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U. S. Nuclear Regulatory Commission
Attn: Document Control Desk

Mail Station P1-137

Washington, DC 20555

Licensee Event Report 89-016, July 17, 1989

Reference: §l§ Docket ho. 50-285
2
3) Licensee Event Report 89-016, Rev. 1, September 1, 1989

Gent lemen:

Subject: Licensee Event Report 89-016, Rev. 2 for the Fort Calhoun
Station

Please find attached Licensee Event Report 89-016, Revision 2 dated
December 1, 1989. Revised or supplemental information is noted by
vertical bars in the margins. This report is being submitted per
requirements of 10 CFR 50.73(a)(2)(i)(B) and 50.73?a)(2)(ii)(8 :

If you should have any questions, please contact me.

Sincerely,

) )7 / /7// “':‘:7

K. J. Morris
Divicion Manager
Nuclear Operations

KJIM/tcm
Attachment

c: R. D, Martin, NRC Regional Administrator
A. Bournia, NRC Project Manager
P. H. Harrell, NRC Senior Resident Inspector
INPO Records Center
American Nuclear Insurers

I with Equal Opportumity
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On June 16, 1989, Engineering evaluation of test results revealed that, for an
unknown period prior to June 14, 1989, Auxiliary Feedwater Pump FW-10
operability was outside the design basis for certain accident conditions due to
inoperability of the pump pneumatic speed control loop. Problems with the
control loop had been found on June 13, 1989 after FW-10 was taken out of
service for special testing. These problems would have limited pump speed and
discharge pressure below that needed to inject water into the steam generators
under some accident conditions. Because the control loop could not be repaired
and tested expeditiousl{, the air supply to the control loop was valved out on
June 14, 1989. This allowed pump speed and discharge pressure to be contro)led
by the mechanical speed 1imiter on the main governor as designed to meet
accident mitigation criteria. The pump was determined to be operable and
returned to service. An investigation was iritiated to determine the duration
and cause of the control loop inoperability. The NRC Regional Office was
briefed on June 13, 1989 and, following the determination of reportability, the
NRC Operations Center was notified on June 16, 1989 at 1646 hours, pursuant to
10 CFR 50,72(b)(1)(ii). Fort Calhoun Station Unit No. 1 was at approximately
100% power at the time of determination. Inoperability of the control loop was
due to inadequate preventative maintenance, surveillance testing, and
configuration control. A comprehensive action plan has been implemented and
corrective actions have been initiated.
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Auxiliary Feedwater Pump FW-10 is one of two redundant auxiliarg feedwater
pumps at Frrt Calhoun Station Unit No. 1. FW-10 is a steam turbine driven pump
designed to be independent of AC power requirements, while redundant pump FW-6
is an AC motor driven pump. Each pump is designed to deliver a minimum flow of
260 gallons per minute (gpn) to the steam generators against a steam generator
pressure of 1000 psia. During normal startup and shutdown operations, pump
FW-6 is routinely used to supply feedwater. Pump FW-10 is not normally used
for plant operations and is usually only run during testing. Both auxiliary
feedwater pumps are designed to automatically start on ’ow steam generator
level. If a loss of all station AC power also occurs, FW-10 is the primary
source of feedwater. However, motor-driven pump FW-6 can be powered from an
emergency diesel generator after normal AC power supply is lost.

The speed (and resultant discharge pressure) of FW-10 is designed to be
governed by a pneumatic-hydraulic speed control loop which maintains the feed
pump discharge pressure at a fixed differential greater than the steam
generator pressure. A Moore differential pressure transmitter (PT-1039) senses
the differential gressure between the pump discharge and the steam generator
and sends a signal to a pneumatic controller. The Nullmatic Two-Mode Model 55M
controller (PC-1039) fecds an air signal through a Nullmatic Model 59
derivative controller unit which dampens the signal to reduce pump speed
oscillation. This should permit smooth response to a pump speed needed to
provide discharge pressure above steam generator pressure. The differential
pressure setpoint is adjustable in the field, and would normally be set so that
the pump discharge pressure is at least 40 psi above the steam generator
pressure at rated flow. The pump control system is supplied from the
Instrument Air System. The control system is also designed to allow maximum
speed of the pump upon total loss of Instrument Air. In this condition, pump
speed is limited by the settin? of the mechanical speed limiter on the main
governor. As originally installed, the speed control loop did not provide for
manual control of pump speed.

