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EXECUTIVE SUMMARY

Haddam Neck Station
NRC Inspection Report No. 50-213/96-10

This inspection included aspects of licensee operations, engineering, maintenance, and
plant support, and the licensee recovery from a significant operational event. The report
covers a 6 week period of resident inspection.

Plant Operations:

Licensee preparations for adverse weather conditions were adequate and generally
thorough. The loss of an offsite distribution line resulted in a reduction in the independent
power supplies, but did not impact the operation of equipment needed to cool the reactor.
Plant operators responded in accordance with plant procedures.

Operators and plant staff showed poor sensitivity to the contro! of shutdown risk during
the period from August 28 - September 1, as several events occurred which significantly
reduced plant safety margins. The events included the inadvertent decrease in reactor
vessel level during plant shutdown conditions, and the degradation in plant equipment
needed for decay heat removal system. For approximately four days, control room
operators were unaware that nitrogen gas was leaking into the reactor vessel and causing
level to decrease. The NRC identified several significant problems related to the event:
inadequacies in plant operations procedures, operator failure to follow procedures;
inappropriate operator decisions; and inadequate pre-job briefings, resulting in inappropriate
equipment manipulations. Poor material conditions were revealed in valve leakage through
systems that interfaced with the RCS.

Maintenance:

The licensee took actions to restore equipment needed to restore margins and redundancy
for the shutdown cooling function. Several performance deficiencies were identified in the
actions to correct conditions adverse to quality. Maintenance support for the timely
restoration of inoperable decay heat removal equipment was poor. The availability of
quality parts, vendor specifications, and repeat test failures resulted in excessive delays in
restoring RHR to an operable status.

Following the loss of control of outage work activities resulting in an inadvertent drain of
the reactor vessel on September 4, the licensee implemented a system of controls that
were adequate to protect key safety functions and allow the gradual resumption of outage
work.

Engineering:

The engineering support for the control of special nuclear materials was inadequate, as
demonstrated in the failure to follow special nuclear material (SNM) inventory procedures
and in the failure to complete a timely physical inventory of irradiated fuel in the spent fuel
pool. The housekeeping and cleanliness conditions in the spent fuel pool were poor and
unacceptable to support the conduct of SNM inventory checks. The licensee position on
the recording of fuel bundle serial numbers in addition to completing a piece count while



performing an SNM inventory in accordance with 10 CFR 70.51 is a matter that requires
further NRC review. The materiais of construction and the analytical approach used to
assure acceptable material strengths for the new spent fuel pool storage racks was
acceptable.

Plant Support:

Radiological and security controls were maintained in accordance with licensee and
regulatory requirements,

fication:

The plant management and staff failed to appreciate the significance of the nitrogen bubble
event and systematically under reacted to the event initially, resulting in delays in initiating
and integrated event response. There were deficiencies in the quality of information during
the event response, in the maintenance and engineering support provided to mitigate the
event, and in the availability of quality parts for safety related equipment. There was
inadequate integration of plant resources and support activities to effectively respond to
degraded plant conditions in a recovery type of forum. The licensee review of a precursor
event was not thorough. Delays were encountered in establishing vesse! level indication,
and backup core cooling methods. These events revealed fundamental weaknesses and
broad concerns in the overall conduct of operations of Haddam Neck.
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REPORT LETAILS
Summary of Plant Status

Prior to this period, the plant was shutdown with extensive engineering activities in
progress to address design basis issues that would allow a plant restart. On August 8 the
licensee decided to start the cycle 19 refueling and maintenance outage early. The plant
was operated in cold shutdown during the period as preparations were made o prepare the
reactor for core offload. The reactor was partially drained and vented when the reactor
disassembly sequence was placed on hold on August 30, 1996. Several significant events
occurred which challenged reactor cooling and inventory control: a through wall leak was
identified on the inlet valve for the "A" residual heat removal (RHR) heat exchanger on
August 30; the "B" RHR pump failed as the operator tried to start it on September 1; and,
the operators discovered on September 1 that about 5000 gallons of reactor coolant
system (RCS) inventory was inadvertently drained when a nitrogen bubble accumulated in
the reactor head. The causes and the management response to these events were
reviewed by an NRC augmented inspection team.

During a partial work stoppage intended to preclude a loss of RCS inventory, about 300
gallons of RCS inventory were inadvertently drained from the reactor to the containment
sump on September 4. The Unit Director and the Nuclear Safety and Oversight group
implemented a full stop work order in response to the September 4 event. This action
brought plant outage activities to a halt, except those activities needed to restore the RHR
system to an operable status. For the remainder of the inspection period, the licensee
focused on measures to complete an independent review of the events, and to implement a
recovery plan that would restore the "B" RHR pump to an operable status, evaluate the
degradation on the "A" RHR heat exchanger, and prepare the reactor for core offlcad. This
inspection focused on the licensee activities to recover from these events. The results of
the augmented team inspection are described in NRC Inspection 50-213/96-80.

rganization n

The licensee announced the following business and organizational changes during the
inspection period. On August 29, the licensee announced that the economic analysis for
Haddam Neck would be updated. The study was designed to determine whether the plant
remained an economic producer of electricity, and was scheduled take about two months
to complete. On September 3, Mr. Bruce Kenyon became the President and Chief
Executive Officer of Northeast Utilities, replacing Robert Busch. On September, 18, the
licensee announced management changes as part of a Recovery Organization for the four
NU nuclear plants. The new organization included the position of Recovery Officer for
Haddam Neck, which would remain unfilled pending completion of the economic analysis.
During the interim, T. C. Feigenbaum was designated as the Recovery Officer for the
Haddam Neck Site. The plant staff was reorganized under three Directors as follows: Mr.
Jere LaPlatney was designated as Unit Director with oversight for the functional areas of
operations, maintenance/construction, work planning/outage management, corrective
action, |&C/electrical and operational readiness; Mr. J. Haseltine was designated as
Engineering Director, with oversight for the functional areas of Engineering systems, design
engineering, and configuration management; and, Mr. Gary Bouchard was designated as
the Director of Work Services, with oversight for the functional areas of security/medical,
HP/radwaste, stores, information technology, facilities and chemistry. The new
organization would become effective on October 1, 1996.
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01.1

|. Operations
Conduct of Operations’

