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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.



3

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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Ili. Engineering
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.]
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