the SG resulted in abnormally high level and subsequent
overcooling of the primary system. As a result, RCS pressure
decreased to a low of ~1725 psia. The overfeeding occurred because
the main feed regulating valves failed to ramp down; the failure was

i due to loss of power to a relay when the inverter failed.
4 Steam dump and bypass valves could not be opened because the in-

verter power was lost to their controllers as well as to a relay
that causes the dump valve to open.

; 5. The operating charging pump stopped, and the two backup pumps could
not be started because of loss of inverter power to the relay that

|
,

| controls the backup pump's operations. Although the operating pump '

should not have stopped, for an unknown reason it did.i

,

Within 1 min of the reactor trip, the equipment operator had
reenergized the lost ins t rument bus, and control room operators w re
soon able to reatore the plant to normal shutdown condition.

t

!

Event Identifier: 285/86-001

D-82
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A diagnosis of the information revealed the following. The deener-
gized instrument bus AI-40A supplies power to electrohydraulic-control
panel AI-50 with no alternate powe r. A turbine first-stage pressure
transmitter that sends a signal to the e le c t rohyd raulic-cont rol load-
control circuitry is powered f rom AI-50. Loss of power caused a loss of
signal to the load-control unit, resulting in the turbine control valves
closing without a reactor trip. This explains the high pressure seen in
the primary system and the low SG level earlier in the transient.

Corrective Ac tion

Modification was made to the bus and inverter powe r transfer
controls to provide backup power.

Plant / Event Data

Systems Involved:
Atmospheric steam dump, turbine bypass, charging, and electrical

Components and Failure Modes Insolved:
Inverter -- f ailed in operation
Au tomatic depressurization and turbine bypass sys t em -- failed on

demand
Charging -- f ailed in operation

Component Unavailability Duration:
Plant Operating Mode: 1 (100% power)
Discovery Method: Operational event
Reactor Age: 12.9 years

|
Plant Type: PWR

Comme nt s

None

MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

Transient 1.0 No recovery

Branches Impacted and Branch Nonrecovery Estimate

SS depressuri- 0.34 Recoverable locally at the valves
zation

Plant Models Utilized

PL'R plant Class G ,

Event Identifier: 285/86-001
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CONelf!0WL CORE DMA8E PR06AllLITY CALCULAi!0h5

Event Identifier: 285/86 001
Event Description: Trip and ADS /TDS/ Falls to Open
EventDate 7/2/86
Plant: Fort Calhoun

INITIATIN6 EVENT

NON-REC 0VERABLE INITIATIN6 EVENT PRCHBilli!ES

TRMS 1.0E+00

SE0VENCE CONDifl0NAL PROBABILITY SUMS

End Statellnitiator Probability

CV

TRMS !.5E46

Total 1.5E 06

CD

TRMS 4.!E 05

Total 4.IE45

ATNS

i IRMS 3.4E45

Total 3.4E45

DOMIENT SE9VENCES

End States CV Conditional Probability: 1.3E46

101 TRM S Ri -AFN PORV.0R.SRV.CHALL -PORV.0R.SRV. RESEAT SS.RELEAS. TERM HPl

I
End States CD Conditional Prendility: 4.0E45

102 TRMS RT -AFN PORV.0R.SRV.CHALL PDRV.0R.SRV. RESEAT HP! HPR/ HP!

End State: ATNS Conditional PrOdility: 3.4E-05

Eventidentillers 285/86 4 01
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|

121 TRANS Ri

SEDUENCE CONDITIONAL PROBABILITIES

Sequence EndState Pron IIReces

101 TRANS -RT -AFW PORV.0R.SRV.CHALL -PORV.OR.SRV. RESEAT SS.RELE CV l.3E 06 + 2.9E 01

AS. TERM HPI

102 TRANS -RT -AFW PORV.OR.SRV. THALL PORV.0R.SRV. RESEAT HP! HP CD 4.CE 05 e 5.0E 02

R/-HPl

115 1RANS RT AFW MFW -HP!lF/B) kPR/-HP! -SS.0EPRESS -COND/MFW CV 1.1E-07 3.9E-02

118 TRANS -RT AFW MFW HPitF/B) -SS. DEPRESS -COND/MFW CV 1.2E 07 3.2E 02

121 TRANS RT ATWS 3.4E 05 e 1.2E-01

e desinant tenuence for end State
** non-recovery credit for edited case

SEQUENCE MODEL: c \ asp \nevoedel\pargtree.cep

BRANCH MODEL: c:\ asp \nene: del \calhcun. tit

PROBAllLliYFILE: c Taip\neseodelicar.b. pro

ho Recovery Lisit

BRAN 0H FREGUENCIES/PROBAllLITIES

Branch Systen N:n-Recov Opr Fall

TRANS 4,8E-04 1.0E+00

LOOP 4.6E-06 3.9E-01

LOCA 2.4E 06 4.3E-01

RT 2.8E 04 1.2E 01

RT/ LOOP 0.0E+00 1.0E+00

EMERS.P0eER 5.4E 04 8.0E-01

AFW 3.EE-04 2.6E 01

AFulERIP6. POWER 5.(E 02 3.4E-01

RFW 2.0E-01 3.4E-01

PORV.0R.SFY. THALL 4.0E-02 ) 1.0E+00 ** 1.0E+00

Branch Modelt 1.CF.1
Tra:n 1 CongFroti 4.0E-02

PORV.OR.SRV.EESEAT 2.0E-02 5.0E-02

PORV.0R.SRV. RESEAT /ERERS. POWER 2.0E 02 1.0C+00

SS.PELEAS. TERM 1.5E 02 3.4E 01

SS.RELEAS.1ERM/-RFW l.5E-02 3.4E-01

$$. DEPRESS 3.6E-02 ) 1.0E+00 1.0E+00 > 3.4E-01

Branch Podel 1.0F.!
Train ! Cend Preb 3.6E 02 ) Falles

COnD/MFW l.0E+00 3.4E-01

HP! 3.0E-04 8.4E-01

HPitF/B1 3.0E 04 8.4E-01 4.0E-02

Event Identifier: 285/86-001
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PORV.OPEN 1.0E-02 1.Cf+00
WR/-HPI 1.5E-04 1.((+00
CSR 2.0E 03 3.4E-01

e branch endel file
** forced

Austin
09 11-1987

12:25:00

|

I

!
|

|

!

:

Event Identifier 285/86-001
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PRECURSOR DESCRIPTION SHEET

LER No.: 293/86-027
Event Description: LOOP occurs lue to winter storm
Date of Event: November 19, 1986
Plant: Pilgrim 1

EVENT DESCRIPTION

Sequence

While the reactor was shut down for refueling, an arcing of the
high-voltage lines due to locally heavy ice and snow occurred a. 0819 h
during a severe winter storm. A loss of of f site power occurted when

both transmission lines tripped off due to near-simultaneously detected
faults. All safety systems responded as designed. Of f site powe r was
restored at 1015 h when the two lines were reenergized. By 1128 h the
switchyard was restored to service.

Corrective Action

An inspection revealed no damage to any system.

Plant / Event Data

Systens Involved:
Electrical

Components and Failure Modes Involved:
Of f site power -- f ailed in operation

Component Unavailability Duration: NA

Plant Operating Mode: 6 (0% power)
Discovery Method: Operational
Reactor Age: 14.4 years
Plant Type: BWR

Comme nt s

Given the circumstances, this event could have occurred at full
power and is analyzed on this basis.

Event Identifier: 293/86-027

D-87
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MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

LOOP 0.12 Backup power source available

Branches Impacted and Branch Nonrecovery Estimate

None

Plant Models Utilized

BWR plant Class C

i

Event Identifier: 293/86-027
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CO@lTICN/t CNi tv64E F@i41LITY CALCULATICf6

EventIdentifier: 293/86-027
Event Incription LOOP tue to Winter Stcra

Event Dates !!/19/66
Plant: Pitgris 1

INITIAT! T EN U T

NON-RECtrUARE INITIATING ENUT FfCI4!LITIES

1.2E-01
LOOP

EEQUEE CCNDITICNAL FEE 4ILITY SLHS

Probability
End State / Initiator

CV

3.X-(4
LOOP

3'
Total

CD

7.7E-(4
LOOP

7.7E-06
Total

ATWS

2 '3"C0
LOOF

2'N
Tetal

totIVAT EEQUEGS

Er.d States CV
Conditiccal Frobability: 3.2E-06

LOOP -DERG.FOER SCFM -SLC.OR. RODS HFCI it!C/TFANS.0R. LOOP -SEV. ADS -LFCS -fM(SX)226

End State CD
Conditional Frotability: 5.6E44

201 LOT -DERS.FOER -SCRM SRY.Chu./ LOOP.-SCF14 SFV.CLOSE -WCl F4(SX) F$ (SFC00.)/-
LFt!.F$(SX1 C.I . AC.V/F3(Std .F$(SFN

End State: ATWS
Conditicr.a1 Frotablitty: 2.lE-M

E s t Identifier: 293/B6-027 'h
[h
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_ _ - _ _ - _ _ _ _ _ _ - _ _ - _ - _ _ - _

240 LOOP -EMER3.F0WER SCFM SLC.OR.R0:5

SE0TNCE CCtCITICWL FROMl!LITIES

Sequence End State Frob N Reces

201 LOOP -EMER3. POWER -SCFM SRV.CM.L/ LOOP.-SCFM -5V.CLOSE -WCD 5.6E-06 e 1.4E-02
C! M (S!C) M(SFC00L)/-LPCI.M(SIC) C.I .MD.V/M(SD
C) .RHR(SFC00L)

2(6 LOT -EMER3.FGER -SCFM SRV.CHALL/ LOOP.-SCFM -SRV.CLOSE WCD 2.1E-07 4.242
CI RCIC/TRANS.0R. LOOP CRD SRV. ADS

215 LOOP -EMER6.FMR -SCRM SRY.CHALL/LOCP.-SCFM SRV.CLCSE 'FCD 1.4E-06 6.M42
CI RCIC/LOCA CRV. ADS

226 LOCF -EEG.FGER SCFM -SLC.0R.RCIS WCI RCIC/Md.0R.L00 CV 3.N-(6 + 5.EC-02
P -SRV. ADS -LFCS -M(SIC)

240 LOOP -E* ERG.FSER SCFM SLC.0R. ROC 6 ATWS 2.1E-06 e 1.X-01
243 LOOP EMERS. POWER -SCFM SEV.CHALL/ LOOP.-SCFM -SRV.CLOSE WCD 2.X47 4.442

Cl Rt!C/lFMS.%. LOOP
."*s0 LOOP EMERS.FGER SCM9 ATWS 9.6E43 9.6E-02

* d:eine t senence for end state
** non-recestry credit for edited case

SEQUENCE C CL c:\as;\ne=sade1\tectree.ca;
UA'CH E fL: c:\atp\neasodel\pilgris.txt
FEM 5!LITT FILE: c :\as;\newmode1 \ta ,c. pro

No Re:every L1 sit

EF#CH FRE01'CIES/FEMHLITIES

Irech Systes Non-Recov Opr Fail

TFMS 8.6E-04 1.CC+00
LOOF !.7E-05 ) 1 X-05 3.2E-01 > 1.X -01

Icech P.:x!el: Ih! TOR
Initiater Freq: 1.7E45

LOCA 3.X-06 5.0E-01
SCFM 3.!E44 1.((+00
SL * 0R.R*.45 1.0E-0: 1.0E+00 4.0E42
FtS/TMNS 1.7E-01 1.(C+C0
Fts/LOCA 1.0E+00 1.C(+00
SFV,CHALL/TFMS.-SCFM ! .CC+C0 1.0E+00
SRV.CntL/TFMS. SCRAM 1.0E+C0 1((+00
SRv.Chu /LOCF .-SCFM 1.0E G 1.0E40
SFN.M.ULOOP.S*>M ! .({40 1.0E @
SRV.CLO:E 1 X-0 1.C(40
EFfR!J%9 2.9E-03 6.X-01

3 Ei rt 7: 20/H-0:7

y "
D-90,
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _ - _ - _ _ _ _ _ _ _ _-__________ __

FW/ftS.TFMS 2.9E-01 3.4E-01

FW/FCS.LOCA 4.((-02 3.4E-01

WCI 2.9E-02 7.0E41

RCIC/TFMS.0R. LOOP 6.CC 02 7.C(-01

RCIC/LOCA 1.((+00 1.((+00

CRD 1.0E42 1.0E+00 4.0E-02

SRV. ADS 3.7E-03 7.1E-01 4.0(-02

COND/FW.FtS 1.0E+00 3.4E-01

LPCS 3.0E-03 3.4E-01

LFC!(H)/UCS 1.CC-03 7.!E-01

HSW/LFCS.Uti.TFMS 5.0E-01 1.0E+00 4.0E-02

MSW/ LFTS.UCI. LOT 5.((-01 1.C(+00 4.(C-02 '

M SW/LPCS.LPCI.LOCA 5.0E-01 1.0E+00 4.0E-02

| H(SIC) 2.1E-02 3.4E-01

| H(SCC)/-LPCI 2.0E-02 3.4E-01

H(StC)IUt! 1.(C+00 1.0E+00

M(SPC00L)/-LPCI .H(SEC) 2.0E-02 1.0E+00

M(SFt00L)/Ut!.H(S:C) 5.2E-01 1.((+00

C.I.AND.V/F$(S:C) .FM(SPC00L) 1.0E+00 3.4E-01

* branch nodel file
en forced

Minarick '

02-24-1983

12:08:17

F l

!

1 |

;
Event Identifier: 293/66-027
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PRECURSOR DESCRIPTION SHEET

:

LER No.: 301/86-004
Event Description: MSIVs fail to close on demand
Date of Event: September 28, 1986
Plant: Point Beach 2

EVERT DESCRIPTION

Sequence

The MSIVs had been in the open position since December 31, 1985.
After that time. Unit 2 operated normally at full power with one runback
and several power reductions requested by the powe r supply. The unit
wra shut down for refueling on September 27, 1986. On September 28, the
reactor operator tried to shut the MSIVs f rom the control room. When

,

the MSIVs did not shut, an operator was sent to the valves to close them
ma nu ally. They were closed manually by the operator applying force to
the operating arm of each valve. It should also be noted that the
nonreturn valves also did not close under the no-flow conditions. The
manual force needed to closs the nonreturn valves was <7 ft-lb. This
amount of force is minimal compared with the closing force that would
have been applied to the valves if a reverse-steam-flow condition had
occurred. The re f o re , the conclusion is that the nonreturn valves would
have closed under these circumstances.

Corrective Action

The immediate corrective action was to close the valves manually.
The valves will be disassembled and inspected to determine the cause of
the failure. Once the cause is determined, the valves will be repaired
and tested.

Plant / Event Data

Systems Involved
Main steam isolation system -

Components and Failure Modes Involved:
; MSIVs -- f ailed to close on demand

Component Unavailability Duration: 4. 5 months assumed
Plant Operating Mode: 5 (cold shutdown going to refueling),

Discovery Hethod: Operational event1

Reactor Age: 14.3 years
Plant Type: PWR

Event Identifier: 301/86-004
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Comme nt s

None

MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

Postulated SLB Ease case nonrecovery

Branches Impacted and Branch Nonrecovery Estimate

SG isolation 1. 0 Not considered recoverable in short
term following the postulated SLB
initiation

Plant Models Utilized

PWR plant Class E

Event Identifier: 301/86-004
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CONOlf!04ALCORECAMA6EPR0lalltifyCALCULATIONt

Event Identifier: 301/64004
(vent Description: R$!Vs Fall to Close en Desand
(vent Date 9/29/84

WAVAILAl!Llif. DUR4i!0N= 3240

NON RfCOVERAILE INIT]ATING [V(41 PROBAl!Llf!El

SLI 3.6E44

SEQUENCE C0aDli!0NAL PROSAl!Llif SW S

End State / Initiator Pronability

CD

$LI 4.lE-07

Total 4.lt47

Ate $

$LI 0.0E40

Total 0.0t+00

DOMINANT SEGLENCES

Ind States CD Conditional Pretaillitv 3.0(47

106 $LD Ri Ril.$1 !$0 -AFW -HPl REQ.lA.AODifl0N

SE90ENCE COND!il0NAL PR06AllL!!!"S

$ttuentt EndState Prob N RetH

105 SLI -RT REO.53 lSO -AFW MP14tG.lA. AtDif!DN PCRV.0 FEN.DUE. CD 7.lE46 5.6t41
10.HP! PORV. CLOSURE HPR/-RP!

106 SLI -RT REO.56.153 AFW HPl PIO lA. addit!04 CD 3.0147 e 1.0E40
107 $LS RT REG.56.lSO AFW H'1 CD 1.9E47 5.2t 01

e doeinant netwente for end state
H non-recovery tradit for edited tale

Event Identifier: 301/8640a
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_ - _ _ _ - _ _ - - _ _ _ . _ _ _

Note For unavailabilities, conditional pro 6 anility valses are differential values which reflect the

added risk due to f ailures associated eith an event. Parenthetical values indicate a reduction in risk
toepared to a stellar period eithout the entiting f ailures.

ROML: c \ asp \nessedel\parbeslb. tit

MTA

No Recovery Lielt

MAleCHFNOVENCitl/ PROM 81L!!!!$

kanth listen Non Recov Opr Fail

SL) 1.lt07 1.M+00

RT 2.H-04 1.2E 01

RER.M.150 6.4t 04 > 1.0t+00 1.M +00

kanth Rodels 1.0F.!
Train 1 Cond Prot 6.4t-04) Failed

AFN 1.M-03 2.7E01

HPl 1.M 03 5.21-01

NPl(F/3) 1.M 03 5.21 01 4. M 02

MPR/-HP! 3.M 03 5.6E 01 4.M-02

PORV.0MN 1.M 02 1.M+00

M0.M. ADD!i104 0.3t04 1. M +00

PORV.0 PEN.DUE.10.HP! 1.0E01 1.M+00

PORV.CLO$UM 6.M 03 1.M+00

*** f orced

Austin
01 11 1967 |

13:41:35

tweet identifier: 301/86-004
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PRECURSOR DESCRIPTION SHEET

LER No.: 318/86-006
Event Description: Trip occurs, and one atmospheric dump valve

fails to close
Date of Event: September 5, 1986
Planta Calvert Clif f s 2

EVERI DESCRIPTION

Svquence

While the reactor was at 100% power, a surge capacitor in the 21A
RCP failed and shorted to ground. The RCP tripped off, which led to en
automatic reactor trip on low flow.

The cooldown rate was faster than expected because an atmospheric
steam duop valve was stuck open. It was closed manually after 22 min.

Corrective Action

The solenoid valve associated with the atmospheric dump valve was
found to be leaking high pressure air by its seats. The solenoid valvematerials were replaced.

Plant / Event Data

Systems Involved:
RCS and atmospheric steam dump

Components and Failure Modes Involved:
RCP -- f ailed in operati',-n
Atmospheric steam dump valve -- f ailed to close on demand

Component Unavailability Duration: NA
Plant Operating Mode: 1 (100% power)
Discovery Method Operational event
Reactor Aget 9.8 years
Plant Type PWR

Comment s
,

None

1

|

!

!

Event Identifier: 318/86-006
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t
t

I

MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate
;

Transient 1.0 Nonrecoverable
t

Branches Impacted and 6tanch Nonrecove y Estimate

i SS release 1. 0 Atmospheric dump valve f ailed to close
terminated f rom control room and is not closed

'

locally for 22 min

Plant Models Utilized
i

NR plant Class G

.

I

:

i

|

*

.'

t
,

|

!-

|
7

|.

;

i

l

Event Identifier: 318/86-006 ;
t
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C M lfl0W4L C W Donelt PR00&Illlif CAltut4t! M

tvet Identifier: 31G/644M
twent leuription: Trip ar.d One All valve Falls to Close
tvent late 9/l/66
Ploet Calvert Clifis 2

INIT!4fl4 EVENT

N0;d RICOVERAtLE lulf!4114 Ivitt PROMilLlitti

TR28
1.M+00

IlluthCI CMll!044L PROMI!Liff SUR$

tad Statt/ Initiator Pro 6dility
i

CV

TRet 2.M44

istal 2.M44 -

C8
,

TRh8 1.M M
t

intal 1.It46

Afst
,
.

Ithi 3.4t45

intal 3.4t05 i

80R!nent ltlutnCil
.

EndState CV Ceditional Pro 6dility: 2.4(44
!

104 TRANI Ri AFs PORY.0R.lRV. CAL ll.Rittal.itRM HPI !

IndStates C8 Cadittp:1 Protabilltri 1.6(46

i

102 Thel -RT 4ru PORV.0R.lRV.CRL PORV.08.pV.Ritt41 MPI MPR/-HP!

Enditste Afsl Coeditional Protabilitti 3.4t45 '

i

f

(mt Idetifier: 318166 4 % '
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121 TRMS RT

SE9UENCE CONDli10NAL PROBABILillES

End State Prob N Recte
Sequence

101 TRMS -RT -AFW PORV.0R.SRV.CHALL PORV.0R.SRV.RE:.Af SS.RELE
CV 1.0E-05 8,4E-01

AS. TERM HP1

102 TRANS -RT -AFW FORV.0R.SRV.CHALL PORV.0R.5RV.REE"
nPI HP CD 1.6E-06 * 5.0E-02

R/-HP!

104 TR MS -RT -AFW -PORV.0R.SRV.CHALL SS.RELEAS. TERM HPI
CV 2.4E-04 * 9,4E-01

!!6 TPMS -RT AFW MFW -HPliF/B) HPR/-HP1 -SS. DEPRESS C0HD/MFW
CD 8.!E-00 3.0E-02

119 1RMS -RT AFW MFW HPI(F/B) -SS. DEPRESS COND/MFW
CD 8.9E-08 2.5E-02

ATWS 3.4E-05 4 1.2E-01
121 TRANS Ri

* desinant secuence for end state
et non-recovery credit for edited case

|

SEQUENCE MODEL: c \ asp \newoodel\pwrgtree. cop

BR MCH MODEL: c \ ssp \newoodel\calvert.txt

PROBABillif FILE: c \ asp \newoodel\ cur.b. pro

No Recovery Lisit

BRANCHFRE9CENCIES/ PROBABILITIES

Granch
Systes Non-Recov Opr Fall

TRMS 4.BE-04 1.0E+00

LOOP 4.6E-06 3.9Em1

LOCA 2.AE-06 4.3E-01

RT 2.8E-04 1.2E-01

Ri! LOOP 0.0E+00 1.0E+00

EMERS. POWER 5.4E-04 8.0E-01

AFW 3.6E-04 2.6E 01

AFWlEMERS. POWER 5.0E-02 3.4E-01

MFW 2.0E-01 3.4E-01

PORV.OR.SRV.CHALL 4.0E-02 1.0E+00

PORV.OR,SRV. RESEAT 2.0E-02 5.0E-02

PORV.0P.SAV,RfSEAT/EMERS. POWER 2.0E-02 1.0E+00

SS.RELEAS.iER4 1.5E-02 > !.0E+00 3.4E-01 ) 1.0E+00

Branch Model 1.0F.1

frain 1 Cond Prob 1.5E-02 ) Failed

SS.RELEAS. TERM / MFW l.5E 02 3.4E-0!

SS. DEPRESS 3.6E 02 1.0E+00

000/MFW 1.0E+00 3.4E 01

HPl 3.0E-04 8.4E-01

HPitF/8) 3.0E-04 8.4E-01 4.0E-02

PORV.0 PEN 1.0E-02 1.0E+00

Event identifier: 318/86-006
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HPR/-HPl 1.5E-04
CSR

1.0E+00
2.0E-03 3.4E-01

e branch sedel file
n forced

Austin
09 11-1987

12:32:37

Event identillers 318/86-006

D-100



PRECURSOR DESCRIPTION SHEET

LER No.: 341/86-048
Event Description: RCIC and HPCI are unavailable
Date of Event: December 24, 1986
Plant: Fermi 2

EVENT DESCRIPTION

Sequence

At 1015 h on December 26. 1986, Fe rmi 2 was operating at 920 psig,
530*F, and 8% reactor power. Jetween 1248 h on December 24 and 1550 h

,

on December 26, calibration activities fer an RCIC system header flow
channel resulted in two occurrences of the RCIC system being

| instrument

| declared inoperable. The second occurrence resulted in only slightly
degraded flow capability. Durin" these occurrences, the HPCI system was
also inoperable. The HPCI systen had been inoperable for a scheduled
system outage since 1755 h on December 23, 1986.

Corrective Action

RCIC was recalibrated and restored to service

Plant / Event Data

Sys tems Involved:
RCIC and HPCI

Components and Failure Modes Involved:
RCIC -- made unavailable
HPCI - made unavailable

Component Unavailability Duration: 4.5 h
Plant Operating Mode: 2 (5% power)
Discovery Method: Testing
Reactor Age: 1.5 years .

Plant Type: BWR

Comment s

The reason for HPCI unavailability on De cembe r 26, 1986, is not

given. The assumption is that it could not be readily recovered for
duty.

Event Identifier: 341/86-048
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MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

Postulated transient Base case nonrecovery
Postulated LOOP Base case nonrecovery
Postulated LOCA Base case nonrecovery

Branches Impacted and Branch Nonrecovery Estina tge

HPCI 1. 0 No recovery assumed possible
RCIC 0.12 Recoverable in the control room
Plant Models Utilized

BWR plant Class C

:

i

,

I

.

I
1

l

!

Event Identifier: 341/86-048

D-102.

,

1

':
I

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



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

CONDITIGNAL CORE DAMAGE PROSABILITT CALCULATIONS

Event Identifier: 341/86-048
Event Descriptions ifC1/RCIC Are Unavailable

Event Date: 12/24/06

Plants ferai 2

UNAVAILABILITT, DURATION = 4.5

NON-RECOVEFARE INITIATING EVENT F1t0BABILITIES

3.9E-03
TRANS

2.4E-05
LOOP

7.4E-06
LOCA

SEGUENCE CONDITIONAL FfCBABILITT SLMS

Probability
End State / Initiator

G
.

t

7.2E-09
TRANS

9.3E-10
LOOP

7.8E-10
LOCA

8.H
Total

CD

4.9E-07
TRANS

5.8E-08
LOOP

1.(E-07
LOCA

6,5E-07
Total i

ATWS

0.0E+00
TRANS

0.0E+00
LOOP

0.0E+00
LOCA

0.0E+00
Total

DOMINANT SE7JENCES

End States CV
Conditional Probability: 2.4E-09

,

Event Identifier: 341/86-049

D-103
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134
TRANS SCM9 -SLC.0R. RODS PCS/TRANS -SRV.CLOSE FW/FCS.TRANS WCl RCIC/TRMS.0R. LOOP -
SRV. ADS -COND/FW.PCS -RHR(SEC)

End State: CD Conditional Probability: 4.6E-07

119 TRANS -SCRAM PCS/TMNS SRV.CHALL/TPANS.-SCRAM SRY.CLOSE FW/FCS.LOCA WCI RCIC/LOCA
SRV.AI6

SEQtENCE CONDITIONAL PROSABILITIES

Secuence End State Prob N Rece+

!!0 TRANS -SCFM PCS/TRANS SRV.CHALL/TMNS.-SCFM -SRV.CLOSE FWCD 2.5E-08 2.9E-02
/FCS.TRANS HFCI RCIC/TRANS.0R.LOCP CRD SRY. ADS

119 TFAS -SCFM PCS/TRANS SRV.CHALL/TRANS.-SCRAM SRV.CLOSE FWCD 4.6E-97 + 2.4E-01
/PCS.LOCA HFCI RCIC/LOCA S V. ADS

134 TFAS SCRAM -SLC.0R. RODS PCS/TRANS -SRV.CLOSE FW/FCS.TRANSCV 2.4E-09 + 2.7E-02
HPCI RCIC/T MNS.0R. LOOP -SRV. ADS -COND/FW.PCS -RHR(SDC)

138 TRANS SCFM -SLC.0R. RODS FCS/TRANS -SRV.CLOSE FW/FCS.TMNSCV 1.2E-09 1.4E-02
HFCI RCIC/TFM5.0R. LOOP -SRV. ADS COND/FW.PCS -LFCS -RHR(
SCC)

155 TMNS SCM9 -SLC.0R. RODS PCS/TfMS SRV.CLOSE FW/FCS.LOCACV 2.3E-09 2.2E-01
WCI RCIC/LOCA -SRY. ADS -COND/FW.PCS -RW(SDC)

159 TRANS SCRAM -SLC.0R. RODS FCS/TRANS SRV.CLOSE FW/FCS.LOCACV 1.2E-09 1.1E-01
HFCI RCIC/LOCA -SRV. ADS COND/FW.PCS -LPCS -RHR(SDC)

215 LOOP -EMERG. POWER -SCRAM SRV.CHALL/ LOOP.-SCfM SRV.CLOSE HPCD 5.1E-00 2.3E-01
CI RCIC/LOCA SRV. ADS

226 LOOP -EMERG.FCWER SCFAM -SLC 0R. RODS HPCI Rt!C/TfMS.0R. LOOCV 9.2E-10 3.BE-02
P -SRV. ADS -LPCS -RHR(SDC)

310 LOCA -SCFM FCS/LOCA FW/FCS.LOCA HFCI RCIC/LOCA SRV.Af6CD 1.0C-07 1.2E-01
314 LOCA SCRAM -SLC.OR. RODS PCS/LOCA FW/FCS.LOCA WCI -SRV. ADSCV 5.!E-10 1.lE-01

-COND/FW.FCS -TeiR(SIC)

318 LOCA SCFM -SLC.OR. RODS FCS/LOCA FW/FCS.LOCA HFCI -SnV. ADSCV 2.6E-10 5.7E-02
COND/FW.FCS -LPCS -RHR(SDC)

e dominant sequence for end state
** non-recovery credit for edited case

Note: for unavailabilities, conditional probability values are differential values which reflect the

added risk due to f ailures associated with an event. Parenthetical values indicate a reduction in risk
compared to a similar geriod without the existing failures.

SEQUENCE MOCE: c:\ asp \nenzodel \bnectree. cap
56ANCH NOIE: c:\ asp \newcodel\ferai.txt
FROBASILITT FILE: c:\ asp \newcodel\bwr c. pro

No Recovery Limit

ERANCH FREQUENCIES /FROBAEILITIES

Event Identifier: 341/B6-048
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Branch Systen Non-Recov Opr Fall

TRANS- 8.6E-04 1.0E+00

LOOP 1.7E-05 3.2E-01

LOCA 3.3E46 5.0E-01

SCf*1 3.5E44 1.0E+00

SLC.OR. RODS' 1.0E-02 1.0E+00 4.0E-02

PCS/TRANS 1.7E-01 1.0E+00

PCS/LOCA 1.0E+00 1.0E+00

SRV.CHALL/TRANS.-SCRAM 1.0E+00 1.0E+00

SRV.CHALL/TRANS. SCRAM 1.0E+00 1.0E+00

SRV.CHALL/ LOOP.-SCRAM 1.(E+00 1.0E+00 ,

SRV.CHALL/ LOOP. SCRAM 1.0E+00 1.0E+00

SRV.CLOSE 5.0E-02 1.0E+00

EfER6. POWER 3.0E44 8.0E-01

FW/PCS.TRANS 4.6E-01 3.4E-01

FW/PCS.LOCA 1.0E+00 3.4E-01
'

ift! 2.9E-02 > 1.0E+00 7.0E-01 > 1.0E+00

franch Model 1.0F.!
Train 1 Cond Frob: 2.9E-02 > Unavailable

RCIC/TRANS.0R. LOOP 6.0E-02 > 1.0E+00 7.0E-01 > 1.2E-01

Iranch Model: 1.0F.1
Train 1 Cond Prob: 6.0E-02 ) Unavailable

RCIC/LOCA 1.(E+00 1.0E+00 ,

CRD 1.0E-02 1.0E+00 4.0E-02

; SRV. ADS 3.7E43 7.1E41 4.0E-02

CONDoli.PCS !.0E+00 3.4E-01
'

LPCS 3.0E-03 3.4E-01 ,

LPCI(RHR)/LPCS 1.0E-03 7.1E41

M SW/LFCS.LPCI.TRANS 5.0E-01 1.0E+00 4.0E-02

| M SW/LPCS.LPCI. LOOP 5.0E-01 1.0E+00 4.0E-02

MSW/LFCS.LFCI.LOCA 5.0E-01 1.CC+00 4.0E-02

M(SCC) 2.1E42 3.4E-01

M(SCC)/-LFCI 2.(C-02 3.4E-01

M(SIC)/LPCI 1.0E+00 1.0E+00

M(SFCOCL)/-LFCI.M(SIC) 2.0E-02 1.0E+00

M(SFC00L)/LPCI.RHR(SDC) 5.2E41 1.0E+00
!

C.I . AND.V/M(SIC) .M(SFC00L) 1.0E+00 3.4E-01

* branch sodel file
++ forced

Minarick
02-24-1989

12:11:30 ;

i

Event ! der.tifier: 341/86-048

,

i
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PRECURSOR DESCRIPTION SHEET

LER No.: 362/86-011
Event Description: Saltwater and CCW systems are unavailable
Date of Event: August 4, 1986
Plant: San Onofre 3

EVENT DESCRIPTION
,

Sequence

At 1550 h saltwater cooling flow through the train A CCW heat
exchanger decreased as a result of fouling with marine growth. The
fouling was below the postulated design-basis flow rate required for
removal of CCW het.t loads, and thus the exchanges was declared
inoperable. At this time train B was operating with reverse saltwater
cooling flow to remove similar fouling. Because there are only two
saltwater cooling trains (two pumps per train), CCW water cooling flow
was available. At 1605 h, operators commenced realignment of train B -
CCW heat-exchanger flow to the normal direction to return one train of
CCW to its design configuration and thereby restore heat-removal
capability of that train. Both trains of the saltwater cooling system
were considered inoperable until the realignment was complete.

Corrective Action
4

Train B saltwater cooling system was returned to operable status at
1635 h. Operating procedures will be revised to minimize the effect of
marine fouling on the operability of the SWC system.

Plant / Event Data

Systems Involved:
Essential raw cooling water system and CCW system

Components and Failure Modes Involved:
CCW heat exchangers - degraded in operation

Component Unavailability Duration: 45 min
Plant Operating Mode: 1 (100% power)
Discovery Methed- Operational event
Reactor Age: 3.0 years
Plant Type: PWR

Event Identifier: 362/86-011
3

D-106
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1

.

Comme nts

The inoperable coding systems normally removed heat loads from the
HPI, LPI, and CSR system pumps. These systems were assumed inoperable
during unavailability of their cooling systems.

MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

Postulated transient Base case nonrecovery

Postulated LOOP Base case nonrecovery

Postulated LOCA Base case nonrecovery

Branches Impacted and Branch Nonrecovery Estimate
'

! HPI 0.34 One train of saltwater cooling re-
coverable locally with realignment

LPI 0.34 One train of saltwater cooling re-
coverable locally with realignment

CSR 0.34 One train of saltwater cooling re-

coverable locally with realignment

<Plant Models Utilized

PWR plant Class G

Event Identifier: 362/86-011
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COND!!!DNAL CORE DAMA6E PROBABILITY CALCULATIONS

Event Identifier: 362/86-0!!
Event Description: Salt and Component Cooling Water Systeet Are Unavailable
Event Date: B/4/86
Plant San Onofre 3

UNAVAILABILITY DURAil0Ns .75

NON-RECOVERABLE INIT!ATING EVENT PROBA8ILITIES

TRANS 3.6E-04
LOOP !.3E-06
LOCA 7.7E-07

SEQUENCE COND!i!0NAL PROBAllLliY SUMS

End State / Initiator Probability

CV

TRANS 6.2E-07
.

LOOP 2.3E-09
LOCA ( l.0E-12 )

Total 6.3E-07

CD

TRANS 4.7E-09
LOOP 1.8E 11
LOCA 2.5E-07

Total 2.6E-07

AiuS

i TRANS 0.0E+00
| LODP 0.0E+00'

LOCA 0.0E+00

Total 0.0E+00

DOMINANTSEGUENCES

End State: CV Conditional Probability: 6.0E-07

!

Event identifier: 362/86-011

D-108 A
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104 TRANS -RT -AFW -PORV.0R.SRV.CHALL SS.RELEAS.iERM HPI

EndStatei CD Conditional Probability: 2.6E 07

302 LOCA -RT AFW HPI

SEWENCECONDITIONALPROBABILITIES

Sequence End State Prob N Recte

101 TRANS -Ri -AFW PORV.0R.SRV.CHALL -PORV.0R.SRV. RESEAT SS.RELECV 2.5E-08 1.2E-01

AS.1ERM HPI

104 TRANS -RT -AFW -PORV.0R.SRY.CHALL SS.RELEAS.iERM HP1 CV 6.0E-07 * 1.2E-01

302 LOCA -RT -AFW HP! CD 2.6E-07 * 1.5E-01

* doeinant sequence for end state

,

** non-recovery credit for edited case

l
i Note For unavailabilities, conditional probability values are differential values which reflect the

added risk due to f ailures associated with an event. Parenthetical values indicate a reduction in risk
cospared to a sisilar period without the entsting f ailures.

SE WENCE MODEL: c \ asp \newoodel\PWR6 tree. css

BRANCH MODEL: c \ asp \newoodel\SANON02.txt

PROBABILITYFILE: c \ asp \newoodel\pwr.b. pre

No Recovery Limit

BRANCH FREQUENCIES / PROBABILITIES

Branch Systee Non Recov Opr Fall

TRANS 4.8E 04 1.0E+00

LOOP 4.6E-06 3.9E 01

LOCA 2.4E 06 4.3E-01

RT 2.8E04 1.2E-01

RT/ LOOP 0.0E+00 1.0E+00

EMER6. POWER 2.9E-03 8.0E-01

AFW 1.3E-03 2.6E 01

AFW/EMER6.PCWER 5.0E-02 3.4E-01

MFW 2.0E-01 3.4E-01

PORV.0R.SRV.CHALL 4.0E-02 1.0E+00

PORV.0R.SRY RESEAT 2.0E-02 5.0E-02

PORV.0R.SRV.RESEAliEMERS. POWER 2.0E-02 1.0E+00

SS.RELEAS. TERM 1.5E-02 3.4E-01

$$ RELEAS. TERN MFW l.5E-02 3.4E-01

SS. DEPRESS 3.6E-02 1.0E+00

COND/MFW l.0E+00 3.4E-01

HPI 3.0E-04 ) 1.0E+00 0.4E 01 ) 3.4E-01

Event identifier: 362/66-011
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Branch Model 1.0F.3
frain 1 Cond Prob: 1.0E-02 ) Unavailable
Train 2 Cond Prob 1.0E-01 ) Unavailable
Train 3 Cond Prob: 3.0E-01 ) Unavailable

HPl(F/B) 3.0E-04 ) 1.0E+00 0.4E-01 ) 3.4E-01 4.0E-02
Branch Model 1.0F.3+opr

Train ! Cond Prob 1.0E-02 ) Unavailable
Train 2 Cond Prob: 1.0E-01 ) Unavailable
Train 3 Cond Proh 3.0E-01 ) Unavailable

PORV.0 PEN 1.0E+00 1.0E+00
HPR/-HP! 1.5E-04 1.0E+00
CSR 2.0E-03 ) 1.0E+00 3.4E-01

Branch Models 1.0F.2
Train ! Cond Prob 2.0E-02 ) Unavailable
irsin 2 Cond Prob: 1.0E-01 ) Unavailable

e branch sedel file
H forced

Austin
09 11-1987

)
17:35:49

i
1

|

Event identiffsrs 362/84-0!!
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PRECURSOR DESCRIPTION SHEET

LER No.: 356/86-035
Event Description: LPCS system is unavailable
Date of Event: November 13, 1986
Plant: Hatch 2

EVENT DESCRIPTION

Seq uence

At 2319 h during testing of the LPCS system, personnel found the
LPCS had been isolated. The pump electrical power had been removed, and
the pump suction valves had been closed (both loops). The isolation was s

effected to carry out a different test [the Integrated Leak Rate Test
(ILRT)), but the procedure for that test was in error.

Corrective Action

The procedure was revised.

Plant / Event Data

Systems Involved:
LPCS

| . Components and Failure Modes Involved:
| LPCS pumps -- made unavailable in testing

LPCS valves -- made unavailable in testing

Component Unavailability Duration: 12 h
Plant Operating Mode: 5 (0% power)
Discovery Method: Testing
Reactor Age: 8.3 years
Plant Type: BWR

Comments

None

Event Identifier: 366/86-035
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MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Est'imate

Postulated transient Base case nonrecovery
Postulated LOCA Base case nonrecovery
Postulated LOOP Base case nonrecovery

Branches Impacted and Branch Nonrecovery Estimate

LPCS 0.34 Recoverable locally at the equipment

Plant Models Utilized

BWR plant Class C

|

Event Identifier: 366/86-035
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CONDITIONAL C0Fi DAMAGE FEOPMILITY CALCLLATION5

Event identifier: 366/B6435
Event Description: LFCS !s Unavailable

Event Date: 11/13/86

Pl ant: Hatch 2

UNAVAILABILITY, DURATION: 12

Nr.ti-FECDSARE INITIATING EVENT PROEMILITIES

1.0E-02
TRANS

6.5E-05
LO&

2.0E-05LO"

SEQUENCE CONDITIONAL PRCIMILITY SLMS

End State /Initiater
Probability

CV

( ! .(E-14 )TRMS
( 2.6E-15 )

LOOP
(2.1E-15)

LOCA

( 1.5E-14 )Total

CD

3.5E-10
TFM3

7.CE-12
LOOP

6.4E-12
LOCA

3.6E-10Tetal

ATWS

0.(E+($
TR/WS

0.0E+00
LOOP

0.0E+00
LOCA

0.CE+00Tetal

IQi!NANT SEQUENCES

End State: CV Conditional Frobability: 1.6E-11

Event Identifier: 366/66-035
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163 TRMS SCRM -SLC.0R.RCDS FCS/TRANS SRV.CLOSE FW/FCS.LOCA HFCI RCIC/LOCA -SRV.AIG C
OND/FW.PCS LPCS -LPCI(RHR)/LPCS -RHR(SCC)/-LPCI

End State: CD Conditional Probability: 3.3E-10

!!6 TPMS -SCRM PCS/7RMS SRV.CHALL/TRANS.-SCRM e'".u.0SE FW/PCS.LOCA HcCI RCIC/LOCA
-SRV. ADS COND/FW.FCS LKS -LK!(RHR)/LKS RHR(SCC)/LFCI RHR(SPC00L)/-Lrti.RHR(SIC) C
.I.AND.V/RHR(SDC).RHR(SPC00L)

SEQUENCE C0 Z IT!0rR PROPABILITIES

Sequence End State Prob N Recu

!!6 TFMS -SCRM PCS/TRANS SRV.CHALL/TPMS.-SCFM SRV.CLOSE FW CD 3.3E-10 * 9.3E-03
/PCS.LtCA HFCI RCIC/LOCA -SRV. ADS COND/FW.FCS LKS -LP

CI(RHR)/LPCS RHR(SDC)/LK! M (SPC00L)/-LPCI.RHR(SDC) C
.I. AND.V/RHR(SEC) .RHR(SPC00L)

!!E TRANS -SCFM PCS/TRANS SRV.CHALL/TRANS.-SCFM SRV.CLOSE FW CD 1.8E-11 2.(C-02
/PCS.LOCA HPCI RCIC/LOCA -SRV. ADS C00/FW.PCS LPCS LP
CI(RHR)/LKS RHRSW/LKS.LPCI.TRANS

142 TRANS SCRM -SLC.OR. RODS KS/TFMS -SRV.CLOSE FW/KS.TRANS CV 8.2E-12 1.9E-02
HPCI RCIC/TRANS.OR. LOOP -SRV. ADS COND/FW.PCS LPCS -LPCI

(RHR)/LFCS -M(SIC)/-LPCI

163 TRANS SCFM -SLC.OR. RODS KS/TRANS SRV.CLOSE FW/PCS.LOCA CV 1.6E-11 + 2.7E-02
HPCI RCIC/LOCA -SRV. ADS COT /FW.FCS LPCS -LPCI(RHR)/LPC
S -FeiR(SIC)/-LK!

230 LOOP -EMERS.F0WER SCFM -SLC.0R. RODS HFCI ROIC/TRANS.0R. LOO CV 6.(C-12 5.3E-02
P -SRV. ADS LPCS -LFCI(RHR)/LPCS -RHR(SDC)/-LPCI

322 LOCA SCRM -SLC.0R. RODS KS/LOCA FW/KS.LOCA WCI -SRV.AES CV 5.0E-12 1.4E-02
COND/FW.PCS LKS -LK!(RM)/LPCS -R$(SEC)/-LK!

* dominant sequence for end state
+* non-recovery credit for edited case

Note: For unavailabilities, conditional probability values are differential values which reflect the
added risk due to failures associated with an event. Parenthetical values indicate e reduction in risk
compared to a similar period without the existing f ailures.

