WESTINGHOUSE EVALUATION OF LICENSEE INCIDENT

Operating Plant - North Anna Unit 1
Operating Utility - VEPCO
Date of Incident - September 25, 1979

INTRODUCTION

The North Anna Unit 1 plant is located in Virginia and began commercial
operation June 6, 1978. It is a three-loop 2775 MWt PWR of Westinghouse
Design. The event of interest is a turbine trip followed by a stuck-
open steam dump valve which caused safety injection initiation.

I. DESCRIPTION OF INCIDENT

The description of the incident is taken from interviews with VEPCO
operating personnel and management, from review of plant records,
and from the VEPCO Licensee Event Report, No. LER 79-128/01T-0, a
copy of which is Appendix A of this report.

A. Plant Operating Conditions

The plant was operating at 78% power in order to extend the life
of the first core loading. Core average burnup was approaching
15,900 MWD/MTU. Boron concentration was 4 ppm, and one charging
pump was operating under normal pressurizer level control to
balance the maximum letdown capacity of 125 GPM. Pressurizer
heaters were manually set at full power to force pressurizer
spray under automatic pressure control, in order to keep the
pressurizer boron concentration in equilibrium with the reactor
coolant system.

The reactor coolant average temperature was about 3OF below
normal at 78% power. Pressurizer and steam generator water
levels were normal. Two of the three main feedwater pumps were
operating. The block valve on one of the two pressurizer

power -operated relief valves was closed to prevent leakage.

B. Sequence of Events

The following description is summarized, along with the timing
and the source of the timing information, in Appendix B. Copies
of contrcl room recorder charts are shown in Appendix C, fol-
Towed by some plots made from plant computer printouts.

1. Initiating Sequence

At 0544 on 9/25/79 a low pressure feedwater heater drain
cooler dump valve began to cycle. This cycling was believed
to be due to tube leakage inside the drain cooler. Subse-
quent examination has shown that a total of twelve tubes in
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the drain cooler were leaking. The leakage exceeded the
capability of the drain valves, causing the extraction steam
condensate level to rise into the h2ater to the turbine trip
setpnint.

At 46 seconds past 0609 turbine trip occurred. Turbine trip
jmmediately caused a reactor trip, and also tripped open the
eight condenser steam dump valves to the full-open posi-
tion. As the valves modulated closed the first time, an
operator noted from the valve position indicators that one
valve had stuck in the full-open position. A man went
immediately to see whether any manual action could be taken
to close that valve. When it was found that the valve could
not be closed, closing of the non-return valves in the main
steam lines (a 3 minute process) was started. (The steam-
line isolation valves were manually tripped at 0616.)

Later disassembly and evaluation of the stuck steam dump
valve showed that the valve had overtravelled when it
opened. Instead of stroking the design stroke of 2-3/4
incnes, the valve had stroked 3-1/8 inches. The overtravel
caused the valve plug to wedge into a 15 degree taper at the
top of the valve balancing cylinder. The wedging force was
greater than the valve operator closing spring force so the
valve remained open after it was signaled to close. In
addition, when the valve overtravelled and wedged open, the
max imum spec ified allowable flowrate through the valve could
hage been exceeded. Instead of limiting flow to 1.02 x

10° 1b/hr. steam at 1100 psia inlet pressure, the valve
would have permitted a flowrate of 1.29 x 106 1b/hr. at

1100 psia while it was open.

Meanwhile, steam generator water levels fell as a normal
result of the turbine trip, and the low-low level setpoint
was reached and all three auxiliary feedwater pumps were
automatically started between 8 and 12 seconds after turbine
trip. About 1 minute later, one main feedwater pump was
manually turned off, and the main feed control valves were
closed automatically by the combination of low RCS tempera-
ture and reactor trip. (The other main feed pump was
tripped by SI initiation 5 minutes after turbine trip.)

