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1.0 SUMMARIES OF EVENTS
1.1 Main Steam Isolation Valve Problems at Hatch, Grand Gulf, and Oyster Creek

Events involving main steam isolation valves (MSIVs) are discussed below. The
event at Hatch occurred in January 1985, and involved failure of an inboard MSIV
to operate within specified time limits. During repeated cycling of this valve,
the inboard MSIVs drifted to less than 90% open, resulting in an unplanned reac-
tor scram. At Grand Gulf in February 1985, it was noted that three MSIVs failed
to close normally while being shut to 1imit the cooldown rate after a reactor
scram, Although the Oyster Creek event occurred about a year ago, the summary
is based on a revised licensee event report submitted in late 1984, The event
involved the inadvertent repositioning of MSIVs during a modification of plant
computer system tie-ins.

Reactor Scram Due to Inboard MSIVs Drifting Closed at Hatch

On January 19, 1985, during performance of the "Main Steam Line Isolation

Valve Trip Test" procedure (HNP-2-3111) at Hatch Unit 2,* the A inboard MSIV
(2B21-FO22A) failed to operate within the time limits of technical specifications,
Plant personnel then cycled the A MSIV repeatedly to see if its time would

change to meet the technical specification requirement. During this cycling,

the inboard MSIVs drifted to less than 90% open, resulting in an unplanned
reactor scram,

Plant personnel performed an investigation, and determined that the continuous
cycling of the A inboard MSIV resulted in a high rate of charging flow (i.e.,
greater than or equal to 30 SCFM) to the MSIV's accumulator. This caused isola-
tion of the drywel)l pneumatic system supply valves (2P70-F004 and -FO05), when
the supply flow rate became greater than or equal to 30 SCFM for 2 minutes,

When the drywel]l pneumatic system supply valves isolated, the MSIVs started
drifting closed, due to the system being isolated from its supply.

Plant personnel reviewed procedure HNP-2-3111, and determined that it could be
used to cycle all"of the inboard MSIVs in sequential order or to cycle an inboard
MSIV more than once. Thus, by using the procedure, plant personne! could place

a greater than or equal to 30 SCFM drain on the drywell pneumatic system supply
for 2 minutes. (This does not affect the outboard MISVs because they are not

fed by the drywell pneumatic system.) Because of this inadequacy, procedure
HNP-2-3111 is being revised to add a note to allow a 2-minute wait between oper-
ating MSIVs sequentially or for cycling MSIVs, to prevent a high flow isolation
of the drywell pneumatic system. (Ref, 1.)

*Hatch Unit 2 1s a 748 MWe (net) Genera) Electric BWR located 11 miles north
of Baxley, Georgia, and is operated by Georgia Power,



Reactor Scram on Low Condenser Vacuum with Subsequent MSIV Failures
at Grand Gulf

On February 10, 1985, at 6:50 a.m., the operators at Grand Guif Unit 1* were
in the process of swapping the steam jet air ejectors (SJAEs) when the reactor
scrammec due to a turbine trip on loss of condenser vacuum. The plant was
operating at approximately 49% reactor power.

The A SJAE was being placed in service due to apparent intercondenser fouling
of SJAE B, which was unable to maintain condenser vacuum. The breaker for suc-
tion valve FOO3B on the B train was tagged open for maintenance work. However,
with the A train supply valve (F505A) fully open, the steam supply pressure to
SJAE A was only about 60 psig. In order to increase the steam supply pressure,
the B SJAE supply valve (F505B) was throttled closed. The steam supply pressure
increased to 115 psig. At this time, the operators noticed that condenser
vacuum was decreasing. The A train suction valve (FCO3A), which needed to be
open to increase the vacuum, was found to have dual indication. The valve was
given an open signa) both locally and remotely, but did not respond. An opera-
tor was sent to open valve FOO3A while another was sent to clear the tag and
close SJAE B suction valve FOO3B. During this time, condenser vacuum decreased
to the turbine trip setpoint and a turbine trip occurred followed by a reactor
scram,

The FOO3A valve would not respond because it had tripped on tharmal overload
(possibly due to valve cycling). If this had not occurred, the turbine may
not have tripped on low vacuum. It appears that the thermal overload trip was
caused by excessive automatic cycling of the valve on low steam flow due to
undersized piping to the SJAEs.

At about B:04 a.m,, an attempt was made to manually close the MSIVs to limit
the cooldown rate. For manual closure, a test circuit is used to slowly close
the valves, After they are closed, the automatic actuation circuit is placed
in the "close" position to hold the valves closed. Upon taking the assuciated
handswitches to close following the slow closure of the MSIVs, three MSIVs
reopened. Several attempts were made to close the valves before they were
successfully heldclosed.

The failure of the MSIVs to stay closed after being shut with the test circuit,
and their inability to be closed normally, indicated a failure of the dual
solenoid valve in the automatic actuation circuit. The vendor, Automatic Switch
Company (ASCO), and General Electric are conducting an investigation to deter-
mine the root cause.

Corrective actions included (1) a design chcnzt to increase the size of the SJAE
steam supply piping and to complete other SJAE enhancements, (?) cleaning the

B intercondenser, ?3) implementing an NRC-approved action schedule for increased
exercising of the MSIVs prior to startup, and (4) replacing the MSIV dual
solenoids. Other necessary corrective actions will be completed after the

root cause is determined. (Refs, 2 and 3.)

*Grand Gulf Unit 1 1s 1250 MWe (net) General Electric BWR located 25 miles south
of Vicksburg, Mississippi, and is operated by Mississippi Power and Light,



Inadvertent Repositioning of Primary Containment Isolation Valves at
Oyster Creek

At Oyster Creek* on June 27, 1984, during an extended outage since February 1983,
a procedure was being performed for a plant modification invo'ving a new

plant computer system. A step of this procedure required that a neutral
electrical lead connecting a panel 11F neutral to a panel 10F neutral be lifted
in panel 11F in the control room., This allowed a computer tie-in to the neu-
tral point. Fuse 6F8 in panel 11F was removed in an attempt to deenergize the
computer tie-in points. (This also resulted in loss of valve position indica-
tion for 13 containment isolation valves.) When the lead was 1ifted, the Con-
trol Room Operator observed that the MSIV shut alarms cleared, and noted that
all four MSIVs indicated open on panel 11F, The plant also experienced ¢ half-
scram at approximately the same time. The A MSIVs (NSO3A and NSO4A) were then
observed to shut by control room indications. The Control Room Operator ordered
reinstallation of the removed fuse and the previously lifted neutral electrical
lead. By reinstalling the fuse, valve position indication for the 13 contain-
ment isolation valves was restored, and the operators noted that several valves
had repositioned.

-

In addition to the MSIVs, these repositioned valves included recirculation loop
sample valves, a drywell sump valve, a drywell equipment drain tank valve, torus
vent valves, drywell purge valves, and reactor building to torus vacuum breakers.

Many of these valves are redundant components for isolation of various penetra-
tions into the drywell., The valves were restored to their normal positions by
operator action (except the reactor building to torus vacuum breakers, which
reopened automatically when the lead was reinstalled).

It was believed that the half-scram was caused by a spiking intermediate range
monitor (IRM), and the IRM was then ranged upscale, The Control Room Operators
were uncertain as to the cause of valve repositioning and, since primary con-
tainment integrity was not required, it was decided to 11ft the neutral elec~
trical lead again to verify its affect on the containment i;olation valves.
Fuse AF8 was left-installed so that valve position indication remained available.
Thne results were the same as the first time the lead was 1ifted except that no
half-scram occurred, and uncertainties exist as to whether the A MSIVs (NSO3A,
NSO4A) opened. The neutra)l lead was reinstalled, the computer termination com-
pleted, and the repositioned valves w re restored to their normal positions by
operation action (again, except for the reactor building to torus vacuum
breakers, which reopened automatically.)

The apparent cause of the occurrence is attributed to the following:

«= The neutral side of the seal-in relays for the affected solenoid operated
valves are connected together in a neutral string with a single wire sup-
plying this string (in panel 10F) from panel 11F. Interruption of this
neutral cross-tie causes the neutral string in panel 10F to develop & po-
tential with respect to the 11F neutral,

*Oyster Creek 1s a 620 Mwe (net) General Electric BWR located 9 miles south of
Toms River, New Jersey, and is operated by GPU Nuclear,



-- Improper deenergization of the clectrical circuit of concern. The
procedure used for the computer termination should have required either:
(1) the use of a temporary jumper to maintain the neutral in panel 10F; or
(2) deenergization of all power sources connected to the neutral involved
in this event, rather than just the one from fuse 6F8,

The immediate corrective action was to reinstall the lifted neutral lead. A
functional test was performed on July 13, 1984 to demonstrate that insertion
of a primary containment isolation signal while the 10F/11F neutral tie is
interrupted will cause all containment isolation valves to shut, and that
interrupting the neutral tie while a primary containment isolation signal is
present will not result in valve repositioning (assuming only one valve is in
the "bypass" mode).

Further testing was performed on September 7, 1984, to analyze the transient

phenomenon occurring in the containment isolation valve control circuitry, and
demonstrated that the five solenoid operated valves with the "bypass" feature
will not override a containment isolation signal if these valves are bypassed

open.

Other corrective action included modifying the containment isolation valve con-
trol circuit neutral bus in panels 10F/11F to convert the existing neutral bus
configuration into a ring bus arrangement. This change eliminates the possi-
bility of inadvertent oponin? of the containment isolation valves due to a broken
or 1ifted wire in the neutral bus. The modification was successfully tested on
October 4, 1984, (Ref. 4.)

1.2 s‘f6t¥ Xn%ection Tank Inleakage Due to Degraded O-Rings on Check Valves
at Calver S

On January 16, 1985, a safety injection tank (SIT) check valve inleakage test
at Calvert C1iffs Units 1 and 2* indicated excessive leakage into two SITs,
The outlet check valves for these SITs were overhauled, and it was found that
the seating surface for each valve's ethylene propylene O-ring was degraded.
Both O-rings were replaced with more heat resistant O-rings made of Dupont
Kalrez compound, .The event is detailed below.

On the afterncon of January 15, 1985, a leak test was performed on the Calvert
Cliffs Unit | and 2 SIT outlet check valves. This test was performed to obtain
background data necessary for a revision to Surveillance Test Procedure 0-65,
"Quarterly Valve Operability Verification." The test consisted of pressurizing
the high pressure safety injection (MPSI) header for 10 minutes, while simul-
taneously monitoring SIT inleakage via two possible leakage paths, The first
path is through two l-inch isolation valves (the SIT check valve leakage drain
valve and the f111 valve). The second path {s reverse flow through the SIT
outlet check valve, The Unit 2 test results indicated negligible inleakage;
however, the Unit | test results needed further investigation to more accurately
verify and quantify SIT check valve inleakage.

*Calvert C1iffs Units | and 2 are 852 MWe (net) Combustion Engineering PWRs
located 40 miles south of Annapolis, Maryland, and are operated by Baltimore
Gas and Electric,



On January 16, 1985, with Unit 1 in power operation, the No. 13 HPS! pump was
started, beginning a second inleakage test. This test was patterned after the
Calvert Cliffs' Operating Instruction for leak testing SIT fill, drain, and

tank outlet check valves. Prior to starting the HPSI pump, one potential leak-
age path was isolated by closing the manual! isolation valves for the SIT “i1]
header to permit independent monitoring of the SIT outlet check valve. A marked
rise was noted in the No. 11A SIT during the 10-minute pump run; this tank also
had the highest indicated inleakage on the previous day's test,

The licensee's conservative evaluation concluded that the two overriding con-
cerns were (1) the HPS] flow rate specified in the technical specifications
could not be assured, thereby potentially worseninx the consequences of the
Timiting small break loss of coolant accident (LOCA); and (2) during prolonged
operation of HPSI, the SIT inleakage could cause the tank's relief valve to 1ift
(250 + B psig setpoint), reducing the nitrogen inventorv and thereby rendering
the tanks inoper.ble, Based on this information, the licensee felt that both
Unit 1 HPSI headers should be declared inoperable, and the unit was shut down.

