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EXECUTIVE SUMMARY
McGuire Nuclear Station, Units I and 2
NRC Inspection Report 50-369/99-07, 50-370/99-07
This integrated inspection included aspects of licensee operations, maintenance, engineering,
and plant support. The report covered a six-week period of resident inspections and also
included regional inspections in the area of in-service inspection, plant modifications, and
radiation/chemistry controls.
Operations
Operations placed appropriate emphasis on oversight of unit operations and preventing
problems during increased risk outage activities. Operational focus was noted on the
monitoring and updating. of computerized risk management tools and system interaction
matrixes. (Section 01.1)
Operators' cognizance and control of the Unit I shutdown for the End-of-Cycle 13
refueling outage was good. Previously identified rod control problems required a
planned manual reactor trip. The operators maintained adequate control of the unit
during the shutdown and adequately addressed other problems that were encountered.
(Section 02.1)
During the Unit I End-of-Cycle 13 refueling outage, operators successfully performed a
temporary test to full flow test containment spray check valves and flushed radioactive
crud in stagnant water from the suction pipe between the containment sump isolation
valve and the suction to the residual heat removal and containment spray pumps.
Shutdown risk operating experience was appropriately factored into the pre-job brief and
test procedure to preclude an inadvertent loss of reactor coolant system inventory.
Improvements over the previously performed evolution in Unit 2 were made to take
advantage of the extended Unit I refueling outage. Operator performance, engineering
support, and overall test execution were performed in an excellent manner and
consistent with previous test coordination during the March 1999 Unit 2 outage. (Section
04.1)
An adverse trend in operator performance resulting in mispositioned plant components
has emerged. Operations management was addressing these and other examples of
human performance issues. (Section 04.2)
Maintenance
Routine and outage related maintenance and surveillance activities reviewed were
adequately completed. (Section M1.1)
The licensee's inservice inspection, service water inspections, and reactor vessel
internals modifications were conducted in a conservative manner. Results of inspections
and resolutions to identified problems were given appropriate engineering and
management reviews. (Section M1.2)
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The licensee.adequately performed initial inspections and interior coating repair for the
Unit I refueling water storage tank. Identified foreign material was removed and
appropriately evaluated for past operability considerations. Modifications made to the
tank were completed in a conservative manner, limiting radioactive contamination and
potential for the introduction of foreign material to emergency core cooling suction piping.
"(SectionM2.1)
The licensee performed a variety of diagnostic activities to resolve a Unit I control rod
problem that required a manual reactor trip during the refueling outage shutdown.
Although no definitive root cause was identified, the licensee replaced suspect
components and verified function of the components within the limits of plant conditions.
(Section M2.2)
Engineering
A negative trend on emergency diesel generator subcomponent reliability continued with
two recent issues involving valve seat inserts. The time spent to address the valve seat
insert condition resulted in additional emergency diesel generator unavailability time,
which the licensee has acknowledged as a continuing adverse trend. These degraded
subcomponents were considered an additional example of a previous violation for
inadequate vendor oversight of rebuilding activities performed in 1997. (Section E2.1)
Corrective action to video boroscope all emergency diesel generator exhaust valve seat
inserts was prudent; technical basis for continued operability was adequate; and
proposed long-term corrective action to replace the exhaust valve seat inserts to a. more
robust part was acceptable. (Section E2.1)
During the Unit 1 split pin modification, the licensee discovered a manufacturing variation
in the upper core plate. The variation was appropriately evaluated for potential safety
impact and adequately justified the operability of the affected guide tubes, split pins, and
associated rod cluster control assemblies. (Section E4.1)
Plant Support
The licensee was properly monitoring and controlling personnel radiation exposure
during the Unit I refueling outage and posting area radiological conditions in accordance
with 10 CFR Part 20. Personnel entering the radiologically controlled area were
adequately briefed on radiological hazards and protective measures. Maximum
individual radiation exposures were controlled to levels which were well within the
regulatory limits for occupational dose specified in 10 CFR 20.1201(a). The licensee
was usually successful in meeting established As Low As Reasonably Achievable goals.
(Section R1.2)
*

The licensee had implemented an effective shutdown chemistry control plan and closely
monitored primary coolant chemistry during the shutdown for the Unit I refueling outage.
(Section R1.2)

