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On July 3, 1991, all Oconees units were operating at 100 percent full power
(FF) when Unit 3 tiipped due to a loss of frecdwater at 1118 hours. A post-
trip review showed that feedvater pump discaarge pressure remained slightly
above the 750 psig selipoint reguired to actuate the ¥Fnergency Feedwater
(EFDW) system, the loss of feedwater Reactor Protective System anticipatory
trip, and the ATWS Mitigotion Safety Actuation Cirsuit. This prevented the
Technical Specification required systems from receiving one of the twe
initiation signals when Main Feedwater pumps ttripped. EFDW Jdid actuate
from the independent signal. The problem was caused by the D heatesr drain
pumps (HDF) charging the closed feedwater system. The other twe Dconee
units were subject to the same potential prohlem, The root cause of this
event was a design deficiency, failure to anticipate the interactisn of
systems, during the original design of the these systems, Units | and 2
reduced power to 72 percent FP to remove the D HDPs from service, Unit
increased power to 71 percent FF. but did no* place D HUFs in service,
Feedwater pump low discharge pressure setpoints were changed to BOD psig on
all units prior to allowing HDF operation and a return to 100 percent FP on
July 7, 1991.
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BACKGROUND

There are three systems at Oconee which are designed to automatically
actuate when main feedwater (MFDW) [EIIS:5)] flow im lost: the Emergency
Feedvater (EFDW) [E116:BA] system, the Reactor Provective System (RPS)
[ETIIS:JC), and the ATWS (Anticipated Transient Without Scram) Mitigation
Safety Actuation Circuit (AMSAC)., The AMSAC system has been irstalled on
Units 2 and 3 and is scheduled to be installed on Unit | during the next
refueling outage. Fach of these systems use diverse means to determine
when main fesdwater hias been Jost. System actuations occur when signals
are received that both main feedwater pumps can no longer provide feecdwater
to the steam generators., This condition is sensed by both turbine
hydraulic o1l [ETIS:JK] pressures Aroppinc below 75 psig or both main
fesduater pump discharge pressures drepping below 750 peigq.

The EFDW system actustion signal will start the three EFDW pumps and enable
a circuit which contrals steam generator level [EIIS;JB| at predetermined
setpoints. The purpese of this system 1s to remove cdecay heat and Reactor
Coolant Pump [E1I8:AB| heat following a lass of main feedwater. The RPS
system useg the loss of main feedwater signal as an anticipatory trip; the
reactor trip ocecurs prior to Reactor Coolant System (RCS) [E115:AR)
parameters reaching their own RPS trip setpoints. The AMSAC signal will
initiate EFDW in the same way as the normal EFDW system and trip the main
turbine [EIIS:TA). The AMSAC system is intended to mitigate the
consequences of an anticipated transient without scram event,

Technical Specifications 2.4 and 2.5 address the EFDW and RFS system
respectively. Technical Specification 2.4 reguires opetrable EFDW
initiation circuitry. The basis nf this specification states that the FFDW
aystem is ", ..degigned .. start automatically in the svent of loss of both
main feedwater pumps or low main feedwater header pressure.” Table 3.5.1-1
of Technical Specification 2.5 requires a minimum of three operable RIS
loss of MFDW anticipatory trip channels, AMSAT juirements are outlined
in the Selected Licensee Commitment manual, Sec! 1 16.7.2, and state that
hoth AMSAC channels will he operable when the reacter is critical.

The secondary system at Oconee uses two pairs of heater drain pumps (HDF)
[ETIS:5M| to pump condensed extraction steam to the condensate [EIIS:5D|
and feedwater systems. The D1 and D2 HDPs combined flow at 100 percent
full power is approximately % 000 gpm. The El and F2 HDPs have a combined
flow of approximately 900 gpm, Attachments | and 2 chow the general
arrangement of these pumps in the condensate system, Because of the
significant amount of flow of the N Heater Drain pumps, they cannot be
stopped during power operation unless load is reduced to approximately 72
percent full power. The HDPs will automatically trvip when both MFDW pump
discharge pressures reach a pre-determined low pressure setpoint.