Using Inspection Procedure 71707, the inspectors conducted periodic reviews of
plant status and ongoing operations. Operator actions were reviewed during
periodic plant tours to determine whether operat.ng activities were consistent with
the procedures in effect, including the alarm response procedures.

reparations for r r

Inspection Scope (71707)

The inspection scope was to review licensee actions to prepare the site for severe
weather.

rvati indi

The licensee took actions to prepare the site and to track the progress of Hurricane
Edouard during the period of August 29 - September 1, 1996. The operators
entered abnormal operating procedure (AOP) 3.2-5, "Natural Disasters” at 5:00 a.m.
on August 31 as the storm came within 800 miles of the site with a forecast of
hitting New England. The forecast at one point was for the hurricane to pass over
Bristc., Connecticut by mid day on September 2, making it a direct threat to the
Haddam Neck site.

The licensee took actions well in advance of the predicted landfall to inspect the
site and secure loose debris which could generate flying debris that could impact
personnel, structures or the station power supplies. Site inventories were also
reviewed and replenished as necessary to assure water, chemical and fue! oil
supplies were adequate. Both emergency diesels were confirmed to have been
recently tested and in a standby ready condition. Emergency diesel EG-7 had been
installed and connected to Bus 1-2, but was not considered available to the
operators pending actions to complete testing and turnover from construction. The
reactor containment building was in a status that was less than full integrity, but
conditions for closure were established: the equipment hatch was installed and
fastened sufficiently to handle partial pressurization; both personnel access doors
were closed; the containment purge valves were open with ventilation in progress
and capable of closure; and any other containment penetration not fully secured
was tagged and identified for rapid closure. Outage work activities inside
containment had been suspended for the period of August 30 - September 2.

Topical headings such as 01, M8, etc., are used in accordance with

the NRC standardized reactor inspection report outline. Individual reports
are not expected to address all outline topics.
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The inspector toured the site periodically during August 29 - 30, to review the
activities in progress and during the back shift hours on August 31 to assess the
completion of licensee preparations. The inspector identified loose materials and
sheet metal debris stored in dumpsters which could become airborne and pose a
potential hazard for the 115 KV distribution lines. These areas were discussed with
the duty shift manager, who took action to better secure the materials.

Hurricane Edouard’s projected landfall over central Connecticut with 115 miles per
hour winds made it a significant threat to the plant and an additional operational
distraction to the operators as the weekend events unfolded. Shift personnel
continued to make preparations for the hurricane through the mid shift on August
31 - September 1. As of 7:30 a.m. on September 1, the hurricane preparations had
been completed with buiiding exterior doors secured and strongbacks in place on
the turbine building roll up doors. By September 1, the projections were for the
storm to pass over Watch Hill, Rhode Island, such that the effects on the site were
expected to be less severe. Hurricane Edouard tracked east of New England on
September 2 and ultimately had no impact on the site. No deficiencies were noted.

Conclusions

Licensee preparations for adverse weather conditions were adequate and generally
thorough.

i 71707

The inspector reviewed the licensee actions in response to a series of events that
challenged reactor vessel inventory control and core cooling. This inspection
focused on licensee recovery actions in response to degraded plant and equipment
conditions.

rvati indi

The plant was in cold shutdown as preparations were made to prepare the reactor
for core offload as part the refueling and maintenance outage. As part of the vessel
disassembly sequence, the missile shield had been removed in preparation for lifting
the vessel head. Core exit thermocouples and reactor vessel level instruments had
been disconnected since the associated cabling connections had been removed with
the shield blocks. The reactor was vented and partially drained to the vessel flange
reference level when the reactor disassembly sequence was placed on hold on
August 30, 1996. The operators refilled the reactor to a level near the top head
and left the reactor coolant system vented to the vent header at the pressurizer and
the head. The instrument used by the operators for vessel level control was the
pressurizer cold calibrated level instrument, LI-402. The cavity level instrumentation
system (CLIS) was also available and used by the operators as an aid to trend
vessel level changes. However, there was no procedure or formal guidance
available to correlate the pressurizer and CLIS indications. The reactor coolant
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system loops were filled, but isolated (loop stop valves closed). Reactor coolant
temperature as measured by instruments in the RHR system was about 105 degrees
fahrenheit (F).

Several events occurred which challenged reactor cooling and inventory control:
about 500 gallons of water were diverted from the reactor coolant system on
August 22 while placing the RHR purification system in service (adverse condition
report (ACR) 96-926); a nitrogen leak path into the reactor cooling system (RCS)
was inadvertently created on August 28 while aligning boration flow paths (ACR
96-946); a through wall leak was identified on the inlet valve for the "A" residual
heat removal (RHR) heat exchanger on August 31 (ACR 96-968); the "B" RHR
pump failed as the operator tried to start it on September 1 (ACR 96-964); the
operators discovered on September 1 that about 5000 gallons of RCS inventory
was inadvertently drained when a nitrogen bubble accumulated in the reactor head
(ACR 96-966); and, RCS water was diverted to the containment sump via the spray
header on September 4 during preventive maintenance on valves RHR-MOV-23 and
34 (ACR 96-978). A brief summary of each event along with the licensee’s
immediate corrective actions follows.