Report Details
Summary of Plant Status
Unit I
Unit I began the inspection period at approximately 100 percent of licensed thermal power. On
September"17, 1999, the unit was shutdown for the scheduled End-of-Cycle (EOC) 13 refueling
outage. At the end of the inspection period, preparations were underway for refueling the
reactor vessel.
Unit 2
Unit 2 operated at approximately 100 percent of licensed thermal power throughout the
inspection period.
I. Operations
01

Conduct of Operations

01.1

General Comments (71707)
The inspectors conducted frequent reviews of ongoing plant operations. During this
inspection period, the licensee performed a planned shutdown of Unit I to support the
EOC 13 refueling outage. The inspectors observed the unit shutdown as detailed in
Section 02.1, monitored preparations for refueling activities, and observed the
placement of a variety of system block tagouts to support planned maintenance
activities. Operations placed appropriate emphasis on oversight of unit operations and
preventing problems during increased risk outage activities. Operational focus was
noted on the monitoring and updating of computerized risk management tools and
system interaction matrixes. Management oversight in this area was evident based on
routine involvement in outage risk decisions.
Other specific events and noteworthy observations are detailed in the sections which
follow, including the identification of several configuration control problems during the
restoration of safety-related components to service following maintenance activities (see
Section 04.2).

02

Operational Status of Facilities and Equipment

02.1

Control of Unit I Shutdown for EOC 13 Refueling Outage

a.

Inspection Scope (71707)
The inspectors observed the Unit I EOC 13 refueling outage shutdown, which involved a
non-routine method of shutting the unit down due to previously identified rod control system
problems. The inspectors observed operator performance, use of normal and abnormal
operating procedures, response to unexpected annunciators and alarms, and operator
verification of unit conditions for Mode 3 operation.
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"b. Observations and FindiIngs
Inspection Report (IR) 50-369,370199-06 described problems encountered with the Unit 1
rod control system identified. during previous rod freedom of movement testing. The licensee
subsequently considered that these problems impacted the normal process of shutting the
unit down. Specifically, the normal method of inserting the control rods to commence
shutdown could not be accomplished due to the C control bank rods not inserting when
proper control bank D overlap was achieved. The affected rods were previously determined
to be trippable (not mechanically bound), as described in the referenced IR. To cope with
this problem, engineering developed an alternate process for shutting down the unit utilizing
boration, limited rod insertion of control bank D, and manually tripping the unit at
approximately 20 percent reactor power. The altemate process was reviewed with.
operations and practiced on the simulator prior to execution. The root cause determination
and subsequent corrective actions for the rod control problem are discussed in Section
M2.2.
The inspectors observed the manual trip of the reactor on September 17, which was
performed in accordance with OPI1/A16100/002, Revision 169, Controlling Procedure for
Unit Shutdown, and applicable emergency procedures. Immediately after the trip was
initiated, operators identified that one train of the digital rod indication system for rod C-I 1
was indicating that the rod was not fully inserted in the core. Other indications were utilized
to verify that all rods had fully inserted and the problem was confirmed to be an indication
problem only. Subsequent reviews of this problem identified a failed card in the rod position
indication system, which was later replaced during maintenance activities to correct the
problem. One other indication problem was identified during the shutdown involving the
source range monitoring indications. Specifically, N-32 source range indication was reading
approximately % decade less than the N-31 indication. Operators monitored the deviation
during the shutdown and noted that the discrepancy was constant between both indications
as the parameters changed. Calibration adjustments were subsequently performed to-bring
the indications in agreement with each other and the Gamma-Metrics shutdown monitor.
Both of the identified indication problems did not significantly impact the operators' ability to
safely shut down the unit. No other problems were identified by the inspectors. Operators'
response to the planned manual reactor trip was controlled and in accordance with
applicable procedures.
c.

Conclusions
Operators' cognizance and control of the Unit I shutdown for the EOC 13 refueling outage
was considered good. Previously identified rod control problems required a planned manual
reactor trip. The operators maintained control of the unit during the shutdown and
adequately addressed other instrumentation problems that were encountered.
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04-

Operator Knowledge and Performance

04.1

Unit 1 Containment Spray Suction Check Valve Full Flow Test and Residual Hear
Removal/Containment Spray (ND/NS) Line Flush

a.