MRC Form BIBA (686
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EVENT DESCRIFTTON

On July 3, 1991, all three Oconee units were at 100 percent full power. At
1418 hours, Unit 3 tripped due to & loss of all main feedwater., This svent
is reported in LER 269/91-09. During the post-trip review, it was
discovered from transient monitor data that main feedwater pump disc srge
pressure remained slightly above the low discharge pressure setpoiny f 750
psig despite the trip of both main feeduater (MFOW) pumps. This condition
continued until after the [ HDPs were manually secured, at which time
pressure dropped. Emergency fesdwater (EFDW) actuated as reguired when the
diverse initiation signal was received from low hydraulic oil pressure on
the MFDWF turbines. The unit was stabilized at hot shutdewn conditions,

An investigating team was formed consisting of the Superintendent of
Operations. the Superintendent of Technical Sarvices, the Design
Engineering Site Manager, and Enginesring Support personnel from Technical
Services, Operations, and Maintenance departments, Invest.gation of the
failure to reach the low discharge pressure setpoint continued during the
afternoon and evening of July 3, 1991, Several pussible causes were
considered including back Hrhssure from the Main Steam [E115:5B] system
through leaking theck vaives, leakage from the EFDW to the MFDW system, and
the possibility that the heater drair pumps (HDP) were maintaining pressure
in the feedwater system, A review of the trip data suggested that the HDP
hypothesis was the most likely. When the D HDPs were secured, MFDW
pressure dropped immediately. A review of the data from a Unit 1| trip on
Aagust 28, 1990 (LER 269/90-13), which involved a single MFDW pump trip,
showed a simliar condensate-feedwater pres.ure response. In this svent,
the D HDPs did not trip since only one HFDW pump tripped. The discharge
check valve on the tripped MFOW pump prevented the upstream components in
the condensate system from bheing pressurized by the operating MFDW pump.
This situation presented another opportunity to determine the role of D
HDPs in maintaining an elevated feedwater pump discaarg: pressure, The
transient monitor data from that trip showed that the discharge pressure of
the tripped MFDW pump stayed at approximately 730 ro 760 psig until the D
HDPs were secured,

At 2120 hours, station management decided to veduce power on Units 1 and 2
to & point which would allow securing the D heater drain pumps. Unit 1 had
reduced power to 72 percent full pewer by 2215 and stopped both D heate;
drain pumps at 2226 hours. Unit 2 reduced powver to 72 percent full power
and secured both D heater drain pumps at 2350 hours. Unit 3 was allowed te
return to power operation. but without the use of the D heater drain pumps.
Unit 3 achieved criticality on July 3, 1991 at 2310 hours and resached 71
percent full power at 1301 hours on July 4, 1991,

A guestion arose that perhaps the E heater drain pumps could also maintain
an elevated feedwater pressure. An operability evaluation showed that the
E HDPs maximum shutoff head pressure was 730 psig while the maximum
discharge pressure during shutoff conditions for the D HDPs was 773 psiq.
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the feedwater pump low discharge actuation signals s to change the
actuation setpoint from 7% psig to 800 psig on pressuce sawitches which
sense feedwater pump lov discharge pressure. Duke Design Engineering was
asked to perform an operability determination for the Reactor Piotective
System (RPS) anticipatory trip, the EFDW system, and the ATWS Hitigation
Safety Actuation Circuit (AMOAC) system based on the new B00 psig
setpoints. On July &, 1991, Design Engineering determined tnat all three
systems would be operable with the new setpoints, The calculations
justifying this detormination were based on manufacturer’'s original pump
data at shutoff conditions and the relief valve satting serving the D Flash
tank. The pump manufacturer ha¢ stated that pump casing wear and
degradation would tend te decrease the HOP performance over time,
especially since they are multistage pumps, The maximum D HDP dischayqge
pressure at shuteff conditions was found to b» 773 psig. This is 77 psig
lass than the new 800 psig setpaint, which provides a margin for instrument
drift and calibration tolerance, A condition of eperability was that the
AMSAC calibration procedure be changed to require a 10 puig as-left
tolerance. This is l2ss tolerance than vhat was previvisly allowed,

