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AEOD TECHNICAL REVIEW REPORT

UNIT: * Nine Mile Point Unit 2 TR REPORT NO.: AEOD/T92-07
DOCKET NO.: 50-410 DATE:  September 30, 1992
LICENSEE: Niagara Mohawk Power Corporation =~ CONTACT: L. Gundrum

SUBJECT: - Inoperability of the Standby Liquid Control System During Surveillance
Testing at Nine Mile Point Unit 2

SUMMARY

The standby liquid control system (SLCS) would not have been capable of performing its
safety function if an automatic initiation signal were received during surveillance testing.
Receipt of an initiation signal during testing without manual actions could have resulted in
either injection of demineralized water in lieu of sodium pentaborate solution or possibly
result in draining of the standby liquid tank onto the floor. The surveillance test procedure
did not specify adequate guidance to enter the correct technical specification (TS) action
statement or to alert operations to the potential impact of receiving an automatic initiation
signal during testing.

DISCUSSION

LER 91-015-00 reported the failure to comply with TS requirements for the SLCS operability
during the performance of surveillance testing at Nine Mile Point Unit 2 on February 20,
1992. The purpose of this technical review is to discuss the bases for reporting; the
requirements for the automatic initiation of SLCS; pertinent design features of the system;
the testing arrangement; the safety implications of the test procedure; the corrective actions;
and the generic implications for other facilities.

-

Basis for Reporting

During a review of the quarterly Surveillance Testing procedure, a reviewer determined that
the testing procedure could render the SLCS inoperable. The intent of the procedure was to
test only one of the two pumps or one of the two pump discharge check valves. The
surveillance test required entry into TS 3.1.4, ACTION a.l. This Action statement allows 7
days to restore an inoperable pump and/or explosive valve. The reviewer determined that
the valve alignment during portions of the test would prohibit flow of sodium pentaborate to
the reactor coolant system if an automatic signal was received while the system was aligned
) in the test configuration. The test procedure could be performed in accordance with TS if
the proper action statement was entered. The appropriate TS is 3.1.5, ACTION a.2 which
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allows 8 hours to restore the SLCS if it is inoperable. However, the test configuration did
not ensure that inadvertent actuation of the system would not result in degrading the SLCS.
The TSs discuss operability in terms of one pump and/or one explosive valve which is
assumed for this discussion to define one train of the SLCS.

Requirements for Automatic Initiation of SL.CS

The SLCS is-required by 10 CFR 50.62 for Boiling Water Reactors (BWRs) to allow
mitigation of anticipated transients without scram. This regulation-was issued in June 1984.
Prior to issuance of the regulation, the need for automatic initiation was the subject of much
industry discussion. Four units that were close to receiving their operating license decided to
include automatic initiation of the SLCS in their designs. These units are Nine Mile Point 2
(NMP-2), Limerick Units 1 and 2, and Hope Creek Station. When issued, the regulation did
not require automatic initiation of the SLCS for any unit unless the unit had already been
designed and built to include this feature or if the construction permit was granted after

July 26, 1984. No BWR units have been built that received construction permits after

July 26, 1984. Therefore, only the four units that incorporated the automatic initiation into
their design prior to issuance of the regulation are required to retain this feature. All other
BWRs were required to install SLCS but the system is manually actuated by control room
operators.

Design Features of the SL.CS

The SLCS consists of a single storage tank of sodium pentaborate solution whose volume and
concentration are defined in the TS. The single tank discharge line is split into two separate
trains. The piping diagram is shown on Figure 1. Each train has positive displacement
pumps (P1A, P1B), explosive valves (VEX 3A, VEX 3B), motor-operated valves (MOV 1A,
1B), and control circuits for the SLCS that constitute all of the active equipment required for
injection of the sodium pentaborate solution. Additionally, the redundant components of the
SLCS are physically and electrically separated. The pumps and tanks are located on the
289-foot elevation of the reactor building outside the shield wall. The isolation check valve,
and a maintenance valve that is normally locked open are the only equipment inside the
drywell. The injection portions of the SLCS have been designed electrically as a Class 1E
redundant system. The SLCS is not designed for use as-a safety system since adequate
control rod redundancy is available. Therefore, the SLCS with one tank, one injection point,
and nonredundant and nonclass 1E heaters is considered adequate.

SLCS equipment controls located in the control room include pump pushbutton switch (run,
normal, stop); storage tank outlet valve position (open or closed); mixing heater (on or off);
and operating heater (on or off).