Inspection Scope (71707, 61726, 37551)
The inspectors reviewed procedure Temporary Test (TI) 1/A/9100/480, NS Suction Check
Valve Full Flow Test and ND/NS Suction Flush, applicable Technical Specifications (TS),
and contingency actions. Operating experience for shutdown risk, including NRC Generic
Letter (GL) 98-02, Loss of Reactor Coolant System Inventory and Associated Potential for
Loss of Emergency Mitigation Functions While in a Shutdown Condition, was also reviewed.
The inspectors monitored control room activities during the evolution, execution of the
subject procedure, and independent verification of plant conditions and parameters.

b.

Observations and Findings
On September 24, 1999, the licensee performed a special evolution to: (1) satisfy an 18
month TS surveillance requirement for full flow test of suction check valves 1FW28, 1NS21,
and 1NS4, and (2) perform radiological crud cleanup of stagnant water between the
containment sump valve and the pipe to the ND and NS pumps. This test was performed
during Mode 6. The test procedure and special pre-job briefing for this infrequent evolution
were reviewed and approved by the Plant Operating Review Committee (PORC) prior to the
actual test.
Operating experience, configuration control importance, and prevention of plant work that
could create an inadvertent reactor coolant system (RCS) drain down and/or loss of ND
were properly reflected in the procedure and pre-job briefing. Specifically, the inspectors
observed that the testing activities were performed in a manner comparable to a similar test
performed during the previous Unit 2 outage (see IR 50-369,370/99-02). The inspectors
noted that enhancements were implemented in this evolution to reduce plant risk. These
changes were made to take advantage of the extra time available in this refueling outage.
Some of the changes included:
Perform the test and flush in Mode 6 with the head removed and in conjunction with
reactor cavity flood-up
Maintain the ND train operable while in the test configuration
Full flow test check valve 1FW28
Flush stagnant ND/NS water to the core in lieu of back to the refueling water storage
tank (RWST)
The inspectors observed that the test was successfully performed and satisfied the TS
surveillance for NS and refueling water (FW) check valve testing.
Fi
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c.- Conclusions
During the Unit I EOC13 refueling outage, operators successfully performed a temporary
test to full flow test containment spray check valves and flushed radioactive crud in stagnant
water from the suction pipe between the containment sump isolation valve and the suction to.
the residual heat removal and containment spray pumps. Shutdown risk operating
experience was appropriately factored into the pre-job brief and test procedure to preclude
an inadvertent loss of reactor coolant system inventory. Improvements over the previously
performed evolution on Unit 2 were made to take advantage of the extended Unit 1 refueling
outage. Operator performance, engineering support, and overall test execution were
performed in an excellent manner and consistent with previous test coordination during the
March 1999 Unit 2 outage.
04.2 Adverse Trend in Operator Performance
a.

Inspection Scope (71707)
The inspectors reviewed operator performance issues involving outage related activities for
Unit 1. Two events were evaluated to determine potential impact on safe operation of the
facility and equipment.

b.

Observations and Findings
On October 16, 1999, operators attempted to perform a post-maintenance test of auxiliary
feedwater (AFW) pump 1B and started the pump with its suction valve (1CA9) closed. At the
time, the safety-related'AFW pump was not required to be operable per the TS since the
plant was defueled with the core off-loaded to the spent fuel pool. The pump operated for
approximately 10 seconds before it was shut down. Operators shut down the pump when
flow could not be attained.
The inspectors discussed and reviewed results of an engineering assessment of potential
damage to the pump and future reliability concerns. Vibration and oil analyses indicated
satisfactory pump performance. A post-maintenance test of the pump was successfully
performed following proper alignment of the pump's flow path. The inspectors verified that
adequate pump flow was achieved to satisfy TS requirements. The licensee was conducting
a root cause evaluation of this event at the end of the inspection period. Preliminary results
indicated several issues, including failure to properly restore part of the system to service
and failure to align the flow path in accordance with procedure.
On October 16, 1999, operators refilled the RWST following repairs of the protective coating
on the interior of the tank. While transferring water from the reactor holdup tank (RHT) to the
RWST, approximately 5,000 gallons of borated water inadvertently spilled into the reactor
building and overflowed the refueling cavity. Valve 1FW4 was open and in the incorrect
position to properly perform the RWST refill. Preliminary results of the root cause
determination indicated that portions of a procedure were used to perform the task without
having performed necessary steps in other sections of the procedure that would have
prevented the misconfiguration of the system.
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Both issues involved minor violations of procedural requirements and are not subject to
formal enforcement action. However, the inspectors noted that although these issues
constituted minor violations of procedural requirements, combined with other examples, they
represented an adverse trend in operator performance (see IR 50-369,370/ 99-06 for an
additional example). The adverse trend in mispositioned components and procedural
"adherence had also been recognized by the licensee with additional recent examples of
mispositioned equipment. The adverse trend was noted and tracked under Problem.
Investigation Process report (PIP) M-99-4073. The inspectors discussed with operations
management the proposed corrective actions to address these human performance issues.
c.