The investigating team discussed the possibility that, 1f the D HDP
recirculation valves were opened, the D heater drain pumps would not he
able to develop sufficient pressuie to stay above the feedwater pump low
discharge pressure setpoint. This aligument would allow & cert in amount
of flow to be recirculated back to the D Flash Tanks. Roth D heater drain
pumps on Unit 1| were operated in this manner on July 4, 1991 for
approximately 30 minutes each. Their discharge pressures wvere 710 psig for
1D] HDP and 720 psig for ID2 HDOP, Since thesa tests wers not dons at
shutaff head conditions, these values did nat provide adequate margin
between the pump discharge pressure and the low HFDW discharge pressure
setpoints to ensure loss of feedwater system actuation., MNevertheless, it
was decided to operate with a recirculation pathway to the D Flash Tanks
throttled open on all three units, since this mode of operation increases
the acgin between D HDP discharge shutoff pressure and the fesdvater pump
low discharge pressure retpoint, Operation procedures vere changed
accordingly.

The setpoint changes and procedure yrevisions vere performed for the E.DW
system, the AMSAC system. and the RFS system on all three units by July 6
1991, As these chanqges were completed on each unit the HDFs were teturned
to service and power increazed at the electrical powsr dispatcher's
reqgquest. All three units were at 100 percent full powsy hy 0100 op July 7
1991,

There are a total of sight pressure switches per HFOW pump per unit which
sense feedwater pump low discharge pressure. Four of these switches feed
the four loss of feedwater anticipatory RPS trip channels, The two
pressure switches associated with RPS Channel D aleo seyve as inputs to the
start circuitry of the Turbine Driven Emergency Feeduater Pump (TDEFDWP).

WAL Foem BORA (850

[T
; ]mm LER e ath
Yian ol ] iH
Oconee Nuclear Station, Unit 1 lo 161010(0(216/9|9(1|=0]0(9 'L.-lolo 014 jor] 1 |2
Fiiu-uuuounuu--nuaﬁW--nuuw '
The investigating team decided that the hest she m golution to restore




APPROVED OME O 21H0 0106
DL U

LICENSEE EVENT REPORT (LER) .......'.g':‘ﬁ“wm. ROURET 800 wan Fomwany

mu O THE RECORDS

TEXT CONTINUATION ano um% m- ouw U b MU LEAR

LA lhﬂ“ﬂ ON bU

:uwomm mtu
LER MU LU

'u';:.. 20048 AND 10
[T : * B

YhAN

Oconee Nuclear Station, Unit 1 0 (810(001216(9|91|=(0/0/9|~0,0]0 gjov 12

h“im---o-—n-.a--=§:=:=§uun

Two pressutre switches per MFDW pump are used for actuation of the twe Motor
Driven Emergency Feedwater Fumps. All of these switches have been set at
750 psi1g since their installation.

One pressure switch per pump is used for alarm indication, Integrated
Contrel System [EIIS:JA] runback signal, feedwater pump recirculation
control and, on Units 2 and 3, AMSAC Channel 2. The remaining pressure
switch on each purp 1s an input to Hotwell pump and Condensate Booster pump
trip circuitry, main turbine trip. D and E Heater Drain pump feedwater pump
low discharge pressure trip and. on Units 2 and 3, AMSAC Channel 1. This
last AMSAC-related pressure sviteh, which also serves to trip the Heater
drain pumps. was changed from a setpoint of 800 psig to 750 psig during the
installation of the AMSAC modification. This setpnint change was approved
on October 10, 1990 La Unit 2 and April 2, 199] on Unit 3. The
modification has not been made on Unit 1| and the setpoint for the AMSAC
trelated pressure switches 1s still 800 psiqg,

Design Engineering was acked to perform a past operability svaluation of
the loss of feedwater mitigation systems, This evaluation showed that the
feedwater pump low discharge p|assure portion of the actuation circuitry
for the eEmergency Feedwater system, the loss of feedwater anticipatory RPS
trip, and the AMSAC system on Units 2 and 3, had been technically
inoperable while the D HDFs were operating since the systems' original
design. This determination was based on the following coneiderations:

Though the redundant hydraulic oil pressure switches would have
actuated the loss of feedwater mitigation systems, each system was
designed to include two separate and diverse actuation signals.