On January 17, 1985, Unit 1 entered hot shutdown, and preparations were made
for draining and venting the 11A and 11B SITs. Work packages were prepared for
overhauling both of the tanks' outlet check valves. These valves are 12-inch,
1500 psi, swing disc check valves with an inclined, "soft" seat. They provide
pressure isolation for the tanks from both primary coolant pressure and WPSI
pump discharge pressure. An ethylene propylene O-ring (Type E-832-9) is utilized
at the seating surface. This material has been found to deteriorate at a rate
greater than that specified by the manufacturer. Three different types of
ethylene propylene have been used since initial operation. Although successive
O-ring materials have had better temperature and radiation resistant qualities,
each type has experienced degradation. A facility modification had been ap-
proved in December 1983 to allow for the use of Dupont Kalrez 4079 as replace-
ment O-ring meéterial. Kalrez, a perfluoroelastomer, will better withstand the
temperature environment in which these valves operate. This modification had
been scheduled for completion during 1985 on both units,

Repairs began concurrently on both SIT outlet check valves on January 17, 1985,
The valves were disassembled and valve internals were cleaned and inspected.
Approximately one-third of the O-ring seats were found degraded. Both O-rings
were replaced with Kalrez Compound 4079 O-rings. Valve repairs took approximate-
1y 20 hours. Both SITs were filled on January 18, and both check valves were
subsequently satisfactorily tested for zero leakage.

As a result of this event, all SIT outlet check valves will be leak tested auar-

terly. The remaining six SIT outlet check valves will be overhauled during

their respective 1985 refueling outage, and the ethylene propylene O-rings wil)

be replaced by the higher temperature resistant Kalrez compound O-rings, A

change to the technical specifications iustlfyinq a more flexible minimum come

?;n:d ;l?n rate for the lowest three HPS! leg flows will continue to be pursued.
. L] .

1.3 R!fitgr Trip on Main Feedwater Pump Trip Due to Component Failure

On January 28, 1985, McGuire Unit 1* tripped from 100% power on lo-lo steam

*Mchuire Unit 1 15 a 1180 Mie (net) Westinghouse PWR located 17 miles north of
Charlotte, North Carolina, and is opor;tod by Duke Power.



generator (SG) level when a main feedwater pump tripped on low suction pressure,
The cause of the pump trip was the failure of a pneumatic pressure transmitter,
which provided a false low pressure signal. Following the pump trip, a turbine
runback did not occur due to the failure of a component in the turbine control
system. The failure of the turbine to run back caused the lo-lo level trip.

Twe other post-trip abnormalities occurred during this event, An SG power-
operated relief valve (PORV) remained open for about four minutes, causing
excessive cooldown and loss of SG inventory. Also, a discharge check valve on
the turbine-driven auxiliary feedwater pump (AFWPT) failed to close after the
pump was secured, causing backflow of hot SG water to the pump and upper surge
tank., The major cause of the event is component failure of the pressure trans-
mitter, which initiated the pump trip, and of the turbine control system to cause
turbine runback., Corrective actions will consist of repairing or replacing
failed components, as well as determining ways to preclude or minimize future
failures. The event is detailed below.

On January 28, 1985, McGuire Unit 1 tripped from 100% power on SG B lo-lo

level. The low SG leve! condition was caused by the tripping of main feedwater
pump turbine (FWPT) 1B8. The cause of this pump trip was the failure of a pneu-
matic pressure transmitter, which provided a false low pressure signal. A turbine
runback signa! following the loss of FWPT 1B was not initiated due to an electronic
component failure in the digital electrohydraulic (DEM) turbine control system,
Without the turbine run back to 56%, al) four SG levels dropped to the lo-lo leve)
reactor trip setpoint in approximately 1 minute. A manual runback was attempted,
but was unsuccessful,

The cause of this event was component failure of (1) the FWPT 1B suction pres-
sure transmitter, and (2) the DEM input circuit, which prevented turbine runback,
The pneumatic transmitter is an Ashcroft series 4000 unit, The tubing failed

on u?at is identified as the "thin walled" side of the tubing, and appeared as

a split,

The main turbine runback signal generated in this event originated from the
FWPT 18 control of) pressure switch, This of) pressure switch actuated fmme-
diately after the FWPT suction pressure transmitter fatled low to "ogin the
main turbine runbpck, After being processed by electrical relay ogic, the
runback signal is fed to a 408 V dc signal conditioning circuit curd and pro-
cessed for input to the DEM automatic runback circuits., The automatic turbine
runback did not occur because the diode on this circuit card had failed and was
electrically shorted. This short circuit prevented the applicat'e relay from
eneryizing, which prevented the runback signal from reaching the DEM circuitry.

The purpose of this diode in the circuit is to limit the inductive voltage surge
following deenergizing of the dc relay coil, Nine similar diode failures have
been found since the Unit | and 2 DEM systems were placed in service, These
failures were reported to Westinghouse on June 28, 1984, Westinghouse responded
to this report with a letter giving recommendations to check the circuit card
jumper configuration, determine 1f induced noise 1s present on the input 1ines,
and ensure that all the input cables are shielded, The licensee has verified
that all the fnput circuit card jumpers are installed correctly and that
shielded cable 15 used on most of the input cables,

A permanent resolution to the diode failure problem fs being pursued. Plans
include: (1) determining 1f the diode 1s necessary for circuit operation,

(2) determining 1f a diode of high rut1n? is necessary for proper circuit
operation, and (3) reviewing the possibility of providing redundant fnput cir-
cuits or a manual input clircuit,



A design deficiency contributing to this event existed on the FWPT suction pres-
sure instrumentation, in that one pneumatic pressure transmitter supplied the
signal to three pressure switches for a two-out-of-three logic trip signal,

The pressure transmitter failure caused all the output pressure switches and
the indicator to decrease, causing the feedwater pump trip on three-out-of-
three logic. This situation of a single component failure inftiating a multiple
logic trip had been identified in February 1983 in a Nuclear Station Modifica-
tion request. This request identified deficiencies on both the suction and dis-
charge instrumentation of all four McGuire FWPTs. This modification has sub-
sequently been implemented on the Unit 1 and 2 FWPTs during their current 1985
refueling outa?os. The Unit 1 modification is scheduled for completion during
the 1985 refueling outage for that unit, The modifications for each unit removed
two of the pressure switches from the transmitter output and placed them on the
actual process line,

Two significant post trip abnormalities occurred during this event, The SG B
PORV opened and remained open for approximately 4 minutes, causing excessive

cooldown and loss of SG inventory. Also, a discharge check valve (1CA-49) on
the AFWPT failed to close as the pump was secured follouing the reactor trip,
This fatlure caused much of the water flow to SG C to backflow into the upper
surge tank and AFWPT, and not into the SG, until the check valve was isolated.

The main steam PORV actuation was caused by calibration drift of the main steam
pressure transmitter., This instrument is similar to the pneumatic transmitter
Ashcroft series 4000 that s used on FWPT suction pressure. The pressure trans-
mitter senses main steam pressure and converts it to a proportional instrument
air signal. This output air signal operates the pressure switches which open
and close the PORV, The deadband for the opening and closing duration of the
PO?V ;s controlled by the differsnce in setpoints between the two pressure
switches.

The calibration drift of this pressure transmitter is attributed to a lack of
preventive maintenance, Maintenance records show that this instrument has ex-
perienced calibration drift in the past. The schoduliug priority for the pre-
ventive maintenante on this instrument was low endugh that it did not get placed
on the maintenance schedule to be completed. The instrument has been repaired/
calibrated only when a fatlure or drift was noticed. The drift on this type of
instrument 1{s nornoll‘cduo either to clogged or dirty instrument air orifices

or mechanical wear, cording to calibration data, the pressure transmitter

had drifted high by approximately 8%, This would have caused the PORY to close
at approximately 8% below the normal setpoint. Corrective action included plac-
ing these main steam pressure transmitters on an active preventive maintenance
schedule to avoid excessive calibration drift,

The fatlure of auriliary feedwater check valve 1CA-49 was due to the failure

of the valve clapper to close as the AFWPT was stopped. The failed open check
valve allowed some of the discharge flow from the motor-driven AFWNP to flow

back toward the AFWPT, and through the minimum flow recirculation valve to the
upper surge tank, The stop check valve on the discharge of the AFWPT also did
not close, and allowed some of this backflow to enter the pump casing and suc-
tion piping, The suction relief valve opened, providing a flow path throu

the pump., This flow was stopped when the fsolation valve between the AYWPT and
56 C was closed, The suction pressure instruments were over-ranged and dec)ared
fnoperable per technical specifications,



On January 29, 1985, maintenance personnel disassembled 1CA-49 (Borg-Warner
swing check valve with bonnet mounted clapper) and checked for internal damage
and improper operation. No major damage was found. The seating surfaces were
lapped and the valve reassembled. The check valves was tested for backleakage
and forward flow. During this forward flow operational test, the check valve
stuck open again,

Maintenance personne! began disassembling the check valve again to check for
damage. As the bonnet bolts were loosened, the check valve clapper was heard
dropping back into position. At this point, the valve bonnet bolts were retor-
qued and the valve was checked for backleakage. No leakage was detected. Nor-
mal valve alignment was achieved without problem and the Unit 1 reactor startup
resumed,

Borg-Warner has been contacted for recommendations for repair of the 1CA-49
check valve, The most desirable solution currently available is to place a
mechanical stop on the clapper to prevent overtravel. Nuclear Station Modifi-
cations have been written to replace both Unit 1 and Unit 2 Borg-Warner check
valves on the auxiliary feedwater systems, and to replace the pump discharge
stop check valves. The pump discharge stop check valves for Unit | were
replaced during the recent 1985 refueling outage. The valves for Unit 2 will
be replaced during the 1986 refueling outage, (Ref. 6.)

1.4 nglsro of Qeng*inaont Tendon Field Anchor Heads Due to Hydrogen Stress
racking at Farley

On January 25, 1985, while conducting a pro-into;ratod Teak rate test walkdown
of the exterfor of the containment structure at Farley Unit 2,* an alert utility
worker noted grease leakage and a deformed vertical tendon anchor grease can
(cap) on the top of the containment ring beam. When the lower grease can on

the same tendon was inspected in the tendon access gallery, it also was found

to be deformed, Removal of the lower grease cap showed that the field anchor
head had broken into seven pieces, The post-tensfoning force (approximately

1.5 x 10 pounds) also had been released, and numerous broken wires from the 170.
wire tendon were found., The unit was in cold shutdown for a refue!ing outage

at the time of thg discovery,

A program was inftiated to visually inspect all remaining caps. Although no
deformed caps were found, the architect/engineer then recommended a ran

sample, visual inspection program for field anchor heads to establish a 951
probability with a 95% con fdence leve! that no other field anchors were

failed. The fifth field achor inspected during this program was found to have
a large crack, but appeare! to be carrying full tendon load, Since this (de-
graded) field anchor was of the same material heat as the first, the program

was modified to replace al fileld anchors of that heat (49 totaf) and to perform
8 957 probability with a 95% confidence leve! visual inspection program for
cracked anchors of different material heats,

The two degraded anchors and the first four non-do?udod anchors of the same
heat number were removed for laboratory testing, This testing included
analyzing chemical and physical properties as well as scanning electron micro-

*Farley Unit 2 fs an BOS Mie (net) Host!n'housc PWR located 28 miles southwest
of Dothan, Alabama, and 15 operated by Alabama Power,



scopy. These four non-degraded anchors were also magnetic particle and load
tested. These four were successfully tested to 140" guaranteed ultimate tensile
strength, Grease and wire samples were analyzed. Additionally, a non-degraded
field anchor of the same heat number was sent to an NRC laboratory for confirm-
atory tests,

By late February 1985, all field anchors of the affected heat had been visually
inspected, as had the random sample of non-affected heats. No additional failed
field anchors had been found at this time. Approximately half of the affected
anchors had been replaced while the visual inspections were being conducteu.

Preliminary laboratory results concluded that the problem was not related to a
specific material heat, and that temper embrittlement was not the primary cause,
Since discussions with laboratory personnel indicated that the presence of mois-
ture may be a contributing factor, a decision was made to inspect visually all
vertical and a1l below-ground horizonta! tendon field heads for anchor cracks

and evidence of moisture. Additionally, based on the magnetic particle labora-
tory testing, a decision was made to magnetic particle test the field anchor

heads, which were removed during the replacement process. As of February 28, 1985,
24 field anchors had been magnetic particle tested and eight were found to have
cracks in the ligaments between the tendon holes in the anchor.

During this expanded visual inspection program, a third field anchor was found

in the failed condition., This anchor also was on a vertical tendon, but was of a
different material heat than the first two degraded field anchors. All vertical
tendon field anchors on Farley Unit 2 have been inspected visually, with no other
visual cracks found, Mowever, mofsture was found in approximately half of the ver-
tical tendon field anchor enclosures. Detectable moisture was found in approx-
imately 8% of the horizontal and 4% of the dome tendon field anchor enclosures,
Water was found in the grease cc: or on the anchor head in each case of the three
failed vertical tendon field anchor heads. The quantity of water found associated
with these varied from a few ounces to 1/2 pint., The maximum amount of water
reported, to date, by the licensee was 1-1/2 gallons, which was found in one grease
cap when 1t was removed from a vertical tendon field anchor head.