At 1300 hours on Jjune 13, 1989, with the station operating at 100% power, pump
Fk-10 was taken out of service in preparation for testing following redundant
component testing of pump FW-6. Technical Specification 2.5 allows one
auxiliary feedwater pump to be inoperable for up to 24 hours. The testing
(controlled by procedure SP-FW-12) was intended to provide baseline data on
puimp performance by developing a method for manual control of pump speed, in
order to establish a reference speed for future testing and verify the
governor-limited maximum speed. Temporary modification 89-M-03]1 was
implemented, which installed a variable air supply test-tce inlet to the
control loop in order to simulate signals from the differential pressure sensor
and provide manual pump speed control to the test personnel. At 1645 hours,
FW-10 was started and warmed up for the test. At 1727 hours the test air
supply was valved in and initial readings were taken. Between the hours of
1750 and 1835 the test air pressure signal was varied numerous times with no
change in pump speed observed. At 1835 hours the pump was stopped and the
control system was returned to normal configuration. The Shift Supervisor,
Duty Supervisor, System Engineering Supervisor, and Plant Manager were informed
of the situation.

NRLC Form M6A (6-89
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At 2000 hours on June 13 an emergency maintenance order was initiated to
investigate and make minor repairs to the pneumatic controller and derivative
unit, This activity included cleaning of restriction orifices and checking
adjustments of the controller as described in the vendor manual. The
pneumatic derivative unit was found to be leaking air and to have erratic
response. No other repairs or adjustments were possible at the time. With the
control components in this condition, pump FW-10 maximum speed was found to be
6980 rpm with a resultant discharge pressure of 996 psig, a value below the
minimum pressure required for operability during a Design Basis Accident.

Test procedure SP-FW-12 was revised to allow determination of the mechanical
limiter setpoint on the main governor for FW-10 by injecting the test signal
downstream of the derivative unit. The test revealea on June 14 at 1005 hours
that, upon loss of instrument air supply, pump speed would increase to 7725 rpm
with a discharge pressure of 1210 psig. In this mode the pump was corsidered
operable, since the speed and discharge pressure were well above the design
basis minimum values, yet pump speed was within the maximum allowable. It was
determined that failure analysis and repairs of the pneumatic controller
components could not be accomplished within the remaining degraded mode period
allowed by the Technical Specifications, so the instrument air supply to the
control system for FW-10 was valved out. The pump was restarted to verify that
it would perform its intended safety function in this configuration; it was
subsequently declared operable and returned to service at 1130 hours on June 14
with the instrument air supply vaive tagged closed.

It could not be immediately determined what caused the malfunction of the
controller system or when the system became inoperable. An evaluation
including review of previous test data was initiated in order to determine
reportability. Because of the significance of the event, the situation was
expiained to the NRC Region IV office by plant management on June i . The
engineering evaluation concluded on June 16, 1989 that FW-10 controller Toop
performance was degraded for &t least several years prior to discovery; the
plant thus operated outside the design basis of the auxiliary feedwater system
for an indeterminate period. This was reported to the NRC Operaticns Center on
June 16, 1989 at 1646 hours pursuant to 10 CFR 50.72(b)(1)(ii). As an
additional consequence, the Limiting Condition for Operation (LCO) of Technical
Specification 2.5 was violated for an indeterminate period.

This event is safety significant to the degree that, under certain conditions,
Auxiliary Feardwater Pump FW-10 wouid not have been capable cf performing its
function. These conditions would be the coincident (1) loss of main feedwater,
(2) unavailability of motor-driven Auxiliary Feedwater Pump FW-6, (3) steam
generator pressure over approximately 1000 psia, and {4) availability of
Instrument Air supply to FW-10. The pneumatic controller problems limited
FW~10 discharge pressure to approximately 996 psig. Further analysis of the
safety consequences of this event was performed, with results noted in Action
Item (8) of this report.