Initiation of Safety Injection

The steam dump control system closed the seven controllable
dump valves for the last time less than a minute after
turbine trip. Continued cooling of the primary system by
steam flow through the stuck valve and by auxiliary feed-
water caused a continued lowering of the pressurizer water
level and pressure. Low pressurizer level caused automatic
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letdown isolation within two minutes. Low pressurizer pres-
sure initiated safety injection five minutes after turbine
trip, at 0614:45. The resulting start of a second charging
pump and redirection of flow through the safety injection
path immediately started raising pressurizer water level and
pressure. (Subsequenrt calculations indicated that although
the water level dropped below the bottom tap of the level
indicator, the pressurizer and surge line did not empty.)

Between one and two minutes after safety injection initia-
tion the main steamline isolation valves were manually
tripped closed, terminating the steam flow through the stuck
dump valve. All reactor coolant pumps were manually
tripped, as is required by North Anna procedures following
safety injection on Tow pressure.

Control of Primary and Secondary Systems

At 0619, four minutes after initiation of safety injection,
the pressurizer level and pressure had returned approxi-
mately to their normal values and one of the two high-head
charging pumps was turned off. After another minute the
pressurizer power-cperated relief valves started cycling to
hold the pressure near 2335 psig.

A check was made of reactor coolant pump conditions with the
thought of starting them to restore pressurizer spray, to
achieve uniform mixing in the primary system, and to stabi-
lize primary system conditions. Pumps A and C had lost
their seal leakoff indications following the SI signal,
preventing them from being started. RC pump B, which is not
on a loop with the pressurizer surge line or a spray line,
was started at 0629 to achieve coolant mixing.

Letdown was initiated at 0627; however the flowrate cannot
be determined since the orifice alignment and the effects of
possible flashing {without charging through the regenerative
heat exchanger) are unknown. By 0635 the charging system
had been realigned to charge through the normal path instead
of through the Boron Injection Tank. Charging flow was
throttled to about 20 GPM, the auxiliary spray valve was
opened, and letdown increased to the maximum. At 0637, the
PORYV stopped cycling, and pressurizer pressure and water

le .1 started to decrease. The peak indicated water level
ro ed was about 73% of span, and the total mass of steam
re .-ased through the PORV was later calculated to be less
than 3500 1b.

Auxiliary feedwater pumps had brought the steam generator
water levels well up into the narrow renge span by 0625. At
that time one main feed pump was restarted and the auxiliary
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pumps were secured. Feed flows were held to a low rate
until 0631, when they were increased to bring indicated
levels up to normal at about 0636. Then flows were
throttled down, and again throttled to no flow at 0647 to
0650. .old leg temperature reached a minimum of 4730F at
0627, following termination of auxiliary feed flow. After
the RCP wac started at 0629 and main feed was throttled at
0636, reactor coolant and secondary side temperatures were
slowly increased by decay heat until they reached normal two
hours after turbine trip.

At 0646, about 36 minutes after turbine trip, volume control
tank high level and high pressure alarms were actuated, for
reasons discussed in the next section. As a result, letdown
flow was first reduced, and then temporarily stopped at
0659. Pressurizer water level and pressure increased and
the PORV again was cycled from about 0701 until letdown was
restored at 0705. Pressure continued to be sensitive to
level changes until about 0820, when the pressurizer heaters
finally brought the water in the pressurizer up to
saturation temperature.

Before wout 0820, operators noted poor pressure control,
similar to what would be expected with noncondensible gas in
the pressurizer. After that time the pressure was held near
normal while the pressurizer water level was gradually
reduced to normal over the next hour. Subsequent analysis
of a pressurizer steam space sample did not show unusual gis
concentration, and the poor pressure control is attributed
to lack of normal spray and pressurizer water subcooling.

During the cooldown transient the hot leg temperature went
from an initial 590°F to a minimum indicated value of
4829F in 22 minutes. As a result of the primary system
cooldown (greater than 100°F/hr normal cooldown rate)
Westinghouse was requested to evaluate the effect of the
cooldown on reactor vessel integrity. The cooldown was
deterTined not to have any adverse impact on this reactor
vessel.