Results from two laboratory analyses (Inland and Fattelle) of fatled anchor head
material indicate the failures have been caused by hydrogen stress cracking (MSC).
The NRC laboratory results also confirm that MSC 1s the causal factor of the
failures., The conditions nocossor{ for HSC to occur include a high-strength

steel subjected to sustained tensile stresses and a source of atomic hydrogen,

Testing, to date, reveals evidence that a corrosfon cell was established between
steel and zinc in the presence of the avatlable water., The zinc source may have
been particles from the inside of the galvanized tendon sheaths that were abraded
during tendon installation and tensioning or from the inside of the galvinized
grease caps, some of which showed evidence of surface etching which points to
an active corroston cell, The corrosion cell produced the atomic hydrogen that
:01 ;zon spparently absorbed by the steel, resulting in cracks and their growth
y NSC.

The cracked s .rfaces exhibited intergranular separation, It 1s certain that
the magnituds of the cracking could continue to grow as the corrosion cel)
continued to produce hydrogen urtil a critical crack size was reached, Rapid
section faitlure then would occur a3 & result of Increased stresses (same load
but on & reduced area),



Load tests were conducted on four removed field anchor heads. One anchor head
tested had three ligament cracks before load testing began. Two of the four
anchors had water found in them. Each anchor head withstood minimum load of
140% of the guaranteed ultimate tensile strength of the tendon without failure.
Three of the field anchor heads exhibited additional cracks after the load
tests. The anchor head with the three original ligament cracks was examined
and found to have definite intergranular separation.

At the present time the licensee has removed and inspected, by magnetic particle
testing, all vertical tendon field anchor on Unit 2 heads (locatod at the bottom
to the verticals in the tendon gallery) that had not yet been replaced with new
heads. Morizontal and dome tenden anchors found with significant smounts of
water also were detensioned and the heads removed for testing. No visual crack-
ing was found; however, magnetic particle testing revealed cracks in 18 anchors,
which were replaced on Unit 2, The licensee has now precoated the anchor heads,
fnstalled buttonheads, and regreased the completed anchor head assembly prior to
retensioning the tendon. The licensee instituted a similar inspection program
on June 10, 1985, No visual cracked tendon anchors were found, However, six
heads were replaced because of cracks found during magnetic particle inspections,

Current plant technical specifications, where post-tensioned concrete contain-
ments are used with greased tendons, typically state that during required sur-
veillance periods the sheath filler material {?rtaso) is to be checked to verify
that it has not undergone a "change in physical appearance." The intent of

such a statement 1s not just to ascertain that the filler material continues to
meet the orfginal material specifications, but also that the filler material is
performing 1ts original function, which is to preclude moisture from entering
the tendon assembly, Therefore, the presence of moisture or free water during
any surveillance activity should be considered evidence of an abnormality and
require further action, (Refs, 7 and 8.)

1.5 lnfgirgblg HPCI and RCIC Following Low Vessel Water Level Condition

On January 16, 1985 at approximately 9:55 a.m, with the reactor at about 61%
gounr. Match Unit 1* scrammed due to a reactor low water .evel trip signal,

he signal was thé result of a vital ac power supply trip, which caused both A
and 8 reactor feedpumps to run back, Reactor water level then decreased to
approximately <100 inches (reference instrument zero). Group 2 and Group 5**
fsolations and a reactor scram were received due to the low water level signal,
High pressure coolant injection (MPCl) and reactor core isolation cooling (RCIC)
sutomatically started and injected to recover reactor water level., The A reactor
feedpump was started manually at the same time, As the feedpump was recovered,
HPCI and RCIC were secured. The high water leve)l turbine trip was then received

*Hatch Umft 1 15 a 752 Me (net) Genera) Electric BWR Tocated 11 miles north
of Baxley, Georgia, and 13 operated by Georgia Power,

**Group 2' drywel)l ventilation, purge and sample 1ines, reactor butlding ven.
tilation system transient in<core probe withdrawal command, shutdown cooling
and head spray modes of residua) heat removal,

Group &: reactor water clearup from recirculation loop,

10



for the HPCI, RCIC, and reactor feedpump turbines. Reactor pressure remained
steady at approximately 980 psig, and was controlled with the electrohydraulic
control (EHC) system (the main steam isolation valves were not closed, and the
turbine had been manually tripped). Standby gas treatment initiated on low
water level; no other emergency core cooling systems started or were needed.

After the Group 2 and Group 5 isolations were reset (at approximately 10:05 a.m.,
the reactor water cleanup (RWCU) outboard isolation valve was opened to reestab-
1ish RWCU system flow in order to accurately determine the bottom head t ra-
ture (done to determine if a reactor recirculation pump could be restarted).
Plant personne! then noted that the water entering the vessel had cooled down

the bottom head temperature such that the differential temperature between the
steam dome and the bottom head was greater than the 145 degree F limit of techni-
cal specifications, Thus, the reactor recirculation pumps could not be started.
Plant personne! then decided to depressurize the vessel (by lowering the EMC
setpoint) to get the temperature difference within the limit so that a reactor
recirculation pump could be started.

At about 11:02 a.m., while plant personne! were lowering reactor pressure, the
reactor vesse)! water level increased to the hi?h level setpoint and the reactor
feedpumps tripped. Before plant personnel could reset the feedpumps, with reac-
tor power at O MWt, the reactor level dropped to the low level setpoint. This
caused an actuation of the reactor protection system logic (no actual scram
occurred because all of the control rods were still inserted after the 9:55 a.m,
scram), and a Group 2 isolation, Plant personnel restored the reactor level to
norma! via the A reactor feedpump and the condensate booster pumps as the vessel
was allowed to continue to depressurize.

At the time of the initial scram, plant personne! noted that several other loads
(1.e., in addition to vital ac) were lost from the 600 V 1C bus. These included
the 1A reactor building closed cooling water pump, the 1A atr compressor, and
the main turbine motor suction pump and turning gear ofl pump, Also, an elec-
tric fire pump lock-out relay on the E 4160 V bus was energized. Investigation
by plant personne! determined that undervoltage relay ETRIA would have caused
the loss of all those components, had it actuated. {t is believed that the
actuation of this.relay was the most likely cause of the scram,

Other problems experienced during the scrams were as follows:

«« At about 10:30 a.m., RCIC was declared {noperable due to its trip and
throttle valve not engaging the reset circuitry and not opening,

s« At about 1:20 a.m,, WPCI was declared inoperable due to its turbine stop
valve b1n¢1n? in the mid-position; this binding was the cause of erratic
HPCT flow which was experienced during the inftial scram,

«=  When both WPCI and RCIC were determined to be inoperable, plant personne)
depressurized the reactor with the objective of decreasing reactor pressure
below 113 psig, as required by technical specifications,

Bo'th WPC! and RCIC had passed survetillance only three days before the event,



Plant personnel investigated the RCIC problem, and determined that RCIC's trip
and throttle valve was in the continuous trip position due to the centrifugal
trip weight's spring becoming loose. The spring apparently became loose during
operation, thus causing damage to other parts of the trip/reset mechanism, The
trip and throttle valve's trip/reset mechanism was repaired by replacing the
spring, spring seat, weight, tappet guide, tappet and ball assembly, and the
compression spring and emercency tappet nut. RCIC was functionally tested sat-
isfactorily per the "RCIC Pump Operability" procedure, and was returned to ser=
vice on January 18, 1985,

Investigation of the HPCI problem determined that its turbine stop valve had

stuck in the mid-position due to a galled stem. The valve was repaired by pol-

ishin? the inside of the valve and the valve's stem, The valve was then func-

:;:gc 1 tcstod)sat!sfcctor!ly. and WPCI was returned to service on January 17,
. (Ref, 9.

1.6 ’Efcfgirfl infgiggicg Rgsu1ts in Low Voltage Condition on Diese!
ner clear

During a reactor scram and the subsequent loss of normal and preferred power
incident at Washington Nuclear 2* on January 31, 1985, the standby electrica)
diesel generators (DGs) did not reach the required voltage to allow automatic
closure of their output breakers, The volta?o adjusting potentiometers for both
DGs were found to have been adjusted to the low voltage limit. This caused the
diese] output to be 10% below 1ts designed voltage output, and precluded the

DGs from accomplishing their design basis, automatic safety functions without
Operator action. The event is detatiled below.

During full power operation on January 31, @ loss of normal and preferred power
occurred, and the Division | and Division 11 standby DG sets received a start
signal, Both diesels automatically started and accelerated to rated speed,
During an inspection of the DGs, approximately 1/2 hour following the scram, a
Plant Engineer observed Division | and Divisfon Il DG output voltages of 3700-.
3800 V ac. Rated voltage is 4160 V ac. Control room personne) were {mmediate)
notified of this discrepancy, and the generator voltages were adjusted to norno{
values. This condition was analyzed the following day as preventing automatic
0G breaker closure,

An investigation revealed that ten days earlier the voltage ad usting motor-
operated potentiometers (MOPs) had been run to their Towest voltage setpoint,

On January 21, Plant Operators had noticed an 1)luminated voltc'o requlator
1imit ndication for DG No. 1 in the control room. This 1imit Tight indicates
that the MOP 1s at the high or low 1imit of fts travel. No procedural guidance
existed to direct Operators on required followup actfons, During an investiga-
tion as to the cause of this Indication, the DG No. | MOP had been adjusted to
fts low Vimit point, During MOP operation, a Shift Electrician attempted to
verify operation of the 1imit switches which provided the high/low 1imit signal,

WashTrgton WucTear 2 15 a 1100 Mue (net) General Electric BWR located 12 miles
gort?u.st of Richland, Washington, and {s operated by Washington Public Power
upply.
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Upon examination of the MOP, it was discovered that the operating cam for these
Timit switches had slipped and was providing an erroneous signal. The DG No. 2
MOP was then operated, and correct operation of its limit switches confirmed,

Since a Maintenance Work Request would have been required to adjust the DG No. 1
Timit switches, and it was felt that the cam adjustments did not affect MOP
operability, it was decided that the adjustment could be performed during the

next planned maintenance outage. This decisfon did not receive further management
review. The MOPs for both DGs were left at their minimum voltage adjustment
positions, It was erroneously believed that once the MOP control switch was
released, the MOP would return *o a position that provided normal voltage output
for the DGs. One DG, the Div.sion III high pressure core spray DG, is designed
with this provision,

In summary, the MOP design allowed the potentiometers to be adjusted while the
generator was not operating. The Plant Engineer responsible for the startup
testing of these diesel generators did not provide input to the rating pro-
cedure concerning the voltage adjust high and low limit lights, The procedure
did not contain a caution to Plant Operators concerning the fact that voltage
could be adjusted outside the range which was required for automatic breaker
rlosure. NOr was a caution present to indicate that 1f the voltage regulator
were adjusted while the diese! generator was secured, the voitage would not
return to a preset value upon starting. These precautions should have been
included ‘n the procedure,

Corrective actions have been implemented by way of both design and procedural
gh:?gcs to preclude recurrence of this event, These changes include the
ollowing:

== The control circuitry for both Division | and Division Il DGs has been
modified to preclude MOP ogperation while the DGs are shut down, Further
design changes will be pursued which will provide an automatic voltage
setpoint reset upon receipt of a G start signal,

== The OG operating and surveillance procedures have been changed to ensure
that Plant Operators adjust voltage and frequency to obtain rated conditions
prior to securing the DGs,

=« An evaluation wi'l be made by the licensee of the human factors aspects
of the MOP high/low 1imit 1ight indications and whether these particular
indications are necessary. This evaluation will include consideration of
uh::hor light indicator: should be included in annunciator response pro-
cedures.

=« The Operations Department Manager will reinforce, to operations personnel,
the various administrativa procedure mechanisms that identify plant opera-
ting problems and which grov'oo feedback to the plant staff and management
for future review and followup action, (Refs, 10 and 11.)
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1.7 Ice Condenser Lower Inlet Doors Blocked Closed Due to Personnel Error
at Catawba

On December 31, 1984, Catawba Unit 1* had entered hot shutdown with the ice
condenser lower inlet doors blocked closed. The incident was not discovered until
January 9, 1985, with the unit in startup testing. Investigation revealed that
the procedural step verifying that the ice condenser lower inlet door blockin
devices were removed had been signed off when, in fact, the devices were stil
in place. Twenty-three of 24 inlet doors were found blocked closed. The concern
raised by leaving the inlet door blocking mechanisms in place is a possible
radation in the ability of the ice condenser to control containment pressure
following a postulated high energy line break inside containment, The event is
detailed below.