(1) ACR 96-926, Water Diverted from RCS While Restoring Purification

The reactor was in cold shutdown on August 22 with core cooling provided by the
"A" RHR pump aligned to the "A" RHR heat exchanger. RHR purification was in
service by providing a slip stream of about 120 gallons per minute (gpm) through a
flow path established from the heat exchanger through RHR-V-874A to the ion
exchangers and back to the vessel. The operators secured the purification system
per procedure NOP 2.7-4 (Attachment 4 - Temporary Shutdown of RHR Purification)
to accommodate surveillance testing of a valve in the flow path. When the testing
was completed, the operators returned the purification system to service, but
inadvertently skipped step 1.4 in normal operating procedure (NOP) 2.7-4 during the
restoration sequence. Step 1.4 directed the operators to complete a valve lineup in
preparation for the restoration. Failing to complete the lineup resulted in leaving
valve PU-V-261A open, which created a flow path from the RHR system to the
refueling water storage tank. The consequence of this error was that about 500
gallons of reactor coolant was diverted to the refueling water storage tank (RWST)
when RHR purification was placed back in service at 9:10 p.m. on August 22.

The operator noted the diversion after receiving a low level alarm from the cavity
level indication system (CLIS). The operators immediately closed RHR-V-874A to
terminate the event. The licensee determined that the error occurred because the
operator failed to follow NOP 2.7-4; a contributing cause was that the procedure
was inadequate in that step 1.4 did not require a sign off like other steps in the
restoration sequence. The licensee imposed a stop work order for the operators,
which prohibited routine operator activities except as needed to minimize shutdown
risk and to assure compliance with the technical specifications. The specific
procedure deficiency was addressed by a change to the procedure and other
procedures were reviewed to identify other potential deficiencies. The other
operating shifts were briefed regarding the event to review lessons learned.
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Management expectations regarding pre-job briefs were reviewed with the
operators. The licensee lifted the stop work order on operations on August 24 after
completion of a review to assure the corrective actions addressed the causes of the
diversion event. This corrective action was found to be inadequate to prevent
subsequent operational events,

(2) ACR 96-946, Nitrogen Intrusion Into RCS August 28

On August 28 with the plant in Mode 5 and the RCS vented to the primary event
header, the operators identified the need to change the boration flow path. The "B"
emergency diesel generator was scheduled to be run for surveillance. The diesel
would be inoperable when run in parallel with the grid. Since the metering pump is
powered from the "B" emergency diesel generator (EDG), it would be technically
inoperable during the surveillance, thus necessitating a change in the credited
boration flow path to meet technical specification (TS) 3.1.2. While realigning the
boration flow path in accordance with surveillance procedure (SUR) 5.1-159B, the
nuclear side operator (NSO) inadvertently opened valve BA-V-355 at 8:15 a.m.
This created an unintended flow path from the isolated volume control tank (VCT)
via the charging systei) and the flow of nitrogen to the RCS. The operators noted
an increase in cavity level and a decrease in VCT pressure. BA-V-355 was closed.
Several deficiencies contributed to this event, including: the auxiliary operator had
not performed the task before; the procedure was confusing; and, no pre-job brief
was performed prior to the evolution.

The operators realized that nitrogen had been introduced into the RCS and took
actions to vent the suction heade: of the "B" charging pump since it was presumed
to be gas bound. The operators wrote a procedure to perform the vent per
administrative control procedure (ACP) 1.2-5.3 2~d the venting was completed at
about 1:30 p.m. on August 28, 1996.

The operators had correctly diagnosed the nitrogen intrusion and determined that
about 500 gallons of RCS inventory had been displaced out of the reactor. The
event was considered a significant precursor since the charging pump likely would
have failed had it been operating when the nitrogen entered the header.
Unbeknownst to the operators, nitrogen continued to flow into the RCS (later
determined to be at a rate of 7 cubic foot per minute) through valve BA-V-355.

(3) ACR 96-968, Leak on RHR Valve 791A August 31, 1996

While performing operational rounds on August 31, a NSO noted boron deposits on
the body of valve RHR-V-791A. The cperator wiped the boron off and noted a
small amount of weepage from a through wall leak in the valve body. The valve
was the RHR inlet isolation valve for the "A" RHR heat exchanger. The valve was
an 8 inch diameter double wedge gate valve, and was a type 316 stainless steel
casting manufactured by Alloyco. The leak rate was very low with an operator
estimate of 0.1 ml/minute; it would take several seconds for wetness to reappear
once the areas was wiped clean. The licensee declared the valve inoperable at 1:27
p.m. on August 31,
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The reactor was in cold shut down at the time with reactor cooling provided by the
operating "A" RHR pump and with both heat exchangers in service. The through
wall defect in the safety class 2 pressure boundary rendered that portion of the RHR
system inoperable even though the heat exchanger remained functional for reactor
decay heat removal. The licensee reported the issue to the Nuclear Regulatory
Commission (NRC) per 50.72 (b)(2)(i) as a degradation in a primary safety barrier
that placed the plant in an unanalyzed condition.

The shift manager called maintenance personnel and engineering personnel to the
site for support in evaluating the valve and initiating a corrective action plan. The
leak was initially considered to be not isolable until an evaluation was completed by
the system engineer (SE). The initial plans were to coinplete the evaluations
necessary to apply a soft patch (leakage limiting) and to arrange the non destiuctive
examinations (NDE) needed to accomplish a temporary repair. The NDE evaluation
of the flaw was needed to obtain additional assurance of the continued integrity of
the component and RHR piping, and further to determine whether it was acceptable
to follow the planned core offload sequence. At the time, the vessel was partially
disassembled in support of core offload, with the core deluge lines and vessel level
instrur - “tation disconnected. Further, on August 31, the operators considered that
the loup.. were filled but isolated, and thus reactor heat removal with the steam
generators was available on a delayed basis if needed.