Volume Control Tank Overflow

When normal letdown was established, the operating charging
pump was not aligned to take suction from the VCT and was
instead still aligned to the RWST. As a result, the VCT
level increased so that the VCT level control valve began
diverting water to t : Boron Recovery System (BRS) via the
gas stripper. An upset in the gas stripper resulted in the
closing of the inlet trip valve to the stripper due to high
stripper level.



With the VCT level control valve fully diverted to the BRS,
the closing of the stripper trip valve blocked letdown.
This caused the lower pressure letdowr relief valve to 1ift
(setpoint 200 psig) discharging water directly to the VCT.
At 0646, about 36 minutes after the turbine trip, the VCT
high pressure and level alarms were actuated and shortly
afterwards the relief valve lifted (setpoint 75 psig). This
relief valve discharged to the High Level Liquid Waste Tank
(HLLWT); initially a mixture of Hp and radioactive gases
were discharged, followed by water as the VCT became water
solid.

The HLLWT has a vent to the plant process vent which would
have released the noble gases to the environment through a
charcoal filter. However, the HLLWT vent line had a dis-
connected flange which allowed the radioactive gases to leak
into the auxiliary building. The noble gases were ulti-
mately discharged to the environment via the plant charcoal
and HEPA filters and the plant vent so that offsite doses
were similar to those which would have resulted from a
normal HLLWT vent line configuration.

Even if the HLLWT vent had been connected, some gases might

have escaped into the auxiliary building. The input from

the VCT relief valve could cause the HLLWT pressure to rise

slightly because of the limited vent capacity, causing

radioactive gases to be vented to the Low Level Liquid Waste

§§nks out into the auxiliary building through its overfliow
ine.

The airborne activity levels in the auxiliary building dur-
ing the first three hours following the plant trip were up
to 156 times MPC. As a result access to these areas was
restricted. Had a worker been exposed to these activity
levels for the full 3 hours the dose would have been signif-
icantly less than the quarterly limit. After the first 3
hours restricted access was not necessary as the airborne
activity was below MPC. See VEPCO LER (Appendix A of this
report) for additional information on the auxiliary building
radiation Tevels.

Reactor Coolant Pump Seal Leakage

The indicated seal leakoff from Reactor Coolant Pumps A and
C dropped to zero sometime following the plant trip. Based
on subsequent inspection of the seals in pump C the
following sequence has been derived.

The seal leakoff was normal prior to the plant trip although
that from pump C was low. The SI signal generated a con-
tainment isolation signal which isolated the seal leakoff

-

e

o
L



line at the containment. This did not bleck the seal leak-
off path because of a relief valve (setpoint 150 psig)
located inside the containment. Inspection of the No. 1
seal indicated that it was leaking at its normal rate.
However, the No. 2 seal was found to be worn, which together
with the increased backpressure, indicates that the No. 1
seal leakage was probably redirected through the No. 2

seal. This increased No. 2 seal leakage may have increased
the leakage through the No. 3 seal and contributed to a
Hi-Hi air particulate alarm in the containment.

C. Environmental Impact

VEPCO has determined that there was a noble gas release from the
auxiliary building at less than 0.05 percent of the release rate
limit allowed by the Technical Specifications. No radiation
exposures above background were observed in the 14 downwind
TLD's on the periaeter fence.
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Evaluation of Sensitivities

This section presents a general discussion of the transient in
comparison with FSAR analysis of a similar event, and also dis-
cusses briefly the effucts of possible alternative operating
procedures.

Accidental depressurization of the ma. steam system is classified
in the FSAR as a Condition II fault, thoe. is, a fault of moderate
frequency. The specific challenge presented by such an event is
whether the reactor would, because of the associated primary system
cooldown, go critical and experience DN3 and possible fuel damage.
The case which bounds the consequences of sach an event is the
spurious opening of a steam dump valve. The nature of the
September 25 event was much less severe than the transient shown in
the FSAR, since the FSAR analysis includes highly conservative
assumptions which were not present in the September 25 event.
Significant differences include the following:

1. Initial Tayg = 5709F, vs. hot no-load condition. This
provided additional stored energy, most of which was dissi-
pated by the controlled steam dump operation which brought
Tavg to the no-load value.

