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The vibration was apparently caused by operation of the RHR shutdown cooling loop
with flow rates outside the optimum throttling range of FO17B. System operation
outside the optimum throttle range of valve FO17B was procedurally allowed by a
temporary change notice which was implemented to provide a finer control of
reactor coolant temperature. The gperating procedure was reviewed and revised
to impose operating restrictions that will prevent a recurrence of this event.

LER £3-056, dated May 6, 1983, provides information about another event at
Susquehanna Unit 1 on April 17, 1283. This event involved operation of the RHR
system in the shutdown cooling mode. The original intent was to conduct a startup
test to determine the capability of the RHR heat exchanger. As a result of an un-
expected series of interactions, the test led to excessive vessel and primary
coolant cooldown rates. An engineering analysis by the licensee concluded that the
cooldown rates did not impair structural integrity of the reactor coolant system,

This sequence of events involved the same system and components described for
LER €3-034 znd shewn in Figure 1. It could involve.either the A loop (not shown,
but with the same configuration as the B loop with valve numbers followed by

A rather than B) or the B loop of RHR. Prior to the test, reactor temperature/
pressure was maintained with the shutdown cooling by using the RHR heat exchanger
for approximately five minutes out of.each hour. As previously cescribed, this
means that valve FO17 was set for 10,000 gpm flow, valve FO48 was full open, and
either the heat exchanger inlet or discharge valve (F047 or FO03) was closed to
provide complete bypass flow (no cooling from the heat exchanger). The level of
decay heat was such that heat exchanger flow was only needed for 5 minutes out of
every hour (recall that this flow was approximately 3/4 bypass and 1/4 heat ex-
changer). Use.of the heat exchanger was controlled by alternate opening and
closing of valves F047 and FOO3 (i.e., if FO47 was closed, it would be opened to
use the heat exchanger; FUO3 then would be closed after five minutes to stop
cooling; after 55 minutes, FOO3 would be opened to start cooling; FO47 then would
be closed to stop cooling).

The test procedure to detcrmine the capability of the shutdown heat exchanger
apparently specified full 10,000 gpm flow through the heat exchanger (about four
times the rormal amount that was needed for five minutes each hour). Prior to

the test, the heat exchanger had been isolated for approximately one hour. The

test wes started by diverting 211 flow in RHR loop A through the heat. exchanger

by closing bypass valve F048. This heat exchenger bypass valve was fully closed
approximately three minutes after the start of the test. Vhen a 60°F temperature
drop in the suction line of the A recirculation loop was approached, the startup
test was aborted by cpening the heat exchanger bypass valve and isolating the heat
exchanger. By that time, the temperature drop was approximately 80°-900F and reactor
level was dropping due to shrinkage. The low level scram trip was subsequently
actuated (this was z.reactor protection system actuation only, the reactor was

not critical) and shutdown cooling was isolated on an.RHR pump A trip. This.sequence
together with subseguent action to restore reactor level resulted in excessive

vessel and primary coolant cooldown rates. Later in the sequence to return the

RHR B loop to shutdown cooling, the heat :xchanger discharge valve would not open

due to an open motor winding (burnout).

FINDINGS

These two events illustrate several issues concerning interaction aspects betweer
system design and operation. One issue concerns valve assembly operation in a
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manner for which it was not. intended. Two.previcus AEOD reports (Refs. 4 and §5)
specifically address motor burnout and valve vibration which were similar to those
observed in these events at Susquehanna. Reference 4 identifies several possible
causes of motor burnout. One item was motor duty cycle which concerns the number
of times a valve is operated within a given time frame. Based on the manner in
which the shutdown cooling mode is currently operated, the motor operator burnout
cited in LER 83-056 may be related to the frequent open and closing of the valve.
Similarly, reference 5, identifies several events in which vibration of the valve
assembly, apparently caused by inappropriate throttling, had resulted in loosening
of the limit.switches and subsequent excessive closing torque was applied. Thus,
the recent events at Susquehanna appear to be similar to previously observed
phenomena.

Based on tbe preceding discussion and related followup activities for these
licensee event-reports, the following findings are provided:

(1) Valve misuse with throttling outside the optimum range resulted in
excessive vibration and damage to the LPCI injection throttle valve
assembly and.the system piping.supports. Current procedures rely on
administrative controls to prevent operation outside the optimum
throttling range.

(2) Vibration damage was detected because an operator making rounds observed
excessive motion. Previous operation had apparestly already resulted in
weld cracks in piping supports in the A loop, but these cracks were not
detected until after the valve vibration.in loop B had been observed.

(3) The disc separation from the stem in the LPCI system injection valve,
FO178B,. found subsequent to the vibration, has potentially severe
consequences relative to LPCI operation. The separation could remain.
undetected because position indicators would show full open and inservice
pump tests would normally not have flow through this valve. Also, it
would be possible for a degraded disc-stem connection to fail under
conditions of full LPCI system injection flow.

(4) The combination of system design, configuration, flow control system, and
low level of decay heat resulted in intermittent but frequent cycling of
the RHR heat exchanger inlet and outlet valves during the shutdown cooling
mode of operation. It appears that efforts to provide either continuous
or longer periods of heat exchanger flow led to 2 conclusion that the oniy
viable short term action was to.throttle the LPCI system injection throttle
valve outside the optimum range.

(5) The current operational segquence for the RHR system in the shutdown cooling
mode with intermittent use (five minutes out of every hour) of the heat
exchanger may have contributed to valve operatcr motor damage because of
increased duty cycle. However, higher levels of decay heat which would
require more freguent valve cycling (something other than continuous flow)
could result in more rapid motor operator failure due to increased duty
cycle requirements.

(6) Shutdown cooling flow distribution has little if any control flexibility
at the low end of heat exchanger flow.

(7) The heat exchanger test procedure that led to the event reported in
LER 83-056 appears to be inapproprizte in general beczuse it could
result in severe thermal shock leads foi the reactor vessel.
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(8) It would seem appropriate to develop an improved method of flow control
to permit continuous heat exchanger flow during the shutdown cooling mode
of RHR operation. This method should consider possible control of the
service water flow as wel)l as the primary reactor water flow through the
heat exchanger.

(8) The extent of valve assembly damage due to vibration indicates that such
effects were not adequately accommodated in design and qualification
programs. A similar finding was cited in reference 5.

CONCLUSIONS

?ased on this review and followup activities, the damage to the LPCI injection
throttle valve assembly and support system appears to.be. among the most severe
that has been attributed to vibration resulting from valve misuse. If the

damage nad gone undetected, failure at a later time could have adversely affected
operation of tbe Jow pressure injection system. It is important to note that
misuse of the valve appears to have been directly related to system flow limitations
wnich in turn resulted from a combination of system design, configuration, flow
control system, and the low level of decay heat.. The extent of valve assembly and
pipe support damage, togetber with the interactive aspects between design and
operation, appear to. be appropriate material for an IE information notice. In
addition, current intermittent operation of the RHR system in the shuldown cooling
mode appears to have the poteatial for cumulative damage to valve operator otors.
Therefore, it appears appropriate to review the adequacy of the shutdown cooling
mode system and flow control because such operation could have adverse effects

on. equipment that is essential under some accident conditions.
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