Presstre switches which would have tripped the D HDPs upon loss of
MFDW pumps were not safety agrade., These pressure switches would have
been required for operation of the MFDW pump low discharge pressure
portion of the EFDW and RPS anticipatory trip systems.

After the AMSAC system was installed on Units 2 and 3, the MFDW pump
discharge pressure switches which trip the D HOPs were set below the
pressure developed by the HDPs againet a rclased system,

CONCLUSIONS

The safety systems which rvespond to a loss of main feedwater receive
automatic actuation from the presence of a low Main Feedwater (MFDW) pump
discharge pressure or low main feedwater pump hydraulic oil pressure,
These systems, though they actuated on the low hydraulic pressure signal,
did not immediately receive Lhe low discharge pressure signal when Unit 3
tripped following the loss of both Main Feedwater (MFDW) pumps. The D
heater drain pumps (HDFs) remained on following the trip. Their shutoff
discharge pressure. when added to the static pressure of the D Flash Tanks

NAC Farw 3004 (580
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en the pump suction, maintained pressure in the feedwater lines above the
750 psig setpoint until the D heater drain pumps were secured,

The result of an (nerability evaluation performed for this problem was that
the feedwater pump ‘ow discharge pressure portion of the actuation
circuitry of all channels of the Reactor Protective System (RPS)
anticipatory loss of fecdwater pumps trip, the Emergency Feedwater (EFDW)
system, and the ATWS Mitiration Safely Actuation Circuit (AMSAC) wetre
technically inoperable whils the D HDPs were operating, KPS, EFDW, and
AMSAC systems were declared tachnically inoperable since their original
installation.

The tezhnical inoperability of the svstems was not apparent until the
operability svaluation was performed, While the svaluation wae being
performed, conservative actione were tazen to reduce power on the operating
units and remove the D HDPFs from service, These actions were completed
within the required times of Technical Specifications 3.5%.1, 3.4, and
Selected Licensee Commitment 16.7.2. Unit 3 wos allowed to start up and
increase pover but was prohibited from using its HOPs, The operability
evalustion showed that securing D HDPs made the loss of feedwater
mitigation systems operable when the low main feedwater discharge pressure
setpoints were at 750 psig. The corrective actions of resetting low main
feedwater discharge pressure setpoints to 800 psig was performed prior to
restarting the D HDPs and increasing power,

The root cause of this event is Design Deficiency, unanticipated
interaction of systems, design oversight. The design of a major EFDW
modification in 1979 which added the motor driven pumps and upgraded the
instrumentation and controls did not ronsider the role of HDPs. Similarly,
the installation of the loss of feeduater anticipatory RPS trip in 1981
also did not consider the role of the HOPo. At that time, the non-safety
related HDP pressure switch trip setpoint +as BOO psig for all units, as 1t
still is on Unit 1. This setpoint should be sufficient to trip the HDPs
during a loss of main feedwater transient. l!lowever, if excessive
calibration drify or even complete switch 8 lure sccurs, then the D HDPs
could have prevented the main feeduater pump discharge pressure from
reaching its low setpoint,

