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Darrell G. Eisenhut, Director
Division of Operating Reactors

U.S. Nuclear Regulatory Commission
7920 Norfolk Avenue

Bethesda, Maryland 20014

Subject: Event Evaluation Reports

Dear Mr. Eisenhut:

During the past several months, abnormal events have occurred at several nuclear
power plants with Nuclear Steam Supply Systems designed by Westinghouse. These
events include sudden and significant steam generator tube leaks at the Doel plant
in Belgium and at Northern States Power's Prairie Island plant Unit No. 1, and a
stuck open condenser steam dump valve following a turbine trip at North Anna Unit
No. 1. These events did not result in any abnormal radioactivity releases and
would have probably received very little attention prior to Three Mile Island.

We now feel that significant benefits can be realized by more in depth evaluation of
certain of these kinds of events with follow-up communication of the evaluation,
findings and recommendations to all owners of Westinghouse plants, at a minimum.

In our view, this information can be well utilized in utility operator training programs
and in reviews of operating,abnormal and emergency procedures. Some of the findings
could also result in future system or equipment modification.

We have completed the event evaluaticns for the Doel and North Anna transients and
we expect to complete the Prairie Island report shortly. I am enclosing copies of
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Darrell G. Eisenhut
Page 2

both of the completed reports which have already been transmitted to Westinghouse
customers. My reason for doing so is two fold. First, we would like some feedback
on the format and content of the reporte. Second, we would like some recommendations
regarding further distribution of such reports to others in the industry and the manner

in which that should be accomplished.
z truly yours,
N P

T. M. Anderson, Manager
Nuclear Safety Department

1

Enclosure
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EVALUATION OF LICENSEE EVENT AT WESTINGHOUSE OPERATING PLANT

Operating Plant - Doel #2
Operating Utility - EPES
Date of Event - June 25, 1979

- INTRODUCTION

The Doel #2 plant is located in Belgium and began commercial operation in late
1975. The Doel plant is a two loop 370 MWE PWR using the basic Westinghouse
design. The detailed design was performed by Westinghouse Nuclear Belgium.

I.

-

Description of Event

The description of the event is taken from the EBES Report of incident
Doel 2 letter OPS/JDW/79/4361. Attachment 1 is a copy of this report.

Plant Operating Conditions

The plant was heating up the primary loop after a repair of the
pilot system on a main steam valve.

At the time of the event, the primary temperature was 491°F and
the pressure had reached its value of 2232 psi. The reactor was
subcritical with all rods inserted.

The secondary pressure in the steam generators was 640 psi, 1.e.,
saturation pressure of 491°F.

Steam geherator A" has had low activity on the secondary side (less
than allowable 1imit) for some time, which indicates a small primary

to secondary leak.
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B. Sequence of Events

1. About 7:20 p.m., a quick depressurization was established in the

primary loop, about 28 psi per minute. This caused an accelera-
tion of the working charging pump. A second charging pump was
started manually. The letdown line isolated automatically.

The closed position of the pressurizer relief valves was confirmed
and their isolation valves were preventively shut. The level in
the pressurizer quickly dropped and the heaters switched off
automatically. :

7/

A quick level rise was also noted in steam generator "B". The
radiation monitor of the blowdown line indicated a maximum
activity.

A combination of these indicated a leak in the tubing in steam
generator "B". Immediately, steam generator "B" was completely
fsolated and the atmospheric steam relief valve set point was
adjusted to a maximum setting.

Concurrently, the third charging pump was also started (pump was
administratively out of service in preparation for inspection).
The three charging pumps were not able tu make up the leakage in
the steam generator. The CVCS tank was very quickly emptied

and the charging pumps' suction was autrmatically diverted to
the RWST. '

To increase the cooldown, the primary pump "B" was stopped and
atmospheric steam release was started via steam generator “A",

Initiation of the Safety Injection

About 20 minutes after the beginning of the incident, the pressure
setpoint (1685 psi) -of safety injection was reached. All the
emergency diesels ran within the required time, but were not
required to take the load. Isolation Phase A and isolation of

the ventilation of the containment were initiated. The essential
ftems, which had not been run, were started.
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- At 1535 psi, all the high pressure S.I. pumps (3 + ! standby)

discharged into the primary loop, whereby th: depressurization

- was stopped.

To prevent the secondary bressure in the defective steam generator
from reaching the set pressure of the safety valves, the primary
pressure was reduced by maximum spraying in the pressurizer by
restarting the primary pump B and using both the spraylines.
During this phase, the leve! in the pressurizer rose very quickly
and was completely filled. The spray was stopped and the pressure
stabilized on the zero flow pressure of the high pres . e S.I.

- -, -
L]

The automatically started éuxiiiary feed sysfem‘provided an RCS
depressurization in steam generator "B",

The auxiliary feed pump of the isolated S.G. was locally stopped
and isolated. This was nat possible from the control room because
the S.I. signal had not been interrupted. The auxiliary feedwater
tank was filied from DOEL 1.