The ice condenser at Catawba 1s equipped with 24 pairs of lower inlet doors

which are located in lower containment along the lower crane wall, During a
postulated loss of coolant accident (LOCA), 1f lower containment pressure exceeds
upper containment pressure by more than 1 1b/sq ft, the lower inlet doors will
swing open and allow steam to flow into the ice condenser, This allows for the
absorption of thermal energy released in the event of a LOCA, for the purpose

of limiting the initial peak pressure in containment,

The licensee's procedures require that after entering cold shutdown, and prior
to entering refueling, the ice condenser lower inlet doors be physically blocked
closed to ensure that the lower inlet doors do not inadvertently open., This is
done to prevent ice from melting. Prior to restarting (entering hot shutdown),
the door blocking devices are required to be removed, per procedures,

On December 9, 19684, the unit entered cold shutdown for an inspection of the
control rod drive shafts, The fce condenser lower inlet doors were blocked
closed after entering cold shutdown. Prior to entering hot shutdown, Control
Room Operators began the procedure for taking the unit from cold shutdown to 15%
full power. A Maintenance Representative signed off the appropriate step of the
rocedure, believing that the lower inlet door blocking devices had been removed,
n December 31, the unit entered hot shutdown,

On January 9, 1985, at 6:00 p.m,, several Mealth Physics Technicians entered

the fce condenser to perform a biological shield survey. After entering the

fce condenser they noticed that the lower inlet doors were blocked closed. They
notified the Shift Supervisor, who requested the Shift Technical Advisor (STA)

to fnvestigate the incident., The STA discovered that the doors in Bays 1| through
16 and 18 through 24 were blocked closed, The blocking device for the pair of
doors in Bay 17 had slipped out of place, A work request was fssued, and at

9:55 p.m., the lower inlet door blocking devices were removed,

The Standing Work Request for unblocking the lower inlet doors (SWR 3194)

had been 1ssued to the Planning Staff :‘.Prcvoﬂt1vo Maintenance (PM) on
December 31, 1984, Normally, when an is 1ssued to the Planning Staff
during an outage, 1t 15 preplanned and held unti) the work is to be performed,

FEATawha URTT TTTE o 1145 Mue Westinghouse F? located 6 miles northwest of
Rock Mi11, South Carolina, and is operated by Duke Power,
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The responsible group tracks the specific task and notifies Planning when the
work needs to be performed. Planning then issues the SWR to Mechanical or
Instrument and Electrical Maintenance staffs.

During the tracking process of SWR 3194, it was overlooked as an outstanding
item for entry into hot shutdown. Therefore, the work request was never issued
to Mechanica)l Maintenance. The Maintenance Representative was under the im-
pression, from conversations with a coworker, that the door blocking devices
had been removed. He then signed the appropriate procedural step. Since an
independent verification was not required for this step, no one else verified
that the door blocking devices had been removed prior to entering hot shutdown.

As a result of this event, the licensee plans to paint the door blocking devices
fluorescent orange, and they will be numbered sequentially, (Catawba Unit 2 door
blocking devices will be painted fluorescent green and numbered.) Mechanical
Maintenance will develop procedures (1) to provide a method of documenting the
status of their technical specification requirements, to ensure that all re-
quirements falling under the responsibility of Mechanical Maintenance have been
satisfied prior to entering each mode of operation; and (2) to provide guide-
lines for installing and removing the lower inlet door blocking devices, for
which an independent verification will be required,

The licensee has performed an analysis which shows that at about 0.1 psi diff-
erential pressure, with the blocking mechanisms conservatively assumed to be
wedged in place horizontally, the inlet doors would open. This differential
pressure would develop a force across the doors sufficient to buckle the
blocking mechanism. The licensee concluded that the pressure developed by all
but the smallest high energy line breaks would therefore easily push the mecha-
nisms aside and allow the doors to fully open. For the very small breaks, which
do not develop sufficient differential pressure to open the doors, containment
pressure increases due to bypass leakage would control the pressure increase.
The licensee's analysis 1s currently under review by the NRC, If the review does
not support the licensee's analysis, the NRC staff will reevaluate the report-
ability of the event as an abnormal occurrence., (Refs, 12 and 13.)

1.8 Reactor Scram on of Condenser Yacuum to Failed Expansion Joint, and
sequen % Containmen - [

In January 1985, Quad-Cities Unit 2* experienced a reactor scram due to low
condenser vacuum rtsultin? from a failed turbine to condenser rubber expansion
Joint, The event 15 detailed below.

At 6:22 a.m. on January 16, 1985, with the unit operating at near full power an
alarm received in the control room for Unit 2 indicated that condenser vacuum was
being lost., The Shift Engineer and the Shift Control Room Engineer were notified,
and the Operator began to reduce load, At 6:28 a.m., the reactor scrammed on low
condenser vacuum, Closure of the main steam isolatinn valves (MSIVs) caused
reactor pressure to increase,

Although reactor core fsolation cooling (RCIC) was started at 6:43 a.m, to con-
trol reactor pressure, & second reactor scram signal occurred four minutes later

Fuad-TTTTes UnTt 2 15 a 769 Mie (net) General Electric BWR located 20 miles
northeast of Moline, [111nois, and 1s operated by Commonwealth Edison,
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due to high reactor pressure. The high pressure coolant injection (HPCI) was
promptly started by the Operator in an additional attempt to control pressure.
Subsequently, a high primary containment pressure condition automatically initiated
HPCI, and started the emergency diesel generator, the residual heat removal pumps,
and the core spray pumps. The high primary containment temperature and pressure
resulted mainly from the additional heat load on the reactor building closed cool-
ing‘uater (RBCCW) system and the resulting decreased efficiency of the drywell
coolers.

The RBCCW system was unable to accommodate the additional heat loads (relief
valves, vessel letdown to the condenser, etc.) because only one RBCCW heat ex-
changer was in service at the time. Only one heat exchanger was ‘n service
because of the extreme cold river water temperature and the concern for recircu-
Tation pump seal embrittlement. In the past, when the plant used the spray canals
for cooling, this was not a problem because canal temperatures remained warm
throughout the winter months. However, even with the colder cooling water temp-
erature, the surface area of only one heat exchanger was not sufficient to handle
all the heat loads. Also, during the event the operators were discharging reactor
water to the condenser, causing additional loading on the RBCCW by bypassing the
regenerative heat exchanger on the reactor water cleanup system,

To reduce the likelihood of spurious trips from high drywell pressure, the licensee
has requested a technical specification change to increase the high drywell
pressure trip setpoint from 2.0 psig to 2.5 psig. This change is now under review,

The root cause of the loss of condenser vacuum was equipment failure. A rubber
expansion joint connecting the turbine casing to the condenser had developed a
large leak. The expansion joint was original equipment (the plant began commer-
cial operation in 1973), and it had become embrittled with age and use. The
average expected life of the expansion joint is about 10 years.

The defective expansion joint was replaced, and the expansion joints for the other
two sections of the condenser will be replaced during the unit's next refueling
outage. (Refs. 14 and 15.)

1.9 lnadvertent kecirculation System Actuation Signal During Plant Protection
System Testing at Arkansas

On Januar; 2, 1985, during monthly surveillance testing of plant protection
system (PPS) channel A at Arkansas Unit 2* with the unit at 100% power, an
inadvertent actuation of the recirculation actuation system (RAS) occurred.

The RAS automatically caused the suction path for the deactivated engineered
safety features actuation system (ESFAS) pumps to be shifted from the refueling
water tank (RWT) to the containment sump, resulting in gravity draining of about
50,000 gallons of borated water from the RWT to the reactor building sump., The
cause of the event was attributed to a spurious RAS signal generated within the
matrix logic circuit in ESFAS trip path No. 4 while trip path No, 1 was in the
tripped condition during the surveillance testing. This resulted in a two-out-
of-four trip logic sequence and subsequent RAS actuation. The RWT level was
restored in about 3 hours, and normal processing of the borated water in the

¥Krkansas Unit 2 Ts an B58 MWe (net) Combustion Engineering PWR located 6 miles
northwest of Russellville, Arkansas, and 1s operated by Arkansas Power and
Light.
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containment sump began. Subsequent testing of the ESFAS trip path No. 4 logic
matrix relays did not identify a relay degradation or failure; however, the
matrix relay card which is suspected to have caused the actuation was replaced.
The event is detailed below.

At about 8:38 a.m. on January 2, 1985, with the unit at 100% power, Instrur ta-
tion and Control (I&C) Technicians were performing the PPS channel A logic matrix
actuation test for the RAS portion of the ESFAS, as part of normal monthly °PS
surveillance testing. Per procedure, the anticipated result of this testing

was the deenergization of the logic matrix relay for ESFAS RAS trip path No. 1,
with annunciation, status panel indication, and "half-leg" actuation of the

ESFAS RAS. However, due to a spurious signal within the logic matrix relaying
of the PPS, a coincident RAS logic matrix relay deenergized, resulting in a
two-out-of-four RAS actuation logic. The inadvertent RAS actuation resulted in
the gravity draining of the 50,000 gallons of borated water.

The RAS transfers suction of the ESFAS pumps from the RWT tc the containment
sump on Tow RWT level. Upon RAS actuation, containment sump suction valves
open with a normal open stroke time of about 22 seconds. The RWT outlet valves
begin to close as soon as containment sump suction valves reach full open with
a normal close stroke time of about 80 seconds. During this suction path re-
aligrment period, the RWT level decreased from 98% to 88%. At 8:40 a.m, during
the resetting of the RAS, plant operators noted that control room PPS status
lights indicated channel A (trip path No. 1) and channel D (trip path No. 4)
had generated the inadvertent RAS.

The system was realigned to the nonactuated condition, Makeup to the RWT was
begun at 8:48 a.m,, and the technical specifications required level was restored
at 11.00 a.m, At 8:55 a.m., draining of the containment sump and processing of
at 11:00 a.m, At 8:55 a.m., draining of the containment sump and processing of
the borated wate~ began. The draining of the reactor building sump was completed
on January 5. A reactor building entry was made on January 7 to inspect the
containment flocr area. Inspection of the containment sump screen revealed the
west side door co be open. Apparently, the door may not have been padlocked

and was forced open by the reverse flow from the RH{ gravity drain to the con-
tainment sump Tbis door is normally closed and locked to prevent debris from
entering the sump during sump recirculation. Contrcls have been implemented to
verify the sump doors are closed and secured when the plant is above cold shut-
down.

At 2:30 p.m. on January 2, IAC technicians recommenced the channel A PPS monthly
testing at the RAS procedure section. A temporary procedure change was made
requiring closure of RWT outlet valves as a precaution to prevent recurrence of
RWT draining should another inadvertent actuation occur. The A PPS channel
monthly functional test was completed with no further incidents,

Subsequent bench testing of each ESFAS trip path No. 4 logic matrix relay did
not fdentify a relay degradation or failure. Replacement of the logic matrix
relay card containing the relay being tested at the time of the inadvertent RAS
has been performed as a precautionary measure. (Ref. 16.)
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1.10 Reactor Trip Involving Failure of Reactor Trip Breaker at Sequoyah

Sequoyah Unit 2* was operating at about 100% power on January 12, 1985 when a
reactor trip occurred at 3:29 a.m. Due to all three No. 3 heater drain tank
(HDT) pumps tripping off and causing unstable flow conditions at 3:28 a.m., the
A main feedwater pump tripped on low seal injection water pressure to the main
feedwater pump (MFP). Seal injection water is provided by the HDT pumps. The
Operator immediately took manual control of the B MFP and increased its speed to
provide sufficient flow to maintain steam generator levels. Simultaneously, a
turbine runback was initiated to reduce load to prevent a reactor trip on low
steam generator levels; however, Operator actions were unsuccessful, and the unit
automatically tripped at 3:29 a.m. on lo-lo level in steam generator No. 3.

The operator immediately verified control room indication, as required, to see

if both train A and B reactor trip breakers opened. HMe noted that the train A
breaker failed to open from the automatic signal. The train B breaker did open
on the automatic signal from the solid state protection system logic, and all

rods inserted as designed. Within 5 seconds of the automatic trip, the operator
tripped the train A breaker using the manual handswitch on the main control board.
A1l other reactor protection and engineered safequard features operated as
expected upon receiving the automatic trip.