The AMSAC system utilizes the same pressure switches that trip the D and E
HDPs on feedwater pump low discharge pressure The AMSAC degign changed
the setpoint to 750 psig for these switches to minimize the possibility of
inadvertent AMSAC operation prior to EFDW system actuation. The AMSAC
system was installed on Unit 2 in Octeober, 1920 and on Unit 3 in April
1991, Again, when the setpoints were changed, the effects of the lowen
setpoint on HDF operation and subseguent post<trip feedwater pressure were
not considerad. By lowering the setpoints, the HDFs would not
automatically trip since their shuteff discharge pressure prevented
feedwater pressure from reaching the new setpoint.
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4. Pressure switches which detect low main feedwater pump discharge
pressure and actuate FFDW, Reactor Protective System, and ATWS
Mitigation Safety Actuation Circuits wete reset to 800 psig following
an operability evalustion which justified these setpoints. These
setpoints will be maintained until a permanent solution to the
ptoblem has been resclved. Instrument and Electrical procedures as
well as Operations procedures were revised to reflect the new
setpoints.,

P The recirevlation flow paths of the D heater drain pumps were aligned
such that a larger difference occurs between the D HDP shutoff
discharge pressure and the 800 psig setpoint. These alianments are
not required to maintain EFDW, RPS, or AMSAC operability, but further
increase the margin betveen the actual pump discharge pressure
against shutoff conditions and the revised setpoints.

Flanned

1. A Station FProblem Report will be initiated which will ronsider
permanent solutions to this problem,

P Dcunee operator training will be enhanced by changing training
material to reflect the new MFDW pump discharge pressure setpoints
and by making the reguired setpoint changes to the plant simulator.

3 The Safety Parametetr Display System, used by the contrel room, will
be changed to reflect the new MFDW pump discharae pressure setnpoints,

4, The EFDW Design Basis Document will be revised to reflect problems
liscovered in this event,

9. De.iom Engineering will review the criteria usad to perform
interdisciplinary revievs of design packages.

SAFETY ANALYSIS

In this event, the low Main Feedwater (MFOW) pump discharge pressure
signal, usged to detect and mitigate a loss of feeduwater, was found to he
unable to independently actuate the required systems., The systems affected
by this degradation are: the Emergency Feedwater System (EFDW), the Loss of
Feedwater Anticipatory Trip ¢f the Reactor Frotective System (KPS), and the
ATWS Mitigation Safety Actuation Civcuit (AMSAC), Each of these systems
can he actuated from a separate gignal which monitors low hydraulic o1l
pressure, indicating a tripped condiiion, on the MFDW pumps. Manual
actuation 1s also possible. The degradation of the MFDW pump discharge
pressure portion of the actuation circuitry depends on the discharge
pressure of the D heater drain pumps (HCUP). When the D heater drain pumps
were operating against a shutoff head. thes feedvater pressure sxceeded the
750 psig setpoint.
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Thetre 1s no safety significance to the inoperability of the low MFDWP
discharge pressure signal if the hydraulic low o1l pressure signal actuates
as designed. The loss of MFDW would be sensed and the appropriale system
actuations would take place. There would ajlso be no safety significance if
the D heater drain pumps were pot operating, as in the case of a loss of
power. In this situation. not only would the hydraulic o1l pressure signal
continue to be ava.lable, but the MFDW pump low discharge pressure signal
would also function,

During most of the time of technical inoperability, the HDFs had a trip
setpoint of 800 psig which shouid have prevented the problem from
occurring. However K wide calibration tolerances and instrument drift may
have compromised the switch reliability, When AMSAC modifications were
performed in October, 1990 on iUnit 2 and Apral, 1991 on Unit 3, the
probability of D HDPs remaining in service following a trip of feedwate:
pumps was significantly increased,

Each EFDW pump has its own associated hydraulic oil pressure switch so that
a failure of one pressure switch will affect only one EFDW pump. 1f a
single failure occurred to a hydraulic oil pressure switch on either MFDW
pump turbine during a loss of MFOW while the MFDW pump low discharge
pressure signal was inoperable, then the EFDW pump corresponding to that
signal would not start. If the EFDW system was degraded in this manner, an
automatic start would only occur on two of the three EFDW pumps. The
design of the EFDW system is such that only one of the three EFDW pumps is
necessary to successfully perform an orderly cooldown of the Reactor
Coolant System (see Final Safety Analysis Report Section 10.4.7.1). Either
multiple switch failures or a common cause failure of three switches would
have te occur to totally prevent feedwater from automatically sctuating in
these circumstances,