Interruption of S.I. Signal o _z:._

The interruption of S.I. had to be initiated to depressu}1ze‘the
plan’. This was necessary for the following reasons: .. .

a. To avoid opening of the safety valve of the steam generator.

b. To be able to use, as soon as possible, the RHR system '
(low pressure loop) in order to stop the blowdown of the
steam via steam generator "A",

First, the safety injection signal had to be interrupted. This
had to be done seve-~al times, with a five minute delay time each
time, beca.se permissive relay P11 was forgotten to be deleted.
This gave prompt S.I. again after the interruption.
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_After successful interrupticn of the S.I, signal, two high pressure
;S.I. pum, s were stopped and, shortly after, the third one was
_stneped. In accordance with the cooldown margin, the last high
p}e§SUtg S.I. pump was then stopped. Herewith, the pressure dropped
-10.924 psi. Saturation pressure was, at that moment, < 213 psi.

.Tﬁe letdown 'ine valves were activated to open, but the valves
‘remained closed. After a short investigation, it was realized
.that by isoiatiny Phase A, the service air in the containment was
‘also isolated. After realignment of the service air, the letdown
1ine was operable. When the letdown line opened, the pressure
;Qfopped quickly »t first, then gradual}y.

-The loss of service air resulted in the CCW valves to the primary
-pumps closing. The pumps ran during tnis time without cooling of
the thermal barrier. This did not cause the '~2ermal barrier tem-
perature to reach the alarm temperature. The wat2r and oil coolers
of the RCP are on separate circuits with motor operated valves and
were unaffected by Phase A isclation.

4. 1Initiation of RHR System

The automatic isolation (valve RC 003) of the RHR system occurs

at 398 psi. Since the depressurization rate was very slow through
the letdown line, the changeover was effected at a pressure of
440 psi. There was enough margin with respect to the allowed
pressure (597 psi) for this loop. This operation allowed steam
relief from steam generator “A" to be stopped quicker and limited
the release of steam. ’

5. Further Action

With the last mentioned operation, the primary pressure dropped
below the secondarxﬁpressure in the defective steam generator "“B".
The secondary level dropped. This caused a dilution risk. The
boric acid concentration was checked every half an hour. The
concentration remained stationary at 1500 ppm.
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The cooling down caused the pressure in steam.generator "B" to
drop slowly and fall below the primary pressure. From this point,
the primary pressure was carefully held above the steam generator
pressure. Despite the cold water that entered the steam generator
this way, the pressure dropped very slowly. This was caused by
a warm water layer at the top fo the -generator that was unaffected

by the cold water injection.

When the level in the steam generator approached the top of the

wide range lev'1 instrument, the pressure was sufficiently lowered
(170 psi) to add nitrogen. The secondary drain pipes were connected -
to the system for 1.quid waste and the stu. . generator was emptied
using the nitrogen pressure.

The nitrogen cushion itself had a low enough radiation level to
be released via the interspace (volume between containment walls),

C. Enyironmental Impact

The incident was controlled properly, so that there were no prejudicial
effects to the environment or the installation.

Evaluation of the Event

Westinghouse evaluation of the event las identified the following important
factors:

1. Very early in the procedure, the primary pump "B" was stopped in
order to increase the plant cooldown capability. Is this necessary
and/or desirable for incorporation in the emergency procedure?

The Westinghouse recommended procedure is to trip the RCP's when

RCS pressure drops below 1250 psi plus indicated inaccuracy, if

CCW to the pumps is Ioét, or during recovery according to the pro-
cedure after the plant has been stabilized at reactc coolant tem-
perature S0°F below no-load temperature. Review of the Westinghouse
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recommended instructions in this regard indicates that it is not
neces’ ‘y to trip reactor coolant pumps in order to establish

this level of reactor system cooldown. Furthermore, the recommended
fnstructions are intended to address the possibility of event mis-
diagnosis. In this case, the RC'pump trip for accident recovery
considerations has been intentionally placed as late as possible in
the procedure to keep overall recovery instructions as similar as
possible to those for LOCA and loss of secondary coolant.

In order to isolate auxiliary feedwater flow to the affected steam
generator, a local manual operation was performed to stop the pump
(because S.I. was not reset). Auxiliary feedwater flaw to a steam
generator can be be stopped from the control room without reset of the
S.1. signal by use of the feedwater control valves. In fact, the
auxiliary feedwater pumps <u not need to be stopped to accomplish
feedwater i1solation of the a2ffected steam generator,

The comment was made that P11 had to be deleted in order to effectively
stop cperation of the high pressure S.I. pumps.' A review was made

of the logic required for S.I. termination which showed that P11 does
not need to be reset in order to effectively reset S.I. and stop high
head S.I. operation. This has subsequently been clarified as a relay
timing problem at DOEL and not a generic desigr feature.

The atmospheric steam relief valve setpoint was turned to a maximum as

~one of the early actions taken at DOEL to prevent/minimize steam

relief through the affected steam generator.