Conclusions
An adverse trend in operator performance resulting in mispositioned plant components has
emerged. Operations management was addressing these human performance issues.
I1.Maintenance

M1

Conduct of Maintenance

M1.1. General Comments
a.

Inspection Scope (61726, 62707)
The inspectors reviewed a variety of maintenance and/or surveillance activities during the
inspection period, focusing on outage related testing and maintenance activities that
included the following specific Hems:
PT/llAI4209112A, Revision 16, Centrifugal Charging Pump 1A Head Curve
Performance Test and Acceptance Testing of Various Chemical and Volume Control
(NV)/Safety Injection (NI) Check Valves
PTI11NA460011 00, Revision 3, Surveillance Requirements For Shutdown Conditions
PT/I/A/4209/12B, Revision 22, Centrifugal Charging Pump 1B Head Curve
Performance Test and Acceptance Testing of Various NV/NI Check Valves
PTI11A/4600/03A, Revision 88, Semi Daily Surveillance
RP/OIA/57001006, Revision 5, Natural Disasters
PT/11/A4350/002, Revision 499, Diesel Generator (D/G)IB Operability Test
Work Order 98202451, 2B MG Set Voltage Regulator Adjustment
D/G Work Orders 98205238, 98207353, 98207355, and 98207344
TT/ 1/A/9100/480, Revision 0, NS Suction Check Valve Full Flow Test and ND/NS
-Suction Flush
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PT/11NA4200/009A, Revision 124, Engineered Safety Features Actuation Periodic
Test
PTIOIAI42001018, Revision 9, Ice Bed Analysis
b. - Observations and Findings
The inspectors witnessed selected surveillance tests to verify that approved procedures
were available and in use; test equipment was calibrated; test prerequisites were met;
system restoration was completed; and acceptance criteria were met. In addition, the
inspectors reviewed or witnessed routine maintenance activities to verify, where applicable,
that approved procedures were available and in use; prerequisites were met; equipment
restoration was completed; and maintenance results were adequate. The maintenance and
surveillance activities were properly approved by operations personnel and were included on
the plan of the day. Work associated with risk significant structures, systems, and
components was properly evaluated to determine its impact on the plant's risk profile.
Appropriate TS action statements and selected licensee commitments were implemented.
Applicable Technical Specification Surveillance Requirements (TSSR) and/or the Core
Operating Limits Report limits were also satisfied.
c.

Conclusions
The inspectors concluded that the reviewed routine and outage related maintenance and
surveillance activities were adequately completed.

M1.2
a.

Inservice Inspection (ISI) and Reactor Vessel Split Pin Replacement Inspection (Unit 1)
Inspection Scope (73753)
The inspectors reviewed procedures and documentation, and observed licensee activities
involving ISI, service water system piping corrosion, and replacement of split pins in the
reactor vessel internals.

b.