2. Initial power = 78%, vs. no-load in the FSAR. Thus decay
heat was available to reduce the cooldown rate and heat the
plant after cooldown was terminated.

3. Automatic feedline isolation, not assumed in the FSAR. This
Egzged to make the rate of cooldown less rapid than in the

4. Manual main steamline isolation, not assumed in the FSAR.
This ended the plant cooldown.

5. Two high-head charging pumps on SI, vs. one (worst single
failure assumption) in the FSAR. This, together with the
termination of the cooldown and decay heat, induced a rapid
repressurization, as opposed to the extended decrease in
pressure shown in the FSAR.

In both cases safety injection was initiated when the cooldown
had adequately reduced pressurizer pressure, and was sufficient
to prevent the reactor from returning to a critical condition.
Therefore, in both the FSAR case and the actual incident, DNB
was precluded.

Emergency operating instructions in effect at the time of the event
required the operators to trip off all reactor coolant pumps
immediately following safety injection initiation due to low pres-
surizer pressure. If, instead, the procedure called for tripping
the pumps only after a lower reactor coolant pressure had been



reached, the RCP's would have been left running. The principle
effect of this difference would have been that pressurizer spray
would have bazen available under automatic control throughout the
transient. The spray capacity would be more than adequate to pre-
vent the pressure from rising to the pressurizer power-operated
relief valve control setpoint, and thus, PORV's would not have
opened at all. Following termination of safety injection, pressure
control below the PORV setpoint pressure would be by charging and
spray, rather than by charging, auxiliary spray, and letdown.
Thus, the necessity for the operator to letdown either to reduce
pressure or to provide tempering of auxiliary spray would not be
present; letdown could be controlled as required for pressurizer
level control and as dictated by conditiuns in the volume control
system.

Another area under current discussion is the appropriate criteria
for termination of safety injection flow. The procedures in effect
required SI to be terminated no sooner than 20 minutes after initi-
ation unless overpressurization (pressure approaching the safety
valve setpoint of 2485 psig) was imminent. An alternate procedure
which has been proposed would, in this case, permit SI termination
when the indicated RCS pressure goes above 2000 psi, the steam
gererator water levels show that the U-tubes in at least one steam
ganerator are clearly covered, and the indicated pressurizer water
level is above 50%. In this event the RCS pressure reached 2000
psi about three minutes after SI actuation; the narrow-range steam
genzrator level signals gave unambiguous non-zero indications eight
minuies after the PORV's started cycling; and the pressurizer level
reached 50% fourteen minutes after SI actuation and eight minutes
after PORV cycling started. Again, with reactor conolant pumps
operating, pressurizer spray would prevent PORV opening.



IT1. RECOMMENDATIONS

A.

Steam Dump Valve Failure

The incident of a valve overtravelling and wedging open has the
potential to occur in all plants which ave the Copes Vulcan
Valve, Model D-100, with second generation tandem trim. All
plants for which this valve has been supplied by Westinghouse
will be notified and instructed how to adjust the valves to
prevent such an occurrence.

RCP and SI Termination Pr cedures

Westinghouse recommendations concerning instructions for tormi-
nating reactor coolant pump and safety injection operation
following events which actuate safety injection have previously
been discussed with the Westinghouse Owrers Group. These recom-
mendations are being reviewed to determine whether any changes
should be made. These procedures are also nresently being
discussed with the NRC.

. Spray With One RCP

Current Westinghouse reference operating instructions state that
with only one RCP operating spray is available only when that
RCP is on the loop having the pressurizer surge line. This is
because the static pressure in the active-loop hot leg is lower
than in the inactive hot legs, mainly due to the high velocity
head in that loop. It is recommended that plant operating
instructions consider this situation.