A detailed investigation was made into the failure of the train A reactor trip
breaker to open on an automatic signal from the so' id state protection system
(SSPS). Trouble-shooting was divided into three ar2as: (1) the SSPS output
components, (2) the cabling and connection between the SSPS and the reactor

trip switch gear, and (3) the reactor trip breaker. In order to troubleshoot
areas (1) and (2), reactor trip breaker train B was relocated in the train A
compartment. This would allow for testing SSPS output and cabling independent
of the failed breaker, and for inspection of the train A breaker in the as-found
condition,

With the train B breaker installed and closed in the train A compartment, the
instrument mechanics initiated a trip signal from the SSPS cabinets. The train B
breaker, which had tripped earlier in its own compartment, failed to open in

tie train A compartment, indicating that the problem was associated with the

SSPS trip signal output or cabling connections between the SSPS and reactor

trip breaker. It was found that the output of the undervoltage card would not
deenergize, thus holding the undervoltage trip coil energized and preventing the
breaker from opening. Train A SSPS was removed from service using procedures,
and the reactor trip undervoltage card was replaced. While using a volt meter
across the undervoltage output, an automatic trip signal was irjected through

the system test circuit, and the new undervoltage card was verified to deenergize,
The old undervoltage card was then reinstalled and tested. The output voltage
again failed to deenergize, thus verifying the output card failure. The new
undervoltage card was reinstalled, verified to be operable, 1nclud1n? closing

the reactor trip breaker and verifying that it woula trip automatically from the
train A SSPS output signal., Procedure IMI-G9-FT-19, "Automatic Test of Reactor
Trip Breaker," was performed to verify operability. The train was returned to
service, Additionally, to verify the SSPS input relays, the bistables from steam
generator lo-1o level were tripped in every combination to ensure all logic was
functionally acceptable; no deficiencies were noted.

¥Tequoyah Unit 2 1s a 1148 MWe (net) Westinghouse PWR located 10 miles northeast
of Chattanooga, Tennesee, and is operated by Tennesse Valley Authority,
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On January 14, 1985, troubleshooting of the defective undervoltage card, serial
number 0101, confirmed that transistor Q3 (output transistor on Westinghouse
Drawing 6058090) had failed. The failure was an emitter-to-collector short

which prevented the outage voltage from deenergizing. The transistor was re-
placed, and the undervoltage card was retested using a card test box and facility
procedure, and all functions of the card were verified operable. The failure of
transistor Q3 probably occurred on December 29, 1984 during the performance of
IMI-99-FT-18, "Manual Test of Reactor Trip Breaker." The test was being performed
as a result of a unit trip which occurred on that date (reference LER 50-328/84-02).
During the test, a digital volt meter was inadvertently used on the current scale
of measure voltage across the undervoltage coil. The low resistance of the
current scale could have drawn enough current to fail transistor Q3. This is a
potential common mode failure mechanism for the reactor protection system.

Immediate corrective action was to replace the failed undervoltage card and
verify operability through testing. To prevent further recurrence, a note was
sent to all Instrument Maintenance Foremen to ensure that the automatic test of
reactor trip breakers, FT-19, is performed after the manual test, FT-18. This
will ensure the breakers and the undervoltage cards are fully operable before
returning the system to service. Further, FT-18 and FT-19 have been revised and
combined into one instruction which is structured to perform the automatic test
after the manual test. The use of a meter to measure the voltage of the under-
voltage coil has been discontinued. These measures will reduce the possibility
of inadvertently damaging the output transistor on the SSPS undervoltage card,
and will also reduce the overall time needed to perform the breaker test. This
revision was completed on January 25, 1985,

An inspection was also performed on the train A breaker in the as-found condition
by Electrical Maintenance. The Westinghouse DB-50 breaker was checked for smooth
manual closing, alignment trip bar movement, adequate contact surfaces, and
overall condition in accordance with Maintenance Instruction MI-10.9, The under-
voltage trip assembly linkage was lubricated with the recommended Westinghouse
lubricant, and the linkage was exercised manually to allow penetration of the
lubricant. A dc power supply was connected to contact points 11 and 12, and
rated voltage was applied to the undervoltage coil. The voltage was slowly
lowered until the-breaker tripped at approximately 19 volts dc. This was re-
peated with the same results. This voltage is within the range of accoptance
criteria as set forth by the Westinghouse Owners Groun for actuation of the
undervoltage relay. There were no deficiencies found with the DB-50 breaker
assembly. A response time test of the reactor trip breaker from logic through
the breaker was performed after all maintenance activities were complete, Major
maintenance to the breaker will continue to be performed using MI-10.9. An
overall timing test is presently required by MI-10.9 a¢ post-maintenance logic

is operable after breaker maintenance,

After the replacement of the SSPS undervoltage card, verification of proper
breaker operation, and repair of the condensate system No. 3 HDT level control
valves, an evaluation of the unit by Operations personnel and plant management
concluded that the unit was safe for restart., (Refs, 17, 18, and 19.)
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Washington, DC 20555.)
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2.0 EXCERPTS OF SELECTED LICENSEE EVENT REPORTS

On January 1, 1984, 10 CFR 50.73, "Licensee Event Report System" became effec-
tive, This new rule, which made significant changes to the requirements for
licensee event reports (LERs), requires more detailed narrative descriptions of
the reportable events. Many of these descriptions are well written, frank, and
informative, and should be of interest to others involved with the feedback of
operational experience.

This section of Power Reactor Events includes direct excerpts from LERs, In
general, the information describes conditions or events that are somewhat
unusual or complex, or that demonstrate a problem or condition that may not

be obsious. The plant name and docket number, the LER number, type of reactor,
and nuclear steam supply system vendor are provided for each event., Further
information may be obtained by contacting the Editor at 301-492-4499, or at
U.S. Nuclear Regulatory Commission, EWS-263A, Washington, DC 20555,
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At 1230 on February 10, 1985, a Control Room Operator noticed the 1B reactor
coolant pump (RCP) running. Subsequent investigations revealed that the pump
had inadvertently staried due to a grounded condition in the actuation circuitry
associated with the 4160 V switchgear. The ground was caused by water accumu-
lation in a pressure switch as a result of an inadvertent containment spray
(reference LER 50-305/85-01). The ground provided enough current to gate the
solid state starting circuitry.

The safety significance of this event is that inadvertent actuation of 4160 V
switchgear creates a personnel safety hazard. This concern can be dealt with
tnrough administrative controls.

Also, the inadvertent actuation of 4160 V switchgear could affect the assumptions
of the safety analysis with potentially adverse effects on nuclear safety. There
are 48 4160 V switchgear cubicles at Kewaunee, of which 22 are considered to be
safety related. Of these, 12 are associated with motors and the remaining ten
are bus feeder or bus tie breakers. However, the effect of inadvertently
starting a safeguard motor, at worst, is the disruption of the sequence load-

ing associated with the diesel generator upon loss of offsite power. This is
not]expected to result in a failure or affect the conclusions of the safety
analysis.

The inadvertent closure of the safety related bus tie or bus feeder breaker
could result in damage to a diesel generator. However, a review of the loca-
tion of the switchgear and associated cabling showed that they are located

in areas where adverse environmental conditions are considered incredible.
Consequently, there is no postulated event which would result in inadvertent
actuation of this switchgear in a manner which would affect the results of the
safety analysis.

Although no corrective actions were required, a hardware modification which
would eliminate the potential for this event is being evaluated. In addition,
the emergency operating procedures will be revised to instruct the operators to
place the RCP's in pull out when they are required to be tripped due to low
reactor coolant system pressure.

2.4.3 Loss of Startup Transformer Due to Short in Deluge System

Callaway 1; Docket 50-483; LER 85-11; Westinghouse PWR

During a reactor startup on February 22, 1985, the reactor was manually tripped
and emergency diesel generator (DG) B automatically started and loaded when the
startup transformer was lost. The required safety-related equipment performed
as designed during the incident.

The startup transformer was tripped off by an interlock between the transformer
and its deluge system due to water leakage into the hand pull station for the
deluge system. Power was lost to the motor/generator sets which supply power

to the control rods, thus preventing rod movement. When the operators attempted
to move rods in and no movement occurred, the reactor was manually tripped.




An investigation into the cause of the deluge system actuation revealed a

short in the electrical box of the hand pull station (mounted outside on the
turbine building wall) for the startup transformer deluge system. The short
was a result of water intrusion into the pull station during a period of heavy
rain. Water had seeped in around a pipe plug opening used for conduit at the
top of the box. The plug was not tight and water had seeped in with no path to
drain out. The pull station was replaced and the plug was sealed with caulk.
Other outside pull stations were inspected for internal water and resealed.

To prevent a similar recurrence, the control circuitry for the startup trans-
former's fire suppression deluge system has been modified such that the deluge
system will not operate until the transformer trips off for a reason other than
a deluge actuation.

2.5 Opening of Reactor Trip Breakers Due to Deenergized Undervoltage Trip Coils

Cellaway 1; Docket 50-483; LER 84-48; Westinghouse PWR

On October 6, 11, and 22, 1984, a feedwater isolation signal (FWIS) was gener-
ated when reactor trip breaker A immediately reopened when operators attempted
to close the reactor trip breakers. In all three incidents, equipment and per-
sonnel responded as expected following the FWIS.

It was first discovered that residual heat in the undervoltage (UV) trip coils
on the breaker would not allow the coil to reenergize after a trip. The UV
coil was replaced on reactor trip breaker A on October 15. Further investiga-
tion revealed a potential concern that the contact development on the reactor
trip/close handswitch, located on the main control board, would also cause the
UV coil to remain deenergized in certain situations following a trip operation.
A design change to rewire the contacts has been approved.

2.6 HPCI Problems at Several BWRs

2.6.1 Inoperable HPCI! System Due to Valved Out Service Water
Dresden 3; Docket 50-249; LER 85-06; General Electric BWR

During normal operation on February 22, 1985, the Operating Department discovered
that the service water leading to the Unit 3 high pre:sure coolant injection
(HPCI) room cooler was valved out, causing it and the HPCI system to be inoper-
able. Safety significance was minimal since the isolation condenser and auto-
matic depressurization systems were operable and capable of relieving high reactor
pressure. The valves were immediately opened and system operability was restored.

The cause of the event was personnel error. An investigation revealed that
station personnel had valved out the service water supply to the Unit 3 HPCI room
cooler sometime between January 14 and 23, 1985, without proper authorization.
Results of this investigation produced a list of recommendations for corrective
actions. One of these corrective actions is that all service water supply

valves to HPCI, low pressure coolant injection and containment cooling service
water vault coolers will be locked open to prevent a recurrence,

29



2.6.2 Inoperability of HPCI System Due to Problems with HPCI Turbine Components
Brunswick 2; Docket 50-324; LER 85-02; General Electric BWR

On February 15, 1985, the Unit 2 high pressure coolant injection (HPCI) system
was declared inoperable following operability testing which revealed the HPCI

pump discharge valve, E41-F006, would not open. Unit 2 was operating at 1007
power. A unit shutdown was commenced in accordance with technical specifications
after determination that the unit low pressure coolant injection (LPCI) Toop B

was inoperable. Within five hours, operability of the LPCI loop was reestablished
and reactor shutdown was terminated at approximately 10% reactor power. An
ascension to full reactor power was then commenced.

The following troubleshooting and operability testing of the HPCI system was
conducted:

(1) Vvalve E41-FO06 would not open due to an open auxiliary contact in the
valve motor starting time-delay relay, 2A, located in the valve opera-
tor motor control center. The contacts in the relay had slid out of posi-
tion. The contacts were repositioned; the relay, General Electric
Part No. IC 2800-A501-AF023C, was manually operated to ensure contact
position; and the E41-FO06 valve was satisfactorily operated and returned
to service.

(2) The HPCI turbine speed instrument, E41-C002-4, General Electric Part
No. 724-672-93, would not calibrate as a result of a failed instrument main
spring. The main spring was replaced.

(3) While performing a calibration check of the HPCI turbine electronic speed
controller, it was found the controller was not functioning within cali-
bration tolerances due to a faulty adjustment potentiometer. The con-
troller, Woodward Part No. 698-867-11, was replaced.

(4) On February 17, 1985, during startup of the HPCI turbine, the HPCI turbine
stop and comtrol valves, E41-VB and V9, operated erratically. The needle
valve, which supplies hydraulic fluid to the control valve, was found out
of adjustment. The needle valve was adjusted and proper operation of
E41-V8 and V9 was reestablished.