Observations and Findings
Inservice Inspections
The inspectors reviewed the inspection plans for the outage and reviewed results of IS!
ultrasonic test (UT) inspections of selected welds. The inspectors also reviewed the scope
and plans for the first interval containment ISI.
Service Water Piping Degradation
The inspector toured the Units 1 and 2 auxiliary buildings with the system engineer to
observe and evaluate evidence of exterior corrosion on service water system piping. The
condition of piping passing through the auxiliary feedwater system pump rooms was closely
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-examined and the noted conditions and ongoing corrective actions were discussed with the
system engineer.
The most prominent surface.conditions noted were a tightly adhering, red, iron-oxide film
combined with a white calcium film. These conditions appeared to have been caused by the
"seepageinto the auxiliary building of ground water through the piping penetrations in the
exterior building walls. The oxide and calcium coatings on the piping appeared to be tightly
adherent, and did not appear to penetrate the piping wall thickness. The licensee's system
engineer was knowledgeable about the conditions noted, the most probable root causes for
the conditions, and corrective action options available.
The inspector also reviewed the final resolution for PIP M-99-00329, which discussed an
apparent wall-thinning condition noted during UT examination of service water system
piping. The previous discussion of this condition in Section M1.2 of NRC IR 50-369,370/
99-02, indicated that the licensee's erosion/corrosion program had correctly identified
significant wall thinning in the service water discharge piping. This significant wall thinning
was purported to have been caused by interior corrosion, which had apparently reduced the
wall thickness of the piping to about 0.073 inches.
The final resolution of PIP M-99-00329 stated that additional inspection work by the licensee
included re-examination of the areas with a "time-of-flight" UT technique which transmits an
angle-beam from one UT transducer to another. This examination showed that earlier UT
reflectors, (which had been interpreted as being reflections from the inner wall of the pipe)
were apparently from inclusions and/or small laminations in the piping wall rather than
internal erosion or corrosion. This conclusion that the indications were not connected to the
inside diameter of the piping was reached when the 'time-of-flight" UT examinations were
able find the original indications while passing sound beams under them.
The inspectors agreed with the licensee's conclusion that the "time-of-flight" UT was a more
definitive test than the original straight-beam UT, and also agreed that the area of inclusions
and/or laminations within the wall of the piping were acceptable for this piping service in
accordance with the original fabrication piping code.
Reactor Vessel Split Pin Replacement
The inspectors reviewed licensee and Westinghouse documents concerning replacement of
guide tube support pins (split pins) in the reactor vessel internals. The existing Inconel
X-750 split pin material was found to be susceptible to pure water stress corrosion cracking
and 316CW stainless steel was selected as the material for the replacement split pins. Each
split pin was attached to the bottom flange of a guide tube assembly via its shank, nut and
locking device. There were two pins per guide tube and 146 pins per unit at McGuire. (See
Section E4.1 regarding the resolution of an upper core plate anomaly identified during the
split pin modification.)
As a function of the inspection, the inspectors queried the licensee as to the plans for
storage of the materials removed from the reactor vessel internals. The licensee's response
was that they had purchased special debris baskets designed to fit two fuel assembly sized
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canisters, which canbe transported through the fuel transfer system to the spent fuel pool.
The licensee planned to transfer the debris baskets to unusable spent fuel storage cells for
long term storage, so that the canisters can be used again during the next Unit 2 refueling
outage.
c.

Conclusions
The licensee's ISI, service water inspections, and reactor vessel internals modifications were
conducted in a conservative manner. Results of inspections and resolutions to identified
problems were given appropriate engineering and management reviews.

M2

Maintenance and Material Condition of Facilities and Equipment

M2.1

Unit I RWST Internal Inspections

a.

Inspection Scope (61726, 62707)
The inspectors reviewed the as-found condition of the Unit I RWST interior, which was
inspected during the Unit I refueling outage. The inspectors verified that identified foreign
material was evaluated for past operability impact, observed the condition of the interior tank
coatings, monitored the repairs of the coatings, and reviewed the restoration of the tank to
operable status.

b.

