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On September 12, 1992, at 2318 PDT, with Unit 1 in Mode 2 (Startup) at 0 percent
power, plant operators initiated a manual reactor trip. The Unit 1 fifth
refueling outage was in progress. The main turbine had been manually tripped and
removed from service. The reactor had been taken subcritical by inserting control
rods. Because of reactor coolant system (RCS) cooldown, an operator was
dispatched to re-latch the main turbine to keep the main turbine stop valves
closed. When the turbine was re-latched, an unplanned main turbine acceleration
was noted and the turbine was manually tripped. To prevent inadvertent
criticality from inadvertent cooldown due to excessive steam leakage, the reactor
was manually tripped. A four-hour, non-emergency report was made in accordance
with 10 CFR 50.72(b)(2)(ii) on September 13, 1992, at 0152 PDT.

The root cause for the manual reactor trip was RCS cooldown due to abnormal
operation of the main turbine governor valves.

Corrective actions to prevent recurrence include: (1) revising operating
procedures to verify that turbine speed reference is set to zero prior to re-
latching; (2) replacing the auto stop pressure switch; (3) evaluating improvements
to the current turbine overspeed protection method; and (4) resolving low electro-
hydraulic system pressure.
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I. Plant Conditions

Unit 1

II. Descri

was in Node 2 (Startup) at 0 percent power.

tion of Event

A.

B.

Summary:

On September 12, 1992, at 2318 PDT, with Unit 1 in Mode 2 at 0 percent
power, plant operators initiated a manual reactor trip. The Unit 1

fifth refueling outage (1R5) was in progress. The main turbine
(TA)(TRB) had been manually tripped and removed from service. The
reactor (AC)(RCT) had been taken subcritical by inserting control rods
(AA)(ROD). Because of reactor coolant system (RCS) (AB) cooldown, an
operator was dispatched to re-latch the main turbine in a manner that
would keep the main turbine stop valves closed. When the main turbine
was re-latched, an unplanned main turbine acceleration was noted and
the main turbine was manually tripped. To prevent inadvertent
criticality from inadvertent cooldown due to excessive steam leakage,
the reactor was manually tripped. A four-hour, non-emergency report
was made in accordance with 10 CFR 50.72(b)(2)(ii) on, September 13,
1992, at 0152 PDT.

Background:

To prevent RCS cooldown following a plant shutdown, Diablo Canyon
Power Plant (DCPP) standard operating practice has been to re-latch
the main turbine with the stop valve equalizing valves closed.
Re-latching the main turbine in this manner closes the stop valve trip
pilot valves .to isolate a main steam leakage path to the condenser.

On a main turbine trip, the DEH/P-2000 computer (IT)(CPU) is designed
to receive a contact closure signal from the pressure switch (SB)(PS)
(PS-22B Low Auto Stop Oil Pressure) that indicates the main turbine
has been tripped. This PS-22B signal is used by the DEH/P-2000
computer to reset the main turbine reference signal to zero
revolutions per minute (RPH) and maintain all main turbine valves
closed for main turbine coastdown.

Governor valve (GV) (SB)(V) HS-I-FCV-140 had been isolated earlier in
the operating cycle due to mechanical vibration problems. The stop
valves are located immediately upstream of the GVs and are designed to
shut off the steam supply to the main turbine.

At the time of the event, the unit was subcritical with source range
detectors indicating approximately 1000 counts per second.
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C. Event Description:

On September 12, 1992, at 2245 PDT, with Unit 1 in Mode 2 at 0 percent
power, Unit 1 shutdown for 1R5 was in progress. The shutdown had
proceeded to the point where the main turbine had been tripped for
coastdown and all main turbine stop valves and GVs had closed as
designed. The reactor control rods were being inserted. Upon the
main turbine trip, the DEH/P2000 computer either did not receive or
did not respond to the PS-22B signal that reset the main turbine
reference speed to 0 RPM. This condition kept the DEH/P2000 in speed
control mode, providing a signal to the GVs calling for 1800 RPH

demand.

The deficiency in the PS-22B signal to reset the main turbine
reference speed caused the DEH/P2000's control system to integrate
upward to a maximum speed demand as the main turbine deviated from
1800 RPH during coastdown.

On September 12, 1992, at 2256 PDT, the main turbine was re-latched
with the air/oil interface valve isolated in accordance with Operating
Procedure (OP) L-5, "Plant Cooldown from Minimum Load to Cold
Shutdown." This process closed the equalizing valves around the stop
valves to maintain a differential pressure across the stop valves.
This differential pressure normally is sufficient to hold the stop
valves closed against the actuator opening forces. After the stop
valve bypasses were closed, the main turbine was re-latched. The re-
latch closed the main turbine stop valve shaft seal equalizing valves
and reduced steam demand to prevent RCS cooldown.