The following SLCS alarms and indicators are available on the reactor core cooling
benchboard in the control room: standby liquid tank temperature alarm (high/low); standby
liquid tank level alarm (high/low); indication of maintenance valve position (fully closed);
indication of test tank outlet valve position (fully open/closed); indication of test tank inlet
valve position (fully open/closed); indication of loss of continuity or power loss to the squib
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valves; indication of overload trip or power loss for the motor operated valves in the lines
from standby liquid tank to the pumps; and indication of pump overload trip or power loss.
Additional indication of reactor vessel water level, reactor coolant pressure, neutron flux
level, control rod position and scram valve status are available for the operator to determine
if SLCS should be terminated prior to injection.

Each train has the following components downstream of the storage tank: a manual isolation
valve (normally open); a motor operated isolation valve (MOV 1A, MOV 1B, are normally
closed, but receive a safety signal to open); a manual isolation valve (normally open); two
pressure taps with normally closed isolation valves; a positive displacement pump; a test
connection with redundant isolation valves (166 and 167 for Train A, and valves 168 and 169
for Train B); a relief valve; a discharge check valve (12 on Train A and 14 on Train B); a
manual isolation valve (normally open); and an explosive (squib) valve. The two trains can
be cross connected on either the suction or discharge side of the pumps. Both cross-connect
lines have double isolation valves. Valves 28 and 29 provide isolation for the suction cross-
connect, and valves 52 and 53 provide isolation for the discharge cross-connect. The test
tank suction line is located between the double isolation valves on the discharge cross-connect
line. The discharge from the test tank is connected to the piping between the isolation valves
on the suction cross-connect line. The trains come together into a common injection line that
is routed through containment isolation valves to the reactor vessel. This common line has
flow instrumentation installed.

The TS requirements for the volume of boron solution in the storage tank is a minimum
4418 gallons and a maximum of 4815 gallons. The minimum average concentration of
natural boron required in the reactor core to ensure adequate shutdown margin after
operation of the SLCS is 660 ppm. Calculation of the minimum quantity of sodium
pentaborate to be injected into the reactor is based on the required 660 ppm average
concentration in the reactor coolant, including recirculation loops, at 68 °F and reactor water
level at level 8. The result is increased by 20 percent to allow for imperfect mixing and
leakage. Additional sodium pentaborate is supplied to accommodate dilution by the residual
heat removal system in the shutdown cooling mode. With two pumps operating at 82.4 gpm,
it will take 1 hour to inject sufficient boron to achieve the minimum required boron
concentration. Only one pump is needed for backup shutdown system operation.

The SLCS at NMP-2 can be initiated either manually or-by receipt of the Redundant
Reactivity Control System (RRCS) initiation signal. A description of the parameters
initiating SLCS and sequence of events following initiation are discussed.

The RRCS is designed in conjunction with other systems to mitigate the potential
consequences of an unanticipated transient without scram event. The RRCS logic monitors
reactor dome pressure and water level, High dome pressure or low water level (Level 2) or
RRCS manual initiation will cause the alternate rod insertion (ARI) valves to scram the
reactor independently of the reactor protection system. Low water level alone will, in
addition to an ARI scram, cause an immediate recirculation pump trip (RPT). After 98
seconds of continued low water level, and if the average power range monitors (APRM)
channels are not downscale or are inoperative, the RRCS initiates SLCS and isolates the
reactor water cleanup system (RWCU).
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High reactor dome pressure alone will, in addition to an ARI scram, immediately trip circuit
breakers and initiate transfer of the recirculation pumps to low frequency motor generator
(low speed) operation. After 25 seconds of continued high pressure, and if the APRM
channels are not downscale or are inoperable, the RRCS trips circuit breakers to complete
the RPT. In addition, feedwater runback is initiated if the feedwater runback disable switch
is in the OFF position. After an additional 73 seconds of continued high pressure and with
the APRM channels still not downscale or inoperable, the RRCS initiates SLCS and isolates
RWCU.

Manual initiation alone causes an immediate ARI scram. After 98 seconds, if the APRM
channels are not downscale or are inoperable, the RRCS initiates SLCS and isolates RWCU.
Manual initiation does not cause ‘an RPT or feedwater runback. The SLCS is separated both
physically and electrically from the control rod drive system.

The SLCS once initiated can be stopped either by manual action or automatically when the
storage tank level falls to the low level setpoint.

Testing Arrangement .

The permanently installed equipment used to test the SLCS pumps and their discharge check
valves include a 210 gallon test tank with inlet and outlet isolation valves (HCV-116 and
HCV-111) for the tank. The test tank fill line is supplied by the demineralized water system.
The test tank suction line is piped from the discharge cross-connect line between isolation
valves 52 and 53. The test tank return line is connected to the suction cross-connect line
between isolation valves 28 and 29. The only additional equipment used in the test are
pressure indicators installed at taps on the suction and discharge sides of the SLCS pump.
During performance of the test, only demineralized water is circulated through the piping
system.

Safety Implications of the Test Procedure

Two separate problems were found with the existing procedure. The first problem can occur
during pump testing. The second problem can occur during the reverse flow testing of the
pump discharge check valve.