NRAC Form JBA (589
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An action plan was formulated to address cause, consequences, and corrective
actions for this event, and to resolve concerns and questions from NRC Region
IV inspectors. The action plan items and results are:

Determine the direct cause of the derivative controller failure in th:
FW-10 speed control loop.

A Special Procedure SP-FW-13 was performed to control the trouble-shooting
and repair of the speed control loop on FW-10. The pneumatic controller
vendor garticipated in the effort. The failure of the derivative unit was
caused by excessive clearances which developed between close tolerance
parts within the unit during its installed life. These increased
clearances between the diaphragms and nozzles caused erratic operation and
eventual compliete failure of the unit. The body bolts which hold the
stacked bod{ parts together were found to be loose. Similar problems of
increased clearances and loose body bolts were found with the two-mode
controller upstream of the derivative unit. In addition, the zero setpoint
adjustment screw on the two-mode controller was found turned to the extreme
clockwise ﬁosition further prohibiting the normal functioning of the unit.
When and why this adjustment was made could not be determined.

Both of the units were removed to the shop and disassembled for

inspection. No evidence of moisture or foreign material intrusion was
found. The diaphragms were fouund to be slightly stiff or embrittled but
not cracked or flaking off. The looseness of the body bolts was attributed
to the permanent deformation of the edges of the diaphragms due to aging
and compression. New controllers have been calibrated and installed in the
loop on FW-10.

During the trouble-shooting process the differential pressure transmitter
was also found to have failed. The bellows leaked internally resulting in
failure to respond to differential pressures applied at the inputs. A
replacement transmitter has been ordered. For this reason, the speed
control lcop of FW-10 remains out of service with its air supply valve
tagged shut. Oisassembly and inspection of the transmitter to determine
its failure mechanism will be conducted after replacement parts are
received.

The Moore Products field representative has recommended that the body bolts
on the Moore controllers be torqued to 55 inch-pounds and checked
periodically. This information has been transmitted to the Project 1991
preventive wiaintenance (PM) program upgrade group for evaluation and
inclusion in the appropriate PM procedures. As noted above, the FW-10
controller loop remains out of service due to the failed bellows in the
differential pressure transmitter. The replacement of this transmitter is
expected to occur by January 31, 1990, subject to receipt of ordered

parts. Appropriate calibration and PM procedures will be in place prior to
returning the control loop to service.

NRC Form 3984 (3-89
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(2) Determine the root cause of the failure of FW-10 to respond to manually
injected air signals during the conduct of SP-FW-12.

A root cause investigation was conducted by members of the Nuclear Safety
Review Group. The root cause was determined to be failure to include the
speed contro) 1oog for FW-10 in the preventative maintenance/calibration
program at initial plant startup. Subsequent investigation by the Nuclear
Safety Review Group determined the following contributing factors: the
control loop components were never classified as CQE, and an inadequate
ﬁurveillance test did not verify the proper operation of the speed control l
oop.

(3) Review and evaluate available information to ascertain, if possible, when
failure/misadjustments of the speed control components occurred.

Immediately following the discovery of the failure of FW-10 to respond to
pneumatic test control signals, a review of past surveillance test data
(ST-FW-1) was initiated. Several different test result parameter
combinations were ?raphed to find a trend or pattern that would indicate
when the failure might have occurred. A graph depicting the trends of
turbine steam inlet pressure, and the pressure differential between the
pump discharge and steam inlet was constructed.

The data indicate that, since July, 1985, the differential pressure between
pump discharge and steam inlet pressures varied inversel{ with the steam
inlet qressure changes. If the pump speed control loop had been operating
roper ¥, this differential gressure trend would be a relatively straight

ine. The inverse relationship was caused by the pump operating at a
constant speed, and therefore constant discharge pressure, due to the
control loop being unresponsive. That is, no matter what the air input
signal from PT-1039, the turbine throttle linkuge positioner output air
signal remained at approximately 12 psig output, causing the pump to
operate at a relativeiy constant speed. This speed was not sufficient for
developing the head required for the pump to fulfill its safety related
function during a DBA. Therefore, it is concluded that since July 1985,
the pump speed control loop was inoperable causing FW-10 itself to also be
inoperable.