The system engineer had evaluated the valve status by 3:00 p.m. on August 31 and
recommended that the valve be shut to isolate the leak and to continue core cooling
with one heat exchanger. The leak was in the disk guide area in the upper portion
of the valve body, which could be isolated form the 120 psi RHR pressure boundary
by closing the valve. Even though the leak was considered very minor and to not
pose a flood concern, it was part of the RHR pressure boundary and should be
isolated as soon as possible. The plan was to isolate the leak in case the flaw was
worse than it appeared; this contingency would preclude a further degradation of
the operating RHR loop. Actions to isolate the "A" heat exchanger were completed
on the swing shift on August 31. The SE assisted the operators by providing
guidance on the allowable component cooling water flow needed to support core
cooling using a single heat exchanger.

At least three other RHR valves were immediately identified as the same make and
model as RHR-V-791A. The licensee planned to include these components in the
evaluation of RHR system integrity. The inspector held several conferences with
licensee and NRC management and technical personnel on August 31 regarding the
NRC guidance and requirements (in Generic Letter (GL) 90-05 and 10 CFR 50.55a)
for degradation in safety class 2 components. The licensee intended to use the
guidance of GL 90-05 and 50.55a to place the inoperable "A" RHR loop back in
service after characterizing the flaw. The licensee intended to seek formal NRC
approval to grant either a relief from the 50.55a code or to approve a temporary
repair of the vaive as necessary.
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The licensee’s initial contingency plan on loss of RHR was to unisolate a loop and to
steam a generator. The "A" RHR loop was considered inoperable with the defect in
RHR-V-791A. The applicable technical specification was TS 3.4.1.4.2, which
required for Mode 5 with the loops not filled (isolated) that both RHR be operable
with one RHR pump operating. The associated action was to return the loop to an
operable status as soon as possible (which was in progress). Operations
management was at the site to support the operators and identified alternative
actions available to the operators: if the loop stop valves were opened with the
loops still filled, then TS 3.4.1.4.1 applied and only one RHR loop need be operable.
The time to core boil could be lengthened from about 85 minutes (loops isolated) to
about 157 minutes by opening the loops stop valves. The licensee concluded on
September 1 that it was not prudent to lower vessel level to the flange reference
level (planned for September 3) for head lift with the existing RHR status.

The inspector responded to the site on August 31 and independently confirmed the
status of licensee response actions. The operations staff with support from
engineering and maintenance continued to make preparations to perform NDE
performed on RHR-V-791A throughout the evening of August 31. The radiographer
contractor sent personnel to the site. The work center prepared the work orders
needed to support the radiography. Additional personnel were called to the site to
support rigging the radiography equipment down into the RHR pit, which involved a
40 foot drop over safety related equipment. The radiographer was at the site by
11:00 p.m. with a 90 curie (Ci) Co-60 source shielded in a 600 pound pig. Health
physics personnel briefed the contractor personnel on the area where the work
would be done and the associated radiological conditions. The inspector raised
concerns with the shift manager and the Duty Officer that adequate resources
(number of personnel, appropriate technical discipline) be applied to a movement of
heavy load over operating RHR equipment as a shutdown risk issue. The inspector
noted the recent history at Haddam Neck involving licensee and NRC identified
problems with the implementation the heavy loads program, and the problems with
the primary auxiiary building (PAB) floor block lift rig in particular. The shift
manager deferred proceeding with the rigging activity pending resolution of these
issues and the development of additional support by maintenance and engineering
personnel.

Site staffing continued to be the normal operations crew plus the radiographer and
support personnel thorough the day shift on September 1. Operations management
was also present at the site to support the activities. The radiographer evaluated
the valve as necessary to make preparations for the radiographic test (RT). The SE
prepared additional evaluations needed to pull the floor blocks that would address
potential flooding issues as well as the control of heavy loads over safe shutdown
equipment. The rigging path selected was over the "A" RHR pump (north end of
the pit). Plans were made to swap from the "A" to the "B" RHR pump for core
cooling so that the rigging would be done over the "inoperable” "A" RHR train.
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Licensee actions to complete the NDE on RHR-V-791A were completed after the
end of this inspection period. While the leak and continued structural integrity
questions remained safety significant, the work to restore a second operable RHR
pump became the higher priority activity after the "B" RHR pump was found to be
inoperabie on September 1.

(4) ACR 96-966, Nitrogen Intrusion Into RCS September 1, 1996

Starting at about 9:00 a.m. on September 1, the operators noted indications of an
apparent drain of reactor coolant inventory from the RCS. The operators had been
investigating over the period from August 28 - September 1 an excessive use of
nitrogen. When the nitrogen supply to the VCT was isolated as part of the
troubleshooting on September 1, a slow loss of pressurizer level occurred over the
next several hours until 1:00 p.m. The operators responded to the level decrease
by making up to the reactor from the refueling water storage tank to keep tlie level
indication on scale on LI-402. The operators made up to the RCS four times over
the period of four hours, as pressurizer level varied between about 5% and 10%.
The crew responded to an apparent RCS leak (estimated to be 20 gpm) between 9
and 10 a.m. by implementing AOP 3.2-31A, Reactor Coolant System/Refueling
Cavity Leak, but found no leakage in the containment or RHR area.

The operators correctly diagnosed that the apparent leakage was a relocation of the
RCS inventory from the pressurizer to the RCS as pressure in the reactor head
decreased after the nitrogen was secured. By about 1:00 p.m., the operators had
assembled plant data and reconstructed events to identify the inadvertent
introduction of nitrogen into the RCS and build-up of a bubble in the head. The leak
path was from the nitrogen system to the VCT to the RCS via charging system.