Upon main turbine re-latch, only GV HS-1-FCV-142 responded to the
DEH/P2000 control signal, while GVs HS-1-FCV-139 and HS-1-FCV-141
remained closed (HS-1-FCV-140 was previously isolated). The operators
in the control room noted that HS-1-FCV-142 had lost its full closed
indication and stop valve HS-1-FCV-145 opened completely (HS-1-FCV-142
in response to the DEH/P2000 signal and HS-1-FCV-145 due to steam
leakage that equalized the pressure on either side of the valve).

An operator was dispatched to the main turbine to isolate the electro-
hydraulic (EH) fluid to HS-1-FCV-142. Shortly after the EH fluid was
isolated to HS-I-FCV-142, HS-1-FCV-141 responded to the DEH/P2000
signal and opened in an attempt to return main turbine speed to
1800 RPH, and at 2302 PDT a rapid main turbine acceleration was
experienced. The combination of stop valve MS-1-FCV-145 being in an
open position and HS-1-FCV-141 opening created a direct path into the
main turbine. The main turbine accelerated rapidly to the 103 percent
(1854 RPH) GV overspeed controller setpoint, at which point
HS-1-FCV-141 started to close. Operators immediately tripped the main
turbine when this condition was recognized. The maximum speed
attained of 1870 RPH was well below the overspeed main turbine trip
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D.

E.

setpoint of 1980 RPH.

Following this manual trip, the DEH/P2000 computer correctly reset the
main turbine speed reference signal to 0 RPH.

On September 12, 1992, at 2318 PDT, the RCS temperature had decreased
from 543 F to 535'F and was continuing to cool down. A manual reactor
trip was initiated by licensed control room operators as a

conservative measure to prevent the possibility of an inadvertent
return to criticality. The unit was stabilized in Mode 3 (Hot
Standby).

On September 13, 1992, at 0152 PDT, a four-hour, non-emergency report
was made in accordance with 10 CFR 50.72(b)(2)(ii) because of the
reactor protection system (RPS) actuation. Analysis showed that no
return to criticality occurred.

Inoperable Structures, Components, or Systems that Contributed to the
Event:

None.

Dates and Approximate Times for Major Occurrences:

September 12, 1992, 2245 PDT: Hain turbine was tripped for 1R5.
The DEH/P2000 computer did not
reset the main turbine reference
speed signal to 0 RPH.

2. September 12, 1992, 2256 PDT: Unit 1 main turbine was
re-latched to prevent RCS

cooldown.

3. September 12, 1992, 2301 PDT:

September 12, 1992, 2302 PDT:

GV MS-1-FCV-142 was isolated and
GV MS-1-FCV-141 responded to the
1800 RPH signal.

Hain turbine was manually
tripped. The DEH/P2000 computer
reset the main turbine reference
speed to 0 RPH.

5.

6.

September 12, 1992, 2318 PDT: Event/Discovery Date. Operators
manually tripped the reactor.

September 13, 1992, 0152 PDT: A four-hour, non-emergency report
was made to the NRC in accordance
with 10 CFR 50.72(b)(2)(ii).
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F. Other Systems or Secondary Functions Affected:

None.

G. Hethod of Discovery:

The event was immediately apparent to plant operators due to alarms
and indications received in the control room.

H. Operator Actions:

Operators had re-latched the main turbine in accordance with OP L-5 to
reduce secondary system steam demand to limit RCS cooldown. Upon
noting the rapid main turbine acceleration, the operators manually
tripped the main turbine to avoid an overspeed condition. Operators
observed that the RCS temperature was continuing to decrease so a

manual reactor trip was initiated to prevent an inadvertent return to
criticality. The operators stabilized the plant in Hode 3 after
manually tripping the reactor.

I. Safety System Responses:

1. 'he reactor trip breakers (AA)(BKR) opened.

2. The control rod drive mechanism (AA)(DRIV) allowed the control
rods to drop into the core.

III. Cause of the Event

A. Immediate Cause:

B.

The immediate cause of the reactor trip was manual actuation to
prevent the return to criticality due to RCS cooldown. The immediate
cause of the RCS cooldown was excessive steam flow to the main
turbine, due to stop valve HS-1-FCV-145 opening at the same time that
GV HS-1-FCV-141 was open.

Root Cause:

The root cause for the manual reactor trip was RCS cooldown due to
abnormal operation of the main turbine governor valves.