(5) On February 20, 1985, during operation of the HPCI turbine, the turbine
tripped on apparent overspeed. At the time of the overspeed trip, turbine
speed was approximately 3600 rpm. Troubleshooting revealed the overspeed
trip device had malfunctioned due to hydraulic control pressure being out
of specification and low reset spring tension. The reset spring, Terry
Turbine Part No. 105-594-A0Z, was replaced, and the hydraulic control pres-
sure was adjusted to return the overspeed trip device to service,

These HPCI problems were resolved through appropriate repair, replacement, or

engineering evaluation. The HPCI system was returned to service within 13 days
following the satisfactory performance of system operability testing.
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2.6.3 Inoperability of HPCI System Due to Improper Setting on Limit Switch
Browns Ferry 3; Docket 50-296; LER 85-03; General Electric BWRs

During performance of a scheduled surveillance instruction (SI) on January 11,
1985, the time necessary for the high pressure coolant injection (HPCI) system
to reach rated flow was 35 seconds. This is 10 seconds longer than the criteria
of 25 seconds specified in the SI; therefore, the HPCI system was declared inop-
erable. The failure investigation that followed determined that a limit switch
on FCV 73-16, which starts the auxiliary oil pump and, consequently, the HPCI
turbine, had been set incorrectly.

Following HPCI inoperability, technical specifications require that the reactor
core isolation cooling (RCIC) system operability be demonstrated immediately.
During performance of the RCIC pump operability SI before the turbine is rolled,
turbine trip capability is demonstrated by tripping the turbine trip throttle
valve FCV 71-9, which isolates the steam supply to the RCIC turbine. After

this valve was tripped, the Limitorque operator would not reopen the valve,

The failure of the operator was caused by a worn brass worm gear. The worm
gear was replaced and RCIC system operability was proven after successful com-
pletion of the applicable SIs. The failure of the brass worm gear is the first
of this type that has been observed on a Limitorque operator. A program will be
initiated to inspect other Limitorque operators to determine if similar problems
exist.

In addition, to ensure that the time required for HPCI to achieve rated flow
will be within the Final Safety Analysis Report and SI limit of 25 seconds,
additional post-maintenance testing of the HPCI system will be performed when
corrective maintenance is performed on the HPCI system. Specifically, anytime
corrective maintenance which could affect HPCI start time is performed on com-
ponents such as FCV 73-16, the HPCI flow controller, or the hydraulic system,
the applicable SIs will be included as part of the post maintenance testing of
the HPCI system,

2.7 Cold Weather-Affects Safety Systems Availability

2.7.1 Inoperability of Refueling Water Tank Level Transmitters Due to Freezing
Arkansas 2; Docket 50-368; LER 85-02; Combustion Engineering PWR

On January 20, 1985, with the unit operating at 100% power, refueling water tank

(RWT) level transmitters 2LT-5639-3 and 2LT-5640-4 failed high due to transmitter

freezing as a result of ambient weather conditions, 2°F with a 20 MPH wind .
speed. This rendered channels 3 and 4 of the recirculation actuation system

(RAS) inoperable and caused entry into the action requirements of technical ‘
specifications. RAS channel 1 level transmitter 2LT-5636-1 also failed high '
due to transmitter freezing. This resulted in 3 of 4 RWT level transmitters

being inoperable.
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Corrective actions included constructing temporary enclosures around the
existing transmitter weather protection cabinets and providing additional heat
sources for the instrumentation to supplement installed freeze protection. No
damage to the instrumentation was observed and i strumentation calibration was
verified prior to declaring an instrument operable. Additional Engineering
and Operations evaluation of this event is in progress.

2.7.2 Safety Injection Bistable Disabled to Prevent Possible Spurious
Actuation Caused by Frozen Lines

McGuire 1; Docket 50-369; LER 85-03; Westinghouse PWR

On January 20, 1985, freezing temperatures caused instrument lines to freeze
and send erroneous signals to the reactor protection system, thu. creating a
likelihood of a spurious trip. Steam Generator A main steam line pressure
transmitters began failing Tow and sending erroneous signals to the low pres-
sure steam line isolation and safety injection circuits. Due to the record
demand for electricity because of the cold, a course of action was developed
to prevent an unnecessary reactor trip.

At about 0400 on January 21, the NRC was notified of the licensees plan to

Jjumper a failed channel of the process control system, in order to disable the
output to the reactor protection system. The jumper was installed, and additional
weatherization was added to the exterior doghouse area where the instrument
freezing problems were occurring. After the weatherization was complete, the
temperature in the doghouse rose enough to remove the potential for freezing,

and at about 0700 the jumper was removed, and the NRC was notified that the
unusual situation was under control.

2.7.3 Reactor Scram Caused by Ice in Isophase Bus Ducts
Susquehanna 1; Docket 50-387; LER 85-03; General Electric BWR

On January 24, 1985, with the reactor at 82% power, the unit scrammed on a main
turbine control valve fast closure signal resulting from a main generator lockout.
Throughout the transient, the unit functioned as designed. No emergency core
cooling systems actuated and no system isolations occurred.

The main turbine trip which resulted in the reactor scram was caused by a main
generator primary lockout. The lockout relay was triggered by the generator
neutral overvoltage relay. The overvoltage relay's calibration was checked and
found satisfactory. Further investigation found ice formations in main genera-
tor's A and C isophase bus ducts at the low point in the ducts where they make
90 degree turns to connect to the unit's auxiliary transformer. The ice had
formed a bridge between the buses themselves and the ducts. Removal of the ice
was accomplished on January 25. Main generator doble tests as well as doble
te§ting 1?oking back at the transformers through the isophase buses had accept-
able results.

A drainage hole was drilled in each isophase bus duct inspection cover as an
interim action to prevent recurrence, Preventive maintenance activities, which
will be performed during refueling outages, will be reviewed to assure ;ﬁe clean-
liness and integrity of the neutral grounding system and isophase bus du:ts.
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2.7.4 Diesel Generator Starting Problems Due to Cold Weather
Susquehanna 1; Docket 50-387; LER 85-02; General Electric BWR

The B diesel generator was removed from service at 0820 on January 21, 1985 for
18-month preventive maintenance. A 3-day limiting conaition for operation was
entered and the remaining diesel generators were tested as required by tech-
nical specification. A start attempt was made on the A diesel at 0902 which re-
sulted in a trip. The diesel was declared inoperable; technical specification
action statement requires three diesels to be restored to operable status
within 2 hours or be in hot shutdown within the next 12 hours. At 0935, the C
diese) was successfully started. A start attempt was made at 1018 on the D
diesel; the diesel failed to start, was declared inoperable, and the technical
specification action statement remained the same. The maintenance activity on
the B diese] was postponed and the B diesel was successfully started at 1058,
The A diesel was successfully started at 1122 and the D diesel was successfully
started at 1142, A1l four diesels were declared operable at 1200,

The starting problems were determined to be cold temperature related. Corrective
actions have been initiated to prevent the diesel buildings and related diesel
equipment (governor) from future cold temperature complications. Interim cor-
rective measures included use of temporary space heaters and repair of diesel
generator outside air supply dampers.

2.8 Generic Problems Involving Design Deficiency

2.8.1 Design Deficiency in Core Spray Pump Logic
Oyster Creek; Docket 50-219; LER 85-03; General Electric BWR

On January 29, 1985, a design deficiency was discovered in the core spray system
booster pump failure lngic. Discharge pressure of the booster pumps is utilized
to detect a booster pump failure which will trip the failed pump and provide a
start signal to the backup booster pump. Two events were identified which can
cause this instrupentation to misinterpret Core Spray System status and result
in the system not performing according to its original design intent. The cause
of this occurrence is a deficiency in the original plant design.

Corrective action consisted of performing a modification to replace the pressure
switches on the booster pump discharge with differential pressure switches. The
differential pressure switches will sense differential pressure across the booster
pump. This modification will allow the pump failure logic to perform as origi-
nally designed under all postulated conditions.

2.8,2 Negative Flux Rate Trip Setpoint Found to be Outside Design Analysis
McGuire 1; Docket 50-369; LER 85-05; Westinghouse PWR

On February 1, 1985, the Westinghouse response to a licensee inquiry concerning

the negative flux rate trip setpoint led to the conclusion and subsequent report

to the NRC, that McGuire was in a condition outside the design analyses assump-
tions. A Westinghouse analysis demonstrated that conservatisms in the dropped
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rod analysis for assumptions other than the flux rate setpoint are adequate to
ensure safe operation with the bistable setpoint equal to 5% rated thermal power
(RTP) and the rate function time constant equal to 2.0 seconds. In order to
satisfy the licensing basis analysis and the most conservative interpretation

of the technical specifications, the bistable setpoint was reduced to 2.5% RTP,

2.8.3 Unanalyzed Safety Condition Involving Auxiliary Feedwater System
Palo Verde 1; Docket 50-528; LER 85-08; Combustion Engineering PWR

The assumption in the CESSAR-F Safety Analyses for Palo Verde regarding the
delivery of auxiliary feedwater flow states that the maximum flow delivery to
the steam generators following automatic actuation is 1750 gpm. Recent analysis
and close examination of pump head-flow curves indicate that auxiliary feedwater
flow rates may exceed 1750 gpm for some accidents. It was then assumed that
operator action would prevent this from occurring.

However, after meeting with the Architect-Engineer (Bechtel) and Combustion Engi-
neering on February 4, 1985, it was determined that operator action could not

be guaranteed to prevent the occurrence since it occurs very soon after

actuation of the automatic feedwater signal. At this time it was realized that
the plant, as built, may not meet the criteria established in the safety analysis
assumptions,

Preliminary results from subsequent analyses show that even though the feedwater
flow rate may be exceeded, there is no decrease in the safety margin of the
analysis.

2.8.4 Failure of AFW Pump Circuitry to Meet Single Failure Criteria
Salem 1 and 2; Dockets 50-272 and -311; LER 85-01; Westinghouse PWRs

On February 5, 1985, as a result of an ongoing review of implemented design
changes, it was discovered that the low suction pressure trip circuits for the
auxiliary feedwater (AFW) pumps in both Unit 1 and Unit 2 do not meet the
single failure criteria as specified by 10 CFR 50, Appendix A. The low suction
pressure trip circuits, which are "armed" only when severe storm conditions are
forecast for the area, were disabled to preclude the possibility of a single
failure affecting the operability of all AFW pumps. A safety evaluation, which
was performed and discussed with the NRC prior to the installation of the
circuits, concluded that there are adequate alarms and indications available to
the operator to indicate the impending loss of suction due to decreasing level
in the AFW storage tanks. These circuits were only added to further enhance
the overall design of the AFW system, and the disabling of this trip feature
poses no safety concern with continued plant operation.

This design error occurred as the result of an improper interface between
control-xrade and safety-related equipment. The circuits will be redesigned,
and the AFW pump low suction pressure trip features will be reinstated. The
scope of the design change review is being expanded to include the design
change review process, and to confirm the isolated nature of this type of
design error.
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2.8.5 Safety Analysis Error Involving Axial Shape Index
Millstone 2; Docket 50-336; LER 85-01; Combustion Engineering PWR

An inconsistency was found between the technical specification requirement on
axial shape index (ASI) and the safety analysis assumptions on ASI that are
input to the Millstone 2 small break loss of coolant (LOCA) analysis. The
Unit 2 small break LOCA analysis was performed by Combustion Engineering. The
event was declared immediately reportable by site procedures.

This ASI inconsistency could have allowed plant operation in an unanalyzed

region should a small break LOCA occur. Administrative controls were immediately
implemented to preclude any unanalyzed operation until further corrective

actions could be implemented.

Reanalysis has shown that when the correct ASI inputs are used in the small break
LOCA mode!, peak clad temperatures (PCT) increase from 1971 degrees F to 2035
degrees F, still within the 2200 degrees F 10 CFR 50.46 LOCA limits on PCT,

2.8.6 Design Deficiency Involving Main Steam Isolation Valves
Robinson 2; Docket 50-261; LER 85-02; Westinghouse PWR

The plant was preparing to start up following an extended steam generator
replacement outage. On January 5, 1985, a design deficiency with the main
steam isolation valves (MSIVs) was identified. A single failure of a relay
in the MSIV safeguards logic could result in the failure of MSIVs to close
during a safeguards MSIV closing signal.

The MSIVs have been modified to correct this situation. The cause was the
apparent lack of understanding of valve operation during the original design.
The problem was identified during discussions with another utility which had
reported a problem with their MSIVs to the NRC.