The nitrogen leaked from the VCT through valve BA-V-355, which had been closed
during the event on August 28, but had continued to leak by its seat because it was
not totally closed. The operators initially estimated that several thousand gallons of
inventory had been displaced by the nitrogen; the volume was later calculated to be
5000 gallons.

Although the RCS was vented to the vent header, the operators initially suspected
that a slug of water had accumulated in the vent tube between the reactor head and
the charging floor, and a loop in tube down to the cavity floor provided a vent seal
until pressure built up to clear the line of water. The licensee was initially not sure
what caused the vent system obstruction, and the event sequence was reviewed
over the next several hours using log sheets to correlate pressurizer and cavity
levels. The information regarding the presence of a loop seal in the cavity portion of
the vent was later found to be inaccurate. Ultimately, the license concluded that
the vent system had been inadequately designed and operated.

The reactor remained adequately cooled throughout the nitrogen intrusion event and
during the period on September 1 when level between the reactor and pressurizer
equalized. RHR temperatures remained stable at about 105 degrees F and
pressurizer level remained between 2% and 10%. However, while it was clear that
level in the reactor had decreased while the nitrogen bubble had existed, there was
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some uncertainty on just how low level had been and whether level had been
restored to the desired level inside the head.

The immediate corrective action was to secure the nitrogen addition by closing two
series valves between the VCT and the RCS. Valves BA-V-355 and BA-V-354 were
tagged closed (reference clearance 96-895). Further, the nitrogen supply to the
VCT was secured to remove the motive force driving nitrogen into the charging
system. Finally, the operators recognized that conditions were similar to the
nitrogen injection event on August 28, and actions were completed to vent nitrogen
from the charging system.

For approximately four days, control room operators were unaware that nitrogen
gas was leaking into the reactor vessel and causir:g level to decrease. The licensee
later determined that by September 1, 1996, reactor vessel level had decreased to
approximately 3 feet below the reactor vessel flange. The licensee subsequently
reported this event to the NRC on September 11, 1996 in accordance with 10 CFR
50.72(b)(2){ii)(B) as an event that could have affected the operability of the RHR
system.

The events revealed deficiencies in plant material conditions that allowed the leak
path to occur: inadequate followup to the August 28 event; a poor sensitivity to the
control of shutdown risk; and, a lack of a questioning attitude to pursue operational
concerns in a timely manner,

(5) ACR 96-964, "B" RHR Pump Seized

The operators planned to shift from the operating "A" RHR pump to the standby "B"
RHR pump in preparation for the radiography on valve RHR-V-791A. The operators
attempted to start the "B" RHR pump at 2:19 p.m. and discovered that the pump
was mechanically bound. After two start attempts in which the operators noted
excessive and lengthy in rush currents, the pump was declared inoperable and
apparently bound. The pump could not be turned by hand. The motor was
subsequently disconnected from the pump. The motor was found to turn freely and
plant electricians subsequently meggered the motor with satisfactory results. The
priority in the licensee corrective actions shifted to restoring the "B" RHR pump to
and operable status.

By mid afternoon on September 1, the licensee had opened the loop isolation valves
for reactor coolant system loops #3 and #4 by 6:00 p.m.; all four loops were open
to the reactor vessel by 9:30 p.m. Technical Specification Definition 1.27 allows
any combination of operable RHR pump and RHR heat exchanger to constitute an
operable RHR loop. Thus the plant operated in compliance with Technical
Specification 3.4.1.4.1 with the operable "A" RHR pump and the "B" RHR heat
exchanger when at least two RCS loops were filled and connected to the RCS. The
action to unisolate the loops effectively doubled the time to core boiling (from about
60 minutes to 120 minutes). The licensee also expected that, in the event of a
further degradation in the RHR system and the complete loss of RHR cooling, the
reactor could be cooled by natural circulation. The status of electric power supplies
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was good with both emergency diesel generators and both 115 KV offsite
distribution lines available. The shutdown risk diesel EC-7 was considered available
to the operators but had yet to be turned over from construction. The assurances
of adequate core cooling and stable inventory v.are discussed. The licensee
reviewed the emergency plan and concluded that no emergency action levels were
met for the existing plant conditions.

The inspector responded to the site on September 1 and independently confirmed
stable plant conditions and adequate core cooling based on observations of control
board indications and plant equipment status. The licensee briefed NRC
management regarding plant conditions and planned recovery actions during
teleconferences during the evening of September 1 and on September 2. The focus
of the briefings was to understand the sequence on how nitrogen got into vessel,
how it was isolated and what was the status of the reactor vent. The NRC also
reviewed the status and appropriateness of licensee corrective actions to stabilize
the plant, correct degraded equipment conditions, and to recover margins to core
cooling and inventory control. The NRC expressed concerns to the licensee on the
significance of bubble event, the adequacy of resources and the timeliness of
response actions.

(6) ACR 96-978, RCS Water Diverted to Containment Sump

The Unit Director issued a partial stop work order on September 2 to hait work
activities on the primary side plant. The stoppage was intended to preclude any
activity that created the potential for an inadvertent loss of RCS inventory as
actions continued to restore margins to core cooling and vessel inventory control.
Despite the stop work order, authorized work orders (AWQ) 96-6265 and 96-6266
were issued to perform electrical maintenance on the motor operators for RHR
system valves RHR-MOV-23 and RHR-MOV-34, respectively. Even though the work
control center (WCC) had implemented the stop work order, these AWOs were
issued for implementation because they were coded against equipment outage
window 40 (miscellaneous reactor plant systems), the planned work was not
considered a challenge to shutdown cooling (electrical PM), and a manual valve (RH-
V-23A) downstream of the MOVs was closed. The shift operations crew used a
similar rationale when the AWO was presented to the shift for approval to start
work.