Prior to July 1985, the test data points for the pump discharge pressure
/steam inlet pressure differential were widely variable, indicating that
the control loop was not properly functioning. However, the pump did
operate at sufficient speeds to develop the discharge pressure necessary
for injection of water into the steam generators under DBA conditions.
Therefore, although the controller may not have been fuily operable prior
to July 1985, it did not restrict the speed of the pump enough to cause
FW-10 to be inoperable.

NHC Form 3884 (6.89)
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(4) Review previvus testing of FW-10 to determine if the failure of the speed
control loop should have been evident from the data available. Evaluate
the effectiveness of the existing surveillance tests on FW-10 used to
demonstrate operability.

A review of previous testing of FW-10 per ST-FW-1 was performed by OPPD
Special Services Engineering to determine if the failure of the speed
control loop should have been evident from the data available. As
evidenced by the resolution of Action Item #3, the surveillance test did
centain sufficient information to determine that a problem existed with the
speed control loop. However, the pattern that indicated a failure was
discovered only after much manipulation of the available data. 1In
addition, until 1988, there was no AFW system expert (system engineer) with
the detailed knowledge of the operation of FW-10 which is necessary to
properly review the surveillance test for deficient trends or patterns such
as this. These facts, coupled with the fact that the failure occurred
prior to the 1mglementation of a formal surveillance trending program, make
it highly improbable that the failure of the speed control loop would have
been recognized by the test reviewers.

A review of ST-FW-1 was also performed by Special Services to evaluate the
test's effectiveness in demonstrating the operability of FW-10. This
evaluation revealed the following deficiencies:

A) Turbine steam bowl pressures were not recorded or trended. The
pump vendor has stated that trending of this parameter is one of
the best indicators of pump and/or turbine performance
degradation. This parameter is now incorporated into ST-FW-1.

B) Prior to April, 1989, ST-FW-1 did not provide for a means of
directly measuring pump suction pressure, which 1s used to
determine pump developed head. Suction pressure was calculated
from a static elevation head measurement at the emergency
feedwater storage tank. This methodology has been changed by
directly reading suction pressure from a test gauge installed at
the pump's suction flow element. This results in & much more
accurate indication of pump developed head and provides assurance
that no operability concerns exist with the pump's suction

supply.

C) ST-FW-1 did not require a variation from the steady state speed
obtained when the pump was started and run in the recirculation
flow coniiguration. If ST-FW-1 would have required such a speed
variation to be performed, the inoperability of the speed control
lcop would have been evident at the time an individual test was
performed.

NRAC For i J88A (688
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Investigation revealed that two speed control loop components did have

The Differential Pressure Transmitter is

8) The speed loop components are not EEQ.

the instruments were

Several factors appear to have contributed to the fact that these
instruments were not included in the preventative maintenance/calibration
progrems during and after initial plant startup:
supplied skid mounted with FW-10; the instruments were never identified as
CQE (or safety related); the instruments were not identified on the startup
instrument punch lists; and the instruments were always considered to be
part of the Main Steam system (steam supply to FW-10) instead of the
Auxiliary Feedwater system.

Considering the above deficiencies, the surveillance test ST-FW-1 was not
adequate in demonstrating the operability of FW-10 prior to April, 1989.

(5) lnvestigate why the speed control loop components have had no equipment

catinn numbers, calibration procedures, or periodic maintenance.
Evaluate whether speed control loop components are correctly classified
with respect to EEQ, safety class, and procurement class (CQE, etc.).

An investigation by OPPD Design Engineering was conducted into the proper
classification of the components in the speed control loop on FHW-10.
conclusions are summarized below:
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A) The speed loop components should be classified as seismic Class 1
and CQE and maintained as such.
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An Engineering Change Notice has been processed to accurately depict the

configuration of the control loop in the field. Unique identification
numbers have been assigned to the individual loop components which were not

Ereviously tagged. The CQE 1ist, the CHAMPS data base, and the AFW design
asis document have been updated.

