March 28, 1997
MEMORANDUM TO: Jon R. Johnson, Director
, Division of Reactor Projecis
) . ' region 11

FROM: Frederick J. Hebdon, Director
Project Directorate 1]-3
Division of Reactor Projects - 1/11
Office of Nuclear Reactor Regulation

SUBJECT: AMENDED RESPONSE TO TIA 96-021, SEQUOYAH AUTOMATIC AUXILIARY
FEEDWATER ACT “TION CONCURRENT WITH A TURBINE RUNBACK
(TAC NO. M97281)

By memorandum dated October 31, 1996, Region Il requested technical assistance
regarding the design of the auxiliary feedwater (AFW) control system at the
Sequoyah Nuclear Plant. Spocifica]lg. the memorandum from E111s W. Merschoff
requested NRR's position regarding the fact that one of the signals that
initiates AFW flow is generated by two non-safety-related main turbine impulse
ressure switches that are subject to a common mode failure, as demonstrated

y a Unit 2 event on October 11, 1996. The two switches became inoperable by
inadvertent initiation of the turbine building fire protection system in June
1996, resulting in an unanticipated automatic main turbine runback and AFW
initiation on October 11, 1996. NRR was requested to evaluate whether or not
the Sequoyah AFW control system design violates NRC criteria and if non-safety
related, non-independent instrumentation should be used to initiate AFW flow.

NRR provided an initial response to your request on December 13, 1996, stating
that our conclusion was that the Sequoyah design does not meet the appropriate
design requirements. During a predecisional enforcement conference on
December 16, 1996, the staff informed representatives of the Tennessee Valley
Authority (TVA), licensee for Sequoyah, of this preliminary conclusion. TVA
agreed to provide additional information with regard to previous design
reviews of this system. This information was provided by a TVA letter dated
January 31, 1997. NRR has completed its review of this issue as noted in the
attachment. Contrary to our December 13 memorandum, our conclusion now is
that the Sequoyah AFW system initiation and control circuitry meets all NRC
requirements and complies with the plant design and licensing basis.
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Attachment: Evaluation
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2 % UNITED STATES
g ' ¢ NUCLEAR REGULATORY COMMISSION
) , WASHINGTON, D.C. 208860001

Frnet March 28, 1997

MEMORANDUM TO: Jon R. Johnsen, Director
Division of Reactor Projects

Region 11
FROM: Frederick J. Hebdon, Director /
Project Directorate 11-3 (“ ( A“p
Division of Reactor Projects - I/11 /
Office of Nuclear Reactor Regulation ;EQC
SUBJECT: AMENDED RESPONSE TO TIA 96-021, SEQUOYAH AUTOMATIC AUXILIARY

FEEOWATER ACTUATION CONCURRENT WITH A TURBINE RUNBACK
(TAC NO. M97281)

By memorandum dated October 31, 1996, Region Il .equested technical assistance
regarding the desi?n of the auxiliary feedwater (AFW) control system at the
Sequoyah Nuclear Plant. Specifically, the memorandum frem E11is W. Merschoff
requested NRR's position regarding the fact that one of the signals that
initiates AFW flow is generated by two non-safety-related main turbine impulse
pressure switches that are subject to a common mode failure, as demonstrated
by a Unit 2 event on October 11, 1996. The tw> switches became inoperable by
inadvertent initiation of the turbine building fire protection system in June
1996, resulting in an unanticipated automatic main turbine runback and AFW
initiation on October 11, 1996. NRR was requested to evaluate whether or not
the Sequoyah AFW control system design violates NRC criteria and if non-safety
related, non-independent instrumentation should be used to initiate AFW flow.

NRR provided an initial response to your request on December 13, 1996, stating
that our conclusion was that the Sequoya® ~sign does not meet the appropriate
design requirements. During a predecisic .| enforcement conference on
December 16, 1996, the staff informed representatives of the Tennessee Valley
Authority (TVA), licensee for Sequoyah, of this preliminary conclusion. TVA
agreed to provide additional information with regard to previous design
reviews of this system. This information was provided by a TVA letter dated
January 31, 1997, NRR has completed its review of this issue as noted in the
attachment. Contrary to our December 13 memorandum, our conclusion now is
that the Sequoyah AFW system initiation and control circuitry meets all NRC
requirements and complies with the plant design and licensing basis.
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Rescr‘ation of Event

On October 11, 1996, Sequoyah Unit 2 was being brought to shutdown per
procedures because of the suspected failure of a reactor coolant system (RCS)
pump seal. During this controlled plant shutdown from 100% power, when the
unit was at approximately 50% power, control room operators tripped one of the
main feedwater (MFW) pumps as required by plant procedures. At that time, the
unit experienced an unanticipated turbine runback and Auxiliary Feedwater
(AFW) system actuation.

Following a manual reactor trip during emergency recovery procedural steps,
operators had difficulty controlling RCS cooldown because they were unable to
take manual control of the AFW flow control valves for the motor driven AFW
pumps and speed control for the turbine driven AFW pump. To control RCS
cooldown, operators controlled AFW flow by placing the motor-driven AFW pump
control switches in the pull-to-lock position (which stopped the pumps) and by
closing and opening as necessary the turbine driven AFW pump discharge
isolation valves. During these efforts, the RCS T dropped to 538°F which,
by procedure, required the operators to emergency borate the RCS.