During pump testing the procedure relied upon the squib valve staying closed and did not
require closing the isolation valve (50 on Train A or 51 on Train B) between the squib valve
(VEX 3A, VEX 3B) and the reactor vessel injection point. If an RRCS signal was generated
during testing, the squib valves would fire and the pumps would receive a start signal. This
would allow the contents of the test tank to be injected by the pump on the train being tested.
This would dilute the concentrated boric acid solution being injected by the other train.

For the reverse flow testing of the check valve (12 on Train A or 14 on Train B), the

discharge cross-connect line was opened. As the opposite train’s pump circulated the
contents of the test tank, the discharge check valve would see reverse flow at system
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operating pressure. To verify if the check valve was leaking, both normally closed valves
(166 and 167 on Train A or valves 168 and 169 on Train B) on a test connection between the
check valve and the nonoperating pump were opened. If no flow was observed through the
test connection, the acceptance criterion was satisfied. If an RRCS signal occurred, the train
considered operable would start to pump the contents of the SLCS storage tank. However,
the boric acid solution would be pumped through the open test connection onto the floor.

The pump on the other train would pump the contents of the test tank into the reactor
vessel.

Mitigation Alternatives

If the RRCS initiated during the performance of pump testing or check valve testing, the
local operator would have to manually realign the system within 98 seconds. Based on the
number of valves that would need to be repositioned, it would not be likely that the
realignment could be accomplished. The specific manipulations required are given in
Enclosure 2. Taking no action to realign the system during the pump test could result in
degradation of the pump being tested as well as dilution of the initially injected sodium
pentaborate by the contents of the test tank. Taking no action to realign the system during
check valve testing could result in adding the contents of the test tank (demineralized water)
to the reactor vessel and depleting the supply of borated water in the SLCS storage tank onto
the floor. Alternatively, the control room operator could stop the actuation of the system by
placing the pumps in the stop position until the system was realigned. However, since the
SLCS is only actuated if the rod control system fails to operate, deliberately bypassing a
safety signal would not be advisable.

FINDINGS

NMP-2 revised Operations Surveillance Procedure N2-OSP-SLS-Q-001, "Standby Liquid
Control Pump, Check Valve, and Relief Valve Test" to require entry into the correct TS
limiting condition for operation for check valve testing which states that both divisions of the
SLCS can be out of service for up to 8 hours. A caution has been incorporated into the
procedure to isolate the cross-connect valves (52, 53) in case of automatic initiation to
prevent pumping the storage tank to the test tank. Procedure revisions <o not prevent the
possibility of dumping the tank contents to the floor. However, an operator is stationed at
the leak detection point (valve 166 or 168) during the check valve testing. The procedure
change included the requirement that the discharge manual isolation valve (2SLS*V50 or
2SLS*V51) located downstream of the squib explosive valve be closed prior to testing of the
pump on each train to prevent the injection of demineralized water.

NMP-2 is one of four power plants that have automatic initiation capability of the SLCS.
The others are Hope Creek Generating Station and Limerick Units 1 and 2. After
notification of the NMP-2 finding, Hope Creek Generating Station personnel modified
similar inservice testing procedures. No changes were required at Limerick. The
requirement to close the maintenance valve downstream of the explosive valve is discussed in
Section 9.3.5.4 of Limerick’s Updated Final Safety Analysis Report.
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CONCLUSIONS

There are no sgeneric implications concerning the surveillance testing of the SLCS at BWRs.
No additional actions are required.
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G ' N Enclosure 2

Actions Required To Restore Train/System

Surveillance Test of Pump A _(Figure 2)

To ensure Train B is not diluted, valve 50 must be closed.

To restore Train A, the system must be drained, valve 45 must be opened, and valves 28 and
52 must be closed.

Surveillance Test of Pump B (Figure 3)

To ensure Train A is not diluted, valve 51 must be closed.”

To restore Train B, the system must be drained, valve 46 must be opened, and valves 29 and
53 must be closed.-

Surveillance Test of Pump A Discharge Check Valve (Figure 4)

Valves- 166 and 167 must be closed to prevent dumping sodium pentaborate solution to the
floor. If no other actions are taken the sodium pentaborate would be diluted by the
demineralized water contained in the piping and the test tank. Closing valve 52 in the
discharge cross-connect line and valve 51 the train B isolation valve would prevent some of
the dilution.

Surveillance Test of Pump B Discharge Check Valve (Figure 5)

Valves 168 and 169 must be closed to prevent dumping sodium pentaborate solution to the
floor. If no other actions are taken the sodium pentaborate would be diluted by the
demineralized water contained in the piping and the test tank. Closing valve 53 in the
discharge cross-connect line and valve 50 the train A isolation valve would prevent some of
the dilution.
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