. Auxiliary Spray/Subcooled Pressure Control

Operating procedures should recognize the differences in pres-
surizer operating characteristics when pressurizer water is
subcooled. For rapid pressure reductions during normal opera-
tion, flashing of saturated pressurizer liquid is the dominant
mechanism slowing the rate of pressure decrease. For longer-
term recovery (over tens of minutes), pressure is restored by
boiling saturated liquid with pressurizer heaters. If the pres-
surizer liquid is subcooled, neither of these mechanisms exists,
pressure drops rapidly as pressurizer water level decreases,
expanding the steam bubble. Therefore, under these conditions,
max imum pressurizer heaters should be energized, and pressurizer
liquid temperature monitored, until saturated conditions are
restored.

Similarly, pressurizer spray normally controls pressure

increases. Without spray, an increase in pressurizer level
compresses the steam bubble into the superheat range with a
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relatively large pressure increase. The pressure characteristic
is similar to compressing a non-condensible gas. Auxiliary
spray may be used to mitigate pressure increases, but will not
be as effective as the much higher flow rate obtainable with
normal pressurizer spray.

The preferred nsde of auxiliary spray operation is to use
letdown flow in order to minimize thermal shocks. To achieve
sufficient spray flow the charging line isolation valve to the
rnld leg should be closed, the auxiliary spray valve opened, and
the charging line flow control valve used as necessary to
control spray.

Letdown Initiation After SI Actuation

Each utility should review its policy and procedures for reset-
ting containment isolation, and restoring normal letdown,
following an automatic containment isolation signal. In partic-
ular, are exit g radiation monitoring or sampling practices
believed adequate to preclude significant contami-ation of
auxiliary systems or atmospheric release in the « nt that
reactor coolant activity increased significantly during whatever
transient actuated containment isolation? (Note: According to
NUREG-0600, the principal pathway for radioactive release to the
environment from the TMI-2 accident was "through the makeup and
purification system".)
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Virginia Electric and Power Company -

North Anna Powzsr Station, Unit #1 Attachment: Page 1 of 5
Docket No. 50-338

Report No. LER 79-128/017-0 .

Description of Event:

At 0544 on 9/25/79 with reactor power 2t 78%, the fifth point heater drain
cooler dump valve LCV-SD-182B began to cycle. This cycling was believed to be
due to a tube rupture inside the 5B drain cooler. The leakage was more than
the capability of the drain valves causing extraction steam condeusate to
back up iato the 5th point heater to the turbine trip setpoint.

At 0609, a turbine trip occurred aund resulted jn a reactor trip. At this
time the main steaz dump valves opened to reduce RCS temperature to 547°F.
When the RCS temperature decreased below the steam dump setpoint, steam dump
valve TCV-1403G failed to close. The steam dump valve was then isolated by
closing the main steam trip valves. B

Excessive cooldown caused by the open steam dump valve resulted in am RCS
depressurization and a resultant Pressurizer Lo Pressure signal. This sigoal,
combined with the administratively tripped Pressurizer Lo Level signal, ini-
tiated a safety injecticn of the Emergency Core Cooling System. This event
occurred at 0614.

The RCP's were irmediately manually tripped as required. As a result of
the safety injecticn and the termination of the cooldown, the RCS pressure
began to increase. One of two SI charging punps was secured at 0619. At
0620, the pressurizer pow r operated relief valve began to cycle and main-
tained pressure at 2335 psig until normal letdown and charging were estab-
lished.

When normal letdown was established, the remaining charging pump was still
drawing suction from the RWST. This resulted in an increasing level within,
the Volume Control Tank (VCT) such that the VCT level control valve (LCV-
11154) bLegan to modulate to divert reactor coolant letdown to the Borom
Recovery System via the gas stripper. The high flow to the stripper resulted
in the inlet trip valve to the stripper closing due to high stripper level.
At this time, LCV-1115A was fully diverted to the gas stripper; however, the
inlet control valve to the stripper (TV-BR111lA) was closed. The pressure

in the letdown line inrreased to the low pressure letdown line relief valve
(RV-1203) (setpoint of 200 psig. This valve discharged directly to the VCT,
The VCT pressure increased to the VCT relief valve (RV-1257) setpoint of 75
psig. This valve discharged letdown water and gases directly to the High
Level Liquid Waste Tank (ELLWT). The normal action at this point would be
the release of noble gases from the HLLWT through a vent line and through
the plant process vents. In a point in the vent line a flange had been
disconnected and the noble gases were released into the auxiliary building.
The gases were then vented through the plant charcoal and HEPA filters and
out of the plant ventilation vents.