SEQ'JENCE MICL: c:\ asp \neamodel\barctree.cro
EfMCH tiO EL: c:\ asp \nearedel\ hatch.txt
PROBAPILITY FILE: c:\ asp \nensocel\bar.c. pro

No Recovery Limit

BF#CH FREQUENCIES /PR05 ABILITIES

Branch Systes Non-Recov Ccr Fail

TFMS 8.6E-04 1.0E+00

Event Identifier: 366/B6-035
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LOOP 1.7E-05 3.2E-01

LOCA 3.3E-06 5.CE-01

SCFM 3.5E-04 1.CE+00

SLC.0R. RODS 1.0E-02 1.0E+00 4.(E-02

FCS/TRANS 1.7E-01 1.0E+00

FCS/LOCA 1.0E+00 1.0E+00

SRV.CHALL/TRANS.-SCRM 1.(E+00 1.0E+00

SAY.CHALL/TRANS.SCRM 1.CE+00 1.0E+00

SRV.CHALL/ LOOP.-SCFM 1.0E+00 1.0E+00

SRY.CHALL/ LOOP.SCF# 1.(E+00 1.0E+00

SEv.CLOSE 3.6E-02 1.CE+00

EMEFS.FSUt 5.4E-04 8.CE-01

FW/PCS.TRANS 4.6E-01 3.4E-01

FW/FCS.LOCA 1.(E+00 3.4E-01

}FCI 2.9E-02 7.0E-01

RCIC/TRANS 0R. LOOP 6 (E-02 7.0E41

RCIC/LOCA 1.0E+00 1.0E+00

CRD 1.0E-02 1 (E+00 4.CE-02

SRV. ADS 3.7E-03 7.1E-01 4.0E-02

COND/FW.FCS 1 (E+00 3.4E-01

LPCS 3.0E-03 > 1.0E+00 3.4E-01

Branch Model: 1.0F.2
Train 1 Cond Prob: 3.0E-02 ) Unavailable

Train 2 Cond Prob: 1.0E-01 ) Unavailable

LPCI(FM)/LPCS !.(E-03 7.1E-01

RHR$W/LFCS.LFCI .TRANS 5 (E-01 1.0E+00 4 (E-02

FESW/LPCS.LFCI . LOOP 5.0E-01 1.(E+00 4.0E-02

RHRSW/LFCS.LPCI.LOCA 5.0E-01 1.(E+00 4.0E-02

RHR(SDC) 2.1E-02 3.4E-01

FM(SCC)/-LFCI 2.0E-02 3.4E-01

RHR(SCC)/LPCI 1.0E+00 1.0E+00

R$(SPC00L)/-LFC1.F2(5 C) 1.(E-02 1.0E+00

RHR(SPC00L)/LPCI.PE(SOC) 5.2E-01 1.0E+00

C.I . AND.V/FE(S[C) .RHR(SEC00L) 1.(E+00 3.4E-01

* branch model file
** fccced

Minarick
02-24-17.9
12:13:33

Event Identifier: 366/66-035
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PRECURSOR DESCRIPTION SHEET

LER No.: 370/86-006
Event Description: High-head injection system is unavailable, and DG A

is out of service
Date of Event: March 29, 1986
Plant: McGuire 2

EVENT DESCRIPTION

Sequence

At 0315 h on March 19, 1986, DG 2-A wa s declared inoperable for
maintenance repairs. Charging (SI) pump 2-A was also declared
inoperable because DG 2-A could not provide eme rgency power to the
pump. On March 28, 1986, at approximately 1100 h, a station engineer
requested the responsible assistant shift supervisor to rack in and
operate charging pump 2-A so a retest could be performed on charging
pump 2-A. Tua engineer made the request without realizing that DG 2-A
was inoperable. The assistant shift supervisor instructed station per-
sonnel to rack out charging pump 2-B and rack in charging pump 2-A. The

; assistant shift supervisor did not realize that DG 2-A was inoperable
and that racking out charging pump 2-B would result in a loss of
boration flow path. The assistant shift supervisor did not discuss the
change with the designated control room senior reactor operator to
ensure Technical Specifications requirements were met.

At 1245 h, the retest on charging pump 2-A was completed.,

'

On March 29, 1986, at 0700 h, during shift turnover, station per-
sonnel discovered that while charging pump 2-B had been racked out of,

service, charging pump 2-A had been racked in service without an
| eme rgency power supply. Immediately charging pump 2-A was racked out

and charging pump 2-B was racked in, reestablishing compliance with
Technical Specifications.

|
| Corrective Action

| Charging pump 2-B was placed in service.

Plant / Event Data

Systems Involved:

High-head injection, emergency power

Components and Failure Modes Involved:
DG 2-A - was out for maintenance
Charging pump 2-B - was removed from service

Event Identifier: 370/86-006
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Component Unavailability Duration: 20 h
Plant Operating Mode: 6 (refueling)
Discovery Method: Tes ting
Reactor Age: 2.9 years
Plant Type: PWR

Comments

None

MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

Postulated LOOP Base case nonrecovery'

Branches Impacted and Branch Nonrecovery Estimate

HPI Ba s e case Both high-head injection trains would
be unavailable given a LOOP

EPS Base case DG A was out of service
AFW Base case One train was unavailable because DG A ,

was unavailable
LPI Base case One train was unavailable because DG A

was unavailable
LPR Base case One train was unavailable because DG A

was unavailable
HPR Ba se case One train was unavailable since DG A

was unavailable

Plant Models Utilized

PWR plant Class F

Event Identifier: 370/86-006
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CONDli!0NAL CORE DAMA6E PROBABilliY CALCULAi!0NS

Event Identifier: 370/B6-006
Event Description: HHIS 1s Unavailable and 06 'A' ls Out of Service
Event Date: 3/29/84
Plant McGuire 2

:

UNAVAILABILITY. DURATION 20

NON-RECOVERABLE INITIATIN6 EVENT PROBABILillES |

LOOP 3.6E-05
;

SE0VENCE CONDITIONAL PROBABILlif SUMS |

EndState/ Initiator Probability

CV

)
LOOP 1.4E-08 I

fotal 1.4E-CB

CO

LOOP 3.4E-00

fotal 3.4E-08

ATWS
'

LOOP 0.0E+00

total 0.0E+00

DOMINANT SE0VENCES

End States CV Conditional Probability: 6.5E 09

217 LOOP RT/ LOOP EMERS.PCsER -WW/EMER6. POWER -PORV.0R.5RV.CHALL SS.RELEAS. TERM

EndStates C0 Conditional Probability: 2.3E-08

218 LOOP -RT/ LOOP EMER6.PONER MW/EMER6. POWER

SE0VENCECONDIT!0NALPROBABilli!ES

Event Identifier: 370/86 006
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Sequence End State Prob N Recta

202 LOOP -RT/ LOOP -EMER6. POWER -W W PORV.0R.SRV.CHALL -PORV.0R.SRCV 2.lf-10 1.lf-01

V. RESEAT SS.RELEAS. TERM HPI SS. DEPRESS

206 LOOP -RT/ LOOP -EMER6. POWER -AFW PORY.0R.SRV.CHALL PORV.0R.SRCV 1.6E-09 1.6E-02

V. RESEAT HPl -SS. DEPRESS -LP!/HP! -LPR/HP!
210 LOOP -RT/ LOOP -EMER6. POWER -WW -PORV.0R.SRV.CHALL SS.RELEAS, CV 4.6E-10 3.8E-02

TERM HPI -SS. DEPRESS LP!/HPl

211 LOOP -RT/ LOOP -EMER6. POWER -AFW -PDRV.0R.SRY.CHALL SS.RELEAS.CV 5.1E-09 1.lt-01

TERM HPl $$ DEPRESS

214 LOOP -RT/ LOOP -EMERS. POWER WW HP!(F/B) CD 9.6E-09 B.4E-02

215 LOOP -RT/ LOOP EMER6. POWER -W W/EMERS. POWER PORV.OR.SRV.CHALLCV 2.6b10 1.0E-01

-PORV.0R.SRV. RESEAT /EMERB. POWER SS.RELEAS. TERM

216 LOOP RT/ LOOP EMER6. POWER -AFW/EMER6. POWER PORV.0R.SRV.CHALLCD 1.6E 09 3.1E-01

PORV.0R.SRV. RESEAT /EMER6. POWER

217 LOOP -RT/LDOP EMER6. POWER -AFW/EMER6. POWER -PORV.0R.SRV.CHALLCV 6.5E-09 e 1.0E-01

| SS.RELEAS.iERM

218 LOOP -RTILOOP EMER6. POWER AFW/EMERS. POWER CD 2.3E-06 e 1.lE-01

e doeinant seguence for end state
et non-recovery credit for edited cast

Note For unavailabilities, conditional probability values are dif ferential values which reflect the
added risk due to f ailures associated with an event. Parenthetical values indicate a reduction in risk
toepared to a stellar period without the existing f ailures.

SEQUENCE MODEL: c:\ asp \nessedel\psrbtree.tep

BRANCH MODEL: c:\ ass \eeneodel\stguire. tit

P.e03ABILITYFILE: c \aspineseodel\ par b. pro

No Recovery Limit

BRANCHFREQUENCIES/PROPAllLli!ES

Pranch Systen Non-Recov Opr Fall

TRANS 4.8E-04 1.0E+00

LOOP 4.6E 06 3.9E-01

LOCA 2.4E-06 4.3E-0)

RT 2.9E-04 1.2E-01

RT/ LOOP 0.0E+00 1.0E+00

EMER9. POWER 2.9E 03 ) 5.0E 02 8.0E 01

Branch Models 1.0F,2

Train 1 Cond Prob: 5.0E 02

frain 2 Cond Prob 5.7E-02 ) Unavailable
AFW 3.8E-04)1.3E-03 2.6E-01

Branch Models 1.0F.3*ser
irsin ! Cond Probi 2.0E-02

frain 2 Cond Prob: 1.0E 01 ) Unavailable

>

Eventidentifier: 370/86 006
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Train 3 Cond Pro 6: 5.0E-02
Serial Cosponent Probi 2.8E 04

AFW/EMERB. POWER 5.0E 02 3.4E-01
MFW 2.0E 01 3.4E-01
PORV.OR.SRV.CHALL 4.0E-02 1.0E+00
PORV.0R.SRY. RESEAT 3.0E-02 5.0E-02
PORV.04.SRV. RESEAT /EMERS. POWER 3.0E-02 1. M +00
SS.RELEAS. TERM 1.5E 02 3.4E-01
SS.RELEAS. TERM /-MFW l.5E-02 3.4E-01
HP1 1.0E-03 ) 1.0E+00 B.4E-01

Branch Models :.0F.2
Train ! Cond Prob 1.0E-02 ) Unavailable
Train 2 Cond Pro 6: 1.0E-01 ) Unavailable

Wl(F/B) 1.0E-03 ) 1.0E+00 9.4E-01 4.0E-02
Branch Models 1.0F.2+0pr

Train 1 Cond Pro 6: 1.0E-02 ) Unavailable
Train 2 Cond Prob 1.0E-01 ) Unavailable

HPR/-HP! 1.5E-04 ) 1.0E-02 1.0E+00 4.0E-02
Branch Models 1.0F.2+opr

Train 1 Cond Prob: 1.0E-02
Train 2 Cond Prob: 1.5E 02 ) Unavailable

PORV.0 PEN 1.0E-02 1.0E+00
SS. DEPRESS 3.6E-02 1.0E+00
COND/MFW l.0E+00 3.4E-01
LP!/HP1 1.5E-04 ) 1.0E-02 3.4E-01

,

Branch Model 1.0F.2
Train 1 Cond Probi 1.0E-02
Train 2 Cond Probi 1.5E-02 ) Unavailable

LPR/-HPI.HPR 6.7E-01 1.0E+00
LPR/HPI 1.5E-04 ) 1.0E-02 1. M +00

Branch Models 1.0F.2
Train i Cond Prob 1.0E v2
Train 2 Cond Pro 6: 1.5E-02 ) Unavailable

a branch sedel file
as forced

i Austin
09-11 '.967
12:45:01;

i

i

I
i

Event Identifier: 370/86 006
'

,

,
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PRECURSOR DESCRIPTION SHEET

LER No.: 389/86-011
Event Description: Emergency power system is unavailable
Date of Event: July 9, 1986

Plant: St. Lucie 2

EVENT DESCRIPTION

Sequence

At 0854 h the 2-A emergency DG was started for a surveillance test
conducted once every 7 d. The 2-A DG failed to meet the required

generator voltage and frequency within 10 s after the start signal. One

of the two engines in the 2-A DG set had f ailed to start. The 2-A DG
was manually tripped by the operator at 0856 h.

At 0915 h the redundant 2-B DG was started. At 0917 h, 2-B DG was

stopped because an operator observed 1 of the 12 cylinder cooling fan
blades rubbing the cooling fan shroud.

The unit remained at 100% power throughout this event.

Corrective Action

2-B DG was repaired and returned to service at 1059 h. Trouble-
shooting of the 2-A DG revealed a problem in the mechanical portion ofi

| the Woodwa rd gove rno r. The problem wa:: corrected, and 2-A DG was
returned to service at 2010 h.

Plant / Event Data

Systems Involved:
Emergency power generation system

Components and Failure Modes Involved:
2A DG -- f ailed in testing
28 DG -- f ailed in testing

Component Unavailability Ducation: 84 h assumeo (half of the 7-d
surveillance period)
Plant Operating Mode: 1 (100% power)
Discovery Method: Surveillance test
Reactor Age: 3.1 years
Plant Type: PWR

Event Identifier: 389/86-011
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Comments

LER 389/86-01I states that the fan rub associated wi t h DG 2-B wasminor. If the fan rub was minor in the sense that even with the fan
rub, the DG would have operated for its mission time, then the emergency
power system unavailability should be based on the maintenance unavs.il-
ability period (~1 3/4 hours). However, if the fan rub was minor in the
sense that it was easily repaired, but with the rub the DG would not
have operated for its mission time, then an emergency power system
unavailability based on the surveillance period is warranted. Since it
is not possible to distinguish between these two cases based on informa-
tion provided in the LER, a more conservative ese.imate based on surveil-
lance internal was assumed.

MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

Postulated IDOP Base case nonrecovery

Branches Impacted and Branch Nonrecovery Estimate

EPS 1.0 Given a IAOP, recovery assumed not
possible in time to mitigate the
transient (see comment above)

Plant Models Utilized

PWR plant Class G

Event Identifier: 389/86-011
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CONDITIONAL CORE DAMAGE PROBABILITY CALCULATIONS

Event identifier: 389/06-011
Event Description: Energency Pener Systes is Unavailable

Event Date: 7/9/06

Plant St Lucie 2

UNAVAILABILITY, DURATIONS 84

NDN RECOVERAILE INiilA11NS EVENT PROBABILITIES

1.5E-04
LOOP

SEQUENCE COND1110NAL PROBABILITY SUMS

Prebability
EndState/Initiater

CV

7.5E-07
LOOP

7.5E-07ictal

CD

2.6E-06
LOOP

2.6E 06
Total

ATWS

0.0E+00
LOOP

0.0E+00
Total

DOMINANTSEQUEhCES

End Statei CV Conditional Probability: 7.4E 07

211 LOOP -RT/ LOOP EPERS.PCtER -AFWlEMERS.PCn!R -PCRV.0R.!RV.CHALL SS.PELEAS. TERM

End State CD Condittenal Prchabilityi 2.6E-06

212 LOOP -RT/ LOOP EP!R6.PChER AFW/EMER6.PCs!R

SEGUENCECOND111CNALPROBAllLITIES

Event identifier: 389/86 0!!
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Seacence End State Preb N Retu

211 LOOP -RT/ LOOP EMER9. POWER -AFW/EMERS. POWER -PORV.0R.SRV.CHALLCV 7.4E-07 e 1.3E-01
SS.RELEAS. TERM

212 LOOP -RT/ LOOP EMER6. POWER AFW/EMER6. POWER CD 2.6E-06e 1.3E-01

e doeinant sequence for end state
** non-recovery credit for edited case

Notes For unavailabilities, conditional probability values are differential values which reflect the

added risk due to failures assxiated with an event. Parenthetical values indicate a reduction in risk
conoared to a siellar period without the e:Isting f ailures.

SE90ENCE MODEL c:\ asp \nemeoJel\pwrgtree. css
3 RANCH MODEL: c:\ asp \nessedel\lucie.txt
PROBAl!LITYFILE: c:\ asp \neseodel\ par,b. pro

No Recovery Limit

| BRANCHFRE9VENCIES/ PROBABILITIES

Branch Systet Non-Recov Opr Fall

IRANS 4.8E-04 1.0E+00
LODP 4.6E 06 3.9E-01
LOCA 2.4E 06 4.3E-01
RT 2.9E04 1.2E-01
RT/ LOOP 0.0E+00 1. M +00
EMER6. POWER 2.9E 03 ) 1.0E+00 8.M 01 ) 1.0E+00

Dranch Model 1.0F.2
Train 1 Cond Prots 5.0E 02 ) Unavailable
fraie 2 Cond Prob: 5.7E 02 ) Unsvallable

AFW 3.8E-04 2.6E-01
AFW/EMER6. POWER 5.0E 02 3.4E-01
MFW 1.9E 01 3.4E-01
PORV.0R.SRV.CHALL 2.0E 02 1.0E a00
PORV.0R.SRV.RESE AT l.0E 02 53E-02

,

| PORV.OR.SRV. RESEAT /EMERS. POWER1.0E 02 1. M+00
$$.RELEAS.iERM 1.5E-02 3.4E 01

t

SS.RELEAS. TERM /-MFW l.5E-02 3.4E-01
$$.0EPRESS 3.6E-02 1. M +00
00#0/MFW !.0E+00 3.4E 01
#1 3.0E 04 8.4E-01
HPI(F/l) 3.0E-04 8.4E-01 4.M-02
PORV0 PEN 1.0E+00 1.0E+00
WR/-HP! 1.5E 04 1. M +00
CSR 2.0E-03 3.4E-01

e branch sedel file

EventIfentifier: 389/86-011
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ei fe<ced

Austin
09-11-1987

12:47:15

<

(vent Identifier: 369/86011
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PRECURSOR DESCRIPTION SHEET

LER No.: 409/86-023
Event Description: LOOP occurs due to lightning strike at coal-fired

unit
Date of Event: July 10, 1986
Plant: Lacrosse

EVENT DESCRIPTION

Sequence f

With the plant in the cold shutdown condition, at 0630 h, thefollowing opened: the 69-kV tie line breaker, 2NB11; the reverse
transformer supply breaker, 25NB4; and the 480-V main feed breakers, 452,

M1A and 452 MlB. Both EDGs started and supplied the 1-A and 1-B 480-V
essential buses. The containment building also isolated. The 1-A high-
pressure s e rvice-wa te;- diesel pump started when service-water pressure
dropped to the low pressure set point.

A severe thunderstorm was in progress at the time. The operations
center informed the plant that the adjacent coal plant 's auxiliary !

;

switchyard had been hit b/ lightning. The operators reset the lockoutrelays. At 0642 h they closed breakers 2NB11 and 25NB4; at 0645 h theyshut the 480-V main feed breakers and opened the EDG's outputbreakers. The 480-V essential bus breakers automatically closed,completing the electrical lineup restoration. At 0659 h the 1-A high-
pressure service-water DG was secured and returned to automatic. At
0702 h the EDGs were secured and returned to autocatic.

An unusual event was declared due to the loss of of f s'te power.
The plant was without of fsite power for 12 min. The lightning had hit astatic wire in the adjacent coal plant 's auxiliacy switchyard. The

,

69-kV tie line supplies power to Lacrosse's reserve transformer and the! coal unit 's reserve auxiliary transformer. When the lightning struck,
the 69-kV tie line breakar and both transformers' supply breakers
opened. The Lacro se 480-V main feed breakers tripped on undervoltage.Undervoltage also started the EDGs and tripped the 480-V essential bus
main feed breakers, which caused the emergency DCs ' output breake rs to
close to supply the essential bu s e s . If this incident had occurred
while the reactor was at 100% power, a loss of load transient would haveresulted. This is a design-basis transient, and the plant would still
have been in a safe condition.

Corrective Action

The breakers were closed.

Event identifier: 409/86-023
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Plant / Event Data

Systems Involved:
Electrical

Components and Failure Modes Involveo:
Breakers - f ailed opet in operation

NAComponent Unavailability Duration:
Plant Operating Mode: 4 (Oi power)
Discovery Method: Operational event
Reactor Age: 17.6 years
Plant Type: BWR

Comme nt s

None

MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

LOOP
Base case nonrecovery multiplied by
0.75 for occurring at power

Branches Impacted and Branch Nonrecovery Estimate

None

Plant Models Utilized

Unique BWR class

Event Identifier: 409/86-023
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C041T10NAL CORE DAMA6E PROBABILITY CALCULATIONS

Event Identifier: 409/86-023
Event Description: LOOP he to Lightning Strite at Coal-Fired Unit
Event Date 7/10/66
Plants Lacrosse

INiilAllN6 EVENT

MN-REC 0YERARE INITIAi!N6 EVENT PROBABILli!ES

LOOP
2.7E-01

N00ENCECON0!!!DNALPROBABILITYSun!

End State / Initiator Probability

CD

LOCP 2.0E-05

Total 2.0E 05

CV

LOOP 0.0E+00

foial 0.0E+00

ATNS

LOOP 5.3E-06
't

Total 5.3E-06

DOMINANT SE90ENCES

EndStates CD Conditional Probability: 6.7E-06

| 205 LOOP -ERER6. POWER -SCRM HPCS HPSN
|

End State: ATNS Conditional Probability: 4.7E-06,

:

206 LOOP ERER6. POWER SCRM -HPCS SLC.0R. ROCS

NOVENCECONDl110NALPROBAllLlf!ES

Event identifier: 409/96 023
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EndState Prob N Recte
Sequence

202 LOOP -EMERS. POWER SCRM HPLS -HPSW -SRV.CLOSE SHU100tW.00ND
CD 1. 6E-M 2.7E 01

ENSER MANUAL. DEPRESS

204 LOOP EMER6. POWER -SCRM HPCS -HPSW SAY.CLOSE MANUAL.DEPRES
CD 1.6E M 2.7E 01

S
CD 6.7E-M * 2,7E-01

205 LOOP -EMER6,POWR -SCRM HPCS HPSW
ATWS 4.7E M * 2,7E-01

206 LOOP -EMER6. POWER SCRM -HPCS SLC.0R. RODS
ATWS 4.7E-07 2.7E 01

207 LOOP EMER6.POWR SCRM HPCE

209 LOOP EMER6. POWER -SCRM -HPSW -SRV.CLOSE SW100sW. CONDENSER
CD 7.3E-07 2.2E 01

MANUAL. DEPRESS

210 LOOP EMER6. POWER -SCRM -HPSW SRV.CLOSE
CD 6.lf-06 2.2E-01

211 LOOP EMER6. POWER -SCRM HPSW
CD 3.!E-06 2.2E-01

ATNS 2.2E-07 2.2E-01
212 LOOP EMER6. POWER SCRM

8 doeinant sequence for end state
** non recovery credit for edited case

SEQUENCE MODEL: u\ asp \neseodel\lactree. cap
;

BRANCH MODEL: c:\ asp \nenoodel\lacrcise.txt

PROBABILITYFILE: c \ ssp \nessede1\tur t. pro

No Recovery limit

BRANCH FREQUEhCIES/ PROBABILITIES

Branth Systen Non-Recov Opr Feil
;

IRANS 6.6E-04 1.0E+00

LOOP 2.0E-05 ) 2.0E-05 3.6E-01 ) 2.7E-01

Branch Medel IN!iOR

Initiater Fren: 2.0E 05

LOCA 3.3E-06 5.0E-01

SCRM 3.5E-04 1.0E+00

SLC.OR. RODS 1.0E-02 1.0E+00 4.0E-02

EMERS.FCWER 2.9E-03 8.0E-01

FW l.0E 01 3.4E-01

HPSW 5.0E-03 1.0E+00

SHUID0nN. CONDENSER 1.0E-02 1.0E+00

HPCS 5.0E-03 1.0E+00

LPCS 1.0E-03 1.0E+00

SRV.CLOSE 1.0E-02 1.0E400

DH 1.0E-02 1.0E+00

MANUAL. DEPRESS 1.2E-01 1.0E+00

* branch endet file
** f orted

Event identifier: 409/86-023
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PRECURSOR DESCRIPTION SHEET

LER No.: 413/86-031
Event Description: Small LOCA forces plant trip
Date of Event: June 13, 1986
Plant: Catawba 1

EVENT DESCRIPTION

Sequence

The unit was at 48% power with the variable letdown orifice valve
INV849 in service to reduce letdown flow to 30 gal / min. A leak
(>l gal / min) had been detected at the CCW/CVCS junction at the letdownheat exchanger. The fixed orifice flow paths were isolated. At 1100 ha leak of >1. 5 gal / min was detected. At 1500 h an unusual eventdeclared. At 1542 h, alarms occurred indicating the loss of motor

was

control center IMXD, which af fected control power to valve INV849 ano
the generator hydrogen-coole r-t empera ture valve. The former failedopen, and the latter failed closed.

Charging flow suddenly increased to 130 gal / min, and pressurizer
level began to fall. The letdown line had suffered a guillotine ruptureat valve INV849's downstream outlet flange as a result of vibration-induced fatigue. At 1550 h the main generator hydrogen temperaturebegan to rise. At 1551 h the letdown orifice valve was closed, bu tpressurizer level continued to decrease. Hydrogen temperature continued
to increase. Sump high-level ala rms we re actuated, and at 1610 h
reactor power and turbine load were reduced. Maximum charging was
maintaining pressurizer level, and additional letdown isolation valveswere closed. The leak was contained by 1641 h. Hot standby was enteredat 1700 h. Cold shutdown was entered at 0257 h the next day.
Corrective Action

Repairs were made to the letdown line. Ihe MCC failure was due to
a name plate that became unglued and caused a short circuit when it
fell.

Plant / Event Data

Systems Involved:

Electrical and chemical volume and control

Components and Failure Modes Involved:
Motor control center transformer - f ailed in operation
CVCS pipe ruptured in operation

Event Identifier: 413/86-031
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NAComponent Unavailability Duration:
Plant Operating Mode: 1 (48% power)
Discovery Method: Operational event
Reactor Age: 1.4 years
Plant Type: PWR

Comments _

SBLOCA since CP's were able to caintainWe are assuming a 130 gpm
pressurizer level with this flovrate

MODELING CONSIDEkATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovecy Estimate

SBLOCA 0.12 Flow isolable via letdown isolation
valves

Branches Impacted and Branch Nonrecovery Estimate

None

Plant Models Utilized

PWR plant Class F

,

Event Identifier: 413/86-031
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C0#01110 E CORE DAMA8E PR08A91Llif CALCULATIONS

Event Identifier: 413/B6-03)
Event Description: Seall LOCA Forces Plant Trip
Event Dates 6/13/06
Plant Catashai

!NiilA11N6 EVENT

NON-RECOVERABLE IN111ATING EVENT PROBAllLITIES

LOCA
1.2E-01

SE90ENCE CONDlilDNAL PROBAllLliy SURS

End Statelinitiator Probability

CV

LOCA
1.6E 03

Total
1.6E03

CD
,

LOCA
3.3E-03

Total-

3.3E03

ATNS

LOCA
4.0E-06

Total
4.0E-06

t

DCMINANTSE0t(NCES

End State CV Conditional Probability: 1.5E-03

301 LOCA -RT -MN -HPI HPR/-MPI -SS. DEPRESS -LPR/-HPl.HPR
i

End State CD Conditional Probability: 3.lE 03

302 LOCA -RT -MN -HPI HPR/ HPl -SS. DEPRESS LPR/-HPl.HPR

End State: ATNS Conditional Probability: 4.0E-06

Event identifier: 413/84-031 i
'

|

1
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326 LOCA RT
4

SEQUENCE CONDITION % PROBA81LITIES

EndState Prob N Rece*
Stevence

30) LOCA -RT -AFW -HP! HPR/-kPI -SS. DEPRESS -LPR/-HPl.HPR
CV 1.5E 03 e 1.2E 01

302 LOCA -RT WW -HPI HPR/ HP1 -SS. DEPRESS LPR/-HPl.HPR
CD 3.lE-03 e 1.2E 01
CD 1.7E-04 1.2E-01

303 LOCA -RT -AFW -HPI HPR/-HPl $$. DEPRESS
304 LOCA -RT -AFW HP! -SS. DEPRESS LPl/HPl -LPR/HPI

CV 9.7E-05 1.0E 01

ATWS 4.0E-06 e 1.4E-02
326 LOCA R1

6 doeinant sequence for end state
** non recovery credit for edited case

SE9UENCE MODEL: c \aspu ene. del \psrbtree.tep

$ RANCH MDDEL: c \ asp \nessedel\catsu.txt

PROBAl!LliYFiLE: c \ asp \neseodeliser b. pro

No Recovery Lielt

BRANCHFRE90ENCIES/PR08ABilli!ES

Branch
Systee Non Recov Opr Fail

IRANS
4.8E>,4 1.0E+00

LOOP 4.6E-06 3.9E-01

LOCA 2.4E 06 ) 2.4E-06 4.3E-01 ) 1.2E-01

Dranch Model INITOR

InitiatorFren: 2.4E-06

RT 2.6E-04 1.2E-01

RTILOOP 0.0E+00 1.0E+00

EMERB, poser 2.9E 03 8.0E 01 ,

AFW 3.8E-04 2.6E-01

AFW/EMER6. POWER 5.0E 02 3.4E-01

MFW 2.0E-01 3.4E-01

PORV.0R.SRV.CHALL 4.0E-02 1.0E*00 :

PORV.0R.SRV. RESEAT 3.0E 02 5.0E-02

PORV.OR.SRV. RESEAT /EMER6. POWER3.0E-02 1.0E+00

SS.RELEAS.iERM 1.5E-02 3.4E 01 I

SS.RELEAS. TERM /-MFW l.5E02 3.4E 01

W1 1.0E03 8.4E-01

HPl(F/B1 1.0E03 8.4E-01 4.0E-02

HPR/ HPI 1.5E 04 1.0E+00 4.0E-02

PORV.CPEN 1.0E-02 1.0E+00

SS.0EFRESS 3.6E-02 1.0E+00

00hD/MFW !.0E+00 3.4E-01 '

LP!/HP! 1.5E04 3.4E-01

LPR/-HPl.HFR 6.?f-01 1.0E+00

Event identif ter: 413/66-031
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LPR/HP! 1,$[ 04 j,0[+00

* branch sedel file
** forced

Austin
09-11-1987
12:58:13

Event identifier: 413/86-031
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PRECURSOR DESCRIPTION SHEET

LER No.: 414/86-028
Event Description: SG PORVs open inadvertently in test, and trip with

other failures occurs
Date of Event: June 27, 1986

Catawba 2Plant:

EVENT DESCRIPTION

Sequence

During a loss of control room function test from 24% power, an
unexpected plant transient, SG depressurization, and reactor trip
occurred as a result of test procedure errors. The procedure provides
reactor guidelines to demonstrate, principally

1. that the plant can be brought to hot standby-conditions f rom a mod-
erate power level (10-25%) using only the auxiliary shutdown panel
controls,

2. that the plant can be maintained at hot standby conditions for
30 min from the auxiliary shutdown panels, and

3. that the RCS can be cooled down at least 50*F f rom a steady state
hot standby condition while being operated from the auxiliary
shutdown panel controls.

In accordance with the test procedure, the reactor was manually
tripped at the reactor trip switchgear at 0942 h. MFW isolation and the
autostart of both motor-driven AFW pumps occurred 12 s later. Lou-low

levels subsequently occurred in all four SGs. The AFW pump turbine
automatically started on low-low level in two out of four SGs. MFW pump

2-B later tripped at 0942:42 h on low suction flow.
Unit control was transferred from the control room to the auxiliary

shutdown panel at 0942:49 h. The letdown pressure control valve,
Le t down2NV-14BA, unexpectedly failed open when the transfer occurred.

flow indication began to oscillate rapidly. Charging flow spiked to a
maximum of 178 gal / min at approximately 0946:30 h. Letdown was manually

isolated af ter pressurizer level dropped to <20%. Letdovn flow dropped

to ~15 gal / min by 0947:30 h.
At 0946:59 h, the SC PORV breakers at the AFW turbine control panel

were closed in accordance with the procedure. When the breakers were
energized, SG A, B, C, and D PORVs opened to 75%. This was a result of
the SG PORV manual loaders being initially set to what was thought to be
the 1125 psig opening set point. A design change had modified the SG
PORV controls, but the modification had not been adequately understood.

Event Identifier: 414/86-028
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The SG PORV opening caused a rapid depressurization of the
secondary side with an accompanying cooldown of the primary side.
Personnel observed the decreasing steam pressure and attempted to
increase the set point for SG PORV opening, but they actually opened the
PORVs further. Personnel in the control room observed the actual SG
PORV positions go Open, but did not immediately communicate this to
personnel at the auxiliary shutdown panel because of the nature of the

SG levels responded to the SG PORV openings by first swelling andtest.

then dropping rapidly off the narrow range scale. The auxiliary shut-
down panel operators were observing wide range indication. The AW

;

''

turbine had been secured at 0945:45 h. For ~4.5 min the SGs were.
blowing down through the SG PORVs, with AW flow being provided to SG D.

Pressurizer pressure dropped off scale (<1700 psig) ~2 min af terthe SG PORVs opened. SI condition on low pressurizer pressure i(1845 psig) occurred at 0949:46 h. SI condition on low steam-linepressure loop D (725 psig) occurred at 0950:08 h. Howeve r, SI was
partially blocked at that time because control had been transferred to
the auxiliary shutdown panel operators. Several containment isolation
valves closed automatically, and charging suction was automatically
aligned to the refueling water storage tank when the SI conditions were
satisfled.

As pressurizer level continued to decrease, personnel at the ;

auxiliary shutdown panel manually started centrifugal charging pun2-B. However, because of valve controller labeling problems, operators
as the auxiliary shutdown panel reduced charging flow rather than in-
creasing it while adjusting the manual loader ror 2NV-294, charging4
pumps flow control valve.

, At approxima tely 0953:30 h, the decision was made to terminate the4

test and return control to the control room. At 0953:14 h, the senior
reactor operator directed personnel to swap control back to the controlroom. When this was done, SI was immediately actuated due to they

,

4

unblocking of the still present actuation signal. Both DGs actuated oni 1.0CA condition. The SG PORVs reclesed on transfer of controls. The SI
,

;
signal started the RHR pumps, S1 pumps, and the AW turbine pump and4

opened volume-control pump discharge to cold-leg isolation valves 2NI-9A
and 2NI-10B and associated AW valves. Valve 2NV-148A reclosed |

.

following the transfer.
\Both DG load sequencers completed accelerated sequencing within
!~21 s. SI flow restored pressurizer level to 33% and pressure to

; 1250 psig within ~5.5 min.
j At 0958 h, SI was reset, the cold-leg-injection isolation valves
| were closed, and the SI system and RHR pumps were secured. The SI had
L further reduced steam-line pressure to ~480 psig and primary coolant

temperature to ~468'F. The AW was secured at 1000 h.
.

Corrective Action
4

A review of all design changes and construction department shutdown<

requests implemented af ter hot functional testing and before fuel load
; was performed prior to the unit reentering Mode 2, startup.
4 )

Event Identifier: 414/86-028
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A review of both units' auxiliary shutdown panels and AFW pump |

turbine control panels was performed, and numerous unit dif f erences and ,

labeling problems were identified. Labeling problems were corrected. !
*

Revisions were made to operating and abnormal procedures. Also added
were instructions to manually initiate SI, containment spray, and
annulus ventilation if required following a loss of control room
incident.

Plant / Event Data
,

'
i

Systems Involved:
SG atmospheric dump system

Components and Failure Modes Involved:
PORVs - f ailed open in test

Component Unavailability Duration: NA
l Plant Operating Mode: 1 (24% power)

Discovery Method: Testing ,

'

Reactor Age: 0.1 year'

Plant Type: PWR

j Comments

'
None ,

,

MODELING CONSIDERATIONS AND DECISIONS,

!Initiators Modeled and Initiator Nonrecovery Estimate

SLB 0.12 No recovery assumed possible because
j of the test criteria; leak isolable
. from the control room when the test

was terminated

'

,

Branches Impacted and Branch Nonrecovery Estimate

SS release 1. 0 Re coverable from control room but
terminated recovery was delayed due to numerous

1

J procedure and operator errors
HPI 1.0 Valve labeling errors resulted in the

inability to provide sufficient HP1 ;

flow during the test ij

Plant Models Utilized
i ;PWP olant Class Fi

)
-

!

;

Event Identifier: 414/86-028
i

L
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CONDITIONAL CORE DAMA6E PROMBILITY CALCULAT10NS

Event identifier: 414/06 028
Event Description: St PORVs Doen with Plant Trip and Other Failures at Catan6a
Event Date 6/27/86

INITIAtlN6 EVENT

NON-REC 0VERABLEINIT14flh6EVENTPROMBillilES

RB
1.2E 01

SEQUENCE CON 0lil0NAL PROMBILITY SUMS

End Statelinitiator Probability

CD

SLB
1.1E 04

intal
1.!E04

ATWS

RB
3.6E-06

intal
3.6E-06

'

DOMlhANTSEQUENCES

EndStates CD Conditional Probability: 7.7E-05

167 SLB -RT RE9.$6.lSO -AFW HP)
I

End State AftS Conditlenal Prchability: 3.6E 06,

112 RB RT
.

SE9'JENCE CONDl110NAL PR0HBilli!ES

Seouence End State Prob N RecH

104 SLB -Ri REG.SS.lSO AFW HPltF/B) CD 3.3E 05 3.2E-02
107 SLB -RT RE9.SB.lSD -AFW HP) CD 7.7E-05e 1.2E-01112 SLB Ri

ATWS 3.6E-06 e 1.4E-02

|
'

.

Event identifier: 414/B6 029,

1
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e doeinant sequence for end state
to non-recovery credit f or edited case

M0ML: c \ asp \neseodel\psrbeslb.txt

DATA:

No Recovery Limit

DRANCH FRE00ENCIES/PROBASILITIES
'

Branch Systes Non Recov Opr Fai!

| SLB 1.!E-07 ) 1 lE-07 1.M+00 ) 1.2E-01

! Dranch Model INITOR

|
Initiator Freq: 1.!E 07

'

RT 2.5E-04 1.2E 01

RE9.88.180 6.4E-04 1.0E+00

AFN 1.M 03 2.7E-01

HPl 1.0E-03 > 1.0E+00 5.2E-01 ) 1.M+00

kanth Model 1.0F.2
Train 1 Cond Prot, 1.0E-02 ) Failed

Train 2 Cond Prob: 1.0E-01 ) Failed

H"l(F/l) 1.0E 03 ) 1.0E+00 5.2E-01 ) 1.0E+00 4.0E02

kanth Model 1.0F.2+ocr

Train 1 Cond Pr06: 1.0E 02 ) Failed

Train 2 Cond Prob 1.0E-01 ) Failed

ifR/-HPl 3.0E 03 5.6E-01 4.(E-02

PORV.CPEN 1.0E-0? 1.0E+00

RED.94. AD0lilCN 1.3E-04 1.0E+00

PCRV.0 PEN.DUE.10.HP! 8.0E-01 1.0E+00

PORV. CLOSURE 6.0E 03 1.0E+00

*** forced

Austin
09-!!-1997 i

13:53:04

r

i

i

Eventidentifier: 414/86-028
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PRECURSOR DESCRIPTION SHEET<

LER No.: 458/86-002
Event Description: Hand-held radio causes LOOP
Date of Event: January 1, 1986
Plant: River Bend 1

EVENT DESCRIPTION

Sequence

At 0941 h with the unit in hot shutdown and cooling down from a
eactor trip that had occurred ~6 h earlier (see LER 458/86-001) pre-

ferred station transformers A and C tripped. Recirculation pump A
tripped, the operating condensate pump tripped, and the reactor water
cleanup system isolated. RPS bus A deenergized, initiating a half scram ;

and partial isolation of the nuclear steam supply shutoff system. The {partial NSSSS isolation caused an ins t rument air isolation to the
j

reactor building, which caused the scram valves to leak, thereby causingthe scram discharge volume to fill. This filling subsequently resulted ,

'

in an RPS actuation on high scram-discharge-volume level at 0957 h.
Upon the preferred station t rans forme r trips, division I and III DCs
started, division I emergency ventilation systems autostarted, and ,

'

standby service-water pumps A, B, C, and D load sequenced. Normal
service-water pump B and circulating-water pump B were still running but
without any bearing cooling water because bearing-cooling-water pump A
had lost power. At 1001 h the MSIV automatically isolated due to
decreasing condenser vacuum.

At 1003 h operators were dispatched, and they attempted to recover
deenergized load centers. At 1031 h, RPS bus A was reset. La t e r, an
electrical panel was discovered deenergized because of a blown fuse in a
transformer. This loss had caused several control building HVAC and
fuel building HVAC dampers to close, which then caused the divisien I
control building chiller to trip. Subsequent attempts to restore opera-
tion of chillers B and D were also unsuccessful. The partial NSSSS
isolation remained sealed in because of the deenergized electrical
panel.

The RPS actuation was reset at 1042 h. At 1044 h, ~1 h after the
initiating event, preferred station transformers B and D tripped. Le

)

station was now in a complete LOOP. The division II DG started andsequenced properly. An unusual event was immediately declared, and
)abnormal operating procedures were initiated. Reactor water level was

+80 in. on the shutdown range, and pressure was at 240 psig.
|

|

|

Event Identifier: 458/86-002
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At 1114 h the half RPS actuation was reset, and power to RPS bus B
was restored. At 1124 h the preferred station transformers were ener-
gized, but the supply breakers to the plant could not be closed. It was
determined that breaker closure was locked out by the tone-relaying
transfer trip (fiber-optic) system, which could not be reset. At 1130 h
this backup system was disabled and the breakers were closed. All in-

house loads were restored, and the unusual event ended after 1 h and
10 min.

An investigation of the protective relaying revealed that no pro-
tective relaying targets had been initiated. Further, the trip signals*

sent to the lockout relays could only have been initiated by a spurious
signal in the backup pilot wire or tone-relaying transfer trip circuits.
Functional and diagnostic testing of both the pilot wire and tone-
relaying circuits showed that both systems were operating as designed at
the time of testing. Two items were noted: (1) spurious trips could be

generated on the tone-relaying system with hand-held radios in close,
'

proximity (within approximately a 10- to 12-ft radius) of the trans-
mitters/ receivers and (2) some of the tone-relaying keying and rack
powe r we re supplied from two separate bat t e ry sources. Although no

spurious trips could be simulated by testing, this type of connection
could result in transients within the tone-relaying equipment. It was

decided to correct the wiring in the field such that keying power and
rack power were supplied by the same battery source.

Two types of hand-held radios were tested. They are commonly used
on site by security and operations personnel. Both of these radios were
keyed to transmit iuside the control building of the Fancy Point swi t ch-
yard, and both caused spurious trips on the tone-relaying system. Ca re-
ful consideration led to the conclusion that it was highly probable that f

!the LOOP was caused by radio f requency interf erence.
iAlso investigated was the difficulty in resetting the lockout

relays. Because of the complexity of the tone-relaying and pilot-wire-
tripping circuitry, the resetting of the lockout relays must be per-
formed in the proper sequence. Operations procedures were determined to
have addressed the required sequence.

Corrective Action i

As a result of this event, several corrective actions have been

completed or are in progress. These corrective actions in part include

1. installation of shielding on the tone-relaying equipment in the [
Fancy Point switchyard,

2. rewiring the tone equipment such that both channela are required for
tripping,

t

Event identifier: 458/86-002
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3. changing de power supplies to tone-relaying equipment such that the
keying and rack power are both supplied f rom the same de source,

4. installation of sequence of event recorders in the switchyard and at
the generator / transformers protective relsying panel,

5. installation of additional drainage reactors at the plant end of the
pilot wire shielding, and

6. installation of supervisory control and data acquisition (SCADA)
system alarms to provide annunciation in the main control room and
at the Gove rnme nt Street transmission and dis t ribu tion control
center for loss of channel signals on tone relaying equipment.

Plant / Event Data

Sys tems Involved:
Powe r system (ac), pilot-wire relay system, tone-relaying transfer
trip system, plant communications system

Components and Failure Modes Involved:
Rand-held radios -- gave false signals to tone-relaying transfer
trip system

Power relay (ac) - transferred open
Main f eedwater -- f ailed in operation

Couponent Unavailability Duration: NA +

Plant Operating Mode: 3 (0% power)
Discovery Method: Operational event
Reactor Age: 0. 2 yea r
Plant Type: BWR

Comme nt s

None

MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

LOOP 1.0 Nonrecovery

Branches Impacted and Branch Nonrecovery Estimate

None

Plant Models Utilized

BWR plant Class C

Event Identifier: 458/86-002
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CONDIT!CNAL C0Fi IA%3E FMMBILITT CALCLLATIONS

EventIdentifier: 458/86 4 02
Event Description: Hand Held Radio Causes LOOP

EventDate: 1/1/86

Plant a River Bend 1

INITIATING E\ENT

NON-FfCOVERAftE INii!ATING EVENT FMMSILITIESj

LOOP 1.0E+00

SEQUENCE CONDIT!0ML FfCMSILITY StMS

End State / Initiator Probability

CV

LOOP 9.((48

Total 9.0E46

CD

LOOP 7.C(45

Tetal 7.0E-05

ATWS

LOOP 1.9E-05

Total 1.9E45

[CMIMNT SEOLENCES

End State: CV Conditional Frobability: 0.9E-00

226 LOOP -DERG. POWER SCRM -SLC.0R. RODS WCI RCIC/TRANS.0R. LOOP -SRV. ADS -LFCS -RHR(SDC)

End States CD Conditional Probability: 4 !E 05

201 LOOP -DERG. POWER -SCFM SRV.CMLL/ LOOP.-SCRM -SRV.CLOSE -Wt! M(SCC) M(SFt00L)/-
LFCI.RHR(SCC) C.I.AND.V/H(SIC) M(SFC00L)

End State ATWS Conditional Frobability: 1.7E45

Event Identifier: 456/66-0?2

|
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j 240 LOOP OERG.FTWER SCW SLC 0R.R005

SEQUENCE CCCITIOML FfGAP!LITIES

Sequence End State Prob N Recee
'

1

201 LOOP -EERG.FtWER -SCRM SRY.CMLL/ LOOP.-SCRAM -SRV.CLOSE -WCD 4.5E-05 * 1.1E-01
1 Cl M(SIC) M(SKOOL)/-LPCI.H(SIC) C.I.AND.Y/ M (SDi

C).R$(SPC00L)

209 LCOP -EERS.F0WER -SCRAM SEV.CMLL/ LOOP.-SCRM SRV.CLOSE -WCD 2.8E-06 1.1E-01'

Cl M (SDC) M(SFC00L)/-LPCI.M(SCC) C.I.AND.V/ M (SD
C). M (SPC00L)

215 LOOP -EERS.KhER -SCRM SAY.CHALL/ LOOP.-SCRAM SRV.CLOSE WCD 1.X-05 2.4E-01
Cl RCIC/LOCA SRV. ADS

226 LOOP -D1EFS. POWER SCRM -SLC.0R. RODS Wt! RCIC/TFMS.0R. LOOCV 8.9E-08* 2.4E-01 i
P -SRV. ADS -LPCS - M (SDC)

240 LOOP -EERS.F0WER SCRM SLC.0R. RODS ATWS 1.7E-05e 1.0E+00
243 - LOOP EERS.POER -SCRM SRV.CHALL/ LOOP.-SCRM -SRV.CLOSE WCD 1.6E46 1.9E-01

Cl RCIC/TRANS.0R. LOOP
|

246 LOOP EERS.F0WER -SCRM SRV.Cr%LL/ LOOP.-SCRM SRV.CLOSE WCD 2.4E-06 2.X-01 i
Cl RCIC/LOCA

250 LOOP EERG.FCWER SCFM ATWS 2.1E46 8.0E41

* dosinant secuence for end state i
** non-recovery credit for edited case f

't
! SE7JENCE M0!CL: c:\ asp \newoode1\bectree. cap !