The steam relief valves are currently set approximately half way
between no-load pres-ure and shell side design pressure. As such,
they are normally set only about 50 psi below the pressure at which
the steam generator safety valves begin to open. Therefore, resetting
their setpoint to a maximum results in very little increase in actual
pressure margin availabie.
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Furthermore, if steam relief would occur from the ste.n generator,

it would be less desirable that such relief occur through the safety

valves, since reliability of ths.e type valves to completely close

< ter steam relief is somewhat less than that observed for the ‘steam

generator power operated relief valves. -In addition, only the relief
valves have backup isolation valves which could be used to terminate

steam flow if necessary. Therefore, it was concluded that the relief

. valve setpoint should not be adjusted for this event.

- Subsequent recovery of the DOEL 2 plant included drain of the affected

steam generator using a nitrogen blanket. -The ability to drain the
steam generator in the manner described in the DOEL report is somewhat
plant dependent, although such a procedure cculd probably be accom-
plished with any design. However, such a procedure lies beyond the
scope of the recently revised Westinghouse Emergency Operating Instruc-
tions, which provide guidance to establish a safe, stable condition
after the transient. Draining of the contaminated water in the affected
steam generator requires consideration of cleanup capability and

holdup tankage, and is not related to establish a safe system configura-
tion with respect to either core cooling or the potential for radiation
releases outside containment. The procedure followed at DOEL 2 was
reascnable and effective, and should be conveyed to other operating
utiliiies.

A review of the equipment performance during the shutdown sequence
ifndicated an area that required further investigation. During recovery
procedures from the incident, the subsequent blocking of the safety
Ifnjection signal was permitted by the S.I. block on Tow pressurizer
pressure by means of the P11 permissive, but could not be satisfactorily
accomplished by the system level ~2set and block S.I. push button.

This system level reset push butto. was manually actuated several times
and, following each manual actuation, the safety injection signal was
reinitiated until it was finally blocked by manual actuation of another
reset/block push button permitted by P11. The safety injection signal
is also derived from process parameters other than low pressurizer
pressure. Although these process parameters did not call for a safety
injection, had they done so, the recovery may not have gone as smoothly
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as {t apparently did. The logic is designed such that the S.I. signal
can be reset and blocked even if the initiating condition is still
present and, due to a relay sequence timing condition from the switrhing
time of a relay, this part of the sequence did not work as designed.
This problem was not found during testing due to the test procedures
masking this specific relay sequencing timing condition. If the

relay timing sequence had been as designed, the S.I. interruption

could have been accomplished about 10-15 minutes sooner.

7. Containment isolation Phase A resulted in loss of air supplies to
some essential equipment of the component cooling water system, with
a potential impact on RCP operaticn resulting from loss of cooling
to the thermal barrier. Current interface criteria assure that
component cooling water to the reactor coolant pump motor bearings
fs available in the presence of a containment isolation Phase A
condition. Further, RCP design is such that either seal injection flow
or CCW flow to the RCP seals is sufficient to provide pump seal integrity.
Therfore, current Westinghauz~ design philosophy permits one or the
other to be available, even during the consesuences of a containment
Phase A isolation,

8. All other equipment performed as expected and within their specified
time frames. Safety injection pumps started and performed as expected,
containment isolation on Phase A signal due to S.I. was accomplished as
sxp.cted. No instrumentation malfunctions were identified. The blow- ,
down radiation menitoring system was used to determine the steam
gerierator that was leaking.

III. Impact

The sbecific incident of steam generator tube rupture is applicable to all
pressurized water reactors. The recovery sequence as experienced at

DOEL 2, specifically the difficulty in blocking and resetting safety
injection, could be a potential problem for PWR's that have relay systems
for safeguards actuation.
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A reyiew of Westinghouse logic and hardware control systems shows that
the plants can be divided into two general categories:

1. Those that contain the Solid State Protection System (SSPS).

2. Plants that process safeguards actuation 'signals through relay systems,
1.‘.. n]ay plants. -

Concerning the SSPS plants, even though the reset and block of S.I. is
functionally similar to relay plants, the translation of these functions
irto hardware design is sufficiently different that the same sort of

relay timing problem that DOEL 2 had could not occur. Furthermore, the
periodic testing of the logic by means of the semi-automatic tester and

the safeguards test cabinets is more comprehensive., In addition, that

part of the S.I. block/reset circuit that was not designed to be on-line
testable was covered by a Technical Bulletin NSD-TB-11. Therefore, the
only plants which need to be considered are Relay Plants. These plants
functionally also have an S.I. reset and block similar to DOEL 2. On

plants where S.I. reset/block is not permitted following a reactor trip,
they functionally are the sam2. Also, in the translation of these functions
into hardware design, the circuits are very similar. The early Westinghouse
2lay plants are H. B. Robinson #2, Zion #1, Zion #2, Conn Yankee/Haddam
Neck, Turkey Point #3, Turkey Point #4, Indian Point #2, Indian Point #3,
Prairie Island #2, Prairie Island #1, Robert E, Ginna, San Onofre #1,

Surry #1, Surry #2, Point Beach #1, Point Beach #2, Kewaunee, Yankee-Rowe, -
Belgium #3, Mihama #1, Ko-Ri #1, Takahama #1, Beznau #1, Beznau #2,

Jose Cabrera Zorita, and Ardennes.