Observations and Findings
During the Unit I EOC 13 refueling outage, the licensee drained the RWST to support
interior tank inspections for the first time since the tank was placed in service. Previous
NRC reviews regarding this area were documented in IRs 50-369,370198-06 and 99-03.
Interior tank coating inspections identified some degradation of the coatings, predominantly
on the tank dome, with isolated coating failure locations on the floor. The licensee
determined that repairs would be required and actions were taken to sandblast and re-coat
the affected areas. None of the coating problems were considered to have been a past
operability concern for emergency core cooling systems (ECCS). Regarding foreign
material found in the tank, one piece of clear polypropylene plastic (one by four feet folded to
approximately one by one foot) was found floating in the tank and recovered. Two smaller
plastic pieces (two by three-inch), a small amount of sandblast material, and some failed
coating material were also identified and removed. The licensee concluded that the items,
with exception of the failed coating material, were likely in the tank since the initial fill and
that due to their weight or buoyancy, none of the items would have transported to the ECCS
suction piping at the lower elevation of the tank during an ECCS injection or operation of
containment spray. The inspectors reviewed the past operability documented in PIP M-99
04059 and M-99-01233 and concluded the past operability evaluations for the as-found
foreign material was acceptable and bounded by previously accepted analysis for ECCS and
containment spray functions.
The inspectors also reviewed the implementation of Minor Modification, MGMM-1 1329,
which installed a new one-inch vent valve, 1FW-80, in the RWST ECCS outlet piping.
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" During restoration of the RWST flowpath, the licensee concluded that the draining of the
tank below the outlet piping suction to allow for the tank inspections and repair had allowed
air to collect in an unvented high-point location where the piping penetrates the tank wall.
Ultrasonic evaluation confirmed that a void existed and that it would have to be removed
Sprior to declaring the RWST operable. Following several iterations of suggested solutions,
the licensee conservatively decided the re-drain the tank to allow for a vent valve to be
-* installed. The decision to drain the tank for a second time eliminated a variety of concerns,
including the potential for foreign material intrusion and the release of radioactive water
during a proposed wet tap drilling process. The licensee also performed ultrasonic testing of
the same piping area on the Unit 2 RWST to confirm that no void was present. The Unit 2
RWST tank inspections performed in the Spring of 1999 did not involve draining of the tank
below the suction piping. The licensee was planning to perform a similar addition of a high
point vent on the Unit 2 RWST suction line during a future outage to allow for added
assurance that the subject line location contains no gas voiding. The inspectors concluded
that the licensee's resolution of the identified concern and implementation of the modification
was adequate.
c. Conclusions
The licensee adequately performed initial inspections and interior coating repair for the
Unit I refueling water storage tank. Identified foreign material was removed and
appropriately evaluated for past operability considerations. Modifications made to the tank
were completed in a conservative manner, limiting radioactive contamination and potential
for the introduction of foreign material to emergency core cooling suction piping.
M2.2
a.

Unit I Rod Control System Troubleshooting and Repair
Inspection Scope (61726, 62707)
The inspectors reviewed troubleshooting and repair activities associated with problems
encountered with the Unit 1 rod control system as previously discussed in IR 50-369,370/
99-06. Prior to Unit I restart, the inspectors reviewed the root cause determination,
identified hardware problems, corrective actions taken, and testing plans for the system.

b.

Observations and Findings
The licensee performed diagnostic evaluations on rod control cabinet 1AC and other
cabinets following the planned manual trip of the unit for the refueling outage. The activities
included the following:
Visual, microscopic card inspection for all logic, signal processing, multi-E, and firing
cards
Re-closure of the reactor trip breakers with recorders installed
*

Inspection of all pin connectors
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Testing of all points for proper signals in the logic cabinet, except bank overlap
circuitry due to current unit status
Verification of group select parameters
Incorporation of a new dynamic rod control card testing device which verifies
expected card parameters and trends data of card output
The results of the licensees' troubleshooting identified several hardware components that
required replacement; however, none of the problems identified would have led to the
inability for the rods to move within their proper bank overlap. During the current inspection
period, the licensee could not fully test the power cabinet because the reactor vessel head
cables were not installed and the reactor trip breakers were open during the test. The
licensee planned to exercise each of the rod banks prior to restart of the unit following the
current refueling outage to provide assurance that the suspect component had been
replaced or was now properly connected. Given the detailed testing performed and the lack
of a definite root cause, the licensee postulated that the problem was a signal processing
card connection problem which could not be repeated once the cards were removed for
testing. Although some equipment concerns prevented as-found testing of the rod control
cabinet while still energized, the inspectors noted that the licensee planned and executed a
detailed troubleshooting evolution that verified operation of the 1AC rod control power
cabinet and rod control system components.
c.

