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EXECUTIVE SUMMARY

Haddam Neck Station
NRC Inspection Repori No. 50-213/96-08

n f ignifi

The AIT (team) conducted an independent assessment of the circumstances surrounding
the (1) undetected accumulation of nitrogen gas in the reactor vessel head: (2) two
inadvertent diversions of reactor coolant system (RCS) inventory; (3) failure of a residual
heat removal (RHR) pump; and (4) a leak on a RHR heat exchanger inlet valve body. These
events all occurred between August 22 and September 4, 1996,

The team concluded that the combination of these events was safety significant. The
operation of the RHR decay heat removal system is contingent upon maintaining adequate
level in the reactor vessel. The accumulation of nitrogen gas in the reactor vescel head
significantly reduced the water level in the reactor vessel. The decrease in reactor vessel
level went undetected by plant operators for nearly 4 days. The team determined that
systems used to mitigate a loss of the RHR system were also adversely affected by the
nitrogen gas intrusion. However, the team determined that there were no actual public
health and safety consequences of this event.

Operations:

The team identified several areas where operations performance was inadequate. Several
operations procedures, used during shutdown conditions, failed to provide important detail
or contained incorrect information. The absence of acceptable procedures was a
contributing cause for both the nitrogen gas intrusion into the reactor vessel going
undetected and for the inadvertent diversion of water from the RCS. The team noted
several examples where operator knowledge and performance failed to meet acceptable
standards. Several of the events were exacerbated by plant operators failing to follow
plant procedures, conducting activities without procedural guidance, or making
inappropriate decisions. A lack of a questioning attitude, in response to several indirect
indications that the reactor vessel was not full of water, resulted in the nitrogen gas
accumulation going undetected. The failure by more senior operators to convey
expectations to less experienced field operators during pre-job briefings resulted in
inappropriate equipment manipulation that either directly caused or contributed to these
events. Due to the operators failure to fully appreciate the significance of these events,
timely notifications to the NRC were not made.

Maintenance:

The team noted areas where maintenance support was not timely or effective. The team
determined that plant maintenance failed to restore the failed "B" RHR pump to service in a
timely manner. The unavailability of quality parts, vendor specifications, and repeated post
maintenance test failures resulted in operating with a single RHR pump for over 3 weeks.
The timely restoration of the RHR pump was important because only the redundant "A"



RHR pump remained available to provide the preferred decay heat removal method. The
team also noted a few instances where maintenance staff failed to comply with procedures
during the repair of the "B" RHR pump. The team concluded that the maintenance support
for restoring the RHR pump to service was not timely.

The team also noted that the poor material condition of several isolation valves was a
contributing cause for two of the events reviewed. Leaking valves allowed nitrogen gas to
enter the reactor vessel and water from the RCS to be diverted to the containment sump.
The large number of leaking valves noted during these events may be indicative of a
broader problem with the material condition of valves whose primary function is for non
safety-related equipment isolation. The failure of these valves to function properly resulted
in several operator challenges. The team concluded that the maintenance support for
maintaining isolation valves was not effective.

Engineering:

The support provided to the operators by engineering and technical support (E&TS) was
noi timely or effective. The condition of the temporary reactor head vent system was
significantly degraded. Over the past several years, management failed to effectively
respond to previous plant staff conce/ns and improve the vent header design. The E&TS
organization also failed to establish appropriate design criteria or conduct proper system
oversight to ensure that the system was functioning properly. The failure to establish a
functional reactor head vent systems allowed nitrogen gas to accumulate in the reactor
vessel. Absence of a direct means of monitoring reactor vessel level, for approximately
6 days while refueling activities were postponed, complicated the situation for the
operators.

Management Oversight and Controls:

The failure by plant management and staff to fully appreciate the significance of this event
resulted in a poor event response and in a delay in initiating an integrated event recovery
plan. The team determined that the actions taken during and following this event to
determine actual reactor vessel level were not timely. These actions included taking local
reactor vessel level indication systemn (RVLIS) and core exit thermocouple (CET) readings
and completing the special test to verify level. Delays were encountered in reinstalling
control room RVLIS and CET indications and aligning a reactor coolant pump (RCP) for
standby service. The actions implemented to monitor the operating RHR pump, following
the "B" RHR pump failure, were also not comprehensive or timely. Delays were also
experienced in initiating and staffing the independent review team that investigated these
events,
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1.0 INSPECTION OBJECTIVES

The objective of this inspection was to conduct an independent assessment of the
circumstances surrounding the (1) undetected accumulation of nitrogen gas in the reactor
vessel head; (2) inadvertent diversions of reactor coolant system (RCS) inventory; (3)
failure of decay heat removal system components. Specific inspection objectives were
provided to the team, by the Regional Administrator, in the AIT Charter (Attachment 1 of
this report). The inspectors used NRC Inspection Manual Chapter 93800 as guidance for
conducting this inspection activity.

2.0 BACKGROUND AND EVENT SUMMARY
Undetected Accumulation of Nitrogen Gas in the Reactor Vessel

A reactor shutdown was completed on July 22, 1996, in accordance with technical
specifications (TS), to address design issues with the containment air recirculation fans.
Foliowing the shutdown, plant management decided to remain shutdown and to start the
planned refueling outage.

The plant was in cold shutdown during this event. The residual heat removal (RHR)
system was in service to remove decay heat. The "A" RHR pump was in service and the
"B" RHR pump was in standby (later determined to have been inoperabie). The reactor
vesse' head was installed and the RCS loop stop valves were closed. The reactor vessel
level indication system (RVLIS) and core exit thermocouples (CETs) had been removed
from service in accordance with refueling procedures. The integrity of the RCS and
containment boundaries was not established; however, controls were in place to
reestablish these barriers, if necessary.

The chemical and volume control system (CVCS) v as aligned to provide the required boric
acid flow path to the RCS. The charging pumps were not operating. The volume control
tank (VCT) was isolated with a nitrogen cover r,as at a pressure of 30 psig. The VCT was
pressurized to provide an additional source of ;nakeup to the RCS.

The RCS was depressurized and the vent header system was in service. The vent header
system was connected to the reactor vessel head using a temporarily installed hose. The
vent header system maintains a small vacuum to remove gasses from the RCS (See Figure
1 of this report).

The available RCS leve! indications were the hot and cold calibrated pressurizer level
indications, a temporary standpipe on the pressurizer, and the cavity level instrument. The
cavity level instrument and temporary standpipe are placed in service during shutdown
conditions. The range of the cavity level instrument is from the bottom of the RCS loop to
the top of the refueling cavity. The cavity level instrument does not provide a direct
indication of reactor vessel level. The cavity level instrument will indicate the highest
elevation of water in the RCS. When water is in the pressurizer, the cavity level
instrument will indicate pressurizer level.
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On August 28, 1996, nitrogen gas from the VCT began to enter the reactor vessel (See
Figure 2 of this report). A Nuclear Systems Operator (NSO) was in the process of
realigning certain CVCS valves to establish a new boric acid flow path. During this
evolution, the NSO inadvertently opened the wrong manual valve (BA-V-355). This error
caused water and nitrogen gas from the CVCS system to enter the RCS. Control room
operators noticed an increase in RCS level and promptly instructed the NSO to reclose the
valve. Closing the valve should have stopped the nitrogen gas from entering the RCS;
however, the valve failed to fully close and nitrogen gas continued to leak into the RCS.
Nitrogen gas continued to flow through the idle charging pumps and several leaking valves
into the reactor vessel. The nitrogen gas accumulated in the top of the reactor vessel
head. The rate of addition of nitrogen gas exceeded the removal capacity of the vent
header system. Therefore, a nitrogen gas bubble began to grow in the top of the reactor
vessel. The water displaced by the gas bubble was forced out of the reactor vessel and
into the pressurizer. The transfer of water inventory from the reactor vessel to the
pressurizer resulted in a decrease in reactor vessel level.

The rate of addition of nitrogen gas to the RCS decreased as the size and pressure of the
nitrogen gas bubble increased. As the differential pressure between the VCT and RCS
decreased, the leakage of nitrogen gas into the RCS also decreased. Likewise, the
increase in RCS pressure caused the removal of nitrogen out of the vent header to
increase. The rate of accumulation of nitrogen in the reactor vessel was decreasing prior
to the termination of this event on September 1, 1996.

On August 29, 1996, in preparation for reactor vessel head removal maintenance
activities, operators drained approximately 5000 gallons of water from the RCS. Later that
day, the decision was made to postpone the refueling activities and 1000 gallons of water
were added back into the RCS. The pressurizer level and cavity level indications following
this addition were approximately equal to the indications before the 5000 gallons of water
wore removed. The 4000 gallon difference is indicative of the size of the nitrogen gas
bubble in the reactor vessel. Indicated cold calibrated pressurizer level continued to
increase (~8%) over the next 3 days, as nitrogen gas continued to displace water from
the reactor vessel into the pressurizer.

On September 1, 1996, the nitrogen gas supply to the VCT was isolated in an attempt to
identify the source of the relatively high nitrogen gas usage. The isolation of nitrogen gas
to the VCT stopped the nitrogen leakage into the RCS. The vent header system now had
the capacity to remove the nitrogen gas which had accumulated in the reactor vessel. The
volume of nitrogen being removed from the reactor vessel was replaced by the water from
the pressurizer. The pressurizer level rapidly decreased until the level indication was no
longer on scale. Six RCS makeups were required, totalling approximately 5000 gallons, to
stabilize pressurizer level. Stopping the nitrogen leakage and refilling the reactor vessel
terminated this event.

Inadvertent Diversions of RCS Inventory

The team reviewed two instances where water was inadvertently diverted from the RCS.
The first event occurred on August 22, 1996, and the second event occurred on
September 4, 1996.
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On August 22, 1996, a NSO was conducting valve manipulations to place the RHR
purification system in service. The RHR purification system is used to filter the water in
the RCS. The RHR system was inservice providing shutdown cooling. During the valve
alignment, the NSO failed to complete a procedure step that required closing the
purification pump suction isolation valve from the refueling water storage tank (RWST).
The subsequent procedure step required opening the purification pump suction valve from
the operating RHR system. When this valve was opened, approximately 500 gallons of
RCS water were diverted from the RHR systemn to the RWST. The team concluded that
this failure was caused by inadequate procedures, the absence of a pre-job briefing, and
the failure of the NSO to properly follow the procedure.

On September 4, 1996, an event occurred where RCS water was inadvertently diverted
from the RCS to the containment sump. Maintenance personnel were starting a preventive
maintenance (PM) activity on two motor-operated containment spray valves (RH-MOV-34
and RH-MOV-23). The PM required the valves to be cracked off their closed seats. The
valves are used to isolate the RHR system from the containment spray header. A
downstream manua! valve (RH-V-Z3A) was closed to prevent the RHR system flow from
being diverted to the spray header. Approximately 30-40 minutes after cracking open the
valves, a control room operator noticed a decrease in pressurizer level and an increase in
containment sump level. The water was being diverted from the RHR system to the
containment sump. The leakage path was through the cracked open valves (RH-MOV-34
& 23), through the closed manual isolation valve (RH-V-23A), and through an open drain
line from the spray header to the containment sump. A total of 200-300 gallons of RCS
inventory was inadvertently diverted to the containment sump. The operators closed
motor-operated valves (RH-MOV-34 & 23) to stop the leakage and refilled the RCS.

Prior to the September 4, 1996 event, the licensee stopped all work that could adversely
affect the function of the RHR system. The valve PM work was inappropriately performed
despite the stop work order. The team concluded that the failure to properly implement
the stop work order and the leaking isolation valve were the causes of this event.

Fail f H | mponen

The RHR system is used to remove decay heat from the fuel when the reactor is

shutdown. The system is designed such that a single failure, of certain components, will
not prevent the system from perform:.g its decay heat removal function. At the same time
there was a nitrogen gas bubble in the reactor vessel, one redundant RHR pump and heat
exchanger were not available for service (See Figure 3 of this report).

On August 31, a NSO identified a small amount of leakage from the “A” RHR heat
exchanger inlet valve (RH-V-791A) body. The valve was closed to isolate the leakage.
Closing the valve i1solated the heat exchanger and removed it from service. The RHR
system continued to remove decay heat using the redundant "B" RHR heat exchanger.
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On September 1, 1996, the “B” RHR pump failed to operate after two start attempts.
After each start attempt, control room operators manually secured the pump, when the
expected motor ampere indications were not achieved. Plant operators were unsuccessful
in there attempt to rotate the pump shaft manually. The operators concluded that the
pump had become seized and was not operable. The RHR system remained inservice,
removing decay heat, using the "A" RHR pump and the "B" RHR heat exchanger.

3.0 SAFETY SIGNIFICANCE

The team concluded that the combination of these events was safety-significant.
However, there were no actual consequences of these events on the health and safety of
the public and plant s.4ff. This section of the inspection report provides a summary of the
safety-significant aspects of these events.

Plant operators were unaware of the accumulation of nitrogen gas in the reactor vessel or
the decrease in reactor vessel level for approximately 4 days. The inadvertent diversion of
RCS inventory and the RHR system equipment failures further increased the significance of
this event. The team concluded that it was fortuitous that the nitrogen bubble did not
reach a size where RHR pump cavitation would occur. Had the nitrogen addition rate been
increased or the vent header removal rate been decreased, the nitrogen bubble could have
rcontinued to expand in size.

The operation of the RHR decay heat removal system is contingent upon maintaining
adequate level in the reactor vessel. Had the nitrogen gas bubble continued to expand in
size, the nitrogen could have been entrained in the RHR pump suction, causing the
operating "A" RHR pump to cavitate. The control room indications for a cavitating RHR
pump would be fluctuations in motor ampere readings and a low RHR flow alarm. If the
operators properily diagnosed gas entrained in the pump suction, then the correct response
would be to secure and vent the pump. However, plant operators would have been
presented with conflicting indications regarding pump cavitation during this event. The
pressurizer level, on both the cavity and pressurizer level indications, erroneously indicated
that the reactor vessel was full of water. Therefore, plant operators would not have
expected that low reactor vessel was causing pump cavitation. If prompt operator actions
were not taken, the only operable RHR pump could be damaged by the cavitation. If the
RHR system were lost during this event, the time for the RCS to heat-up to 200 °F was
approximately 52 minutes.

The abnormal operating procedure for a loss of RHR requires that the cavitating pump be
secured and vented. However, the location of the RHR pump vents was not optimal and
significant difficulty was encountered during venting the "B" RHR pump following
maintenance to address its seizure. Therefore, an effective venting of a RHR purnp may
not have been easy to achieve. Throughout this event, the "B" RHR pump would not have
been available for service. The operators were unaware that the "B" RHR had seized
following its last operation on August 19, 1996. The failure of the "B" RHR pump added
to the significance of this event. If the "A" pump was damaged, the RHR system would
net be available to remove decay heat. All the RHR support system equipment, such as,
emergency power, component cooling, and service water were available throughout the
duration of this event.
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If the RHR system were available to remove decay heat, plant procedures require
pressurizing the RCS to facilitate natural circulation cooling using a steam generator as a
heat sink. However, a prerequisite for this evolution requires filling the pressurizer using
the charging pumps. During this event, nitrogen gas had displaced water in the charging
pumps and the puinps would not have operated until the CVCS was vented and refilled.
An additional potential consequence of the nitrogen gas in the RCS was that the gas could
have entered the steam generators and obstructed natural circulation. The reactor coolant
pumps had been removed from service and would not have been readily available to
remove the nitrogen gas from the steam generators. If the steam generators are not
effective in removing decay heat, plant procedures direct the use the low pressure safety
injection pump (LPSI) to provide decay heat removal.

A decay heat removal path using the LPSI pumps and the RHR heat exchangers would
have remained available. This flow path provides water pumped by a LPSI pump from the
RWST to the RCS. Reactor coolant is letdown from the hot leg, through the RHR/RCS
isolation valves, through the idle RHR pump and heat exchanger, and back to the RWST.
The team concluded that this would have been an available decay heat removal method.

The inadvertent draindowns of the RCS inventory also contributed to the significance of
this event. For the specific draindown events that occurred, plant operators stopped the
diversions before a significant amount of water was removed from the RCS. However, had
the diversions not been stopped, these events could also have caused RHR pump
cavitation.

4.0 SUMMARY OF CONTRIBUTING CAUSES FOR EVENTS

The team identified several contributing causes for these events. This section of the report
provides a brief summary of the contributing causes. The contributing causes are
described in detail in subsequent sections of this inspection report. The section of this
report that provide supporting information for the assessments are noted in parenthesis.

|. Operations

Operations Procedures and Documentation
In r r

The team conciuded that poor quélity operating procedures were a contributing cause for
several operator errors. Poor procedure quality was a contributing cause for the operators’
failure to detect the nitrogen gas accumulation in the reactor vessel in a timely manner.
The lack of adequate procedures was the root cause for one of the two inadvertent RCS
draindown events. The team concluded that the large number of procedure deficiencies
may be indicative of a broader problem with procedure quality. The inadequate procedures
were all infrequently used procedures for plant shutdown and draindown evolutions.
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The operators compensated for a lack of detailed procedure guidance by writing
instructions in accordance witr administrative control procedure (ACP) 1.2-5.3, Evaluation
of Activities\Evolutions Not Controlled by Procedure. The instructions written in
accordance with ACP 1.2-5.3 do not require the same level of review and approval that
other plant procedurss receive. Operators wrote instructions for the draindown of the RCS
and the veiiig of the charging pumps using the guidance in ACP 1.2-5.3. The team
conciuded that the guidance written for the RCS draindown did not provide adequate
detail. Specifically, the guidance did not require RCS inventory balances, specify reference
levels, or verify proper head vent operation. The team concluded that using ACP 1.2-56.3
to develop guidance for these activities was not consistent with regulatory requirements.
The failure to provide detailed procedures contributed to the failure by plant operators to
identify the accumulation of nitrogen gas in the reactor vessel. (Sections 03.1 and 03.3)

The team determined that the normal operating procedures for the vent header system,
RHR system, and RHR purification system provided insufficient detail or incorrect
information. The vent header operating procedure specified using equipment that was not
installed in the plant, provided inaccurate system sketches, did not specify design
requirements for temporary equipment, and did not require periodic monitoring of system
performance. The RHR system operating procedure failed to provide specific guidance for
shifting RHR pumps, establishing maximum allowable flow rates, removing a heat
exchanger from service, and venting the pump. The lack of necessary step completion
signature locations in the RHK purification procedure contributed to the August 22, 1996,
RCS flow diversion. (Sections 03.2, 03.4, and 03.5)

Operator Knowledge and Performance
Failur | nt Pr r

The team noted instances where activities were not properly conducted in accordance with
procedures. In other cases, activities were conducted without having a proceaure.