The desired sequence of operation of the relays and reset push button for
DUEL 2 has been compared with the desired sequence for a design typical
of tie early Westinghouse domestic relay plants. The evaluation of

this cvmparison yields:

1. Tae evaluation of DOEL 2 showed that the Time Delay Relay (TDR) opened
fts normally open contact before the Seal-in Relay had time to close
its normally open contact. This did not allow the Seal-in Relay to
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block the S.I. signal. The TDR was several milliseconds short of
allowing the seal-in relay to block the S.I, signal. This information
was obtained from testing done at DOEL 2 after the event,

2. Based on the evaluation of early Westinghouse relay plants, the time
deIay relay will open its normally open contact nine mil'iseconds

. after the reset seal-in relay closes its normaily open contact, thus

achieving its goal by a nine millisecond overlap. This is based on
the technical bulletin data.

This evaluation shows that there are not equivalent generic implications
on Hestinghouse plant designs based on the design and technical data
avaiIable on the component involved. Further evidence of ‘this is the
numerous inadvertent safety injection incidents in Westinghouse plants,
These incidents, to the best of our knowiedge, have been successfully
terminated without any reported difficulties of not being able to block
5.1. by the system S.I. block even when the S.I. signal was still present,
for example, 14 inadvertent S.I. events occurred in 1975 which were terminated
in 10 minutes. One event in 1975 was terminated in 30 minutes because

of loss of indication. There also were nine events in 1975 whose termina-
tion times were not repc . ted.

Recommendations

The Westinghouse Nuclear Technology Division's review of available informa-
tion on the steam generator tube leak incident at DOEL 2 has not resulted
fn any actions to modify the Westinghouse Emergency Operaving Instructions,
operating procedures or equipment. The recovery actions at DOEL 2 were
adequate to protect the plant and the health and safety of the public.

These conclusions are based upon NTD review considering typical Westinghouse
supplied equipment, the revised Emergency Operating Instructions and
Westinghouse Standard Technical Specifications. Operating utilities

should consider specific plant technical specifications, testing procedures,
and design modifications that may have been implemented in performing their
review of the transient. -
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- It {s recommended that the Westinghouse relay plants be informed as to
- the incident at DOEL 2 and the Westinghouse review of the incident, for
{nformation.

In the same context of information, the NRC should be informed of the
incident and the Westinghouse evaluation of it.

SR AR 1503 272



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.
open steam dump valve which caused safety injection initiation.

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.

x.

A.

The event of interest is a turbine trip followed by a stuck-

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
conlant system.

The reactor coolant average temperature was about 3OF below
normal at 78% power. Pressu.;izer and steam generator water
levels were normal. Two o7 ‘he three main feedwater pumps were
operating. The block vale on one of the two pressurizer
power-operated relief valres was closed to prevent leakage.

Sequence of Events

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

1. Initiating Sequence
At 0544 on ©/25/79 a low pressure feedwater heater drain
cooler dump valve begar 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 heater to the turbine trip
setpoint. .

At 46 seconds past 0609 turbine trip occurred. Turbine trip
immediately 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
operato~ noted from the valve position indicators that one
valve nad stuck in the fuli-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-
lire 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
inches, the valve had stroked 3-1/8 inches. The overtravel
caused the vaive 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 specified 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 Ib/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 tire 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. (Subsequent 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 Nortk Arna procedures following
safety injection on low 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-operated 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
PORV stopped cycling, and pressurizer pressure and water
level started to decrease. The peak indicated water level
reached was about 73% of span, and the total mass of steam
released 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 range 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. Cold leg temperature reached 2 minimum of 473°F at
0627, following termination of auxiliary feed flow. After
the RCP was 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 afte- 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 vntil 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 about 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 wate: level was gradually
reduced to normal over the next hour. Subsequent analysis
of a pressurizer steam space sample did not show unusual gas
concentration, and the poor pressuvre control is attributed
to lack of normal spray and prescurizer water subcooling.

During the cooldown transient the hot leg temperature went
from an initial 5909F 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
deterwined 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
inctead still aligned to the RWST. As a result, the VCT
level increased so that the VCT level control valve began
diverting water to the 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.
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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 letdown relief valve to 1ift

setpoint 200 psig) discharging water directly to the VCT.

t 0646, about 36 minutes after the turbine trip, the VCT
high pressure and level alarms were actuatad and shortly
afterwards the relief valve lifted (setpoint 75 psig,. This
relief valve discharged to the High Level Ligquid Waste Tank
(HLLWT); initially a mixture of Hp and radioactive gases
ue;e discharged, followed by water as the VCT became water
solid.

The HLLWT has a vent to t'e 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 FLLWT vent line configuration.