As part of the motor preventive maintenance, the operator is required to signal the
valve open to pull each valve off the seat. This was done in coordination with an
electrician stationed at the valve breakers, who opened the breaker as soon as the
valve was signaled open. The MOVs were opened at about 1:00 p.m. on
September 4. Valve RH-V-23A was not fully closed which created a flow path from
the RHR system to containment spray header through automatic drain valve RH-V-
888 to the containment sump. The operator noted a decrease in cavity and
pressurizer level and immediately contacted the electricians to close the valve motor
breakers so the MOVs could be closed. Valves RH-MOV-23 and RH-MOV-34 were
reclosed about 15 minutes after they were opened. Duvring this period, pressurizer
level decreased from 3% to 0% and cavity level decreased from 337 to 332 inches.
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The licensee estimated that about 300 gallons of RCS inventory was inadvertently
drained from the reactor to the sump on September 4.

The licensee completed other short term corrective actions. The operators checked
valve RH-V-23A and found that it could be closed by about one-eighth of a turn. To
further preclude any activity that could impact shutdown risk, the Unit Director
issued a stop work order for all outage activities. This event revealed an inadequate
cuntrol of work activities, and a poor sensitivity ‘o the control of shutdown risk.

(7) Recovery Actions

On Sentember 2 at 3:00 p.m., the Unit Director was onsite and conducted a
meeting with the event response team leaders. This is the first time the CY
response efforts came together in an integrated fashion for the events that occurred
over the period from August 30 - September 1. This review brought together the
history of events; the present plant status and the state of degraded equipment or
systems; and, the shutdown risk status (including available contingencies for the
operators). Assignments were made for major work items along with priorities.
This meeting defined roles and responsibilities for event investigation and corrective
action, and identified the need to establish, organize and staff a detined recovery
organization. The licensee’s response to the operational events was also
summarized in a letter to the NRC dated September 9, 1996.

The "~ensee established a plan to regain margins to core cooling and to prepare for
a re .umption in the core offload sequence. This plans was not formalized until
September 6, 1996. It was appropriate to proceed with core offload because that
condition represented the lov st level of shutdown risk. However, the reactor plant
must pass through a relatively high isk condition (reactor drained to vessel
reference level) in order to proceed to core offload. The licensee established the
following criteria which must be satisfied prior to proceeding to core offload: (i) both
RHR trains are available for service, including the securing of regulatory relief as
needed; (ii) the conduct of an independent review team (IRT) to investigate and
determine the root cause of the major events that challenged reactor safety
margins; and, (iii) the completion of appropriate corrective actions identified from
the IRT as related to the initiation of core offload.

The licensee considered the plant staff to be in a recovery mode until the
completion of these .‘ctions and the start of core offload. Finally, the licensee
requested the NU Safety Analysis Branch to complete an analysis of the nitrogen
intrusion event to assess the adequacy of the available compensatory measures and
the potential plant vulnerabilities.

(a) r lin

The licensee reviewed the status of contingency plans for loss of core cooling, and
the strategies outlined in AOP 3.2-12, in particular. The AOP was in effect at the
time on the events un August 28 - September 1 and provided the foilowing
mitigation strategies for the loss of RHR: RCS pressurization and natural circulation
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using the steam generators as a heat sink; forced circulation using a reactor coolant
pump and the steam generators as a heat sink; and, the use of the low pressure
safety injection pumps in a recirculation path back to the refueling water storage
tank, with core cooling provided by the RHR heat exchangers.

After taking actions to unisolate the reactor coolant loops, the licensee took actions
necessary to prepare a reactor coolant pump (RCP) for operation, as follows: the #3
RCP was selected for service and grounding carts were removed to allow insertion
of the breaker in Bus 1-1B; RCP seal water cooling supply and return flow path was
aligned but not placed in service; the control power fuses for the #3 RCP were
made available but were not installed; the tie breaker from Bus 1-2 to Bus 1-1B was
available to assure the prompt restoration of power to the #3 RCP bus; and, the
alignment of feedwater using the electric auxiliary feedwater pump from the
demineralized water storage tank was verified to be in standby readiness. The RCS
integrity was verified to be intact except for the vent valves on the pressurizer and
reactor head. The "B" charging pump was verified to be available for RCS
pressurization up to 100 psig. Thus, the plan was established to use an RCP \or
core cooling in the event of a loss of the "A" RHR pump for any reason. The
alternate core cooling path was available to the operators on September 3.

(b)  Head Vent System

The licensee gradually recognized and addressed inadequacies with the vessel head
vent system over the course of several days following the nitrogen intrusion event.
Actions were taken to make changes to eliminate design discrepancies and improve
the installation. The improvements to the head vent system included the use of
larger diameter tubing, the use of new fittings, the elimination of sharp bends, the
use of a new digital manometer to replace the u-tube manometer, and the relocation
of connection points to the vent header to avoid flow restrictions. The operation of
the vent system was also improved by changing normal operating procedure (NOP)
2.9-6 (TPC 96-402) on September 4 to better establish and monitor the vacuum
compensation equipment. The proper functioning of the vent system boundary
valves was also demonstrated by a test conducted on September 5. The licensee
developed the correlation between the pressurized level and cavity level indication
systems, and trained the operators on the new procedures.

(c) R r Level

The licensee took actions to provide confirmation that the challenge to core cooling
provided by the bubble had passed. Plant workers took readings on September 3
using a test box connected into the reactor vessel level indication system (RVLIS)
probe at the head connection point. These readings showed that level was near the
top of the hemispherical head. On September 3, workers used a bypass jumper 96-
51 to provide readout for three core exit thermocouples (CETs). This jumper
provided readouts ir «ne control room for CETs positioned at core locations P9, P10
and M10. All three CETs showed core exit temperatures in the range of 96-99
degrees F, whirn provided confirmation of adequate core recovery and subcooled
conditions. F'nally, the licensee implemented bypass jumper 96-55 on September
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11 to provide a temporary connection for RVLIS train "B,"” with continuous readout
in the control room. Both the CETs and RVLIS indications remained available to the
operators to provide continued confirmation of adequate core coverage for the
remainder to the recovery effort. Finally, on September 5, the licensee completed
tests on the reactor vent system to confirm its adequacy (following modifications)
and also completed a test to provide absolute confirmation of level.