M ANCH NOIEL: c \ asp \newoode1\riverbnd.txt
t

PROBASILIT! FILE: c:\ asp \ne eode1\b e,,c. pro

No Recosery Limit

i
BFMCH FREQUDCIES/F1GA5!LITIES i

:
*

Branch Systen Non-Recov Opr fail
|

4 TRANS 8.6E44 1.0E+0C i

LOOP 1.X-05 > 1.X45 3.2E-01 > 1.((+00 '

i Branch Model INITOR I
!nitiatorFrea: 1.X-05 !

i
LOCA 3.3E-06 5.0E-01i

SCRM 3.5E44 1.0E+00
,

i SLC.0R. RODS 1.0E-02 1.(C+00 4.0E42'

FCS/TF/Fa 1.X-01 1.0E+00
PCS/LOCA 1.0E+00 1.0E+00'
SRV.CMLL/TRANS.-SCF# 1.0E+00 1.(C+00 |
SRV.CMLL/TRANS.SCFM !.0E+00 1.0E+00
SEY.0MLL/ LOOP.-SCPM 1.0E+00 1.0E+00

|
: '

I !
; Event Identifier: 458/86-002

| I
!

;

1
:

,
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SRV.CWLL/ LOOP. SCRAM 1.(C+00 1.0E+00

SRV.CLOSE 5.9E-02 1.0E+00

EMERS.F0WER 7.5E-03 B.((-01

FW/Fts.TRANS 4.6E-01 3.4E-01

FW/FCS.LOCA 1.((+00 3.4E-01

HFCI 2.0E-02 3.4E-01

Et!C/TR/%S.CR. LOOP 6.0E-02 7.0E 01

RCIC/LOCA 1.0E+00 1.0E+00

CC 1.0E-02 1.0E+00 4.((-02

SRV. ADS 3.7E-03 7.1E-01 4.0E-02

CCKi/TW.FCS 1.0E+00 3.4E-01

LPCS 2.0E-02 3.4E41

Ut!(M)/LPCS 6.0E44 7.!E41
MSW/LPCS.LPCI.TEMS 1.0E+00 1.0E+00

l FMSW/LFCS.LFCI. LOOP 1.0E+00 1.((+00

M SW/LPCS.LPCI.LOCA 1.0E+00 1.0E+00

M (SIC) 2.1E42 3.4E-01

M (SDC)/-LFCI 2.0E-02 3.4E41

M(SIC)/LPCI 1.0E+00 1 ((+00

PE(SFt00Ll/ MCI.M(SDC) 2.0E-02 1.C(+00

FE(SFC00L)/LFCI.FE(SIC) 5.2E-01 1.CC+00

C.I.AND.V/M(SDC) .M(SFC00L) 1.0E+00 3.4E-01

,

+ branch model file
** fccced

Minarick
02-24-1933

12:17:20

.

'
L

Event Identific- 458/86-002 !

D-145 |
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|

PRECURSOR DESCRIPTION SHEET {
!

LER No.: 458/86-047 i* Event Description: Emergency power, LPCS, RHR train A, and RCIC systems I
are degraded twice

:Date of Event: July 31, 1986
|Plant River Bend 1
i
:

EVENT DESCRIPTION

!Seq uence
1

At 0243 h on July 31, 1986, and at 0637 h on August 2, 1986, con-
tainment unit cooler 1-A feeder breaker (lEJS*ACB36) and the switchgear
tripped at the same time. The loss of the switchgest resulted in the 7

'

automatic start of both trains of the following systemer (1) annulus
mixing, (2) standby gas treatment, and (3) fuel building filtration. ,

Additionally, power was lost to the division 1 DG fuel-oil transfer pump
along with powe r to several va.1ves on the LPCS, RHR train A. RCIC !

systems, and various drywell and unit coolers. Unit cooler operation was:
;

i checked and found to be normal.
i Feeder breaker IEJS*ACB36 is equipped with an overcurrent timer i

relay, which initiates a trip of breaker IEJS*ACB38 in the event ACB36 !
f ails to clear a fault in sufficient time. The manuf acturer has deter- |4 mined that the output transistor on the overcurrent timer relay was !S defectiva and caused the trip. :

In neither event were redundant trains affected.

j Corrective Action
'i

The overcurrent timer relay was replaced. The manuf acturer has,

j recommended that the output transistor be replaced with a dif ferent type
j transistor, one that has higher voltage and lower leakage characteris-

tics. The output transistors for all affected relays are being
] replaced.

j Plant / Event Data
1

3
Systems Involved

Containment heating and ventilation, eme rgency powe r, low pressurer

core spray, RHR, and RCIC systems.

,

,

i

?

4 Event Identifier: 458/86-047
i
.

D-146

i
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Components and Failure Modes Involved: -

Containment unit 1-A cooler feeder breaker -- tripped in operation
Switchgear feeder breaker -- tripped in operation

Compcnent Unavailability Duration: 2 h assumed (1 h per breaker trip)
Plant Operating Mode 1 (94%/99% power)
Discovery Method Operational event :

Reactor Age: 0.75 year
Plant Type: BWR |

Comment s

None

MODELING CONSIDERATIONS AND DECISIONS
!
'

Initiators Modeled and Init .ator Nonrecovery Estimated

Postulated transient Base case nonrecovery

Postulated LOOP Base case nonrecovery

Postulated LOCA Base case nonrecovery

Branches Impacted and Branch Nonrecovery Estimate
;

RCIC Ease case Unavailable due to loss of switch gear ,

1 LPCS Base case One train unavailable due to loss of
switch gear

"

Plant Models Utilized
|

! BWR plant Class C
|

'
i

t'
I
-

ri

)

!
i

'
l

i.

i i

! !
!

,

i
'

1

: I

Event Identifier: 458/86-047 !

1 -

f
! D-147
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I

CMITICt.4. CCSI IMAGE FRCf4!LITT CALCULATICN3

| Event Icectifier: 453/26-047
Event fescriptim Dr.e Train EFS, RHR, RCIC and LKS Are thavailable
Event Date: 7/31/65
Flants RiverIc.d1

l

UMVAILABILITT, It,EATION 2

NON-FICCNERAPLE INIT!ATIE EitNT FfrI4!LITIES
1

TWS
1.7E-03

t*P i.iE-Ce
#

3.3E-06

SEQUENCE CM>Ii!0NAL FR0f4!LITT SLM3

EndState/ Initiator Frobability

CV

I
, TRANS 6.!E-!! !! LOOP !.5E-11 |

LOCA (!.6E-16) ,

.

!j Total 7.7E-l! '

|-
,

CD
; !
i i

; TRANS 4.4E-09 fj LOOP 5.9E-10 :
LOCA 6.BE-!!

Total 7.1E-09
l

| ATWS

1

i TFMS 0.C(+00
j LOOP 0.0E+00
) LOCA 0((+00
;

,

j Total 0.C(+00 I

I

(CeINANT SEQUENCES

f Er.d States CV Cmditimal Probability: 4.0E-11

i
Event Identifteet 458/66-047

D-148
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134 TMNS SCFM -SLC.CR. RODS KS/TM% -SW.CLCSE FW/KS.TFA% HFt! Rt!C/TFANS.OR.LOCF -
SW. ADS -COC/FW.PCS M(5:C)

End State CD Ccoditional Prctability: 4.7E-09

101 TMNS -SCMM KS/TMNS SW.CHALL/TFM.-SCFA9 -SRV.CLOSE -FW/KS.TMW F6(SK) M (S
FC00L)/-UCI.M(SIC) C.I . AND.V/M(SK) .M(SFCCOL)

SEQ'.ENCE COCITIOML K0EASILITIES

Scence End 3 tate Prct N Rec + +

101 TMNS -SCM9 PCS/TMW SKY.CHALL/TFE.-SCM9 -SW.CLOSE -FW CD 4.?E-Oi + 1.CE41
/KS.TMYS M(SCC) M(SK00L)/-Ut!.F3(SK) C.I.AND.
V/F2(SIC) .RHR(SFC00L)

102 TR E -SC M9 KS/TRE SW.CHALL/TMNS.-SCM9 -SAv.CLOSE FW CD 0.7E-10 3.9E-02

/PCS.TMNS -HFt! F4(SX) RHR(SPC00L)/-LK!.RHR(SX) C.
I. AND.V/RHR ISIC) .M(SK0OL)

110 TMNS -SCFM KS/TFMS SRV.CHALL/TMW.-SCFM -SRV.CLOSE FW CD 4.1E-10 5.7E-02

/PCS.TRANS WCl RCIC/TFANS.OR. LOOP CRD SKY. ADS

!!! TMNS -SCFM KS/TM% SRV.CHALL/TMNS.-SCFM SRV.CLOSE -FW CD 2.3E-10 7.6E-02

/PCS.LOCA RHR(SK) M (Srt00L)/-LPCI.RHR(SOC) C.I.AND.V
/RHR(SK) .FE(SPC00L)

134 TMNS SCM9 SLC.0R.RCDS KS/TMYS -SRY.CLD5E FW/PCS.TMW CV 4.((-11 * 5.3E-02
HPCI RCIC/TMNS.0R. LOOF -SW. ADS -CO@/FW.FCS -RHR(SM)

130 TMNS SCFM -SLC.OR. RODS KS/TRE -ERV.CLOSE FW/KS.TRE CV 1.3E-11 1.SE-02

WCI RCIC/TMNS.0R. LOOP -SRV. ADS COC/FW.FCS -LPCS -M(

SCC)

142 TMNS SCFM -SLC.0R. RODS PCS/TFM3 SAV.CLOSE FW/PCS.TFMS CV 7.5E-12 9.3E-03

WCl RCIC/TFMS.0R. LOOP -SRV. ADS C0C/FW.FCS LFCS -LPCI

(FE)/LFCS -R$(!X)/-Ut!
163 TMNS SCM9 -SLC.0R. RODS KS/TFM SW.CLOSE FW/KS.LOCA CV 1.4E-12 1.3E-02

WCl RCIC/LOCA -SW. ADS COC/FW.KS LPCS -LK!(RHR)/LPC
S -M(SDC)/-LK!

201 LOOP -EE.KMER -SCFM SW.CHALL/ LOOF -SCFM -SRV.CLOSE -W CD 2.1E-10 3.M-02

CI M (SDC) RHR(SFC00L)/-LPCI .RHR(SDC) C.I . AV.V/RHR (SD
C) .M(SPC01)

226 LOOP -EMERG. POWER SCFM -SLC.OR. RODS WCI RCIC/TF M .0R.LDO CV 9.7E-12 5.0E-02

P -SRV. ADS -LPCS -RHR(SX)

230 LOOP -EMERG. POWER SCM9 -ELC.0R. RODS 4t! RCIC/TFM.0R. LOO CV 5.'s-12 2.6E-02

P -SRV. ADS LKS -UCI(RHR)/LPCS -P3(SDC)/-LK!
243 LOOP EMERG. POWER -SCM9 SRV.ChALL/ LOOF.-SCMM -SRV.CLOSE W CD 2.7E-10 6.1E-02

Cl RCIC/T M W .0R. LOOP

* doeinant seauence for end state
** non-recovery credit for edited case

Note: For unavailabilities, conditiccal protatility values are diHerential values which reflect the
added rid dae to f ailures associated with an event. Pa enthetical values indicate a reduction in rid

Eventidentifier: 458/56-C47
|
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compared to a siellaa period without the existing f ailures.

SEC'JENCE PCICL c \ asp \newoode1\barctree.cc
ifMCH MOICL c \aso\r.ewoodel\riverbnd.txt
FRCPAHLITT FILE: c \ asp \neweodel\bar.c.oro

No Recoveg Liait

ifMCH FREOLENCIES/FR0! ABILITIES

kanch Systes Non-Recoy Der fail

TFMS 6.6E-04 1.0E+00
LOCP 1.7E-05 3.IE-01
LOCA 3.3E-06 5.0E-01
SCRM 3.5E44 1.0E 00
SLC.OR. RODS 1.0E-02 1.C(+00 4.0E-02
PCS/TFMS 1.7E-01 1.C(40 i

PCS/LOCA 1.0E @ 1.(f@ -

SRV.CWLL/TTM.-SCRM 1.0E+00 1.0E40
SW.CHALL/TFMS.SCRM !.0E+00 1.0E40
SW.CHALL/ LOOF .-SCRM 1.CC+00 1.0E @
SW.CHALL/ LOOP.SCFM !.0E+00 1.0E40
SW.CLOSE 5.9E-02 1.0E40
E S S.FC=TR 7.5E-03 E.0E-01
FW/PCS.TFMS 4.6E-01 3.4E-01
FW/PCS.LOCA 1.0E+00 3.4E-01
fft! 2.0E42 3.4E-01
RCIC/TEMS.OR.LOJP 6.(E-02 > 1.0E40 7.0E-01

kanch nodel 1.0F.!
Train 1 Ct.ad Frobi 6.0E-02 ) Unavailable

RC!C/LOCA 1.CC+00 1.0E @
CRD 1.0E-02 1.0E+00 4.0E-02
SW 05 3.'i-03 7.!E-01 4.0E-02
CON 0/TW.PCS 1.0E+00 3.4E-01
LFCS 2.0E-02 > !.0E+00 3.4E-01

Branch Model 1.0F.1
Train ! Cond Prob 2.0E-02 ) Unavailable

LPCI(M)/LPCS 6.CC-04 7.1E-01
RtiRSW/LPCS.LFt!.iRANS 1.0E+00 1.0E @
MSW/ LFTS.LPCI. LOOP 1.0E+00 1.0E+00
F+FSW/LFCS.LFCI.LOCA 1.0E+00 1.0E+00
RHR(SW 2.!E-02 ) 3.0E-02 3.!E-01

Branch Model 1.CF.2+ser
Train ! Cond Prob: 1.0E-02
Train 2 Card Frob 1.CC-01 ) Unavailable
Serial Cocorent Prob 2.0E-02

M (SN)/-L*t! 2.0E42 3.4E-01
M i5 0 /LPCI 1.(C+00 1.0E+00

EventIdentifier: 458/86-04 7

D-150



M (SPC00L)/-LFtt. H (SDC) 2.0E-02 1.((+00

M(SFt00L)Mt!.H(%C) 5.2E-01 1.0E+(C

C.I.AND.V/M(SDC). Hie tIOL) 1.0E+00 3.4E-01l

* branch model file
** forced

Minarick
02-24-1988

i 12:20:45

|

Event Identifier: 458/86-047

D-151
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APPENDIX E

LICENSEE EVENT REPORTS ASSOCIATED Wini PRECURSORS
,

This appendix contains copies of licensee event reports (LERs )
associated with precureors documented in Appendix D. A Cable of con-
tents. Table E.1, is also provided.

Note that copies of LERs utilized in the Accident Sequence Pre-
cursor Program are also used in other Oak Ridge National Laboratory
programs and niy contain markings asde during abstracting and coding in
these programs.

.
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] -

;
,

i
'

:
'

,

Table E.1. Index of precursor licensee event reports

LER No. Event title Plant name
n m er i

\247/86-017 Open condenser dump valves cause Indian Point 2 E-6 !trip, and one safeguards train !

fails to start<

; 247/86-035 Trip, LOFW, and two AFW train Indian Point 2 E-10 i: failures occur i

i 249/86-013 HPCI and one train of the core Dresden 3 E-14' .

spray and LPCI systems are
iinoperable

; 250/86-036 Unavailability of DGs Turkey Point E-17 i

,

Units 3 and 4
250/86-038 AFW system is unavailable Turkey Point E-20 :

1 Units 3 and 4 i! 250/86-039 Trip occurs with stuck-open PORV Turkey Point 3 E-24
; 261/86-005 Bus failure causes a trip Robinson 2 E-28
I followed by a LOOP with a DG
j unavailability '

j 269/86-001 TRIP, LOFW, and a stuck-open Oconee 1 E-38 !
MSRV occur

1 269/86-011 Emergency condenser cooling Oconee Station E-43
system is unavailable Units 1,2, i

3 and 3
, 177/86-003 DG trip in test causes scram Peach Bottom 2 E-49
j 280/86-029 Charging pump service-water Surry 1 E-53 t
; pumps are unavailable
L 280/86-031 High-head injection system is Sarry 1 E-56 1

|

4 unavailable
281/86-010 High-heaa injection system is Surry 2 E-59

1 unavailable
282/86-006 Emergency power system is Prairie Island E-62

i unavailabile Units 1 and 2'

282/86-011 Emergency power system is Prairie Island E-66
unavailabil, Units 1 and 2!

285/86-001 Trip occurs, and automatic Ft. Calhoun E-68
depressurization and turbine

bypass system fails to open
291/86-027 LOOP occurs due to winter storm Pilgrim 1 E-71.

301/86-004 MSIVs fail to close on decand Point Beach 2 E 75'

318/86-006 Trip occurs and one atmospheric Calvert Clif fs E-90
dump valve fails to close Unit 2

341/86-045 Condensate storage tank is lost Termi 2 E-95
341/86-048 RCIC and HPCI are unavailable Fermi 2 E-106

-

362/86-011 Saltwater and CCW systems are San Onofre 3 E-112,

| unavailable
366/86-035 LPCS system is unavailable Hatch 2 E-Il5

|
<

:|

1 E-4

,
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Table E.1 (centinued)

#E
LER No. Event title Plant nam 3

370/86-006 High-head injection system is McGuira 2 E-121

unavailable and DG A is out of
service

389/86-011 Emergency power system is St. Lucie 2 E-125

unavailable
409/86-023 LOOP occurs due to lightning Lacrosse E-131

strike at coal-fired unit

413/86-031 Small LOCA forces plant trip Catawba 1 E-133

414/86-028 SG PORVS open inadvertently in Catawba 2 E-137

test, and trip when other
failures occur

458/86-002 Hand-held ratio causes LOOP River Bend 1 E-143

458/86-047 Emergency power, LPCS, RHR River Bend 1 E-151

train A, and RCIC systems
are degraded twice

1

i

E-S
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.. ...y,. . c.. . ? .: 4 .-,: < ..' . ; - +-q ! ,. . . .- .
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'4[@lG.$. .d safe 7aards actuation; h: wever,' Train B did rot actuate.' safety irdect.icn (;,.;;:-
.

i
. r:

. .:. Train A signal nsulted in closure of tie rain stem isolation valves *
...

- '".,, $ ' apprtxirately 2 secceds after the reactor trip. ':his effectively erded- '-

* ' - -

.. i the high stem ficw cordition.
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~ . Ssfety injection Train 2 was successfully a:tuata5 at '1607 s. ten the ecntrol-
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. . . .

re c5erators reset safety injecticn per optir.a1 Jectnery Pro:etare ~15-1.1.
...? safety injecticn signa 12rd depressing safety injectico reset buttens.Pesettire safety injection crnsists of ranMiy lockirg in arcther.
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. . ;his a:tico actuates parallel contarts in hrh trains of tie safety
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injection icgic.
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Unit 1 Reactor tripped frem 1004 power when reacter trip breaker (SKR) "B"cpened. One of the reactor protection (M) relays (SJ Y) deenergized whilea monthly safety injection surveillance test was being perfereed in a
nearby equipeent rack. Several loose connettiens in the associated cir-
cuitry were discovered during the subse dent troubleshooting. Safe nards
equipment functiened normally except fer portiens cf the auxiliaryfeedwater system.

Teodwater was raintained by one of the moter driven au.xiliary feed pur;s(P). The other meter driven auxiliary feed pump (P) tripped af ter starti .9
f and was subsequently restarted successfully by the centrol roce operater,

in addition, the relief valve (RV) on the turt:1.ae driven auxiliary feed| pump (P) lif ted when its steam control valve (PO.') c;ened.f
|

f The relay rack terminals were checked for locse connections, the auxiliary
I feed purp circuit breaker trip point was read;usted, and the auxiliary
) feedwater system (BA) was retested and restored to operable cenditien.

f The health and safety of te public were not af fected.
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Plant and System Identification:
Idestinghouse 4-loep pressurised water reactor - 900 MWE.

Identification of Occurrences-
Reactor trip breaker B opened when an associated trip relay deenergized.
The most probable cause of the relay deenergizing was loose wiring.

.

Event Date: October 20, 1986

Indian Point 2 Significant Ceeurrence Report 86-453Reference:

Past Similar Occurreace: None

Description of Occurrences
At 0936 on October 20,1986, Unit 2 reactor (ROT) tripped frem 10M power
when reaeter trip breaker (BKR) "B' unexpectedly opened. One of the
reactor protection relays (RIY) deenergised while a inonthly safety in-
jection surveillance test was being performed in a Aearty equi.pnent rack
(RK).

Following the trip, stea:n generator ($G) levels dropped rapidly as expect-
ed. Both motor (MO) driven auxiliary feed pu ps (P) started en low-low ;

r

steam generator level. While following the erergency recovery procedure, a i

control roco operator discovered that d21 Auxiliary Teed Punp (P) was
tripped. The pump (P) was den successfully restarted frota the centrel

|

room.

The steam d. riven auxiliary feed purp steam relief valve (PV) had also '

trip. The stea:n pressure control valvepopped opened following the plant
receives an automatic open signal on icw-low steam gecerator level in(Pcv)two of the four steam generators, a61tting steam up to the turbine'

governor valve (Scv) . The auxiliary feed pump speed changer setting was at
stinimum as desigr.ed, and the pressure control valve (PCV) respcnse was t:o
slow which caused the relief valve (RV) to lift.

All other plant response was normal.

Analysis of occurrence:
reactor as desig ed.

The opening of reactor trip breaker "B" tripped the

This is one of two redandant trip breakers provided to assure this ha; pens-

ever. assuming a single f ailure of one trip breaker to functien. ,

| cr.e roter driven auxiliaryWith regard to the auxiliary feedwater systee,
f eedwater purp is suf ficient to satisfy system requirements following a t

less of nern i feedwater event. Thus, even with the f ailure of ene :'va-
to run folicwing its autematic start, thetor-driven pump to centinue

retaining noter driven purp provided adequate auxiliary feedwater flow,

i ,... .
>
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Cause of occurrences
The cpening of the reactor trip breaker is attributed to 1cose wires in the
associated relay racks. Reactor trip relays RT3 and RT4 were found de-
energised, as was relay SIAM 1-X. Several loose connections were
subsequently disccvered between relay SIA!i 1-X and $1-13X which is the
circuit which centrols S!AM 1 X. A safety injection logic test was being
performed on the other side of the relay cabinet at the tire of the trap,
and this activity apparently distu ued the relay circuitry. It was noted
that the above listed relays could be actuated by moving the wiring bundlesi

I in the same cabinet during the subsequent troubleshocting operations.

The cause of the 821 Auxiliary Boiler reed Pump circuit breaker tripping
following initial pump start eculd not be psitively deter:nined. The
circuit breaker is a Westinghcuse CB-50 with arptector tripping devices.
Both the instantaneous and time delay trip indicaters were found setuated
at the circuit breaker however the indicators cannot be considered to be a
reliable indication of circuit breaker actuation. The tirie dela / trip
actuation indicater was discovered to be in the "operated" position en the
day following the circuit breaker trip as well. This indication was know
to be false since the indicator had been reset previously, the circuit
breaker was closed and the reter was operating at the time of discovery * and
the breaker was known to have not tripped during this tire interval.

The auxiliary feed purps were retested using an autoeatic start signal in
crder to simulate the actual pump eenditions and challenge the equipeent to
the extent practical. Beth meter driven auxiliary feed pumps were startee.
simultan ously with reduced bus voltage to deterrtine if system transients
could be duplicated and pinpcint the cause of the trip. During the test,
higher than expected motor current was measured. The higher current was
due to higher than expected flow free the pump because cf an improperly set
auxiliary feedwater centrol valve to steam generater ell. Although the
circuit breaker did net trip during sucsequent testing. the effect of
increased current due to the motor characteristics and the high auxiliary

( feedwater flow was close eneugh to the circuit breaker einimum set;cint to
j represent a challenge to the arptector setting. Since the low suction
J pressure and the instantaneous overc9trent trip signal did not reach a

value near their setpcints, the tiee/cVercurrent setting must be censidered
the most probable cause of tripping,,

l

The relief valve in the stear line to the turbine driven auxiliary feed
purp was tested and found to open at 665 psi vs a nepinal set peint of 7C0
psi. The actuatien of the relief valve was prebably due to pressure
hunting dewn streas of the centrol valve becauie of centroller low
preportional band setting prebler.s and the high dif ferential pressure
acress the valve.

, . , . , . . . .
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Corrective ActionsSince several loose connections were discovered in the relay rack, aand tighten all accessible connections in
program was instituted to checkThe terminals are being checked individually and e.arked en a t

the racks.
drawing to verify which terminals were checited arid /or tightened.

checked for tightness ir the associated relay
Over 10,0C0 screws were of the terminals rer. ired greater than aracks. Approxtr.ately 1/4 of 14
half-turn to tighten the screws.

functioning
relays which were deenergized appeared to be

norw11y, those which could have been a contributing f actor, even it only
Although the

slightly, were replaced. These relays, SIAM 1-X, SIAM 1-Y, and St 13x, areThe rereved
Westinghouse BrD delays and are being replaced with like kind.
relays will be examined further for evidence of any malfuncticn.

Auxiliary Sciler yeed Pump 821 cirruit breaker was retested by means of an
signal with reduced bus voltage to simulate actual startautectatic startand challe. ige the equipeent as much as possible to ensure

Soetion header conditions were also sionitored to reverifyconditiens
t$operability. wetion switches will net cause either purpthat the low pressureAs a result of this testing, the circuit breaker tire

inadvertently trip.
delay trip setpoint was raised from a actinal value of 600 a peres te 660

In addition, the auxiliary feedwater flow centrol valve setting !

to the steam generators were re-established to liriit the flow te the properamperes.

value and keep total auxiliary feedwr.ter flew wit).in the preper limts.

In an attempt te prevent subsequent relief valve lif ting, the speed changerleft at the 20 4turbine driven auxiliary feed pur.p wassetting on the to provide an additional steam detand to the turbine en,

pcsition (free 04) start
aut:matic auxiliary feed systes actuatien. The purp waa given a
signal several times following this adjustrent to de-onstrate that the
relief valve woaid not open when the steam centrol valve receives its cret

The turbine rotated unuer these cor.ditions during severalsignal.
subseTaent tests without actuating the relief valve.

;.g . .. .
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On August 27, 1986 at 0030 hours with Unit 3 in the run mode at 19 percent ratede

power, with the RFCI systes declared inoperable .rbile performing
core spray serveillances required per T.S. 4.5.C.2 it was found that the 3 1402 4B
valve was damaged so that the valve would not close. A normal unit shutdown was
inittsted and an Unu: val twent was declared. The "B" core spray system was declared
inope ra ble . It was discovered that the 2/3 diesel generator failed to close into bus33-1. The diesel closed on bus 231 without incident. Also while perforuing DOS
1500 1 the 1501 13A valve showed a double position indication. It was discovered
that the valve was in mid-position. The unit shutdown was achieved at 2007 hours.

Subsequent investigation of the 7-1402 48 valve revealed that the motor housing wascracked. This was a result of high torque generated by an inoperable torque switch.
The valve was repaired and declared operable. This f ailure was possibly due to aninstallation error. A review of the 2/3 diesel generator failure revealed that
terminal block screw was loose in junction box 3TB-187. a

The screw was tightened and
the diesel operated properly. A review of the 31501-13A valve revealed that the
handwheel retaining ring had disengaged. It was replaced and the open/close 11: site
we re r e s e t . It is not believed that the disengaged retaining ring prevented the
operator from electrically cycling. The direct cause can not be de termined. To
avoid this event f rom recurring. all ECCS valve operability surveillances will be
perforued on Unit 3 prior to startup and for one month af ter. 'this ution began on9/8/M.

This event was of minimal safety significance. The "A" core spray. "B" LPC1. isola t ioncondenser and automatic depressurisation systens were operable and available to
sitigate the consequences of a LOCA. Also the 2/3 diesel was still available in the
autwarte intitation mode. 1.ast occurrence was reported by DVR #12 3-82 015.

* *M" "* S$10030! *o 860'/0S
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rated27,1986 at 0030 hours, with Unit J in the run mode et 19 pircentOn August
power, with the high pressure coolant injection (EPCI) (II13 System Code RJ) system12-3 86-52), while performits core spraydeclared inoperable (see DVB
surveillances required per Technical Specification 4.5.C.2 it wa* discovered thatFurther
the "3" core spray subsystem (Ells System Code BM) was not pressurised.
examination revealed that the 3-1402-45 valve core spray "3" pump full flow test
valve was damaged so that the valve would not close adequecely. A normal unit
shutdown was initiated per Technical Specification 3.5.C.3 and an Unueual Event

Upon discovering the "B" core spray subsystem inoperable, allwas declared.
applicable Technical Specification surveillances required per Tichnical Specification
4.5. A.2 were being performed in anticipation of the repair of EPCI or core spray.
During the performance of Dresden Operating Surveillance (DOS) 66001 "Diesel

it was discovered that the 2/3 diesel generator (E!!SCenerator Surveillance Test", However, the 2/3 diesel generator was| System Code EK) f ailed to close on to bus 331.Also, while performing DOS 15001,'

synchronised to bus 231 without incident.
"Low Pressure Coolant Injection (1.PCI) (E113 System Code BM) System Valve

1501 13A, LPCI ainimum flow valve, showed a double positionoperability Test" theAn investigation of the event revealed the valve was in mid position.indication. The unitThe valve was manually opened and successfully cycled three times. 27, 1986.
shutdown continued and cold shutdown completed by 2007 hours on August

Subsequent investigation of the 3-1402-48, "3" pump full flow test valve, under
This

work request #57254 revealed that the motor operator housing was fractured.The torque switchfracture was a result of an inoperable Limitorque torque switch.
was removed and it was discovered that too pinion gear located on the torque evitch
shaf t was f ree spinning as a result of a sheared roll pin. The roll pin attaches
the pinion gear to the shaft. With the torque switch inoperable, the motor didAs anot de-energise on high torque once the valve reached the closed poeition.seat until

the motor continued to drive the valve disc into the valveresult, The limitorque operatorthe forces created fractured the motor operator housing. DOS 1400-2, "Corewas reassembled, filled with grease, and installed on the valve.
Spray Valve Operability" was performed at 2112 hours on 8/28/86 acd the

"B" core
this

spray loop declared operable. The Limitorque Corporation was contacted aboutthis is not a design deficiency but rather an installatio.failure and replied that
If the torque avitch was installed in the reverse direction and torque wasand chereforeerror. ,

applied, the shaf t and pinion gear would not have rotational movementThe torsional f.:rces subsequently causedbe subjected to high torsional forces.
Presently, Dresden's Maintenance Procedures (DMP) forthe roll pin to shear. the torque avitch assembly must be replaced exactlyLt.mitorque operators state thatAa Electrical Maintenance tailgate of tais event will beas it was removed. The callgate will further emphasise thepresented to the Electrical work group.

importance tc installing the torque switch correctly.

investigation of the 2/3 diesel generator f allare to close on toA subsequent
bus 331 was conducted under work request #57277 and it was revealed that a

terminal block scre w was loose in junction box 3T5187. This junction box vas3 reactor feed pu:plocated above a cable pan on the 517' elevation near the Unit
The screw on terminal 5 of T33 was approximately a half cure f rom full in.

This vire is connected to the EACR relay synchro check permissive contact which
roce.

allows the diesel generator breaker to close in if it is in phase with bus 33-1

.. .s.. m.
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The screw was tightenee and the diesel generator operated properly when closed on 1

to bus 33-1. A review revealed that no maintenance was performed on junction box !
373-187 during the Unit 3 maintenance outage. No further corrective action is !

required. DOS 6600-1 is performed monthly and would identify any malfunctions.
;

Following the declaration c,f operability for the 3 1501-13A valve by cycling threetimes on August 27, 1986 at
investigate and repair as necessary.1800 hours, work request #57278 was written to further

It was discovered that the handwbeel retaining
rir.g was disengaged and resting atop the handvheel bearing of the SMB-000 Limitorquemotor-operator.

The retaining ring was reinstalled and the open/close limits wereIt is not believed thatreset.
the disengaged retaining ring prevented the operatorfrom electrically cycling.

The direct cause can not be determined. A current /voltage signature was taken to verify that the limits were set properly.
1500-1, "LPCI System Valve Operability Test" was performed on 9/16/86 to declare

DOS

the valve operable after maintenance.

In order to avoid the recurrence of this event, all energency core cooling systen
valve operability surveillances will be performed on Unit 3 prior to startup and
weekly for one month after Unit 3 startup. The surveillances began as of 9/8/86.
This event was of minimal safety significance since in the unlikely event of a lossof coolant accident (14CA) the "A" core spray system, "B" LPCI system, isolation
condenser sad automatic depressurization system were available to mitigate theconsequences.

Additionally, in the event of a loss of of f sita power *he 2/3 diesel
generator would have closed on to bus 331 regardless or the loose terminal screw
since the loose wire only affected the manual closing of the 1/3 diesel generatoron to bus 33 1 and this part of the logic is bypassed in an automatic initiation.

The last occurrence of this type at Dresden, in which equipment
shutdown. was reported by Dva #12-3 82 045. failure caused a plant
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EVENT:
On November 6,1986, while Unit 3 and Unit 4 were of 100% power, the requirements of
Technical Speufication (TS) 3.7 were exceeded when both emergency diesel generotors

On November 6,1986, the A EDG was tested for
(EDGs) were dectored out of service.
operobility. This was being done becovse the B EDG was out of service to perform

calibrations in preporotion for the eight (8) hovr test run required by TSinst rument
4.8.1.c.6. TS 3.7.2 requires that if one EDG is out of service the remaining EDG most be
tested doily. Af ter the A EDG sofisfoetorily completed its test, the EDG would not stop
dsring the shutdown sequence of the test and the operators had to use on otternate method to
stop the EDC. The A EDG was declared out of service and since the B EDG was also out of
service the requirements of TS 3.7 were exceeded and both units were ploced under TS 3.0.1
requiring the units to be in Mode 3 (Hot Standby) within seven (7) hours. Preporations were
begun to test the B EDG for operability. The B EDG was started for .ts operability test and
satisfoetority completed the test within a bour md a half. This ploced both snits c.ut of TS

The cause of the A EDG not stoppiry was that the governor solenoid was out of3.0.1.
odjustment. The governor solenold was odjusted cnd the A EDG satisfoetorily tested on
November 7,1986.
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EVENT:
On November 6,1986, while Unit 3 ond Unit 4 were of 100% power, the requirements of
Technical Specifkotion (TS) 3.7 were exceeded when botn emergency diesel generators
(EDGs) were dectored out of service. At 0039 on November 6,1986, the A EDG was storted
Ior its operobility run as per Operating Procedure (OP) 4304.I, Emergency Diesel Generator -
Periodic Test Lood on 4 KV Bus. This was being done becouse the B EDG was out of service
to perform instrument colibrations in preporation for the eight (8) hour test run required by
TS 4.8.l.c.6. TS 3.7,2 ollows one EDG to be out of service os long as the remaining EDG is
tested daily end its ossocloted engineered safety features are operable ond either stort-up
fronsformer is operable. Af ter sotisfoetorily completing the test on the A EDG, the A EDG
would not stop during the cooldown cycle as designed. The operators stopped the A EDG by
pulling the monvol governor control lever full out. The A EDG was dectored out of service at
0225. Since the B EDG was also out of service the requirements of TS 3.7 were exceeded and
both vr.its were ploced under TS 3.0.1 requiring the units to be in Mode 3 (Hot Stondby) within
seven (7) hours. Preporofions were begun to test the B EDG for operability. At 0325 the B
EDG was started for its operobility test os per OP 4304.1. The B EDG satisfoetorily possed
its operobility test at 0447 and was declared back in service. This took the units out of TS
3.0.l.

CAUSE OF EVENT:
An investigation into the couse of the event determined that the gwernor solenoid was out of
odjustment.

ANALYSIS OF F. VENT:
The B EDG hod been token out of service for instrument calibration by volving out the oir
stort supply to the B EDC. The instrument calibrations would not have prevented the B EDG
from storting. The B EDG could have been monvolly started by volving the air stort supply if
it hod been necessory within o few minutes. In oddition, the A EDG hod just sofisfoctority
completed its daily run and dvring the shutdown sequence of the test, the EDC could not be
stopped in its normal f ashion. Bosed on the obove, the health cM safety of the public were
not of fected.

CORRECTIVE ACTIONS:
1) An Event Response Team was formed to oddress the failure of the A EDG to stop of ter

its dolly operobility test. The teom utilized Administrative Procedure 0.ADM-Oll,
Short Notice Outoge Work (SNOW) Response Organization. They determined that the
governor solenold was out of odjustment.

2) The governor solenoid was properly odjusted and the A EDG was sottsfactority tested at
0045 on November 7,1986, and dectored boek in service.

g..
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3) Preventative Maintenance Procedure 0 PM1-23.1, Emergency Diesel Generator
Instrumentation Calibrations, will be revised to include the governor solenoid
odjustment.

ADDITIONAL DET AILS:
OP 4304.1 hos been concelled and the information contained in that procedure is now
included in Operating Surveillance Procedure 0-08P-023.1, Diesel Generator Operability
Test. The two (2) EDGs used at Turkey Point were supplied by A. G. Schoonmaker Company,
Inc. Tbc engine was monofca:tured by General Motors, Electro Motive D: vision, Model No.
20 645E4. The governor was sepplied by Woodward Governor Company, Model number UG8.
The solenoid type is de-energize to shutdown. Similar Occurences: LERS 25185-015,250

i

I
85 043,250 86-014, and 250-86-022.

i

t
i

I
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EVE NT:

On December 4. lW. during the Operability Verification of Auxiliory Feeducter Trcin 2 the
volve position indication for MOV.3 1403 was lost and the volve was declared out of
servic e. At this time the B ouxilicry feedwater (AFW) pump was out of service becovse of
overspeed problems. This condition did not meet the definition of on operable AFW train. es
described in the AFW System operating procedure. so the requirer.ents of Technicot
Specification (TS) 3.8.5 were exceeded and Unit 3 entered TS 3.0.1 requiring the unit to be in
hot stondby within 7 hours. Evoivotions were begun to determine the occeptoDility of
oligning AFW pump C and MOV.41404 to AFW troin 2. An evolvation by our Engineering
Ceportment determining the olignment of the C AFW pump and MOV 41404 to AFW train 2
to be oceptoble was completed. The evoluction was then reviewed and concurred with by the
Plont Nvelear Sofety Committee (PNSC). Unit 3 was taken out of TS 3.0.1 ond bock into TS
3.8.5. The Couse of MOV.31403 being out of service was burned motor leods on the vo!<e
octuotor. Similar volve octuotors were inspected ond no similer conditions were fovnd. The
covse of the B AFW pump being out of service was drif t on the electronic overspeed trio
setpoint. The setpoint was readjusted ond the pump was satisf actorily tested.

67010903*1 $?
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EVENT:

On December 4,1986, of 0550, while Unit 3 ond Unit 4 were at 100% po*er, Operating
Surveillonce Proc edure (OSP) 3.OSP 075.2, Auxillory Feed *ot er Train 2 Operobility
Verification, was initiated to verify the operobility of steem supply motor operated volve,

|
MOV-31403, and flow tronsmitter (FT) FT.3145BS in ouxiliary feedwofer (AFW) froin 2.
Procedure 3-OSP-075.2 was sottsfoetority completed at 0620, however, during the shutdown
sequence of the B AFW pump, the pump tripped on electronic overspeed. The B AFW pump
was dectored out of service and both units were placed in a 12 hour limiting conditien for
operation (LCO) es per Technical Specification (TS) 3.8.5.d. At 0730 the B AFW pump was
tested to try ond repeat the previous electronic overspeed trip but the trip could not be

|
duplicated. The pump was kept out of service to continue troubleshooting the probfem.

The AFW system et Turk-y Point consists of 3 turbine driven pumps of which two pumps are
normally cligned to train i and one pump is oligned to train 2. Steam con be supplied to the
pump turbines from either or both units through redundant steem heoders. Two D. C. MOVs
(MOV '.1403 ond MOV.'.1405) and one A.C. MOV (MOV.'.1404) on each unit isolote the 3
main steam lines from these heeders

At 0745 Operations begon uligning the C AFW pump to train 2, os o resvit of the overspeed
problem. At 0930, 3 OSP.075.2 was commenced to test the C AFW pvmp to train 2. At
0953, during the performonce of 3-OSP-075. 2, the velve position indication for MOV.31403
was lost. The volve was dectored out of service and beccuse operating procedure (OP) 3 OP-
075, Auxiliary Feedwater System, describes AFW train 2 as consisting of MOV.3-1403 and
AFW pvmp B during duel unit operation, Unit 3 exceeded the requirements of TS 3.8.5 ond
entered TS 3.0.1 requiring the unit to be in hot stondby within (7) hours. Evolvations were
began to determine the occeptobility of oligning AFW pump C ond MOV.41404 to AFW train
2. At 1300,3.OSP.075.2 was completed with the C AFW pump and MOV-4.!404 oligned to
train 2. At 1345,4 OSP.075.2 was completed with the C AFW pump oligned to train 2 on
Unit 4. At 1435, on evolvotion by our Engineering Department of the C AFW pump and
MOV 41404 cligned to AFW train 2 was reviewed by the Plont Nvetect Sofety Committee
(P|4SC) clong with on on-the. spot.chonge (OTSC) to 3-OP 075 ond the Pt4SC concurred with
the evolvation. Unit 3 was token out of TS 3.0.1 ond back into TS 3.8.5.

An investigction into the overspeed trip of the B AFW pump found that the electronic
i

|
overspeed trip setpoint hod drif ted low. The setpoint was reodjusted and satisfoetorily tested

- os per O OSP.075.9, AFW Overspeed Test, at 0340 on December 5,1986. 3.OSP.075.2 was
-

satisfoctxity completed at 0715 oM the B AFW pump was declored boek in service and both
5

! units were out of TS 3.8.5.

i
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An inspection of the motor for MOV.31403 revecied burnt motor leods. Plant rnonagement
decided to inspect similar motors to see if ony other problems existed. At the time the
inspections were begun Unit 4 was in mode 2 (stort. vp) for a scheduled mainte- ace
ovfoge. Beginning of 1627 on December 6,1986, MOV.41403, MOV.4.1405, MOV-6459A,
MOV.64598, and MOV.6459C were taken out of service one volve at o time for inspections.
MOVs 6459A,64598, and 6459C ore the throttle and trip volves for the AFW pumps. These
volves automatically trip closed to protect the turbine from on overspeed condition. TS
3.8.4.b requires two independent AFW trains and a third AFW pump to be operoble whenever
both units are obove mode 4 (hot shutdown). While these volves were out of service, the
requirements of TS 3.8.4.b were exceeded which ploced Unit 4 under the requirements of TS
3.0.1.

At 0325 on December 7,1986, MOV.6459C was token out of service for inspections. At 0345,
AFW flow indicator HlC.31457B was dectored out of service due to indicating flow when o
no flow condition was present. This resulted in dectoring AFW train 2 out of service to Unit
3. Since the C AFW pump was out of service, this ploced AFW train I out of s4rvice which
exceeded the requirements of TS 3.8.5 ond ploced Unit 3 in TS 3.0.l. The C AFW pump was
dectored boek ir service at 0346 which ploced Unit 3 back in TS 3.8.4.5.

CAUSE OF EVENT:

The couse of the electronic oversoeed trip of the B AFW pump was due to setpoint drif t. The
covse of the problems with MOV.31403 was burnt motor leods. The covse of the problems
with the flow fronsmitters was air in the sense lines.

At4ALYS15 OF EVEtJT

During the event, on December 4,1986, both the A ond C AFW pumps were operable and
copoble of supplying feedwofer to the Unit 3 ond Unit 4 steo n generators. Also at least twoi

steem supply MOVs on Unit 3 ond 3 steam supply MOVs on Unit 4 were operable ond copoble
of supplying steam to the AFW pumps. During the inspections of the MOVs only one volve
was out of service of a time, therefore, of least one train of AFW wu available to each
voit. Durien the time thot HIC 31457B was out of service, train 2 was technically dectored
out of service, ho*ever, the train would have been oble to deliver feedwoter to the steam
generators if the need hod orisen. Based on the obove the health and sofety of the public was
not of fected.

3.....
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CORRECTIVE ACTIONS:

1) An evolvation was done by our Engineering Department to ossess the acceptobility of
two unit power operation with MOV-31403 and AFW pump B out of service
simultoneously. Engineering concluded that dval unit operation may continue for 72
hours (TS 3.8.5.b) provided that AFW pvmp C is oligned to train 2. This was done ond on
OTSC was written to 3-OP-075 to reflect this new clignment. The evolvotion ond OTSC[

i

were reviewed ond concurred with by the PNSC.

2) An inspection of MOV.3-1403 revealed burned motor leods. The motor was reploced, and
the defective motor was sent of f. site for on externol root.couse onelysis.

3) Due to concerns over Limitorque DC operators, os indentified of another plant, MOV's
with similar operators were inspected. The inspections did not reveol any similar
problems.

4) The B AFW pump electronic overspeed trip setpoint was found to have drif ted low. The
setpoint was reodjusted and the electronic overspeed trip setpoint satisfoctorify tested.

5) The flow tronsmitter for HlC.31457B was vented and satisfoctorily tested for
operobility as per 3-05P.075.2 of 2000 on December 7,1986.

ADDITIOt4AL DETAILS:

The AFW pumps of Turkey Point ore steam driven turbine pumps, type Terry 254,
mongfoctured by the Terry Corporation, which is subsidiary of Ingersoll Red. MOV.3 1403
ond MOV.31405 ore 3 inch Wolworth gote volves with Limitorque SMB-00 octuators. MOV.
41403 ond MOV-41405 are 4 inch Velan Globe volves with Limitorque SMB-00 octuators.
MOV.6459A, MOV 64598, and IAOV-6459C ore 3 inch Gimpel Corporation Globe volves with

.

Limitorque SMB-000 octuators. Similar Occurrences: LERs 250-85-037 and 250-86 0161

'
,
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EVE NT: I

On December 27.1984, Unit 3 was tripped monvolly following a loss of turbine governor oi!
system pressure end a subsequent rapid electrical lood decrease from 730 MWe to 0 MWe. No
outomotic control rod insertion occurred. The Reactor Control Operator (RCO), noting that

' the coolont temperature was increasing obove the reference temperature, pioced the rods |
vnder monvol control, and initiated rod insertion. Concurrently, o second RCO cttempted to '

raise the oil pressure vnsuccessfvily. At this time, (about 24 seconds into the transient) it
become clear that the unit could not be recovered, and it was monvolly tripped. During t* e
transient. o PORV opened. then would not fully close, necessitoting closure of the ossociated
block volve. The unit was then stabilized, in less thon 5 minutes. The most probcble cause of
the drcp in oil pressure was the clearing of blockoge of the governor impeller orifice,
resultir.g in the ouxiliory governor dumping control oil. The control rods failed to
outomoticolly insert due to two cold solder joints in the final varioble goin summotor of the
power mismotch cirevit. Tha covse of the PORV f ailure to close is still under investigation.
The PORV, and turbine governor impeller and ossociated components were inspected, and no
probleens were found. The cold soider joints were repoired. The contro!, Ivbe, and seci cil
piping will be cleoned.