Even i 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 overflow
ne.

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 houre 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 levels.

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 gerierated a con-
tainment isolation signai which isolated the sea! leakoff
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_ line at the containment. This did not block the seal leak-
off path because of a relief vaive (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 ‘eakage was prcbably 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 Specificat’uns. No radiation
exposures above background were observed in the 14 downwind
TLD's on the perimeter fence.
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I1.

Evaluation of Sensitivities

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

Accidental depressurization of the main steam system is classified
in the FSAR as a Condition II fault, that 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 ONB and possible fuel damage.
The case which bounds the consequences of such 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:

<« 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
Tayg 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 isolatio., not assumed in the FSAR. This
}gxged tc 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 tha
termination of the cooldown and decay heat, in<. :ed a rapid
repressurization, as opposed to the extended decrease in
pressure shown in the FSAR.

In both cases safety iajection was initiated when the cocldown
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 prec luded.

Emergency operating instructions in effect at the time of the event
required the operators to trip off all reactor coolant pumps
immediately foilowing safety injection ini*iation due %o low pres-
surizer pressure. If, instead, the prozedure called for tripping
the pumps only after a lower reactor coolant pressure had been
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reached, the RCP's would have beer left running. The principle
effect of this difference would have been that pressurizer spray
would have been 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, PURV's would not have
opened at all. Following termination of safety injection, pressure
control below the PORV setpoint pressure wouid be by charging and
spray, rather than by charging, auxil*ary spray, and letdown.
Thus, the necessity for the operator to letdown either to reduce
pressure or to provide tempering of auxiliarv spray would not be
present; letdown could be controlled as required for pressurizer
leve] control and as dictated by conditions 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 he 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
generator water levels show that the U-tubes in at least one steam
generator 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
generator leve! signals gave unambiguous non-zero indications eign.
minutes after .he 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 coolant pumps
operating, pressurizer spray would prevent PORV cpening.
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ITI. RECOMMENDATIONS

AC

Steam Dump Valve Failure

The incident ov a valve overtravelling and wedging open has the
potential to occur in all plants which have 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 Procedures

Westinghouse recommendations corcerning instructions for termi-
nating reactor coolant pump and safety injecticr operation
following events which actuate safety injection have previously
been discussed with the Westinghouse Owners Group. These recom-
mendations are being reviewed to determine whether any changes
should be made. These procedures are also preserily 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 whern that
RCP is on the loop having the pressurizer surge line. This is
because the static pressure in the active-loop hot leg is iower
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 chéracteristics 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 st2am bubble. Therefore, under these conditions,
max imum pressurizer heaters should be energized, and pressurizer
liquid ;emperature monitored, until saturated conditions are
restored.

Similarly, pressurizer spray normally controls pressure
increases. Without spray, an increase in pressurizer level
compresses the steam bubb': into the superheat range with a

e
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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 mitijate pressure increases, but will not
be as effective as the much higher flow rate obtainable with
normal pressurizer spray.

The preferred mode of auxiliary spray operation is to use
letdown flow in order tc minimize thermal shocks. To achieve
sufficient spray flow the charging line jsolation valve to the
cold 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 existing radiation monitoring or sampling practices
believed adequate to preclude significant contamination of
auxiliary systems or atmospheric release in the event that
reactor coolant activity increased significantly during whatever
transient actuated containment isolation? (Note: According to
NUREG-0600, the principal pathway for radicactive release to the
environment from the TMI-2 accident was “through the makeup and
purification system".)
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APPENDIX A

October 9, 1979

Yr., Jawmes T, C'Teilly, Mrector Serial Yo. 322

M fice of Inspection and nforcerent PO/ T thav

Y. S5, Muclear Requiatory Cowrmission Docket Yo, 5=323
Pesion II

10} Mariesla Street, Suite 3100 License No. IPF-4

Atlanta, Ceorgia 3e3es
Dear “r. Q'Feilly:
Pursuant to Yorth inns Power Station Technical Specificationa, the Virpiaia ,
flectric and Tocwer (ompany heredy suni:s the following Liceaz=ee Svent Bopors
for Yorth Anaa Unii “o. l.

Fevort M. Applicable Teehnizal Snecificaticns
Lr.\' "’-‘23/0‘?—0 7. 3. 6.q.‘o;0‘.
Thin report das Y“een raviewwd hv s Seati{on Muclear <af oty and Mperatina
Fovmittes and will be placed on the age=ada for *%e aext mweting of the
Syatea Tuclear Tafety and Tperating Tomnittee,

Tsry truly years,

lidby

C. Y. Stal}
. Vice Promident=lover Supply
and Productios Crerations

“rclosures (3 cosies)

ce? *r. Victor Stello, Director (40 covies)
Cffice of Tompection and ZEnforce~ent

Yr. ¥illiam G, Meclonald, Dirsccor ! contn)
"t“ice of “anagerent Information an
Progran Contrnl

be: Mr, W. L. Proffitt Mr. C. M. Stallings ifr. W. C. Daley

Mr. B. R_. Sylvia Mr. J. A. Ahladas ¥r. W. L. Stewart

Mr. E. A. Baum Mr. J. L. Perkins Mr. P. R. Beament(2)

Mr. C. A. Olson-EEI Mr. R. M. Tayvlor Mr. A. L. Hogg=N. Anna

g. M. ;.’. Stubhs Mr. D. W. Speidell, Jr. Mr. Y. R. Cartwright(2)
. M.