Boot Cause of Event

The Ticensee determined that water intrusion occurred in the housing of the
two non-safety related pressure switches that monitor turbine impulse pressure
and provide an AFW actuation signal when one MFW pump is tripped at above B80%
power. The water intrusion caused these switches to malfunction such that
they generated a continuous false signal indicating turbine power to be above
80%, while actual turbine power was at about 50% power. Since the pressure
switches were wet and stuck, thereby indicating that turbine power remained
above 80%, the AFW initiation signal was sealed-in and could not be reset by
the operators.

AFN Control System Design

The design of the AFW initiation and control system at Sequoyah fs such that
if either of the two MFW pumps trips while turbine power is above BO%, a
signal for autowmatic turbine runback in conjunction with the actuation of the
AFW system is generated until indicated power has been reduced to below 75%.
AFW actuation followiny one MFW pump trip above BO% power is intended to
provide sufficient feedwater flow to compensate for loss of a portion of MFW
flow and serves to prevent a subsequent reactor trip. The control logic for
the control of the AFW flow regulating valves is arranged such that as long as
the AFW actuating signal is present (not reset), the control for these valves
locks in the "Auto" mode and disables the "Manual® mode.
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Main turbine impulse chamber pressure, which is indicative of reactor power,
is monitored at the Sequoyah plant by two non-class 1E pressure switches,

PS 47-13B and PS 47-13E. These switches are arrangod to generate an AFW
initiation signal on a two-out-of-two (2/2) logic basis. Both of these
switches are housed in adjacent electrical boxes with conduits connecting to a
common junction box in close proximity to the switches. The switches are
subject to a common cause failure as a result of adverse environments in the
common area in which they are located. Such was the case when they were
unintentionally doluged by water during & fire protection system test in the
turbine building in June 1996. The water caused the switches to fail in the
closed position which generated a false (but undetectable) signal indicating
turbine power to be above 80%. Thus, as soon as the operator trippec one MFW
pump, the AFW actuation logic was satisfied and the signal for turbine
runback/AFW actuation was sealed in. Although the AFW actuation :rcuitry
itself is part of the En?ineered Safety Feature Actuation System (ESFAS) and
is, therefore, safety related, the loss of main feedwater pump runback
circuitry is not safety related. The runback circuit is electrically isolated
from the AFW A and B train actuation circuitry by interposing relays.

During the event on October 11, 1996, the AFW actuating signal could not be
reset due to the faulted pressure switches. It was determined after the event
that resetting the MFW fump would have automatically reset the turbine runback
signal and would have allowed manual resetting of the AFW actuation signal.
Taking this action would have restored manual AFW flow control capability.
However, the Sequoyah control room operators were not aware of this feature
and, therefore, did not perform this reset action during the event.

AFM and AFW Initistion Design Basis

The following documents have been used in the staff’s evaluation of the AFW
initiation and control system design:

a. Sequoyah Updated Final Safety Analysis Report (UFSAR) page 10.4-24,
Section 10.4.7, “Auxiliary Feedwater System," states:

The Auxiliary Feedwater (AFW) System supplies, in the event of a
loss of the main feedwater supply, sufficient feedwater to the
steam generators to remove primary system stored and residual
core energy. ... The system is desi?ned to start automatically
in the event of a loss of offsite electrical power, a feedwater
1ine break, safety injection, low-low steam generator water
level, or a trip of both main feedwater pumps, any of which will
result in, may ge coincident with, or may be caused by a reactor
trip. It will supply sufficient ferdwater to prevent the relief
of primary coolant through the pressurizer safety valves and the
uncovering of the core.
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The staff's Safety Evaluation Report that provided the basis for
licensing Sequoyah Units 1 ard 2 was issued as NUREG-0011 in March 1979,
Section 10.4.2 of NUREG-001) states:

The auxiliary feedwater system is designed to supply water to
the steam generators fcr reactor coolant system sensible and
decay heat re~oval. The need would occur when the norma)
feedwater system 1s not availzule.

NUREG-0737, *Clarification of TMI Action Plan Requirements,” was issued
in November 1980. Item I1.E.1.2, "Auxiliary Feedwater System Automatic
Initiation and Flow Indication,® required upgrade of AFW initiation and
indication circuitry to safety-grade and demonstration of compliance
with IEEE Standard 279-1971. Item I11.E.1.2 required the following:

(1) The design shall provide for the automatic initiation of the AFW
system,

(2) The automatic initiation signals and circuits shall be designed so

that a single failure will not -ult in the loss of the AFW system
function.

(3) Testability of the initiating signals and circuits shall be a
feature of the design.

(4) The initiating signals and circuits shall be powered from the
emergency buses.

(5) Manual capability to initiate the AFW system from the control room
shall be retained and shall be implemented so that a single failure
in the manual circuits will not result in the loss of system
function.