.
1
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EVEt JT_
following a loss of turbine

On December 27,1997, at 0941, Unit 3 was tripped monvo117

governor oil system pressure ond o subsequent ropid electricol lood decrease f rom 730 MWeThe initial indications of a transient were several steem generotor (SC) related
The SC feed *cter flow control volves were verified to be operotingto O MWe,

At 0940, the indicated turbine electrico:c|orms onnunciating.
properly, in the ''outo" mode, and were fully open. without ony decrease in

lood and turbine governor oil pressure begon to decrease rapidly, Automatic control rod insertion did not occur. The Unit 3 Reactor Contrc!
Operator (RCO), noting that the reactor coolont overoge temperature (Tove) was increasing
reactor power.

monvol
ref erence temperoture (Tref), placed the control rods under

Concurrently a second RCO attempted to raise tneabove the coolant
control, and initiated monvol insertion. Storting from the f ully withdrown position, (step
governor oil pressure, without success.
228), the monvel rod insertion continued until step 214 was reoched. At this time,
(opproximctely 24 seconds into the transient) it become clear that the unit could not be ,

r ecovered, os:

the recctor was still generating significont power
the turbine electrical food was at 0 MWe, and the tvrdine governor oil pressure *os notc)

b)
responding to the RCO's octions

c) the SC saf ety volves were lif ting, and
d) the steam dumps were f ully open.

the request of the Assistant Plont Superviser-With the unit in the obove conditions, et
tJuclear, o secorid RCO monocily tripped the reactor et 0941.

During the transient, the Recctor Coolont System (RCS) pressure was increasing, until Power
Operoted Relief Volve (PORV) PCV.3 456 opened. The mcximum RCS pressure reached wasApproximotely 26 seconds of f er the trip,
2330 psig, Wst prior to the opening of the PORV. inject;on Block clormed, indicating thot presssrize-
tne Low Pressurizer Pressure Sofety Following the otorm, the RCO's noted that the
pressure had decreased below 2000 psig.The pressurizer sprey volve controller demand si;no!
pressure wos continuing to decrease. l ) d a cneck of the PCRVs
was verified to be zero (the demand signcl for closed sprey vo ves an it hod not closecPCV 3-456 hM duol position indicotion, suggesting thct

Af ter the PORV f ailed to close underrevealed that
The RCO then ettempted to close it monvolly. ; is the

monval control, et 0?42 the RCO monvolly closed block volve MOV-3-535. A ch
f ully.

block velve essociate d with P CV-3-4 56, halting the pressurizer press, e decrease.The
PCV.3-456 otso closed of cbout this time, withovt any odditioncl operator intervention.No Sof ety injection (51) occurred, os the set
min; mum RCS pressure reoched was 1760 psig.
point for 51 is 1723 psi;. The unit was stoblized, with pressurizer pressure increasing, in less
than 5 minutes.

Investi;ctions were initioted into the causes of tne PORV rro!f unction, evf omatic rod contr WAt the conclusion of f*eand the governor control oil pressure less. e d afterf oilvre to insert,

investi;otions, repred meintencnce, PNSC cpproval of the Post Trip Revien, receiving Plont Mono;er cpprovo!, the rece'or returned to criticolity on Jonvory 4, !?D

~
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CAUSE OF EVENT

The immediate cause of the monvol reactor trip was loss of turbine electrical lood, due to o
loss of turbine governor control oil pressure. A gradvol decrease in Impeller oil pressure wos
noted in the doys prior to the event. The pressure just prior to the event was 24 psig. The
most likely couse of the pressore decreose was o blockage of the impeller orifice caused by agrodvol occumulation of dirt. The most proboble cause of the loss of control oil pressure was
o se;sence of events initiated by a sudden clearing of the blockoge. Upon the blockage
clearing, impeller oil pressure would have suddenly increased obout 12% to opproximately its
pre.blockoge pressure (over 27 psig). The auxiliory governor interprets oil control pressure

|
increases greater that 3% per second as excessively swif t increase in turbine speed, and the!

result is that the auxillory governor starts dumping control oil. The loss of control oil is
followed by outomatic closure of the governor and steam intercept volves.

The obsence of any outomatic control rod insertion was due to two reosons:

1) The Tove . Tref circuits functioned as designed. Even on o sudden, complete food
rejection, it tokes opproximately 15 seconds in ".i. portion oi the control circuit to
initiate rod motion. This is consistent wit, the time constonts in the cirevit leod/ log
unit s. During this event the lood rejection was grodvol and the time for total toed
rejec tion was opproximotely 15-20 seconds. This circuit wovid have eventvolly
initioted inword rod motion, but with a time delay that would not have prevented thistronsient,

t2) The power mismotch circuit should have initiated prompt rod motion on the loss of
turbine lood. Troubleshooting identified two cold solder joints, resulting in no output,
on the finol voriable gain summotor. This would have prevented the circuit from
f unc tioning. Testing performed of fer repair of the cold solder joints showed that the
nonliacor gain unit would break down to zero output during ropid food changes. Bench
test;ng of the unit re<ecteo normal responses to static lood conditions. A new function
generstor w::s instdled and calibrofed. Normo! system response was obtoined duringssbsequent testing.

The cause of the PORV failure to fully close is under investigation. Extensive
troubleshooting, including dissembly, bench testing, and operotion with flow through the
volve, foiled to identify ony malfunctions, or ony reason for the earlier failure to fully close.

3.; .,.. m.
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ANAL YSIS OF EVENT

A post trip review was performed to ossess the proper operation of safety related
equipment. The post-trip review established that the transient behavior of pertinent pt:nt

Theporometers for the RCS ond SCs responded as expected for o reoctor trip of this kind.
j pressure decrease due to the PORV failure to close fully and the ovfomatic rod insertion

f ailure was oddressed by the post trip review ond no unexpected causes or responses were
found. Specifically, the RCS pressures and temperatures were de' ermined to have followed|<

Theon expected pottern, bcsed on the conditions leoding up to and during the transient.
Plont Nuclect Sofety Committee reviewed and opproved the post.frip redew. Prompt
operator octions, in that the operators ossumed monvol control of the control rods, m:qvc!! f
tripped the reoctor, then monvolly closed block volve MOV.3 535, precluded the need for
safety injection, ond prevented the tronsient from resulting in odditional degrodotion of plant
conditions. Based on the obove, the heolth ond safety of the public were not of f ected.;

CORRECTIVE ACTIONS

I) The turbine control oil, Ivbe oil, and seal oil piping will be cleoned during the next'

refueling outoges for eoch unit.

2) The turbine control oil system was inspected, and no indicotions of ony inoperable or
malfunctioning components were found. During unit stortvo, with the turbine at 1800
rpm, impeller oil pressure was mecsvred and found to be 28 psig. This presssre is
occeptoble and confirms the hypothesis that the sudden clearing of o blockcge of the
impeller orifice caused the loss of governor control oil pressure. The impelier orifice
was odjusted to toise the pressure to 29.5 psig.

3) PORV PCV.3 456 was inspected. The plug and coge were removed and replaced with
new ports even though no problems with them were found. The volve and octuotor were
repeatedi/ tested, without a recur:ence of f5e problem. The PORV wcs afso stroked
with the unit in hot stondby (Mode 3) and full pressure conditions, with the blo::k volve
closed, in order to demonstrate operobility.

4) The PORV monof oeturer (Copes.Vulcon) will be requested to review FPL's findings.

5) The circuits associated with the outo rod control system were repaired and
operationally tested.

6) The two cold solder joints in the summotor were repcired.

7) Surveillance procedures will be updated to periodically check the operot;on of the ovto
rod control system during Power Range Nuclear Instrumentation Testing.'

ADDITIONAL DETAILS

PORV Monvfoeturers Copes Vvicon. Modet No.: D.100160 2.5
Power Mismotch Summotor Monvfecturer: Hagon Controls / westinghouse. Dwg. Nm IlI t0%.L.

,
Turbine Governor Monsfocturer Westinghouse, Serial 13.A.2893.

!
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On January 28, 1966, with Unit 2 at 80% power, Emergency Suss E-2 was lost, resulting in a
high pressuriser pressure reactor trip. Unit sualtieries then shifted to the startup
(S/U) transformer but a West 115 kV Buss Lockout de-energized the transformer, causing
loss of offsite AC power. Emergency Buss E-1 was energized. 5I and MSIV closure signals
were received from a high steam line flow coincident vita low T m , and an Unusual Event
was declared. Power was restored to E-2 but a second SI signal was received from a steam
line high differential pressure. Offsite A0 power was then restored and the Unusual Event
was terminated.

On March 6. 1986, during refuelir.: shutdowr, two Station Service Transformers were taten
out-ct-service for e.aintenance on their c:veen supply breaker. While energining E-2 fr:s
Emergency Boss E-1, the supply breaker opened due to degraded voltage relay actuation.

Investigation found the loss of E-2 and loss of offsite AC power apparently resulted f rem
two separate, independent conditions - susceptibility of the 1/U Transformer primary site
Current Transformers (cts) to DC saturation tad vulnerability to a randee blevn fuse in
the Eserseccy Suss Undervoltage telays. Hardware changes have been made, and installation
of an improved fusa holder desigs has been planned.

On August 7,1?t6, susceptibility of the 6 kV side cts to DC saturation was c nfittet. A.sinteris solution was installed, with complete replaceeent of the cts planned.
~
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EVD(T CESCR!PTION

On January 28, 1986, the Plant was operating at appromir.ately 80% power. F. ergency

Diesel Generator (EDC) "B" had just been tamen out-of-service to install a solid state
trip device (amptector) on the EOC "B" output breaker. his breaker

overcurrent
upgrade was being performed on all Vestinghouse tie 08 safety-related breakers and wasAt 0917 hours, the EDC "B" output breaker had
q mpleted on IDC "A" the ween before. This also resulted injust been "ratked out" when the Emergency Bus "E-1" was lost.
the loss of Instrument Bus 4 (IS-4) which is supplied by Motor Control Center
"MCO-6". Nuclear Instrumentation Systes Power lange Channel N-44 (f ed f rom 3-4) was
lost, which initiated a turbine runback (rod drop feature). n e autematic rod centrol
system (input f rom N-44) and the steam dxsp control system (powered f rom IB-4) could
not function properly. As a result. a reactor trip was received on "Wi Pressuriser
Pressure" appr: sir.ately twenty-one seconds after "Ed!" was lost.

One minute aftcr the reactor trip. the main generator oil-circuit breakers (CCBS)
opened and the Plant Auxiliaries (those powered by the Auxiliary Transformer during
operation) shifted co the Startup Transformer as part of the normal Turbine Generator

Approaisately one secced later, a West Bus Lockout occurred in theLockout feature.
115 EV switchysr4 which de. energized the Unit No. 2 Startup Transformer (See Figure
1). This resulted in a loss of offsite AC power. EDC "A" started autcr.atically and

Approxir-steiy sixty-seven s conds after the West BusloadeJ Emergency Bus "E-1".
was received. a Safety Inject bn ($t) and Main Steam Isolation Valve (MSIV)Lockout

signal were received. These sere caused by High 5 team Line Flow coincident with Low
Tave. n e Low Tave sigani was caused by the Plant cocidown as a result of the Reactor
Trip. The High Steam Line Flow signal was present due to loss of IS-4. W.en the los s

of offsite A0 power occurred, all three Reactor Coolant Pumps coasted down and the
Plant was cooled by natural circulation flow. We Plant was stabilized at Hot Shutd:w.
conditions with Seactor Coolant System (RCS) temperatur6 being controlled with the
5tess Generator ($/C) PCRVs. An Unusual Event was declared at C935.

At 1027 hours, power was restored to "E-2" by manually starting and loading EDC "5".

1115 hours, after investigation revealed no faultes cenditien en the startugAt
Transf ar ser and its associated circuits, offsite AC power was restored to the Plant
non-vital Electrical Distriburion System.

At 1:26 hours a secced SI signal was received. This was caused by "C" Steam Line Eign

Differential Pressure which resulted uhen frozen sensing lines caused "C" S/C P0ltV r.

stick open. The "C" PORY was closed by isolating the air supply to *.he PC AV. t%s.
correcting the situation. The freezing condition resulted when power was lost c

freeze protection circuits.

nroughout the event, 101 press.re re . air.e4 above the shutof f head of the 5: pu ;s:
therefore, no 51 ft:w entered the 105. At no tire did 105 te=perature and preas.re
approach saturation- Offsite AC pcwer was restored to the entire Plant Ele:!r::n
Distribution System at 1t 01 hour s and the '.'nasual Event wa s te rmina t ed at 16M ..ours,

....
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During the Loss of offsite Power, other conditions resulted as follows:

1. ne control Room Ventilation System failed to automatically align to the
Emergency tecirculation Mode when the initial SI signal was received. his was
caused by the loss of power to "MCC-6" (supplied by "E-2"). nis event was
corrected when the power was restored to "E-2" and "MCC-6". This potential
failure mode, including corrective action, was addressed in CP&L's response to
the Control tooe Wabitability issue (Wi.1EO-0737. Item No. III.D.3.4).

2. During the event (from 0918 to 1105 hours), the Fire Water Supply to the
| Containment Vessel (CV) was isolated when the Phase "A" Isolation Signal
I accompanying the initial SI signal closed the Fies Water CV Isolation Valves

PP-256 and PP-248. ' Technical Specification 3.14.4.2 requires that if a hose
station in the CV*is out-of-service, bark-up protection must be provided within
one (1) hour. 'Although the Phase "A" Isolation Signal was reset at 0936 hours,
reopening these valves (a remote operation) was' intentionally postponed to allow*

the Operators to concentrate on the actions being taken to restore offsite
power. If required, these valves could have been reopened with little delay.

3. During the initial attempt to restore power to "E-2" from EDC "B", breaker
cycling on "E-2" was observed. An operator was directed to remove all control
power fuses free breakers on "E-2" to prevent breaker damage. ne Operator
pulled all the control power fusest however, SI Pump "B" fuses were also
pulled. SI Pump "5" is supplied free the "E-1" and "E-2" Tie Bus, but its
breaker is physically located on the "E-2" Bus. ne pump had already been
stopped in accordance with End Path Procedure, EPP-7, SI Termination. Since
"E-1" was available, SI Pump "B" power via the tie bus was being supplied frem
"E-1".

Since the control power fuses had Leen pulled, only S! Pump "A" was available
for automatic start or manual start for approsisately 40 minutes. $! P m s were
not required at the time. $! Pump "B" could have been started by locally
closing the breaker or installing the control power fuses. n e conteel pcwer
fuses f or the "E-2" Bus loads (including SI Pump "l") were replaced af ter the
"E-2" Undervoltage (UV) Relay Puae was replaced. This action restored the
affected components to the fully operable status.

During this event, there was no threat to public safety since one EDC started and
supplied needed power to one of two redundant Emergency Basses. The Dedicated Shutscwn
Diesel was available if needed. In addition, appropriate provisions are available in
the Ecergency Operating Procedures (EOPs) to consrol tne Plant for an extended pericd
of time without any AC power untit some f orm of AC power is restored (i.e., of f site
pewsr, Emergency Diesels, or the Oedicated Shutdown Diesel).

.g.. . .
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CAUSE/CORAECTIVE ACTICW

Extensive investigations have been performed to identify the cause of the event. As a
result of these investigations, it has been concluded that two eajor events (loss of
Emergency Bus "E-2" and the loss of of f site AC pcwer) were separate and iridependeat
from orie another.

L9$5 0F EXIRCENCY SUS "E-2"'

One potential cause of the loss of Emergency Bus "E-2" is attributed to a blown fuse on
the secondary side of the Potential Transformer (PT) supplying the "E-2" bus W
relay. This would have caused a falso undervoltage trip condition on the "E-2" bus,
thereby, disabling the' bus until the fuse was replaced. The "E-2" Bus W relays
initiate the bus loss of power sequence which "sheds" the motor loads off the bus by
opening the load breakers, opens the normal (of f site power) supply. breaker, starts EDC
"B" and closes EDC "B" output breaker. However, since EDC "B" was out-et-ser'Vice. It
could not start nor could its output breaker close until the blown fuse was replaced '

during the event. An estensive investigation of the EDC "B" output breaker, "E-2" Bus
control cabinet, associated circuits, and wiring was performed. No unusual conditions
were found that would have caused the blevn fuse. The blown fuse was a typical
nonrenewable type 6 amp fuse. Inspection of the blown fuse also showed no unusual
condition. Tte blown fuse could have been a randos f ailure that cannot be related to,

the removal of EDC "B" from service.

The second potential cause of the loss of "E-2" was discovered on March 6, 1986, while
the Plant was shutdown for refueling. The Station Service Transformers ($$Ts) 2C and.

2C vere being taken out-of-service for maintenance on the cosumon supply breaker for
these SSTs. While in process of energising "E-2" via "E-1" (cross tie "E-1" and I
"E-2"), the "E-2" normal supply breaker tripped open due to degraded voltage relay
actuation. .

The degraded voltage relays protect the Emergency Buses from low voltage and high
current conditions by opening the normat (of f site power) supply breaker to the af fected '

Energency Bus should bus voltage become less than 415 volts for approximately 10
seconds.

Subsequent reviews and inspections revaaled that the cause of the degraded voltage
relay actuation was a loose fuse holder on the degraded voltage Emergency Sus "E-2", CC

|
' control circuit. When the crossatie breaker was closed during the occurrence, it

apparently caused the fuse holder connection to open.

The fuses and fuse holders on Buses "t-1" and "E-2" were inspected and eleven (11) of
twenty eight (28) additional DC control power fuse holders () on "E-1" and 8 on "E-2") ;iwere found to be loose to some degree and were replaced. An evaluation is underway to
determine a better method to fuse these circuits en a long-ters basis to prevent the
loose fuse holder problem.

-

g...

E-31

f

t
. ,. - - _ _ __ _- __ - -. - _ ~ . . . - _ _ - - . ~ . ,,,



-~
e=
' ' ' ' .a%...........u...

UCENSEE EVENT REPORT ILER) TEXT CONTINUATION *s.s u.. w m 2.
s.. .n s o n

..se m . = " - *
. . . . . . . .. u ,

...i ," M ... i * .u .
)

|
H. B. Robinson e (l |s le t o i 2!611 8! 6 - 0!0 15 - 0r2 | 0 5I:s 10

, , . - - - . .

Subsequent investigation after the March 6, 1986, occurrence revealed that the loose
i fuse holder could have caused the loss of "E-2" on January 28. 1986. In this case, the

operator racking out the EDC "B" output breaker for maintenance could have caused;

sufficient vibration to open the connection in the fuse h:1dar.

If the loose fuse helder did initiate the loss of "E-2", then the UV relay fuse
addressed earlier could have blown when the "E-2" Bus was teenergized. secause of the
events that had occurred, it would have not been easily discernable'which was the
actual initiating event.

Both the UY and degraded voltage relays were determined to be susceptible to sandou pT
fuse failures. A modification has been performed to these circuits for both usergency
buses to increase the rating of the PT primary side fuses and to eliminate fuse
protection ca the PT secondary side to the relays. This modification provides
sufficient circuit protection while minimizing the vulnerability to a random fuse
failure. Should a PT f ail, the higher rated primary fuses would still clear a f ault|

'

f rom the Emergency Bus. The modification was performed to both Laergency Buses and was '

completed prior to startup f rom the recent refueling outage.
|
; Loss or errsITE POWER
I

Latensi.e investigation was performed to determine the cause of the loss of the off site
power. The Plant trip caused 4 normal transfer of the Ausiliary Transf order load to
the Startup Transformer. Colacident with the transfer of the load, however, a "C"
phase Differentiel Relay operated on the Startup Transformer. This relay tripped the
113 kV West Sua Lockout Relay, which in turn opened all source and load supply circuit
breakers associated with the 115 kV West Bus and the Unit No. 2 Startup Transf ormer

] (see Figure 1).
1

J Subsequent to the event, equipment and possible conditions that could have resulted in
! a tripping of the Startup Transforser due to a "C" phase Differential Relay operation

were systtmatically examined. Some of the tests and inspections that were performed
j included oil samples f rom the Startup Transformer, setpoint checks and bench testir.g of

the transformers relays onsite and at Westinghouse, inspection of asttciated circuit
breakers and related buses, and breaker coordination testing of the saziliary transf er
system. Westinghouse was consulted for independent analysis and reconeendations.
During the course of the investigation. all aspects of equipment, equipment inputs, anc
actual conditions present were analysed. None of the inspactions or tests identified
any faulted conditions or compcnent failures which could have contributed to the
event. However, data es11ected during breaker coordination testing revealed a
condition as described below.

Calculations based on information collected on the installed equipment revealed that
1 the the three (3) current transformers (CT) on the primary side of the St.rtup

Transformer are susceptible to DC saturation. These cts provide the primary (115 rl)
side input to the three (3) Differential Relays. If a priaary CT were in saturatsen.

;;,. . ..

d
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the Differential Relay could sense a sufficient differential current (301 - 351) across
the Startup Transformer and .sperate, leading to a protective action (115 KV liest tas
Lockout). The secondary sids cts are not susceptible to this condleton.

The condition (DC saturation) resalts from a DC componen( of the AC in-rush current
during loading of the Startup Transformer at the time Plant awziliaries are
transferred. The susceptibility to this saturation is a function of voltage rating of
the CT, the currant present under the in-rush condition, and the resistance of the CT
circuit (CT, wiring, relay, etc.). Although this susceptibii.ity is a functied of
circule design and any have been present during the operating history of Robinson,
conditions in the past apparently had not saused CT saturation to the extent and
current in-rush to a magnitude that operated a Differential talay. Specifically, a
West Bus Locknut had not occarred during the sperating history of Unit No. 2.

Conditions present on January 28, 1986, that apparently contributed to the saturation
of the "C" phase CT fallom

1. CP6L system voltage profile had been increased ic Wovesbu ,1985. A.:a it ionally ,
the totinsen Fossil Unit was operating at full load that morning. *his resulted
in a "stiffer" system (lower system impedance) which would tend to make in-rush
current effects more predominant.

2. Auxiliary load on Unit 2 was slightly higher due to f reeze protection circuits
being energised and the running of other equipment as a result of the cold
weather.

J. The freese pra.ection circuits creating a higher than usual resistive lead tends
to stor down motors (toductive loads) more during the dead bus period at
transfer. The transf er of aualliery power uses a "break-bef ore-make" schete
resulting in a 6-7 cycle (approximately) dead bus time. As the resistive load
slows the notors oown, the phase angle increases between the "residual" mater
load and the system. This will further increase the magnitude of the current
in rush and its DC c-sponent.

4. Auxiliary load at Ech usen has slowly increased over the years due to backfit
modifications.

It is believed that the combination of these conditions on that morning, each
representing an incremental change, resulted in the DC saturation of the "C" phase

primary CT with an in-rush current of sufficient r.agnitude to operate the "C" phase

Differential Relay. It should be noted that bench testing of the "C" phase
li'ely of the three relays to operateDif f ere:.tial telay revealed it to be the most s

under this candition.

, . . . . -
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( The susceptibility of the DC saturation is eliminated by a modification which
essentially increases the rating of each CT (increased turn ratio) and connects a
second CT in parallet. This modification was performed on all three phases of the
primary side of the Startup Transformer and was completed prior to star'.ap f rom the
refueling outage. This modification is based on recommendations from Westinghouse.
CF6L believes that its systematic and detailed review of the af fected portions of the
Plant's Electrical Distribution System and the identified corrective actions above will
preclude this event from occurring 6sain.

2 N3W

Duri.ns the week of February 17, 1986, the 115/4 kV S/U Transformer differential relay
input cts were evaluated for operational susceptibility to DC saturation during
transfer of unit auxiliary load from the Aualliary Transformer, gased on best estimate
data available at the time, the differential input 4000/5 asp cts on the 4 kV side were
determined not to be susceptible. Calculations performed for the 115 kV side cts did

j reveal susceptibility and subsequent corrective action focused on these.

Follow up review of a11 data d. 4 caring the initial investigations included
refinement of original calc. account for a hypothetical worst case
scenario. CT nameplate data provided to the manufacturer with a request fer a
specific CT characteristic car .. . ,a curve was obtained on August 5. 1986.

Key parameters determined f rca the curve indicated that the preliminary calculations
may have been in error. Specifically, the new catrulations indicated the 4 kV side C*a
were also susceptible to DC saturation. To assure correct input data was being used,
the 4 kV side cts were tested uslag equipment not available in February. These testsi

l confirmed the accuracy of the CT characteristic curve, and sisceptibility of the 4 kV
| side cts to DC saturation was confirmed August 7.

It was recognised at that time the best permanent solution would involve insta11stien
of improved characteristic cts. These cts however, would require special design and
construction, involving a lead time of several months. In order to provide an interim
solution, a 10-cycle time delay in the trip path from the S/U Transformer differential
relay output contacts to the West 115 kV guss Lockout gelay was installed. This would
ensure that if DC saturation were to occur, sufficient time (appreslaately 5 cycles)
would be allowed for saturation decay. Stace the relay differential schase provides
ace-nuclear safety-related functions, a 10-cycle delay in the differential protection
logic creates no safety concern.

The installation e.f the 10-cycle time delay to eliminate susceptibility to DC
l saturation was acceepitsbed August 8. 1986. seplacement of the 4000/5 cts to eliminate

the potential for DC saturation is currently planned for 1987.

;.4.... .
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JAWARY 28, 1986 SEQt!ENCE OF EVENTS

APP 101. TIME
(Et/ MIN /SEC) EVENT DESCRip!!0W

|

Initial Conditico Plant at 801 pcwer-

Plant coasting down for refueling.-

0915:00 EDC "B" output breaker racked out for breaker upgrade.-

0917:15 Loss of taergency Bus t-2, Motor control Center MCC-6,-

' Instrument But IB-4, and all loads supplied by these buses.

Initiation of Turbine tunback.-

0917:36 Reactor Trip "High Pressuriser Pressure".-

0918:36 Turbine Generator Lockout (unit CCBS opened and Auxillary-

Transformer loads shif ted to Startup Transformer).

0918:37 Loss of offsite power (startup Transformer) due to 115 kV-

West Bus Lockout.

EX, "A" Auto Start.-

All three taactor Coolant Pumps coasted down (Natural-

Circulation initiated).

SI and MSIV closure sitnal "High Stesaline Flow coincident0919:44 -

with low Tave".,

0935 00 Declared Unusual Event.-

Reset SI, Phase "A", and Feedwater Isolation.0936 00 -

EDC "B" Local start * Attempted to start loads on Emergency0941800 -

Bus t-2 but prevented due to the falso undervoltage
signal. Investigation found blown fuse in the secondary

{ side of the Potential Transformer supplying the E-2 W
relays.

! 1027'C0 Sus E-2 loaded..-

1058 00 Energized Startup Transformer.-

| 1115:00 Restored offsite power frca startup Transformer to 4 kV-

Easses 1 and 2 (Wen-vital lead).
g. . .. .
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JANVARY 28,,1986 SEQUENCE OF EvtWTS

6

APPROX. TIME
(ER/MtW/stC) EVENT OESCR!pT!CN

i

"C" S/C PotV stuck open (due to frosen sensing lines).1226 00 -

Second SI signal "Steam Line "C" High Differential1228 00 -

i Pressure".
?

"C" SIC PotV closed by isolating air supply to the PotV.1230:00 -

4

Roset second SI, Phase "A", and Feedwater Isolation.1277:00 -

E-1 pieced on offsite power, secured EDC."A".1255 00 -

L

Restored offsite power from Startup Transformer to 4 kV
| 1304:00 -

Susses 3 and 4

E-2 pieced on offsite power, secured EDC "B".1601:00 -

Plant Power m tribution restoration to normal cocplate. ,-

Terminated Unusual Event.1634100 -
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On January 31 1986, at 1547 hours. Onit 1 Reactor tripped from 1002 power
because of a RPS Cenerator/Turbi.no Anticipatory teactor trip signal. Tne
anticipatory Turbine /Reacter trip was initiated when a 230 kv ewitchyard
power circJit breaker (PCB-20) f ailed following a 230 kw yellow bus
lockout.

Na the Jellow bus lockout occurred the t' nit 1 generator yellow bua tie
breaker (PC3-21) opened. IsmediGaly afterwards the parallel generator
breaker (PC3 20), which was subjected to the entire ge?eretor output. ,

orploded causing the Turbine / Generator to trip on under-voltage. The
failure of PC3-20 wee apparently caused by degraded breaker contacts.

Followtag the reactor trip, both Main Feedwater Pumps (MWP) failed to
; runback and tripped on high discharge pressure. All three emergency

feedwater pumpe start ed immediately and remained in service fe,r about 38
minutes. A prelial.tary investigation has revealed the MWP speed demands
did not run back as expected.

The insediate corrective action was to stabilise the unit at hot shutdown.j The supplemental corrective action assured that PC3-20 was isolated and
Unit I was allowed to restart.

,

The health and safety of the public was not affected by thie incident.1
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Vben power is not available from the unit's generator through the auxiliary
treneformer, powr is supplied to the unit through its startup transformer
fed from either or both of the buses in the 230 kv ewitching station.
Power to the startup transformer can flow through the 230 kv switching
station free any one of fourteen supplies. nese include eight 230 kv
transmission circuits, two nuclear generating unite if operating, twoWhen the 230 kv
hydroelectric units and the 500 kv evitching station.the powr circuit breakar (PC5-20)
switchyard yellow bus becsae lockad out
became the only flow path from Unit 1 Generator to the 230 kv Switchyard
ar.d the Duke System.

DESCRIPTION OF OCCUAENCE

On Ja mary 31, 1986 during the procees of troubleshooting for microwave
probleu arterienced earlier. FC3s 22, 23 and 24 vers opened and isolatedN a PC3-22 and -23from both the red and ye12 v 230 kv evitchyard buses.
were checked an unbalance condition was found on PCB-23 as a result of high
constant resistance on PCI-22.

1$46 hours, the circuit breaker PC3 24 was manually closed without theAt & n this breaker was closed thereset of the generator lockout relays. Consequently all
relay logic was satisfied to cause a yellow bus lockout.
t.se 230 kv yellow bus tie breakers opened.

One of the brac ers that opened on the yellow bus lockout was PC3-21. theWa it opened the only pathDait I gener' wr to yellow bus tie breaker.
for current flow from Unit 1 Generator to the Switchyard was via PC3 20

an explosios, approainately 17 seconds af terPC3-20 faulted, undergoins
At 1547 hours the turbine / generator tripped initiating anPC3-21 opened. FCB-20 is ananticipatory reactor trip frca lect stable power conditione.

ITE Model 230-C.A-20-30 power circuit breaker and is not reportable to
There were no personnel injuttee as result of this explosion.NPU S .

Following the reactor trip. both Main Paedwater Pumps (m7) tripped on
A preliminary investigation has shown the m?high discharge pressure. All three energency feedvetor

epoed demand did not run back as aspected.
puerpo started immediately to supply feedwater flow for decay heat renoval.
Emergency feedvater remained in service for about 38 minutes.

At the time of the reactor trip a etsas generator tube leak existed on the
the calculated steam generator tube leakunit. On the day of the incident,Following the reactor trip one of the mainune .016 gallon per minutes.

otsaa relief valves (1MS-8) opened for !! minutes.

Unit 1 was stabilised at hot shutdown conditions with no actuations of
engineered safeguard (ES) systems or pressuriser relief valves and ne
reactor coolant systes (RCS) leakage was induced.
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CAD $t OF OCCUR 3.tNCi

A discussion with the personnel involved in this incident indicates the
procedure they were using to trouble shoot is very general. N te is
however a Maintenance Procedure that gives more specific details concerning
breaker maintenance work in the 230 kv switchyard. This breaker
maintenance procedure has in it a safety coesideration statement indicating
the failure to notify the Shif t Supervioor to reset the lockout may result
in a switchyard isolation. Bowever, due to misunderstanding and lack of a
clear Jefinition of responsibility for verifying the Unit 2 generator
lockout reset. PC3-24 was closed without the generator lockout reset. This
set up a relaying fault condition and consequently locking out the yellow
b us .

The failure of PC3 20. however, has been evaluated as the root cause of
this incident. N cause for the PCS-20 fault wee attributed to f ailures
of the breaker centacts. Under normal circunstances, a yellow bus lockout
is not espected to cause a unit trip. In this case PCb20 failed vben '

PC3-21 opened, causing a turbins/ generator trip. FC3-20 is rated to carry
the full output ftoe the generator. This is the first incident at Oconee
in which following a yellow bua lockout, the alternate generator breaker
faulted therefore, this f ailure is considered an isolated case.

The failure of the m7 to run back, as expected. was due to a nochanical
probles on one of the m 7s. Dvrias steady state full power operation.
when the integrated control eyeten (ICS) demanded a certain eteed, the
mechanical linkage on the 1A M7 that serverte an electrical signal to an
appropriate valve position did not operate properly. As a result. the pump
speed was below the mornal speed. Conrequently, the IP acrose the
feedvatar valve was below the setpoint of 35 psi. Over a period of time a
setpoint error butit in the ICS 1A m7 a;eed integral which caused it to
eaturate high. Na the reactor tripped, the m7 did not run back se
orpected because the esturated integral was still at a positten calling for
the pump opeed to increase. N feedwater valves had gone closed.
conseguently feedvater discharge pressure increased until it reached
approsi.nataly 1133 peig at which point both main f eedveter pumps tripped.

Nro have been four incidents in the last 24 monthe vbere a unit has lost
main feedwater pumpe, however, the causes were unrelated to what occurred
during this events therefore, this loss of feedvetor la considered an
isolated case.

'

CetitCTITE Acit0N

N insediate corrective action was to stabilise the unit at het shutdown
conditions . Supplementary corrective actions identified the failure of
PCb20 as the cause of the reactor trip. PC3 20 was isolated from the
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remainder of the switchyard, repaired and than returned to service.
Actions were Mao takes to investigate the trip setpoint calibrations f or
LA and 13 feedwater pumps and to investigate and repair as necessary Main
Steam relief 1MS-8

planned corrective actioca vill include the f ollowinst

=A $af ety Consideration statement similar to the one f* nd in theprocedure.
Maintenance Procedure vi'1 be added to the Troubleshooting

-ligne vill be posted on equipment in the E0 kv Svitabyard to inform
personnel working on a breaker that a yellow bus lockout may secur if
specific relays ame not properly set.

-laplement changes as necessary to ensure relaying requiremente are set
during future equipment isolations.

-Saf ety related equipment in the switchyard will be appropriately
identified as safety related.

-ne main feedvater pumpe vill be worked om during the upcoming refueling
outage and adjustments vill be made se necessary to corre*t aisalignments
in the mechanical litAage.

ANA1.TSIS OF OCC"UINCE

nie event was a loss of load transient with a subsequent loss of main
ne criteria for plant protection during this event are that

the minimua DKit will not be less than 1.3. and the systes pressure vill
feedvater,

not azeeed code limits (see FSAR Chapter 13.8).
1 and 1 startupAftet the lock.out of the yellow bus, power to unit

transformere was supplied from unit 3 main generator via the red bus.
Emergency power situation did not occur and was not required.

Rad the red bus been lost during this period of time energency power would
have been actuated and power to the unit I and 2 4160 volt engineered
safeguard twitchgear would have been supplied from Esowee hydro via the

The yellow bus une returned to operation within 71 hoursunderground line.
as requi. red by the Technical $pecification.

ne reactor tripped on 2 out of 4 anticipatory signals fellowing
All control rod drive (CI.D) breaktre opened withinTurbine /Generatet trip.

specified time, with a nazimum delay time of 31 asse. Minimum subcooling
margin vns apprwizately 40 degrees F.

..g . .

E-41

-
-

-



.. .. . ..
_ _ _ _ _ _ _ _ _ _ _ _ _ _

I

.w***'

UCEN$tt (VtNT REPORT (LERJ Th.XT CONTINUAT10N
v s us e .. .w

.u~,.... e..
se ra#

si eo aem e , =e.** * +
1 us -e j .
.... i *tu; .i cup

oconee Nucleam . .
r stati m t'M t ' * I418 l' I' !? I 6 I9 t' 41

n h f. -- 0 ( 0 0I5 0' 0I 5
-

-...r.

Four seconde af ter the reactJr trip both mata feedveter pumps tripped on
high discharge pressure. A.!1 three emergency feedwater pumpe started as
designed and supplied feedwater to both steam generators for approximately
34 minutes. The minimum level maintained in both sesaa generators was 25
taches. We consequences of the 10.J of main feedvetor were within safetylimits.

Reactor coolant temperature and pressure were within acimal limita.
Maziam reactor coolant systen temperature was 504 degrees F prior to the
trip. Minism RCS temperature was approximately $48 degrees P. N
saxima cooldown rate of 100 degrees F was not violated. Maxima R*3
pressure wee 2200 peig. well below the code limits. N mininia RCS
pressure was approximately 1730 psig. well above the setpoint for energencycore cooling system (ECCS) actuation.

Aesctor coolant laventory was control led within normal limits, between a=N== pressuriser level of 40 inches and a nazima of 260 inches.

Minimas steam generator pressure was approximately 900 pois, prior to the
trip. N stsaa pressure peaked at 1123 pois tamediately following the
turbine trip. Coe asia steen relief velve (MSRY) INS-8 remained open for
approximately 11 alautes atter the trip. It vse reseated by lowering the
steam pressure to 973 pois.

Vben Unit 1 tripped, a attaa generator tube leak existed on the unit. At
1533, on the day of the incident, the calculated tube leak size was .016
CPM. Commervative estimate of Gasma and Beta doses to the public indicated
the dose rates were well below the limits of Technical Specifications.

la conclueton, all safety criteria were set durind this event. ECCS and
taergency power systems were not actuated. N bealth act safety of thepublic were act affected.
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On Wednesday. Octoter 1. 1986, with Units 1 and 3 at 1001 full power, and Ur t t 2
shutt! cst for refuelirg, a Load Shed Test on Unit 2 was performed. Suction to the
Low Pressure Marvice Water (LPSV) Pump ves lost about ete hour into the test. The

Loss cf trice in the Conderser circulating Vater (CCV) Siphon Tlev (or Emergency
CCV) systea sas the cause for the loss of the LPSV purps. The Emergercy Condenser
r.frculating Coolfi.g Vater (ECCV) System is required tc provide water through the
bin Condenser for dersy heat removal durizg a Loss of All AC Fover event (Statter
Blackout).

The irrediate corrective action was to analyse the failures that occurred during
the Load Shed Test, and shut down Ocenee Units 1 and 3. Subsequent corrective
actices included redesign of the CCV pucp flaeges and determination of the desip
basis of the ECCV syster.

The roet cause cf this event is the inadequate design and testing of the ECCV
syster. T'his led to a failure of the ECCV system to perform the intended f6ection
as described ir the Final Safety Analysis Report (TS Ajt ) .

There is si.fficient condensate available to provide decay heat renoval following a
blackout without the operatice of the ECCV syster. The diverse and reliable
sources of AC power make the Irebability of a cerplete Loss of AC Fever er a load
shed coim-ident with a LOCA very low. A CCV pur; can he restarted to st;;1y LPSV
suctice following a LOCA evert with a load shd. if the siphon fles systee was
inoperatie. As such the healti and safety of the public vere not affected by this
ircilent. 3,

921 240:50 861210
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Bacharound:

The design beeis of the Energency Condenser Cooling Water (ECCW) Systen is to
provide w.ter to the condenser for the removal of decay heat during a Less of allAC Power event (Station Blackout). The Station Blackout scenario is Itaiting, in
that Condenser Cooling Vater (CCV) siphon flow through the main condenser is usedto remove decay heat. Oecay heat is transferred to the main condenser via the
Turbine Bypses Yalves. Teodwater is delivered to the stear, generators via the
Tuttine Driven Emergercy Teodwate? Purps (TDErVP).

Tcr the Station 31sciout event, the folleving systene aust operater
1) Continuous Varton Priming (CVP) Systes - Using the Mate Steam (KS)

eupplied Emergency Air Ejector.
2) Condenser Tacuun (Y) System - The Condensate Stear Air Ejector (CSAT)

must operate off MS and maintait condenser vacuut.
3) Erergency condenser Cocling Vater (ECCV) System - The gravity flow siphon

sust be established ard function with the artropriate desige flov fori

decay heat retevel for all three units.
4) Irergency Teodwater (ETV) System - The tuttine drisen energency feedwater

pump must function while being cooled by High Pressure Service Vater
(ETSV) from the Elevated Vater Storage Tank (EVST). The TDITVT is
powered by Main Stest (KS).

5) Turbine Bypass valves (TrV) - The TBV must relieve steam to the ecedenser
in order te reclaim the condensate for ETW. These valven are air
operated sith diesel air compressor as a backup.

6) Elevated Vater Storage Tank - The TVST must be available to provide
coelics for the TttrVP and sealing for the CCV pumps with Righ Pressure
Se rvice Kater (HPSV).

The Initial testing of the CrV Systen Cravity and Fecirculation Flev ftection was
performed or Unit I on January 10, 1971, on L' nit 2 on March 18. 1973 and on Unit 3on Tetrtary 7,1974 The acceptance criteria fer the initial test weret

1. All valves necessary to perfore this function were in the properresition.
2. Cravity flow to the Keovee tailrace was visually verified.

DFSCRIPTION CT OCCtM ENCEt

Oc Vednesday, Octeber 1.1986, while Unit 2 was in a refuelles outage, the Unit 2 !

load shed test was performed. At Oconee, a load shed of nor-essential loads is
,

initiated wter erstgency power is required via the undergrcsed feeder fron Tecsees

; throust transforter CT-4 The load shed pratects this power path free everload.
!

. . . . . . . .
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When the load shed test was inittsted the conderter circulating water pumps were
deenergised. Forna11y, this causes the gravity flow system to automatically align
and te allow the flow cf water from the intake structure through the condenser aM
discharging to the Kecsee tailrace into Lake Eartve11. The elevation difference
and a siphon effect are used to cause the condenser circulating water to cettinue

j
to flev. For this test. the condenser gravity drain to the Keowee tafirace was
blocked because this was not part cf the test.

i

Af ter shout an Fcur, the Low Pressure Service Vater (LP!V) purps began to cavitate
ar d s top pumping. CYe LTfV ptssp was stopped by the Control Roce operator, and a
second LPSV pum; vas observed to have lov discharge pressure and cycling arts.
Various high temperature alarna for the cesponents cooled by LPSV vere received ir
the Certrol Room. CCV flev vas restored by restarting a CCV pua; and the plant was
restored to its normal power +d ecedition without ar) plant damage or syster upsets.
Prior to the occtrrence, two LPSV per;s vere operatteg with approximately 13,000
gre/ rump. The LPSV purps are supplied free the CCV crossover teeder which was
being supplied frce Unit 2 at the time.

le the evening of (' etcher 1.1986, the test vse repeated, but this time the gravity
drain feature var slan tested. The restlta vere the ease with the loss of LP!V

The NRC/Regior 11 was advised of these results late it the evening ardflev.
cc r.<imed that units 1 and 3 could contirse to operate until the test data could te
fully evaluated. Units 1 and 3 were at 1001 power. At 0900 en October 1. l u t,
evaltation of the tests rewaled that the operatio*i of this desige feature (the CCV
Siphon flow) ves questionath for it.its 1 and 3, and that this resulted f r
irererability of the trfV systema for Ocetee. As a result, at ciderly shutdown of
the two operatirt usits was begm as required by Teetrical $pecification 3.3.7.
Both unitt reached Cold Shutdovt conditions by October 3. 1986.

The W arr, tent inve st i ga t ic t c f this incidert t) ruke Personnel irdicated that the
flange on the CW Pters, which was estosed due to the lev lake level, was noted to
be leaking water ster tte pumps were runrirg. Initial thoughte were that when tt e

Tesiphon was required air was sucked irto the pumps, destrcying the siphen.
corfirm this suspecten, a temperat/ repair was made to a purp with a polyurethare

In this case, thedra;e and a test of the gravity drain feature vaa run overnight.
siphon flev arrested to improve, ard, the cause for failure of the ECCV systes to
maintste flow was postulated to te the leaking flange which allowed air to enter
the CW piping and collect in tre high point of the piping, thus tervirating CCV
siphon flow.

On October 3,19f f, plans were made to pull all of the CCW pumps and repair the
flange. This vould prevent air in-leabge and would enable *te siphon to be
raintained. Tvn pqrs and three motors had been pulled by tre morning of cetster
4,19f f , vber it was disceve*ed that the interded fix would prot ably not work. The
desip of tt e pcap and casing, relied on a very thin lit to support the pt.nt. *he

purp tot rever teen destgret to be leak tight it ttis joint inastsct n it was not
criticel t o tre desip of tLe pur; for normal lake levels.

. . . . . .
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To tesolve this apparent protlam another fix was proposed. The design of this
particular th included buildfet a rubber boot about the pump casing and pump
barrel and venting tre space under water to allow vetor to ficv out but not toallow air to flew in.
of the ICCW eystem was performed.As a test case o pair of CCW pumps were modified and e test

The resulta of the test indleated that the
proposed fix did resolve the problem ard that flow through the CCW piping could be
saintained for an extended period of time (greater than a hours) by the ICCV

Repairs were begun on the other CCW pumps and were completed by Octcher
system.

II. 1986.
'

In addition to the above, each Continuou, Yaetum Priming (CVP) line at the CCV
intake was inspected for blochge. .att 3 lines sere clear and vaesur was
establisted on Unit 3 intake h!Lt point vents. Jr:it I and Unit 2 lines were found
blanked off with blind flattea which prevented the CVP pumps from developing 4

aderwate vectum on the CCV intale high point vsets to overcome air teleakage at the
i

These flaiiges had apparer.tly not been removed at the comp 1stier cf the
pumps.

orir,it el systen hydro testics. The flaeges were removed and a vacuum was
established on Units 1 and 2 intake high peint vents.

Successful teatiet was also perferred on the CSAI. the furtine Bypass Yahes
the sigten effect. By October 23. 1986 all three unita vere returred to service.

sade

cat'tr nr OCCt RAIMCit

*he r et can e n' tif s incident is the tradequate destgr. att testing of tle
fre rgency condenser Cocling Water (ECCV) Systes. This led te a failure of the TC N
System to perfors its intended functica as described it the F1AA under all assumedconditioeg.