. Kidd-¥RC/N. Anna
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Virginia Electric and Power Company $
North Anra Power Station, Unit 1 Attachment: Page 1 of 5

Dockat No 50-338

Report No R 79-128/01T-0 f*\"/"‘ v e e "'”.7/ﬁ’v.{'L
2R TR =N

Description of Event: LJJQ\_Hl A U\JH 1

At 0544 on 9/25/79 with reactor power at 78%, the fifth point heater drain
cooler duzp valve LCV-SD-1828 began to cycle. This cycling was believed to be
due to a tube rupture inside the SB drain cooler. The leakage was more thau
the capability of the draim valves causing extraction steam condersate to
back up into the S5th point heater to the turbine trip setpoint.

At 0609, a turbine trip occurred and resulted im 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 setpcint, steam duup
valve TCV-140BG failed to close. The steam dump valve was then isolated by
closing the main steam trip valves. g .

Excessive cooldown caused by the open stezm dump valve resulted in an RCS
depressurization and a resultant Pressurizer Lo Pressure signal. This sigmal,
combined wit' the administratively tripped Pressurizer Lo Level signal, ini-
tiated a safety injection of the Emergency Core Cooling System. This event
occurred at 0614,

The RCP's were immediately mauually tripped as required. As a result of
the safety injection and the termination of the cooldown, the RCS pressure
began to increase. On~ of two SI charging pumps was secured at 0619. At
0620, the pressurizer pow r operated relief valve began to cycle and maine
tained pressure at 2335 psig until normal letdcwn 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) began to modulate to diver* 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 coantrol valve to the stripper (TV-BR111A) was closed. The pressure

in the letdown line increased to the low pressure letdown line relief valve
(R7-1209) (setpoint of 200 psig. This valve discharged directly to the VCT.
The VCT pressure increased to the VCT relief valve (RV=1257) setpoirt of 75
psig. This valve discharged letdown water znd gases directly to the High
Level Liquid Waste Tank (HLLWT). The normal action at this point would be
the release of noble gases from the HLLWT through 2 vent line and through
the plant process vents. In a point in the veat 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 BEPA 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 ALLWT may have been too much to pass through the normal
vent line, therefore the reactor coolant gases would have veated to the
Low Level Liquid Waste Tanks and out into the auxiliary building via the

Low Level Liquid Waste Tank overflow line. .
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The following is submitted as addition~I tatsrmation. The release was
well within the Eavirommental Techuical Speci ications limit.

AUXILIARY BUILDING AIRBOFNE ACTIVITIES

09/25/79
TME ELEVATION | JXPLANATION
070u 274° 100.96% Times MPC. Principle Nuclei imvolved

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

259! , 155.68* Times MPC. Principle Nuclei imvolved
; were Ze 133 & 135 with some Xr 85 and Eb 83.

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

0500 259" 6.01* Times MPC. Principle Nuclei involved
vere Xe 133 & 135 with traces of Rb 28.

1000 259° 0.68* Times MPC. Principle Nuclei involved
vere Xe 133 & 125 with traces of Rb 88.

1030 259" - Lesa than 0.1 time: MPC. Principle Nuclei
involved was Rb 88. _All readings after 1030
were less thaa 0.1 times MPC.

*This value represents the total submersion hazar’ involved with the total of
all Nuclei.

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
perimeter fence.

Total Noble gas releases from ventilation vents A and B and the process
vent amounted to 4.7E~0ZX 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
wvas 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. 3.4.9.1.5. The
RCS temperature was restored to within the T.S. limits by closing the
main steza trip valves.
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Attachment Page 3 of §

Upon receiviay the SI signal, the control room bottled air system failed to
initiate as required by T.5. 3.7.7.1. The Action Statcment requiremects were
met by cooling dowa to the cold shutdown mode.

As a result of the safety injection, the Boron Injection Tank was left
coataining 2000 ppm borated water instead of 20,000 ppm borated water
as required by T. S. 3.5.4.1 and the Emergency Condensate Tank was de-
pleted less than 110,000 gallons by the Auxiliary Peeduwater Pumps which
is coatrary to T.S. 3.7.1.3.

The appropriate Action Statements of these events were euntered.

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

The ECCS actuatiom is reportable as per T.S. 3.5.2 which requires a 90
day report, Reg. Guide 1.16 requires a 24 hour notice aand written follow
up as per T.S. 6.9.1.8.f. This 1s the third ZCCS actuation reportable
as per T.S. 6.9.1.b. )

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

Probable Consequenc s 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-
anical Specifications at no time was the 1ealth and safety of the general
public affected.