2.8.7 Automatic Start of Diesel Generators During Generator Troubleshooting
Catawba 1; Docket 50-413; LER 85-07; Westinghouse PWR

On January 22, 1985, diesel generators 1A and 1B started on a blackout signal
(undervoltage on the 4160 V essential switchgear). The unit was in power opera-
tion at 14% thermal power, with the main generator off-line. During the trouble-
shooting of generator power circuit breaker 1B, a Zone B lockout initiated inad-
vertently, causing B train incoming feeders on all 6900 V switchgear to trip,

and all four tie breakers to close. Present design allows an instantaneous
undervoltage condition to be detected on the essential buses before the tie
breaker closes to restore normal voltage. Therefore, this incident is classi-
fied as a desi$n deficiency. Automatic closure of the tie breakers immediately
restored normal voltage to the essential buses, and load shedding did not occur.
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2.8,8 Adjustment to ESFAS High Pressure Injection Actuation Setpoint

Oconee 1, 2, and 3; Dockets 50-269, -270, and -287; LER 85-03;
Babcock & Wilcox PWRs

On February 22, 1985, it was determined that the Oconee units' emergency
safeguard features actuation system (ESFAS) setpoint for the initiation of high
pressure injection (HPI) should be adjusted from 1550 psig to 1600 psig. The
change to 600 psig was based on Babcock & Wilcox's reanalysis of small break
loss of coolant accident transients, which indicated that the reactor coolant
system (RCS) might not depressurize to the extent previously calculated. The
motivation for the revised analysis arises from lessons learned as a result of
the accident at Three Mile Island, and other investigations performed in response
to NRC's NUREG-0737,

Changes in the setpoint for all the low RCS pressure bistables at all three
Oconee units were incorporated on February 22, 1985, and all affected documen-
tation was revised accordingly.

2.9 Events Involving Equipment Qualifications

2.9.1 Incomplete Seismic Qualifications of Auxiliary Feedwater Control Valve
Control Elements

Trojan; Docket 50-344; LER 85-01; Westinghouse PWR

During a review of the seismic qualification for the auxiliary feedwater control
valves in November 1984, it was discovered that the valve control units may not
be fully seismically qualified. Documentation does not exist to chow that the
valve position control elements were functionally tested after excitation during
seismic qualification testing. Although the controller design is such that the
most likely probability of a seismic induced failure would be for the valve to
fail approximately 50% open, it must be conservatively postulated that all eight
valves could fail closed. The lack of complete seismic qualification was then
determined to be reportable on January 31, 1985 under 10 CFR 50.73(a)(2)(v),
since it is a condition which could have affected the capability of a safety
system from removing residual heat or mitigating the consequences of an accident.

No seismic events of significant magnitude (great enough to activate the seismic
event recorder) have occurred at Trojan. Even if a seismic event did occur,

and every ore of the eight feedwater flow control valves failed closed, the
valves can be manually repositioned as required. In addition, plant procedures
are in place to recover from a total loss of secondary heat sink. Corrective
action will be to replace the non-seismically qualified components with seis-
mically qualified equivalents.

2.9.2 MHigh Energy Line Break Analysis
Washington Nuclear 2; Docket 50-397; LER 85-01; General Electric BWR
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Similar to the condition noted in IE Information Notice B4-90, non-conservative
assumptions were found in the reactor core isolation cooling and reactor water
cleanup high energy line break calculations which determined the reactor build-
ing environmental profiles used in determining equipment qualification per

10 CFR 50.49. Further analysis has determined that correction of these non-
conservative assumptions did result in predicted environmental conditions more
severe than those used in the equipment qualification. However, a review of

the equipment involved has determined that required equipment could be qualified
or justified for interim operation to the more severe conditions, and that mit-
igation of the event and safe shutdown would not be compromised.

2.9.3 Discovery of Equipment Not Meeting Environmental Qualification
Requirements

Cook 2; Docket 50-316; LER 85-04; Westinghouse PWR

On January 25, 1985 with Unit 2 at 97% power, the plant was advised that con-
tinued environmental qualification research by the service corporation resulted
in the determination that the connection on the resistance temperature detector
(RTD) monitoring reactor coolant system (RCS) loop 2 cold leg temperature was
not environmentally qualified.

The RTD in question, manufacture. by the RDF Corporation, was installed on
November 20, (984, as a replacement for the then-installed RTD which was of
Rosemount manufacture. Research indicates that this is the only active instal-
lation o; an ROF manufactured RTD being utilized for RCS temperature monitoring
in Unit 2.

On January 26, 1985, a Unit 2 trip occurred due to an unrelated component failure.
Before the unit was restarted, the unqualified RTD was removed from service and
replaced with an environmentally qualified spare (manufactured by Rosemount).

Design change RFC-DC-12-2839, which provides instruction necessary to upgrade
installed RDF manufactured RTD's to meet environmental qualifications, has been
approved. This design change will be implemented on the Unit 2 installed RDF
RTD at the next opportunity.

2.9.4 Discovery of Non-Environmentally Qualified Terminal Blocks
Callaway 1; Docket 50-483; LER 85-07; Westinghouse PWR

While reviewing compliance with NRCs Generic Letter 84-24, "Environmental
Qualification of Electrical Equipment Important to Safety for Nuclear Power
Plants," and NRC Information Notice 83-72, "Environmental Qualification Test-
ing Experience," it was discovered between the dates of February 1 and 7, 1985
that six valves at Callaway did not have environmentally qualified terminal
blocks installed in Limitorque actuators. Three of these valves are contain-
ment isolation valves identified in technical specifications, and are required
to be operable in power operations, startup, hot standby, and hot shutdown.
The plant first entered hot shutdown on August 10, 1984,
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Upon determining that the terminal blocks were not qualified, the valves were
declared inoperable and the appropriate actions required by technical specifi-
cations were taken. The terminal blocks for the six valves were replaced with
environmentally qualified Marathon 300 type terminal blocks. In addition, an
evaluation and/or reinspection of the remainder of the Limitorque valves in the
equipment qualification program is in progress.

2,10 Problems Caused by Lack of Proper Operator Attentiveness

2,10.1 SGTS Train Inoperable During Containment Purge
Susquehanna 2; Docket 50-388; LER 85-07; General Electric BWR

During a purge of the Unit 2 conta nment on January 30, 1985, one train of the
standby gas treatment system (SGTS) became inoperable. Unit 2 technical speci-
fications require both trains of SCTS to te operable prior to commencing a
purge, and while the purge system is in use.

The purge was initiated using SGTS Train A by one shift at approximately 0640,
Sometime during the next shift, the SGTS B heater failure alarm annunciated in
the control room and caused the B Train of SGTS to be inoperable. The shift
did not recognize that purging should have been suspended.

The ability of operations personnel to analyze the situation was impacted due
to a difference in Unit 1 and Unit 2 technical specifications and the fact
that maintenance was in progress on a damper in the B Train,

The event will be reviewed with all licensed operators and alarm response for
SGTS will be reviewed and revised as necessary to identify the technical
specification requirement regarding purging. In addition, a change to Unit 1
technical specifications was submitted to the NRC in May 1984, and is expected
to be issued soon.

2.10.2 Both Trains of Safety Injection Inoperable Due to Personnel Error
Catawba i; Docket 50-413; LER 85-11; Westinghouse PWR

On February 7, 1985, from 0920 hours to 1030 hours, and from 1255 hours to 1325
hours, safety injection (SI) trains A and B were inoperable. This was due to the
concurrent inoperability of S! pump 1B and solid state protection system (SSPS)
train A, This incident was discovered at approximately 1300 hours during review
of the technical specification action items logbook (TSAIL)., After discovery of
this incident, the Shift Supervisor began the necessary corrective action to re-
turn SI pump 1B to service and, at 1325 hours, SI pump 1B was declared operable.

This incident is classified as a personnel error. The senior reactor operator
in command should not have allowed both trains of SI to be rendered inoperable.

2.10.3 Computer Failure Misleads Operator Determination of Tref and Tave
Zion 1; Docket 50-295; LER 85-05; Westinghouse PWR
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With the unit at 20% power on January 21, 1985, the operators were controlling
feedwater flow and reactor coolant temperature manually. The operator was reading
Tave and Tref off of a computer driven chart recorder. He was unaware that a
process computer failure was causing that chart recorder to give misleading
temperature indication. Only after the shift engineer noticed that steam dumps
were 201 open did the operator realize that the computer had failed, and that

Tave was in fact higher than Tref. By this time, the large swings in coolant
temperature had induced swings in the feedwater regulation system. The system

was una?le %o respond quickly enough, and the unit tripped on high steam gen-
erator level,

The computer failure was traced to a tripped central processing unit (CPU),
which did not give any control room indication. A change has beer made so
that when a CPU fails it is annunciated in the control room,

Operators use the computer indication for startup because the temperature
indications coming directly from the field do not have a narrow enough range

to be useful for fine temperature control during startup. The computer failure,
feedwater control system sensitivity, and the difficulties usually experienced
in generator load pickup during synchronization all contributed to the cause of
the trip. The station is investigating possible improvements to the instrumen-
tation used during this evolution,

2.10.4 Steam Generator Examination in 1985 Discovers Tubes Incorrectly
Plugged in 1984

Kewaunee; Docket 50-305; LER 85-06; Westinghouse PWR

On February 20, 1985, while shutdown for refuclin? and during the steam genera-
tor tube eddy current examination, a tude in the 1A steam generator requiring
plugging in 1984 was found plugged ir tse hot leg only. An adjacent tube, not
requ1r1n? plugging, was found plugged « the cold leg only. The tube that re-
quired plugging had a 55% through-wall indication in 1984 and a 91% through-wall
indication in 1985, The exact cause of this event remains unknown; however, it
is suspected that-the cold leg tube shee* was mismarked during the 1984 steam
generator tube plugging effort,

To prevent recurrence of this event i"e tubesheet templates, rather than the
tubesheets, are marked to identify the tubes to be plugged. These templates
are independently verified prior to tube plugging. The installed plugs are
verified against the tube plugging 1ist and a video tape is made of the tube
sheets for final verification,

Twenty-six tubes in the 1A steam generator and 22 tubes in the 1B steam generator
were removed from service as a result of tube plugging in 1985,

2.10.5 Reactor Trip Resulting from Steam Dump Leakage
Surry 1; Docket 50-280; LER 85-04; Westinghouse PWR
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On January 27, 1985, the unit was critical with reactor power stable at 5%
during startup following a reactor trip. The steam dump valves were isolated
earlier because of known but not specifically identified or quantified leakage.
As the dumps were unisolated, the resulting leakage led to a primary system
temperature decrease which caused reactor power to increase. As power neared
10%, it was decided to latcn the turbine to prevent a trip. Ap?rox1mate1y 2
minutes after the turbine was latched, the four turbine stop valves closed,
resulting in a reactor trip.

One factor contributing to the trip was not sufficiently considering the effect
of the steam leakage on plant parameters. Another contributor to the event was
that only one electro-hydraulic (EM) pump was available and running when the
turbine was latched, and it did not satisfy the EN demands during the latching
operation,

The steam dump leakage was identified and isolated. The Human Performance Eval-

uation System Coordinator is investigating this event and will provide feedback
to the Operating Staff to improve human performance in similar circumstances.
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3.0 ABSTRACTS/LISTINGS OF OTHER NRC OPERATING EXPERIENCE DOCUMENTS
3.1 Abnorma) Occurrence Reports (NUREG-0090) Issued in January-February 1985

An abnormal occurrence is defined in Section 208 of the Energy Reorganization
Act of 1974 as an unscheduled incident or event which the NRC determines is
significant from the standpoint of public health or safety. Under the provi-
sions of Section 208, the Office for Analysis and Evaluation of Operational
Data reports abnormal occurrences to the public by publishing notices in the
Federal Register, and issues quarterly reports of these occurrences to Congress
in the NU!EE-LU§0 series of documents, Also included in the quarteriy reports
are updates of some previously reported abnormal occurrences, and summaries of
certain events that may be perceived by the public as significant but do not
meet the Section 208 abnormal occurrence criteria.

No abnormal occurrence reports were issued during January-February 1985,
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3.2 Bulletins and Information Notices Issued in January-February 1985

The Office of Inspection and Enforcement periodically issues bulletins and
information notices to licensees and holders of construction permits. During
the period, 16 information notices were issued.