On August 28, 1996, the failure by a NSO to properly align a boric acid flow path, resulted
in the inadvertent injection of water and nitrogen into the reactor vessel. The boric acid
flow path alignment was not conducted in accordance with the procedure. This error was
significant becai:se the valve continued to leak by and allowed nitrogen gas to accumulate
in the reactor vessel. (Section 04.5)

A plant procedure required measuring boron concentration in the RCS ioops prior to
opening the loop stop isolation valves. The failure to follow the procedure for collecting
the boron samples resulted in inaccurate boron measurements. The boron samples are
required to ensure that the RCS boron concentration is not inappropriately reduced when
the loop stop valves are opened. (Section 04.2)

The team noted that nitrogen gas was isolated to the VCT and the RCS loop stop relief
valves were isolated without using procedures. Closing the loop ston relief isolation valves
was an inappropriate action because it isolated the necessary pressure relief capability for
isolated sections of the RCS. (Section 04.1)
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The team concluded that control room indications were available to identify the
accumulation of the nitrogen gas in the reactor vessel. The failure to properly diagnose
abnormal control room indications was a contributing cause for this event.

Plant operators failed to properly diagnose the cause of RCS level indication anomalies.
Pressurizer level indication continued to increase for 4 days without any corresponding
additions of water to the RCS. The operators erroneously concluded that the level increase
was the result of leaking loop stop isolation valves and manually tightened down on these
valves. The operators failed to monitor plant indications, following the completion of this
action, to verify that the desired result of stopping the in-ieakage was achieved. {Section
04.1)

On August 29, 1996, approximately 4000 gallons of water were removed from the RCS
without a significant change in RCS indicated level. The operators failed to identify or
evaluate this anomaly. The team determined that this anomaly offered another opportunity
to have identified the existence of the nitrogen gas in the reactor vessel. (Section 04.1)

The source of the relatively high nitrogen gas usage was not investigated in a timely
manner. High nitrogen gas usage began on August 28, 1996, and continued until the
source of the leakage was identified and isolated on September 1, 1996. There was not
an aggressive effort to identify the source of the high nitrogen usage before September 1,
1996. (Section 04.7)

ri isi

The team noted examples where the plant staff failed to make conservative decisions.
These failures to make conservative decisions resulted in an inadvertent diversion of RCS
inventory and improper isolation of overpressure protection for portions of the RCS

On September 2, 1996, the Unit Director placed a stop work order on any work that could
adversely affect the RHR system’s decay heat removal function. Contrary to the stop
work order, plant work control supervisors and control room operators incorrectly allowed
maintenance activities to be performed on the RHR system containment spray motor-
operated valves. This maintenance activity resulted in the diversion of RCS inventory to
the containment sump. (Section 04.6)

A second example of inappropriate <ecision making occurred on August 29, 1996, when
operators isolated the loop stop pressure relief valves. These valves were closed in an
attempt to stop a perceived in-leakage from the isolated RCS loops. The plant operators
failed to properly evaluate the consequences of isolating the pressure relief valve for a
water solid system. (Section 04.1)
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The failure to conduct pre-job briefings adversely impacted job performance. The
improperly performed evolutions were both being performed by the NSOs for the first time.

On August 22, 1996, a NSO failed to properly align valves while placing the RHR
purification system inservice. The NSO was unaware of the proper procedural steps that
needed to be performed. The lack of a pre iob briefing allowed the NSO to proceed with
the valve alignment without the benefit of a thorough understanding of the activity to be
performed. (Section 04.4)

The second instance where the failure to conduct a pre-job briefing resulted in poor
performance occurred during a boric acid flow path valve alignment on August 28, 1996.
During this evolution, the NSO manipulated the wrong valve, that resulted in the injection
of water and nitrogen gas into the reactor vessel. By not conducting a pre-job briefing,
shift supervision failed to provide expectations and guidance to the NSO. (Section 04.5)

Failur R n

The team concluded that plant operators failed to make the appropriate prompt report to
the NRC following the identification of the nitrogen gas bubble in the reactor vessel on
September 1, 1996. 10 CFR 50.72 (b)(2)(iii)(B) requires a 4-hour event report be made for
"Any event or condition that alone could have prevented the fulfillment of the safety
function or structures or systems that are needed to: (B) Remove residual heat.” The team
determined that the nitrogen gas in the reactor vessel could have prevented the RHR
system from removing residual heat. Therefore, this event was reportable. The
Connecticut Yankee (CY) licensing staff determined that this event was reportable and a
650.72 report was made on September 11, 1996, 10 days following the event. (Section
04.8)

Operator Training and Qualifications
Failure to Conduct Planned Training

The team concluded that the failure to complete planned operator requalification trainin_
may have contributed to the operators inability to properly diagnose the indications of
nitrogen gas in the reactor vessel.

The planned operator requalification training was postponed due to the unanticipated early
start of the outaga. The training material included a discussion of NRC Information Notice
94-36, Undetected Accumulation of Gas in Reactor Coolant System. This information
notice provided information on expected plant indications with nitrogen gas in the reactor
vessel during shutdown conditions. (Section 05.1)
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Il. Maintenance
Conduct of Maintenance
Avoidable Delays During the RHR Pump Repair

The "B" RHR pump was not returned to operable status until September 25, 1996, 25
days following the identification of its failure. The team noted several avoidable delays
were encountered during the "B" RHR pump repair. Some of the delays included a lack of
quality replacement parts, inadequate vendor supplied information, lack of technical
evaluations for floor block removal, and the absence of appropriate vent locations. Further
delays were encountered following pump reassembly when the motor end bell was found
cracked. A thorough inspection of the motor in parallel with the pump maintenance could
have prevented this delay. Problems encountered as a result of an improperly installed
bearing oil seal, also caused further delays. (Section M1.1)

Material Condition of Facilities and Equipment
P n i ondition

The team concluded that the failure of valves to isolate flow and the poor condition of the
temporary reactor head vent system were root causes for these events,

The team noted several valves in the CVCS and RHR that failed to perform their isolation
function. The leaking CVCS valves allowed nitrogen gas to enter the RCS. Leaking RHR
valves allowed water from the RCS to be diverted into the containment sump.

The team also identified significant inadequacies in the design and operation of the
temporary reactor head vent system. There were no documented design specifications for
the system. The team identified several design deficiencies including using an
inappropriate diameter temporary hose, using duct tape to prevent tygon tubing from
kinking, operating the system with known loop seals, and not having the capability to
automatically drain the system. The team also identified several deficiencies with the
cperation of the system including condensate in loop seals, lack of appropriate level in
moisture dropout tanks, and kinked tygon tubing. The team determined that the overall
absence of quality in the installation and operation of the reactor head vent system
seriously degraded its ability to remove gas from the reactor vessel. A properly designed,
maintained, and operated reactor head vent system may have removed the nitrogen gas
from the reactor vessel and prevented this event. (Section M2.1)
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Engineering Support of Facilities and Equipment
Untimalv Techoical

The team concluded that certain aspects of the technical support response to these events
were not timely. The following are examples where the team concluded that a more timely
response would have been appropriate. (Sections E2.1, E2.2, and E2.3)

Local RVLIS and CET readings were not taken until September 3, 1996, two days
following the identification of nitrogen gas in the reactor vessel. The local RVLIS and CET
readings were taken with available test equipment and existing procedures. The team
noted that confusion among plant staff on the ability to collect this information contributed
to this delay.

A reactor coolant pump (RCP) could be used to provide forced circulation of the RCS in the
event that the RHR system became unavailable. The RCPs could also be used to fill the
steam generator U-tubes if nitrogen gas accumulates in the steam generators. A RCP and
associated support systems were not aligned for service for 2 days following the
identification of nitrogen gas in the reactor vessel. The alignment of the RCP was not a
simple evolution and required considerable time. The team determined that the technical
response to this event was not proactive in aiigning contingency equipment to respond to a
potential loss of the operable RHR pump.

The technical support organization developed two special test procedures to determine
reactor vessel level and to verify that the reactor vent was not blocked. These tests were
not completed in a timely manner. The tests were not completed until September 5, 1996,
four days following the event.

The team concluded that the technical support for developing additional monitoring of the
only operable RHR pump was inadequate. The technical staff provided no
recommendations for additional monitoring of the operating RHR pump for 6 days following
the identification of the failure of the "B" RHR pump. The additional monitoring that was
implemented was to have the NSO observe pump operation 4 rather than the normal 3
times per day. The team concluded that additional nor-intrusive pump performance
monitoring could have provided additional assurances of proper RHR pump operation.

Poor lementation of neric Infor ion

The United States Nuclear Regulatory Commission {NRC) issued Information Notice 94-36
describing a 1993 event at another nuclear power plant where nitrogen gas from the VCT
accumulated in the reactor vessel. In response to the notice, the technical support staff at
CY conducted a detailed evaluation of the information notice and provided several
recommendations in 1994. The recommendations included maintaining at least 1 channel
of RVLIS available when the VCT cannot be maintained isolated. The evaluation also
recommended that "Operations Department should review the applicable shutdown
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procedures to ensure that guidance is given to operators warning them of the potential for
gas void formation in certain plant conditions and provide steps to ensure that monitoring
for a void occurs.” These recommendations were not adequately implemented prior to this
event. The team concluded that implementing these actions may have provided operators
the information needed to have identified and mitigated this event. (Section E2.4)

k ineerin rations Interface

The team identified several occasions when operators failed to solicit assistance fiom the
E&TS organization. In other cases, E&TS failed to be proactive in providing operator
support. The team determined that soliciting E&TS assistance would have been
appropriate for identifying the source of the excessive nitrogen gas usage, evaluating the
root cause for the increase in RCS level, and developing procedures for draining the RCS
and venting the charging pumps. The E&TS organization failed to provide operators with
an adequate reactor head vent system design or direct indication of reactor vessel level.
Both of these deficiencies were previously identified in employee suggestions and generic
information evaluations. In addition, a proactive E&TS organization, that was aware of
system configuration changes, could have prevented the inappropriate maintenance activity
on the RHR spray valves and the inappropriate closure of the RCS loop stop relief valves.
The absence of an effective operations and EATS interface was a contributing cause for
these events. (Sections 5, 04.1, and 04.3)

ropri h ling Decisions

The team concluded that the decision to postpone refueling activities over the long
weekend did not adequately include shutdown risk considerations. The outage schedule
was delayed at a time when reactor vessel indications were disconnected and the steam
generators were isolated. The team concluded that while the licensee had completed a
detailed outage risk evaluation, that these insights were not properly considered when the
decision was made to postpone the outage. (Section E2.5)

k_of Di Vv I_Indication

The absence of direct reactor vessel monitoring instrumentation haa an adverse affect on
the operators ability to monitor reactor vessel conditions. The cavity and pressurizer level
instruments do not provide a direct indication of reactor vessel level. The RVLIS, which
does provide a direct reactor vessel level indication, was disconnected in preparation for
refueling maintenance activities. The CETs are another direct indication of reactor vessel
conditions. The CETs were also disconnected during the duration of this event.

The RVLIS indicates reactor vessel level at discrete elevations. During this event, the
RVLIS would have indicated abnormal reactor vessel level when the actual level dropped
below the reactor vessel flange. Following this event, local RVLIS readings were collected
and a temporary jumper was purchased and installed to provide RVLIS indications in the
coentrol rcom. A second jumper was installed to provide CET indication in the control
room. The team concluded that the failure to provide operators with direct indications of
reactor vessel conditions was a contributing cause for this event. (Section 5, E2.1)
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Quality Assurance in Engineering Activities

low Initiati f Even nse Team

The evaluation of these events by the CY staff was delayed. The initial response by
licensee management was to conduct the event review using plant technical support staff.
This team was later disbanded and an independent Review Team (IRT) was chartered.
This team was not fully staffed and functioning until September 4, 1996. The team
concluded that the initiation of the IRT should have been more timely. The IRT had not
completed its evaiuation prior to the conclusion of the AIT onsite inspection activities on
September 16, 1996. Therefore, the AIT did not assess the quality of the IRT efforts.
(Section E7.1)

5.0 EVENT DETAILS
il n f Event

The team developed the following event sequence based on interviews, review of plant
logs and operational data, and information from the licensee’s IRT. Team comments and
assessments regarding the events are provided in the bold and italicized text.

UNDETECTED ACCUMULATION OF NITROGEN GAS IN THE REACTOR
VESSEL

July 22, 1996

The reactor is shutdown to address design issues with the containment air
recirculation fans. Following the shutdown, plant management decides to start the
planned refueling outage early. [The early start to the outage resulted in delaying
requalification training. The team noted that the planned requalification training
included a discussion of the indications of nitrogen gas in the reactor vessel. The
tearn concluded that the delay in conducting this training was a contributing cause
for this event.]

July 27, 1996

The primary vent header is placed in service per normal operating procedure (NOP)
2.9-6, "Primary Vent Header Operation.” [The vent header system is used to
remove radioactive gases from the RCS during shurdown conditions. A temporarily
installed hose is used to connect the reactor vessel head to the vent header. The
reactor head vent hose is only installed when the RCS is depressurized. This
system .. not a safety-related system. This system was not intended to remove the
large quantity of gas that was leaking into the RCS during the nitrogen intrusion
event. The inability of this system to remove all the nitrogen gas from the reactor
vessel, resulted in the accumulation of nitrogen in the reactor vessel. Several
design and operational deficiencies were identified with this system by the AIT.]
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12, 1996

The cavity level indicating system (CLIS) is placed in service. [The CLIS provides
control room level indication for the refueling cavity when the cavity is flooded. It
also provides RCS level indication when the vessel head is installed during

shutdown conditions. The C.IS variabio leg is attached to a drain connection for
the Loop #1 hot leg (LT-151A). The reference leg is attached to the reactor vessel
head (LT-151C2) and compensates for vacuum in the vent header. The varisble and
reference leg transmitters are electronically subtracted to produce the cavity level
signal. The cavity level indication readout is in inches elevation above sea level. A
change of about 3.9 inches in cavity level is equivalent to 1% change in pressurizer
level. The instrument scale is 170 te 600 inches elevation.]

The RCS loop stop valves are closed in accordance with plant procedures. [Closing
the loop stop valves isolates the steam generators and reactor coolant pumps from
the reactor vessel. During this event, the closed loop stop valves prevented
nitrogen gas from entering the steam generators.]

0000

August 25, 1996

The liquid nitrogen storage tank level decrease is 2.5 inches during the previous 24
hours. [This data establishes the baseline nitrogen usage in this mode of operation.
The nitrogen usage after 8/28/96 increases substantially.]

0034

Auqust 27, 1996

The RVLIS and the CETs are disconnected. [This was a scheduled maintenance
activity in preparation for the removal of the reactor vessel head. The RVLIS
system is the only direct reactor vessel level indication. The team concluded that
the lack of a direct reactor vassel level indication was a contributing cause for this
event.]

August 28, 1996 (Wednesday)

The Technical Specification required boration flow path is from the boric acid
metering tank (BAMT), through the CVCS metering pump. and into the RCS. [The
licensee is required to maintain one boric acid flow path available during this mode
of operation. It was a misalignment of valves, while establishing a new boric acid
flow path, which caused this event.]
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The cavity level indication reading is 318 inches elevation. [At this cavity level
indication, tie indicated pressurizer level would be approximately (~) 4% and the
water level in the reactor vesse! would be ~ 43 inches below the top of vessel and
~48 inches above the reactor vessel flange.]

The Unit Supervisor {US) briefs the operators and indicates that preparations are to
be made to run the 2B emergency diesel generator (EDG). Procedure SUR 5.1-159B
is used to align the boration flow path. [A new boric acid flow path was required,
because the metering pump will not be operable during the EDG surveillance. The
licensee considers the EDG inoperabie during the surveillance test. The emergency
power for the metering pump is supplied by the 2B EDG. Therefore, the metering
pump is also considered inoperable.]

A NSO is assigned the task of aligning the boric acid flow path. A formal pre-job
briefing is not performed. [The Unit Supervisor (US) believed that the NSO was
only to verify that the existing valve lineup was correct. The NSO believed he had
been given the authority to manipulate valves as necessary. The team concluded
that the failure to conduct a formal pre-job briefing was a contributing cause for the
error made by the NSO during the valve alignment. This was the first time that the
NSO had performed this particular valve alignment.]

The NSO simultaneously opens both valves BA-V-354 (Blended makeup to the VCT)
and BA-V-355 (Blended makeup to the charging pump suction). [The procedure
does not allow these valves to be opened at the same time. The e.ror in aligning
these valves allowed nitrogen gas to leak into the RCS. The nitrogen gas pressure
in the VCT was ~ 30 psid greater than the RCS pressure. This pressure differential
provided the motive force to discharge water and nitrogen gas into the RCS. The
water in the CVCS charging header was discharged into the RCS. After all the
water was discharged from the CVCS system piping, nitrogen gas began flowing
into the RCS. The hot calibrated pressurizer level indication increased from 0 to
10%. The team concluded tha* this was an example of an operator failing to follow
procedures. A procedure requirement to contact the control room before
manipulating valves was also not implemented.]

The HIGH CAVITY LEVEL Alarm annunciates. The reactor operator, responds by
increasing the alarm set point. The alarm came in a second time and the reactor
operator contacts the NSO performing the boration flow path verification. Valve
BA-V-355 is closed with the assistance of a valve wrench. [Following this event,
valve BA-V-355 continues to leak continuing the addition of nitrogen gas into the
reactor vessel.]

The operators develop a procedure to vent the charging header and "B" charging
pump using ACP 1.2-5.3, Evaluation of Activities/Evolutions not Controlled by
Procedures. [The charging header required venting because nitrogen gas from the
VCT had displaced the water in the charging header. The team concluded that it
was inappropriate to use ACP 1.2-5.3 to develop this procedure. Procedures
developed in this manner do not receive the same level of review and approval as
other station procedures.]
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An adverse condition report (ACR) 96-0946 is prepared to document the valve
manipulation errors made during the boration flow path alignment. [/t was noted
that while shifting boration flow path, VCT gas moved charging header water into
the RCS. Pressurizer level increased about 2% and VCT pressure decreased about
2 psi with no level decrease. The team conciuded that the operating crew should
have solicited appropriate technical support to fully understand the cause and
impact of this event.]