Had the flange not been disconnected, a release of noble gases to the
auxiliary building may have occurred. The discharge rate of VCT reactor
coolant to the HLLWT may have been too much to pass through the normal
vent line, therefore the reactor coolant gases would have vented to the
Low Level Liquid Waste Tanks and out into the auxiliary building via the
Luow Level Liquid Waste Tank overflow line.
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Attachment Page 2 of 5

The following is submiited as additiconal ianferwation. The release s
well within the Eagvirommental Techmical Specifications limit.

AUTILIARY BUTLDING AIRBORNE ACTIVITIES

03/25/79
TIME ELEVATION EXPLANATION
0700 274" 100.96* Times MPC. Principle Nuclei tavolved

were Xe 133 & 135 with some Kr 85 and RL 88.

259" 155.68* Times MPC. Principle Nuclei iunvolved
were Xe 133 & 135 with some Kr 85 and Rb 88.

0800 274" 1.12*% Times MPC. Principle Nuclei involved were
Xe 133 & 135 with traces of Rb 88.

0300 259" 6.01* Times MPC. Principle Nuclei involved
were Xe 133 & 135 vith traces of Rb 88.

1000 259" 0.68* Times MPC. Principle Nuclei involved
vere Xe 133 & 135 with traces of Rb 83.

1030 259" less than 0.1 times MPC. Principle Nuclei
involved was Rb 88. _All readings after 1030
were less than 0.1 times MPC.

*This value represents the total submersion hazar”’ involved with the total of
811 Rucl’.fio

Perimeter TLD's were pulled and evaluated. No radiation exposures above
background were observed in the 14 TLD's in the downwind direction on the
perizmeter fence.

Total Noble gas releases from ventilation vents ‘A and B and the process
vent amounted to 4.7E-022% of the release rate limit of noble gases.

During this event, several other events occurred which are contrary to
Technical Specifications.

After the turbine trip, a turbine reheat valve failed to close which is
contrary to T.S. 3.7.1.8. The action statement was entered and the turbine
was isolated from the main steam supply.

When the main steam dump valve failed to close, an RCS cooldown of 110°F
in 30 minutes occurred. This event is contrary to T.S. 3.4.9.1.b. The
RCS temperature was restored to within the T.S. limits by closing the
main steam trip valves.
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Attachment Page 3 of 5
Upon receiving the SI signal, the control room bottled air systen failed to
initiate as required by T.5. 3.7.7.1. The Action Staicwent requiremenls were
met by cooling down to the cold shutdown mode.

As a result of the safety injection, the Boron Injection Tank was left
containing 2000 ppz borated water instead of 20,000 ppa borated water
as required by T. S. 3.5.4.1 and the Ewergency Condensate Tank was de-
pleted less than 110,000 gallons by the Auxiliary Feedwater Pumps which
is coantrary to T.S. 3.7.1.3.

The appropriate Action Stateuents of these events were entered.

Although not reportable, a Hi Hi air particulate alarm in the Contain-
ment occurred. This is belleved to be due to leakage by the #3 seals
from the secured RCP's.

The ECCS actuation is reportable as per T.S. 3.5.2 which requires a 90
day report, Reg. Guide 1.16 requires a 24 hour notice and written follow
up as per T.S. 6.9.1.8.f. This is the third ECCS actuation reportable
as per T.S. 6.9.1.b.

This event is generic to Unit #2 since it uses the same type of steam dump
valves.