(d) fueli n

Based on an analysis of the September 1 nitrogen bubble event, the licensee
recognized that the refueling sequence defined in Refueling Procedure FP-CAW-R19
contained windows of vulnerabilitv where indications of core temperature and
vessel level were reduced and fc  eriods that were unnecessarily long. The
refueling sequences was revieweu and revised to optimize availability of level
indication for operators.

(e) r ntrol

Following the inadvertent drain down event on September 4, the licensee issued a
complete stop work order for outage activities at Haddam Neck. The order was
issued by the Unit Director on September 4, and was supplemented by a second
order issued by the Nuclear Safety and Oversight Organization in accordance with
nuclear generation procedure (NGP) 3.19. The intent of the order was to provide
additional protection of the reactor vessel inventory and the key safety functions.
The effect of the NSO order was to preclude the resumption of any activity without
the prior review and approval by the oversight group.

nclusion

Uperators and plant staff showed poor sensitivity to the control of shutdown risk
during the period from August 28 - September 1, as several events occurred which
significantly reduced plant safety margins. The events included the inadvertent
decrease in reactor vessel level during plant shutdown conditions, and the
degradation in plant equipment needed for decay heat removal system challenges
and equipment failures. For approximately four days, control room operators were
unaware that nitrogen gas was leaking into the reactor vessel and causing level to
decrease. By September 1, 1996, reactor vessel level had decreased to
approximately three feet below the reactor vessel flange.

The series of events revealed several deficiencies in the conduct of operations.
Procedures used for extended operation in Mode 5 were either lacking, poorly
written or incomplete. Operators failed to follow procedures completely and pre-job
briefs were not thorough. Operators made inappropriate decisions and did not show
a questioning attitude. Poor material conditions were revealed in valve leakage
through systems that interfaced with the RCS. Licensee corrective actions for past
operational concerns were not adequate to preclude subsequent events. Potential
enforcement actions associated with these concerns will be addressed as part of
NRC inspection 50-113/96-80.
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The plant management and staff failed to appreciate the significance of the nitrogen
bubble event and systematically under reacted to the event initially, resulting in
delays in initiating an integrated event response. There were deficiencies in the
quality of information developed as part of event briefings and completeness of
communications regarding plans, contingencies and available procedures. There
was an inadequate number and type of resources applied to plarnt problems and
degraded equipment, and an inadequate integration of plant resources and support
activities to effectively respond to degraded plant conditions in a recovery type of
forum. The licensee review of a precursor event on August 28 was not thorough.
Delays were encountered in establishing vessel level indication, and backup core
cooling methods.

of Offsite P istribution Lin
In ion 71707

The inspection scope was to review licensee actions in response to a partial loss of
the 115 KV distribution system.

rvations and Findin

On September 11, 1996, a fault occurred in a substation located offsite
(Middletown, Connecticut) in the 115 KV distribution system. The fault resulted in
the loss of line 1772 at 6:24 p.m., which is one of two 115 KV distribution lines
that provides power to Haddam Neck. The loss of line 1772 resulted in the
automatic switching of breakers and relay protective actions in the 115 KV system,
and the receipt of control board alarms in the Haddam Neck control room. The
operators implemented emergency operating procedure EOP 3.1-10, Partial Loss of
AC, and SUR 5.1-153B to verify the status of station power supplies.

The impact of the electrical transient on the plant was minimal following a
momentary interruption of power. Power is normally supplied to the plant
distribution system by two independent transmission lines (1772 and 1206), which
are cross-tied in the 115 KV switchyard by breaker 12R-1T-2. Protective relays are
provided to detect faults and initiate automatic switching to isolate the fault and
maintain power to the plant distribution system. The operators verified that this
occurred on September 11. Following the loss of line 1772, the 12R-17-2 tie
breaker was opened to separate lines 1206 and 1772, tie breaker 2T3 was closed
to cross tie Bus 1-2 with Bus 1-3, and the transformer low side supply breaker 12R-
2183-2 was opened. The switching scheme functioned as designed to maintain
power on the site buses, and the power interruption was very brief such that neither
the degraded grid voltage nor the emergency bus undervoltage setpoints were
reached. The emergency diesel g nerators were not required and did not start.

Although the power transient on the site buses was of short duration, several 480
volt contactors opened causing the tripping of some loads supplied from Bus 1-2.
The affected equipment included the momentary loss of some ventilation fans, and
the operating spent fuel pool cooling pump, P-21-1A, which was powered from Bus
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4 via MCC-2. The operators restored the affected equipment and the spent fuel
pool cooling pump was restored, within 20 minutes of the initiating event, at 6:41
p.m. There was no significant change in spent fuel pool (SFP) bulk temperature.
The inspector reviewed the operating specifications for the 480 volt contactors and
the bus undervoltage protection schemes and noted that the equipment operated as
designed.

The plant continued to meet the requirements of Technical Specification 3.8.1.2
during the event, which required a single offsite line and one emergency diesel
generator be operable for operation in Mode 5. The event was significant in view of
the plant status at the time. The reactor decay heat cooling was provided with the
"A" residual heat removal (RHR) pump in service. The RHR system was degraded
from the normal two train redundancy because the "A" RHR heat exchanger was
out of service due to a through wall leak in the inlet isolation valve, and the "B"
RHR pump was inoperable. Although the "B" emergency diesel generator was
operable, it could only power the "A" RHR pump.