(6) The ac motor-driven pumps and valves in the AFW system shall be
included in the automatic actuation system (simultaneous and/or
sequential) of the Toads onto the emergency buses.

(7) The automatic initiating signals and circuits shall be designed so
that their failure will not result in the loss of manual capability
to initiate the AFW system from the control room.

Information regarding implementation of Item I11.E.1.2, provided by TVA
at a public meeting on November 20, 1979, and in a letter dated
January 25, 1980, was reviewed by the staff prior to issuance of an
operating license to either of the Sequoyah units. Both Supplements 2
and 6 to NUREG-GJ1] state that Sequoyah Units 1 and 2 fully cemply with
NUREG-0737, Item I1.£.1.2. and therefore complies with Institute of
Electrical and Electronics Engineers (IEEE) Standard 279-1971.

UFSAR Sections 10.4.7.2 and 15.4 discuss two postulated accidents for
which manual operator control of the AFW svstem is required. They are a
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main steam 1ine break and a steam generator tube rupture. Operator
intervention within 10 minutes is postulated in these accidents,

e. A predecisional enforcement conference was held with TVA on December 16,
1996, to discuss the October 11 event. FoIIowin? this conference, TVA
provided their evaluation, "Evaluation for SQ963123PER, Auxiliary
Feedwater Control Logic," of the AFW control system design compliance
with NRC requirements and with the Sequoyah UFSAR. This information was
transmitted in a letter dated January 31, 1997. The staff has also
reviewed this information.

Evaluation

The safety function of the AFW system is to provide cooling to the RCS and,
therefore, prevent overpressurization of the RCS which could lead to loss of
coolant inventory and boiling in the core. The failure of the loss of
feedwater runback pressure switches on October 11, 1996, did not prevent
automatic initiation of AFW, would not have precluded manial initiation of the
AFW system from the -zuntrol room, and did not prevent automatic control of the
system to maintair steam generator levels at the required levels. The failure

norms] manual control of AFW flow rate because of the continuous
AFW initiation signal. Because of RCS cooldown consideratinns, plant
procedures required the control room operators to take manval control of AFW
to reduce the flow rate into the steam generators. Had no manual operator
action taken place, the AFW system would have automatically controlled steam
generator levels in the normal range and the licensee estimates that RCS
temperature would have stabilized at about 520°F. Plant procedures also
require emergency boration once RCS temperature drops below 540°F to maintain
adequate shutdown margin.

As discussed in the Sequoyah UFSAR, manual operator action to control AFW
system flow is required for main steam line breaks and steam generator tube
ruptures. Sequoyah Ewergency Procedures E-2 and E-3 provide instructions for
the operator to isolaty auxiliary feedwater to the faulted steam generator.
Diverse methods are available to the operator to isolate AFW 1nc1udin? closing
level control valves, stopping motor-driven AFW pumps (placing control switch
in pull-to-lock position), closing manual valves, and isolating steam supply
to the steam-driven AFW pump.

The staff reviewed compliance with various General Design Criteria (GDC)
contained in Appendix A to 10 CFR Part 50, particularly GDC-24 which deals
with separation of pr- _.ction and control systems. Contrary to a statement in
TVA's January 31 let..r regarding application of GDC-24, the staff has
concluded that the ESFAS in its entirety is »equired to meet the requirements
of GDC-24. This was previously stated by t- staff. Stateionts in UFSAR
Chapter 7 clearly indicate that the AFW system is a part of CSFAS and in
accordance with UFSAR Table 7-1, GDC-24 is applicable to the AFW system. The
staff concludes that safety-related portions of the AFW system are required to
meet GDC-24.

In a meeting with TVA on February 27, 1997, TVA informed the staff that the
design of the safety-related portions of the AFW system meets the requirements
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of GOC-24. The staff concurs with the licensee and finds the design of the
AFW system to be acceptable.

The staff reviewed compliance with IEEE Standard 279-1971. Section 4.2,
*Single failure Criterion,” and Section 4.17, *Manual Initiation," are
satisfied because failure of the loss of feedwater runback circuitry in either
mode (failed open or failed shut) will not prevent *proper protective action."
In this case, proper protective action is defined as initiation of feedwater
from the AFW system to the steam generators to prevent overheating (and
overpressurization) of the RCS. guring the October 1] event, AFW did, in
fact, initiate automatically, could have been manually initiated if required,
and would have automatically controlled steam generator levels without
operator intervention to control cooldown. The difficulties in controlling
AFW flow rate did not prevent the occurrence of the protective action for
which the AFW system was designed. The licensee determined after the event
that these difficulties con1d have been eliminated by one simple operator
action, resetting the tripped main feedwater pump. TVA is considering
installation of a manual AFW reset circuit to prevent recurrence of this
anomaly.

Conclusion

Based upon review of the cited documents, the staff reaffirms the conclusion
of its reviews of the Sequoyah AFW automation initiation and control system
conducted in 1981 prior to licensing Sequoyah Unit 1. The conclusion was
then, and is now, that the system meets all NRC requirements and complies with
the plant design and licensing basis.