Probable Consequences of Occurrences:

The purpose of the Emergency Core Cooling System is to ensure adequate
cooling of the reactor in the event of a loss of coolant accident.

Since the ECCS actuated as required and at no time was the reactor in
danger of being undercooled, the safe operation of the plant was not
affected.

Also, since the radiation release was well within the limits of the Tech-
nical Specifications at no time was the health and safety of the general
public affected.

Cause of Occurrence:

The cause of the intial reactor trip was a turbine trip due to a2 Hi Level
in the 5B feedwater heater.

The resulting RCS cooldown of 110°F and depressurization wvas due to a
stean dump valve falling to close. The reason for the valve failure
is currently being investigated by Vepco, Westinghouse and Copes-Vulcan.

The cause of the Reheat Stop valve failing to close is unknown at this
time and will be investigated by Vepco a~d Westinghouse during a turbine
inspection.

The low level of the ECST and the underboration of the BIT are results

of the safety injection. The safety injection pumps draw suction from
the RWST and pump through the BIT leaving 2000 ppm borated water ia the
BIT. The ECST level was lowered by the Auxiliary feedwater pumps feeding
water to the steam generators.
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The failure of the control room hottled air systewm was the result of an
apparent pressure shock to the Bourdon tubes in the discharge of pressure
controller of the system. This pressure shock deformed the tubes leaviug
thea inoperable.

The release of radiocactive noble gases was due to the automatic shutdown of
the gas stripper and the continued letdown of the reactor cocolant while the
VCT was not supplying makeup to the reactor coolant system. The overfilling
of the VCT occurred during the time operations personnel were regaining RCS
pressure coatrol while still maintaining the required high head safety
injection flow to the RCS. The transition from the safety injection mode to
the norma2l chargiog mode of operation was made i. a slow and cautiocus nanner
$0 2s not to overpressurize the RCS. This evol .tion resulted in overfilling
the VCT and the resultant release of radioactive gases.

Irmediate Corrective Actions:

Upon actnation of the automatic reactor trip, the operators parformed the
required irmediate corrective actions of the emergency procedures. After
the main steam dump valve failed in the open position, the operators
attempted to isolate the valve by manually closing a steam dump isolation
valve. It was determined that closing the large valve would consume too
much time, therefore, the dump valve was isolated by closing the main
steam trip valves,

After the automatic initiation of safety injection from low RCS pressure,
the operators manually tripped the RCP's as required by procedures and
began monitoring RCS paraceters to ensura2 adequate core cooling.

At approximately 0619 the operators secured one of two High Head Safety
injectlion pumps and at approximately 0627 began to establish normal
letdovn. After 20 minutes of cold leg injection, at approximately
0633, safety injection was secured. At this tiz» a RCP and a feedwater
pump were in operation and the plant was determined to be stable.

When a high level and pressure were noted in the VCT, operations perscanel
re-established the RCS letdown to the Boron Recovery System via the gas
stripper. This alleviated the high pressure and level condition in the VCT
and the relief valve closed ending the release of reactor coolant to the
liquid waste tank. The disconnected flange ia the HLIWT vent line was
reconnected.

The operators refilled the ECST as required by the appropriate action
statezments and begaa to cooldown the plant to the cold shutdown mode by
following normal procedures.

Following the 110°F cooldown of the RCS, Westinghouse was notified and they
deternined that there was no effect on the RCS fracture toughness properties.

Scheduled Correctivwe Actions:

During the current refueling outage, investigations into the failure of
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the main steam dump valve and the turbipe rehezt stop valve will be
conducted by Vepco, Westinghouse and Copes Vulcan,

An engineering review of the letdown divert toc the boron recovery system
will be performed to determine if any iwprouveumcnts may be implemented
to the present systen.

A d-sign change will be incorporated into the control room bottled air’
system which wiil provide protection to the Bcurdon tubes from over-
pressurization.

-

A continued investigation into the effect of the transient on the plant is
being performed by Vepco and Westinghouse.

Also, Vepco and Westinghouse z2re reviewing the problem of #3 seal leakoff
from secured RCP’s.