The licensee implemented additional contingency measures. Although diesel
generator EG-7 had been installed and connected to Bus 1-2, it was not available to
the operators on September 11 pending turn over from construction. The licensee
took actions to clear the test related tagouts on EG-7, which made the diesel
available as a backup power source for the "A" RHR pump at 1:04 a.m. on
September 12. Procedures were available to use EG-7 to power Bus 1-2. Design
engineering was requested to expedite the turnover process. The licensee also
prepared a written contingency plan to document actions that have been taken or
will be taken if electrical power supplies were further degraded. This plan included
markups of existing emergency operating procedure (EOP) 3.1-10 to identify the
expected flow path through the procedure network, and included the use of EG-7.
Finally, the licensee recognized the need to evaluate electrical lineups that would
allow supplying the RHR pumps from the alternate power train. This matter was the
eubject of an adverse condition report for work assignments as a long term
corrective action.

The load dispatcher restored line 1772 at 4:46 a.m. on September 12, which
returned two independent power feeds to Haddam Neck. The load dispatcher
deferred to a later planned outage of line 1772 to further address the oftsite
substation problems.

Conclusions

The loss of an offsite distribution line resulted in a reduction in the independent
power supplies for Haddam Neck, but did not impact the operation of equipment
needed to cool the reactor. Plant equipment operated as expec‘ed during the
transient, and the operators responded in accordance with plant procedures.
Licensee contingency plans were appropriate to assure further actions to preserve
core cooh g would be taken if electrical supplies degraded further.
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Conduct of Maintenance

LPS! Flow Test
Inspection Scope
The inspector observed the following surveillance activity:

®ST 11.7-193, Low Pressure Safcty Injection System Integrated Flow Test
(Original)

Observations and Findings

The inspector noted during a pre-test functionai verification of the communication
system, that the licensee appropriately postponed the low pressure safety injection
(LPSI) system integrated flow test due to "quality” of the radio communications
within various locations within the facility. The communications were changed to
sound-power telephones and verified acceptable during a test run of the procedure.

During the test, operators appropriately entered into the technical specitication
requirements during temporary securing of shutdown cooling, and appropriately
monitored reactor coolant system inventory during draindown, and refill operations
with the low pressure safety injection pumps. Portions of ST 11.7-193 observed by
the inspector (sections 6.2 through 6.5) were appropriately controlled by the shift
engineer, the system engineer, and the management test lead.

The inspector independently confirmed selected procedural prerequisites such as:
reactor coolant temperatures using core exit thermocouples, initial refueling water
storage tank levels and temperatures, operability of pressurizer level indication and
cavity level indication, and tracking of reactor covlant and containment integrity.

The test results were acceptable to gather flow measurements te support a design
change.

nclusi

The inspector noted appropriate control of the LPSI Integrated flow test was
exhibited by operations and engineering personnel.

vent Foll - r f i n
The inspector reviewed maintenance and testing activities completed in support of

the recovery from events involving a degradation in the reactor residual heat
removal cooling function, and the presence of a nitrogen bubble in the reactor head.
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In ion 7

The inspectors observed all or portions of the work activities listed below. The
major focus of the inspection this period was to review the licensee test and
maintenance activities corducted to restore systems required for shutdown core
cooling.

® RHR valve 791A thiough wail leakage, August 31

® RHR Pump "B" failure to start on September 1

® Reactor Head Vent System Functional Test on September 5
® Determination of Reactor Vessel Level on September 5

® "B" RHR Pump Testing per ST 11.7-198 on September 15-16
® "B" RHR Pump Motor Testing & Evaluation on September 17

rvations and Findin
RHR Valve 791A

During operational rounds on August 31, a nuclear side operater (NSO) noted a
through wall leak in the body of valve RHR-V-791A. The valve was the RHR inlet
isolation valve for the "A" RHR heat exchanger. The valve was an 8 inch diameter
double wedge gate valve, and a type 316 stainless steel casting manufactured by
Alloyco. The through wall defect in the safety class 2 pressure boundary rendered
that portion of the RHR system inoperable even though the heat exchanger
remained functional for reactor decay heat removal.

The initial plans were to complete the evaluations and the non destructive
examinations (NDE) needed to assure the continued integrity of the component and
RHR piping. The NDE was completed after repair to the "B" RHR pump and a
radiographic (RT) source was rigged down in to the RHR pit. The RT examination
was completed on September 20. The examination did not identify any structura’l,
significant defects. The casting apyea:=-c« to be of good quality. No wall thinning i
the vicinity of the defect was apparent. The licensee concluded that the detect wis
due to the lineup of casting shrinkage flaws. Based on the results of RT and liquid
penetrant examinations, the license concluded that no flaws were present that
would challenge the structural integrity of the valve or piping system. The licensee
used these results as the basis of a relief request under 10 CFR 50.55a(g)(5)(3),
that would allow classifying the valve as operable, but degraded. The licensee
intended to place the "A" RHR cystem in service pending NRC approval of the ‘e »f
request.

This action to submit the relief request was in progress at the conclusion of the
inspection.
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RHR P "B” failur

The operators attempted to start the "B" RHR pump or: September 1 and discovered
that the pump was mechanically bound. The pump could not be turned by hand
and was determined to be mechanically bound. The motor was subsequently
disconnected from the pump. The motor was found to turn freely and plant
electricians subsequently meggered the motor with satisfactory results. The pump
was disassembled for repair. The licensee continued with the repair oi the "B"
pump on September 4 after completing actions to restore vessel level indication.

The "B" RHR pump was successfully used to remove reactor decay heat when the
plant was shutdown on July 24 for the maintenance outage. The licensee
determined that the pump failed after it was shutdown on August 19, when it was
run for about 45 minutes to reduce core exit temperatures. Upon disassembly, the
licensee found that the casi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>