The unit supervisor has a NSO verify that the condensate storage tank rupture disc
or its supply is not leaking nitrogen gas. Nitrogen gas use increases to 9 inches in
the past 24 hours. [This is the first documented indication that the operators were
investigating the high nitrogen gas usage. The next documented indication occurs
on September 1, 1996, when the VCT nitrogen supply was isolated. The team
concluded that the plant operations staff lacked an appropriate questioning attitude
and failed to solicit technical support in resolving the abnormally high nitrogen gas
usage.]

The NSO completes venting the charging pump suction header. [The header
required venting because nitrogen gas had entered the charging pumps when the
inadvertent valve manipulation (event time 8/28 at 0800) allowed the nitrogen gas
from the VCT to enter the chargino pump header.]

The level in the pressurizer is increased approximately 2% with the metering pump
to ensure the charging header was full of water. [The metering pump was run to
transfer any left over nitrogen gas in the charging header into the RCS. This was
performed to ensure the charging header was filled with water.]

The boration flow path alignment is completed. [The alignment was made using a
different valve lineup independent of valves BA-V-354 and BA-V-355. The new
boration flow path included the use of the "B" charging pump. However, nitrogen
was continuing to enter this charging pump suction due to leakage through BA-V-
355. The team concluded that the credited technical specification required boric
acid flow path was not operable at this time. The flow path remained inoperable
until the nitrogen was isolated from the VCT and the CVCS system vented on
September 1, 1996.]

The cavity level indication reading is 323 inches elevation. [This is a 5 inch
elevation increase since the 0628 cavity level reading. It was expected that cavity
level would increase slightly as a result of the water added to the RCS during the
valve alignment error and the CVCS refill.]

The 2B diesel generator surveillance test is performed. [This was a routine
surveillance test that required the change in the boric acid flow path alignment.]
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August 29, 1996 (Thursday)

The liquid nitrogen storage tank level decrease is 9 inches over the previous 24
hours. [This represented 3 times the normal usage recorded on 8/25. The team
concluded that the plant staff failed to adequately investigate the source of the high
nitrogen usage.]

The cavity level indication reading is 337 inches elevation. [This represents a 14
inch (~ 3% pressurizer level) increase in cavity level since the 8/28 at 1805 reading.
This increase was caused by the accumulation of the nitrogen gas in the reactor
vessel. The water from the reactor vessel was displaced into the pressurizer. The
increase in water in the pressurizer caused the pressurizer ievel to increase. The
team concluded that the plant operations staff did not adequately evaluate the
cause of this level increase.]

Control room operators began intentionally draining water from the RCS. The water
was being removed to reduce the water level in the reactor vessel to approximately
the reactor vessel flange. The reduction in level was necessary to support the
conoseal removal maintenance activity. A step list was developed by operators to
drain the RCS. The step list was developed in accordance with ACP 1.2-5.3.
Pressurizer level was decreased from approximately 10% to 2%. [The team
determined that the licensee failed to have the required procedure for draining the
RCS. The step list developed in accordance with ACP 1.2-5.3, did not require the
same level of review and approval that a normal operating procedure receives. The
team concluded that the lack of detail in the step list was a contributing cause of
this event. The step list did not provide inventory balances, specify reference
levels, or verify the operation of the ven: header. A detailed procedure for draining
the RCS could have resultad in a more timely identification of the nitrogen gas in the
reactor vessel. The team concluded that this was an example where operations
failed to solicit assistance from E&TS.]

Draining of the RCS is stopped at a cavity level indication of 299 inches elevation.
The Shift Manager stops the draindown to confirm agreement between various level
indicators. [At ~ 301 inch elevation the pressurizer level indication would go off
scale low. The reactor vessel flange elevation is ~ 270 inches.]

The cavity level indication is ~321 inches (from ~ 2% pressurizer level to ~4%
pressurizer level). [This increase in cavity level from ~ 299 inches at 1120 was
caused by nitrogen gas entering the RCS and displacing RCS water into the
pressurizer. The operators were unaware that the nitrogen gas in the reactor was
the cause of th» level increase.]
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The loop stop overpressure relief valves are closed and the stop valves are manually
tightened to prevent inleakage from the loops. [These valves were closed without
procedural guidance and no engineering evaluation was performed. The team
concluded that this was also an exampie of poor decision making. The loop

overpressure relief valves were providing the overpressure protection for the
isolated portions of the RCS.]

The loop stop valves were known to leak during previous outages. The operators
failed to adeguately review the resuits of the valve closure to verify that the
in-leakage had stopped. If the operators had reviewed these actions thev would
have concluded that loop stop valve leakage was not the source of the level
increase. The team concluded that this was a missed opportunity to have ‘dentified
the nitrogen leakage. Operations should have solicited E&TS assistance to evaluate
the increase in pressurizer level.]

The RCS draindown continues to the target value of approximately the reactor
vessel flange. [The flange elevation is approximately 270 inches. The indicated
pressurizer level would be off scale low at this elevation. Water would remain in
the bottom of the pressurizer and the surge line would remain full.]

The RCS draindown is stopped. The cavity level is ~ 265 inch elevation. [The
team verified the licensee estimates that a total of ~ 5000 gallons of 3CS inventory
was removed during the draindown evolution, based on the aerated drains tank level
increase.]

The operators noted that cavity level indication is increasing and pressurizer level is
coming on scale. During this abnormality, an NSO verified no water in the head
vent, no changes in VCT pressure or temperature, and no change in RWST level.
The operations crew incorrectly attributed the inventory increase to leakage from
the loop isolation valves and the overpressure relief valves. [The team concluded at
this point the operators should have solicited technical support assistance. With
indicated cavity level at 282 inches, pressurizer level should have been off scale
low. The cavity level indication should not have been increasing.]

Cavity level indication reading is ~ 299 inches elevation. No water was added to
the RCS and cavity level is back to the elevation it was at before the second
draindown. [The team concluded that the control room operators failed to
adequately evaluate this increase in indicated cavity level. The increase was being
caused by the nitrogen gas displacing vessel inventory into the pressurizer.]

Plant management makes the decision to suspend refueling activities over the
weekend. The operators were directed to refill the RCS. [The team concluded that
the decision to delay refueling activities did not properlv include risk considerations.
A previous analysis of outage activities indicated that this was a relatively high risk
period during the outage. The team concluded that to disconrtinue outage activities
at this time was inappropriate.]
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Operators add ~ 1000 gallons of water to the RCS in three separate makeups.
After the makeups, the cavity level indication is at ~316 inches elevation. Before
the RCS was drained the cavity level indication was at ~ 324 inches elevation.
[Given the decision to delay refueling activities, the decision to restore RCS level
over the weekend was appropriate. However, a 4000 gallon discrepancy existed
between the 5000 gallons removed and the 1000 gallons added to the RCS. A
eight inch difference in cavity level (difference between before and after letdown
and makeup) indication would only account for ~ 500 gallon inventory difference.
The tean concluded that the lack of an inventory balance in the draindown step list
and the failure of a questioning attitude by the plant operations staff allowed this
discrepancy to go undetected. The 4000 gallons discrepancy provides an indication
of the volume of the nitrogen gas bubble in the reactor vessel.]

0000

0416

0719

1800

Augu 0,1 Frida

The liquid nitrogen storage tank level decrease is 18 inches over the previous 24
hours. [The nitrogen gas is used for many purposes throughout the plant. The
daily change in nitrogen gas use appears to be the result of nitroger being supplied
to various other equipment. However, the majority of the nitrogen gas was leaking
into the RCS.]

The four loop overpressure isolation valves are opened. [This reestablished the
normal valve lineup. These valves had been closed at 1427 on September 29,
during the attempt to stop perceived leakage from the steam generators. These
valves were inappropriately left closed for ~ 13 hours.]

The cavity level indication reading is 320 inches elevation. [This is a 4 inch
increase in cavity level reading since 8/28 at 2030. The cause of this increase was
the increase in nitrogen gas accumulation in the reactor vessel.]

The cavity level indication reading is 330 inches elevation. [The cavity level
indica: - continued to increase as nitrogen gas continued to accumulate in the
reactor vessel.]

0000

0800

August 31, 1996 (Saturday)

The liquid nitrogen storage tank level decreases 19 inches over the previous 24
hours. [The operators knew that nitrogen usage had increased without explanation,
and that cavity level was trending in an unexpected manner. This information was
not appropriately acted upon.]

The cavity level indication reading is 338 inches elevation., [The cavity level
indication continued to increase as nitrogen gas continued to accumulate in the
reactor vessel.]
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The cavity level indication reading is 344.8 inches elevation. [The cavity level
indication continued to increase as nitrogen gas continued to accumulate in the
reactor vessel.]

0000

0600

0900

1010

September 1, 1996 (Sunday)

The liquid nitrogen storage tank level decrease is 9 inches over the previous 24
hours. [The majority of the nitrogen gas was being supplied to the VCT. The
nitrogen from the VCT leaked into the reactor vessel. The vent header system was
removing rost of the nitrogen gas from the reactor vessel.]

The cavity level indication reading is 346.1 inches elevation. [The nitrogen gas
bubble in the reactor vessel head appears to be reaching an equilibrium condition
where the nitrogen gas inleakage equals the venting capacity. The cavity level
indication has only increased ~ 2 inches in the past 14 hours.

The cavity level indication had increased from 316 inches after the last makeup on
8/30. This is equivalent to an ~ 7.5% rise in pressurizer level. At this point the
reactor 'vessel level reached its minimum level of approximately 39 inches below the
reactor vessel flange. This is ~2 1/2 feet above the top of the RCS loops and ~ 7
feet above the top of the fuel assemblies.]

A NSO informs the US of the abnormally high use of nitrogen gas. Plant operators
systematically isolate and unisolate nitrogen gas supplies to various equipment. [A
procedure was not used for identifying or isolating nitrogen to various components.
The system engineer was not involved in this activity. The team concluded that
this was an example of operators conducting activities and evolutions without
procedures. In addition, this is also an example where operators failed to solicit
appropriate E&TS assistance.]

The nitrogen gas supply to the VCT is isolated in response to a NSO report of high
nitrogen flow noises through the VCT nitrogen regulator. When the nitrogen gas is
isolated, the cavity level indication decreases and pressurizer level decreases off
scale low. [The pressurizer level decreases because the nitrogen gas in the reactor
vessel is being displaced by water from the pressurizer. When the nitrogen gas
entering the reactor vessel was stopped, the vent header removed the nitrogen gas
that had accumulated in the reactor vessel.]

The control room operators directed the NSO to reopen the nitrogen supply
regulator to the VCT slowly. This evolution is completed in ~ 20 minutes. [The
operators stated that they wanted to return the system configuration to that which
existed before RCS level decrease.]

The operators commence adding water to the RCS using the RHR suction from the
RWST (MOV-21) to refill RCS. [A total of six makeups were needed during the next
3 hours to stabilize pressurizer level. Each RCS make-up filled the pressurizer to
approximately 10%. After the make-up was stopped, the pressurizer level
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decreased off scale low and another refill was required. The sixth refill resulted in &
stable 10% pressuricer level. The level in the pressurizer decreased as nitrogen gas
in the reactor vessel was being removed by the vent header. Water from the
pressurizer was replacing the nitrogen gas in the reactor vessel.]

The operators believe that a RCS leak has occurred and implement abnormal
operating procedure (AOP) 3.2-31A, Reactor Coolant System/Refueling Cavity Leak
(Modes 5 and 6). A NSO is dispatched to inspect various systems for potential RCS
leakage.

A NSO drains a small amount of water from the reactor head vent hose. [This
indicated to the operator that the reactor vessel was full. This water was likely
condensation from the vent header and not RCS inventory. At this point the reactor
vessel head was not completely full. At 10% pressurizer level, the head is not
expected to be full.]

Valve BA-V-354 (Blended makeup to the VCT) is closed to isolate suspected
nitrogen flow through valve BA-V-355 (Blended makeup to the charging pump
suction). [This provided a two valve isolation of the nitrogen leak path. In addition,
the VCT nitrogen pressure was reduced to about 4 psi.]

The operators complete the leak investigation using AOP 3.2-31A, Modes 5 and 6
Reactor Coolant System Leak. No leakage is identified from the RCS. Operators
direct attention to gas flowing into the RCS. [At this point, the operators realized
that nitrogen gas in the reactor vessel had caused the decrease in pressurizer level.]

Operators complete the makeup to the RCS. The estimated amount of water added
is ~5,000 gallons from the RWST. [This inventory addition replaced the 4000
gallons lost during the draining evolution on 8/29. The additional 1000 galions
raised the pressurizer level above that which existed before the event began on
8/28.]

The operators document the receipt of the cavity low level alarm and use of AQOP
3.2-31A in ACR 96-0966. [The operators failed to appreciate the importance of
these events. No effort was made to contact technical support for assistance. The
team concluded that this was an example where operations failed to solicit the
proper management and technical support.]

The cavity level indication is 348.8 inches elevation. [This level would be
equivalent to a pressurizer level of ~ 12% and a vented reactor vessel would be
nearly full.]
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EVENT RESPONSE

September 1, 1996

1900 A conference call between licensee and NRC management is conducted to discuss

the nitrogen gas event and other equipment failures.

1200

1400

tember 2, 1996 (Monda or Da
A conference call between licensee and NRC management is conducted to discuss
compensatory actions taken in response to the inoperable RHR pump and heat
exchanger.

The NRC AIT members arrive onsite.

The Technical Support Manager establishes an initial root cause team to review the
nitrogen inleakage event and calls in the team members.

1000

1200

tember T

The Region | Regional Administrator establishes the AIT charter to formally
investigate these events.

A walkdown of the reactor vessel head vent header system by the NRC team
identifies a kinked tygon tube, lack of adequate level in the loop seal of dropout
tank TK-86-1A, and water in the vent line at the manometer in containment. The
manometer in the Primary Auxiliary Building (PAB) indicates a vacuum of 14 inches
which is normal. [The capability of the vent header system to remove the nitrogen
from the reactor head was seriously degraded by these conditions. The team
concluded that the failure to properly design, install and maintain the vent header
system was a contributing cause of this event.]

instrument and Control (I&C) technicians locally collect RVLIS readings using
available test equipment and procedures. All 6 level indicators in the plenum region
indicate full, the lower head probe (#2 at flange level) indicates full and the upper
most probe (#1 Approx. 8" from top head) shows "some" level indication {(train A
was uncovered and train B was covered). [The team concluded that the failure to
collect this information sooner was an example of the lack of a comprehensive and
timely technical response to this event. The licensee appropriately continue to
periodically take RVLIS readings.]

Executive Vice President - Nuclear directs the Nurlcai Safety and Oversight
organization to establish an IRT. The IRT purpose and scope were established.
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1600

September 4, 1996

The IRT membership is finalized, a kickoff meeting held, and data-gathering
commenced.

Three CETs are placed in service. The CETs provide control room indication of
temperatures above the fuel. [in the event the RHR system was lost, the CETs
would provide operators important information on the in-vessel conditions. The
team concluded that the technica! support organization should have been more

timely in providing CET indication.]

The #3 RCP is placed in stancby. [in the event the RHR system becomes
unavailable, the RCP could be placed in service to provide forced circulation. The
RCP used in conjunction with the steam generator could be used to remove decay
heat. A second decay heat removal method would be the use of the LPSI pumps
and RHR heat exchangers. A closed decay lieat removal cycle can be established
with these systems and the RWST. The team determined that placing an RCP in
standby should have been completed at an earlier time following the event.]

1600

2101

ember 5, 1

A number of reactor head vent system fittings are replaced to improve system
performance. [The team noted that this change was performed without any
technical review or official documentation.]

The IRT is fully staffed. [The licensee staffed the IRT with personnel without direct
responsibility for normal plant functions.]

A special test is performed to verify reactor vessel level. This was performed using
procedure ST 11.7-197, Determination of Reactor Vessel Level. [The reactor
required about 2236 gal (based on metering pump run times and flow rate), 1074
gal (based on increase in L1-402, pressurizer cold calibrated indication), 1,000 to
2,000 gal (based on RWST level decrease) before water started coming out of the
vent hose. Cavity level system indicated an increase from 341 to 390 inches. The
team concluded that these tests should have been completed in a more timely
manner.]

After ST 11.7-197 was completed, the licensee drained about 725 gallons to the
ADT. Pressurizer level decreased from 22% to 15% and cavity level changed from
390 to 360 inches.
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A calculation to determine the minimum reactor vessel water level during this event
is completed by operations. The calculation makes two initial condition
assumptions that (1) the reactor level starts at 49%, and (2) the head is full. For
the first case, the vessel level was calculated to drop to 39 inches below the
reactor vessel flange. Using the assumption that the vessel is full results in a vessel
level decrease to 20.5 inches below the vessel flange. [The team concluded that
the first case with reactor level starting at 49% was the more appropriate
assumption. A level of 39 inches below the reactor vessel flange is equivalent 1.
the RCS level being ~ 2 1/2 feet above the RCS loops and ~ 7 feet above the top of
the fuel assembiies.]

1&C reports RVLIS “A” and “B” channels both indicate 100% vessel level. [This
indicates that the reactor vessel was full on Septer..ber 5, 1996.]

September 10, 1996

The IRT charter is approved. The data-gathering phase of the investigation is nearly
completed and a time-line of significant events is being developed.

1504

2018

September 11, 1996

The licensee makes a 10 CFR 50.72 event notification to the NRC on the
introduction of nitrogen into the reactor vessel displacing inventory into the
pressurizer. [The team concluded that this notification should have been made on
September 1, 1996.]

The necessary electrical cable was purchased and Train “B” of RVLIS was placed in
service. The RVLIS indicates 100%. [The RVLIS system indication provides the
operators direct vessel indication. The installation of this jumper would have
provided the plant operators information that could have been used to identify and
preven’ this event. A jumper of this type was discussed in the licensee’s evaluation
of NRC Information Notice 94-36. The team concluded that the lack of direct
vessel indication was a contributing cause for this event.]

0740

INADVERTENT DIVERSION OF RCS INVENTORY (August 22, 1996)
August 22, 1996

The RHR purification system is shutdown to support a local leak rate test (LLRT).
[The RHR purification system is used to filter the RCS when the RHR system is
inservice.]
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2100 The LLRT is completed and operators prepare to restore the RHR purification system
to service. [A pre-job briefing of the NSO for the alignment of the RHR purification
system valves was not performed. The NSO was performing this task for the first
time. The team determined that the failure to conduct a pre-job briefing was a
contributing cause for this event.]