Actions Taken to Prevent Recurrence:

Corrective actions tc the main steam dump valves and reheat stop valves
will be performed when the results of the investigations are available.

An engineering review into the problem of high flow in the High Level
Liquid Waste Tank vent line will be undertaken..

Any lessons learned from Vepco and Westinghouse reviews of the transient

will be incorporated into Vepco procedur:c: and will be forwarded to the
Westinghouse Owners Croup.
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APPENDIX B
SEQUENCE OF EVENTS SUMMARY

Table B lists significant events in sequence, and the sources for the
timing listed. The time base is that indicated by the plant computer
(Westin%house P-250) printout. Clock times listed by the alarm type-
writer

The timing sources are as follows:

. P-250 Sequence of Events Record

. P-250 Post-Trip Review

P-250 Post-Accident Analysis Log

Alarm Typewriter

Control room recorder charts (time scale 1 in./hr)
Operator interviews, 9/27/79

Discussions with operating staff, 9/28/79

.

NOYOY S WA

.
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time source 4) are rounded down to the next lowest even minute,



Clock
Time

0545
0609

0609

0611
0611
0611:

0612
0614

0615

0616

0616

0617
0618
0619
0620:
0625

0627
0629

146

154

:10

145

30

Minutes
After
Turbine
Trip
-25

0:0

1:24
1:44

4:59

10:45
15

17
19

TABLE B
SEQUENCE OF EVENTS SUMMARY

Event

LP FW heater drain dump valve alarm
Turbine trip on high FW hezter drain level
Reactor trip on turbisze trip

Steam dump valves trip open

One dump valve stuck open

A1l three auxiliary FW pumps start on
S/G lo-1o level within 3 seconds

One main feedwater pump tripped manually
Main feedwater flow goes to zero

Letdown isolation on low pressurizer
pressure

Volume Control Tank low level alarm

Safety injection on low pressurizer
pressure

Second main feedwater pump tripped
from SI

Main steam stop-check valves tripped
closed manually

A1l reactor coolant pumps turned off
manually

Pressurizer level returned to 9%
Pressurizer pressure 2160 psig

One charging pump stopped manually
Pressurizer PORV starts cycling open

One main feed pump started, auxiliary
feed stopped

Letdown initiated

Reactor coolant pump B started

, - % e
8-2 YA50.

Timing
Source

— OOV

1,4

1,4



0634
0635
0637
0646
0646
0701

0704

0716

1005

24
25
27
36
36
51

55

a2

190

TABLE B (Continued)
First S/G level returns above normal
Charging flow realigned to normal
Pressurizer PORV stops cycling
VCT high level alarm
VET high pressure alarm

Pressurizer PORV opens, cycles about
4 minutes

Bank of dump valves isolated, start
opening main steam valves bypass (next
40 minutes)

Containment particulate Hi-Hi
radiation alarm

Pressurizer level at normal, Tavg and

pressure normal, S/G levels in manual
control

B-3
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APPENDIX C

GRAPHS OF TRANSIENT RESPONSE

CONTROL RCOM CHARTS, SCALE = 1 IN./HR

a. Note that time scales are not exactly the same

b. Where 2 or more signals are on the same chart, the time scales

are offset. An attempt has been made to align the turbine trip

time for the first or basic variable on each chart.

FIGURE C-1

Wide range S/G water level
Narrcw range S/G water levels
also showing steam and feed flows

FIGURE (-2

Steam header pressure

Wide range hot leg temperatures
Wide range cold leg temperatures
Precsurizer pressure

(The compensated control nressure signal has been partially

blanked out for clarity)
Pressurizer water lever

PLOTS FROM PLANT COMPUTER TYPED OUTPUT
0-3 Minutes: from post-trip review

9-47 Minutes: from post-accident analysis log
Alarm events are also shown to the nearest minute

FIGURE C-3

Narrow range steam generator water levels
Wide range cold leg temperatures

FIGURE C-4

RCS pressure
Pressurizer water level

C-1
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