.

fr.Jequate origital design evaluation of the ICCW Systen err! the lower!
ti.c

i nv al lake level af teesee are contributies f actors ta thej f r e iden t , esTse of this
a

CCRAtCTIV Q C Mtt

The following is a listing of the corrective actiets that were taken as a result ofthis incidentt

3 1)
Evaluation of the test data arsociated with the lead shed test to
deteraire reasons for failue of the LPSV pumps.

2)j Bringing crits 1 and 3 to cold shutdown in accordatte with Technical
i

Speelfication 3.3.7
.3) Modifiestien of the leaking flange ce the CCV pump casitts4) Deterriration of the design basis of the gravity flow function'

5) Rereval ef blank flanges f rer Units 1 and 2 centinuous eseuum priritt
lines ant the i s pection of ete 1tres on Unit 31

I

i

!

,

. . . . . . . .

|

4

I

.

,

,
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6) Set tip of a 1000 C;M diesel air compressor and hard piping into theI

service air header
.

7) The procedure fer loss of power was changed to includet
Verification of flow through CCV-8.' a.

b. Monitoring of Elevated Water Storage Tank (tYST) level.
'

c. Isolating steam to all first stage Condensate Steam Air Ejector
(CSAEs), thereby allowing the system to maintain condenser vacuus..

d. Alt gring the Condensate side of the CSAEs to provide an energer cy
cooling f acw path from the UST to the Botve11.

e. Proept alignment cf the Turbine Driven ETV pump suction to the
Fotve11 to allov rere UST vetor for cocling the CSAEs.

f. Operirt of the CCV cross-connects to supply 1.PSV suction from ery
unit with eterating CCV purps.
Leadirc of the EPSV jockey pu:np onto CT 4 fellowing a Icad Shed2 g.
Reset,

i A) cratsing the procedure for the compressed air system to reflect the,

scMfication whict- had piped the diesel air cospressor irto the Service"

Air System
9) Chargies the procedure fer the instrument air system to instruct the .

operators to start the diesel air costressors and open tte service air to [
fratrument air cross. connect, upon loss of instrument air

10) Satisf actc ry 1erformance of tre following tests
$1pt on Flow Test vitbeut continuous prief t g on all units.a.

1. Stenel air compressor test to hold 1oth the Service Air art
7tstrument Air bester at a pressure greater than 75 psig with the
Instrument ard Service Air Cos; tensors off.

c. Test of the Condenser t'sctus response after Condensate flov was
restsed from the CSAle.

I d. Siphan Flev 7est without RFSV fleu to CCW bearing ir@ction '

ccrrertions.

11) Repair tre CCV discharge high reint vent valves
| 12) Requiteter t e to store CCV pues Peter cable and replacement breaken fer,

darste centrol seasuren fcir use af ter an Appendia R fire has beer added
gtc the Aprendix R requirement list.

The Flanned cerrective Actions in response to this incident are as follouer

1) Feview and analy:Is of the seismicity of the CCV system.
2) The develeyert of a pregram to irclude CCV piping in a routine

iespection I

3) A review of the validity of the testiet program to ensure that systests
jand componerts are tested adeguately,

4) A review of Technical f recifications will te performed to detertine if r

any revisions are recessary.
,

/JALYSis OF, O&M)hCE:
t

Section 15.8.1 ef tre Ceonee Tiral Safety Analysis Report (FfAR) assumes |

tiershility of the Trerg,er.cy Condenser circulatteg Vater (ECW) System in the event
cf a loss of all AC power to the statier (blackout). Included in this is tie
ability to safrtain siphon flow cf cendenser circulating water through tie

. . . . . . . .
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Condenser of each operatieg unit. Also included is operability of the Turbine
3ypass Valves and tte Turbine Driven Isergency Feedwater Pumps such that feedsater
can be recirculated through the Conderser to remove decay heat. Bowever irrediate
operation of the ECCW Syster and the Turbine Bypass Valves te not of a critical
nature folleving a station blackout event based on the inventory of feedseter
malt.tained and the ability to release decay heat by steaming directly to the
atmosphere through the Main Steam felief Yalves.

With the TDEnT available but the ICCV System unavailable following a blacknut
evert, approximatefy f.! bours are ava11stle before exhaustiet the minise M,CC0
gallon supply of stered ceedeesato regs tred by Technical Specifications. The
normal asount c,f ec.ndensate availatle to the emergency feedveter pepe fo12cving
blackout is spproximately esfee tb Technical Spcification sinteur.. so extended
decay test removal would be pessible. Based cri the redundancy destgred into the
Cconee AC pcwn distribution syster. It can be asetased that AC power bould be
restored sithin 4 houts of a station blackout evetti therefore, the corsal CCV and
ETT systema ect.id 1.e restored to servlee voll before depleting the condersete
sutgly needed to remvc decay heat. During the Station blackout scenario, the
Flevated Vater Sterage Tank will st.pply cooling water to the TDETVP for 3 te. Il
bn t s .

The less of Coelant Accider,t (IDCA) assumes a less of effsite power and a seret
case sittle failure. In section 13.14 of the F$AJt tb worst single fa!!wre is the
istlute tf tre bua of emerger.e} power which results in the lose of et,e train of Low
Pressure Injectivt. and one train cf Righ Pressure Irjection.

Ir. tt.f s situation tl e overhead energeney gover supply path free Teovee is
available; accctdingly, the CCV pu'Ts would still have power to operate afd provide(Icv through the CCV e)stes durirs tb eseet. As such the gravity flow caratiitr$
provided by the ICCV s>eten is not required . Rowever. if it is alan assured that
the overb A If re is lost ao the strile failure and the TCCV system was uralle toprform its desist fur.ction, station leads would then be supplied by the
underground feeder (the second tref t, cf energency AC power) through transferr'er
CT-4. which would constitute a load shed situation in which the CCV punts would beload shed. CTerators would then raeually lead the CCV pumps onto the emergency bustresediately fellowies the load shd. Thus, the CCV pumps could be restarted after
tb tritial load shed to provide water for the Low Pressure Service Water Systensr.d gravity flow would not be required. (Feference Section 7.3.1.2 and Table 0.1-2of the y$AR.)

The diverse and re11at3e sources of AC power available to ocoree aske the
probability of a complete less of AC powet er a lead shd coincident with a LOCA
very Ict. Sufficient coni ersate is available to provide decay bat removal

*

followtri blackout without the eteration of the ICCV fystes, which would allev
rectres!stion of condeno te.
fo12cving LOCA with a lead obed if the siphet.A CCV pump can be restarted to supply LFTV suctionflow eystem is inegerable.
Therefore, tb inoperability cf the ICCV System did ret adversely affect the besithand safety of the public.

..y....
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A_bstracts 2-06-03

on January 24, 1986, with Unit 2 at 954 power. the Reactor
Protection System (RPS) initiated a full reactor scram. The
scram occurred as a result of high core flux caused by the

-

inadvertent closure of outboard Main Steam Isolation ValvesI (MS!Vs) AO.2 2 66B and A0-2-2-86D. Tbe MSIVs f ailed closed as a
[result of loss of AC power to bus E-22 in conjunction with the i

f ailure of two redundant DC solenoids which are designed to allow
the MS:Vs to stay open during such a loss of A0 power condition.
Loss of pcwer to E-22 occurred as a result of E-2 diesel
generator failure. The diesel generator air intake blower failed '

which caused the diesel to trip. Additionally, Group II and
| Group III outboard isciations occorred on Unit 3, which is
! shutdown for refueling, as a result of loss of power to E-23 bus

load center. The Unit 3 outboard isolation logic relays are
normally powered via the E-23 bus. The air blower was replaced

,

and E-2 diesel generator was satisf actorily tested and returned
to service by February 3, 1996.

L

, , . , , . . . -
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Unit conditiens Prior to Event

Unit 2 was operating at 95% power level with E-2 diesel generator
supplying buses E-22 and E-23 in preparation for a loss of power: test on Unit 3.

Description of the Event

$

Cn January 24, 1986, at 0612 hours, E-2 diesel generator
automatically tripped thereby removing all power to E-22 and E-23
buses. Main steaa isolation valves (MSIVs) A0-2-2-86B and AC-2-!,

2-86D inadvertently closed following the diesel trip. Closure of
Ithese valves resulted in a high core flux condition which wassufficient to initiate a full reactor scram. Immediately !

!

f ollowing the scram,
reactor water level decreased to -32 inches.Group II and Group III isolations occurred properly at zeroinches water level. The speeds of all three reactor feedpumpsautomatically increased to recover reactor water level. At +45

inches the reactor feedpumps and the main turbine received highreactor water level trip signals.,

The feedpumps and main turbinei

tripped properly. Both reactor recirculation pumps tripped'

properly during the 13.2 KV bus fast transfer.
'C' reactor feedpump was reset At 0634 hours the'

{
placed in rervice to control reactor water level.from the high water level trip andBothrecirculation pumps were returned to service by 0645 hours.

Adficionally, Group II and Group !!I outboard isolations occurred
cn Unit 3 as a result of this event.1

4

4

Cause of the Event s
)

!

prior to the event, E-2 diesel generator was in service supplying!
E-22 and E-23 emergency buses in preparation for a loss of poweri
test on Unit 3.
thereby removing all power to E-22 and E-23 buses.At 0612 hours E-2 diesel generator tripped,;

'

Removal cfpower from E-22 bus de-energized the AC solenoids of all four
outboard MSIVs. By design, a redundant DC solenoid remains
energized to allcw the MSIV to stay open during such a ccnditten.
Subsequent to the event, the DC solenoids for MSIVs A0-86B and !

i A0-86D were f ound to be f aile d. These failed DC solenoids. in j

!.

l.

I
i

!

^

,

.

)
i
1
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conjunction with the loss of power to the AC solenoids, caused
MSIVs A0-86B and A0-86D to f ail closed thereby isolating two of
the four main ateam lines. Isolation of these lines produced a
13 PSI pressure spike in the reactor which, turn, produced a

20% flux spike as detected by the in-core flux monitors. The
flux spike was sufficient for the Rps to initiate the full scrar..
Additionally, Group II and Group III outboard isolations occurred

3 as a result of loss of power to E-23 bus because theon Unitoutboard isolation logic relays are powered via the E-23 bus lead
center.

The E-2 diesel generator had been in operation for approxir.ately
$1 hours prior to the event. The diesel was run at relatively
low loads during that period (nominally 550 KW, although rated at
2600 KW). At low loads, all combustion air to the diesel is

When the air b2cwersup;1ied by the diesel's air intake blower.
failed, the distal becare air starved and tripped.

Consequences of _the Event

All isolations cecurred properly. No Emergency Core Coolingof this event (ncrSystem initiations were necessary as a result
did any occur) due to the ef f ective cperation of the reactor
feedpurps. With *.he exception of E-2 diesel, all systers were
prorptly returned to normal af ter the event.

Cerrective Actions:

RT-15.6 titled *MSIV Pilot valve Solenoid Continuity Test" is

performed on a monthly basis f or the pu rpo se o f ve r i f ying .w.S V

solenoid coil continuity. A review of the mos*. recently
completed RT-15.6 indicated that all MSIV AC and DC coils had
satif actory operating currents when tened en January 22, 1986.
just two days prior to the evant. '."no AC-8 6B and A0-8 6 D DC
scienoids were replaced on January 25, 1986. One of the failed
solenoids has ceen sent to PEco Electrical Engineering Divisi:n
for failure analysis.

. . -
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$
The E-2 Diesel air blower was replaced and E-2 diesel was
satisf actorily tested and returned to service by February 3.4

1986. The failed diesel air blower has been sent toi

Colt /Fairbanks Morse for failure analysis and rebuilding.!

Previous .Similar occurrences:

None.
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On Septe ber 29, 1986 with Surry Units i and "nit 2 at 100%
pcwer, all service water flew to the Unit i Charging Pu::p
Service 'a'ater $2 system was lest dwa te the pu:p tecoming
air bcu.d. D.is arnermal : nditi:n affected the heat sinX
f:r the chargin; pu ; ic ticating cil ceciers and the
internediate heat sinX f:r the charging putt; mechanical
seals.
1 ::ediate attenti:n was pr:vided to return a fi:v;ath to
serv;:e. O.e affected Unit i pu::p was sesequent'y vented.
Tei'. wing verift:ati:n Of pr ;er :;erati n, tne Unit i
se system was returned to n: nal status,

7sei1C4:01 Sa10:9 % "# "
p ;'t ACCOA 0*;00E90 -
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1.0 Description of the Event

on September 29, 1986 with surry Units 1 and 2 at
100% power, service Water (SW) flow to the Unit 1
Charging Pump Service Water (ChgPSW) subn stem
was lost. The ap;roximate time of the event was 1445
hours.

Earlier in the day, one of the redundant Unit 1
ChgPSV pumps (E 5-P), 1-SW-P-10A, had been removed
from service for replacement. Maintenance activities
in the 1-5W-P-10A room required that grinding be
performed on a pump support prict to pump replacement.
The grinding activity resulted in actuatien of a smoke
detector which automatically closed a SW fire isolation
valve. Due to a lock on a strainer blow down line inthe SW supply line, closure of the SW fire isolation
valve allowed air in-leakage which caused 1-SW-P-10B to
beceu air bound.

2.0 safety Ccnse7uences and Implicatiens

During normal cperation, the charginc puttps are
used as part of the Reacter Coolant Chemical and
Volume Control System (CVCS) and take suction frem the
Volume Centrol Tank (VCT) (E::5-C3). During accident
conditions, with Safety Injection (SI) actuated, the
charging pumps (E :S-P) are used as Eigh Head safety

iInjectica Pu.mps and take sucticn from the Refueling '

Water storage Tank (RWST) (EIIS-BQ).

The ChgPSV pumps provide a heat sink for the
charging pump le e oil coolers and the
component cooling water subsystem (which is the heat
sink for the charging pump rechanical seal ecclers)
( E:25 -C' R) . Recent analyses and com=unicatiens with
the vendor indicate that no heat sinec for the
mechanical seal coolers is required. The effect of loss
of heat sink to the charging pump id ricating oil
coolers was monitored by the reactor operator en the
plan'. ccmputer. The highest bearing temperature
observed during the event was approximately 160*T.
S@ sequent operating evaluation has revealed no pu. p
degradation due to the short term ice cil te perature
increase. Public health and safety were not affected
during the event.
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3.0 Cause

The cause of the event was introduction of air
into the Charging Putep SW supply line. Grinding
activities in the cubicle that hcuses ChgPSW pu:tps
1-5W-P-10 A and 2-SW-P-10 A actuated the s:ncke detector
and closed the SW isciation valve.
A leak cn the bicwdown line fcr the in-line strainer
(E::S-STR).in the SV supply line provided an air
in-leakage path into the system.

4.0 : mediate Cerrective Actien
operators were dispatched to locate the source of

the pecblem and return the pu::ps to normal. The
temperatures of the cperating charging pu: p were
recnitored.

5.0 subsemient corrective Action
The leak at the in-line strainer was repaired.

The Maintenance Predictive Analysis Gr=up subseTaently
monitored the Unit 1 charging pu::p that had been in
cperatica during the event ar.d f ound its cperating
parameters to be ncrmal.

6.0 Actions Taken te Prevent Pe:urrence
This is censidered an isciated event, therefere,

no additional acticas were taken.

7.0 Generie imelicatiens
Ncne.

.

E-55



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

POW 28 06 01
. p.

. = - . 4 w. . .. ..w . . .
== .e e.m ..

UCENSEE EVENT REPORT tLER) so .. n =

.%. n. .., m.. . . . >

S u r ry Po ma r s tatlan t_t nit t e is t o te led ta 1e i lo*!n t i**
Loss of Charging Pump Service water System Caused by Falling to Vent Ahrvirn Wata, geralnar_

. . , . . . . . . - . . ,u.... ....v.......
. u, . . . . .. -:;; go .. p. .. . . . . . . ema'=.am.6

etitegelet i t

1|0 3!0 ek els 0 | 3 !1 olo 1|1 2|s a}g siste,8,e, 1 i
~ ~

. , , , , . m. -- ,, me m m ... e . . 1 _ . .
" ' ' * N mm =wy m' e . P e._ _g

_

m .. =m m en em_ _ _. 11e,a m .m _
_a mm nr - _.y.g.,g,,,,,m w .e. g a tamew m vs.w.p eiam m_ _. - == ar mr_ _ _.- a>= m
....<w...n

, ,

.. coe.

R. F. Seunders Stat 4n Manacer al eta 11 m I-ti11 te I am==u.m.m.......=,...
I

~

| -.,y,:* *tg,;;ns'y. a 't;'.;.*h * e nc . .m ..
u cr n .,

.

t t i l i t i i ! I f t t I

t t t I p t I p I t t ! I f
- . . . . . .. . . . . . ., , , , , ,

.u m i

7.n..
- m. - .=, I. " " " ' '

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

:
;

On October 30. 1986 with surry Unit 1 at 100% power and Unit
2 at refueling shutdo.Tt and the reacter defuelede service

Iwater flow to the tinit 1 Charging Pu.mp service Water
Subsystem was Icst due to the pu.tps becoming air bound when j
a service water strainer was placed in service without ;

being vented. This abnormal conditicn affected the heat sinX
for the charging pump lubricating oil coolers and the
inter:tediate heat sink for the charging pump stechanical
seals. Operation without service water to the charging putp
service water system is prohibited by Technical
Specification 3.14.

1Inusediate attentien was provided by operators to return a
flowpath to service. The affected Unit 1 pumps were
subsequently vented. Following verification of prcper
operation the Unit 1 subsystem was returned to nomal
status. The system was cut of service for approximately 19minutes. This report is sulnitted pursuant to
10CTR50.73(a)(2)(1).

NkN b b h0
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1.0 Description of the Event

on October 30, 1946 at 0202 hours, with surry
Unit 1 at 100% power and Unit 2 at refueling shutdown,
with the reactor defueled, service water (SW) flow to
the Unit 1 Chargirig Pep Aervice Water subsyste:n
(EIIS-BI) was Icst. Operation without service water
to the charging pe p service water system is prohibited
by Technical Specification 3.14.

An operator was swapping the filter elements of
an in-line duplex strainer (EIIS-STR) upstreaft of the
operating Unit 1 ChqPaw pep (1-SW-P-10A) (EIIS-P) due
to an indicated high differential pressure. When the
standby filter element was placed into service, the
discharge pressure of the operating pu:tp decreased to
zero. The ChgPsw header low pressure alar:n annunciated
and locked-in in the main control recen and the standty
pep (1-SW-P-108) auto-started but failed to clear the
low pressure alarm.

2.0 Safety consequences and Implicatiens

The ChgPSW pumps provide a heat sink for the
charging p e p lute oil coolers and the ccaponent
cocling water subsystem (which is the heat sink for the
charging pep mechanical seal coolers) ( EZ I S-CI.R ) .
Recent analyses and corranunications with the vendor
indicate that no heat sink for the mechanical seal
coolers is required. The effect of loss of heat sink
to the charging p e p lubricating oil coolers was
monitored by the reactor cperator en the plant
cornpute r. The highest bearing temperature observed

,

i during the event was apprcximately 143 degrees
fahrenheit. This le an acceptable value and will net

|
degrade the equipreent. The public health and saf ety'

were not affected during the event.

3.0 Cause

The cause of the event was introduction of air
into the ChgPSW pep supply line. When the standby
filter element was placed into service, it was not
filled and vented which resulted in the operating
pe p becoming air bound. It has not been determined
why the standby pep f ailed to clear the low header
pressure condition.

g ..
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Subsequent investigation of the event revealed
an accumulation of marine growth in the Unit 2 service
Water supply line to the ChgPSW purep and control / relay
room area chiller subsystems. This growth reduced the
interior pipe size of the supply line and increased
system losses. The increase in suction side losses is
believed to be a contributor to the loss of SW events.

4. 0 Immediate corrective Action

operations personnel were dispatched to identify
and correct the problem and return the pumps to
service. The control room operator monitored the
temperatures of the operating charging purep on the
plant computer.

5.0 Additional corrective Aetiens

The affected Unit 1 pumps were successfully vented
and were returned to service at approximately 0224hours. The system was out of service for approximately19 minutes.

6.0 Actions Taken to Prevent Recurrence *

Operators have been instru:ted to ensure in-line
strainers are filled and vented prict to placing them
into service. The marire growth was cleaned from the
Unit 1 and 2 service water supply lines.

7.0 SLmliar Events

Unit 1 LER 46 024.
Unit 1 LER 86 030.

8.0 gnagi,geturer/Model Number

Not required.

.
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at 103 p>er,Cr. 7/11/E6 nth Urat 1 ar. ref aeltrq shutiv. ar,d Urat ;
cperaters were atterT*.;rg to returr the ' A' c".ar;;rg prr c.rirrer.tAt
coolits water prT to sernce f ellcwirq ererge.cy raar.tersce.
1512 bcm.rs, the redardar.t 'E' prr, whet. had te s.T51 yin; ,xci rg
siter to the char;Lrg prT sea' ccelers, lost disc-Arpe press re.
"hs resulted ;r. teth prTs te;rg iroperable. It as asstrvd that air
tr. trot.; x4 it.t: the systera darirs ralr.te.ar.ce cn the ' A' prT' caused
the 'E' prp to tectre va cr tc.rd. 'O'e ' A' psT wu ver.t ed, .at er wu

16;5 hoirs.
ahd to the syster .. ard the p.7 wu retu. ed to servir.e at~

Subser.er.tly, coeracility ;f the 'B' p*T wu dercr.strated, a-d it wu
also returred to se vice,

e,cce:6 m:o e60 T:s aco 5 ceco- e2PDA
g

pT
/ i
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1.weraMe Charm v Mrr ccrme .t Ccelire Water Rrre

1) fesazit*. ice of ht

Cr. July 11, 1986, with W.it 2 at 100% pcwer ard that 1 in refuelirs
shutdckn, ervrpercy raintenance was teirc perform cn 2-CC-P-IA,
the W.it 2 ' A' chargira prp ccrprer.t co: ling wa*.er prT (C15 CC) .
At that ti e the red xiv.t prp, 2-CC P-2B, was in CTeraticr. sqply.
trq ccolars water to the chargira prp seal ecclers. At 1518 ro ss,
while atterptirq to return the 'A' prp to servlee folicwing the
reinter.ance, the 'B' prp's disd.arge pressure d.rcSied to zero.
21s resulted in both charging prp ccrpcr.ert cooling water pris

. beira arc;erable. Bis ever.t is ccr.trary to Techr.1 cal Specif teeticn
1 3.3.A.7.
I

|
4 2) Sa'ety Ccr. sane ces a-d 1. r11eatier.s

{
. Durtrq retral etersticrn the chargirq prps are used as prt of tre

Peacter Coclar.t CNr acal and Voltre Cor. trol System (Ctt||5) aM take
,suctim frr the Voltre Ccr.trel Ta .K ('.C) (CIS CE) . turtrq ;

i accider.t ccrdaticr.s, with Safety Injecticr. (51) actuated, the '

! charging pris are used as the Ha Head 51 prTa ard take sucticn
i frcr: the Fefueling Kate Storage Tar.k (RWST) (CIS C . % e charg-

its prp cwe .t coolln; water pros provide cooling water fcr,
,

i the char;tra prp seals thrcu;h a seal cccler. W e ncrral naxist** ,

, taTerature of the tC is 115 T ard the rex:.rtr alicwed tisTerature
j cf the m e* As 45 T. We wder has tid.leated that no se41 tec117.; ,

; 1s re;r.ared fcr the charging prps as 1crq as tie prTed fluid is i
1 telcw 115 T. Berefere, tM loss of the chargtra prp cocitrq r

wtter pris did not create an ur. reviewed safety gaesticr., and t%
j health aM safety of tro ptlic were ret affected.

1
i 3) Qtalg

|

I Be chargira prp ecc11rq water systern is a closed syster. ccr.sistir.g
of two redurdar.t coeltra wa*er prTs, two recida .t tr.temidiate
coolers (cccled by service water (CZE BZ)). a read ta .k a-d 6 seal
coolers (? pr targirq prp) . Shcrtly, fo11xrg the ir.itiatacr. |cf the ever.t. , was ncned t?at a 1cw level existed in the read

ta.k. It was therefere assred a large leak existed in the syster-
vd efforts were directed tcwtrd f trdtr.; the leak. H: wever, no

,

sagr.ificant leaks cculd te feed. Perefore, ? t is speculated that L

i air was tr.tredred tr.to the syster d irs rainter.ance er. the ' A' !
; prT whict ea sed the 'B' prp to ' ce t e varcr tord result 1rq tr. j
| tero dist A ge pressure. ,

i
'

i *
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4) L reiiate correc*1ve Action

C5erators were dispatched to locate the source of the problern arsd
return the ptrps to operaticn. ne terTeratures of the operating
charging prp were rrnitored and trende$ during the ;eriod the cool-
ing water prpi were inc5erable and no increase in terperatures
were obser/ed. Also, a Technical Specificaticn Liratirs Ccrditicn
of Operaticn was entered and preparaticns were raie to ra p the
unit dchn if required.

5) 4v7;ticeal Ccrreetive ic*1en

ne ' A' prp was preserJ'| vented and rake-up water was added to
the systen and the 'A' prp was returne$ to service at 1825 hours
af ter operability of the prp was de rnstrated. Subsequently,
operability cf the 'B' prp was de mstrated and that prp was
also retumed to service.

5) Ac* 1 x.s Takea. to Prever.t Fe .:rre .ce

This is ccnsidered to be an isolated event, therefore, no additicnal
acticos w re taken.

7) Ce erie L-rlicatiens
|

|
' :ae.

.
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On September 7.1986. both units were at steady state power, Unit 1 at 100%
and Unic 2 at 884 power. At 2355 durir.; an operability test. D1 Diesel
Generator failed to start after cranking for ten seconds. D1 was declared
inoperable. At 0330, while running No. 22 Diesel cooling Vater Pump to
prove operability per Technical Specification 3.7.3.2, a small oil line
burst the pump was shut down and declared inoperable. With these two
components inoperable, a power decrease was begun on both units. Repair of
the oil leak on No. 22 Diesel Cooling Vater Pump was completed and at %06
the pump was restarted and proven operable. The power decrease was halted
and both units were returned to normal operation.

Cause of the inoperability of No. 22 Diesel Cooling Vater Pump was the
rupture of brass tubing, which was replaced with stainless steel.

Cause of the inoperabilit/ of 01 Diesel Generator was not immediately
apparent but further investigation and testing revealed that leakage
through the fuel header pressure return orifice check valve allowed the
fuel oil header to dr.in during idle periods. The check valve was replaced

This event is being reported voluntarily for information purpe:es. Health
and safety of tne public were not affected since of f site power sour:es were
inta:t throughout the event. Operator actions were judicious and timely

Cne previous instance of inoperabi'..ty of one diesel generator and one \
diesel ecoling vater pump was reported as R0 $0 06. \

86101e0156 861008 ,

*d* *" " POR ACOCA 0500
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j EVENT DESCRIPTION

On September 7,1986, both units were at steady-state power, Unit 1 at 100% and
Unit 2 at 881 power. An operability test of D1 Diesel Generator (DC) was to be
done in preparation for taking No. 22 Diesel Cooling Vater Pump (DCLP) (P) out of

|
service for preventive maintenance. At 2355 D1 Diesel generator failed to start
af ter cranking for ten seconds, and the Start Tailure annunciator (ANN) and 86
Lockout were received. D1 was declared inoperable.

Vith D1 inoperable, testing in accordance with Technical Specification 3.7.8.2.(a)
was begun. At 0028 on September 8, D2 DC was started to prove operability. After
D2 was proven operable, No. 22 DCLP was started to prove operability. At 0330,
af ter running a short time, tubing (TbG) to the lube oil low pressure alars twitch
(PS) ruptured. Dyerators at the scene took local control and shut down the pump.
At 0334, with D1 DC inoperable and No. 22 DCLP inoperable, a power decrease was
begun on both units. Rather than test any more equipment, manpower was allocated
to repair the oil leak on No. 22 DCLP. Repair of the oil leak was completed and
at 0406 the pump was restarted and proven operable. The pow <- decrease was halted
and both units were shortly returned to normal operation- ,

CAUSE

Cause of the inoperability of No. 22 Diesel Cooling Vater Pump was the rupture of
brass tubing on which a pressure rwitch was mounted in a cantilever f ashion.
Engine vibration caused work-hardening of the brass tabing and eventual brittle
fracture.

Cause of the inoperability of D1 Diesel Generator was not Lanediately apparent.
Further investigation and testing was deee as follows:

At 0138 on September 8, the 86 Lockout was reset so that it could be determined
if the governor shu*down solenoid plunger was stuck in the shutdewn position.
The plunger was found to be in the proper position. At 0150 D1 was started
from the control rosa. During this start, it was noted that D1 took an abnorsally
long tLas to start. It was suspected at this time that the failure of D1 to
start was due to a fuel systes probles. At 0726, D1 was again started; this
time no problems were observed.

At approxtmately 0810, work was begun to investigate potential problems with the
fuel system. Laakage tests were performed on the fuel oil pump discharge check
valve (?) and the fuel oil pump suction piping back to the foot valve (V) in the
day tank. These tests revealed no probleza. The packing of the fuel oil hand
priming pump (P) was replaced. The fuel oil pump discharge relief valve (RV)
was resoved and tested. The investigative work uncovered no problems which

t

| could have caused the failure of D1 to start.
!

..g....

|
1
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On the morning of September 9. D1 was successfully started three times from the
diesel generator roea. while in local control. Prior to the second of these
starts, the air supply to the governor oil booster was disconnected and carped
to determine if this would adversely affect the ability of the diesel to start.
It was found that without the oil boost, the governor was shower to resp:nd, but
the dietel still started within ten seconds. At 1203. D1 was started per its
normal surveillance procedure to prove operability. At 1501. D1 was declared
operable.

A schedale was oveloped for increased testing and further investigation of D1
to assure its reliability since the cause of its f ailure to start had not been
determined. D1 was started successfully on the following days: September 9
through 12. September 15. and September 18. A special test was developed to
determine if the fuel oil header was draining down excessively between starts.
The fuel header pressure vos monitored insediately following the operation of
the fuel oil hand priming pump. This revealed that the pressure decay rate was
dependent on the amount of time the diesel was idle.

On the morning of September 19, D1 was removed free service and the fuel header
pressure return orifice check valve (V) was removed for inspection. The testing
and inspection of the check valve revealed seat leakage which was caused by a
nick in the rubber 0-ring seat. The valve was replaced, and at 1115 D1 was
started again and at 1224 D1 was declared operable.

The apparent cause of the D1 inoperability was leakage through the fuel header
press'Jte return orifice check valve, which allowed the fuel oil header to drain j

during idle periods. The purpose of this spring check valve is to allow excess
fuel oil to return to the day tank (TK) while the engine is operating and to
prevent the fuel header from draining down while the engine is idle. Air is
allowed to enter the fuel header from tre clean fuel return line :ents through the
bodies of the injection pumps. This source of air, along with the leaky check
valve, caused the fuel header to drain down.

Time between diesel starts was a factor. The typical interval betveen starts is
| two to three uska; on this occasien the interval was 25 days. This apparently
l alleved draining to continue to the point that it affected diesel operation.

SAFETY CONSIDEFJTIONS

This event is being reported voluntarily for inforution purposes. Resith and
safety of the public were not affe:tsd since offsite power sources were intact
throughout the event. Operator actions were judicious and timely.

l
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CORRECTIVE ACTIONS

A tesporary repair to the ruptured oil line on No. 22 Diesel Cooling Vater Pump
The oil line was permanently repaireo by replacing the brasswas made quickly.

tubing with stahless steel tubing. This repair will also be done on No. 12 Diesel
Cooling Water Pump.

The leaky check valve in the fuel system for D1 Diesel Generator was replaced. theThe similar check valve installed on D2 Diesel Generator vill be inspected atIn the interia, the hand prising pump isnext scheduled perientive maintenance.
being operated daily to assure that the fuel oil header rer.ains filled.

FAILED COMPOt:ENT IDENTITICATION

The leaking valve is a spring check valve supplied with the Model 38TD8-!/8 diesel
generator made by Tairbanks-Morse.

SIMITAR PREVIOUS EYINTS

One previous instance of inoperability of one diesel generator and one diesel
cooling water pump was reported as RO 60-06.

i
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On December 27 1986. both units were at 100 power. No. 22 Diesel cooling Water Pump
(DCLP)(P) was out of service for planned saintenance. Dur ing the daily operability
run of ho. 12 DCLP (required by Tec'..nical Specifications s >n one Diesel Cooling Vater
Pump is out of service), a jacket water hose ruptured. The No.12 DCLP was ic=ediately
shutdown and declared inoperable at 0848. At 0947. a load decrease was begun on both
units since both diesel coolins water pumps were inoperable. A Notification of
L'nusual Event (NUE) was declared. Replacement of the jacket water hose on No. 12 DCLP
was accomplished quickly; at 1008 the pump was declared operable and the lead decrease
was stopped. The NUE was terwirated and a load increase to full power was begun.

Cause of the event was f ailure o' a flexible hose made by Aeroquip Corp. Preliminary
investigation indicates that expected service life of this hose is about $ years; the
hose had been installed in early 1980.

This event is being reported voluntarily for inforzaties purpose.. Health asd safety
of the public were unaf fected since of f site power sources were available throughout
the event.

| All the flexible hoses on No.12 DCLP were replaced with hoses of a higher te-perature'

rating. Hoses on No. 22 DCLP were replaced with hoses of higher rating last year.
The hose replacement pregram is being reviewed for adequacy.

There have been no previous st=ilar events. !
v

i
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EVENT DESCRIP'!0N
_

On December 27, 1986, both units were at 100% power. No. 22 Diesel Cooling Vater Pump
During the daily operability(OCLP)(P) was out of service for planned saintenance.

12 DCI.P (required by Technical Specifications when one Diesel Cooling Vaterrun cf No. The No.12 DCLP was ice.ediatelyPump is out of service). a jacket water hose ruptured.
shutdown and declared inoperable at 0848. At 0947. a load decrease was begun on bothA Notification ofunits si..:e both diesel cooling water pumps were inoperable.
Unusual Event (NUE) was declared. Replace =ent of the jacket water hose on No.12 DCLP

10C8 the pump was declared operable and the load decreasewas accesplished quickly; at
The NUE was terminated and a load increase to full power was begun.was sto; ped.

CA"SE

Cause of the event was f ailure of a flexible hose made by Aeroquip Corp. Preliminary
investigation indicates that expected service life of this hose is about 5 years; the
hose had been installed in early 1980.

SAF3TY CCNSIOEFATIONS
Health and safetyis being reported voluntarily for information purposes.This event

of the public were unaf fected since of f site power sources were available throughout
the event.

COPRECTIVE ACT!0NS

All the flexible hoses on No. 12 DCLP were replaced with hoses of a higher temperature
Hoses on No. 22 DCLP vere replaced with hoses of higher rating last year.rating.

The hose replacement progra= is beiD% reviewed for adequacy.

I PREV 70CS SIMILAP EVENTS

There have been no previous similar events.

<

.n . ... .

E-67

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



|

I
,

. , * * * = =
, n c6 u. .. w . a ..

N. C 6 p. 4.s

UCENSEE EVENT REPORT (LER) "'*"6''"

.v.,,,,
sou ., . # ._.-a s

Fort Calhoun Station . Unit No. 1 0 | s | 0 t o ( 0121915 l t le'! 0: 3...a
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On July 2.1986, at 0534. while the plant was operating at 100* power. the
reactor and turbine generator were automatically tripped on low steam generator
level after the failure of a safety related instrument inverter. The trip was
initiated by a closure of the turbine control valves which was caused by the loss
of 120 VAC instrument power to the electrohyoraulic control unit. Other
consequences of the loss of power included inoperability of the steam durp and
bypass valves and failure of the feedwater valve rampdown circuitry. Thesefailures combined to cause an abnorsal post-trip pressure transient in thereactor coolant system. Alternate power was quickly restored to the failed
instrument bus and, within a few minutes, the plant was placed in a normal hetshutdown condition.
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During normal operation at 100% power, an instrument inverter trouble alarm wasControl room operatorsreceived in the control room at 0534 on July 2, 1995.
quickly diagnosed a failed instrument inverter feeding bus Al-40A and dispatched
an equipment o;erator to the switchgear room to manually reenergize the bus byThe
closing the breaker en a bypass transforeer also feeding bus Al 40A.
inverter failure placed the Reactor Protective System (RPS) in a half trip
condition since the RFS eperates en a two out-of four logic and the failedAbout teninverter was one of four feeding the independent channels of the RPS.
seconds after the inverter failure, a reacter trip occurred when a second channel
trip was received 'n the steam generator B low level trip unit.

Several unusual transients were noted in the ecments follcwing the trip:

Reactor Cnolant System pressure increased to approximately 2400 psia for a1. short p . d of tirre. This caused PCRY's to be actuated.

Steam generator pressure increased to the setpoint of the secondary safety2.
valves causing them to be actuated.

Overfeedir.g the steam generators resulted in abnormally high level and3. subsecuent overcooling of the primary sptem. As a result, RCS pressure
! decreased to a low of about 1725 psia

4. Steam dump and bypass valves could not be cpened.

The coerating charging pump stopped and the two backup pumps could not be5.
started.

Within a minute of the reactor trip, the equipeent operator had retrergized the
lost instrument bus and control recs cperaters were seen able to restore the

,

plant to normal shutdc.n conditien.

A diagnosis of cor; uter and recorder information revealed the follcwing
explanation for transients seen after the inverter failure. The deenergized
instrument bus AI 40A supplies power to EHC panel Al-50 with no alternate power.
A turbine first stage pressure transmitter which sends a signal to the EHC loadLoss of power caused a loss of signal
control circuitry is ocwered from Al-50.This ultimately resulted in the turbine centrol valves
to the load centrol unit. The load rejection before reactor tripgoing closed without a reactor trip.
explains the high pressure seen in the primary system and the low steam generator
level earlier in tha transient. The high steam generator pressure was due to the
loss of a heat re oval path that occurred when inverter power w;s lost to the
steam dump and bypass controllers. Also, a relay whien energi:es to o0e9 theThese valvessteam cump valves en a turbine trip receives its power from Al 40A.
again became coerable .*en pc.et was restored to the bus.

;. . . . . .
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The overfeeding of the steam generators after the trip occurred because the main
feedwater regulating valves did not rampdown as they normally would. A relay
which energizes after a trip to initiate the rampdown is powered from Al-40A and'

therefore did not perform its function when the reactor tripped. Operator action
was required to restore steam generator level to normal once the overfeeding wasdiscovered.

The loss of the inverter also caused deenerization of relays which control the
operation of backup charging pumps. The loss of these relays would have shutdown
the backu, charging purps if they had been operating (they were not . The
operating purp should have kept runnicg unless the charging pump se ector switchwas not in its normal position. When AI.40A was reenergized, all charging pumps
regained ope * ability. Investigation of this problem is continuing.

The loss of a safety related inverter does not put the plant in an unstfecondition. There are four such inverters which supply power to the four channels
of the Reactor Protective System and to the Engineered Safety Features logic.
Loss of a single inverter cannot prevent these systems from performing theirfunctions. It is apparent, however, that the failure of invertar A led to
several undesirable consequences. Seve al steps were taken to reduce the
probability of this incident belns repeated. Ynese steps are sumarized below.

An emergency modification was performed to transfer the power supply for A!.50
from bus Al 40A to bus Al-429 which is supplied by an inverter which M t
automatic transfer to alternate power. This reduces the probability that the
initiating scenario will be repeated on the loss of an inverter. This
modification was completed before the plant was returned to power. An
Engineering Evaluation Assistance Re:uest has been initiated to study the
desirability of redistributing the loads on A!.40A so that the loss of a single
inverter would not have all the consequences .s described at~ve.

The failure cf an inverter due to a problem on the DC CC cor.verter has been seen
before in other instrument inverters at Fort Calhoun itation, but this is the
first time . hat such a failure has caused a reactor trip or any other kind of

-

adverse consequence. Consultation with the vendor has been taking place to
determine how to it; rove the reliability of the inverters.

The loss of lead aspect of this event was compared to the loss of load analysisin the Updated Safety Analysis Report
during the transtwnt were, in all cases (USAR). The values of critical parameters
in the UtAR. , more conservative than thost predicted

A similar loss of load trip occurred on May 28, 1976, in which the turtine
control valves partially closed while the plant was operating at 100% poner.
That event was not caused by a loss of inverter peur,

"

g .. ..

E-70



_- _ _ _ _ _ _ _ _

)
|
|
l

f ..-......w.
-...w=-- 8.a*..**.=

UCENSEE EVENT REPORT ILERI
. . .u..,_...

2 9 | 3| t ler| 0|41.o1S|010101Pilgrim Nuclear Pcver Station - Unit No.1
.a.v , .. ,e.

.. . . . -
Loss of offsite Power Due to Severe Winter Storm . , . . . . . . . . . ,

.u,..
u. . u. . . w. . .. . . . . . . . . .

**f,,;; = . . . . . . ..a
# 18t01 8 9 8 1 1 io,. . . , ... . . .

8!6 0l2|7
~

0I1 0}5 0) 7 8} 7
,,,,,,,,,, , ,

~
I 6Il l ll? 8 ....m.----...nu.i.,... , , , , , ,, , , , , , , , ,,,,o,.,,., N _, , , , ,

j,,,,,,

._ _
._ _

,,~_
. ~ . . .

= m m g,. - . w . y__ .- _ = .-~. _
. _ . .-

_
=w _

-r w _
...=~ _

i . 31_
_ COr.b9a

s u . e .. .. ....w..
_ .. s. w.

611i 7 7!& 16 I-1719 101082alBrian P. Lunn - Plant Eegineer, Ext.
. , . . . . . . . . .

m en _ :

t7" |f;
" s au er.. m:., =y:c' :

er..| e.*o.... *m's 't,"L' |
e..au

I ' I i ! I t !
1 1 I l I t i

| | | ! I t f
l l ! ! 1 | 1 _ . . , . . . . . . .

, . , ,
_ ... _ .. .w .. i|, ,* * ' " ' '

"T e
7,.i . . . en w

we.
- - . . .

.. _ ..

..e . e, .

19. 1986. Pilgrim Nuclear Po.er Station was in a e

At about C800 hours on November
cold condition / refuel anMe when it espertenced a less of preferred offsite powerThe emergency diesel generators started and loaded,
during a severe winter storm. The secondary of f site 23KV pc.er supply
supplying power to the emergency buses.
also was available during this event except for a period of aeprontmately three

The safety systems responded as espected for the entsting plantminutes.
CMfiguration.

Investigation
Power was restored to the plant systems by approstmately 1238 hours.
and inspection determined the most probable cause fc the loss of offsite pc.er to
have been the Ice and show assocfated with the storm in progress. ho furtherThis event did not ef fect the health and safety cf
corrective actions are planned.
the public.
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At appro Imately 0800 hours on November 19. 1986 the Pilgrim Nuclear Power
Station (PNPS) was in a cold condition with the mode switch in the "Refuel"
position, when a severe winter storm caused a loss of preferred offsite power
(LOP). In response to the LOP. both emergency diesel generators (E!!S Code
EO automatically started and loaded, supplying power to the emergency buses.
The other engineered safety features also responded as expected for the
entsting plant configuration including appropriate portions of the Primary and
Secondary Containment Isolation Systems (E!!S Code JH) and the Reactor
Protection System (E!!S Code JC).

The operations staff responded as required by plant procedures, verifying and
maintaining the reactor in a safe condition. The hRC Emergency Operations
Center was notified of the event at approximately 0852 hours.

The Pilgria Station preferred offsite power distribution system consists of an
onsite 345 KV ring bus which connects the main and startuo aus1*.taty
transformers to two 345 KV transrission lines. At the time of the LOP, both
transmission lines tripped as designed due to near simultaneous, detected
faults. The plant can also be supplied with power from the local 23 KV grid.
This backup offsite pcner supply was available during this event, except for a
period of approximately three minutes, at about 0830 hours.

Investigative efforts were coordinated with the regional power transmission
control center. Onsite efforts focused on the switchyard, with interviews and
inspections conducted to verify proper operation during the LOP and to attempt
to locate the source of the fault. Interviews with personnel in the
switchyard area vertfled that no unusual or unexplained noise or responses
were observed. $1multaneously the transmission center dispatched personnel to
check the distribution lines.

In order to attempt to locate the detected fault, at about 0900 one 3a5 KV
offsite transmission line was re-energized, and at approntmately 1015 the
other 345 KV line was re-energized, each with the respective disconnect
switches open in the plant switchyard. Neither line indictted a centinuing
fault, and observers in the switchyard witnessed no problem. At approntmately
1106, the plan', switchyard was partially re-energized to verify its ability to
operate. Again no faults or problems were indicated, and at about 1128 the
balance of the switchyard and remaining transmission line were re-energized.
At about 1133 normal power restoration was begun with full restoration
completed at approntmately 1238.

A follow up inspection of the transmission lines was performed with a
helicopter as soon as the local weather would permit. No physical degradation
or failure was observed.
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Based on the inspections and Investigation results, and the severity of the
storm, it was concluded that the LOP was attributable to arcing of the high
voltage lines due to locally heavy ice and snow.

In response to this event, the emergency diesel generators started and loaded|
|

automatically, suppiying power to the emergency buses. The other emergency
safety features responded as espected for the existing plant conditions.,

I

f
Though not used, the backup offsite power supply provided an additional
margin of Safety. This event had no effect on the health and safety of the
public. M further corrective actions are planned.

A somewhat stellar event was reported in LCR's 77-0217 and 78-003X.
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Point Beach Nuclear Plant
Failure of Unit 2 Main Steam Isolation Valves to Close upon Demand
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At 0250 hours on September 28, 1986 during a scheduled Unit 2
shutdown for refueling the main steam isolation valves 2CV-2017 and
2CV-2018 failed to close upon demand from the manual pushbuttons in

| the control room. The valves did close when operations perscnnel
applied force to the operating arm of each valve. The valves were

| disassembled and inspected to deteruine the failure mode. The
failure appears to have been due to excess packing friction in both
valves with additional friction in one valve's operating cylinder.