Reactor operators are required by the Subseqguent Actions section of the
Emergency Operating Procedure (EOF) to ~heck for main feedwater flow., If
EFDW has not automatically actuated, they are instructed to follow the Loss
of Feedwater procedure, AP/1.2,3/A/1700/19, which has the operator manually

start the EFDWPs and verify proper flow., This 1s done from the control
room.
The effect of a failure of a single hydraulis oil pressure switech, while

operating with a degraded MFDWP discharge pressure alignment, on the
Reactor Frotective System is that the associated RPS channel will not trip
on loss of main feedwater. The anticipatory reactor trip due to a loss of
MFDW will only fail to occur if three of the eight hydraulic il pressure
switches fail in such a manner that three RPS channels do not trip. If the
anticipatory FDW trip fails to occur, Reactor Coolant System (RCS) pressure
and temperature will increase until the reactor trips at either of these
parameters' high setpoint. Furthermore, Operations Management Procedure 2
1. "Duties and Responsibilities of Reactor Operators, Hon Licensed
Operators, and the Senior Reactor Operator ir the Contreol Room', rergquires
all licensed reactor operators to know from memory that the reactor must be
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manually tripped if both MFDWPs tr:ip, The result is that the reactor will
be tripped, but not as guickly as wnen the anticipatory trip is
operational. The longer delay may result in & higher RCS nressure
transient. If pressure reaches 2450 psig (160 psig above the RCS trip
setpoint of 2300 psig) then the Filot Operated Relief Valve (PORV)
[EIIS:AB] will open to relieve RCS pressure.

The AMSAC system is designed to ensure that the main turbine trips and
emergency feedwater actuates if there i1g a lose of main feedwater
associated with an ATWS event., In this «vent 1the reactor fails ‘o trip
when required, Tripping the turbine ensurer that power will not increase
due to moderator temperature efflectsy, Hecavse of a negative moderaton
temperature reactivity coefficyent. overcooling of the RCS will result in a
power increase, Emergency fesd.ater 185 actuated as a backup to ths normal
EFDW system actuation. The AMSAC system uses a two out of two channe]
initiation logic. A single faijure of a hydraulic »oil pressure switch
while the low discharge pressure signals are inoperable will therefore
prevent actuation of the system., The Unanticipated Nuclear Power
Production section of the EOP requires that the reactor operator manually
trip both the reactor and the main turbine. As previously stated, the Loss
of Feedwater procedure has the cperator initiate EFDW manually if not
already automatically initiated,

Although the AMSAC system 1is designed specifically for EFDW actuation
during an ATWS event, the AMSAC and normal EFDW actuation circuits serve as
independent systems to start the EFDW pumps. Beth AMSAC and rormal EFDW
actuation will start the EFDW pumps whether or not an ATWS has occurred,
This design aspect is not credited in the basis of Technical Specifications
but is present neverthelcss

Modifications are also scheduled t» be performed on the EFDW actuation
circuits as a result of NRC Generic Letter 89-19, Theee modifications wil)
start the EFDW system on low steam generator level,

In conclusion, the safety sianificance of the feedwater pump low discharge
pressure setting is minimal, All automatic actions have saparate and
diverse feedwater pump turbine hydraulic o1l pressure signals. More than
one hydraulic oil switch must fail te actuate to prevent the pormal EFDW oy
RPS anticipatory traip from occurring. The Emergency Operating procedure
and Loss of Feedwater procedures give adequate procedural guidance ¢
initiate manual actuation if automatic actuations do not scour. The RPS
feedwater anticipatory trip 1s backed up by sutematic trips on high
pressure or temperature, The EFDW start circuitry and AMSAC EFDW start
circuitry are redundant.

The health and safety of the public were not endangered by this event,
It did not involve the release of radicactive material, overexposure to
radiation, or personnel injuries,
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