Bulletins are used primarily to communicate with industry on matters of generic
importance or serious safety significance (i.e., if an event at one reactor
raises the possibility of a serious generic problem, an NRC bulletin may be
issued requesting licensees to take specific actions, and requiring them to
submit a written report describing actions taken and other information NRC
should have to assess the need for further actions). A prompt response by
affected licensees is required and failure to respond appropriately may result
in an enforcement action, When appropriate, prior to issuing a bulletin, the
NRC may seek comments on the matter from the industry (Atomic Industrial Forum,
Institute of Nuclear Power Operations, nuclear steam suppliers, vendors, etc.),
a technique which has proved effective in bringing faster and better responses
from licensees. Bulletins generally require one-time action and reporting.
They are not intended as substitutes for revised license conditions or new
requirements.

Information Notices are rapid transmittals of information which may not have
beer comogcioiy analyzed by NRC, but which licensees should know. They require
no acknowledgement or response, but recipients are advised to consider the
applicability of the information to their facility.

Information Date
Notice Issued Title

85-01 1/10/85% CONTINUOUS SUPERVISION OF IRRADIAVORS
(Issued to all material licensees possessing irra-
diators that are not self-shielded and ontain more
than 10,000 curies of radiocactive material

85-02 1/18/85 IMPROPER INSTALLATION AND TESTING OF DIFFERENTIAL
PRESSURE TRANSMITTERS
(Issued to all power reactor facilities holding an
operating license or construction permit

85-03 1/15/85 SEP:RAT!ON OF PRIMARY REACTOR COOLANT PUMP SHAFT AND
IMPELLER
(1ssued to all pressurized water power reactor facil-
ities ?o!ding an operating license or construction
permit

85-04 1/17/85 INADEQUATE MANAGEMENT OF SECURITY RESPONSE DRILLS
(Issued to all power reactor facilities holding an
oporatin? license or construction permit, and fuel
fabrication and processing facilities)

85-05 1/23/85 PIPE WHIP RESTRAINTS
(Issued to all power reactor facilities holding an
operating license or construction permit)
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Information Date
Notice Issued
85-06 1/23/85
85-07 1/29/85
85-08 1/30/85%
85-09 1/31/85%
85-10 2/6/85
85-11 2/11/8%
85.12 2/11/8%
85-13 2/21/85%
85-14 2/22/85%
85-15 2/22/85%
85-16 2/27/8%

Title

CONTAMINATION OF BREATHING AIR SYSTEMS
(Issued to all power reactor facilities holding an
operating license or construction permit)

CONTAMINATED RADIOGRAPHY SOURCE SMIPMENTS
(Issued to all NRC licensees authorized to possess
industrial radiography sources)

INDUSTRY EXPERIENCE ON CERTAIN MATERIALS USED IN
SAFETY-RELATED EQUIPMENT

(Issued to all power reactor facilities holding an
operating license or construction permit)

ISOLATION TRANSFER SWITCHES AND POST-FIRE SHUTDOWN
CAPABILITY

(Issued to all power reactor facilities holding an
operating license or construction permit)

POST-TENSIONED CONTAINMENT TENDON ANCHOR MEAD FAILURE
(Issued to all power reactor facilities holding an
operating license or construction permit)

LICENSEE PROGRAMS FOR INSPECTION OF ELECTRICAL
RACEWAY AND CABLE INSTALLATION

(Issued to all power reactor facilities holding a
construction permit)

RECENT FUEL MANDLING EVENTS
(Issued to all power reactor facilities holding an
operating license or construction permit)

CONSEQUENCES OF USING SOLUBLE DAMS

(Issued to all boilin' water and pressurized water
reactor facilities holding an operating license or
construction permit)

FAILURE OF A WEAVY CONTROL ROD (BAC) DRIVE ASSEMBLY
TO INSERT ON A TRIP SIGNAL

(Issued to all power reactor facilities holding an
operating license or construction permit)

NONCONFORMING STRUCTURAL STEEL FOR SAFETY-PELATED USE
(Issued to all power reactor facilities holding an
operating license or construction permit)

TIME/CURRENT TRIP CURVE DISCREPANCY OF
ITE/STEMENS-ALLIS MOLDED CASE CIRCUIT BREAKER
(Tssued to all power reactor facilities holding an
operating license or construction permit)
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3.3 Case Studies and Engineering Evaluations Issued in January-February 1985

The Office for Analysis and Evaluation of Operational Data (AEOD) has as a
primary responsibility the task of reviewing the operational experience
reported by NRC nuclear power plant licensees. As part of fulfilling this
task, it selects events of apparent interest to safety for further review as
either an engineering evaluation or a case study. An engineering evaluation
is usually an immediate, general consideration to assess whether or not a more
detailed protracted case study is needed. The results are generally short
reports, and the effort involved usually is a few staffweeks of investigative
time.

Case studies are in-depth investigations of apparently significant events or
situations, They involve several staffmonths of engineering effort, and
result in a formal report identifying the specific safety problems (actual or
potential) illustrated by the event and recommending actions to improve safety
and prevent recurrence of the event, Before issuance, this report is sent for
peer review and comment to at least the applicable utility and appropriate NRC
offices.

These AEOD reports are made available for information pursgscs and do not 1?ggse
any requirements on licensees. ndings and recommendations contain n
iF*sc reports are provided in support of other ongoing NRC activities concerning
the operational events(s) discussed, and do not represent the position or require-
ments of the responsible NRC program office.

Engineering Date

Evaluation |ssued Subject
£501 1/17/85% MOTOR-OPERATED VALVE FAILURES DUE TO HAMMERING
PROBLEM

In the AEOD screening of licensee event reports, LER
50-237/84-003 and LER 50-254/84-014 were identified

. as significant events that required additional follow-
up action based on the generic implications of the
failure mode experienced by motor operated valves at
Dresden 2 and Quad-Cities 1. These LERs described
events involving mechanical fatlure of motor-operated
valves (MOVs) due partially to what is termed as "ham-
mering effect." Hammering effect is that phenomenon
experienced by MOVs when the valve is subjected to
repeated c!osin? attempts after the valve has already
reached the fully closed position. Investigatiuns by
the licensees have found that the repeated closing
attempts experienced by the MOV; were the result of
the design of the control circuit of the valve. Based
on these events a detailed review of the design of a
typical MOV control circuit was conducted by AEOD,
The review concluded that the problem could be gene-
ric to MOVs that are designed to close on mechanical
torque and have a control circuit design similar to
the one used at Dresden and Quad Cities. The review '
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Engineering Date
Evaluation Issued
£502 1/25/85

Subject

also concluded that this problem would likely be appli-
cable to MOVs at many operating reactor units. The
consequence of such failures of MOVS in safety-related
systems is that the safety function of the system in
which they are located can be impaired.

To verify this conclusion, a search of the Sequence
Coding and Search System (SCSS) for the period 1983-
1984 was conducted for events involving failures of
MOVs specifically attributed to the haunmrin? problem.
Surprisingly, none was found. A further analysis of
the hammering problem was performed to identify the
symptoms of failures of MOVs due to hammering. Failure
and damage due to mechanical overloading, overheating
of valve operator motor, repeated cycling and failures
of starter contactors, thermal overloading, circuit
breaker trips, valve seat jamming, etc., could be in
part caused by the hammering problem. On a review of
the 179 LERs obtained from the SCSS, 47 LERs were
found which had one or more of these kinds of failures.
Based on the review and evaluation of operational ex-
perience and the design of the control systems of MOVS,
it was concluded that licensees in their investigation
of MOV failures have not consistently identified the
root cause of failure, but only the symptomatic ones.
This has already been the subject of an IE Information
Notice (IE IN 82-10); however, IE IN 82-10 did not
specifically identify the hammering problem nor its
correlation to valve control design. It should be
noted that "hammering” can only be detected by obser-
vation at the valve or at the starter cubicle; thus,
it is not surprising that failures due to "hammering”
are not generally identified as such. The licensees
at Dresden and Quad-Cities have initiated certa'n
design changes to affected valves' control circuitry
to eliminate the hammering problem. This engineering
evaluation included information regarding similar
modifications.

FAILURE OF RHR SUPPPRESSION POOL COOLING VALVE TO
OPERATE

With Brunswick Unit 2 at full power on March 25, 1983,
it was discovered that 2-E11-FO24B, residual heat
removal (RHR) Division Il suppression pool coolin?
valve, could not be opened by using either the valve
motor-operator or manual operation. This rendered

the RHR Division Il suppression pool cooling subsystem
inoperable. The setscrew on the antirotation device
for the valve had loosened, and allowed this device

to shift position resulting in the shearing of the
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Engineering
Evaluation

Date
Issued

Subject

valve stem key when the motor-operator was operated.
The valve was a 15-inch Anchor Darling globe valve.

The loosening of anti-rotation device setscrews on
Anchor Darling globe valves has recently occurred at
WNP-2, Shoreham, Zimmer, Limerick and Duane Arnold.
Most of those affected valves were installed in safety
systems such as RHR, reactor isolation cocling, and
high and low pressure core spray. The cause of the
loosening could be attributed to inadequate design
consideration of normal system vibration.

The generic implication of the problem and the
corrective actions for Anchor Darling valves have

been addressed by an IE Information Notice, a 10 CFR 21
Notification and an Industry Report. However, similar
problems have occurred at four plants with valves
supplied by Blaw-Knox, Rockwell-Edward, WKM, and
Copes-Vulcan such that the problem may be generic

to industry rather than just to one particular
supplier.
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3.4 Generic Letters Issued in January-February 1985

Generic letters are issued by the Office of Nuclear Reactor Regulation,
Division of Licensing. They are similar to IE Bulletins (see Section 3.2) in
that they transmit information to, and obtain information from, reactor licen-
sees, applicants, and/or equipment suppliers regarding matters of safety, safe-
guards, or environmental significance. During January and February 1985, four
letters were issued.

Generic letters usually either (1) provide information thought to be important

in assuring continued safe operation of facilities, or (2) request information

on a specific schedule that would enable regulatory decisions to be made regarding
the continued safe operation of facilities. They have been a significant means

of communicating with licensees on a number of important issues, the resolutions
of which have contributed to improved quality of design and operation.

Generic Date
Letter Issued Title
85-01 1/9/85 FIRE PROTECTION POLICY STEERING COMMITTEE REPORT

(Issued to all power reactor licensees and all appli-
cants for power reactor licenses)

85-03* 1/28/85 CLARIFICATION OF EQUIVALENT CONTROL CAPACITY FOR
STANDBY LIQUID CONTROL SYSTEMS
(Issued to all boiling water reactor licensees and
applicants for boiling water reactor licenses)

85-04 1/29/85 OPERATOR LICENSING EXAMINATIONS
(Issued to all power reactor licensees and applicants
for an operating license)

85-05 1/31/85 INADVERTENT BORON DILUTION EVENTS
(Issued to all pressurized water reactor licensees)

-

*Generic Letter 85-02 had not yet been issued during the report period.
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3.5 Operating Reactor Event Memoranda Issued in January-February 1985

The Director, Division of Licensing, Office of Nuclear Reactor Regulation
(NRR), disseminates information to the directors of the other divisions and
program offices within NRR via ti..'wperating reactor event memorandum (OREM)
system. The OREM documents a statement of the problem, background information,
the safety significance, and short and long term actions (taken and planned).
Copies of OREMs are also sent to the Office for Analysis and Evaluation of
Operational Data, and of Inspection and Enforcement for their information.

No OREMs were issued during January-February 1985,
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The Office of Administration issues two publications that list documents made
publicly available.

|
|
|
3.6 NRC Document Compilations

The quarterly Regulatory and Technical Reports (NUREG-0304) compiles biblio-
graphic data and abstracts for the formal regulatory and technical reports
issued by the NRC Staff and its contractors.

- The monthly Title List of Documents Made Publicly Available (NUREG-0540)
contains descriptions of information received and generated by the NRC,
This information includes (1) docketed material associated with civilian
nuclear power plants and other uses of radioactive materials, and (2) non-
docketed material received and generated by NRC pertinent to its role as a
regulatory agency. This series of documents is indexed by Personal Author,
Corporate Source, and Report Number,

The monthly Licensee Event Report (LER) Compilation (NUREG/CR-2000) might also
be useful for those interested in operational experience. This document con-
tains Licensee Event Report (LER) operational information that was processed
into the LER data file of the Nuclear Safety Information Center at Oak Ridge
during the monthly period identified on the cover of the document. The LER
summaries in this report are arranged alphabetically by facility name and then
chronologically by event date for each facility. Component, system, keyword,
and component vendor indexes follow the summaries.

Copies and subscriptions of these *hree documents are available from the Super-
intendent of Documents, U.S. Gover-ment Printing Office, P.0. Box 37082,
Washington, DC 20013-7982.
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