! Once the failure mode was identified the valves were repaired and'

reassembled. Both valves were tested as required by Technical
Specifications for a closure time of less than 5 seconds.
On January 17, 1987, during testing 2CV-2017, the disc stop broke
and the disc stuck open. The disc stop was subsequently repaired
and 2CV-2017 was returned to service|

,
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EVENT DESCRIPTION

The main steam isolation valves (MSIVs) had been in the openposition since December 31, 1985. Unit 2 was shut down for
Refueling 12 on Eeptember 27, 1986. At 0250 hours on september 28,
1986, the Unit 2 reactor operator tried to shut the MSIVs from thecontrol room as required by OP-3C, "Hot Shutdown to Cold Shutdown."The secondary side steam generator pressure at the time was
approximately 300 psig with essentially no steam flow in the mainsteam lines.
lights did not charge),When the MSIVs did not shut (i.e., position indication
manually close the valves.an operator was sent to the valves to

The valves were manually closed bl* theoperator applying force to the operating arm of each valve. It
should also be noted that the non-return valves also did not closeunder the no flow conditions. The manual force needed to close thenon-return valves was less than 7 ft-lbs. This amount of force isminimal compared to the large amount of force which would have been
applied if a reverse flow condition would have occurred. There fore ,
it is conc 2uded that the non eturn valves would have closed underthese circumstancas.j

PLANT AND SYSTEM RESPONSES

Other systems operated as expected during the September 28 shutdownsequence.
I,

SYSTEM DESCRIPTIONS

Point Beach is a two-loop pressurized water reactor with a main
steam isolation valve (MSIV) located in each main steam line justoutside containment.
turbine hall down stream of each MSIV.A non-return check valve is installed in theMSIV 2CV-20l? and non-returrvalve 2017A are associated with the "B" steam generator.
MSIV 2CV-2018 and non-return valve 20.8A are associated with the "A"steam generator. The non-return check valves are installed to
prevent the blowdown of the non-faulted steam generator in the eventof a steam line break. Por example, referencing the attached print,
if a steam line break occurred between 2CV-2017 and 2017A assumingMSIV 2CV-2017 did not close, the "B" steam generator would blow downthrough the break until 2CV-2017 was closed. If 2CV-20l? failed toshut, the "B" steam generator would continue to blow down throughthe break until dry and 2017A would t,revent the "A" steam generato"from blowing down through the break. CV-2018 can also be closedmanually from the control room to prevent blowdown of both steam

} generators. It should also be noted that each steam generator has a
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flow limiting orifice immediately down stream of the steam generator
outlet. As can be seen from the above discussion, for the failure
of both MSIVs in conjunction with a steam line break between an M51V
and a non-return valve the cool down of the reactor coolant system
is limited by the non-return valves and the steam generator flow
orifices.

The MSIVs at Point Beach are 30-inch self aligning, swinging disc,
inclined seat, check valves manuf actured by Atwood & Morrill Co. of
Salem, Massachusetts. The drawing number for the valve is 20735-H.
The valves are straight-through type having a swinging disc rotating

Each of the valves has anen a heavy shaft with bushed bearings.
external air operated cylinder which requires 80-100 psig to hold

Two series solenoid valves control the supply airthe valve open. in an open configuration duringwhich maintains the valve 6These series solenoid valves are closed upon receipt of.

operation.a main steam isolation signal. An accumulator maintains air
pressuto in the cylinder if the supply air is lost. Two normally
closed, energize to latch open, solenoid valves are provided forWhen the air isventing the air upon receipt of an isolation signal.
vented, the MSIV closes assisted initially by a spring and then by
steam flow impinging on the back of the disc.

functionThe energy industry identification system component
; identifier and system name of MSIVs are as follows:

Component function identifier: ISV
system name identifier: SB

CENERIC IMPLICATIONS

The Unit 1 MSIVs are the same type of valve as the Unit 2 MSIVs.
It is possible that the Unit i valves have a similar problem withThe Unit 1 MS!Vs willpacking adjustment as discussed in this I.ER.
be inspected, and,1f necessary, repaired, tested and returned to
service during the Unit 1 spring 1987 refueling / maintenance outage.

,

REPORTABIL7TY

This event is reported pursuant to 10 CFR 50.73.a.2.v.D. "Any event *

or condition tSat alone could have prevented the fulfillment of the
safety function of structures or systems that are needed to mitigate
the consequences of an accident."

t

..g. .. . .

l

B-77

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



_ _

r -

t

I

l
1

.." ' '

UCENSEE EVENT REPORT RER) TEXT CONTINUATION
i,i w u...iw... .. .

. o.n oi.e .c r u a o.
.4... 8..*4 8 S P 99

. = - . . .
, , . . . , . g . . . , , ,

n*. i "t%;: "*:.'.T:;

Point Beach Nuclea= . . - .= r Plant # 16 t o Ie le 13 10 11 816 - 01014 - 0I1 0!4 08 1 14...

CAUSE

in order to determine the cause of the valve failing to close and
provide for appropriate corrective action, a systematic approach for
diagnosing the problem was developed. This approach consisted of
step-by-step disassembly of each valve, while observing any signs
that might have contributed to the valve hanging up. Special
maintenance procedure (SMP) #754 was prepared to control the work
activity and document the data and results obtained. In addition, a
representative from the manufacturer witnessed the disassembly andassisted in problem assessment. Parameters measured includedpressure in the operating cylinder required to start the valve
opening, pressure needed to start the valve shutting, and pressure
required to fully shut the valve. The following was found duringthe testing activity:

'$ equate clearance was observed or demonstrated between thea.
stuffing box bushings and the disc arms in both valves.

b. The shaft-to-stuffing box bushing clearances were withinspecified values for both valves,

There were no signs of galling on the shaft in bushing area, orc.
in the bushings of either valve.

4

d. There were some signs of galling on the shaft in the gland
pusher area and in the gland pusher. This galling was
determined to not be recent, and was not considered to be a
potential contributor to the current problem,

A slight misalignment was noted between the vertical planes ofe.

the air cylinder shaft and the valve operating arm. There wereno signs of galling or rubbing in the linkage and there
appeared to be sufficient margin to accommodate the mis-
alignment.

f. Each stuffing box had about 12-13 rings of packing and the
packing was tightly compressed to the bottom of the stuffingbox.

I
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The air cylinder of 2CV-2017 operated smoothly, requiring onlyg.
about 1 psi pressure change to reverse it. The cylinder for

2CV-2018 operated in a jerky motion. This was considered to be
abnormal and turned out to be a misalignment between the lower
cylinder bushing and the bushing oil seal in the dashpot.
Since the dashpot is no longer used, the bushing oil seal was
removed under an approved modification in the interest of
reducing all potential contributors to friction in the valve
and operating system. The dashpot remains only as a protective
can for the cylinder shaft outside the cylinder and limits
downward travel of the cylinder when not attached to the valve.
Some play existed in the operator linkage which allows ti eh. air cylinder shaft and the valve shaft operating arm to move
slightly when air pressure is released without actually moving
the valve disc. This issue was discusred with the auxiliary
operator who initially reported the valve had closed about
5-10% and it was concluded that the valve had not, in fact,
moved at all during its test.

The packing in the valves was circumferentially wound with1. die-formed graphite ribbon, whereas the packing originally had
been axially-laminated graphite. The wound graphite does a
better job of sealing than the original material and is the
presantty-recommended packing; however, it will provide a
higne, radial load with the same axial load in comparison to
the laminated packing. This may increase the friction on the*

MSIV shaft. .

,

CONCLUSIONS

The following conclusions were reached as a result of the testing
performed:'

The reason that 2CV-20l? failed to close was solely excessivea.
packing friction.

b. valve 2CV-2017 did stick fully open during testing. It did
not close 5-10% as previously thought.

The failure of 2CV-2018 to close was due to a combination ofc. packing friction and excessive friction in the operating
cylinder. It is believed that if the operating cylinder had
been sorking correctly, the valve would have closed.
The reason for the change in friction load after the valves hadd.
acceptably passed IT-285 (Technical 51 ecification required test
for closing time) cannot be explained. A number of thectaes
exist, but none can be substantiated.

i
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one theory is that the friction load may have been just below
the load required to prevent initial motion of the valve during
the test and as the valve sat in the open position the statie
or break-away friction increased slightly due to flow of thepacking into the valve shaft irregularities. If the staticfriction is not overcome, the static-to-dynamic friction load
reduction and valve momentum forces would not be realized.Both of these would affect valve closure during testperformance,

A definitive ctatement that the valve would have closed
e.

a steam line break accident with steam flow durini
cannot be made.

However, since we have had problems in the past with holdingthe valve in the full open position when flow is present in theline,
this would indicate that there is a force which attemptsto pull the disc down in the flow stream.

CORRECTIVE ACTIONS

The following corrective actions have been implemented:

Spacers have been installed in the stuffing box bottom toa.
reduce the number of oacking rings from 12 .13 to 8-9. This
task was accomplished through an approved modification request
and in accordance with discussions with the manufacturer.

b.
Prior to the Unit I refueling / maintenance outage in April 1987,
modifications will be made to change the air system to !
facilitate testing of the valves. The inservice test will be '

modified to collect more data than a simple pass / fail of the
Technical Specification limit for the closing time. These
modifications will be done on Unit 2 by the start of the 1987
fall refueling / maintenance outage.

Even though we have not experienced a problem with the Unit 1c.
MSIVs, they will be modified to reduce the nur.ber of packing }
rings similar to Unit 2 during the spring 1987 outage.

d. The details of this event will be disseminated to operating
and maintenance personnel with special emphasis being placed !

upon the importance of not tightening valve packing without !,

subsequent post maintenance testing to verify valve
operability. Post-maintenance testing is required byPBNP 3.1.3, "Maintenar.ce Work Request."

3*d * *** "'**
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A modified IT-285 valve stroke test was performed uponResultse. completion of the maintenance of the subject valves.
indicated that 2CV-2017 closed within 1.5 seconds and 2CV-2018
closed in 2.5 seconds. These results are well within theTechnical Specification required stroke tine of 5 seconds.

SAFETY ASSESSMENT

Failure of both MSIVs to shut upon demand could have an effect on a
Failure of the HSIV to close would resultsteam line break event. This resultin the faulted steam generator blowing down completely.

is the same as the result of the steam line break happening upstream
It should be noted that Point Beach is analyzed for aof the MSIV. Assteamline break which involves blowdown of one steam generator.a steam line break upstream of the non-return valvediscussed above,

in one steam line will not result in the blowdown of thenon-faulted steam generator due to the function of the non-return
valve.

The worst case steam line break conditions concurrent with the
failure of both MS!Vs to shut would be a steam line break downThis accident would result in astream of the non-return valves.
rapid cooldown of the reactor coolant system until both steamEmergency Contingencygenerators were dry or the MSIVs were shut.'

Action Procedure ECA 2.1 addresses operator actions in these
Note that 2017A and 2018A and downstream piping arecircumstances.located in the turbine hall. It is, therefore, possible to reach

and manually close these valves (if necessary) without exposure toManual closing of the MSIVshot steam from a break in this area. *

under these conditions would result in regaining control of the
The flow limiting feature ofreactor coolant system cooldown rate.

the flow orifices at the outlet of each of the steam generators will|

limit the initial cooldown rate until the MSIVs are shut.,

'

The overall conclusion is that the MSIVs would have closed manually
resulting in the ultimate ability to control reactor coolant
pressure and decay heat removal using auxiliary feedwater flow and
dumping steam through atmospheric steam dumps.
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$1MILAR OCCURRENCES
,

December 31, 1985, after a trip on Unit 2, 2CV-2017 failed to close
when the operator in the control room tried to close the valve
manually. During a post-trip investigation a valve packing was
adjusted and the valve passed the stroke test required by
Technical Specifications. The test was performed three times withall three test times being less than three seconds. Refer toLER 85-005-00, "Reactor Trip Due to Loss of Load" for furtherdetails on this event.

On January 17, 1987 during an inservice test (IT-285) 2CV-2017
failed to close completely within the Technical Specificationrequired time of 5 seconds.
relatively the same results. The valve was tested 4 times, each withIn each instance, the valve closed
easily to within 85 to 90% closed within approximately 2-3 seconds.
The valve was tested a fifth time and the operating air cylinder
which normally holds the valve open during operation was bled down
to O psig. The valve again closed to 85% closed. The torque to
close the valve completely was measured at less than 50 ft-lbs. The
valve was again reopened and tripped closed. The valve closed to a
90% closed position. Since it was suspected that *here may havebeen a different pressure in the "B" steam generator, the "A"atmospheric dump valve was opened and the "B" MSIV 2CV-2017 closed

;

easily from the 90% closed position.

The packing of the valve was subsequently loosened and retorqued to
determine if the packing was a contributing factor to the closingdifficulties. The valve was then closed completely three times.
Each closure required less than 2.5 seconds. After the last

; closure, one more test was to be run to determine if the three good'

closures were due to a differential pressure between the two steam
generators because of opening of the "A" atmospheric dump valve.
When the valve operating air cylinder was bled completely, 2CV-2017remained in the fully open position. The valve appeared to be
further open than normal and it was theorized that the valve openstop had broken. The valve body was opened, the stop was found to
be broken and repaired, and the valve returned to service, l'urther
details can be found in attachment "A."
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A'I"IACHMENT "A"

MSIV 2CV-2017 FAILURE TO CLOSE
1987Unit 2 was placed in a hot shutdown condition on January 17,

to repair a packing leak on a reactor coolant system loop flowFollowing the repair of thetransmitter root isolation valve.transmitter, a test of the Unit 2 main steam isolation valves
(MSIVs) was performed to verify the continued operability ofAthese MSIVs which had stuck open during the last outage.
temporary change to IT-285 was initiated to test the MsIVs at hot
shutdown and to include measurement of the pressures in the
air-operating cylinders required to stroke the valves.
The testing was performed on the morning of January 17, 1987.
All steam loads were minimized including drawing steam from the
Unit 1 for part of the Unit 2 gland steam system. Testing of the
"A" valve was performed first with valve closure times in the three

1.47, and 1.35 seconds. It should be noted that notests of 1.80,
stroking of the valve had occurred prior to the first IT-285 test
trip.

Part of the changes to IT-285 included the measurement of the
pressure in the air operating cylinder during definable positions
of the valve after valve closure testing.
The test results along with reference as left data from the fall
1986 refueling outage are as follows:

"A" MSIV (2CV-2018)
Valve position As found press. As left press.

Test #: 1 2 3 1986

Starts to close 33 34 33 34

Reaches 80% closed 17 16 16 19

Starts open from 20% 59 59 59 57

Just reaches 100% open 83 84 84 81

These pressures indicate essentially no change from the performanceTheof the valve at the end of the outage in the fall of 1986.
slight increase (approximately 9%) in pressure to open the valve thecould indicate an increase in the friction of the shaft against
packing in the valve.

I
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The "B" MSIV (2CV-2017) was then trip tested with the following
results. Again it should be noted that no prior stroke had beendone.

Valve stroked to 85% closed position in 3.07 sec.
Valve stroked to 85% closed position in 2.27 sec.
Valve stroked to 90% closed position in 3.03 sec.
valve stroked to 90% closed position in 2.70 sec.
In each case the valve disc appeared to dro
position rather rapidly then hit a cushion.p to the 85-90% closedThe control room wascontacted to see if there was any difference in steam generator
pressures and that both reactor coolant pumps were operating. Both
pumps were running and there was no discernable difference in
pressure between the steam generators. A plant process computer
printout of the steam generator pressures obtained after the event
confirmed the lack of an indicated pressure difference. Instrument
& Control personnel however believe that a small pressure
differential could exist even without indication in the control room
due to the allowable inaccuracies in the instrumentation.
Following is the pressure data similar to the "A" MSlV for the airoperating cylinder:

"B" MSIV (2CV-2017)Valve position As found press. As left press.
Test #: 1 2 3 1986

Starts to close 13 14 13 16

Reaches 80% closed 3 3 3 6

Starts open frcm 20% 29 30 29 31

Just reaches 100% open 41 43 43 43

Essentially all the pressures are slightly lower than the as left
pressures and would tend to indicate a difference in the pressuregauges rather than a difference in the valve. There was a slight
increase in the pressure difference required to change the cirectionof the valves about 5% on the average.
slight increase in the friction of the valve.This could be caused by aIn general, the valve
performed as expected and the pressure results appeared to be
essentially the same as left after the refueling outage.
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The pressure in the air operating cylinder was bled to zero afterThe
the final pressure test and the valve stepped at 857. closed.
torque reTaired to fully close the valve was less than 50 ft-lb.

valve was reopened and tripped shut with the valve stopping at
The "A" steam generator atmospheric du=p valveThe

was opened to drop that generator's pressure slightly to make sureabout 90% closed.
This would ensure

it was less than that in the "B"
steam generator.that there was no pressure differential between the"A" and "B"

As soon as the "A"
steam generator holding the "B" MSIV open.

atmospheric dunp valve was opened, the "B"
MSIV closed fully.it is felt that the valve would have gene ccepletely

shut if a small reverse pressure dif ferential condatsen had notTherefore,

existed during the initial tests.
To evalu,te the packing torque contribution to the closing
resistance of the valve. the packing on the "B" MSIV was loosened

and retorqued to 65 ft-lbs (the same as left in November 1906),
A reduction in the packing torque was not considered desira.ble
because a slight amount of steam leakage existed with the current

The valve was then tripped and the valve closed2.25, and 2.21 seconds. The reasontorquing.

completely with times of 2.09,the valve did not completely close instantly was due to fricticn
from the packing or a small differential pressure between steam

The MSIV was opened one more time and the work was
started to take pressure readings on the operating air cylindersgenerators.

When the air was being bled of f,
during cperation of the valve. Attempts to close
the valve remained in the fully open position.the valve by applying torque to the valve shaf t were unsuccessful.
The valve appeared to be further cpen than normal and it wasThe decision
theorized that the valve disc stop may have broken.
was therefore made to place the unit in the cold shutdown conditlen
and open the valve body for inspection.
ASME Code Section VIII was reviewed for guidance to determine what
would be required if welding would be required to repair the valve.In addition, the valve manufacturer was contacted for any additlenal

1ned the welding would be acceptable.guidance. It was deter:

CAUSE

When the valve was cpened the valve step was lying on tcp of the
valve disc and the disc had traveled further into the valve bennetarea and hung up on some of the remaining weld naterial which hadrap of a large ha ser enCnaheld the valve step to the valve body. It does

the valve disc at the point of hang.up clesed the valve.not appear that a significant loading had been applied to the valve
shaft by the as-found condition.

"
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A jood portion of the weld fracture on the valve stop was old.
It appears to have initiated on the corner of the stop where the
stop had been cut back several years ago to allow for additional
disc travel. The original horizontal cut on the stop had been made
by a grinding wheel and the are from the cutting wheel extended into -

'

the piece left in the valve. This appears to have been the most
likely location for the initiation of the point of fracture. It
should also be noted that the old weld was a fillet which hadindication of areas of poor fusion.,

GENERIC IMPLICATIONS

The design of the disc stop on three other valves (1CV-2018,
ICV-2017, and 2CV-2018) of this type at Point Beach is the same.
However, we do not believe that the other valves are as susceptible
to cracking of the fillet welds as experienced in 2CV-2017.
2CV-2017 has a larger valve operator air cylinder than the other
three valves. Often, when the valves are opened, there is a
differential steam pressure across the valve which requires a much
larger operating air cylindar prassure to move the valve from its
closed seat. At times the steam pressure differential is adequate
to prevent the opening of the valve, thus requiring the openirg of,

the atmospheric dump valve to reduce pressure in the effected steam4

generator. When the atmospheric dump valve is opened, the MSIV
opens very quickly and in the case of 2CV-2017. the valve slams
against its disc stop. Because 2CV-2017 has a much larger air
operating cylinder, the pressure to open the valve is usually in the

, 40 psfg ' range, whereas the other valves at Point Beach usuallyI require at least 80 psig. Thus, if the pressure in the air cylinder
for 2CV-2017 builds up to near instrument air pressure (100 psig)
before the valve opens, there can be enough stored energy to quickly
take the valve all the way open to the disc step. In addition, the

,

vent hole on the nonpressurized sidS of the air cylinder piston for4

2CV-2017 is 1 inch line whereas for the remainder of the valves thisline is 1/8 inch in diameter. The 1 inch vent is large enough to
prevent the buildup of air pressure on the back side of the
operating piston during fast movement. In the case of the other
valves, the small vent line allows the buildup of a back pressure on
the piston during quick movement of the vs.lve which cushions the
movement of the valve into the stop.
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CONCLUSIONS

Based on the facts presented here, we believe the valve can be
considered operable at the time of the initial testing. It is felt
that the differential pressure between the two steam generators
accounts for the behavior of 2CV-2017 during the initial testing.
It is also believed there is no reason for immediate concern aboutthe integrity of the disc stops in the other MS!vs because of the
differences in the air cylinders. We will, however, issue
maintenance work requests to inspect the disc stops on the three
remaining MSIVs when convenient.

REPORTABILITY

Although subsequent evaluation determined the broken disc stop was
not reportable, a courtesy emergency notification system call was
made at 1244 hours on January 17, 1987.

CORRECTIVE ACTIONS

The valve body was cleaned up and the area subjected to an
informational die penetrant test (PT) to make sure no cracks had
propagated into the valve body. The old disc stop piece was
beveled, cleaned, and welded back in. The piece was reinstalled
with a groove and fillet weld and an informational PT was done on
the final veld surface.

After the valve disc stop was reinstalled the valve was stroked
prior to reinstallation of the cover to verify free movement of the

!
valve. The pressures reauired to stroke the valve were ceasured as
follows:

|
l Valve position As found press. (psig)
| Test 1 Test 2
j
i
' Start valve open 22 22

Valve full open 39 39

Valve starts shut 19 19

Valve full shut 2 1

.,
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These values are comparable to the values taken hot and to those
taken during the testing performed during the last refueling outage.
Full op '.a and full closed indication was also verified. Finally,
the ve ve was tripped from a fully open position and it fully
cles'.d.

V.sen the valve was reassembled and the unit was returned to
operating temperature, IT-285 was again performed. The result of
this testing was acceptable. It should be noted that the leakage of
steam through the packing has increased.

We are considering the installation of an orifice plun in the vent
port of the air cylinder for 2CV-2017 when opening the valve. Some
testing would be done to determine the impact this installation
would have on the valve closing time. If there is little or no
impact, the plug could be permanently installed.
SAITTY ASSESSMENT

The safety assessment for the supplemental report is the same as
the original report.

SIMII.AR OCCVRRENCES

This is the first case of a broken stop found in an MS!V.

;.g....
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At 2358 on Septe mber 5,1956, whLle opersting in M00E I at 100% power the Cahert
Cliffs Ur.it 2 reactor automaticany t:1pped on a low reactor coolant flow tdp sigral
initiated by Reactor Coolant Pump (R CP) 21 A treaker tripping open. The atmosphenc
steam dump valve for 22 Steam Generator (SC) failed to reseat following th tdp causlag

.
4

*

additional primary cooldown and was manelly isolated. At C010 on Septe mber 6,1586 an
Auxiliary feedwater Actustion Signal was generated due to a teaporary low levelin SC
22. The low level scurtid wh!Ie manually controlling SG levels to limit the pdmary
cooldovra rate. Troubleshooting determined the R CP treaker t:ip was due to a failed
arge capacitor. The surge capacitor was replaced ard the pump was retumed to se:vice"

at 0825 on September 6,1996. The atmospheric staee dump failed to reseat due to its
associated staa m dump solenoid valve lea'dng air byits seats ard maintairing pressure on
the actuator. The solenoid valre internals were replaced.

The corrective action is to replace R CP arge capacitors with irductors located at the
R CP treaker switchgear. Addtionally, t.5x atmosphenc staam dump valve
ter.h1 Leal manual was changed (upon recom mendation by the manuScturer) positioner'sto inclaie a
shim eing precedure fc.c the positioner's linkage. '

egyj 9702100001 B70205 14 PDR ADOCK 05000318 /; 5 Pnn \|I

g%. *

1
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On September 5,1986, u 235!, whLle Calvert Cliffs Unit 2 was operatingin MODE I at
ICO% power, the reactor (EES AC-R CT)was automaticany tripped on a Low Reactor
Coolant Flow Tdp si.-nalresulting from Reactor Coobnt Pump (RCP)(CIS AS-P) 21 A
ttvaker(EIIS AB-BK Di ripplag one. E-egen y Opermting Procedure (EOP 50 (Post Tript

Im med2 ate Actions)and E0P-1(Reactor Tdp) were properly car.ded out.
I

Following the tdp, the pdmary cooldown rate was faster than expected and the
atmosphedc steam dump valve (EI:S SB-PCV) for 22 Steam Generator (SG)(EII5 SB-3C)
was noted to still te o;en. The dump nlve was manmHy ischted at 0]l0 on Septe m ber 6.
1986. While manually controlling SG level to limit the pdmary cooldown rate, an
Au ~ Feedwater Actuation Signal (EUS JB) was generated at 0010 when 22 SC level
pssed -h the actuation se tpoint (-170 inches) and reached a level of -175 inches.
The motor ddven Aud'.iary Feedvater Pump (EIIS SJ-P) started automaticany as expected |and was secured when SG level vss ptumptly restored.

Post trtp ttview data showed t%. reactor protection syste m (EES-JC) functioned prepedy
and no TechnicalSpecification limits were exceeded. There are no safety consequences
since this event was emhless severe than tN Loss of Coolant Flow Analysis in the Timl'

Safety Analpis Repxt, Section 14.9. Also, the rector was at 100% power, so the event
would not have been more severe under alternatin circumstances. 3

Inva.s igation revealed hist pressu:t air was leaking by the saat of the staa m dump
solencLd valve (EHS SB-FSV). This valve applies high pressure air directly to the'

atmospheric steam dump nlve actuatoe to allow quick opening. The valve internals of the
steam dump solena!d wen repbced. Alth3 ugh not believed to te tsbted the atmosphenc
stea m dump's positioner 'CIS SB-CPCS) was also replaced due to signs of rubbing wear on

l t& linkage. Upon completion of repairs tM atmosphenc steam dump wa st-Ae tested in
,

the nork -J and quick actuation modes.

Fu:*herins;ection of the atmosphede stea m duep's positioner 5%wed the catse of the
rubbing wear was due to the linkage bein&impropedy aligned within the positioner's box.
Upon recom mendation by the manufacturer, the Tectrtical Manml for the
changed to include a shic ming procedure (ustng fht washrs at the joints)pmLtaner wasfor the linkage.

Both the differentialand ground overcu: rent rehys were found tipped on 21 A R CP
breaker. Investigatwn determined the root cause to te a R CP sxge capacitor (EES AS-
C AP) internally shorted to ground. There are three surge capacitors (one fx each phase) '

instaHed fx each RCP mota. Althsu;h not needed while the pamp is operat.-nt, these
rurge capacitors were installed to provide protection to the statorinsulation from the
initial voltage sarge seen by the windLys when the feeder breakeris closed. The
protection provided decreases as the surge capacitors distance fem the eotorincreases.
Consequently, the suge capacitors are mounted d:rectly on the RCP motor,

i

4
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The manufacturer has provided recom mended maximum operating conditions for tNse
surge capadtors wh!.ch are: Imas than 100 rads /hr,70 psig extemal presr v.10% steve
nameplate rated voltage,149 degrees TaheenNit a mbient te mperature and a vilration of
0.2 . Of these, both terapemture aM Mtestic apMar to be exceeded duri.ag operstier3

Although R C P bays are approximately 120 degrees Fahrenheit, contain ment cooling air
dx.s not reachinside the capeitx enJosurts. Temperature dots instalkd on RCP surge'

capacitor porcelain housina,s indicate that at one time dudng a 15 eonth period, thei

te,aperature was IB0 degrees Fahrenheit but 190 degrees Fahrenheit. The meas.: redi

vil:3 tion on the RCP motor casingis hss than the manufactuttr's recom mended maximun,
vibration. However, meas 2rements taken on the surge ccpacitor terminal boxes for Urts 1
R C Ps (dudng the fall 1936 refueling outage) showed maximum psk g utration levels
nnging fros 0.26 to 2.40.

As noted in LER $6-04 for the Unit 1 tdp on July 20,1966, BG&E has reviewed both the
-

effectiveness of surge capacitors in prwiding protection to veding insulation and an
altamate system which can provide the same protection. The ehetdcalsystem from

!
breaker to RCP m otor has been modeled by computer to show the witage surge saen by
the stator windings without any protection, with surge capacitors, and with inductors
located at the R CP breaker switchgear. Ad itionally, our spre RCP motor has been used

,

with an equivalent length of cabling and a pulse gene:utoe to experimentally obtain data to.

1

compare to the computer model. The modelaM expe:imentaldata compare favorably,
show that surge capacitor: do provide so me reduction in the vcltage su1te, and t%t
irdo: tors etre a viable altemative to sarge capacitors. Additionally, since the R CP

*

i
treaker switchgear is outside the containt - it, the potential proble as associated with the
envi.rone ent of tN containm ent are re movei Finally, irductors have an inherently
greater reliab!!ity t.%n capacitors.

BO&E has met with the R CP motor verdor. The above test data and comp; tar model were

}
reviewed ard their surge protection expert concu s th" irductors can provide th
neem pectaction to the R CP motor statorinsulath.m. Therefore, Calvert Chffs willj repbce RCP motor s.:rge capacitors with approximate.ly 100 uH irductors mounted at the
R C P breaker switchgear.,

.
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Each sege cap"dtor consists of % capacitor "packsts" ehcMm!1y connected and stacked
in sMet Each packet"is eade of two thin eetanic fen sheets, separated by a myhr
dielectric, and vts; ped in two exe sheets of mylar. Thse are all encbsed in an
insuhti.ar Mth ( ade of a g' ass S.11ed poly * ster naterial) aM homeiin am airWr,
helium filled ;creebin container with a ::etaA tase phte.

ail Unit 2 R CP srge capa:ito:s were cNcked. Three s ge capadten were repheed due
to a 3 ?. increase in meassed capacitance (fm m be.selbe data). Thts iMicated a failure

titx packets with an associated decrece in
6 atleast two cf the f.f ty-fox sage capbose termballugs (E:'15 E-C0 S).voltage rating. Tvo rage capecitors hae Alt.Wah
electrical continuity was present and no degradation in capacitance naterial was fen.:nd,
these sqe capacitors ven aho rip' aced.

The rnson for the bose terminallugs on tN surge capacitmis unknown. TNre are
severalp:ee's causes: vibestion, ther.aml expansion and contnetion manufa:c.::ing er
design deSciencies, or mishanding. The sqe capacitors are heaw (70 pounds), txhy (26
inches long ard 8 irches in dia m eter) aM the terminallugs prwide an easy szface to grab
when hardling. Additionally, lockvashers or equivaknt devices are not used in the surge
capacitx.

Calvert Cliffs Unit 1 Ns experienced simihr events on Aptil 2,1976; October 21.,1977;
October 26,1977; June 6,1953; aM July 20,1956. Unit 2 Ns had simuar everts on
Septe mter 7,1979 and A;nl15,195i in each :ase, a low Reactor Coobnt Ebw Trip
resulted fm a R CP ttsaker opening due to a sherted arge capacitx. BC6 E Ns noted
sestral ded:14ncies in the design of sqe capcitors aM mveralimprove ments Nve teen
e ade by the eanufacturer in their st:u:tural desy;n. Surge capetitors pnsently used an
the third moNtun to this style sege c.apscitor. Unr1 the July 22,1996 Urr.t I t=0, all
previous M es wer* cccurriq at the edge of tN camcitx "pa:kets"at the
capacitx/ insulating sNath Janetion. This eode of failn vas the bass fx previous
mohtions to reduce the possibihty of atnston to the mylar from the inadsting twis
rough interix.

As noted in 1.ER 56 O. fx tM Unit 1 trip on July 20,1956, an aralysis was d:ne on tN
failM captit mate:ial. Unlike the previcus faihres, t.4s failure appeared to be the
nsult of an are traMy along the myhr delectric froe one f::i1 st :p to the ether foil
st=p on tN ether side of tN mylar Aalectri: Although meisture could te one poss21e
cause, a ser.es of high te myrscre (up to 100 degrees C*W)ard high tumidity
environm ent tests on a goM surge capadtor w ere irrore!*ve. Eumimron of tN ratte
canacitors, re moved from the Septe mber 5,1936 Unit 2 trip, showed evidence of teth
extemal art tretking along the pekets' exte:ix as w ell as intamal strrting withn som e
peket throup the dele tn: m a te:ial.
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FAH.URE DATA:

Swge Capacitor k'estinghome Dactric Corporation
,

Ratation Resistant Surge Capacitor (,05 uO
Style d 6%A269A02

Steam Dump Solenoid Valve Autoratic $ witch Company (ASC0)
Solenoid Valve
Model #8300CM

Ate osphe.dc Staam Du:rp
Positioner Moore Products Co.

Mode d 72G315

. The contact for this event is L. S. Lanagoita (301 260 983.)4
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At 1015 hours on December 26, 1986 Fermi 2 was in CPERATIONAL
CONDITION 2 (STARTUP), oper ating at 920 psig. 530 degrees

and 8 percent reactor power. During calibration of I
Fahrenheit,
en instrumen+. Channel, two occurrences of Reactor Core Isolation

and High Pressure Coolant Injection (NPCI) beingCooling (RCIC)
inoperable resulted. Entry into Technical Specification 3.0.3
was required f ollowing each event.
Thim event was caused by a personnel error which resulted f ror
not recognizing that the calibration procedure for the RCIC flowinope r able . Contributing to thechannel causes RCIC to becomeinadequate cott:nonication between Operations personnelevent wasand the persons performing the test, and a personnel error duringAsrestoration of the RCIC pump flow controller setpoint.
cor;ective actions, training will be provided on Technical
Specification 3.0.3, the personnel involved in this event were
counseled, and required reading related to independentAdditionally.verification was provide'. to licensed operators.
instrument surveillance pr ocedur ek will be rev' sed to clarify
plant operations impacts, and training will be provided regardan;
the RCIC purp flow control circuit inte r f ac e w ith RT:'I . This
event did not involve any failed components or systers.

fl *'
8704110768 B70403
PDR ADOCm 050003a1 ||. .-.
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At 1015 hours on December 26,1986 Feral 2 was in OPERATIONAL
CONDITION 2 (STARTUP), operating at 920 psig, 530 degrees
Fahrenheit, and 8 percent reactor power. Between 1248 hours on

|December 24 and 1550 hours on December 26, calibration activities |
for a Reactor Core Isolation Cooling ( RCIC) (B N) System header
flow instrument channel resulted in two occurrences of the RCIC
System being inoperable. During these occurrences, the High
Pressure Coolant Injeution (EPCI) (BJ) System was also inoperable.

In CPERATIONAL CONDITIONS 1 (POWER OPERATION) , through 3 (BOT
SHUTDOW N) , operability of both EPCI and RCIC is required when
steam done pressure is above 150 psig. When both EPCI and RCIC
are required, but inoperable, entry into Technical Specification
3.0.3, and* initiation of a plant shutdown within one hour is
r equ ir ed . The BPCI System had been inoperable for a scheduled
system outage since 1755 hours on December 23, 1986.

During a routine performance of the CHANNEL CHDCK procedure for
the Remote Shutdown Panel (RSP) instrumentation, at 0230 hours on
December 24 Operations personnel (non-licensed, utility) no ted
that the RCIC header flow indicator (FI) located at the Remote iShutdown Panel was reading 100 gpm. This was not expected since
the RCIC System was not in operation at the time, and the RCIC
flow indicator located in the main control room was reading 0
gpm.

Subsequently, a work order was issued to investigate the
discrepancy, and recalibrate the RCIC pump flow indicator located
at the RSP if necessary. In order to f acilitate the
investigation, at approximately 1215 hours Maintenance personnel
(non.11eensed, utility) were directed by their foreman to perform

|a calibration surveillance of *.he RCIC flow indicator at the
Remote Shutdown Panel. |

1

Prior to initiating work on the flow channel, the surveillance
procedure was reviewed by the Maintenance personnel who were '

going to perf orm the surveillance. The procedure was then
presented to the Nuclear Assistant Shift Supervlaor*

(NASS) (licensed, utility) for review and work authorizat',on. The
procedure was reviewed by the NASS without comment and released ,

I

to the field for execution. I
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Surveillance activities involving the flow channel were initiated
at approminately 1250 hours. During performance of the
surveillance the output readings f rom the RSP flow indicator loop
were found to be out-of-tolerance. Further investigation
indicated that the flow indicator was within the calibration
range, and that the out-of-tolerance flow readings were
originating in either the RCIC flow loop transmitter (FT' or the
associated flow loop square root signal converter.

The Maintenance personnel who were perf orming the calibration
were only asthorized to perf orm the calibration surveillance and
recalibrate the KSP flow ind ic a t o r . As a result of theit l im it edscope ruthorisation, at 1720 hours it was determined thatwork
any further work on the flow loop would have to be perfor aed
under a scre specific work package and the surveillance was
ealted. The RCIC flow loop was restored to the as-found
configuration at this time.

The prerequisites f or the calibration procedure state that
perf ormance of the procedure will cause the RCIC flow controller
to be inoperative. However, when the procedure was reviewed by
the NASS he did not take notice of the precaution. Although the
Maintenance personnel noticed the precaution they neglected to

ensure that the NASS was also aware that RCIC would be
inoperable. As a result, perf ormance of the calibration
procedure resulted in both EPCI and RCIC being inoperable
simultaneously.

Additionally, when the Maintenance personnel exited the
surveillance they did not notify the Nuclear Shif t Supervisor
(NSS) (licensed, utility) that either the square root converter or
the flow transmitter was not functioning properly, as required by
p r oc e d u r e . As a reruit, it was not r ecognized that RCIC was
potentially inoperable as a result of the flow loop being
out-of-tolerance. In each case, as a result of inadequate
communications proper actions were not taken to prevent or
respond to this event.

The NSS on the next shif t recognized that either the square root
converter or the flow transmitter was not functioning properly.
This was the first time that the problem was recognized by a
memoer of the Operations staff.

...r.:.n..,
..g ... a.

E-97

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

_



*
UCENSEE EVENT REPORT (LERI TEXT CONTINUATION . >. o e.

unus e n .e =o me.
. .mm . ... eaui w . + u. wi . + j ..u #

" t * C .* 72d:n. .

"
: e ls jo lo tel3 911 916 - 011 18 - 311 O I L O' SMwie . - m anca m..nn

The NSS identified the problem when a Maintenance worker
delivered the revised work package for troubleshooting and
recalibration of the RCIC flow loop for work authorisation at
1015 hours on December 26, 1986. At this time it was also
realized that the execution of the surveillance procedure would
cause RCIC to be inoperable. Upon discovery, RCIC was
immediately declared inoperable and Technical Specification 3.0.3
was entered. Shutdown of the plant was initiated at 1103 hours.

The calibration surycillance was re-entered immediately at
approximately 1015 tours. At this time the RSP and main control
room flow indicators were still reading 100 gpm and 0 gym,
respectively. At approximately this time an operator tapped on
the cover of the main control room flow indicator. After tapping
on the meter the control room indicator also read 100 gpm.

Based on this observation and the fact that the RSP flow
indicator had been calibrated only two days earlier,
troubleshooting of the flow transmitter and the square root
converter was initiated. When the as-found transmitter output at I

various simulated levels was measured it was found to be
unif ormly out-of-tolerance by approximately 1 millivolt DC.

Subsequently, the flow transmitter was re-calibrated, and the
flow loop surveillance test was perf ormed satisf actorily. The
RCIC System was returned to OPERABLE status at 1310 hours,
Technical Specification 3.0.3 was exited, and the plant shutdown
was terminated.

At 1550 hours on Decerber 26, 1986 it was discovered that the |
RCIC pump flow controller located at the pain control room panel
was incorrectly set to 505 gpm. The correct flow controller
setpoint is 605 gps. The flow controller setpoint was
immediately reset to 605 gpm by a control room operator
(licensed, utility) .

It is believed that the flow controller setpoint was incorrectly
positioned by an operator (licensed, utility) during the flow
s entro11er calibration and troubleshooting activities which were
performed on December 26. Technical Specification 3.0.3 was
entered immediately upon discovery of the incorrect flow control i

setpoint, and enited upon resolution. |

The incorrect ROIC pump flos co.ttroller setpoint resulted in both
RCIC and KPCI being inoperable between 1310 hours and the time
that the setpoint error was discovered. Since the incorrect RCIC
pump flow setpoint was not detected until 1550 hours the plant |was operated for approximately 2.5 hours in a condition which
required entry into Technical Specification 3.0.3 without the ,

!recognition of the requirement.
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The flow transmitter which supplies the RCIC flow indicator at
the RSP also provides input to the MCIC flow indicator located in
the main control room and the automatic RCIC flow controller.
Availability of the RCIC pump flow controller and establisheent
of the proper flow control setpoint are required by Technical
Specifications in order to establish operability of the RCIC
System.

Evaluation of the out-of-tolerance condition f or the RCIC flow
transmitter has demonstrated that this condition would not haveresulted in controlled RCIC flow below the 600 gpm required by
Technical Specifications. As a result the out-of-tolerance
condition f or the flew transmitter did not cause RCIC to be
inoperable, or require entry into Technical Specification 3.0.3.
The incorrect RCIC purp flow controller setpoint did cause RCIC
to be inoperable since it would have prevented the system from
automatically proi iding the minimum required flowrate. However,
the incorrect flow controller setpoint would not have prevented
PCIC Mm being able to provide flow, or be manually c:ntrolled
from the main control room.
Calibration .and testing activities f or the RCIC flow loop and the
incorrect RCIC pump flow setting resulted in EPCI and RCIC being
simultaneously inoperable between 1250 hours and 2 720 hours (4.5
hours) on December 24, 1986, and 1015 hours and 1550 hours (5.5 |
hours) on Decender 26, 1986. The existence of plant conditiens
which required entry into Technical Specification 3.0.3 was
r ec ogn is ed , and the appropriate actions were taken, between 1015
hours and 1310 hours (3.0 hours) on December 26, 1966, and at
1550 hours on Decer.ber 26, 1986. |

This event was initiated when the NASS did not recognize that
perf ormance of the calibr ation procedure for the RCIC flow
channel would cause RCIC to become inoperable. The event was
caused by this cognitive personnel error. Contributing causes to
the event were two instances of inadequate communications
involving the Maintenance personnel who were performing the
calibration ar.d the NASS, and an operator error involving
restoration of the porp flow controller setpoint f ollow ing
testing.

The event was also contributed to by inoperability of the RPCI
system prior to and during the event. If EPCI had been operable
during this event, entry into Technical Specification 3.0.3 would

have been requir ed. This event did not involve any othernotinoper able or f ailed corpo..ents, structures, or systess, and did
not involve an error in a procedure,
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As corrective action, the following actions will be or have been
taken:

1) Licensed operators will receive supplemental training
on the requirements of Technical Specification 3.0.3.

2) The Operaticas and Maintenance personnel involved in
this event have been counseled, and required reading.

on performing independent verification has been
provided for licensed operators.

3) Instrument surveillance procedures (44.XXX.XX series)
will be revised under a procedures improvement
program to include clearer statements regarding plant
operations impact.

4) Training will be provided regarding the signi!1gance
of the RCIC pump flow coa *rol circuit interface.

between HPCI and RCIC, and the control circuit
effects on system operablity.

Completion of corrective actions listed in items 1 and 4 are
scheduled to be completed by June 1, 1987. The corrective
actions listed in ite'n 3 are scheduled to be completed by
December 31, 1987.

During the periods when RPCI and RCIC were simultaneously
inoperable during this event plant conditions did not necessitate
initiation of the function associated with these systems. Bad
plant conditions existed which required initiation of the
function associated with these systems, the Standby Teedwater
System, the Automatic Depressurisation System (ADS) and the
ability to manually control the RCIC pump were ?vailable
continuously throughout this event. As a result, this event did
not af fect the saf e operation of. the plant, or the safety of the
public.

Events which required entry into Technical Specification 3.0.3
because of concurrent inoperability of RPCI and RCIC have been
reported in Licensee Event Reports 86-037, and 85-038.
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AT 1550 on August 4.1986. Saltwater Cooling (SVC) flow through Train A Cceconent
'

Cooling Water (CCW) Heat Exchanger (CChHX) cecreased, due to fouling with marine
prowth, to belew the postulated design basis flow rate required for removal cf

| CCW heat loacs (critical CCW loop). anc was therefore declared inoperable. At this
time Train B CChHX was op< rating with reverse SWC flew to remove similar fouling hich
had previously taken place. At 1605. operators corwenced realignment of Train B CC'.NX
SWC flow to the normal oirection in oroer to return one train of CCW to its cesign
configuration and thereby increase heat removal capability of that train. During the
realignment. both trains of the s C systes were consioered to be inopersele centrary
to Technical Specification Limiting Conditien for Operation (LCO) 3.7.4. and LCC 3.C.3
was enttred.

.

Train B 5'nt system was returned to operable status within thirty sinutes, and at 1635
LCC 3.0.3 was exited.

As corrective action, operating procedCis will be revisec to ministre the effect of
marine fouling on the operability of the $7. system,

heither the health and safety of plant personnel nor the health and safety of the
public was affected by this event.
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At 2201 on August 3,1966, saltwater Coolino ($WC) (E!!$ $ystem Coce B5) flow through
the Train B Component Cooling Water (CCW) ((!!$ System Cooe BI) Heat Exchan9er (CChwX)
(E!!$ Cosponent Code HX) decreasec belew the flow rate at which the heat exchanger
would support removal of the postulatec design basis accident heat load (critical
CCW loop). This decrease in flow was cue to unusually high Oeposits of marine growth
and debris. In accordance with operating procecures the $WC flow through the Train B
CCvHX was reversee using recently insta11ec provisions to enable operators to remove
such flow restrictions. With reverse shC flow, the heat removal capability of the
CCWHX is recuced, but remains sufficient for removal of critical loop heat loacs and
is, therefore, considered operable pursuant to Technical $secifications. At this
time, there was einer fouling of the Train A CChhX, as well, but $WC flow remainec
suf ficient to remove the critical CCW heat loacs, and this train was therefore
operable.

At 0201, on August 4,1986, surveillance testing of a Low Pressure safety Injection4

(LPSI) valve was cospenced, which resulted in placing the Train A LPS! in an
! inoperable status. As this surveillance progressec, during graveyarc anc cay shift,

the Train A Sht flow was monitorea by operations anc it was anticipated that the '

' ,

martre fouling would not reduce the $WC flow below the rate required for CChhX
i
~ operability prior to corpletton of the LPSI valve test. It was intended to return the

Train B SVC from reverse flow to its normal configuration af ter completion of the
valve test on Train A LPSI, thereby avoicing a simultaneous Train B (CCW) and Train A ! :
(LP31) inoperable condition. However, the Train A $WC flow deteriorated acre quickly * '
than anticipatec. |

4

At 1550 on August 4,1986, increased fouling resultec in a recuction of $WC flow !
tJ1 rough the Train A CCWHX to a level where the heat e.tchanger woulo have been j

,

incapable of removing post accicent (critical CCW Icop) component heat Icacs. It was ;
therefore oeclared inoperable pursuant to Technical specifications.

| t
i

At 1605, operators cornences realignment of Train B CChHX $WC flew to the ncrmal
i

i direction in orcer to return one train of CCW to its design configuration anc therety
! increase heat removal capability of that train. During the realignrent, both trates

,
'

| Limiting Concition for creration (LCO) 3.7.4, and LCC 3.0 3 was enterec.of the $WC system were consicered to be inoperable contrary to Technical specification.