One root cause for the excessive RCS cooldown was the DEH/P2000
reference signal remaining at 1800 RPH after initial main
turbine trip. The cause for the DEH/P2000 reference signal
remaining at 1800 RPH is believed to have been an intermittent
failure of PS-22B. The mechanical components that make up
PS-22B include a plunger rod, a bushing, and the case. The
plunger rod was identified to be fabricated of austenitic
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2.

stainless steel and the bushing and case were manufactured from
aluminum. These two materials are far apart on the galvanic
series and could result in the formation of a galvanic cell,
thus causing the aluminum to corrode at an accelerated rate and
creating aluminum oxide buildup between the plunger and the
bushing. Corrosion product buildup, combined with a static
pressure system, is believed to have caused the switch to 'stick
during the first main turbine trip.

A second root cause of the excessive RCS cooldown was the
abnormal operation of the main turbine GVs. The two GVs did not
respond to the DEH/P2000 signal due to low EH system pressure.
The causes of the low EH system pressure were:

'a ~

b.

c ~

d.

Westinghouse EH system analyzer (EHSA) testing identified
excessive fast-open solenoid valve leakage at intercept
valve HS-I-FCV-170. This would contribute to low EH

system pressure during the re-latch.

The EHSA testing identified that intercept valve HS-I-FCV-
175 did not open on demand. Further investigations
identified that the dump valve (actuator portion of the
intercept valve) did not seat properly, creating another
flow path that would contribute to the low EH system
pressure.

The overspeed protection test identified that the dump
valve associated with GV HS-I-FCV-139 continued to dump EH

fluid, creating another loss of EH system pressure with
severe EH pressure changes on the overspeed protection
control (OPC) header.

During testing to determine EH pressure decay profiles,
the low EH pressure (OPC trip header) line and the high
pressure line (supply pressure) to GV NS-I-FCV-141 were
identified to be reversed. The reversed lines would cause
pressures in the OPC header to fluctuate and likely cause
a low EH pressure at GV HS-1-FCV-139. It cannot be
determined conclusively when these lines were reversed.
The lines may have been reversed during maintenance
performed during a previous refueling outage, 1R5, or
during Westinghouse EHSA testing.

The low pressure condition would prevent the dump valve at
GV MS-I-FCV-139 from fully seating, thus preventing GV HS-
1-FCV-139 from opening and contributing to another EH

system low pressure flow path.
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e. Other testing identified that the DEH/P2000 did not
receive the zero speed reference signal during the event
while the turbine was un-latched. Therefore, the EH dump
valves were ported to an open condition and continued to
discharge EH oil, thus depleting EH system pressure.

D. Contributory Cause:

Excessive steam leakage through the bypass valve, combined with proper
GV HS-1-FCV-141 valve seating allowed the differential pressure around
stop valve HS-1-FCV-145 to equalize. Without the differential steam
pressure to hold the stop valve closed against the stop valve actuator
opening pressure, a direct steam path into the high pressure turbine
was created when the main turbine was re-latched and GV HS-1-FCV-141
opened in response to the DEH/P2000 signal.

IV. Anal sis of the Event

V.

A manual main turbine trip with a subsequent manual reactor trip from
0 percent power is bounded by a previously analyzed Condition II event in
the Final Safety Analysis Report (FSAR) Update. A main turbine design
overspeed condition is also addressed in the FSAR Update at 120 percent of
the rated'peed (equal to 2160 RPH). For this event, the main turbine speed
reached 1870 RPH. A manual reactor trip in response to a manual main
turbine trip was a conservative action by the control room operators. All
safety-related equipment functioned as designed. Therefore, the health and
safety of the public was not adversely affected by this event.

Corrective Actions

A.

B.

Immediate Corrective Actions:

1. The Unit 1 main turbine and reactor were tripped.

Corrective Actions to Prevent Recurrence:

2.

3.

OP L-5 and OP C-3, "Main Unit Turbine," will be revised to
include verifying that the main turbine speed reference is set
to zero prior to re-latching the main turbine.

Auto Stop pressure switches PS-22 A, B, and C were replaced with
two switches that include a one-of-two logic and are
manufactured from materials that will not produce a galvanic
cell. In addition, the replacement switches include a positive
return spring as part of their design.

Improvements to the current turbine overspeed protection method
will be evaluated. The improved method will include isolating
the governor valves after a main turbine trip.
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4. The low EH system pressure was resolved by rebuilding the fast-
open solenoid valve for intercept valve MS-I-FCV-170, replacing
the dump valve associated with intercept valve MS-I-FCV-175,
replacing the dump valve associated with GV MS-I-FCV-139, and
correcting the reversed low EH pressure and high EH pressure
lines.

VI. Additional Information

A.

B.

Failed Components:

Corrosion products were identified in the casing of PS-22B. The
corrosion products are believed to have caused the switch to
malfunction and stick during the initial main turbine trip.

Component: Pressure switch
Manufacturer: United flectric Controls Co.
Model Number: 270
Type: J403

Previous LERs on Similar Problems:

None.
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