2110 The NSO opens the RHR purification pump suction valve from the RHR system (RH-
V-874A) in accordance with NOP 2,7-4, Attachment 4, step 1.5. The NSO does
not observe the expected purification system pressure increase and continues to
open valve RH-V-874A one full turn. [The NSO was unaware that step 1.4 of NOP
2.7-4, which closes the RHR purification pump suction valve from the RWST (PU-V-
261A), had not been completed. The failure to close valve PU-V-261A, before
opening valve RH-V-874A, resulted in a direct flow path from the operating RHR
system to the RWST. Approx.nately 500 gallons of RCS water were inadvertently
diverted to the RWST. The team concluded that the failure of the NSO o correctly
implement this procedure was a contributing cause of this event.]

2115 A CAVITY LOW LEVEL alarm annunciates in the control room. The control room
operator observes that pressurizer level is decreasing. The control room operator
immediately directs the NSO to close valve RH-V-874A. Closing valve RH-V-874A
terminates the diversion event. [The control room operators promptly identified and
terminated this event. The failure to take prompt operator action could have
resulted in RHR pump cavitation.]

2130 The NSO returns to the control room and discusses the event with the US. The
operators conclude that the NSO failed to complete the proper procedure step
sequence. [The team conciuded that the poor quality of the NOP was a contributing
causes for this operator error. NOP 2.7-4 did not provide step completion signature
locations for steps 1.3 or 1.4. All the other procedure steps were provided with a
signature location to indicate the step was complete. The absence of the step
completion signature contributed to the NSO entering the procedure at the wrong
step.]

2222 The valve alignment for RHR purification system is completed correctly and the
system is returned to service.

2234 An ACR 96-0926 is written to document this event.
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INADVERTENT DIVERSION OF RCS .NVENTORY (September 4, 1996)

August 18, 1996

A surveillance test is completed that strokes open and closed the RHR containment
spray valves (RH-MOV-23 and RH-MOV-34). A downstream manual isolation valve
(RH-V-23A) is closed to prevent water from the RHR system from entering the
containment spray header. There is no leakage through valve RH-V-23A identified
during this test. [This is significant because the manual isolation RH-V-23A is the
valve that leaks by and causes the RCS flow diversion that occurs on

September 4, 1996.]

August 20, 1996

A clearance is writter,, but not applied, for conducting a preventive maintenance
activity on valves RH-MOV-23 and RH-MOV-34.

1035

August 29, 1996

The work orders to disassemble valves RH-MOV-23 and RH-MOV-34 are released
by operations to electrical maintenance.

ember 199

The Unit Director/Operation Manager issued a partial stop work order on all work
that could affect the RHR system or RCS inventory. The communications of the
stop work order are done mostly by phone. Work control generates a list of work
orders that needed to be called back to implement the stop work. The work orders
for valves RH-MOV-23 and RH-MOV-34 are not called back. [This partial stop
work order was issued to protect the RHR systems ability to remove decay heat.

At this time the "B" RHR pump and the "A" RHR heat exchanger were known to be
unavailable for service. The failure to call back these work orders was

inappropriate.]

0700

September 4, 199

The Electrical Supervisor issues the work orders for valves RH-MQOV-34 and RH-
MOV-23 making them available for work. [Since the work orders were not puiled
back, the Electrical Supervisor assumed that work could proceed on the valves.]
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The lead electriciin discusses the work with Administrative US. The
Administrative US Jiscusses the work with other control room operators. The Shift
Manager was 7ot informed. [The Administrative US and control room operators
should have noted that work on these valves was not consistent with the stop work
order and stopped this work activity.]

The contro! room operator cracks open valves RH-MOV-23 and RH-MOV-34. The
lead electrician removes power to the valves at the breaker cabinet prior to entering
containment to work on the valves. [The valves are uced to isolate the operating
RHR system from the containment spray header. A closed downstream manual
valve (RH-V-23A), was to prevent the RHR system flow from being diverted to the
spray header. The team concluded that the op2rator should have been aware of the
condition of the RHR system and stop work order and should have not opened
these valves.]

The Shift Manager notices pressurizer level decreasing and informs the US. lhe
decrease in pressurizer level is confirmed by checking the cavity level (dec easing)
and the containment sump (increasing). The lead electrician is contacted to get
permission to reclose the valves. [The RCS was being diverted through the cracked
open valves (RH-MOVs-23 and -34), leaking through the closed manual isolation
valve, and into an open drain line off the spray header to the containment sump.]

Electrical power is restored to the vaives RH-MOV-23 and RH-MOV-34 and the
valves are closed. Closing these valves stops the leakage ar. .crminates this
event. [The plant recorder charts indicate a ~ 1.5% loss of pressurizer level and a
~ 5 inch loss in cavity level indication. The total inventory diverted from the RCS to
the containment sump is estimated to be ~ 200 to 300 gallons.]

A NSO is dispatched to verify that valve RH-V-23A is completely closed. The NSO
manages to close the valve, by hand, another 1/8 of a turn. Later in the afternoon,
another attempt to close the valve further was made using a valve wrench, another
%2 turn closed was made. [The failure to completely close this valve caused it to
leak by. The team concluded that poor material condition, resulting in operators
being unable to adequately close several manuai valves and leaking manual isolation
valves, was a root cause for several of the events reviewed.]

The containment sump is pumped and ~ 380 gallons of water are removed.

An ACR 96-0978 is written that documents the RCS inventory diversion event.
[The team concludes that, in addition to the failed work stoppage, the common
manual RHR to containment spray isolation valve, RH-V-23A, leaking by its seat
was a contributing cause of this event.]

A complete stop work order is issued from the Unit Director to all employees with a
written explanation.



1010

27

FAILURE OF DECAY HEAT REMOVAL COMPONENTS
July 29, 1996

An inservice test is conducted on the RHR pumps.

[The "B" RHR pump was placed into the "Alert” range due to high vibration. An
engineering evaluation of the vibration data was performed and the test frequency
was changed from quarterly to monthly.]

0730

0824

August 19, 1996

The "B" RHR pump was started and run in parallel with the "A" RHR pump. [The
pump was run to cool down the RCS in preparation for the LPSI surveillance test.
During the test the RHR pumps are secured. It appears that the final damage to the
"B" RHR pump occurred during this pump operation.]

The "B" RHR pump is secured. [This is the last time the "B" RHR pump was
successfully operated before it was found seized on September 7. 1996. The
operators stated that the pump did not display any abnormal indications during this
operation. It is presumed that the pump was seized and incapable of operating from
this time and remained unavailable until the pump was identified as failed on
September 1, 1996.]

0900

1100

1362

1440

1632

August 31, 199

A NSO, while conducting routine rounds in the RHR pump area, identifies a small
amount of water leakage from the “A” RHR heat exchanger inlet valve (RH-V-791A)
body.

ACR 96-0968 is written to document the leakage from valve RH-V-791A.

The pin hole leak on the "A" RHR heat exchanger inlet valve RH-V-791A is reported
under 10 CFR 50.72(b)(2)(i). [TS Limiting Condition for Operation 3.4.1.4.2
entered because of inoperable RHR loop.]

Operators reduced RHR flow to 2190 gallons per minute (gpm) in preparation of
isolating valve RH-V-791A. [The RHR NOP failed to provide maximum flow rates
with a single heat exchanger.]

Valves RH-V-791A and RH-V-794A are closed to isolate the "A" RHR heat
exchanger. [The "A" and "B" RHR pumps feed a common header, so any
combination of pump/heat exchanger may be used to remove decay heat.]
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mber 1, 1995

The decision is made to start the "B" RHR pump, to allow th2 "B" RHR pump to
operate with the "B" RHR heat exchanger.

The "B" RHR pump fails to operate on the first start attempt. A second start is
attempted within a few minutes of the first and the second attempt also fails.
During both attempted starts motor ampere indication remained off scale high
(>400 amps) for no more than 5 seconds. An attempt to manually rotate the pump
shaft identifies that the shaft would not turn. The "B" RHR pump is declared
inoperable. [This reduces the cooling capacity of RHR to one pump (“A”) and one
heat exchanger ("B").]

ACR 96-0964 is written to document the failure of the "B" RHR pump.

The RCS loops #3 and #4 cold leg stop valves are opened. [This was to provide a
backup cooling method in accordance with procedures.]

RCS Loops #1 and #2 are unisolated (cold leg and hot leg isolation valves opened).
[This step was one required for placing the steam generators in service as backup te
the RHR system for vessel cooling. The team noted the failure to follow procedures
resulted in the collection of inaccurate boron samples of the steam generator
inventory. The stsam generators are sampled to prevent diluting the water in the
reactor.]

tember 1996

Maintenance activities to repair the "B" RHR pump begin.

September 3, 1996

The spare RHR pump assembly is moved from the warehouse to the maintenance
shop. [The spare replacement pump had concentricity and perpendicularity
deficiencies between the bearing and head casings. The pump was shipped out to
the vendor for repairs. The pump impelier required additional machining and
balancing. The team determined that the unavailability of quality spare parts
contributed to the significant delays the RHR pump replacement.

The vendor specifications of the RHR pump were not readily available. The team
concluded that the lack of vendor information on the pump resulted in several
avoidable delays during the pump repair.]
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mber 4, 1

1330 The floor blocks are removed to access the RHR pump for repair. The pump is
removed from the casing. A visual examination identifies some wear on the
circumference of the pump wear rings. [The team noted that the lack of an
available technical evaluation for removing the RHR pump floor blocks resulted in a
delay in the pump repairs and contributed to the length of time required for the
pump repair.]

mber 7, 1996

The licensee issues TPC 96-570, Nuclear System Operator Primary Side Shutdown
Logs, to require increased surveillance frequency (every 6 hours) of the “A” RHR
pump oil levels, pit ambient temperature, and pit area status. [The team concluded
that this action was appropriate but not timely. The team also believed additional
non-intrusive surveillance measurements of the "A" RHR pump would have been
appropriate. ]

mber 9, 1

Maintenance activities to machine the casing bore for the wear rings continued.
Other ongoing activities include, making a new wear ring, and machining the inside
diameter of the impeller.

September 11-13, 1996

9/11-13 The pump maintenance is delayed while waiting for vent valves for casing
and bearing cooler line, wear ring, and other parts.

eptember 13, 1996

An ultrasonic non-destructive test (UT) is performed on the leaking RHR heat
exchanger inlet valve (RH-V-791A). The casting wall thickness did not
indicate any substantial wall loss.

September 14, 1996

The repairs and ‘nstallation of the “B” RHR pump are completed.
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A post maintenance test is performed on the "B" RHR pump. The pump failed to
pass the post maintenance test. The pump is stopped after approximately 10
seconds, when the indicated motor amperage is less than expected. [The technical
staff stated that the cause for the pump test failure may have been inadequate
venting. The pump had been vented in accordance with the RHR system normal
operating procedure. However, the pump vents are not located at the high points
and the technical staff believed that poor vent location was the cause of the
inadequate venting.]

September 15, 1

A procedure is written to allow the pump to operate for 2 minutes at the reduced
motor amperage. This is to allow time for the pump to discharge any gas that may
be present in the pump. The pump is instrumented with local flow and pressure
indications. The pump is started and again indicates low motor amperage, no flow,
and low discharge pressure for the first 90 seconds of operation. At 90 seconds,
the pump appears to start pumping and normal flow, pressure and motor amperage
readings are observed. The pump operated for a short time before the operator
noticed low oil level in the thrust bearing oiler and the test was stopped. The post
maintenance test is not successfully completed. [The team concluded that the lack
of appropriate pump vent locations contributed to the significance of theses events.
Had the nitrogen bubbie grown to a point where nitrogen gas entered the RHR
pumps, then procedures require securing and venting the pumps. The lack of
adequate vent locations could have adversely impacted the ability to return a gas
bound RHR pump to service.]

September 16, 1998

The "B" RHR pump post maintenance test is performed. Test data indicated a
problem with the pump motor. A visual inspection of the motor identified a crack in
the motor endbell. The post maintenance test results show a test failure.

The AIT completes onsite inspection activities. /Work on the "B" RHR pump
continued for another 9 days after the team concluded the onsite inspection
activities. The work performed included the repiacement of bearing oil seals.]

2100

September 25, 1996

The "B" RHR pump is declared operable. The pump was declared inoperable on
September 1, 1996. [The team noted thai the pump maintenance was conducted
in a methodical and conservative manner. However, several avoidable dela ys
contributed to the extended repair duration.]
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L. Operations
Operations Procedures and Documentation
r | tem Drai
n ion

On August 29, 1996, the on shift operators conducted two RCS draining evolutions
in preparation for reactor vessel head removal. The team reviewed the procedure
used to drain the RCS written by shift management in accordance with ACP 1.2-
5.3, Evaluation of Activities/Evolutions Not Controlled by Procedure, and  scussed
its performance with the cognizant operatione Unit Supervisor (US) and ti.. Reactor
Operator (RO). Refer to section O4.17 ot this report for NRC findings related to
operator knowledge and performance for this activity.

servations and Findi

Stuft management used the guidance of ACP 1.2-5.3 and developed a seven step
procedure to control the RCS draindown in preparation for reacter head removal.
The procedure was developed by the US since no valve alignments were specified
in the normal operating procedure (NOP) 2.3-4, Shutdown frcm Hot Standby to Cold
Shutdown, to drain the RCS. The required actions included verification of RHR
purification system operation, placing cavity level and local standpipe level
indication in-service, stationing operators at each indicator, adjustment of the cavity
low level alarm to 268 inches, and a draindown flow path through valve WD-V-210
to the aerated drains tank (ADT).

The team noted that the procedure failed to indicate a specific vessel reference level
value for the draindown, to provide for reconciliation of inventory drained against an
expected level indication change, and to require verification of reactor vessel vent
header system operation prior to the RCS draindown. Furthermore, the procedure
provided no information to control systems necessary for maintaining RCS inventory
while at the refueling reference level. NOP 2.3-4 cautions prior to RCS draindown
to not change any valve line-ups that might adversely affect the RHR system or RCS
inventory while at the refueling reference level.

Technical Specification (TS) 6.8.2 requires that each procedure described in TS
6.8.1, including the applicable procedures recommended in Appendix A of
Regulatory Guide 1.33, Revision 2, February 1978, and changes thereto, shall be
reviewed by the Plant Operations Review Committee (PORC) and approved by the
Vice-President - Haddam Neck prior to implementation. Appendix A of Regulatory
Guide 1.33 specifically requires written procedures for draining the RCS. Contrary
to TS 6.8.2, ACP 1.2-5.3 allows activities that require PORC review to be
performed at the discretion of the Shift Manager (SM).
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ACP 1.2-5.3 states that "This procedure is not intended to supplant existing
procedures ... " and "...applies to activities that are currently outside established
procedures.” However, team discussions with operations peisonnel confirmed that
NOP 2.3-4, step 6.4.16, provided the only existing guidance for diaindown of the
RCS.

The team made the following observations regarding the licensee’s use of and
performance of an ACP 1.2-5.3 procedure for RCS draindown:

“ The licensee’s failure to have the procedure reviewed by the PORC and

approved by the Vice-President prior to implementation was in violation of
175 6.8.2.;

L] The worksheet written instructions were in violation of ACP 1.2-5.3 since
draindown of the RCS is addressed by an existing procedure - NOP 2.3-4;
and,

L] The worksheet written instructions were inadequate in not providing for
reconciliation of inventory drained against an expected level indication
change, verification of reactor vessel vent header system operation prior to
RCS draindown, or control of systems necessary for maintaining RCS
inventory while at the refueling reference level.

Conclusions

The team concluded that the ACP 1.2-5.3 written procedure guidance was
inadequate for control of a RCS draindown evolution. The licensee failed to ensure
the procedure guidance was reviewed and approved in accordance with TS 6.8.2,
and the operators failed to question the lack of this review. The team concluded
that the failure to have a detailed RCS draindown procedure was a contributing
cause for this event.

Reactor Coolant Systam Vent Header

In tion e

The inspection scope was to review the existing procedural controls of NOP 2.9-6,
Primary Vent Header Operation, and evaluate system operation in accordance with
NOP 2.9-6 during a system walkdown by the team on September 3, 1996,



03.3

33
ot lons/Findi

The team noted that no vacuum pump installation connections are available to
support venting of the RCS loops, and the NOP 2.9-6 system alignment drawing did
not match the field installation for the reactor vessel head connection. The team
learned that the operation of RCS vent and the reactor head vent are not periodically
verified, and only checked for moisture or loop seals if deviations occur between
cavity level and pressurizer level indications. The above deficiencies were
presented to the licensee during the inspection.

On September 14, 1996, the licensee revised NOP 2.9-6. The major changes to the
NOP included: the establishment of a loop seal in containment vent header
moisture drain tank; specific system vaive alignments and guidance for connection
to the loops, pressurizer, and pressurizer relief tank; independent verification
requirements during the installation of the reactor head vent; installation of a
vacuum compensator; and additional requirements for daily checks of the digital
manometer, daily walkdown of the system hosing, twice weekly drainage of
moisture from the vessel head vent, and a check for level in the moisture G.in tank.
The provision for a vacuum pump instead of the air eductor was removed from the
procedure. The revised procedure approved by the PORC also included a technical
evaluation for the changes and addressed the expected air removal capability of the
system. The team verified that the system improvements were installed on
September 14, 19986,

Conclusions

The RCS vent installation lacked adequate procedural guidance and controls. No
procedurally required system checks occurred to veri‘; acceptable operation prior to
September 14, 1996. The team concluded that the failure to have a detailed
procedure for the installation and operation of the vent header system resuited in
the system being incapable of adequately removing all the nitrogen gas from the
reactor vessel.

Fill and Vent of the Charging System
In ion

On August 28 ind September 1, 1996, the operators conducted a fill and vent
procedure for the charging suction header and the "B" charging pump after an
inadverten. injection of nitrogen into the charging system. The team reviewed the
fill and vent procedure written by shift management in accordance with ACP 1.2-
5.3 and discussed its performance with the cognizant operations US.
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Observations and Findings

Shift management used the guidance of ACP 1.2-5.3 and developed a ten step
procedure to fill and vent the charging suction header and the "B" charging pump.
The team discussed the content of this procedure with the US and reviewed piping
and instrument drawings. The licensee’s IRT identified several questions regarding
the adequacy of this procedure that required additional evaluation.

The developed procedure to fill and vent the charging system was not in
accordance with TS 6.8.2.

nclusi

The licensee failed to ensure the procedure guidance was reviewed and approved in
accordance with TS 6.8.2, and the operators failed to question the lack of this
review.