Cause of Occurrence:

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

The resulting RCS cooldown of 110°F and depressurization was due to a
steam dump valve failing 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 {s unknown at this
time and wii. be investigated by Vepco and 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 drawv suction from
the RWST and pump through the BIT leaving 2000 ppm borated water in the
BIT. The ECST level was lowered by the Auxiliary feedwater pumps feeding
vater to the steam generators.
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Attachment page 4 of S

The failure of the control room bottled air system 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
thex inoperable.

The real:ase of radiocactive noble gases was due to the automatic shutdown of
the gas stripper and the continued letdown of the reactor coolant while the
VCT was not supplying makeup to the reactor coolant system. The overfilling
of the VCT occurrad during the time operations persornel were regaining RCS
pressure coantrol while still maintaining the required high head safety _
injection flow to the RCS. The transition irom the safety injectiom mode to
the normal charging mode of operation was made in a slow and cautiocus manner
80 as Dot to overpressurize the RCS. This evolution resulted in overfilling
the VCT and the resultant release of radioactive gases.

Immediate Corrective Actions:

Upon actnation of the automatic reactor trip, the operators performed the
required immediate corrective actions of the emergency procedures. After
the main steam dump valve failed in the open position, the operators
attempted to isclate the valve by manually closing a steam dump isolation
valve. It was determined that closing the large valve would consume too
much tige, 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 prccedures and
began monitoring RCS parameters to ensure adequate core cooling.

At approximately 0619 the operators securad ome of two High Head Safety
injection pumps and at approximately 0627 began to estabiish normal
letdown. 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 in the HLLWT vent line was
reconnected.

The operators refilled the ECST as required by the ajpropriate action
statexments aud began to cooldown the plant to the cold shutdown mode by

following normal procedures.

Following the 1i0°F cooldown of the RCS, Westinghouse was notified and they
determined that there was nn effect on the RCS fracture toughness properties.

Scheduled Corrective Actions:

During the current refueling outage, investigations into the failure of
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Attachment page 5 of 5

the main steam dump valve and the turbipe reheat stop valve will be
conducted by Vepco, Westinghouse and Copes Vulcan. .

An engineering review of the letdown divert to the boron recovery sfstem
will be performed to determine if acy iwprovements may be izplemented
to the present system.

A design change will be incorporated into the control room bottled air’
system which will provide protection to the Bourdon tubes from over-
pressurization.

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

Also, Vepco and Westinghouse zre reviewing the problem of #7 seal leakoff
from secared RCP's.

Actions Takan to Prevent Recurrence:

Corrective actions to the main steam dump valves and reheat stop valvec
will be performed when the results of the iovestigatiouns are available.

An engineering review into the prodblem of high flow in the Righ Level
Liquid Waste Tank vent lige will be uu'ertaken... —

Any lessons learmed from Vepco and Westinghouse reviews of the transient

will be incorporated into Vepco procedurts and will be forwarded to the
Westinghouse Owners Group.

s, 1503 289



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
(Westinghouse P-250) printout. Clock times listed by the alarm type-
writer (time source 4) are rounded down to the next lowest even minute.

The timing sources are as follows:

1. P-250 Sequence of Events Record

2.- P-250 Post-Trip Review

3. P-250 Post-Accident Analysis Log

4, Alarm Typewriter

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

7 Discussions with operating staff, 9/28/79

oA  MoIEIN [L
POUR ORIGINA
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‘TABLE B
SEQUENCE OF EVENTS SUMMARY

Clock Minutes Event ' Timing
Time After Source
Turbine -
Trip ‘

0545 -25 LP FW heater drain dump valve alarm )

0609:46 0:0 Turbine trip on high FW heater drain level 1
Reactor trip on turbine trip 1
Steam dump valves trip open 6
One dump valve stuck open 6

0609:54 0:08 A1l three auxiliary FW pumps start on 1, 4

. S/G lo-1o level within 3 seconds -

0611 1 One main feedwater pump tripped manually 4

0611:10 1:24 Main feedwater flow goes to zero A 2

0611:30 1:44 Letdown isolation on low pressurizer 1,4
pressure

0612 2 Volume Control Tank low level alarm 4

0614 :45 4:59 Safety injection on low pressurizer 1,4
pressure

0615 5 Second main feedwater pump tripped 4
from SI

0616 6 Main steam stop-check valves tripped 5,4
clos:d manually

0616 6 All reactor coolant pumps turned off 4
manually

0617 7 Pressurizer level returned to 9% 4

0618 8 Pressurizer pressure 2160 psig 4

0619 4 One charging pump ctopped manually 4

0620:30 10:45 Pressurizer PORYV starts cycling open 3

0625 15 One main feed pump started, auxiliary . |
feed stopped

0627 17 Letdown initiated 4

0629 19 Reactor coolant pump B started 4.3

B-2 1505 291 -

N R S TR



0634
0635
0637
0646
0646
0701

0704

0716

1005

24

27
36
36
51

55

42

190

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

Pressurizer PORV opens, cycles about
4 minutes

Bank of dump valves isolated, start

opening main steam valves bypa:~ (next

40 minutes)

