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U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555

Gentlemen:

In the Matter of the Application of ) Docket Nos. 50-390
Tennessee Valley Authority ) 50-391

WATTS BAR NUCLEAR PLANT (WBN) UNITS 1 AND 2 - FAILED MOTOR PINION KEYS AND
MOTOR SHAFT IN LIMITORQUE OPERATOR - WBRD-50-390/86-64 AND WBRD-50-391/87-23
FOURTH INTERIM REPORT

The subject deficiency was initially reported to NRC Region II Inspector
Morris Branch on October 9, 1986, in accordance with 10 CFR 50.55(e) as
Nonconforming Report (NCR) W-477-P for unit 1. The NCR was subsequently
superseded by Condition Adverse to Quality Report (CAQR) WBP 870995, and
CAQR WBP 870996 was initiated to document the deficiency for unit 2.
Interim reports were submitted on November 12, 1986, March 16, 1987, and
November 2, 1987. An extension of report schedule was also submitted on
April 29, 1988. Enclosure 1 is our fourth interim report. We expect to
submit our next report on or about April 4, 1989. We consider 10 CFR Part 21
applicable to this deficiency. Enclosure 2 contains the commitment stated in
this submittal.

If there are any questions, please telephone G. R. Ashley at (615) 365-8527.

Very truly yours,

TENNESSEE VALLE YAUTHORITY

R. G idley, Mana r
Nuclear Licensing and

Regulatory Affairs
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cc: See page 2
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U.S. Nuclear Regulatory Commission 81 23 19db

cc (Enclosures):
Ms. S. C. Black, Assistant Director

for Projects
TVA Projects Division
U.S. Nuclear Regulatory Commission
One White Flint, North
11555 Rockville Pike
Rockville, Maryland 20852

Mr. F. R. McCoy, Assistant Director
for Inspection Programs

TVA Projects Division
U.S. Nuclear Regulatory Commission
Region II
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30323

Record Center
Institute of Nuclear Power Operations
1100 Circle 75 Parkway, Suite 1500
Atlanta, Georgia 30339

U.S. Nuclear Regulatory Commission
Watts Bar Resident Inspector
P.O. Box 700
Spring City, Tennessee 37381



ENCLOSURE 1

WATTS BAR NUCLEAR PLANT UNITS 1 AND 2
FAILED MOTOR PINION KEY AND MOTOR

SHAFT IN LIMITORQUE OPERATOR
WBRD-50-390/86-64 AND WBRD-50-391/87-23

CAQRs WBP 870995 AND WBP 870996
10 CFR 50.55(e)

FOURTH INTERIM REPORT

Description of Deficiency

During preventive maintenance for the actuator on valve l-FCV-63-72A (residual
heat removal (RHR) pump suction to containment sump isolation valve), the
motor shaft-pinion gear key connection was found to be damaged. The key was
found deformed and approximately one-third of the way out of its slot. The
motor shaft was found to be cracked in two places. Examination of the
redundant train valve actuator (1-FCV-63-73B) revealed a similarly deformed
key, still in complete engagement with no motor shaft cracking. The failed
actuators are model SB-3, manufactured by Limitorque Corporation, Lynchburg,
Virginia, equipped with 100 foot-pound force (ft-lb) motors. These were
provided to TVA by Westinghouse Corporation, Pittsburgh, Pennsylvania, under
the Nuclear Steam Supply System contract (54114-1). These are the only two
size 3 actuators with 100 ft-lb motors used in safety-related applications for
each unit at WBN.

Safety Implications

The damage identified could result in a sudden failure of the key and/or motor
shaft, rendering the valves inoperable. Failure of these valves to operate
could result in loss of the ability to recirculate water from containment
following a loss of coolant accident (LOCA). Therefore, this deficiency could
have adversely affected the safety of operations of the plant.

Interim Progress

As stated in our third interim report on this condition, dated November 2,
1987, TVA has determined that this deficiency is not limited to the size 3
Limitorque actuators. This is based upon inspections of other types and sizes
of Limitorque actuators which showed various degrees of key/keyway slot
deformations. Also stated in this report was our conclusion that the
deficiency cannot be eliminated by a change in material specification. This
is based on testing performed by TVA.

Subsequent to our transmittal of that report, two additional examples of
deformed key/keyway slots have been discovered while performing routine
maintenance on unit 1 valves and documented on the associated CAQR
(WBP870995). These examples are:
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- A size 2, type SBD actuator (valve 1-FCV-63-94-B) motor shaft-pinion key
was found to be completely sheared into two pieces. The motor pinion
gear had rotated approximately one-third turn on the motor shaft, and
cracks were found originating at the corner of the key slot on the shaft.

- A size 0, type SB actuator (valve 1-FCV-72-39-A) was also found to
contain a motor shaft-pinion key with indentions along both sides but
without shaft keyway damage.

In our last submittal to you dated April 29, 1988 (a request for extension of
report schedule), we stated that TVA had determined that the initial
Limitorque Corporation test configuration did not adequately represent field
conditions. TVA engineering then witnessed additional testing at Limitorque
Corporation at which time changes in the testing to produce more realistic
loadings were implemented. This additional testing produced minimal widening
(0.0015 inch) of the keyway on the same motor shaft which was previously
cycled 3000 times in the initial testing. However, the following observations
were made concerning this test:

- The valve stem used in testing was directly attached to the hydraulic
cylinder which precluded simulation of the impact loading experienced by
a gate valve when the gap between the valve stem and wedge is taken up
at the beginning of the opening stroke.

- An SMB actuator was being used instead of an SB, which is the type on
which the WBN failures occurred.

As this testing did not produce the same results experienced at WBN, it was
decided that Limitorque Corporation would test one of the actuators
experiencing this problem as it is installed at WBN using their diagnostic
equipment.

Testing performed at WBN produced similar keyway deformations as initially
reported. Evaluation of the diagnostic test results identified an unusual
electrical current inrush profile for the motor. The timing points associated
with the oscillations indicated that the spring-loaded drive sleeve of the SB
unit was being backdriven into the worm gear upon worm gear reversal. This
condition occurred because of the hammer-blow design of the SB actuators which
results from the "slack" which exists between the worm gear and the drive
sleeve upon reversal of stroke. It was believed that the shock from this
hammer-blow and subsequent oscillations was being transmitted through the
actuator driveline to the motor shaft, resulting in high impact stresses which
lead to failure of the key/keyway slot.

To eliminate the slack between the worm gear and drive sleeve, TVA installed a
no-loss-motion drive sleeve on an actuator at WBN. However, subsequent
testing on the actuator on August 25, 1988, by TVA, in conjunction with
Limitorque, again produced similar key/keyway slot deformations. The test
consisted of 15 full cycles and produced a keyway slot deformation of
approximately 0.012 inches and indentions on the key. This indicates that the
worm gear reversal hammer-blow was not the root cause of the key/keyway slot
failures.
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As a result of these negative test results, further evaluation and/or testing
is required in order to determine the root cause and necessary corrective
actions. TVA will provide another report on this subject on or about
April 4, 1989.



ENCLOSURE 2

LIST OF COMMITMENTS

Provide a report to NRC on or about April 4, 1989.
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