Placing Residual Heat Removal Purification System In Service
Inspection Scope_

On August 22, 1996, the cavity level indicator experienced an unexpected drop
from approximately 325 inches to 273 inches. The cause of the event was the
failure of a non-licensed operator to properly perform the RHR purification system
valve alignment to restore the system from a temporary shutdown condition. The
team reviewed Adverse Condition Report (ACR) to. 96-0926 and the resulting
temporary procedure change (TPC), and discussed this review with the cognizant
operations US. Refer to section 04.4 of tnis report for NRC findings related to
operator knowledge and performance for this activity.

rvati nd Findi

The purification system is designed to remove impurities from the RCS during plant
shutdown and depressurization. On August 22, 1996, the system was placed in a
temporary shutdown status in accordance with NOP 2.7-4, RHR Purification System
Operation, to allow for testing of safety injection (Sl) system check valves per
surveillance procedure (SUR) 5.7-66. The RHR purification effluent discharges
through the high pressure safety injection (HPSI) loop stop valves and asscciated
check valves. Attachment 4 of NOP 2.7-4 provides guidance for both temporary
system shutdown (steps 1.1 through 1.3) and subsequent restoration (steps 1.4
and 1.5). The system shutdown status checklist (step 1.3) isolates the purification
system from the HPSI discharge line and opens the purification pump suction valve
(PU-V-261A) from the RWST. This valve is reclosed in step 1.4, during
performance of the purification valve alignmen prior to opening the purification
pump suction isolation valve, (RH-V-874A), from the RHR system in step 1.5 to
reestablish system flow.
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ACP 1.2-6.5, Station Procedures, advocates the use of personnel sign-off blocks for
actions that are likely to be overlooked and includes actions that "make alignments”
for consideration in the use of personnel sign-offs. NOP 2.7-4 did not require
personnel sign-offs for completion of the valve alignments directed by action steps
1.3 and 1.4.

The licensee initiated an ACR and issued a TPC which added personnel sign-offs for
steps 1.3 and 1.4, and clarified the purpose of step 1.4 with regard to system
restoration.

Conclusions

The inspectors concluded that NOP 2.7-4 was inadequate althcugh all procedural
steps were found to be correct. The licensee failed to ensure the action steps
required for system resteration were clearly identified and did not designate all
system align.nent steps for personnel sign-off as recommended by procedure ACP
1.2-6.5.

Inspection Scope

The inspection scope was to evaluate the quality of operating procedures for the
RHR system. In particuiar, the review evaluated the procedural controls and
instructions for shifting RHR heat exchangers and pumps during a cold shutdown
condition. The inspection consisted of interviews with operators and system
engineering personnel.

O ions/Findi

The team learned that on August 31, 1996, the licensee isolated the "A" RHR heat
exchanger from service due to a valve body leak on the manual inlet valve RH-V-
791A. Later on September 1, the operators attempted to shift RHR pumps and
identified the failure of the "B" RHR pump to start.

The procedural guidance in NOP 2.3-4 requires when RCS temperature is less than
120 degrees fahrenheit (°F) that RHR flow be reduced to 2000-2200 gallons per
minute (gpm) and one of the two running RHR pumps be secured. NOP 2.9-1
initially establisnes RHR flow for hot shutdown with two RHR pumps and two RHR
heat exchangers operating.

On August 31, 1996, procedural guidance did not exist for shifting the RHR pumps
once aligned in accordance with NOP 2.3-4, or for isolating one of the two RHR
heat exchangers. Additionally, NOP 2.9-1 did not specify any limits for maximum
RHR flow rates through the heat exchangers. The team reviewed the Updated Final
Safety Analysis Report (UFSAR) and concluded that no design limitations were
documented for maximum RHR flow through the heat exchangers. Prior to the
operators isolating the "A" RHR heat exchanger, the RHR system engineer specified
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maximum allowable RHR flow limits of 2200 gpm through any one heat exchanger
(based on the design limits supplied by the vendor) and 3000 gpm per RHR pump to
prevent pump runout. The operators isolated the "A" RHR heat exchanger from
service, using general knowledge of heat exchanger operation and isolation, by
shutting the RHR inlet valve and maintaining the RHR outlet valve open while
continuing to supply cooling water flow through the heat exchanger.

The team also learned that NOP 2.9-1 did not provide specific instructions on
venting of the RHR pump or its associated suction and discharge lines prior to
starting a pump. During the attempt to start the "B" RHR pump on September 1,
the operators aid not conduct any specific venting evolutions for the "B" RHR
pump. Operations Department Instruction (ODI)-1, Conduct of Operations, provides
general guidance for venting pumps and piping high points whenever possible
following draindown of a system or component. No draindowns of the system or
the "B" RHR pump occurred between securing the pump and the attempted restart.

The RO attempted to start the "B" RHR pump and noted that the ampere indication
in the control room maintained greater than 400 for approximately five seconds.
The RO expected to see the ampere indication go off-scale at greater than 400
amperes for a couple of seconds and then come to a value of approximately |80
amperes. The RO secured the pump, consulited with the SM, and then attempted to
restart the motor after approximately one minute. The restart attempt had the same
indications of off-scale amperes. The RO again secured the pump. The SM sent a
Nuclear System Operator (NSO) to "bar over" the pump shaft and to verify if any
protective relays came in locally at the breaker in the "B" switchgear room. The
NSO reported that the shaft did not move when "barred over.” No protective relays
were noted to have tripped at the breaker. ODI-1, section 5.3.8 provides guidance
on resetting protective devices and states that if protective devices trip, an attempt
should be made to understand the cause prior to resetting the device. For the "B"
RHR pump no protective devices tripped during the start of the pump. The team
concluded that the RO actions *o restart the "B" RHR pump were not precluded by
ODI-1. Based on a subsequent motor current spectrum analysis, no observed
damage to the motor was identified by the licensee. The analysis verified that no
rotor bar damage occurred during the short time that the motor experienced locked
rotor current.

On September 13, 1996, the licensee approved revision 32 to NOP 2.9-1 which
made the following major changes: upper flow limit established for RHR flow
through a heat exchanger; attachments added to vent the RHR pump prior to
starting or shifting pumps; and steps added to secure the one pump when both are
no longer required.

n ion
The team concluded that NOP 2.9-1 was inadequate in providing guidance for

shifting RHR pumps, upper RHR flow limitations, and isolation of heat exchangers.
The licensee revised NOP 2.9-1 to address these procedural deficiencies.
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03.6 Boration Injection Flowpath Alignment

lropection Scope

On August 28, 1996, during performance of an alignment check to verify an
operable TS required boron injection flow path, a NSO incorrectly opened a valve
that resulted in injecting water and nitrogen into the RCS. The causes of the event
were an inadequate pre-job brief (discussed in 04.5) and the failure of the NSO to
comply with all procedural precautions. The team reviewed the applicable
surveillance procedure, SUR 5.1-1688B, Boron Injection Path Valve Lineup and
Metering Pump Test (Shutdown Modes 5 and 6), and discussed its performance
with the operations personnel.

Procedure SUR 5.1-159B requires a verification that each valve in the TS required
boron injection flow path that is not locked, sealed, or otherwise secured is in its
correct position. On August 28, 1996, the existing injection flowpath was from the
boric acid makeup tank (BAMT) via the metering pump to the RCS. This flowpath
was to be rendered temporarily inoperable during the performance of preventative
maintenance procedure (PMP} 9.1-31 on Emergency Generator (EG)-2B. EG-2B is
the emergency source of electrical power for the metering pump. The NSO was
directed to verify alignment of another operable injection flowpath from the BAMT
via a boric acid pump and a charging pump to the RCS. However, the flowchart
methodology is not a pre-determined valve line-up checklist and requires the
operator to select the available flow path(s) from among several possibilities by
applying knowledge of existing system and component status in answering
questions regarding operability and availability, e.g., "BA Filter in Service? Yes/No."
Procedure step 6.1.2 directs the operator to "VERIFY" that each component for the
selected Ylowpath is in the required position but does not direct repositioning of any
component. If a valve is not found in the position specified on the valve lineup
checklist, precaution 5.1.1 directs the operator to immediately notify the shift
supervisor and not to proceed until the situation is resolved.

According to the NSO's description of the occurrence, he believed that the direction
of step 6.1.2, to verify each flowpath component in its correct position, authorized
realignment of components as necessary and that precaution 5.1.1 did not
specifically apply once the flowpath had been determined. As a result, the NSO
repositioned valve BA-V-355 and injected water and nitrogen from the CVCS into
the RCS. The licensee subsequently issued TPC No. 96-358 that added a note to
flowchart 1 precluding valves BA-V-354 and BA-V-355 being open at the same time
with valves CH-MOV-257 or CH-MOV-257B shut. Refer to 04.5 of this report for
NRC findings related to operator knowledge and performance.
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Conclusions

Operations procedural guidance for verification of an operable TS required boron
injection flow path was adequate. Adequate direction is placed in the SUR
procedure to preclude component repositioning during filow path verification.
However, due to the many system and component line-ups possible during an
outage, the procedure relies on the operator to recognize and understand system
and component status for proper performance. The causes of the event were an
inadequate pre-job brief and the failure of the NSO to comply with all procedural
precautions.

f idual H R val
In ion

The inspection team reviewed the abnormal operating procedure for a loss of the
residual heat removal system.

rvation/Findi

The licensee has established an abnormal operating procedure, AOP 3.2-12, Loss of
Residual Heat Removal. This procedure has initial conditions of the reactor in Mode
5 or B, cold shutdown and refueling, respectively. Its initial strategy involves
diagnosis of plant conditions and actions to restore the RHR system, including
restoration of power, component isolation and pump suction venting.

The licensee developed a plant condition action matrix within the procedure that
directs the operator to perform actions that establish alternate means of decay heat
removal, depending on the plant conditions and what is known about the RHR
system. The procedure plant condition action matrix directs the operator to a
specific decay heat removal recovery action. Had the RHR system failed during the
period of interest covered by this inspection, the operations staff would have
attempted recovery by isolating and pressurizing the RCS and establishing a heat
sink with a steam generator with natural circulation or forced cooling with a RCP.
Had this primary method failed, the procedure directs the operators to alternate
methods. Feed and bleed ccoling of the reactor core would be atitempted with a
charging pump. The RCS would be pressurized and coolant discharged through a
low temperature overpressure protection (LTOP) relief valve. Then, forced cooling
would be attempted with a LPSI pump and the RHR heat exchangers.

In order to address various contingencies, AOP 3.2-12 addresses contingencies of
filling RCS loops with a charging pump or by gravity feed, unisolating an RCS loop,
natural circulation or reflux cooling and starting a RCP.

The licensee has also developed abnormal operating procedures that address loss
the RHR support systems: AOP 3.2-10, Loss of Component Cooling Water; AOP
3.2-15, Loss of a Vital Bus; AOP 3.2-19, Loss of Service Water; and, AOP 3.2-25,
Low Voltage on Emergency Busses.
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Conclusions

The team concluded that the licensee had developed reasonable plans and
procedures that should be able to cope with a loss of residual heat removal event.

Operator Knowledge and Performance
m Drai
Inspection Scope

The inspection scope was to review operator actions during a pre-planned draining
evolution of the RCS on August 29, 1996.

rvations/Findi

On August 29, 1996, during two separate occasions the control room operators
aligned the RHR purification system and letdown the RCS to the ADT through valve
WD-V-210.

At approximately 1609 after a total of approximately two hours of draining the
RCS, the evolution was stopped due to an outage planning decision that postponed
the reactor disassembly until September 3, 1996. The RCS draining evolution
supported removal of the reactor vesse! head.

Discussions with the US and the RO indicated that the total inventory change was
estimated at 3,000 gallons. However, the second draindown evolution was
stopped at 280 inches cavity level after approximately 4,000 galions were drained
to the ADT. (The licensee later calculated 4515 gallons as the total inventory
change based on run time of the ADT pump.) The operators attributed the
difference between the estimated draindown volume of 3,000 gallons and their ADT
draindown of 4,000 gallons to in-leakage from the RCS loops. The operators
manually closed in on RCS isolation valves for two loops and isolated the loop
overpressure protection valves for all four loops. After this action, operators noted
that cavity level continued to increase with no make-up but the rate of increase
slowed after the valves were verified closed and the loop overpressure protection
valves were closed. The next shift added approximately 1,000 gallons to the RCS
and returned cavity level to its approximate initial value.

Based upon team interviews with the shift operators and operations management,
the magnitude of the RCS inventory mismatch was not identified in an ACR, nor
was it explained to operations management. Nor did the operators solicit E&TS to
assist in resolving this discrepancy. The team asked the licensee for the history of
loop stop valve leakage. The licensee has experienced leakage of the loop stop
valves during past outages, however quantification of that leakage has not
occurred. Based on the inventory imbalance, the team concluded that leakage of
this magnitude could not have occurred through the closed loop stop isolation
valves.
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Further, the team learned that isolation of the loop overpressure check valves by the
operators resulted in no overpressure protection for the RCS loops. The team
evaluated the tempera‘: re changes in the loops, containment temperature, and the
RHR suction temperature between August 29 at 1427 until August 30, 1996 at
0416, when the loop overpressure protection was isolated. The maximum recorded
rise in loops temperatures was 3°F and the containment temperature decreased 3°F
based upon the startup of the second containment air recirculation fan. The TS
limit based upon heat up limitation curves of 1S Figure 3.4-4 at the RCS
temperature of approximately 80°F was approximately 480 psig. Licensee
evaluation of the loop temperature variations indicated that this limit was not
exceeded.

The team learned that the normal operating procedures to isolate an RCS loop did
not require that the overpressure protection check valves be left in service, and the
locked valve checklist for the isolation of the overpressure check valves required the
valves to be opened in Operational Modes 1 through 4, but not cold shutdown.

Conclusions

Operators failed to inform management or engineering/technical support of the
significance of the inventory balance given the insupportable magnituce of leakage
from the loop stop isolation valves. The operators isolation of the loop overpressure
protection valves was inappropriate in that it removed the only means to relieve an
overpressure condition within the isolated loops. The normal operating procedures
did not preserve the pressure protection of an isolated loop. The operators failed to
display a questioning attitude in not investigating the cause of increasing RCS level
indication with no makeup.

rn of the r lan rvi
n ion S

On August 31, 1996, a small leak was identified on the "A" RHi heat exchanger
inlet valve, RH-V-791A. The heat exchanger was isolated and the "A" loop of RHR
was declared inoperable. On September 1, the operators performed NOP 2.4-7,
Return of a Loop to Service with the Plant Shutdown, and unisolated the RCS loops
to increase the predicted time to boiling in the RCS should the remaining RHR pump
be lost. The team reviewed NOP 2.4-7 and discussed its performance with the
cognizant operations US, SM and the Chemistry Department.

rvati nd Findin

Procedure NOP 2.4-7 provides the detailed instructions necessary to return a RCS
loop to service after it has been isolated or idled and requires that prior to opening
the loop stop isolation valves, the isolated or idled loop shall be determined to have
a boron concentration greater than or equal to the boron concentration required to
m.=et the shutdown margin requirements of TS 3.1.1.4 and to have a cold leg
temperature within 20 °F of the operating RHR loop. Prior to sampling the isolated
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or idled loops for boron concentration and determining loop temperature, steps
6.2.2 and 6.4.3 of NOP 2.4-7 direct thz the associated RCP be started in
accordance with NOP 2.4-2, Reactor Coolant Pump Operation.

The US for the 0600 - 1800 shift on September 1 indicaied that the procedure
steps required for operation and start of a RCP in accordance with steps 6.2.2 and
6.4.3 of NOP 2.4-7 were not performed but marked as "N/A" since the loops were
being returned to service for availability and decay heat removal concerns only, and
the RCPs and plant were to remain shutdown. The US further indicated that the
verification of adequate loop boron concentration was based on the sample results
provided by the Chemistry Department where loop #1 boron was 2874 parts per
million (ppm), loop #2 boron was 3111 ppm, loop # 3 boron was 1790 ppm, and
loop #4 boron was 2235 ppm taken prior to opening the loop stop isolation valves
and the last known loop boron concentrations of approximately 1400 ppm taken
prior to loop isolation on August 12, 1996. The SM for the 1800-0600 shift on
September 1 and 2 indicated that isolated loop temperatures were verified by
contact thermometer readings on the secondary side steam generator hand hole
covers and were within 20 °F of RHR temperature. Management review of
completed procedure NOP 2.4-7 was completed on September 2, 1996, by the
Operations Manager.

The team discussed the loop boron sample results with the Chemistry Department
and reviewed the relevant records to determine whether the boron samples were
properly obtained and if the results were credible. The chemists indicated that the
loop boron sample results were not credible since the samples could not be obtained
in accordance with approved procedures, i.e. the RCPs were not started and the
loops were at atmospheric pressure resulting in the samples not being taken at the
sample sink but being drawn locally in the containment off the loop drain header.
The chemists further indicated the operators were advised that the results would
not be valid indicators of loop boron concentration. When the boron samples for
loops 1 and 2 indicated boron concentrat'ons greater than the RHR system, the
operators requested another sample and obtained similar results. The operators
failed to follow-up the boron sample discrepancy with chemistry prior to unisolating
the loops. The team reviewed the sampie records and determined the approximate
loop boron concentration prior to isolation was 1430 ppm boron and that no
evolutions with the potential for dilution of loop boron concentration had occurred
after loop isolation on August 12, 1996. The team verified in surveillance
procedure (SUR) 5.3-19, Boration Requirements for Reactor Shutdown, and in the
fuel cycle report that the required shutdown margin boron concentration in this
condition was approximately 850 ppm.

The Procedure Compliance Policy of ACP 1.2-6.5 states that "... if the procedure
appears to be inadequate for the intended task ... then task will be stopped” and
limits the use of "N/A" for cases where a step or steps of a procedure are clearly
not applicable. The lack of representative boron samples indicated a failure to
comply with the intent of the procedure. Furthermore, the licensee identified on
September 13, 1996, that the boron samples may not have been taken within 30
minutes of unisolating a loop as required by TS 4.1.11.2.
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The team made the following obssrvations regarding the licensee’s performance of
NOP 2.4-7:

“ The operators use of "N/A" for action steps dealing with operation of the
RCPs was improper and resulted in unrepresentative boron samples and
isolated loop temperatures, and a failure to comply with TSs 4.4.1.11.2 and
4.4.1.11.1. The as-performed procedure was inadequate for these two
tasks and should have been stopped until appropriate procedure changes
were made or the RCP could be started.

. The safety consequence of the operators faiiure to obtain accurate loop
boron and temperature results was minimal based on the loops’ previous
boron concentrations and ambient temperature conditions.