$wC was
! restores to the Train B CChHX, in the nore.a1 flow cirection, at 1635, at =hich time i

' LC0 3.0.3 was exitec.
-

i

i Before proceecing to re. align Train B $WCS, Operations had consicereo increasing
!'Train A CChkX capability by reversing $WC flow, however, this woule have createc a

thermal transient In the CCW system, shich, in turn, would have acceleratec i
cegradation of Reactor Coolant Pump (RCP) sesis. Operators hao also consicerec

{

,
,

transferring the RCP seal anc other non. critical Icop CCW heat Icacs to the Train B '

I CChkX before reversing the flow in the Train A $WC systee. This would have resulted
^ in oef auling the Train A CChNX prior to realigning Train B $WC systes. Ope ating '

t procedures, hewever, cia not provice for transferring of such heat loacs to a "CWX
t operating with reverse $ht fles..

I
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$CE has recognized the significant impact marine fouling of the CCWX can have on
plant operetton. As a result, the capability to reverse the SWC systes flow was [

provided by a recently completed plant design change. This has yielded considerable f

operational flexibility resulting in a substantial increase in availability of the $WO
|sy s tee. , ;

The following corrective actices will be taken: f
'

:

1. Operating proc..wres will be revised to provide for transferring
,

;

non-critical 'oads to a CCWX with reverse flowing SWC; ! :
i,

2. RCP seal oesign change, already completed on Unit 2, will be coepleted en
Unit 3 during the next refueling outage. This new seal arranger 4nt ts less
sensitive to thermal transients and permits reversal of $WC flow in CC W xs !

'

without detrisental effect on the seals. j#

weither sne hesith and safety of piant personnei nor sne neaitn and safety of sne
public was af fected by this event.
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On 11/13/86 at approstrately 2319 C&T, Unit 2 mas at 0 percent of rated
thermal pc.er and the siede a. itch was in the ref uel position. At that
time, plant personnel f ognd, while perforatng a plant proceddre, that
both loops of cose spray (CS) .ere incapable of perf orming their
intended function.

The root cagse of the event was personnel error in devoleping a
clearance a.'.d the integrated Leak Rate Test (ILR;) pr oc e d u r e . The plant
!LRt procedare called f or both loopa of C5 to have the swetion valves
closed and power removed from the penps.

! Corrective actions sneladet 1) returning the CS system to operatie
status. 2) performing a manageeent etitiqae of the defective clearance
and procedure, 3) making personnel aware cf the event and steps leading

. to it, and 4) incorporating the event into the operator training
j
'

progree, the last two actions will be performed in con}dnction with the
correettve actions for LER $0 321/1966 036

*$.
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A. REQUIRERENT FOR REPORT

this report ta required per 10 CFR 50.73 (a)(2)(v), because both
trains of the Core Spray (Cs) system were incapable of performing
their saf ety function and 10 CFR 50.73 (a)(2)(vii) becagse a

icondition caased 2 independent trains to become inoperacle in a
single systen designed to remove restdual heat and sanntain the
teactor in a safe shutdown condition.

B. UNIT (s) STATUS AT TIPE OF SVENT

Unit 2 was at an approntpate power level of 0 percent of tated 4

thermal power. The reactor mode switch was in the ref uel ,.

'

po s i tion. Cn* loop of pestdaal Neat pemoval (Rap) system was
tagged out for maintenance and the other loop was in tne Shutdown

.

Cooling (sDC) pode of operation.
{

C. OtsCRIPT!W nF EVENT

on 11/13/66 at approximately 1319 Cst, dating the performance of
'Esergency Core Cooling systems Cperat111ty statas che:ks',

procedare 3400-375-033-28 on Unit 2, plant personnel foand both
loopa of tne Core spray (Cs) syster were inoperable. the
inoperacility occurred Decease both the saction valves (one f or

]
each outsystem) were closed and the electrical power for both of
tre Cs resps (one parp in each satsyster) was removed.

]
l An investigation of the event showed that plant personnel were

aligning plant systems in order to perform the Integrated Leak pate
test (!Lp?). The systen alignment occurred soretire after 1446 Cst ;

; on 11/i3/66. Plant personnel were manipulating plant eqwirrent in
accordance with a coepleted eqaipsent clearance sheet. The
clearance sheet was asee cecause plant personnel wanted to place
hold tags on selected plant etaipment to prevent changing the
condition of the eqaipment while the its; was in progress. ,

one of the documents used to develop the clearance was the ILp;
procedure. This procedare, however, contained an error that
resalted in both outsyatoms of the Cs system being inoperatie as
descrated above. At the time of the event, Cs was required to be

;

| operacle per technical specifications 3.5.3.1, san.e the reactor
vessel head was in place and beang tensioned.

J

;
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I
the Unit 2 technical specifications section 3.5.3.1.b,2 states that
with both Cs swesyatens anoperable, operation may continue provided
that at least one Low Pressure coolant In}ection (LPc!) subsystem
is opersole and botn LPct subsystema are operable within 4 hours.,

4 otherwise, saspend all operations that have a potential for
draining the reactor vessel and verify that at least one LPct

] satsystem is operable within 4 hours, with the RER system in the
s>c mode of operetton, the RMR system can not automatically cose

;cat of the sDC code to align itself to the LPO! mode of operitton ~

; were a LPCI initiation signal to occur.

The event was discovered at 2319 cs; on 11/13/86. The event was
documented on a deficiency report at 0100 cs; on 11/14/46. There
were no activities in progress, or planned in the plant, that had '

the potential f or draining the reactor pressare vessel, noth.

trains of cs were returned to service on 11/14/96 at 0232 cs;. sy
q returning both saboystems of cs to operatie status, the action
; statement of the Lietting condition for cperations (Lco) was

satisfied.

D. CA st CF TVfNT

The intermedtate casse was personnel error in the draf ting, review,
and teplementation of clearance sheet nsacer 2 86 1758. Ma;or
contributing f actors leadans to this personnel error are as

! follows lengtn of the clearance sheet (3,000 to 3,503 itema),
restricted tree schedele to draft, review and implement, and

J staffing snsuffletent to meet restrteted time schedale.
. .

Tne root eaase was personnel error in the initial draf ting of the,

j Unit 2 ILR; procedare. Teen unen engineering personnel changed the

j.
old procedere to its present forzat, nareroes taprovements were
aade to the me. procedare. Wowever, the technical error in the old

t procedure (that reqJared the closgre of the suction valves and
; removal of swpply power to teth cs paeps) was not discovered and
j terained in the new procedere. When the new procedare was ased as
1 a basis for the clearance, the technical error was transmitted to
3 the clearance and ultimately implesented in the field.

It is to te noted that the ILp: procedJre had its format changed.,

No.ever, the procedure nad not been through the f ull Proceddres
cpgrade Program (P';P) versitcation program.
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t. ANALYs!s CF EVENTj

The basis for regatring Cs when the reactor is in the refueling

| node of operation is to provide inventory (water) makeup shoald an !

event ocewr which could Jrain the reactor pressure vessel. A'. the ;j
- tire of this event, taere were no on-going plant activities which i

had the potential for draining the teactor pteasare vessel.
Additionally, there are no postulated accidenta in the Unit 2 tsar, ;

in the ref ueling mode, which could drain the vessel, while the un i

'system could not autoestically come oat of the s>C mode and enter
4 the iPCI mode, plant operators coJ1d haVe Banda11y aligne$ the MR p

j system well within the 4 hour LCo action time f rame, had LPCI been
regwired, other circumstances which estigate tre saf ety
significance of this event are: 1) the decay heat load in the !

teactor was minimal because one-third of the core was composed of.

new unitradiated f wel, and 21 all control rods were f ully inserted.

i
sased on the above information, it is concluded th.tt this event had [

j no irpact on safety. |

[

F. CCR*tCTIVE Act!ONs i

i i
i Cn identification ci this incident, both Core spray loops were !

j totarned to service on 11/14/06 at approximately 0230 Cst. ;

<-
tAll of the !L*; procedure and clearance activities were ceased

untti completion of a managewent critiqwe. The critiqae was held ;

1 on 11/14/86 at approstr.ately 0630 cs?. During the etitique, the r

ILR; procedare and the clearance snat caased the isolation cf the ;

Cs system were reviewed against tre requirements of the Techniest !
,

I
j specificaticas. No additional discrepancies were noted.

Plant personnel perf ormed a temporsty procedere modification to the !

ILR; procedate which trought the procedare into complisace with the ;4

i Tecnnical specifications regattesents. The defective clearance was i

also corrected to reflect the newly corrected procedare. t

Engineering personnel are aware of the event and tae steps leadtng t
i

j to it. Engineering sanagement emphastaed the need for personnel
{ involved in procedare revisions to insate that the procedure Peets !,

! cattent Technical sperifteatif.ns regatrerents before and after j
tevisions. !

i f
Involved operations personnel fally understand this incident and4

i

j the consegaences there.g. inas, no otrer corrective action f or j

; these personnel is anticipate 1.
1 ;
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shif t personnel will be made aware of this event and steps leading'

to it. operations Department management will erphasise the need j

for personnel involved in the clearance preparation process to do '

detailed reviews when perters.ra electrical clstrances on plant
components. These personnel will be instructee to get further
assistance if needed to ascertain the reaults of isolating these
electrical etreatts. Corrective action for this L!p will be
completed in con 3anction with the corrective action in LtR's
50 321/1986 036 and 10 366/1986 034 This corrective action is
scheduleJ to be gospletet on approminately 1/19/47

This event and associated inte 'stion will be provided to the
;

-

Training Depastrent to incorpora .e this operating espertence into
initial and reqa411tication training. This is schedaled to te .

ccepteted on approstaately 6/19/47 {

!

C. A DITIONAL INFORMATION

2. FAILED C0KPONENT(s) IDfNTIFICATICN;

No components fatted in this event.

2. Pa tV1003 SIMILAR EVENTS
i

Previous Ltus have repotted events where
inadvertent t$F actuations occurred inj con 3 unction with the performance of a clearance.

,

|
These Ltps are: 50 321/1986 036 (dated 10/20/86)
and 50.}66/1986 034 (dated 11/5/86). |i

>

LER 50 321/1986 036 described an event where
plant personnel did not perf orm an adegaate

I review of some logic prints. The inadegaate i

review resulted in a defecttve clearance, that I

when performed, caused actuations of ESFs. j

| LtR 50 366/1946 034 described an event where
| plant personnel did not perform an adeqaate
|

revtew of some logic prints and an inadvertent

| , tart of a diesel generator gesalted.

I
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the corrective actions for these events
included: 1) securing effected systems, 2)
coonsoling of personnel, 3) informing other shif t
personnel of th events and the consequences of
the events, and 4) incorporating the experiences

Itersinto the operator training programs.
n.mcors 3 and 4 were the long term corrective

recurrence of these types ofactions to prevent
Tnese corrective actions are schedaledevents.

f or completion on approntmately 1/19/47 and
6/19/87 respectively.
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On March 29, 1986, at 0700. It was discow.
(W) charging pump 23 had been racked ou. :hemical and Volume control

had been racked in service without havit.
while W charging Pump 2A. .. a

Technically, this reewlted in no opere' cy power supply..*

charging pusp as required by Technie low path or operable W
'

3.1.2.1 and 3.1.2.3 forapproximately twenty hovts. b
!asediately upon discovery. N' 9ed out of service, andW charging pump 28 was ter' \ es

Unit 2 was in Mode 6. P . at tdent.
-

4This locident has * tbuted to
Assistant Shift h .r feited te acause the responsible

'stging Pump 2A did nothave available v
. . , .

.y power supp
bThere wer b ser core alterati.NY chargin, % a were technically

* *a -. ity changes while both
t.*
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on March '9,1966, at 0700, it was discovered that Chemical and Volume Control
(NV) (E!!5tCS) charging pump 2B had been racked out of service while NV charging
pump 2A had been racked in service without having an emergency power supply.
Technically, this resulted in no operable boration flow path or operable W
charging peep as required by Technical Specifications 3.1.2.1 sad 3.1.2.3 for
approximately twenty hours.

tunediately upn discovery, NV charging pump 2A was racked out of service, and
W charging pump 25 wa racked in service.

Unit 2 was in Mode 6, Refueling, at the time of this incident.

SACKCROUND1

system is designed to provide several services to the Reactor CoolantThe NV
One service is to control the soluble chemical neatron(NC) (EII5:CSI system.

absorber (boric acid) concentration and makeup. During normal operating
conditions, one NV charging pump takes suction from the Volume Control Tank
(VCT) which uses an automatic makeup syates to maintain its borated water level.
In en event requiring energency boration and makeup, both SV charging pumps take
suction f rom the VCT or the Refueling ' dater Storage Tank 'e 'ST). The Boric Acid
Tank can also be aligned to supply borated water to the e -fon of the NV
charging Pumps. During a loss of coolant accident, ber* harging pumps .

'!StBP) systen andoperate aatomatically as part of the Safety Injection
take auction from the RW5T and snjects borated water Z systes.

.. on flow path mustT.S. 3.1.2.1 and 3.1.2.3 specify a sininva of one bc source, while
be operable and capable of being powered from an em ,

*f being po.ered
nn Modes $ and 6. Without an operable VV chargiet .i

from an emergency power source, cie' * involvie e. r alterations or
> 44. T. sees that cnly.posittve reactivity changes aest ss other NV'

13 Modesone NV charging pump can be ope * g . tion pressure
charging pump aust be demonst' y etable to

sansient in the NC system \ .teved by on. rae mris*r operated

*ltef valve.

.en an NV charging e h aoved from service nd 6 the
'

. se streuit breaker fo' is racked out. TM . w w .. . .e as *
+rable as pe* .2.3 2. To restore t' pwp t o Je: i v .e circuit
car has to in.

s r emove heat
.rpos .esidual Heat Renoval (1Q) ,ftSilti system to

he is . ore and the NC system daring ' a n ec :'ien a J r ' 41ingr
*

ND systes is placed in servic whea tne v' syntes e feraturekons. 4

ai , tssure are redated to approstaately 350 g- ss e AM 39% pu per

.t a - inch gauge (pstg).

1
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OttCRipTION OF EVENT

On March 19, 1986
0315, diesel generator 2A was declared inoperable for

-

maintenance sepairs.
W charging pvap 2A was also declared looperable because

diesel generator 2A could not provide emergency power to the pump.
1986, at approminately 1100, a Station Engineer requested the responsibleOn March 28 .,
Assistant Shif t Supervisor to tack in and operate W charging pump 2A so a
retest could be performed on NV charging pump 2A.
without realising diesel generator 2A was inoperable.The Engineer made the requestThe Assistant Shift
Supervisor instructed Statica personnel to rack out W charging pump 28 and rackin NV charging pump 2A. The Assistant Shif t Supervisor did not realise dieselgenerator 2A was inoperable and that ratking out MV chstging Pump 28 wouldresult in a loss of boration flowpath as defined by Technical Specifications3.1.2.1 and 3.1.2.3. The Assistant Shift Supervisor did not make a Technical
Specification Action item Logbook (TSAIL) entry or discuss the change with the
desigviated control room Senior Reactor Operator ($RO)
Specification requirements were met. to ensure Technical

1245 the retest on W charging pump 2A was completed.At

On March 29, 1986, at 0700, during shift turnover, station personnel discovered
that while W charging pump 28 had been racked out of service, NV chstging pump
2A had been racked in service without an emergency power supply.
charging pump 2A was racked out and NV charging pump 28 was racked in!amediately NV
reestablishing compliance sith Technical Specificatione.

CONCLUS10N

According to Duke power Management it is the responsibility of
Shift Supervisor (desiW *ed unit supervisor) to be aware of we 4tt

to inthe T$nlL. It is accepted practice for the unit supervisor to
a italSpecit tt . tion equipment status changes with *he designated con ! to'..nical Specification requirener'*ensuri

e met and the a, .s.- "e n t r . .- .aade. ,

When ,ect Assistent $hift '. received the rett 'char: 2A in service he * <rming a Unit 2 contat
port

He stated ** h ut diesel generator 2A b i.e time his attention we .oceati m ' .thb . c did not , e t u. et a- te .,

Thi bee- g ed to a personnel grror because.

. 1. . t ri r$4
,

.

, for knowing the statue of the eq. .
peeat lacTA n' . :c e.fication requirements were not met b, h e Y ..s . .pv 9 .;. <f service, sod having MV charging pump i s4 ir ***tv6- *

.. e i . ency power supply. The Assistant Shift S .a. t.c' . ' ' . ' * aske any entries in the TSAIL and did nc 1 . . aer is. . ; .e .hanges with the designated control room i u t. 9. .re ' 1$ .ti- :irements were met.

. . , . , , . . . . .
.
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A Limiting Conditions Operational Monitor (LIM 00M) computer program has been
developed and will be made available to appropriate personnel in the control

The use of the LIMCoti computer program along with the TSAIL will identifyroom.
limiting operational conditions. Appropriate personnel will be able to use this
system to aid in avoiding similar incidents.

A review of past incidents indicates this incident is an isolated event.

There were no personnel injuries, radiation overexposures. or releases of
radioactive asterials as a result of this incident.

CORAECTIVE ACTIONSI

lunedia :e MV charging pump 2A was racked out of service and NY charging
pump 28 was racked in service.

Appropriate TgAIL entries were made, and station personnelSubsequent: ensured no reactor sore alterations or positive reactivity
changes were being made.

Plannedt 1) This incident will be reviewed during staf f meeting by all
appropriate Duke Power personnel.

2) Duke Power management will ensure that appropriate personnel
are familiar with the availability of the LIMCOM computer
program and are trained in the use of the system.

SATITY ANALY$l$8

' ting pumps were (noperable. If aThe C system was operating white both NV t b

loss of coolant a6*ident had occurred. NY 'tg pump 2A would have operateJ
as long as offsite yc*er was not interr- . would have beer used along v'..
the C system tc tes; the reactor cor o and cooled.

Had a loss of c. :cident or k accompanied by an offsite power
failure, diesel Ir 'or 25 we . supplied energency power to train 3 ?

.no core covered and cooled using 1000 t i

1* ha'the arD system w.4 4_V .lonally, NY charging pu.ap 25 could eaveborated water * * 43' -

racked in and / makeup.

.aterations or positive reactivity changes whilThere were no
NV charging r h * arable.

The health as public were not affected by this incident.
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On hly 9, while Unit 2 was at full power, the 2A Emergency Diese! Generator (D/C) was
taken out of service due to failure to meet its required start time. The redundant 3 D/C
was started to satisfy the redundant D/C operability. The 3 D/C came up to voltage anctrequency within the required start time. Upon completing the surveillance run the 3
D/C was stopped due to observation of one of its cooling f ans rubbing its shroud. A
determination was made to declare the 3 D/G out of service. Repairs on the 3 D/C
were completed and the 23 D/C net was returned to operable status wittun the Teewcal
Specification time limit. The intermediate cause of the 3 D/C cooling fan event *as due
to vibration witfun the cooling urut, thereby, caustng the set screws in the fan hub to
twsen. The root cause of the vibration within the cochng units is ast.ociated with the fan
drive belt flapping. A continuing etfort is underway to correct the belt flapping. The
f ailure of the 2.A D/C was caused by overtightening of a friction clutch locknut. An
immediate inspection of torque values of the friction clutch locknuts in the remaining St.
1.uc2e diesel generators was made. D/C mair.tenance personnel have been instructed to
make every attempt to contact the vendors, particularly in the area where information
may not be provided of discussed in the techrucal manual.
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EVENT DESCRIPT1DN

At 0834 hours on July 9,1986, St.Lucie Unit 2 was operating at 100% The Unit remained
at 100% throughout the event.

At 0833 hours on July 9,1986, the 2A Emergency Diesel Generator (D/C) E!!5:EK) wasstarted for a once po seven (7) days surveillance test (once per 7 days based on three (3)The 2A D/C f ailed to meet the required
valid f ailwes within the last 100 valid starts). volts and 601.2H within 10 seconds af ter4160 420 1generator voltage and frequency of 1
the statt signal An alarm was recieved which Indicated that one of the engines in the ZA
D/C wt had f ailed to start. The engine f ail to start alarm is actuated by high diff erentialThe
temperature between the turbo charger exhausts of the engines in the D/G set.

power unit consists of two (2) P MD diesel engines, a 12 cylinder 463Et and a 16 cylinder.643E4, driving one (1) Elec - Products generator coupled with EMD tandem couptings,
forming a diesel. generator t mbly. The 2A D/C was maually tripped by the operator at

0834 hours.

At 0913 hours on July 9.1986, the redundant 28 D/C was started to satisfy Technical

Specification ACT10N (a) of Limiting Condition of operation (LCO) 3.3.1.1, i.e. theperformance of Surveillance Requirement 4J.t.t.2a.4 (redundant D/C operability check)
within one (1) hour and at least once per eight (37 hours thereaf ter. This survet!!ance was
performed since the 2A D/C came g to voltage frequency within ten (10) seconds,At 0917 hours the 28 D/C
therefore, meeting the Surveillance Requirement 4 a.4.1.1.2a.4.d

was stopped chas to an operator observation v.! one (1) of the 12-cylinder cooling f an blades
rubbing the cooling ian shroud.

A decision was made to take the 3 D/C out of service to evaluate the seriousness of the
rum. In accordance with Aw T10N (e) of LCD 3.8.1.1, operahtity of of fsite po.er sourceswas verified and immediate actions were taken to repair both the ZA and 2B Diesel
Generators.

ed to be minor and at 1068 hours repairs were completed on
the 12-cylir ',' engine cooling f an. The 3 D/C was startsd for an operational check andThe 3 D/C rub was determ

The 3 D/C was declared back in service at 1039 hours.met the recp . red start tame.
With the 3 D/G back in service ACTION (a) of LCO 3.3.1.1 was maintained.
Trouble $ooting of the M D/C revealed a problem in the mechanical port 4cn of t*e
Woodward governor. The pr:blem was corrected and the 2A D/C was returned to service
at 2010 hours on July 9,1986.

.
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CAUSE OF EVENT:

28 Diesel Cenerator Set

The Intermediate cause of the 25 D/C 12-cylinder engine cooling fan event was vibration
within the 12 cylinder engine Vertical Cooler Unit (1.5-163), mereby, causing the et
screws in the f an hub to loosen. With the loosening of the fan hub set screws, the f an
sNited and begna rubbing the shroud. The root cause of the vibration within the Cooler
Unit is a design problem associated with fan drive belt flappin6. A continu.ng engineering
e!! ort is underway to correct the belt !!apping and thus reduce the resulting vibration.

2A Diesel Generaw Set

The intermediate cause of the 2A2 diesel fa!!!ng to start was the failure of a roll pin (Ref.
No. 32340-s4)in the mechanical section of the woodward EC4-13P engine governor. This
governor consista of an electrical section wNch operates at or near rated engine speed.
and a mechanical section which is mainly used Wring engine startup and shutdown. |

During startup, a wnali speed setting motor is used to run g the mechanical governor to
allow the engine to reach rated speed where the electrical governor tasumes control of
engine speed. TNs speed setting motor operates on the linkage of the mechanical
governor by a friction clutch.

Investigations revealed a roll pin wNch holds the intermediate gear on the pinion thatt of
the speed setting controls had bre4 en. TNs gear arrangement drives the dial step gear

I

wNch actuates the upper and lower steps of the speed setting motor. With the failure of
the roll pin the speed settsg motor caused excessive wear on the friction clutch which, in
turn, allowed excessive slippage of the friction drive shaf t and prevented the mechanical
governor from demanding suf ficient fuel flow to pick up load on the 12-cylinder engine
and allowing the electric portion of the governor from taking control at the desigutedengine speed.

The root cause of the roll pin failure was the result of triction clutch adjustments made
on the 2A 12-cylinder D/C mechanical governor as det6:ribed in LER 349-46-006 (see
previous sirnilar events section). The root cause of LER 349 86-006 was determaned to be
a loose locknut in the friction clutch. This allowed escoenive slippage and prevented the
mecanical governor from demanding sufficient fuel flow to pick up load on the 2A 12
cylinder engme. The corrective action was so tighten the loose locknut en the clutch.
The triction clutches are supplied as assembled units and are not * required to be
disassembled and inspected as part of the vendor's recommended preventative
maintenana program.
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Previous to tightening the loose locimut, a review of the technical manual was cornpletedA torque value was not supplied in the
to determine the torque value for the locknut.A self-determined ad}ustment was made and the engine was retested
techrdcal manual.
with positive results. Upon later conversatlorts with the vendor it was learned tr.at the

,

|
locknut and the clutch of the 2A 12 cynnder D/C mechanical governor had been tightened
beyond the vendor prescribed torque vajue. The overtightened locknut provided the stressThus, the root cause of
necessary for the roll pin in the speed setting control to break.
this component failure was a cognitive personnel error by utility maintenance personnel.

EVENT ANALY515

The event is reprtable mder 10 CFR 30J)(aX2Xv) as neither diesel generator set was
operable between the time the 2A D/G f ailed and the 2S D/C was retwned to service.
This condition is allowed for a period not to esceed two (2) hours by LCO 3.3.1.1, providedBoth offsite po wer sources were operableboth of fsite power sources are available.
throughout tNs event and the time both D/C sets were out of service was less than twoAlso, as per Survedlance Requirement 4.3.1.LJ, aJ1 diesel

wur to minutes).(2) hours ' ywes, valid or non-valid, shall be reported ta the Comr6ssion pursuant to
3enerat
5pecificatwn 6.9.1.

The 2A D/G governor component f ailure was readily detected during routane surveillance
testing. The event was determined to be a valid f aijure in accordance with Regulatory
Guide 1104.

The 25 D/C 12-i.ylinder cooling f an event was observed while satisfying ACTION (a) of
LCO 3.3.1.1. The ef fect of the cooling f an rubbing the shrcud did not inNbit the 2S D/C
set from coming up to voltage and frequency within ten (10) Seconds.

Durin g

t'oubleshooting, it was determined that had it been necessary for the 28 D/C to perf orm
its saf tey function the 12-cylinder cooling fan would have worn the point of contact onThe 2S D/C was taken owt ofthe shroud to where no f urther rubbing would have occured.
service strictly as a precautionary measure and based on the above observation it was
determined that the event would not be considered a valid f adure per Regalatory Cwide
1.103.

In the miikely event of a complete loss of AC power (ontite and off s4te) for St. Lucie 2
and, for the benefit of a conservative analysa, the sAmultaneous loss of o!! site power and
one diesel generator at St. Lucie 1, the remainsg diesel generator in St. Lucie 1 is able to
operate the minimum safeguard loads such that both Uruts are ma ntaAned in a safe hot
stand-by conditaon. The present 5t. Lucie design does have the capability e! electrically

St. Lucie 2 UFSAR, Updited Final Safety Analysisconnecting the two units (Reference:
Report, Section 3.3.1.1.2.P g.3.3-19d).

This was the fourth valid f ailure in the last 100 valid tests. Thus, the current surveilancethe
laterval is once per (3) days. This survedlance interval is in conformance with
schedde of regulatory position c.2.d of Regulatory Guide !.103.
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CORILECT1YE ACTIONS

26 DIC SET

The 2/B D/C coolitig fan shroud was removed and the fan was repositioned in order
to provide sufficient dearance between the fan blade tips and the fan throud.
Upon completion of the re-positioning, the fan h4 set screws were securely
ti htened. Corrective actions resulting from ttus event aret5

A. A list of instructions has been developed describing steps to be taken for
preventative maintenance inspections of the D/C vertical cooling fan mits.
The purpose of these instrxtaons is to check for loo 4 bolts and to insure
f an drive integrity.

8. In the intermediate to long term, investigation and testing is mderway to
locate the source of excessive vibrahon. Evaluation of the testsg results
vUl be used to modify the St. Ludo Unit 2 D/C Sets and, thereby, reduce
and or eliminate the eacessive vibra jon.

2A D/C 5ET

The 2A2 D/C governor toll pin was replaced by replacing the dial panel assembly in
total; this included both the roll pin and the friction clutch. Adjustments to the
stop cams had to be made and a test rm was performed with sattsf actory results.
Corrective actions resulting from this event aret

A. An immed; ate inspection of torque values of the like component, i.e.,
frictaon dutch locknuts,in the remaining 5t. Lucie Plant D/C's mas mace.

6, D/C rnalntenance personnel have been instruc'.e4 to make every attempt to
contact the appropriate vendor should component adjustments be necessary,
particulary,in the area where information may not be provided or discussed
in the tectrsical manual.

ADOf710NAL INFOR nLATION

P AfLED COMPONENT INFOR W ATlON

The failure of each D/C Set was unrelated. The 2A D/C governor is a Soodward
Mcoel ECS-13P. The roll pin (brokri component in governo.) Reference No. is
32140-44. The 25 D/C coo 14ng fan is part of an L5-163 Vertacal Cooler Auembly
designed by the C&M Manuf actsing Company.
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PREVIOUS $1 MIL AR EVENTS

LER 389 86-4 reported a previous event where both diewl gecerators were
simultaneously out of service for the following related cauws:

10,1986, the 25 Emergency Diesel Generator (D/C) was taken out ofOn March Onservice to repair an idler pulley wheel on the belt. driven enSirte cooling fan.
March 12, whije performing a required operability surveU. lance on the redundant 2A
O/C,one of the two engines in the 6esel generator set f aued to start. Repairs on
the 25 O/G were compjeted and the unit was returned to operable stat s witNn the
time limit allowed by the applicable Technical Spedficat4on. The damage to the
idler pulley is believed to be related to the belt / lapping problem wNch has wn
observed on the 12 Cylinder en5ines in the 0/G set. The f aijure of the 2A D/G was

in the friction dutc? assembly which operates thecaused by a loose locknut
mechnleal governor used for engine start-up. Corrective actions were to repair
both diesels and inspect the remaining ider pulley wheels on the diesels for simuar
fauures. The friction dutches on the remaining engine governors were inspected
during the Unit 2 refueling outage, Apru 1986.

HJPPLEME*4T AL REPORT.

Upon completion of the engineering effort to correct t% belt flapp;ng in the 0/G
set cooling units, a supplemental report describing the cause and correctaon wJI be "
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1.ACBWR experienced a loss of offsite power while in the told shutdown
condition due to a lightning strike at the adjacent ecal plant's auxiliary
switchyard which caused switchyard and plant breakers to open. The E.mergency
Diesel Generators started and supplied the essential busses. Offsite power

a was restored 12 minutes later.
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At 0630, the
the plant was in ths cold shutdown condition.

69 kw Tie Line (TK) Breaker (SKR), 2X111, the leserve Transformer (IfMA)
On July 19, 1986,

Supply 3resker, 25N34, and the 480V Main Feed (EC) Breakers, 452 M1A and 452Both Energency Diesel Generators (EI)(DC) etarted and supplied
Containment lutlling (NE)(JM)Mll, opened.

the 1A and 15 480V Essential tusses (ED).The 1 A Migh Pressure Service Water (KO) Diesel Pump (P) started
when High Pressure Service Water (HPlW) Pressure dropped to the low pressureisolated.

s e t po tat .
Dairyland Power

A severe thunderstors was in progress at the time.
Cooperative's Systess Operations Center informed 1.ACIWIL that the adjacent coalby lightning. The operators reset
plant's auxiliary switchyard had been hitAt 0642, they closed treakers 2K311 and 2SN34.At
the lockout relays (86).
0645, they shut the 460V Main Feed 3:eakers and opened the Energency DieselThe 480V Essential Bus treakers automatically
Geestators' output breakers. At 0659, the LA HF5W
closed, completirs the electrical lineup restoration.At 0702, the Energency Diesel
Diesel was secv'.ed and returned to auto.
Generators v re secured and returned to auto.

The plant was
An unusual event was declared due to the loss of of f site power.a static vite in 'The lightning had hit

.

without of f site powe r f or 12 minutes. The 69 kv Tie Line supplies
the ad}acent coal plant's auxiliary evitchyard.
power to both 1ACIVIL's Reserve Transformer and the coal unit's teserveWhen the lightrting struck, the 69 kV Tie Line tresker

The L.AC&WR 480V kein FeedAuxiliary Transf ormer.
and both transformers' supply breakers opened.Undervoltage also started the Emergency
treakers tripped on undervoltage.
Diesel Generattre and tripped the 480V Essential Bus nain Teed treakers, which
caused the Emergency Diesel Generators' output breakers to close to supply the10C'

If this incident had occurred wh11e the reactor was atThis is a design basisessential busses.
power a loss of toad transient wuld have resulted.would still have been in a saf e aondition.
transtant and the plant

'.76 10 3
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On June 13. 1986, at apprasf ==taly 1500 hours, a veld break on Latdown piptas
resulted in azeessive Basetor Coo 14at Systen leakage causi.ng a forced ebutdevo. A
lose of poeer to a Motor Control Center caused a lose of control power to the
Tariable Letdown Orifice. The orifice f ailed in the opened position. During the
resulting transient. a 1 inch pipe weld on the discharge of the erifie e broke. The
imit was at 44% powat tt the time of this incident.

This incident is assigned Cause Code 3. Design. Itanufacturing.
Cosatruction/lastallation deficiesey. A weld on the outlet flange on the variable
Letdown Orifice failed due to fatigue resulting from cavitatien induced vibration.

This incident is reportable pureuant to 10 Cn 30.73. Section (a)(2)(1)(A).
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BACEGRO M

One of W functions of & Chesital and Yelune Control (NY) System (EIISIC3) to to
maintain a programmed water level in the preneuriser and a required water inventory

j in W teactor Coolant (EC) System (II13:4). Trie to achieved by means of
charging and letdown, which is a continuous feed and bleed process. N charging
rate is automatically controlled by Pressuriser level. n e letdown rate can be
chosen to suit various plant operatienti requiremente by selecting the proper
combination of letdown orifices. N ee parallel lines era provided to reduce the

Two of thepressure and control W flow of re,4ctor coolant leaving the NC Systes.
lines incorporate fixed letdown orificas. The third line utilises a valve as a |

variable orifice. An alternate (axcese) letdown path is provided in the eveat Wt I

the normal latdown path La isoperable. The azeees letdown can also be used to
maintain normal heatop rate of the unit, by providing additicual letdown capability
during bestup.

Technical Specification (Tech Spec) 3.4.5.2 states Wt NC leakage shall be limited
to 1 spa of unidentified leakage. With unidentified leakage greater than 1 spe,
the leakage rete must be reduced to within limite within 4 hours or be in at least
bt Standby within the nest 6 hours and in Cold Ntdown within the following 30

I bours.

DESCRIPTICBI C7 INCDENT

on June 13. 1986, the Dait was at 481 power. The Variable Letdown Orifice. 1W7849.
was in service and throttled to approximately 30 spa to reduce pressure due to a VT;

Nto Component Cooling System (EIISsCC) leak at the Letdown East Exchanger.
fixed orifices flerpaths were isolated.

At 1100 hours, the Unit entered the action statement of Tech Spec 3.4.5.2 due to
unidentified NC laakage of 1.486 spe. At 1300 hours, an Unusual Event was declared
due to unidentified NC leakage of greater than 1.0 spe. At approximately 1542
hours, alarms were received indicating the lose of Motor Control Center (MCC) U(D.

| This resulted in & lose of control power to INT 849 and 111138 Rydrogen Cooler
Temperature control valve, caustas the valves to fail open and closed.
roepectively. Charsias flow suddenly increased to approximately 130 gym and
Pressuriser level began decreasing. This gave W indication of a probable 3C
leak. At 1550:11 hours, an alarm was received indicating an increasing Eydrogen
temperature on the Generator. At 1551 02 heure. 157849 was isolated, but the
Pressuriser level continued to decrease. N hydrogen temperature on the Censrator
also conticued to increase. N Containment Floor and Equipment S g B Rish Level
alars vae received at 1601:13 hours, confirming 3C leakage.

At approximately 1610 hours. Basetor power and Turbine load were decreased due to
high Generator hydrogen temperature and NC lashage. Pressuriser level vaa being
asintained by m4== charging. At 1638:34 hours, the Main Turbine was manually
tripped and the Unit entered Mode 2. Startyp. At 1638146 hours valves INVIA and
INT 23. BC Latdown to Regeneration Beat Exchanger Isolation valves, were manually
closed in an attempt to isolate the NC laak. Exceae Letdown vos established at
1641:28 hours. Pressuriser level returned to normal. At approximately 1700 hours.

,
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the Omit estered Mode 3. Bot Standby. A Work Requaet wee initiated to investigate
and repair MQ: IMED. At 2105 heure, the Unit entered Mode 4. Eat Shutdown. On
June 15. 1986, at 0237 heure. the Unit entered Mode 3. Cold h edown. ne Work
Lequest w.e coerylated on Jae 18. 1986.

Cesctr$1 N

nie incident is assigned Cause Code B. Design Manufacturing. Construction /
lasta11ation deficiency. Upon shutdown of the unit an investigation revealed a
340 degree cirevaferestial wald failure on W outlet flanse of 1NT849. N
preliminary conclusion is that the weld f ailed due to fatigue resulting from
cavitation induced vibration of INT 849. This can be attributed to long ters
atilisation of the valve throttlad at luw flow. INT 849 had been seed for
appronimately one month to reduce preeeure due to the Letdown laat tachanger leak.
A formal failure analyste is betas performed by Westinghosse. ne intetia
reeelatises are to replace the failed weld and limit operation of INT 849 to a short
period of time. 3 to 10 minutes, at low flow when re-establishing letdown to
=4minine shock on the piping. Tibration in the vicinity of the letdown orifices
will be monitored to verify acceptable operatione, h wald has been repeired.
19eo receipt of the Westinghouse report of the f ailure analysia. Duha vill review
W data and aske recommendatices for a permanent resolution.

A contributing casse to this 1.aeident is Loes of power on MCC DGD. Investigation
revealed that & amesplate se a control tramaformer in comparuent R04A of NCC
IXID became unglued. b ammeplata fell agalast a terminal strip and caused an
overload, N overload tripped W normal feeder breakar to W EC and prevented
the alternate feeder kraaker from closing is. m failure of A C 1XID saused a
lose of control power to 1NTS49 and 15L138. h braaher in IXED 104A was replaced
and the work coupleted on Joe IP.1M6. on May 15. 1946 a Work toquest was
initiated to remove h nameplates from all contvel transformers in all Duit 1 and
shared Nelson 4007 ECa. m work request was completed on June 16. 1986= ne
removal of all control trateformer nameplates free Unit 2 Beleon 60C7 MCC was done
in 1985 per Significant Deficioney No. 414/85-09. At that time. an inspection of
Umf t I revealed a low percentage of fallen nameplates. A decision was made to
remove the Dait 1 sameplates during the first refueling outage.

An exact value of the laakrate was found to be dif ficsit to determine. pereoanel
employed various calculation methoda in as attempt to quantify the BC laakage. ne
method which was chosen se W acet accurate was the Radwsete inventory method.
This eats covered thu entire epan of the incident. and the Radunate input before
and af ter the incident une constant. brefore using the Radwaste generation base
as the aset es11able indication. the average laakrete wac deternised to be 87 3p.

A post shutdown inepection for BC leakage revealed a leak on the aanway of the
preseuriaer. h leak has been repaired.

Foot incident vibration monitoring of the associated Unit 2 piping revealed no
unusually high vibrations on the variable letdown orif tee flavpath. i
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A review of EFC$ indicated there are no repotted f ailutee of this type #.nvolving
|Nelson HCC.

There were two previous incidente of a Unit Jhutdown due to unidentified leakage at
Catswba (see LZ1's 413/85-59 and 413/85-61).

_C0111CTTit ACTICN

(1) 14 actor power and Turbine load were decrassed.

(7) Talves INTIA and INTIS were closed.

(3) A Work 1aquest to repair HCC LED E04A ves 1.nitiated and caupleted.

(4) A Work taquest to remove all remaining control transformer nameplates fres
Unit 1 ICCa. was completed.

(5) Procedure changes to CP/1/A/6100/01. Controlling Procedure for Unit startip
and CP/1/A/6200/01 Chamical and Tolume Control systra, were implemented to
add operational limitatione for lyt 849.

(4) The veld f ailure wee repaired.

(7) A fellovey surveillance vill be performed based on the proposed estion se
stated La the final r teolution of the veld f ailure cause.

(8) An acesrate determination of the NC laaktate during thi.e incident has been
coupleted.

1PTTT LuiTS!$ e

all BC System leabge fror the f ailed weld went to the containment rioor and
Eguipment Sump. The water was pumped to the Vaate Evaporator Feed Tank. Floor
Drain Tank and the Staan Generator Drain Tank. All water vae eventually
processed, aampled and discharged through the Liquid Radwaste Systes. NC System
inventory was maintained by the Centrifugal Charging Pumpe and the Fualics Water
Storage Tank. There were no unarpected arposure problema during the cleanup of the
Contatem. ant Building.

During the Unit shutdown. BC Systes cooldown rates did not azeeed 100 degrees F in
any 1 hour period. Pressuriser pressure did not decraasc below 2050 poi and the
Frasauriser level did not decrease below 191. Average temperatste decreased to $30
degrees F poet staatdown, but stabilised at 351 degrees F af ter 30 minutes. The
Staan Generator levels decrassed to a =f af== of 351 marrow range but quickly
stabilised at approximately 50* Post ebutdow.

The health and safety of the public were not af fected by this incidest.
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On June 27. 1986 at 0953:14
Pressuriser and Main Steam Line preneure.houre. Safety Injection was actuated on low

Steam Generator (S/C) Power Operated Relief Velves (PORVs). decreased during the Loss of Control Room test due to inadvertent opening of thePressuriser and Steam Line preeeure had
be actuated when unit control was transferred back to the control toon.in Pressuriser and Steam Line pressure vos suf ficient to cause Safety Injection to

D e ensuing decrease

was in Mode 3. Hot Standby, at ne unitthe time of the Safety Injection.

he incident le assigned Cause Code 3. Design. Manufacturing. Construction /
Installation Deficiency. and cause Code D. Defective Procedure.
controle were changed since initial installation. but PORY control device legende

De S/G PORY

located on the Auxiliary Shutdown Panels (ASPS) were not revised accordingly sothat personnel could accurately positten the PORVs.
Procedures which specffy the

manner in which to adjust the PORY controle were not revised following theLaplementation of the design change. so that the operators were unaware of the
change to S/G PORY cor.trole on the ASPS.

50.73. Section (a)(2)(tv).his incident is reportable purevant to 10 CFR 50.72. Section (b)(1)(iv) and 10 CFR

J.L s c
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Procedure TP/2/A/2650/03 Loss of Control Roon Functional Test, provideo guidelines
to demonstrates

(1) Nt the plant can be brought to Bot Standby conditions from a moderate power ;

level (10-251) using Auxiliary $butdown Panel (ASP) controls and following
procedure AP/2/A/5500/17 (Loss of Control Roon).

(2) N t the plant can be maintained at Bot Standby conditions for 30 minutes from
the Auxiliary Shutdovo Fanels.

(3) Nt the plant can be brought to Bot Standby and maintained in that condition
with the minimum shif t requiraments of Technical Specifications.

(4) N t the Reactor Coolant Systes (Elis:AB) can be cooled down et .eest 50
degrees F from a steady state Bot Stendby condition while being operated from
the ASPS.

i

|A Safety injection ($/1) signal to initiated on several conditions, ascos those '

being Pressuriser Pressure less than 1845 pois, or Main Steam Line Pressure less
than 725 pois.

A $/1 signal to blockad to the Diesel Generator load sequencers and sequenced loade
when controls are transferred to the Auxiliary $butdown Panels. In the event that f
initiating conditions are present. these couponents will be actuated if control to

i

transferred back to the Control Roos. A S/1 signal also initiates a Phase A
Containment !aolation. A Phase A isolation iss,lates all Containment penetrations
which are non-essential to Reactor / Containment safety or cooling.

DESCRIPTION OF INC1 BENT

On June 27. 1986, the less of control Roos Functional Test was begun with the unit
at 241 power. In accordance with the test procedure, the Reactor was manually j

tripped at the teacter Ttty switchgear at 0942:201855 hours. Main Feedvater (CT)
'

(1115 SJ) Isolation and the autostart of both Motor Driven Auxiliary Feedvater (CA)
(111$11A) Pumps occurred at 0942:32 hours, low-low levels subsequently occurred in
all 4 Steam Cenerators (5/Cs). N CA Pump Turbine (CAPT) automatically started on
low-low level in 2 out of 4 5/Co. CF Pump 25 later tripped at 0942:42 hours on low
suction flow,

t' nit control was transferred from the Control Room to Auxiliary $butdown Fanels at
0942:49 hour s. Letdown Pressure Control Valve. 2N7-148A unexpectedly f ailed open
when the transfer occurred. Letdown flow indication oscillated rapidly for
approximately 3 ainutes. Chargina flow during this time was approximately 38 gl's.
14tdown flow then spiked high to a sanimum of f 177.8 gps at approximately 0946:30
hours. Letdown was manually toolated af ter Pressuriser level dropped to below 202.
Letdown flow dropped to approximately 15 sps by 0947:30 hours.

At 0946:59 hours, the PORV breakers at the Auxiliary Feedvater Pump Turbine Control
Panel (ATVPTCP) were closed in accordance with the procedure. When the breakers
were energised $/C A. B. C. and D Fever Operated Relief Valves (PORVs) opened to
751. Itte was due to the PORV manual loaders on the ATVPTCP being initially set

. . . . . . .
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per procedure to what was thought to be a setpoint for opening at 1825 pets.
Design Change had modified the PORV controle. but the impact on the function of the

A

A$P PORV controle had not been adequately comunicated/ understood.
t

Therefore, the changes bad not been incorporated into all applicable procedures. ,

nor had manual loader legends /acales been changed to accurately indicate the PORYpoettions on the ASP.
ne S/C PotV opening caused a rapid depressurisation of the

escondary side with an accompanying cooldown of the primary side.
,

<

Personnel at theATVPTO observed the decreasing eteen pressure and attempted to increase the
setpoint for PORV opening, but actually opened the Fogve further. Personnel in the
Control Room observed actual PORY position 30 OPD af ter energising the AFVPTCF.
but did not iausediately commamicate this to ASP personnel due to the nature of thetest.

$/G 1evels responded to the PORY openings by first ave 111ag and then
drepping rapidly off the narrow range scale.
range indication. n e CAPT had been secured atThe ASP Operatore were observing wide0945145 hours.
4.5 minutes. the S/Ga were blowing down through the PORVs with CA f!ow beingFor approximatelyprovided to $/C D.