Evaluate the design basis of and the need for the differential pressure
controller on FW-10. The results of this evaluation cre summarized below.

The FW-10 speed control loop is designed to limit pump discharge pressure
to a setpoint sufficiently above steam generator pressure to permit
injection at the required flow rate under various ogerational and design
basis event conditions. The primary advantage of the existing speed
control loop design is that it allows the pump to run at optimum speeds,
sufficient to meet system head requirements while minimizing pump and valve
wear. This efficiency feature is particularly advantageous for injection
into a steam generator with decaying pressure conditions (i.e., long term
heat removal). The disadvantage of this control configuration is the
increased complexity over the alternative considered.

The best alternative to the current design was determined to be a constant
pressure control scheme, which would control pump speed to maintain a
constant discharge pressure output regardless of system total head
requirements. The controiler setpoint would have to be high enough to
ensure system operation at worst case design basis event conditions. The
disadvantage of this apﬁroach is the resultant hiqh differential pressures
across ihe downstream throttle valves under normal operating conditions,
causing higher wear rates for the pump and the throttle valves. The
primary -vantage of this design is its simplicity.

It was cencluded that the present variable speed control design is most
approrriate for this application. Repairs to restore the FW-10 speed
control 1oop to operability are expected to be complete by January 31,
1990, subject to receipt of ordered parts.

Evaluate a loss of instrument air event to determine, if possible, the
length of time between the loss of air and the instrument air pressure
dropping Tow enough to cause FW-10 to operite on the speed limiter.
Include an evaluation of the impact of this time delay on events involving
a demand for FW-10. The results of this evaluation are summarized below.

In its present configuration with the instrument air supply valve shut,
FW-10 is considered operable; the evaluation for this action item covered
the period prior to June, 1989 when the speed control loop was inoperable.
A loss of instrument air pressure to below approximately 20 psi, the
setpoint of the in-line air regulator, would have initiated an increase in
FW-10 speed to the mechanically limited maximum. However, the length of
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time for air pressure to drop below 20 psi would depend on several
variables, including the type of initiating event and the instrument air
system usage rate. For events involving no breach of the instrument air
system and a loss of offsite power, the rate of instrument air

depressurization would likely be low. It is impractical to accurately

determine the interval between loss of instrument air and FW-10 reaching

maximum speed for all events in olving a loss of instrument air.

Also, the

anticipated operator response to most events would include restarting of an
air compressor, using emergency power, long before air pressure degraded to
20 psi. For these reasons, it can be conservatively concluded that FW-10

would have been unable to mitigate certain accident conditions, since
credit cannot be taken for immediate and continuing loss of instrument air

pressure.

Evaluate the as-found conditicn of FW-10 for a loss of main feedwater
design basis event concurrent with failure or unavailability of FW-6.

results of this evaluation are summarized below.

A review of USAR Chapter 14 indicated that for design basis events
demanding auxiliary feedwater flow for mitigation, the most limiting event
is the small break LOCA concurrent with a loss of offsite power and single
failure or unavailability of FW-6. The loss of offsite power would cause

loss of main feedwater and loss of instrument air and thus bounds a loss of

main feedwater event.

In this scenario, steam generator pressure is assumed to be 1000

sia.

The

As

discussed in Item (7) above, no credit was taken for full operability of
FW-10, since it is assumed Operations would power an instrument air
compressor from an emergency power bus, limiting FW-10 discharge pressure
If piping
frictional losses and head differential are taken into account, FW-10 would
not have been able to provide auxiliary feedwater to the steam generators.
In this situation, procedure EOP-20, RCS and Core Heat Removal Success Path
HR-4 directs the operators to initiate once-through-cooling utilizing
safety injection pumps, which ensures adequate core cooling until secondary

to the as-found value o

side pressure is sufficiently redu ~d.

approximately 996 psig (1010.7 psia).
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