@ The management review of the completed procedure was inadequate since it
also failed to identify the procedural non-compliance.
Conclusions

The team concluded that NOP 2.4-7 was improperly performed. The licensee failed
to ensure that isolated loop boron concentrations and loop temperatures were
correctly determined prior to opening the loop stop isolation valves. Although not
directly contributing to the occurrence, the management review of the completed
procedure was inadequate since it also failed to identify the procedural non-
compliance.

The inspection scope was to evaluate operator response on September 1, 1996, to
a unexpected reduction in RCS inventory.

rvations/Findi

On “eptember 1, 1996, at approximately 0900, the NSO isolated nitrog2n gas to
th.. VCT while conducting an investigation into increased nitrogen use noted over
toe past four days. When nitrogen was isolated to the VCT, the RO noted a
decrease in cavity level and pressurizer level. Based on interviews with the RO, the
RCS leak rate was estimated at approximately 20 gpm. The SM directed the NSO
to restore nitrogen slowly to the VCT and increase VCT nitrogen pressure at 5 psig
increments from approximately 20 psig to 30 psig.

The US executed the action steps of AOP 3.2-31A, Reactor Coolant
System/Refueling Cavity l.eak (Mode 5 and 6), to identify and isolate the source(s)
of the leak. The RO initiated makeup to the RCS using a suction path from the
RWST through the "A" RHR pump. AOP 3.2-31A also requires a review of
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Emergency Plan Implementing Procedure (EPIP) 1.5-1.A, Emergency Assessment,
for determination of potential reportability, incident classification and initiation of
emergency actions. Based on interviews, the SM stated that he consulted the EPIP
and conciuded that he did not meet the threshold provisions for an emergency
classification declaration or the immediate notification criteria of 10 CFR 50.72. On
September 11, 1996, the licensee reported the event under 10 CFR 50.72
(b)(2)(iiN(B).

The operators’ leak investigation for areas both outside and inside the containment
was completed by approximately 1015 and 1057, respectively. No potential leak
sources were ide itified. However, based on the indicated pressurizer level decrease
and the potentiz: .1CS inventory reduction, the SM directed the RO to control RCS
inventory and by maintaining indicated pressurizer level between 5% to 17 %. The
licensee calculated that approximately 5,000 gallons of borated waier \vere added
to the RCS based on the change in RWST level,

During the RCS leak investigation, the operators had suspected nitrogen gas
intrusion into the vessel as the cause for the cavity and pressurizer level changes.
in parallel, with implementation of AOP 3.2-31A, the operators cycled and verified
closed the two valves connecting the VCT gas space to the "B" charging pump
suction header. Valves BA-V-354 and BA-V-355 were verified closed, and the
nitrogen supply to the VCT was isolated. The above valves were tagged out at
approximately 1353. This action isolated the nitrogen intrusion through the
charging system into the RCS. At approximately 1255, on September 1, 1996,
RCS inventory was stabilized and indicated pressurizer level returned to its
approximate initial value of 10%.

The team reviewed the SM's logs and concluded that this record failed to
adequately describe the sequence of events recounted above in that all of the major
activities were summarized under a single log entry for 0900 on

September 1, 1996. The operations crew initiated ACR 96-0966 to document this
event and the actions taken. Based upon interviews, operations requested no
additional support to evaluate the worst case inventory reduction within the reactor
vessel given an apparent significant nitrogen gas displacement of reactor coolant.
Three days later, the licensee performed a preliminary volumetric balance on
September 4, 1996, and concluded that worst case inventory reduction within the
vessel was 39 incnes below the reactor vessel flange.

Conclusions

The team noted acceptable diagnosis and AOFP implementation by the operators to
identify potential RCS leakage sourcels.. After further review by the licensee staff,
the SM's initial reportability decision of September 1 was reconsidered and the
event was later reported by the licensee on September 11, 1996. Operations
requested no additional technical support to evaluate the worst case inventory
reduction within the reactor vessel given an apparent significant nitrogen gas
displacement of reactor coolant.
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04.4 Placing Residual H R | Purification S m in Servi

a.

Inspection Scope

The inspection scope evaluated cperator performance during a system alignment to
restore RHR purification on August 22, 1996.

On August 22, 1996 a non-licensed NSO failed to adhere to NOP 2.7-4.
Specifically, the operator failed to perform step 1.4 of NOP 2.7-4 which restores the
system alignment from a temporary shutdown of the purification sub-system of
RHR. Failure to perform the alignment resulted in maintaining valve PU-V-261A
open. Valve PU-V-261A is the suction valve from the RWST to the purification
pump. When the operator performed step 1.5 of NOP 2.7-4, it required opening
valve RH-V-874A which is the outlet valve from the RHR heat exchangers to the
suction of the purification pump. With this alignment, RHR flow, instead of being
directed to the purification pump, was diverted to the RWST.

When directed to place the RHR purification back in service, the NSO assumed step
1.4 had been completed and restarted the temporary shutdown procedure at step
1.6 - "COMMENCE purification of the RHR System" - and opened valve RH-V-874A
which diverted RHR flow to the RWST. On receipt of a cavity low level alarm in the
control room, the RO, after consulting with the NSO, directed the NSO to shut valve
RH-V-874A isolating the flowpath from the RHR system to the RWST. The
consequence of skipping step 1.4 was the inadvertent diversion of approximately
500 gallons of RCS water from the RHR system to the RWST over a period of
approximately five minutes.

Based upon interviews with the shift operators, the team noted that this was the
first time the NSO had performed the procedure for restoration of RHR purification.
The on-shift US indicated his expectation was that if the NSO had questions about
the NOP implementation that they should be discussed prior to the evolution. The
licensee’s IRT found that no pre-job brief occurred prior to the restoration of RHR
purification.

nclusi

During the restoration of the RHR purification system alignment on August 22, the
NSO failed to adhere to NOP 2.7-4. The licensee failed to conduct an adequate pre-
job brief for the operator who was performing NOP 2.7-4 for the first time. The
result of this lack of procedure adherence was the diversion of approximately 500
gallons of RCS water to *~e RWST,
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04.5 Improper Alignment of Boration Flowpath

Inspection Scope

The inspection scope was to evaluate the events and details associated with
changing the boration flowpath on August 28, 1996.

Observations/Findings

On August 28, a NSO misaligned valves in the boric acid system which connected
the VCT gas space to the suction of the charging system, through valves BA-V-355
and BA-V-354 and subsequently into the RCS. At the time, the VCT was
pressurized with nitrogen gas to approximately 30 psig consistent with NOP 2.3-4
which allowed for a makeup flowpath to the RCS using VCT pressure. The RCS
was approximately atmospheric pressure and vented to the reactor vessel vent
header system. The boric acid system valve misalignment resulted in CVCS
nitrogen and water being injected into the RCS. The pressurizer level increased
approximately 2% and VCT pressure decreased approximately 2 psig.

Verification of another boration injection flowpath was required in preparation for an
expected emergency diesel generator surveillance later in the day. The emergency
diesel generator is considered inoperable during its surveillance test making the
existing flowpath via the metering pump to the RCS also inoperable.

Based on interviews with the US, RO, work control supervisor, and the NSO on
shift at the time of the event, the team concluded that the NSO received a less than
adequate pre-job briefing. It was apparent that the NSO discussed various aspects
of the task separately with all of aforementioned individuals but that an integrated
pre-job brief, with clear expectations for task performance, was not conducted.
Additionally, based upon interviews with the shift operators, the team noted that
this was the first time the NSO had performed a boron injection flowpath
verification using procedure SUR 5.1-159B.

As a result of an inadequate pre-job brief, the NSO chose a flowpath incompatible
with the existing VCT status and valve line-up - approximately 30 psig nitrogen in
the VCT and valves CH-MOV-257/257B blue tagged shut - and incorrectly opened
BA-V-3565. Opening this valve allowed the nitrogen pressure in the VCT to inject
CVCS system water and nitrogen into the RCS. The RO's initial response to the
boration flowpath error was to readjust the high alarm setpoint for cavity level and
increase it by approximately 5 inches higher than actual level. On receipt of the
second high cavity alarn, the RO directed the NSO to close mis-positioned valve
BA-V-355 and stop performance of SUR 5.1-159B. The team learned that no
specific procedural expectation exists for controlling the high level alarm setpoint for
cavity level. (Annunciator Response Procedure (ANN} 4.24-1, Cavity High Level,
indicates the setpoint is determined by the operator. NOP 2.3-4 and NOP 2.4-10,
Reactor Coolant System Mid-Loop Operation, require the adjustment of the low level
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alarm setpoint to 2556.5 inches and 208 inches, respectively, prior to conducting
RCS draindown evolutions.) The licensee estimates that the amount of inventory
added to the RCS was 500 gallons, in addition to nitrogen. The licensee prepared
ACR No. 96-0946 to document the event and to identify potential corrective
actions.

Conclusions

During the evolution to shift boration flow paths, nitrogen gas entered into the RCS.
The evolution to shift boration flow paths was inadequately performed, in that, the
NSO, who lacked experience and familiarity with the job task, was given an
inadequate pre-job brief by shift management.

il i ing on in v
Inspection Scope

The inspection scope was to evaluate operations performance during an inadvertent
RCS draining evolution during maintenance testing of RHR motor-operated ‘alves.

o) ions/Findi

On September 4, 1996, betwe«n 200 to 300 gallons of reactor coolant was
discharged to the containmer: sump from the RHR system. The leakage path was
through a pair ot motor-uperated valves (RH-MOV-23 and RH-MOV-34) and a
common isolation valve RH-V-23A to the containment cpray automatic drain valve
(RH-V-888). At the time, the iicensee had a stop work order in effect on RHR and
systems affecting RCS inventory.

A preventative maintenance activity was being performed to disassemble the two
motor-operated valves (RH-MOV-23 and RH-MOV-34). In support of this
disassembly the valves were moved off their closed seats. The RHR flow was
diverted through the valves, and through a manual valve that was thought to have
been closed (RH-V-23A) and then subsequently through valve (RH-V-888) to the
containment sump.

The SM noted a small decrease in pressurizer and cavity level indication. An
operator was dispatched to containment to locate the potential leakage.
Approximately five minutes after the event started, operators reenergized the two
motor-operated valves, closed the valves, and terminated the loss of RCS inventory.
The leakage resulted in approximately 1.5% decrease in pressurizer level and
approximately 5 inch decrease in cavity level. The operator in containment, closed
RH-V-23A another 1/8 of a turn.

The maintenance should not have occurred as a result of the stop work order issued
on September 2, 1996. This particular maintenance activity was not pulled by
outage management, and the electrical maintenance department assumed that since
it was acceptable to work, they proceeded on September 4, 1996. Additionally,
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the team learned that the SM was not informed about the maintenance activity.
The control room operators were aware of the activity, but felt that it was low risk
since isolation valve RH-V-23A was closed. They assumed that the work was
approved since the work control center and tagging office had cleared the work
order,

Conclusions

The operations crew did not thoroughly question the decision to proceed with the
work given a limited stop order work on systems involving RHR and other primary
systems affecting RCS inventory. The team determined that the operator response
to the reduction in RCS inventory was appropriate.

rR n i iquid Nitrogen
n ion

The inspection focused on the operator sensitivity to liquid nitrogen use during an
outage.

rvations/Findi

Based upon the team’s interviews with a variety of operators, it was concluded that
their concern for high levels of liquid nitrogen usage during the outage was only a
function of the need to resupply the tanks. In general, the operators were aware of
past large demands for nitrogen to support outage activities such as a steam
generator sparge or draindown. The NSQO’s logs require recording nitrogen tank
level every eight hours. At 20 inches in the tank it recommends actions be taken to
refill the tank.

During the period of August 29 until September 1, 1996, the use of nitrogen by the
faciiity had dramatically increased from the trend prior to August 29, 1996. Prior
demand for liquid nitrogen resulted in an approximate three inch tank level decrease
over 24 hours. Between August 29 through September 1, 1996, the liquid nitrogen
tank level decreased on average 15 inches per day. One use of nitrogen during this
time frame wa+= the draindown and refill of the No. 2 steam generator.

On Septemtber 1, 1996, the shift NSO raised to the US the significant increasing
trend in nitrogen usage since the tanks had just been filled on August 29, 1996.
Based upo the NSO's concern, the US coordinated a systematic search for
excessive nitrogen use by plant equipment. The troubleshooting process involved
the US using the P&ID for the nitrogen system, and coordinating with the NSO to
isolate and unisolate various loads. Plant operators failed to solicit help from E&TS
to locate the source of the nitrogen gas leakage.
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At approximately 9:00 a.m., the NSO isolated the nitrogen supply to the VCi. The
NSO noted that primary auxiliary building nitrogen pressure increased from 40 psig
to 63 psig, and VCT pressure decreased from 29 psig to 18.5 psig. The contro!
room also noted a corresponding decrease in cavity and pressurizer level. The
control room personnel felt that they had a RCS leak and entered AOP 3.2-31A. On
entry into AOP 3.2-31A, the SM told the NSO to unisolate the nitrogen supply to
the VCT. Based upon team interviews, the SM felt it was prudent to place the
system back in its normal configuration, and perform actions of AOP 3.2-31A.,

On September 1, 1996, operations management developed ODI-190 to, in part,
maintain an inventory of liquid nitrogen on-site and ivg its usage for monitoring of
abnormal trends. On September 11, 1996, the team confirmed implementation of
the instruction.

Conclusions

In general, operators were knowledgeable of historically known large liquid nitrogen
loads during refueling outages, however they lacked a timely questioning attitude
for the unexpected nitrogen usage between August 29 until September 1. The
team concluded that the operations and E&TS staff were not timely in investigating
the source of the high nitrogen gas usage

04.8 Event Notifications

Inspection Scope

The team reviewed the event notifications, made by plant operators to the NRC, to
verify that the notifications were completed in accordance with NRC requirements.

ot ion/Findi

Prior to the arrival on site of the NRC inspection team the licensee had made one
report in accordance with the requirements of 10 CFR 50.72 concerning the
through-wall leak in an RHR system valve. There were no events classified under
their emergency plan.

The licensee reported discovery of a through wall leak in the "A" RHR heat
exchanger inlet isolation valve in accordance with 10 CFR 50.72(b)(2)(i) at 13:52
on August 31 (Event No. 30945). However, the licensee had not reported the
potential ioss of RHR caused by the accumulation of nitrogen in the reactor vessel
before this concern was identified by the teamn. The licensee reported this event in
accordance with 10 CFR 50.72(b)(2)(iii)(B) at 15:04 on September 11 (Event No.
30992).

The inspection team reviewed the classification of events that were the subject of
this inspection in regard to the station emergency plan. EPIP 1.5-1, Emergency
Assessment Using EAL Tables, addresses this classification procedure. None of the
events required emergency classification.
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Conclusions

On September 1, 1996, the licensee failed to report the event that could have
prevented the fulfillment of the safety systems that are needed to remove residual
heat within four hours as required by 10 CFR 50.72(b)(2)(iii)(B). The team
concluded that the accumulation of nitrogen gas in the reactor vessel could have
prevented the RHR system from functioning. The proper notification was made by
the licensee to the NRC on September 11, 1996.

Operator Training and Qualifications

Level Indication and Vent Header System Training During Mode 5 Shutdown
Conditions

In ion

The team reviewed the licensed and non-licensed operator training material
regarding operation of RCS level instrumentation and the reactor vessel vent header
systems during cold shutdown conditions, and interviewed several operators and a
training department representative with respect to their content.

ot : | Findi

The team reviewed the Refueling Malfunctions lesson plan (CY-OP-LO-AOP-L11),
the Mid-Loop Operations lesson plan (CY-OP-LO-NOP-L10), and the Fuel Handling
lesson plan (CY-OP-LO-PRISYS-L0O0900), and discussed their content with a
licensee training department representative. The training representacive indicated
these lessons are used in the initial and continuing licensed operatur training
programs to cover RCS level instrumentation operation and industry events. The
lessons provide a description of the RCS level indicaticns, controls, and alarms
available during shutdown and refueling conditions. The lessons mandate review
for two events - reactor seal cavity failure event (NRC IN 84-93) and undetected
accumulation of gas in reactor coolant system (NRC IN 94-36). However, the
lessons provide no detailed information on RCS level instrumentation operation and
its response for mode 5 operations or the effects that reactor vessel vent header
operation or other system changes can have on level indication. The team
confirmed this observation during interviews with several operators who indicated
that existing training material does not present detailed information regarding RCS
level instrumentation or reactor vessel vent header operation for the irregular
conditions existing with the plant in cold shutdown.

The team reviewed the licensee’s continuing training schedule for the previous and
current periods. The training representative indicated that presentation of the
information discussed above was planned for August and September 1996 during
Licensed Operator Requalification Training (LORT) Cycle 96-5 but was postponed
untii the week of September 3C due to the early plant shutdown. He indicated that
this information was last presented to licensed operators during LORT Cycle 94-6 in
October and llovember 1994. In lieu of LORT Cycle 96-5 training, originally
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scheculed for one week, the licensee substituted one day of training prior to the
outage on selected refueling topics that focused on various refueling evolutions,
less of RHR and AC events, and containment closure TS requirements. This training
did not discuss RCS level instrumentation or reactor vessel vent header operation.

Finally, t! e training representative indicated the current training information provided
on the reactor vessel vent header cystem does not discuss system operation and is
limited to a description of the system’s connection points to the RCS (lesson CY-
OP-NLO-PRISYS-L00210). Updated training information for this system is planned
for development and presentation in LORT Cycle 6 beginning the week of
September 30.

Conclusions

The team concluded that the quality of existing training information for operation of
RCS level indication and the vent header system during cold shutdown conditions
was weak and failed to provide any substantial information on their operation during
the irregular conditions existing with the plant in cold shutdown. The licensee failed
to provide the scheduled detailed training on outage and refueling operations due to
the early plant shutdown. The team determined that the failure to conduct this
training was a contributing cause for this event.

Il._ Maintenance

Conduct of Maintenance

Timeliness of RHR Pump Replacement
Inspection Scope

The team reviewed thz maintenance activities to repair the "B" RHR pump.

Observations and Findings

On September 2, 1996, the maintenance mechanics began a disassembly and
inspection of the spare RHR pump. The inspection was performed to verify that the
spare pump was in compliance with the pump manufacturers specifications. By
September 4, 1996, the maintenance mechanics had identified that the spare pump
had several out-of-tolerance dimensional readings that would require corrective
action by the pump vendor. The specific out-of-tolerance readings were the
concentricity and perpendicularity between the bearing and head casings. The head
casing and the pump impeller also required additional machining and balancing. The
pump casing was returned to the pump vendor for machining on

September 8, 1996, and the impelier was returned the following day. The spare
pump, casing wear rings, and new vent valves were not available for installation
until September 13, 1996.
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The team noted that the lack of vendor information on the pump resulted in delays
during the pump inspection activities. The licensee had to request the
specifications from the vendor. Certain pump drawings were not received from the
vendor until September 7, 1996.