Pressuriser Pressure dropped off scale (leen than 1700 pais) approminately 2minutes af ter the $/G FORVs opened.
Pressuriter Pressure (1845 pe13) occurred atSafety Injection (8/1) condition on Low

0949:46:179 hours. S/I condition onLow staan Line Pressure Loop D (725 pe13) occurred at 0950:08:107 hours.
$/1 was partially blocked at that time due to control being transferred to theBowever. ,)
ASPe.

Several containment teolation valves elesed automatically and Charging j

suction wee automatically aligned to the Refueling Water Storage Tank when the S/2
'

conditions were satisfied.

As Pressuriser level continued to decrease and fall off scale personnel at the asp
aanually started Centrifugal Charging (NY) Pump 23. Bowever due to valve
controller labeling problene. ASP Operatore reduced Charging flow rather than
increasing it while adjusting the manual loader for 2NV 294. Charging Pumpe FlowControl Velve.

At approsisately 0953:30 hours, the deciaton was made to terminate the test and
return control to the Control Room. At 0955:14
directed pereoanel to evay control back to the Control Room. hours, the Senior Reactor operator

When thle was done.S/I was innediately actuated due to the unblocking of the still-present actuationsignal.
Both Diesel Generators (D/C) actuated on IDCA condition. De $/G FORVsreelosed on transfer of contrals to the Control Room. De S/I signal started the

Reeldual Beat Rewval (ND) Pumps. Safety injection (31) Pope, the CAPT, and opened
2N!=9A. and 2NI.103. NV Pumps Discharge to Cold Leg teolation valves, and
associated CA valves.
Roca. 2NV-14&A retlosed following the transfer back to the Control,

i

Seth D/C load sequencore couple.ted accelerated sequencing within approximately 21seconde.
Centainment isolation valves not repositioned previously were positioned1

on the Phase A teolation signal.
5/I flow restored Pressuriser level to 333 andpressure to 1250 pois withis approminately 3.5 minutes.

. . . . . . . .
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At 0958 hours, s/1 wee reset. the Cold Les !ajection leolation Talves were closed
and the NI sad WD Pumps were secured. The S/1 had further reduced Steam Line
pressure to approsiastely 480 peig and primary coolant temperature to approstaately
468 degrees F. The CAPT was secured at 1000 hours.

Af ter the NT Pepe euttion was automatically swapped to the Rafueling Water Storage
Tsak (FWST). Yolme Control Tank (TCT) level began increasing due to WV Pump
recirculation flow. N YCT wee realigned to the euction of the NV Pumps and the
Fwsf suction Yelves were closed at 1007 hours, completing the realignment of normal
ena rging.

CONCiCSION

la January 1985, a Design Change Authorisation (DCA) was originated and approved.
This DCA sparaded the $/G PORTS to safety-related per WnIG-0954, supplement No. 2.
Withis this DCA, the function of the ASF $/C PotV manual loaders was changed so
t ha t the FORVs open in direct response to any positten dieled.in on the loader.
Previously, the leader provided a setpoint selection so that the PORVs open fully
when the setpoint was enceeded. This DCA wee implemented af ter 54t Functional
Testing (EFT) was coupleted La October 1985.

While changing the Manuel Loader fumetions for this DCA. the legende on the leaders
were not revised. Since the manual loadere ePPeared physically the sans se during
RFT, the ASF Operatore attempted to close the PORTS by increasing tl . setpoiat, but
in actuality opened the PORVs further. Therefore, this incident is seeigned Cause
Code 3. Destan. Manufactuttag. Construction /lasta11ation Deftetency.

This incident le also assigned Cause Code D. Defective Procedure. On several
ocessione during December 1985. January 1986. and February 1986 responsible

, Peroommel dieeussed the DCA. but the effects ce ASP operation were not understood,
| and therefore precedures and training were not modified.
i

During the transient, several deficiencies were identified:

(I) D/G 1ead Sequencer A lead Group 7 woe 0.1 second late. The timer has been
rec alibr ated.

(2) The ASP controller for the Charging Pumpe Flow Control Valves. 2NV-294, was
labeled incorrectly. The label wee corrected.

(3) Event Recorder (n) times were 4 hours lets. m timer wee reset.
(4) Intermediate Range Chassel 5-35 was undercoupeaseted. The voltage vos

adjusted frse -10T to -16V.
(S) 2WV-13A.14tdova Orifice 2A Outlet containment teolation valve, could not be

elooed during the tranatent. The velve wee found to be stuck open. The valee
was freed and successfully rateated. 2NY-11A to a 2 inch Sorg Warner Gate
Velve. For NPRDS there are ao reported failures of 2 inch Sorg Werner valves
in which the valve became stuch to the open position.

(6) D416. CF Fump 3 Suetion Pressure Baergency 14 Trip, registered with an
adequate euttion preeeure present. A Work Request was toeved to
tavestigate/ repair the point. Tkte point to actually ind1 eating suction flow.
A Stetton Problen Report wee submitted to correct the point ID.

.
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(7)
Several additional probless were identified with Operator Aid Computerindication, ne problema are being investigated.(8) Pereoanel had dif ficulty controlling Reactor Ccolant Pep Seal flow.
Additional labeling on the ASFe was added to clarify control requiremente for2W7 309
use of the v.1ve.ne appropriate operatione procedures were also revised to clarify

(9)
2NY.14h. i.etdown Pressure Control Valve failed open following transfer tothe ASP. A poor electrical connection in the control circuitry was found andcorr ec t ed.

De control circuit for the valve had maistenance performed on itin January 1986.
this previous maintenance activity.It to not certain if the poor connection was the result of

(10)
Difficulty wee encountered in reestting the Main Stesa Isolation 37paseVelves. De problea could not be rettested during inveettgation. De
associated Monthly Sgrveillance Test ves performed successfully.

None of the identified Equipment Malfunctions are reportable to NTRDS.

nis incident is considered to be an teolated occurrence. De Nuclear StationModification program currently in use provides more stringent controle on
modificatione than the Design Chatte program.

nie is the first actuettom if Safety injection on Dnit 2.
CORRICTIVT ACTg

(1)
In light of degrading conditions, the loss of Control Room Test was terminated
and control was transferred back to the Ccattel Room. Safety Injection wasactuated at this time.

(2)
A review of all Design Changes and Construction Department shutdown Raqueste
implemented af ter Bot Functional Testing and prior to Fuel load was performed
prior to the unit re. entering Mode 2. Startup.(3)
A review of both unite Auxiliary shutdown Panele and Aua111ery Feedvetor Pump
Turbine Control Panele wee performed to identify all dif f erences between units
and all Eman Engineering Defittencies (EEDs).

N m rous unit differences andlabeling probless were identified. 1.abeling probleme were corrected.(4)
Revi.1one were made to Operating and Abnormal Proceduree to reflect changes
required as a result of Correettve Action (3). Also addad were lastructionsto manually initiate $stety Injection. Containment Spray, and Annulus
ventilation if requir-d following a 14es of Control Room incident. Testtermination ersteria wee also clarified in the test procedure.(5) TT/2/A/9100/03 ASP and Auxiliary Feedveter Ptsep Turbine Control Panel
Supplemental Test, wea originated and performed prior to less of Control RoonRatest on July 11. 1985.
while controlling at the ASPe.This test verified proper function of various valves

(6) TP/2/A/2100/01 Controlling Procedure for Power Raestation, see revised to
include wra thorough pre-tranatent test preparation and walk throughs.
will include revieve of previeve test results. Operating Procedures. Abnormal

n ie
Procedures, and taerseccy Proced. fee.

. . . . . . .
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(7) Training was provided to appropriate personnel on this incidert. procedural
chaeges made to Operating and Abnormal Procedures labeling and surf ace
changes made to the A$pe as a roevlt of the post incident analysis, and Unit
1/Dott 2 control differences.

(g) Coupletion of A5p surface enhancements not requiring hardware modifications.
control board cutties or a systes shutdown are to be identified. The
remaining items will be implemented during the first refueltas. ,

SAFrTT ANALYS!$

Following the manual Reactor Trip in accordance vita the Loss of Control Roon Test.
Power tunediately dwcreased to aero. $/C narrow ra6se levels decreased to
approximately 151 and were being restored by both Motor Driven Auxiliary Feedwater
Pumps and the Aux 111ery Feedveter Puer Turbine. Pressuriser Pressure wee at
approminately 2235 pois at the time of the trip and Pressuriser level wee at

,

apprestaately 291. Both parametere began slowly decreasing following the trip. >
'

Reactor Coolant (Ne} aighest everage temperature vae 560.9 degrees F sad S/C Steam
Pressure was approminately 1030 peig at the tite of the trip. I

'

When unit control wee transferred to the Auxiliary shutdown Fanels. Letdown flow
increased to 177.4 spe before being manually teolated. An unsuccessful attempt vos
made to increase charging flow, due to controller legend problems. The inadvertent

'opening of the 3/C POR!a resulted in a rapid decrease in Main Steam pressure. S/C
narrow range level increased and then rapidly decreased and dropped of f scale. Vide

i

range level did not decrease below 54.41 indicated, which to apprestaately 651
actual level in the $/Ce throughout the incident. The top of the 5/C tube bundle to
at apptosimately 591. While the FORYe were open. Preasuriser level vos lost
aompletely in approximately 2 minutes, and NC vide range pressure decreased to 701 i

peig. Af ter Pressuriser level wee lost, approximately 400-500 cubic feet of voiding
occurred in the NC Systes. This le based on the rate of level recovery followies
initiation of Safety Injection. Personael and the Safety Parameter Display Systes
did not detect any significant drop in geactor Vessel 1.evel Instrumentation
readings.

When unit control was transferred back to the Control Room, S/I was initiated
automatically se heesuriser Pressure and stema Presevre were low. The S/C PORis
closed automatically. Cold Les Injection was inittsted with the Safety injec'.fon
Pumps and Centrifugal Charging Pumps. All S/1 equipment functioned estisfactority.

Following the initiation of 5/I NC preseure and level 'eegan increasing.
Pressuriser pressure wee restored to approximately 1250 peig and Pressuriser level
wee restored to 332 af ter approximately 5.5 minutes. he maxima cooldown rate of
WC systes during this incident wee 95.5 degrees F/ hour.

Based on Bealth Physico sampling of Main Feedvetor activity, there were no I

radioactive rolesses during this incident.

The health and safety of the public were not affected by this incident.
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On 01/01/06 at approximately 0941, preferred station transformers I

A and C tripped off the line. Cne hour later, at approximately 1044
pre fe rred station transformers 3 and D also tripped prier to A and C
being restored. This resulted in a total loss of offsite power (LCP)
to the statien. An Unusual Event was declared at 104$ and cperations

entered into appropriate Abnormal Operating Procedures. The plant was

shutdown at the time of the LCP due to a reactor octaa that had
occurred approximately six hours earlier. Upon investigation it was

determined that hand held radios most likely caused spuricus signals

in the tene relaying transfer trip receivers of the preferred station

transformers. Corrective action is being taken in an effort to
,

miniatte the pretability of recurrence. This event did not affect the

Ul1public safety and welfare, g ,
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Seqvence of Events:
01/01/06 at 0941 with the unit in operational condition 3 (heton

shutdown) and cooling down from a reactor trip which accurred

approximately six heurs earlier (ref erence LER 84-C01) , preferred

statien transforvers 'A' and 'C' tripped. Fecirculation pump 'A'

water
tripped, the operating condensate pump tripped. and the Reactor

Cleanup (PwCU) system isolated. Reacter Prctection System (RPS) tus
and partial Wuclear Staam

'A' de-energized initiating a half scram

Supply Shutoff System (H5$$$) isolation. The partial NS$$3 isolation
caused an instrument air isolation to the pesctor Building which
caused the scram valves to leak filling the Scram Discharge Volume
(SDV) . This subsepently resulted in an 335 actuaticn en high 80V

Upon the preferred station transformer trips Divisien flevel at 0957
ventilationI and III diesel generators started, Division I emergency

systems autostarted, and standby service water pumps 15WP'P2A, 3, C ,

and D load sequenced. Normal service water pump 8WP-P19 and

water pump CVS-F1B were still running but without' hearingcirculating I

cccling water since tearing cooling water pump 3CS-PIA had icst power. I
'

At 1001 the Main steam Isciatien valves (K!1Vs) autematically isolated

due to decreasing ecadenser vacuum.

At 1003 cperators were dispatched and attempted to recover

de-energized Icad centers. At 1031 RPS bus 'A' was reset. Later,

fuse in
panel 13CM'PNLQ1A was discovered de-energised due to a blevn

g ....
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transformer 1sCM*XRC14A1. This caused several Control Building NVAC
(5VCl and ruel Building EVAC (RVT) dampers to close which caused the

Division 1 Control Building chi 14er (RVR) to trip. Subsequent
attempts to restore operation of MVx chillers 'n' and 'D' were also
unsuccessful. The partial NSS$$ isolation remained sealed in because
of de. energized panel ISCM*PNLCIA.

The RPS actuatien was reset at 1042. At 1044, approxistately one
hour after the initiating event, preferred station transformers 'B'

and 'O' tripped. The station was now in a complete loss of of fsite
power (LCP). The Division II diesel generator started and sequenced
preperly. An Unusual Event was immediately declared and Abnormal

operating Procedures IACP) 004, 005, 0010 and 4042 were initiated.

Reactor Water level was *80 inches on the shutdown range and pressure
was at 240 peig.

At 1114 the half RPS actuation was reset and power to BJS bus 'B'

was restcred. At 1124 the preferred station transformers were
energized, but the supply breakers to the plant eculd act be closed.

It was de te rmine d that breaker closure was locked out by the tone
relaying transfer trip (fiber optic) system which could not be reset.
At 1130 this backup system was disabled and the breakers were c1ceed.

All in hcuse loads were restored and the Unusual tvent ended after an
hour and ten minute duration. The plant wts stabil1 ed.
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Investigations.

In an effort to determine the cause of the transformer trips an
conducted and revealedinvestigation of the protective relaying was

that no prctective relaying targets were initiated. It was further
determined that the trip signals sent to the Icekcut relays could only

initiated by a spurious signal in the backup pilot wire orhave been

tone relaying transfer trip circuits. Functional and diagnostic

of bcth the pilot 41re and tone relaying circuits showed thattes'.ing

both systems were operating as designed at the time of testing.
this testing two items were noted. First, spuriousAs a result t.

generated en the tone relaying system with hand heldtrips could he
feet radius)radios in c1cse prezinity (within approximately a 10-12

of the t r an smitt e r s / r e c eive r s .
Seeend, sere of the tone relaying

keying and rack power were supplied frca two separate battery sources.
Altheugh no spurious trips could be staulated by testing, this type of
ccnnecticn could result in transients within the tene relaying

*Taiteent. It wts deelded to correct the wiring in the field such

that keying and rack power were supplied by the same battery source.
150 PJinThe two types of hand held radies tested were the 4 watt.

Metercia and 5 watt, 450 ME: Metercia. toth are ccanenly used on shte
Both of these radios were keyedby security and operaticas persennel.

to transmit inside the centrol building of the Tancy Point switchyard
and bcth caused spurious trips en the tene relaying systes. Alse

;..
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tested were 100 watt, 50 M a and 150 M s Motorola mobile radios from

just outside the switchyard control building with the doors open, Thei

mobile radios did not initiate either a trip or a loss of guard signal
in the tona relaying system. After careful censideration it was
concluded with high probability that the LCP was caused by radic
frequency interference.

Also investigated was.the difficulty in resetting the loq,kout
relays. Because of the complexity of the tone relaying and pilot wire
tripping circuitry, the resetting cf the lockout rela /s must be
perferned in the proper sepence. It was determined that operatiens
procedures did not address the required sequence.

Corrective Actions:

As a result of this event several corrective actions have been
cospleted er are in progress. These corrective actions include:
1. Insta11stien of shielding on the tone relaying equipment in the

Fancy Pcint switchyard. shieldi9g of the equipent in the plant
is net required because the equipment is enciesed it a reinferced

ccncrete roca with locked dc<rs and a sign restricting the use cf
radics on each decr. This activity is presently scheduled for
ccapletten by 02/12/86.

2. Rewiring the tone equipse.it such that both channels are repired
for tripping. At the time of the event if one channel had a 1 css

**. . . . . . .
S 46-
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of guard and the other channel had a trip signal the transfer trip
would have been initiated. This wiring change provides increased

reliability to help prevent spurious tripping. Tempor ary

Alterations were installed. This design change (MR 86.CC81) is

scheduled for completion prior to the planned 35 percent pcwer

scram at the conclusien of test condition 2.

3. Changing DC power supplies to tone relaying equipment such that

the keying and rack power are both supplied from the same CC

source. Temporary Alterations were installed. The design change

(KR 86 0026) is scheduled for coepletten prior to the planned 35

percent scram at the conclusion of test conditir.n 2.
I

4. Insta11stion of sequence of event recorders in the switchyard and

at the generator /transforvers protective relaying panel. This

requires the completion of two design modifications (KR 86.CC27

and nR 86 0094). The final installation of these recorders is to
be ccepleted during an outage just after the plannod 35 percent

power scran.

5. Installation et addittenal dratnage reacters at the plant end of

the pilot wire shielding. This design change (MR 4(. Cot 3) is
serta atscheduled for ecepletion prior to the planned 35 percent

the conclusion of test cendition 2.
(SCA:Al

6. Installation of supervisery Centrol and Casa Acquisition

systen alerts to provide annunciatien in the main centrol roce and

g.
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at the Government Street transmission and distribution control
center for loss of channel signals on tone relaying equipment.
This it scheduled for completion on 02/05/86. Additional
capabilit.es for acnitoring trip and loss of guard signals will to
added (MA 86-00941 upon receipt of alarm cards by approutaately
04/10/86.

7. Training personnel on the restricted use of radios. Signs have

been posted in the Fancy Point switchyard prohibiting the use of
radios in the control building. Signs have also been posted on
the doors of the room in the turbine building which houses the
tone relaying equipment. Letters have been sent to Security,
Cyerations, Maintenance, and Transmission and Distribution
personnel informing them of the radio use restricticas. This
actica is complete.

8. Training operations personnel on the resetting of lockouts,
including necessary procedural changes and the posting of operator
aids. Operator aids have been posted. Operators are presently
undergoing requalification and will be trained on protective
relaying. tone relaying, and pilot wire relaying including the
proper resetting of the lockout relays. This process is presently

.

scheduled to be completed on or before 03/28/06.

9. A procedure for the periodic testing of the tone relaying
equipment and the proper operation of the sequence of event

;.
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is being written and is scheduled to be completed prior

.

recorders
to the planned 35 percent scram at the conclusior. of test

,

condition 2.

safety Assesseent:
There were no esfety consequences to the public as a result of

The safety implications of a loss of offsite power arethis event.

however, clearly recognised and it is for this resson that the above

corrective actions are being taken.

g.. -
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On 7/31/86 with the unit at 946 rated power and again on 8/2/06 with the
unit at 994 rated power 1r.J888WG2A feeder breaker tripped causing the
automatic start of both divisions of Annulus MLzing, Standby Gas
Treatment and Fuel Building Ventilation Systems. Additionally, various
drywell and containment unit coolers as well as the Division 1 diesel
generator fuel oil transf er pump were lost. A defective protective relay
in the feeder breaker to the 1A containment Unit Cooler was found to bethe cause of the trip. During the 7/31/86 event the Technical
Specification surveillance 4.8.1.1.1.a was not completed within one hour
as requirred by Action 3.8.1.1.b. There were to adverse affects on thehealth and safety of the pub!!c as a result of these events since the
start of these Engineered Safety Features placed the unit in a more
conservative condition by filtering any radioactivity from the air priorto releasing it to the environment.
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At 0243 on 7/31/86 with the unit at 944 rated power containment unit
cooler 1A feeder breaker IEJS*ACB36 tripped concurrent with the

|Theswitchgear IEJS*SWG2A feeder breaker IEJS*ACB38 tripping.
1EJS*ACB36 targets indicated an overload. The loss of the switchgear
resulted in the automatic start of both trains of the following
Engineered Safety Feature (EST) systems: Annulus Mixing, Standby Cas
Treatment, and Fuel Building Filtration. Additionally, power was lost
to the Division 1 diesel generator fuel oil transfer pump along with

(LPCS),
power to several valves on the Low Pressure Core Spraytrain A and Reactor Core Isolation CoolingResidual Heat Removal (RHR)
(RCIC) systems, and various drywell and unit coolers. Reactor power
was immediately reduced to approximately 554 to maintain area
temperatures, due to the loss of area coolers.
Testing of feeder breakers ACB36 and ACB38 was performed and noUnit Cooler operation was checked and found
problems were identified. Drawings, design modifications, and as built wiringto be normal.were reviewed for correctness and no abnormalities impacting this
problem were found. Feeder breaker ACB36 is equipped with anovercurrent timer relay (type ITE 50D) which initiates a trip of
breaker ACB38 in the event ACB36 fails to clear a fault in sufficientThis circuity and relay were tested and found to functiontime. Unit Cooler 1A was placed into service and functionedcorrectly. At the conclusion of these investigations the unit;wasproperly.returned to service but Unit Cooler I A was lef t in standby as a
precaution.

Technical Specification Action 3.8.1.1.b required surveillance
4.8.1.1.1.a to be performed within one hour (due to the loss of the DG
fuel oil transfer pump). This surveillance was satisfactorily

This is an0900, beyond the allowed time interval.completed atisolated case of a missed Technical Specification Action and is not |indicative of a generic problem.
On 8/2/86 at 0637 with the unit at 99% rated power, feeder breaker
ACB38 again tripped on apparent overload of Unit Cooler IA with all
events and actions occurring as described in the 7/31/86 event above,
with the exception that Unit Cooler 1A was not inservice at the time.
With the overload indication having been reported on Cooler UCIA,
maintenance tested the ITE SOD relay in place. The relay tested
normal except that it's pushbutton test circuit and target indicators

indicating some malfunction. Since the ambientwould not work,
temperature was very close to the equipment qualification temperaturesensitive.of 114 degrees F it was felt that this relay may be heat 120The relay was removed from service and elaced in an even at At
degrees with de power connected and the trip circuit monitored.ITE 500 relay failed with a continuousone hour and 10 minutes, theThe malfunction of this relay caused the overloadThe relay was replacedtrip output.indication and trip of feeder breaker AC938.
with a new unit.

g.
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The defective relay (ITE 50D) was returned to its stanuf acturer. Brown
Bovari. CSU asked the manuf acturer to determine the failure node ofthe relay. GSU suspected that the transistor had failed and asksi themanufacturer to determine if the output transistor is located too
close to a 10 watt resistor on the circuit board. Under the
circumstances, CSU initiated a Modification Request (MR 86-1316) to
replace the trip function of this and two other similar (ITE 500)

}relays with electro-mechanical time overcurrent trip devices.
Additionally, there are two ITE 460 relays that provide trip functions
on the recirculation pumps and 26 other ITE 500 relays that provideonly overload indication in use at River Bend Station.

MR 86-1316 has subsequently been cancelled because the manufacturer
|has satisfactorily determined that

defective and caused the trip. the output transistor only was
)manufacturer has determined thatThe preliminary investigation by thethe transistor developed high leakage i

over time and is indicative of a batch problem rather than a generic
The manufacturer has recommended this transistor, identified asone.

03 by the vandor on his circuit board, be replaced with a different
type transistor which has higher voltage and lower leakagecharacteristics. The transistors that are being removed will be sent
back to the manufacturer for further analysis. GSU is now replacing
the output transistors in all the affected relays via MR 86-1577. Thereplacement of the transistors in the relays with a trip function is
expected to be complete by 11/11/86 and by 12/31/86 for the relays
with only an indication function.

This failure resulted in a partial loss of Division I power. Inneither event were redundant trains affected and all actions, both
automatic and manual, resulted in system performance as designed. Atno time was the health and safety of the public affected.
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APPEND 1X F

OPERATIONAL EVENT LISTINGS

This appendix contains listings of events that are of potential
concern from a core damage standpoint but most of wh' s were not, in
general, selected as actual accident sequence precursors.

Included are

unavailabilities of RHR systems, mostly at zero power conditions
(Table F.1), and unavailabilities of single-train safety systems, such
as HPC1, HPCS, RCIC, and soluble boron (Table F.2). These were not, in

general, selected as accident sequence precursors. reviewed in this study by docket
Table F.3 through F.6 list events

and LER number. Table F.3 provides a listing of the events involving a
reactor trip from power or a trip that occurred d9 ring shutdown but with

reported unevailabilities. Table F.4 listsno additional failures or
the 1984 trip events that were more complicated, including events
involving a core-damage initiator such as LOCA, SLB, LOOP, or LOFW or

Several of the precursorstrips involving additional system f ailures.
were selected from this group.

Table F.5 provides a listing of the events involving a trip fol-
lowed by an LOFW and no additional unavailabilities. Table F.6 lists

LOFWs not requiring a trip and those that initiated a trip. Table F. 7

lists events involving multiple f ailure or unavailabilities of various
plant systems required in core-damage mitigation sequences.

Finally, Tsble F.6 lists all of the 1986 events selected for
detailed review before selection of the 36 precursors.

F-3
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Table F.1. Residual heat removal system
unavailabilities reported in 1986

I#"" "***id fier da e p r een es r ption
(%)

275/86-012 Diablo Canyon 1 09/08/86 0 A technician inadvertently
grounded a power supply
while perforning main-
tenance, isolating the
RHRS280/86-017 Sorry 1 05/24/86 0 A spurious signal during
maintenance activities
caused the RHRS to trip302/86-002 Crystal River 3 01/10/86 0 The RHRS was disabled when
the service-water system
was shut off to recover
two dive rs who died while
working in the sea pump
systems302/86-003 Crystal River 3 02/02/86 0 RHRS was unavailable for
24 min when the peep A
shaft failed; pump B iso-
lation valve failed
closed312/86-016 Rancho Seco 10/03/86 0 A maintenance error caused
a short circuit, which

isolated RHR for 13 min312/86-024 Rancho Seco 11/15/86 0 The RHRS isolated when a
f alse signal was gener-
ated during inverter fuse
replacement312/86-030 Rancho Seco 12/08/86 0 The RHRS isolated due to a
maintenance error coo-
mitted while an employee
was working on a trans-
former317/86-002 Calvert Cliffs 1 03/22/86 0 During a test, a mainten-
ance procedure error

caused the RHRS to trip
off323/86-002 Diablo Canyon 2 01/17/86 0 An unlicensed operator

| inadvertently transferred
power to the wrong panel,

' causing a valve to close

and forcing an RHRS trip352/86-025 Limerick 1 05/13/86 0 During a t es t , a personnel
error caused the RHRS to
isolate

F-4
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Table F.1 (continued)
|

" Event descriptionPo erPlant name da e
id n ifier (%)

354/86-093 Hope Creek 1 12/09/86 0 During inst rument main-
tenance, an error caused

| a f alse signal to isolate
i

the RHRS
I

! 361/86-007 San Onof re 2 03/26/86 0 During shutdown for
repairs, instrument error
led to the RCS being
drained too far, which

caused the RHRS to iso-
late

366/86-027 Hatch 2 09/21/86 0 A procedure error in test-
ing caused the RHRS iso-
lation valve to close

373/86-022 La s _11e 1 06/12/86 0 An operator error during
maintenance tripped the
wrong switch and isolated
RHRS f or 2 min

373/86-022 Lasalle 1 06/12/86 0 The RHRS was isolated for
2 min when an operator
activated the wrong key
switch during testing

373/86-039 Lasalle 1 10/16/86 90 A personnel error in
testing caused the high-
pressure switch to be
look-wired closed

388/86-015 Susquehanna 2 10/12/86 0 The outboard suction
isolation valve closed on
a spurious signal when
switching "B" and "D" RHR

pumps

388/86-015 Susquehar.na 2 10/12/86 0 The RHRS isolated twice
because of false signals;
a waterhammer occurred
the second time.

397/86-021 WNPS 2 06/20/86 75 Leakage f rom the loop B
SDC return-line isolation
valve was detected; the
plant was shut down

413/86-044 Ca tawba 1 08/15/86 0 The RHRS was isolated for
15 min when a fuse blev
during maintenance,
causing several valves to
close

F-5
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Table F.1 (continued)

Event eactor
identifier Plant name Event

date Power Event description
(%)

416/86-034 Grand Gulf 1 10/14/86 0 A personnel error

committed in maintenance
caused an electrical
ground, which closed the

isolation valves )440/86-032 Pe rry 1 07/05/86 0 Several RHRS isolations !

(16 min each) occurred as
a result af communication
failures among personnel440/86-048 Pe rry 1 08/19/86 0 Several RHRS isolations of
several minutes' duration
occurred because of I

procedural errors during
testing440/86-088 Perry 1 12/09/.86 0 During a test, an operator
error caused the RHRS to
become isolated458/86-024 River Bend 1 03/25/86 0 RPS bus B tripped of f
spuriously, causing
operating RHR train A to
isolate458/86-025 River Bend 1 03/26/86 0 During testing, a tech-

| nician's error caused a
short and an RHRS isola-
tion

i 458/86-064 River Bend 1 10/31/86 0 An operator performingi'
maintenance accidently'

grounded a power supply,
isolating the RHRS;

f

;
i

B

I

!

|

|

|

1

b
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Table F.2. Unavailabilities in BWR single-train
safety systems reported in 1986

"E Event description,[, po erIan name
id n fier (%)

249/86-014 Dresden 3 08/26/86 18 HPCI was found to be de-
graded for 6.5 d because
of a condenser hotwell
drain failure

254/86-034 Quad-cities 1 11/17/86 70 HPCI was removed f rom ser-
vice to repair a leaking
steam supply valve

263/86-002 Monticello 01/07/86 97 The pump flow controller
f ailed in auto mode be-
cause of bad contacts
during routine testing

265/86-004 Quad-Cities 2 03/14/86 95 The HPCI turbine exhaust
pressure switch failed,
causing HPCI to isolate

277/86-016 Peach Bottom 2 07/09/86 100 During a test, the turbine
control valve would not
open beyond 75% of full
open

298/86-017 Cooper 08/18/86 93 HPCI was made unavailable
f or 3 min due because of
a personnel maintenance
error in closing a valve

324/86-023 Brunswick 2 10/09/86 100 HPCI was inadvertently
isolated as a result of
electrical problems that
occurr during reactor-
water-cleanup system
testing

331/86-022 Duane Arnold 10/22/86 87 In annual testing, the
torus supply stop valve
motor was found failed,
making causing HPCI
unavailable

331/86-024 Duane Arnold 11/21/86 94 A false signal caused by
an electrical short
circuit isolated HPCI

333/86-021 Fitzpatrick 12/23/86 82 A fire line valve cracked,

spraying water onto
breakers and the battery
motor control center,
causing the HPCI
unavailability

341/86-029 Fe rmi 2 08/23/86 While the reactor was at
4% power, HPCI was found
to have been essentially
unavailable f or 7 d be-
cause of sensor problems

F-7
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Table F.2 (coutinued)

"lant nameid n fier da e p we r Event description
(%)

341/86-041 Fermi 2 07/22/86 2 During maintenance
activities, .HPCI was made

unavailable when an error
caused lube oil cooling
to be lost

352/86-050 Limerick 1 10/17/86 100 The steam supply outboard
isolation valve was found
with a packing failure,
making HPCI unavailable

352/86-052 Limerick 1 11/10/86 100 The inboard steam isola-
,

'

tion valve closed on a
false signal caused by an
ins t rume nt technician

354/86-051 Hope Creek 1 10/23/86 70 HPCI had a degraded start-
up time in testing caused
by hydraulic system prob-
less

j 366/86-014 Hatch 2 07/17/86 84 The HPCI flow was found to
have been degraded for an
indefinite time (<30 d)388/86-002 Susquehanna 2 01/22/86 66 HPCI was removed from ser-

,

4
vice to repair a ruptured
(5 gal / min) lube oil
cooler water pressure-
control valve

245/86-010 Millstone 1 03/26/86 100 During a test, the isola-

tion condenser condensate
return valve was found to
be closed for 48 h

254/86-023 Quad-Cities 1 05/05/86 96 RCIC turbine tripped on
,

overspeed as a result of
mechanical problems with
the trip linkage

254/86-027 Quad-cities 1 09/05/86 1 RCIC was made unavailable
for 10 min when the pump;

! isolation valve failed to
open on demand'

254/86-028 Quad-cities 1 10/03/86 79 RCIC turbine trip throttle
valve spuriously closed
for 20 min

278/86-024 Peach Bottom 3 11/08/86 45 A loose wire caused a
.

false signal, resulting in
RCIC isolation

331/86-007 Duane Arnold 03/15/86 0 A spurious sigt.1 isolated
RCIC for a verj brief
time
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Table F.2 (continued)

" Event descriptionp erPlant name d e
iden fier (%)

331/86-023 Duane Arnold 11/04/86 98 During a test, the pump
flow meter f ailed, thus
requiring RCIC removal
f rom service for repairs

333/86-005 Fitzpatrick 04/04/86 100 A false signal caused RCIC
to momentarily isolate
and its turbine to trip

333/86-015 Fitzpatrick 09/04/86 100 RCIC isolated on a spuri-
ous high steam flow

,signal I

341/86-048 Fermi ; 12/26/86 5 Maintenance personnel
failed to notify the

control room when remov-
ing RCIC from service

354/86-082 Hope Creek 1 10/28/86 70 RCIC was taken out of
service for valve packing
repairs

354/86-082 Hope Creek 1 10/28/86 70 RCIC was removed from ser-
vice to repack a leaking
valve

366/86-017 Ratch 2 09/15/86 87 The RCIC inboard primary
isolation valve closed on
a spurious signal

374/86-002 LaSalle 2 02/06/86 99 A loose torque switch
caused the steam-line
outboard isolation valve
to behave erratically

397/86-031 WNPS 2 09/10/86 100 Technicians input a signal
to the wrong circuit,
causing the RCIC inboard
steam valve to close

440/86-066 Perry 1 10/06/86 2 The RCIC isolated on a
spurious signal for
25 min

458/86-016 River Bend 1 01/30/86 23 The steam-line isolation
valve closed on a false
signal

458/86-018 Rive r Be nd 1 02/07/86 34 A false signal caused RCIC
to isolate

458/86-067 River Bend 1 12/10/86 100 During a test, an instru-
ment error caused the
RCIC/RHR steam-supply
line to isolate

458/86-068 River Bend 1 12/23/86 100 The steam line high flow
transmitter f ailed, caus-
ing RCIC isolation
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Table F.3. 1986 accident sequence precursor uncomplicated trip events
reviewed (docket /LER)

029/86-012 265/86-012 298/86-022 323/86-021 362/86-013155/86-005 266/86-003 301/86-001 323/86-023 364/86-007206/86-008 266/86-005 302/86-001 323/86-spr 366/86-009213/86-027 269/86-008 304/86-011 324/86-017 366/86-010213/86-041 270/86-001 304/86-016 324/86-020 366/86-022213/86-044 270/86-002 305/86-007 325/86-009 366/86-023219/86-004 270/86-004 305/86-008 325/86-010 368/86-001237/86-001 270/86-005 306/86-001 325/86-021 368/86-004237/86-009 272/86-001 306/86-002 325/86-024 368/86-007237/86-017 272/86-003 306/86-003 325/86-029 368/86-011237/86-019 272/86-012 309/86-001 333/86-010 369/86-002244/86-004 272/86-013 309/86-002 333/86-013 369/86-007244/86-005 272/86-016 309/86-003 334/86-001 370/86-001244/86-008 275/86-010 309/86-005 334/86-012 370/86-016244/86-011 276/86-006 309/86-006 335/86-002 370/88-017244/86-018 277/86-001 309/86-007 335/86-004 370/86-021244/86-SPR1 277/86-013 309-spr 335/86-009 373/86-043244/86-SPR2 277/86-014 311/86-002 336/86-002 374/86-004245/86-005 277/86-022 311/86-004 336/86-004 374/86-008245/8G-027 278/86-012 311/86-006 336/86-005 382/36-001247/86-001 278/86-016 311/86-007 336/86-006 382/86-002247/86-021 278/86-010 311/86-009 336/86-022 382/86-009247/86-024 278/86-019 311/83-014 338/86-002 382/86-013247/86-027 278/86-020 313/86-004 338/86-006 382/86-019247/86-031 278/86-022 313/86-008 338/86-008 382/86-023247/86-036 280/86-001 315/88-012 338/86-009 388/86-004247/86-037 280/86-002 315/86-015 338/86-015 388/86-010249/86-012 280/86-003 315/86-017 339/86-005 389/86-001249/86-016 280/86-005 315/86-023 339/86-008 389/86-002249/86-019 280/86-025 316/86-005 339/86-009 389/86-013249/86-021 281/86-003 316/86-024 341/86-035 395/86-006249/86-025 281/86-005 317/86-001 344/86-007 395/86-009250/86-006 281/86-007 317/86-004 344/86-008 395/86-011250/86-021 282/86-010 317/86-006 344/86-011 395/86-014250/86-030 285/86-004 318/86-004 346/86-001 397/86-003250/86-032 286/86-001 318/86-005 346/86-043 397/86-020250/86-034 286/86-003 318/86-006 348/86-004 397/86-023251/86-019 286/86-005 318/86-007 348/86-007 397/86-025251/86-023 286/86-006 318-sor 348/86-008 397/86-026251/86-025 286/86-010 321/86-018 352/86-011 397/86-030254/86-026 286/86-011 321/86-023 354/86-065 409/86-001255/86-015 286/86-012 321/86-030 354/86-080 409/86-006261/86-002 287/86-001 321/86-043 354/86-085 409/86-018261/86-003 289/86-002 323/86-001 361/86-015 409/86-019261/86-004 289/86-006 323/86-005 361/86-018 409/86-020261/86-011 289/86-011 323/86-007 361/86-019 409/86-021261/86-012 293/86-002 323/86-008 361/86-022 409/86-029261/86-013 293/86-009 323/86-011 361/86-027 409/86-036261/86-014 295/86-012 323/86-012 361/86-029 413/86-006263/86-025 298/86-006 323/86-016 362/86-001 413/86-022265/86-001 298/86-016 323/86-020 362/86-005 413/86-025
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Table F.3. (continued)

413/86-026 423/86-048 458/86-035 483/86-018 528/86-047
413/86-030 423/86-049 458/86-037 483/86-019 528/86-053
413/86-040 4E3/86-051 458/86-039 483/86-022 528/86-056
413/86-042 454/86-001 458/86-041 483/86-027 528/86-063
414/86-015 454/86-003 458/86-044 483/86-029 528/86-spr

414/86-030 454/86-008 450/86-045 528/86-003 529/86-017
416/86-003 454/86-027 458/86-055 528/86-018 529/86-026
416/86-004 456/86-004 458/86-056 528/86-024 529/86-027
416/86-011 458/86-007 458/86-069 528/86-033 529/86-033
416/86-025 458/86-019 458/86-SPR 528/86-042 529/86-034
416/86-028 458/86-022 458/86-SPR 528/86-044 529/86-047
423/86-035 458/86-032 482/86-018 528/86-045 529/86-049
423/86-041 458/86-033

%

Table F.4. 1986 accident sequence precursor trip events reviewed
involving initiators or additional system failures (docket /LER)

247/86-017
247/86-035
250/86-039
201/86-005
269/86-001
277/86-003
285/86-001
293/86-027
318/86-006
409/86-023
413/86-031
414/86-028
458/86-002
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Table F. 5. 1986 accident sequence precursor trip events followed by an
uncomplicated LOFW (docket /LER)

029/86-004
247/86-019
249/86-017
254/86-030
263/86-024
270/86-006 ,

'

272/86-010
281/86-020
281/86-026
304/86-014
341/86-040
361/86-004
362/86-010
364/86-001
366/86-012
369/86-018*
370/86-020*
395/86-002
397/86-038
409/86-C35
414/86-014
414/86-034
414/86-051
414/86-053
423/86-012'
423/86-015
458/86-001
482/86-038
482/86-069
482/86-070+

*LOFW without trip, generally from very low power.
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sequence prccursor uncomplicated LOFW*Table F.6. 1986 accident
and LOFU events f ollowed by a trip (docket /LER)

249/86-013
250/86-036
250/86-038
269/86-011
280/86-029
280/86-031
381/86-010
282/86-006
282/86-011
301/86-004
341/86-045
341/86-048
362/86-011
366/86-03b
370/86-006
389/86-011
458/86-047

*LOFW without trip, generally from very low power.

Table F.7. 1986 accident sequence precursor unavailability events
not involving a trip (docket /LER)

287/86-002
318/86-002
344/86-001
346/86-043
348/86-015
369/86-018
370/86-012
413/86-008
482/86-007
482/86-037
463/86-013
483/86-022
483/86-030
528/86-020
528/86-061

| 529/86-023
|
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Table F.8. All 1986 accident sequence precursor events reviewed *
for selection as precursors (docket /LER)

029/86-004 251/86-025 280/86-005 309/86-003 325/86-029 '

029/86-012 254/86-026 280/86-025 309/86-005 333/86-010155/86-005 254/86-030 280/86-029 309/86-006 333/86-013206/86-008- 255/86-015 280/86-031 309/86 007 334/86-001213/86-02/ 261/86-002 281/86-003 311/86-002 334/86-012 !213/86-041 261/86-003 281/86-005 311/86-004 335/86-002213/86-044 261/86-004 281/86-007 311/86-006 335/86-004219/86-004 261/86-005 281/86-010 311/86-007 335/86-009237/86-001 261/86-011 281/86-020 311/86-009 336/86-002237/86-009 261/86-012 281/86-026 311/86-014 336/86-004237/86-017 261/86-013 282/86-006 313/86-004 336/86-005237/86-019 261/86-014 282/86-010 313/86-008 336/86-006244/86-004 263/86-024 282/86-011 315/86-012 336/86-022244/86-005 263/86-025 285/86-001 315/86-015 338/86-002244/86-008 265/86-001 285/86-004 315/86-017 338/86-006244/86-011 265/86-012 286/86-001 315/36-023 338/86-008244/86-018 266/86-003 286/86-003 316/86-005 338/86-009244/86-SPR1 266/86-005 286/86-005 316/86-024 338/86-015 i244/86-SPR2 269/86-001 286/86-006 317/86-001 339/86-005 |245/86-005 269/86-008 286/86-010 317/86-004 339/86-CD8245/86-027 269/86-011 286/86-011 317/86-006 339/86-009i 247/86-001 270/86-001 286/86-012 318-spr 341/86-035247/86-017 270/86-002 287/86-001 318/86-002 341/86-040247/86-019 270/86-004 287/86-002 318/86-004 341/86-045247/86-021 270/86-005 289/86-002 318/86-005 341/86-048247/86-024 270/86-006 289/86-006 318/86-006 344/86-001
4

{ 247/86-027 272/86-001 289/86-011 318/86-007 344/86-007i 247/86-031 272/86-003 293/86-000 321/86-018 344/86-008247/86-035 272/86-010 293/86-009 321/86-023 344/66-011247/86-036 272/86-012 293/86-027 321/86-030 346/86-001247/86-037 272/86-013 295/86-012 321/86-043 346/86-043
| 249/86-012 272/86-016 298/86-006 323/86-001 348/86-004249/86-013 275/86-010 298/86-016 323/86-005 348/86-007
i

249/86-016 276/86-006 298/86-022 323/86-007 348/86-008249/86-017 277/86-001 301/86-001 323/86-008 348/86-015249/86-019 277/86-003 301/86-004 323/86-011 353/86-011249/86-021 277/86-013 302/86-001 323/86-012 354/86-065249/86-025 277/86-014 304/86-011 323/86-016 354/86-080250/86-006 277/86-022 304/86-014 323/86-020 354/86-085250/86-021 278/86-012 304/86-016 323/86-021 361/86-004
250/86-030 278/86-016 305/86-007 323/86-023 361/86-015250/86-032 278/86-018 305/86-008 333/86-spr 361/86-018
250/86-034 278/86-019 306/86-001 324/86-017 361/86-019

; 250/86-036 278/86-020 306/86-002 324/86-020 361/86-022
250/86-038 278/86-022 306/86-003 325/86 009 361/86-027
250/86-039 280/86-001 309-spr 5;6/86-010 381/86-029
251/86-019 280/86-002 309/86-001 32b/86-021 360/86-001
251/86-023 280/86-003 309/86-002 325/86-024 360/86-005

* Detailed review.
Y
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Table F.8. (continued)

362/86-010 397/86-023 458/86-001 529/86-026
362/86-011 397/86-025 458/86-002 529/86-027
362/86-013 397/86-026 458/86-007 529/86-033
364/86-001 397/86-030 458/86-019 529/86-034 1

'

364/86-007 397/86-038 458/86-022 529/86-047
366/86-009 409/86-001 458/86-032 529/86-049
366/86-010 409/86-006 458/86-033 i

1

366/86-012 409/86-018 458/86-035
366/86-022 409/86-019 458/86-037
366/8S-023 409/86-020 458/86-039
366/86-035 409/86-021 458/86-041
368/86-001 409/86-023 458/86-044
368/86-004 409/86-029 458/86-045
368/86-007 409/86-035 458/86-047
368/86-011 409/86-036 458/86-055
369/86-002 413/86-006 458/86-056
369/36-007 413/86-008 458/86-069
369/86-018 413/86-022 458/86-SPR
369/86-018 413/86-025 482/86-007
370/86-001 413/83-026 482/86-018
370/86-006 413/86-030 482/86-037
370/86-012 413/86-031 482/86-038
370/86-016 413/86-040 482/86-069
370/86-017 413/86-042 482/86-070
370/86-020 414/86-014 483/86-013
370/86-021 414/86-015 483/86-018
373/86-043 414/86-028 483/86 019
374/86-004 414/86-030 483/86-022
374/86-008 414/86-034 483/86-022
382/86-001 414/86-051 483/86-027
382/86-002 414/86-053 483/86-029
382/86-009 416/86-003 483/86-030
382/86-013 416/86-004 528/86-003
382/86-019 416/86-011 528/86-018
382/86-023 416/86-025 528/86-020
388/86-004 416/86-028 528/86-024
388/86-010 423/86-012 528/86-033
389/86-001 s23/86-015 528/86-042
389/86-002 423/86-035 528/86-044
389/86-011 423/86-041 528/86-045
389/86-013 423/86-048 528/86-047
395/86-002 423/86-049 528/86-053
395/86-006 423/86-051 528/86-056
395/86-009 454/86-001 528/86-061
395/86-011 454/86-003 528/86-063
395/86-014 454/86-008 528/86-upr

397/86-003 454/86-027 529/86-017
397/86-020 456/86-004 529/86-023
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