Co “a2inment particulate Hi-Hi
rauiation alarm

Pressurizer level at normal, Tayg and

pressure normal, S/G levels in manual
control

1503 292
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APPENDIX C

GRAPHS OF TRANSIENT RESPONSE

CONTROL ROOM 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
Narrow range S/G water levels
also showing steam and feed flows

FIGURE C-2

Steam header pressure

Wide range hot leg temperatures

Wide range cold leg temperatures

Pressurizer pressure
(The compensated control pressure signal has been partially
blanked out for clarity)

Pressurizer water lever

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

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

FIGURF. C-3

Narrow range steam generator water levels
Wide range cold leg temperatures

FIGURE C-4

RCS pressure ] 503 293

Pressurizer water level

C-1



j2¢ 90
we F’..'J-.ﬂlrf'{;'.aﬂ_ !-- S &

159

o

(»Scdyy noxen )

(v ¢o0? ..uwaec OYBUN )

(8 4007 "2500¥  movved )

oz “92A27 wolUBAEAD Wuass

K IMRELEY € ‘pem
L VHAMTID wilAe Mo yandy Wwyals
0
. -
v 5 € 2

U AT

i _ﬁﬂ&\:ﬁ g
1 _“.... N

-
e b »

/9

A MAX
S ]

ZX LT W

(> 4007 ' POnuy mowsuw)
MAARY BelVp A wyalw

~—
e

..‘.[;._c

—

iy & s
34 L T -
Al N U B
i " s STy PO SRENE
: : e s
1 H [EE (RN Py
L=
: {. . .r.
-—L...m_
i K 1AL
u“m.m” .;
4N Lok
¥ 3 t
g%l :
H 0y ]
i i 10 -t
mu —. mm.h ‘ni
: :, IR

’ e - ———— — —

e b
ol
Jous

=

30¢ 270 240

—=—|=i=A
—

330

4_ - "

.¢ — ..4. ] .@.. _Anm
! l | B ..q. i - F‘w.nm
. thr “..m ‘ - .ﬂu.l_.%!..,
_L. M AR E b w. mhul‘N
“: i - Ll Be
va i) ! d 18 —
NN T o e riet
m._, s «.». ___.. ﬁ
il N P ¥ S
m.J: TH) /. T o=
ALE DAL w

l];
190
TIME,

1503 234

o
TRIP

90

&
RETER TUREINE

/20
£S
ol

7

150
MINY
& UrR



TEMe, °F
{w-R.)
PRESSURIZER
PRESSURE,
PsT4&

¢oLd LEG

o

ez GO0 HOT LE6

il §50 TEMP,°F
: (w-R.)

-
——y—
—_—

== 500
St S5O

oo |

- ——
—_— v
!
’

,

- ——— —

Y I T
14 Et
|
=R TURBINE TRIP

_‘i-
b b

=

PIGURE <€ 2

- |
]

F

et —

ey
t
- . —]!‘::I'...': r-

{ B
i

SR TR
e e
I
I1So

=
\20

R o X
I
*.
180
-  TIME, MINUTES A

.-
—
— -

4 . il e
i ===
; — o
. Wil i LR | =
- T gl En B L RES
R % . il fip il =%
¢ : &5 . : il (=
J.L ﬁ. e 3 g 5 B i : ._._v_ ———
W e S

e R I o Focopt brpbigic ot fod a o =004
SN R K (8 (=
R o B P n-.“,w_..'l..l Heivl e )
IERRRE IR W
O R T n 1Y =
«110ue |1t |iobe fu | ogEiith ?




B

.

[}

/

ol

=4

P S— SR — S———— e ST

-+

T Iy I
LR ! A R
it
il |
: ) 1 __
HiTLi /| i
.1‘ _ ,+{;L
81 11 i i
1! . w 11 M il
| | i B W?
! | e i
i | _”: Ll Il
. {
| . __
| | i
T 1 il
|

—

— e

|
i I

_* { .r_

lii i :~ |
r i i

“_... il

.M.x !

I

e

S—
A

e e

—_—
o
———

[ —

i
[

e — p—— —

S — S —

—
——
=i

f——— -

1503 296




”.-- vﬁ\c—!“—

|
Il Uil N B
! i il i |
I L e \ A_ P
J~ d i D O~
r_ | FE i N
il it N o
! g -~
| _
;_f, i i m
A e
IR ! i }
x.‘, o e e
(NG LT
i
H i |
i i o i e
| {
" _m L | w
| i
: il ~ Attt
| b _m “ |
I _, | =5
ﬁ _ Nan
I | m %
It “ e
i k
| _; i
“ ik |
: Tmy *
w ad | I
: s | ol |
e R A “
(A “

0161 9%

S rsA MY (0 HISST W 14NN
WO R B MILIWIINTD 3L OL 0 X 0

E )