On September 15, 1996, the post maintenance test of the "B" RHR pump failed due
to inadequate pump venting and vent locations. The second post maintenance test
also failed on September 16, 1996, when operators observed low oil level in the
bearing housing and the pump was secured. On September 16, 1996, the
maintenance staff identified two through-wall cracks on the motor upper end bell.
This caused further delay while an analysis of the motor was performed. The post
maintenance testing of the pump resumed on September 21, 1996, at which time
oil leakage was noted near the pump thrust bearing. The oil leakage was caused by
the slip of an oil seal baffle that had an improper interference fit. The first attempt
to repair the oil seal baffle was unsuccessful and additional repairs were required.
The RHR pump was returned to operable status on September 25, 1996, 25 days
after the pump was identified as having failed.

Conclusions

The team determined that repair activities for the RHR pump were generally
methodical and conservative. However, several avoidable delays resuited in the
untimely restoration of the pump to service.

m n "B"
In ion

The team observed the removal and replacement of PAB access floor blocks and the
"B" RHR pump repair to assess the licensees maintenance practices.

rvati nd Findin

On September 4, 1996, the PAB floor blocks were removed. The team noted that
the pre-job briefing for the removal of the floor blocks was thorough. The floor
blocks were removed in accordance with WCM 2.2-7, PAB/Pipe Trench Floor Block
Lift Procedure. The team noted that step 1.3, which required the floor blocks to be
sealed with a silicone rubber adhesive upon reinstallation, was not completed. The
system engineer was not aware of this step and had not taken this into account
during the development of the engineering evaluation for the removal of the floor
blocks. The licensee posted a flood/fire watch until further engineering evaluations
were performed.

Corrective Maintenance Procedure (CMP) 8.5-99, Residual Heat Removal Purr p
Maintenance, step 6.2.11, requires the installation of a foreign material exclusion
(FME) cover over the "B" RHR pump discharge case opening, and step 6.2.12
requires a Quality Assessment Services inspector to verify the work is performed.
During a walk-through of the RHR cubicle, the team observed an appropriate FME
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cover on the pump case; however, the pump casing drain line and the seal water
heat exchanger lines were not taped off for FME control. The team discussed this
issue with the maintenance manager and was informed that this discrepancy did not
meet management expectations. The proper FME covers were installed.

Conclusions

The team concluded that the maintenance activities were generally performed
according to the appropriate procedures; however, the team noted a few examples
where procedure requirements were not adequately implemented.

Material Condition of Facilities and Equipment
ial Conditi r ion Valv
n ion

On September 3, 1996, members of the team walked down the reactor coolant vent
header system with a reacte: operator. The purpose of the system walkdown was
to verify system alignme~.c and configuration as described in the operating
procedure. Tne team also assessed the material condition of equipment associated
with these events.

The reactor coolant vent system is a temporary system that is installed during cold
shutdown conditions. The purpose of the system is to remove gases from the RCS.
The controls for installation and operation of the system are identified in NOP 2.9-6.
The system is not described in the UFSAR, and there are no license requirements
for its operability. The vent system is connected to the RCS loops, pressurizer,
pressure relief tank, and the reactor vessel head.

The team identified various equipment and procedural deficiencies during the
system walkdown. Hardware deficiencies included kinked tygon tubes, lack of an
adequate level in the moisture drain tank and condensate in the reactor head vent
hose.

The team noted several valves in the CVCS and RHR that failed to perform there
isolation function. The leaking CVCS valves allowed nitrogen gas to enter the RCS.
Leaking RHR valves allowed water from the RCS to be diverted into the containment
sump.
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Conclusions

The temporary reactor coolant vent system was in poor material condition as
observed by the team on September 3, 1996. The team noted that a series of
leaking isolation valves were the root cause for two of the events reviewed. The
team concluded that based on the large number of valves that lecked, that this may
be a broader problem that requires additional attention.

1} ineerin

Engineering Support of Facilities and Equipment

The team assessed the licensee’s response to the identification of nitrogen gas in
the reactor vessel.

Observation/Findings

The E&TS organization was not involved in identifying the source of the excessive
nitrogen gas usage or evaluating the cause for the increase in pressurizer and cavity
level indications. The E&TS staff were also unaware of the system configuration
changes that allowed inappropriate maintenance to be performed on the RHR spray
valves and the inappropriate closure of the RCS loop stop relief valves.

Following the identification of nitrogen gas in the reactor vessel on

September 1, 1996, the licensee was unable to verify that all the nitrogen gas had
been removed or that the reactor vessel was full of water. The E&TS staff initiated
several actions to verify the actual reactor vessel level. Plant I1&C technicians
obtained local RVLIS and CET readings on September 3, 1996. The local RVLIS and
CET readings were taken using available test equipment and existing procedures.
The readings indicated that the reactor vessel was nearly full. A special test was
necessary to positively verify that the vessel was full,

The E&TS organization developed two special test procedures to determine reactor
vessel level and to verify that the reactor head vent was not blocked. The tests
were completed on September 5, 1996. The test determined that the reactor
vessel was not completely full and refilied the vessel.

On September 4, 1996, a temporary modification was installed to connect three
CETs to provide indication in the control room. The RVLIS control room indication
was restored, using a jumper, on September 11, 1996.
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The shift manager had requested that the Shift Manager’'s Staff Assistant (SMSA)
determine the worst-case (lowest) reactor vessel level that occurred during this
event. The SMSA acquired background information, but did not determine a
minimum reactor vessel level. On September 3, 1996, the Operations Manager
initiated actions to perform this calculation. A preliminary analysis was completed
on September 4, 1996. At the conclusion of the onsite inspection activities, the
licensee had yet to complete a final velumetric inventory balance calculation.

nclusions

The E&TS organization was not proactive in identifying and resolving several
important technical anomalies that contributed to these events. The team
concluded that a communications failure between operators and E&TS was a
contributing cause for several of the events reviewed.

The initial actions taken by shift personnel, to refill the reactor vessel and the
CVCS, were appropriate following discovery of nitrogen gas in the RCS. However,
this initial corrective action was treated as a success without fully evaluating the
overall safety implications.

The team concluded that the E&TS response to this event was not commensurate
with its safety significance. The E&TS organization failed to take prompt action to
obtain RVLIS measurements or verify the actual reactor vessel level. The team
noted that confusion among plant staff on the ability to collect this information
contributed to this delay. The reinstallation of the control room CET and RVLIS
indications was not completed in a timely manner. The special tests, to verify
reactor vessel level and vent header operation, were also delayed.

Technical Response * Pump Fail

Inspection Scope

The team assessed the licensee’s response to the failed "B" RHR pump,
rvation/Findin

The RCS loop stop valves were opened to allow the steam generators to be a
backup heat removal source, if the operating RHR pump was to fail. The operators
opened the RCS loop stop valves at 2124, on September 1, 1996, about seven
hours after the "B" RHR pump was identified as having failed. By the evening of
September 2, the electric auxiliary feedwater pump was verified lined up to feed the
steam generators from the demineralized water storage tank (DWST): the RCS
integrity and modified containment integrity were verified; the AOP for loss of RHR
was reviewed, and the nitrogen barks were isolated.
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A RCP could be used to provide forced circulation of the RCS in the event the RHR
system was unavailable. The RCPs could also be used to fill the steam generator U-
tubes if nitrogen gas accumulates in the steam generators. A RCP and associated
support systems were aligned for service on September 3, 1996.

On September 7, 1996, a personnel barrier was in place to control access around
the operating RHR pump. At the same time, operator rounds in the RHR pump area
were increased from every eight to every six hours.

nclusi

Following the failure of the RHR pump, the operations staff appropriately focused
their efforts on aligning a steam generator for natural circulation, The team
concluded that actions were not timely for restoring a RCP to standby service.

The team concluded that the actions taken to monitor the operating RHR pump
were not timely or comprehensive. The licensee appropriately provided a personnel
barrier to limit access around the operating RHR pump. However, the team
concluded that a non-intrusive pump performance monitoring surveillance should
have been performed to provide assurance of proper pump operation. The "B" RHR
pump was found to have significant thermal damage in area of the pump seals, yet
no attempt was made to measure the operating pump’s seal inlet and outlet
temperatures.

Technical Response to the RHR Heat Exchanger Valve Leak
Inspection Scope

The team assessed the licensee’s response to the "A" RHR heat exchanger inlet
valve leak.

ion/Findi

On September 1, 1996, the RHR system engineer was on-shift as the SMSA. The
operations crew requested SMSA input on the design limitations of flow through the
RHR heat exchanger. The request was based upon maintaining RCS temperature,
during an abnormal alignment of the RHR system, with only one of two heat
exchangers. The applicable procedure, NOP 2.9-1, did not provide limitations on
RHR flows or guidance on the alignment of the RHR system with one heat
exchanger. The SMSA provided guidance to the crew on flows to limit RHR pump
“run-out”, and maximum flow rate through a heat exchanger based on design
values identified in vendor information. The crew implemented this guidance on
flowrates during the evolution to remove the "A" RHR heat exchanger from service.
The SMSA guidance was subsequently incorporated into revision 31 to NOP 2.9-1.
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The RCS system engineer supported the operations crew by evaluating the location
of the valve body leak on RH-V-791A, and provided recommendations to isolate the
leak. The system engineer recommended closure of the valve, since the defect was
located on the valve body, whereas the valve disc would isolate RHR system
pressure to the leak. Operators subsequently isolated the "A" RHR heat exchanger
based upon the system engineer’'s recommendation.

The licensee completed several actions following discovery of the defect in the RHR
heat exchanger inlet isolation valve, RH-V-791A, on August 31, 1996. For
example, operators shut the leaking valve as a precaution to protect the RHR
system integrity, because little was known about the extent of the flaw or the risk
that it presented to the RHR system pressure boundary. An early decision was
made to radiograph the valve. Although a contract radiographer arrived on site with
a radiograph source that evening, the radiography was delayed pending an
evaluation of the issues concerning rigging the 600 pound source container into the
"A" heat exchanger cubical.

Conclusions

The licensee acted decisively following discovery of a through wall leak in the "A"
RHR heat exchanger inlet valve. The E&TS staff promptly addressed the decay heat
removal and system integrity issues. The actions taken in response to the leak
identified on the "A" RHR heat exchanger inlet valve body were appropriate.

Review of Generic Information
Inspection Scope

The team assessed the licensee’s corrective actions taken in response to industry
information on nitrogen gas intrusions into the RCS.

rvati Findin

NRC Information Notice (IN) 94-36, Undetected Accumuiation of Gas in Reactor
Coolant System, describes an event at another nuclear power plant where nitrogen
gas accumulated in the reactor vessel. The E&TS staff documented an evaluation
of this IN in a letter (ODM 94-134, dated July 23, 1994). This evaluation stated a
nitrogen gas bubbie in the reactor vessel could cause a level decrease to four inches
above the RCS hot leg center-line. The evaluation assumed that at this level the
nitrogen gas could pass through the pressurizer surge line to the pressurizer and be
vented to the vent header.

The recommendations documented in this evaluation were to maintain the RCS
pressurized in cold shutdown when feasible and to isolate the VCT if the RCS is
depressurized. If the VCT cannot be isolated, the evaluation specified that (1) the
reactor vessel head should be vented to the vent header; (2) to maintain at least
one channel of RVLIS available; and (3) to monitor the cold calibrated pressurizer
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level for indications of a gas void in the vesse!. The analysis explains that a gas
void formation in the vessel would result in an increasing level in the pressurizer.
The evaluation also recommended revising procedures to included indication of gas
accumulation in the reactor vessel.

lusion

The team concluded that the E&TS staff conducted a thorough evaluation of the
NRC IN. However, the recommendation to maintain « ne channel of RVLIS available
was not implemented. The recommendation to revise procedures was narrowly
focused and did not provide guidance in the procedures used during this event. The
team determined that the failure to implement actions based on this evaluation was
a contributing cause for this event.

Outage Planning and Scheduling
In ion

The team reviewed the process for incorporating risk considerations in planning and
control of outage activities.

Observations/Findings

The licensee has established Work Control Manual (WCM) procedure 1.2-9, Outage
Planning, Scheduling, and Implementation, to provide the administrative controls to
manage shutdown risk. The concept of designating system out-of-service windows
was selected as the planning control mechanism. The licensee has also developed
planning schedules for the current outage, Refueling Outage 19, that define the
scheduled windows for systems. The shutdown risk profile shows a significant
increase in relative risk during reactor disassembly until the reactor cavity is
flooded. Therefore, during the events reviewed by the team, the shutdown risk
profile indicates a relatively higher risk.

The licensee failed to apply appropriate controls to work that resulted in a diversion
of water from the RCS. This event resulted while working on motor-operated
containment spray valves on September 4, 1996. The activity was performed
without the refueling water cavity filled and without contingency planning. This
was contrary to WCM 1.2-9, Outage Planning, Scheduling and Implementation,
Section 1.2.7.b, which states that activities which impact the RHR system should
be scheduled during periods of low decay heat, maximum coolant inventory or
defueled conditions. The containment spray valve work was inappropriately
authorized after the RHR pump had been found failed.

Plant mianagement made a decision on August 29, 1996, to postpone refueling
outage maintenance activities over the 3-day weekend. A contractual obligation
granted the personnel supporting the reactor disassembly a day off on Sunday,
September 1. This outage period has a high relative risk. The licensee decision to
delay the reactor disassembly process before opening seal connections on the
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reactor head was conservative. When RCS integrity is not maintained risk increases
because the steam generators are unavailable for decay heat removal. However,
the licensee failed to fully evaluate the reactor status or take compensatory
measures during the time that refueling activities were delayed. All four steam
generators were isolated from the reactor vessel and the RVLIS and CETs were
disconnected. There was no evaluation of the risk presented by this configuration
and there was no contingency planning made for obtaining RVLIS or CET data.

The licensee’s letter, dated June 15, 1992, provides CYs response to NRC Generic
Letter (GL) 88-17, Loss of Decay Heat Removal. In that letter CY committed to
having at least two independent temperature measurements, representative of the
core exit, whenever the reactor vessel head is in place. Failure to connect the CETs
deviated from this commitment.

Conclusions

The licensee has developed an appropriate work control procedure to minimize
shutdown risk. However, certain decisions, such as, postponing the maintenance
activities over the weekend without reactor vessel indications, were not thoroughly
reviewed for risk significance. In this case, the reactor water level was lowered and
the vessel isolated from all four RCS loops for an extended period, while the vessel
temperature and level instruments were disconnected. The team concluded that
while detailed guidance existed for minimizing shutdown risk, the implementation of
the guidance was not adequate. It appears that the decision not to connect the
CETs was not consistent with the licensee’s GL 88-17 response.

R r | n

Inspection Scope

The team assessed the quality of E&TS provided to install and operate the
temporarily reactor coolant vent header system. The quality of the vent system
normal operating procedure was evaluated in report section 03.2, operator training
was evaluated in report section 05.1, and the material condition of the vent header
was evaluated in report section M2.1.

The team learned through interviews with various operators, that on at least two
occasions, operators requested engineering support to improve the temporary vent
system. Licensee management did not initiate engineering activities to improve the
system, primarily due to the priority of other engineering work requests, or a lack of
a viable engineering solution.

The team noted that very limited engineering support existed for the temporary vent
system. The system was controlled under NOP 2.9-6; however, no accurate
drawings cepicted the system alignment, nor were there any engineered design
limitations on the capability of the system. Additionally, the team learned that no
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material specifications existed for either the valves or hoses, or any guidance on
proper installation of the temporary hoses. The licensee improved the control of the
system and provided technical guidance on design limits for the system in a
procedural revision to NOP 2.9-6 on September 14, 1996.

Conclusions

The team concluded less than adequate engineering support was evident in the
design, installation, and monitoring of the temporary vent system.

Root Cause Determination of the Failure of the "B" RHR Pump
Inspection Scope

The team reviewed the root cause failure analysis for the "B" RHR pump.
rvation indin

The licensee determined that the following four factors contributed to the failure ot
the "B" RHR pump: (1) the pump shaft deflection raduced the clearance between
the shaft and the throttle bushing; (2) the 316 stainless steel throttle bushing did
not have good wear properties relative to the 316 stainless steel shaft sleeve. This
led to galling of the throttle bushing when the bushing was allowed to contact the
shaft sleeve; (3) the out of round casing wear ring, the looseness of the head to
casing fit, and the eccentricity of the head to casing fit resulted in a reduction in
wear ring clearances, which allowed the shaft to contact some sections of the
throttle bushing before the wear rings contacted; (4) the manufacturer specified
clearances in the wear rings and the throttle bushing areas did not provide sufficient
margin to prevent contact between the wear rings and between the throttle bushing
and shaft sleave.

The root cause for the pump failure was a combination of a marginal design and
manufacturing defects. The combination of these manufacturing deficiencies led to
the occasional contact of the shaft with the stationary throttle bushing. The
stationary throttle bushing was located at the impeller end of the shaft. The
occasional contact apparently broke tack welds that held the bushing in place.
Once the tack welds were broken, the bushing was free to move along the pump
shaft. The bushing may have caused the increase in vibration levels observed
during the September 29, 1996, inservice pump test. The bushing eventually
cocked and locked between the stuffing box bore and the shaft sleeve. This
apparently occurred during a 45 minute pump run on August 19, 1996. The locked
bushing cut the shaft sleeve, and heated the shaft leading to severe bowing and
additional shaft rubs. The rotor seized when the pump was stopped. The "A" RHR
pump, rebuilt in 1990, eliminated several manufacturing defects, similar to the ones
found on the "B" pump in 1996. The licensee plans to inspect the "A" RHR pump,
prior to entering mode 4 operation.
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Conclusions

The team concluded that the licensee’s root cause analysis was acceptable. While
this root cause evaluation did not positively identify a root cause for this failure, a
reasonable apparent cause was identified.

Quality Assurance in Engineering Activities

Independent Event Review

In ion_Scope
The team reviewed the licensee’'s independent event review response.
Observations/Findings

The licensee established root cause investigation teams for the RHR pump failure
and the leaking RHR isolation valve on September 2, 1996. These investigation
teams were later disbanded when an IRT was formed. Licensee senior management
directed that an IRT be established on Septemper 3, 1996. The IRT was
functioning with 9 of 14 members on September 4, 1994. The IRT was to provide
an independent assessment of the events and to determine the root cause for each
event.

Conclusions

The team concluded that plant management’s failure to fully appreciate the
significance of this event resulted in a poor event response and in delays in initiating
an integrated event recovery plan.

The team also concluded that the licensee was slow in developing a functional IRT.
The IRT investigation was not completed at the conclusion of the AIT onsite
inspection activities. Therefore, the quality of the IRT's assessment was not
reviewed.

Management Oversight Summary

Management oversight of the nitrogen bubble event and the degraded RHR system
was fragmented and protracted, resulting in untimely corrective actions for
significant conditions adverse to quality. The untimely response was reflected in
(1) the failure to fully appreciate the significance of the event; (2) the delays to
establish actual reactor level; (3) the delays to reestablish control room reactor
vessel level and temperature indications; (4) the delays in aligning a reactor coolant
pump for service; (5) the untimeliness of actions taken to monitor the operating
RHR pump following the "B" RHR pump failure; and (6) the delays to establish and
implement an independent review team.
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V. Management Meetings
Exit Nieeting Summary

The team presented the inspection results to members of licensee management at
the conclusion of the inspection on October 2, 1296. The exit meeting was open
for public observation. The slides used at the exit meeting are provided as
Attachment 2 to this report. The licensee acknowledged the findings presented.

No proprietary material was knowingly retained by the team or disclosed in this
inspection report.
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PARTIAL LIST OF PERSONS CONTACTED

Mike Baca, Operations Unit Supervisor

Lee Blaede, Operations Work Control Supervisor
Rick Borg, Supervisor of Information Technology
Gary Bouchard, Director of Work Services
Jonathan Bower, Operations Shift Manager
Will Chestnut, Operations Unit Supervisor
John Calderone, System Engineering

Sean Doody, Operations Nuclear System Operator
Gerry Dreschler, IRT Member

Joseph Eldridge, Nuclear System Operator
John Ferguson, Manager of Internal Review
Jeff Folden, Operations Unit Supervisor

Jim Hawxhurst, IRT Member

Mike Hess, IRT Member

Steve Hutton, System Engineering

Don Kidder, IRT Member

Dave Lazerony, IRT Member

Pierre L'Heureux, IRT Team Leader

John Majewski, System Engineering

Mike Marino, System Engineering

Clark Maxson, IRT Member

Roger McBeth, Nuclear Training

Doug McCracken, Acting Operations Manager
Pat Motes, Nuclear System Operator

Buster Orf, Nuclear System Operator

John Pointkowski, Operations Shift Manager
Phil Rainha, Operations Shift Manager

Chuck Reid, Operations Reactor Operator

Bill Rein, System Engineering

Jack Stanford, Start-Up Issues Manager

Larry Wellbrock, Operations Reactor Operator
Marty Williams, IRT Member

Dick Willis, Operations Shift Manager

Neil Young, Nuclear Training

LIST OF ACRONYMS USED

AOP Abnormal Operating Procedure
ACP Administrative Control Procedure
ACR Adverse Condition Report

ADT Aerated Drains Tank

ANN Annunciator Procedure

BAMT Boric Acid Makeup Tank

CFR Code of Federal Regulations

CET Core Exit Thermocouples
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(4
EG
EDG
EPIP
E&TS
°F
FME
gpm
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IN
IRT
1&C
kV
LORT
LPSI
N/A
NOP
NRC
NSO
oDl
Psig
P&ID
PAB
PORC
PM
PMP
ppm
RO
RCP
RCS
RHR
RVLIS
RWST
Si
SM
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TPC
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Corrective Maintenance Procedure
Chemical and Volume Control System
Connecticut Yankee

Emergency Generator

Emergency Diesel Generator
Emerget.cy Plant Implementing Procedure
Engineering and Technical Support
Degrees Fahrenheit

Foreign Material Exclusion

gallons per minute

High Pressure Safety Injection
Information Notice

Independent Review Team
Instrument and Contrcl

KiloVolts

Licensed Operator Requalification Training
Low Pressure Safety Injection

Not Applicable

Normal Operating Procedure

Nuclear Regulatory Commission
Nuclear System Operator

Operations Departrent Instruction
Pound per square inch gage

Piping and Instrument Drawing
Primary Auxiliary Building

Plant Operations Review Committee
Preventive Maintenance

Preventative Maintenance Procedure
parts per million

Reactor Operator

Reactor Coolant Pump

Reactor Coolant System

Residual Heat Removal

Reactor Vessel Level Indication System
Refueling Water Storage Tank

Safety Injection

Shift Manager

Shift Manager's Staff Assistant
Surveillance Procedure

Temporary Procedure Change
Technical Specification

Updated Final Safety Analysis Report
Unit Supervisor

Work Control Manual

Volume Control Tank



Figure 1

The Undetected Nitrogen Gas
Introduction into the
Reactor Vessel from the Charging Line
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Figure 2

Chemical & Volume Control System
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Figure 3

Residual Heat Removal System (RHR)
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
REGION |
475 ALLENDALE ROAD
KING OF PRUSSIA, PENNSYLVANIA 194061415

September 4, 1996

MEMORANDUM TO: James T. Wiggins, Director
Division of Reactor Safety

FROM: Hubert J. Miller ’ 7
Regional Administrato??ﬂd@/el(/\_
/

Region 1

SUBJECT: AUGMENTED INSPECTION TEAM CHARTER FOR THE REVIEW
OF THE HADDAM NECK NON-CONDENSABLE GASES IN THE
VESSEL HEAD AND LOSS OF DECAY HEAT REMOVAL
CAPABILITY.

On September 1, 1996, Haddam Neck operators responded to a lowering pressurizer level
event with the plant in cold shutdown. Pressurizer level was maintained between 10%
and 5% ove: a four hour period by adding water from the refueling water storage tank
(RWST) to the reactor coolant system (RCS). Approximately 5000 gallons of water was
added. Operators had been in the process of correcting excessive nitrogen usage to the
volume control tank (VCT) and isolated a path to the charging line and into the RCS. The
licensee believed that the RCS had a continuous vent established and that the non-
condensable gases in the upper head were being vented. An earlier evolution to support
RCS vessel head removal, which had lowered RCS levei to below vessel head flange, was
terminated, and operators had reestablished level at 10% in the pressurizer prior to the
start of the event. The licensee believes that the gases introduced while lowering the RCS
level were not vented upon reestablishing pressurizer level. Throughout the event
adequate core cooling was apparently maintained.

Another problem involving through-wall leakage from the body of the A residual heat
remova! (RHR) heat exchanger inlet valve had placed the decay heat removal system into a
one heat exchanger configuration. The A RHR pump was running with the B RHR pump
aligned in standby to that RHR heat exchanger. The actual valve body defect still exists
and assessment is being done of this valve to determine if it is considered functional; the
licensee may examine the other 3 similar valves. Lastly, in order to align the B train RHR
with the B train heat exchanger to support radiography of the A RHR heat exchanger inlet
valve, the operators attempted to shift to the B RHR pump and identified indications of
pump seizure.

Because the event is considered to be complicated and the probable causes are unknown
or difficult to understand, per M.C. 0325, Paragraph 05.02, Item ¢, | have determined that
an Augmented Inspection Team (AIT) should be initiated to review the causes and safety
implications.

The Division of Reactor Safety (DRS) is assigned the responsibility for the overall conduct
of this augmented inspection. James Trapp is appointed as the AIT leader. Other AIT
members are identified in Enclosure 2. The Division of Reactor Projects is assigned the
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responsibility for resident and clerical support as necessary; and the coordination with
other NRC offices, as appropriate. Further, the Division of Reactor Safety, in coordination
with DRP is responsible for the tir ely issuance of the inspection report, the identification
and processing of potentially generic issues, and the identification and completion of any
enforcement action warranted as a result of the team’s review,

Enclosure 1 represents the charter for the AIT and details the scope of the inspection. The
inspection shall be conducted in accordance with NRC Management Directive 8.3, NRC
Inspection Manual 0325, Inspection Procedure 93800, Regional Office Instruction 1010.1,
and this memorandum.

Enclosures:
1. Augmented Inspection Team Charter
2. Team Composition



ENCLOSURE 1

AUGMENTED INSPECTION TEAM CHARTER

The objectives of this AIT are to:

1.)

2.)

3)

4.

5.)

6.)

7.)

8.)

9.)

Develop a sequence of events for the introduction and removal of nitrogen gas from
the RCS. The sequence of events should also include the component failures and
restoration of the decay heat removal system capability. The chronology should
start early enough to include the last successful use of the B RHR pump and include
any evolutions that may have impacted the pump performance. Also include key
findings from Objective 7 below.

Assess the shutdown risk and recovery actions available to the operators given the
condition of the decay heat removal system during this event.

Assess the quality of the operator actions, procedures, and training which resulted
in the introduction of nitrogen gas to the RCS, as well as the second attempt by
operators to start the B RHR pump after the first attempt had failed.

Assess the operator actions taken to identity and respond to the nitrogen bubble in
the reactor head.

Assess the quality and timeliness of the response by the operations staff to
implement compensatory actions for the decay heat removal system component
failures.

Conduct a root cause failure analysis, in parallel with the licensee’s effort, to
establish the causes for the failure of the RHR pump, reactor head vent and the RHR
heat exchanger inlet valve leak. Include reviews of othe’ involved equipment such
as the VCT and the nitrogen source.

Assess CY management and technical staff (Engineering, Maintenance, Operations,
Health Physics, Security, etc) response to this event. Include an evaluation of the
timeliness and extent of integration of the CY organization initial event response and
recovery, as well as performance relative to reportability decisions, prompt and final
operability reviews and use of the corrective action process,

Review the August 28, 1996 manipulation of the CVCS 355 valve, to determine
this event’s relationship, if any, to the introduction of nitrogen gas to the RCS.
Examine the potential for the nitrogen gas introduction into other portions of the
RCS piping and loops.

Review all aspects of this event, including the RCS instrumentation available to the
operators for monitoring or assessing the extent of core coverage and reactor vessel
level while shutdown, for generic implications, particularly relative to industry
operating experience with use of N2 as the motive force for the water movement
during shutdown conditions,



Schedule:

The AIT shall be dispatched to Haddam Neck so as to arrive and commence the inspection
on September 3, 1996. During the site portion of the inspection resident and clerical
support is available. The inspection report is due out 30 days after the formal exit. The
team leader will also make recommendations to the DRS Division Director regarding the
need for conducting a public exit, the appropriate enforcement action, including draft NOVs
and enforcement panel materials, followup needed for any issues left open by the team,
and, potentially generic issues. Also, the team leader is expected to scheduie a post-AlT
lessons-learned meeting between DRS and DRP to examine enforcement opportunities
relative to the conduct and administration of the AIT.



ENCLOSURE 2
TEAM COMPOSITION

The assigned team members are as follows:

Team Manager: James Wiggins, DRS
Onsite Team Leader: James Trapp, DRS
Onsite Team Members: Tom Shedlosky, DRP

Eben Conner, DRP
Robert Depriest, DRP
Peter Habighorst, DRP
John Munro, NRR



Attachment 2

AIT Exit Meeting Slides
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MAJOR EVENTS
REVIEWED

I. UNDETECTED ACCUMULATION OF NITROGEN
GAS IN THE REACTOR VESSEL HEAD

2. TWO INADVERTENT DIVERSION OF REACTOR
COOLANT SYSTEM INVENTORY

3. DECAY HEAT REMOVAL EQUIPMENT FAILURES
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. SEQUENCE OF EVENTS
2. SAFETY SIGNIFICANCE
3. CONTRIBUTING CAUSES FOR EVENTS

4. EVENT RESPONSE



SEQUENCE OF EVENTS

UNDETECTED INTRODUCTION OF NITROGEN GAS
INTO THE REACTOR VESSEL

®  On August 28, 1996, an operator incorrectly opened a
valve, which resulted in injecting water and then
Nitrogen into the RCS.

® The valve was closed, but did not seat properly. This
allowed nitrogen gas to continue to leak into the RCS
from the volume control tank.

® Nitrogen gas accumulated in the reactor vessel head.
Displaced water from the reactor vessel entered the
pressurizer.

® On August 29, 1996, ~ 5000 gallons of water was
drained from the RCS in preparation for refueling
activities. Later that day, ~ 1000 gallons was added to
the RCS, when the decision was made to suspend
refueling activities.

® August 31, 1996, the nitrogen gas bubble growth reached
an equilibrium.

® September 1, 1996, nitrogen gas leakage was stopped by
isolating the nitrogen to the VCT. Operators added
~4000 gallons to fill the RCS.




NADVERT IV T
COOLANT SYSTEM INVENTORY

On August 22, 1996, operators failed to properly align
valves while placing the RHR purification system in
service. This failure resulted in inadvertently diverting

~500 gallons of RCS inventory to the refueling water
storage tank.

On September 4, 1996, plant operators inappropriately
conducted work activities on the RHR containment spray
valves which diverted ~ 300 gallons of RCS inventory to
the containment sump.

DECAY HEAT REMOVAL EQUIPMENT FAILURES

On August 31, 1996, a plant operator identified a leak in
the "A" RHR heat exchanger inlet valve. The valve was
closed, removing the heat exchanger from service, to
isolate the leak.

On September 1, 1996, the "B" RHR pump failed to start
and was found seized. The pump had previously
operated on August 19, 1996.



SAFETY SIGNIFICANCE

THIS WAS A SIGNIFICANT PRECURSOR EVENT
Event Parameters

® Operators were unaware of actual reactor vessel level
during this event.

® The time to an RCS temperature of 200 °F was
approximately 52 minutes if RHR was lost.

®  Reactor vessel level decreased to approximately 2 1/2
feet above the point of RHR pump cavitation.

® If the nitrogen gas bubble had continued to grow, it
would have caused cavitation in the operating RHR

pump.
Decay Heat Removal Chalienges
® The two inadvertent RCS drain downs, had operators not
taken prompt actions to terminate the diversion, could

have resulted in cavitating the operating RHR pump.

®  The required boric acid flow path was compromised by
the nitrogen gas in the CVCS.



SAFETY SIGNIFICANCE

(Continued)

Decay Heat Backup Systems

The "B" RHR pump and "A" RHR heat exchanger were
not available for service.

Venting the "B" RHR pump following maintenance was
difficult even with the installation of additional vents.

The loss of RHR procedure requires the charging pumps
be operable to refill the RCS. These pumps were not
available during this event.

If the RHR system was lost, timely restoration of forced

circulation using a reactor coolant pump would have been
difficult.

Nitrogen gas could have adversely impacted the ability of
the steam generators to remove decay heat by natural
circulation.

The iow pressure injection system would have been
available to remove decay heat.



CONTRIBUTING CAUSES
FOR EVENTS

1. Procedure Quality was Poor

®  The use of ACP 1.2-5.3, Evaluation of
Activities\Evolutions Not Controlled by Procedure, was
not consistent with technical specifications requirements.

® The RCS drain down guidance was inadequate

® The vent header procedure was inaccurate and did not
provide adequate detail.

® The RHR purification system nrocedure lacked key sign-
offs.

® The RHR system operating procedure guidance lacked
important guidance.




2. Failure to Implement Procedures

® Failure of a non-licensed operator to properly perform
the RHR purification restoration procedure resulted in the
August 22, 1996, inadvertent drain down of the RCS.

® On August 28, 1996, a non licensed operator failed to
align the boric acid flow path valves in accordance with
procedure steps.

® Operators failed to properly determine temperature and
boron concentration prior to opening loop stop valves.

®  Operators isolated nitrogen to VCT without a procedure.

®  Operators inappropriately closed the loop stop relief
valves without a procedure.



3. Lack of a Questioning Attitude

The lack of a questioning attitude resulted in the
operators failing to adequately evaluate reactor coolant
system level anomalies.

Operations failed to respond in a timely manner to the
excessive use of nitrogen gas between August 29 -
September 1, 1996.

4. Inappropriate Decision Making

Control room operators failed to properly control plant
work activities which contributed to the September 4,
1996, RCS drain down event.

Operators isolated the loop stop pressure relief valves
without properly assessing the technical implications.

5. Pre-Job Briefings were Inadequate

No pre job briefing before lineup of RHR purification
pump on August 22, 1996.

No pre job briefing before boric acid flow path alignment
on August 28, 1996.



6. Lack of Instrnmentation

The RVLIS and CET had been disconnected and were
not available.

The cavity level system did not provide reliable or
adequate reactor vessel level indication.

. Training Not Adequate

Failed to conduct scheduled re-qualification training on
outage and refueling operations.

Training conducted on RCS level indication and vent
header operation was weak.

8. Poor Equipment Condition

Several isolation valves in the CVCS system leaked by
causing a leak path for nitrogen.

A leaking manual RHR containment spray isolation valve
allowed RCS to be diverted the sump.

Poor design control and material condition of the
temporary reactor head vent system.



9. Poor Implementation of Generic
Information

In 1994 CY staff failed to implement several

recommendations made by technical support in response
to NRC Information Notice 94-36.

10. Weak Use of Technical Support

Operators failed to solicit technical support for
identifying ‘he source of nitrogen gas usage.

Operators did not solicit technical support to evaluate
perceived loop stop valve leakage or to develop
corrective action plans.

Operators did not solicit technical support in developing a
more detailed drain down procedures.

Technical Support did not provide operators with local
RVLIS or CET readings.

Work occurred on RHR containment spray valves
without System Engineers knowledge.



11. Inappropriate Planning and
Scheduling

® The schedule change to stop refueling activities over the
weekend was not thoroughly reviewed for safety.

® Implementation of the September 4, 1996 work activities
that resulted in RCS inventory diversions was not
consistent with the work control procedure to minimize
shutdown risk.



EVENT RESPONSE
1. Slow Initiation of Event Review Team

®  The incident response team was not in place until 4 days
following this event.

2. Untimely Technical Response

® Local RVLIS and CET readings were not taken for 2
days.

® Additional surveillance of the operating RHR pump were
not implemented for 5 days.

® The RCP and seal injection were not aligned for service
for several days.

® Speciai tests to establish vessel level and vent header
operation were not performed for 4 days.

3. Avoidable Delays in RHR Pump
Repair

® Several avoidable delays were encountered during the
replacement of the "B" RHR pump.

® Time to restore "B" RHR pump to operable status was
25 days.



4. Failure to Report Event

®  The required 4-hour 50.72 event report was not made for

10 days.