Conclusions
The licensee performed a variety of diagnostic activities to resolve a Unit I control rod
problem that required a manual reactor trip during the refueling outage shutdown. Although
no definitive root cause was identified, the licensee replaced suspect components and
verified function of the components within the limits of plant conditions.

M2.3

Control Room Area Ventilation System (CRAVS) Filter Surveillance Performed Under
Emeroqency Technical Specification Amendment (61726)
On September 13, 1999, the licensee requested NRC approval of a one-time amendment to
TS 3.7.9, CRAVS, in order to establish measures to be taken for an inoperable CRAVS due
to a degraded control room pressure boundary (CRPB). The licensee needed to open duct
work in the CRAVS to perform TSSR 3.7.9.2 to periodically test filters and charcoal
absorbent. A sample of the charcoal absorbent is obtained from the tested filter train by
removing a bolted hatch cover. Removing the hatch cover constituted a breach of the
control room pressure boundary (CRPB). On September 22, 1999, the NRC granted a
permanent license amendment, similar to the one-time amendment request, to allow the
licensee to breach the CRPB to effect repairs of a failed CRAVS air handling unit bearing
(see IR 50-369,370199-04). The TSSR was successfully performed on September 23, 1999,
with appropriate compensatory measures for the degraded CRPB condition.
jI
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Ill. Engineering
E2

Engineering Support of Facilities and Equipment

E2.1

Emergency Diesel Generator (EDG) Reliability Following Sub-Component Failures

a. - Inspection Scope (37550, 37551, 62707)
The inspectors reviewed the conditions related to a previously identified negative trend in
EDG subcomponent failures. The inspectors reviewed the licensee's extent of condition
investigation which included analyses to identify component failure precursors and licensee
actions to assure reliability of the EDGs. The inspectors observed selected portions of
corrective diesel maintenance and post-maintenance EDG operability runs; examined failed
components; and discussed potential root causes with cognizant station personnel.
b.

Observations and Findinqs
Backaround
NRC IRs 50-369,370/98-06, 98-07, and 99-02 documented and assessed previous failures
of cylinder head sub-components. In 1997 the cylinder heads were rebuilt by an approved
Appendix B vendor at the vendor's facility as part of a 100 percent EDG refurbishment.
During the inspection period, the inspectors reviewed two recent issues involving degraded
conditions of valve seat inserts (VSIs) on EDG 1B. The Nordberg diesel engines used at
McGuire have 16 cylinders with one exhaust and one intake valve for each cylinder head.
Each VSI comprises an approximately 5.128 inch diameter ring of steel which is interference
fit into its respective cylinder head port.
Partially Dropped VSI (PIP M99-4413)
On Octbber 2, 1999, with Unit 1 defueled, maintenance technicians performed corrective
maintenance on EDG 1B cylinder 4L due to degraded performance that was identified during
a 15-minute low load break-in run. Technicians inadvertently over-adjusted an exhaust
valve and caused extensive damage to the associated cylinder piston, liner, and head during
the next post-maintenance EDG run. A subsequent investigation revealed that the over
adjustment was made because of unforseen movement of the VSI upon engine shutdown
prior to the maintenance activity. The slippage of the VSI from the cylinder head was
attributed to a combination of conditions, most prominently involving elevated exhaust
temperatures in tandem with a rapid cylinder cooldown. Other factors that may have
contributed to the failure included the quality of the interference fit between the VSI and the
head during installation. Improper seat installation reduces contact between the seat and
the cylinder head which could make the seat vulnerable to drop out under certain conditions.
However, the licensee was not able to establish that the seat was improperly installed during
the 1997 rebuild because the subject seat was destroyed and the head distorted during the
failure of cylinder 4L.
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The slippage of the VSI was similar to the dropped VSI event that was discovered on EDG
2A in June 1998. The inspectors independently reviewed the diagnostic information of EDG
1B and noted that similar conditions to the dropped VSI event of 1998 were present.
However, in this post-maintenance configuration, the engine was not operated at the full load
condition. Had these conditions been present during'a full-load run (as is performed to
"demonstrateoperability), a local alarm for elevated cylinder exhaust temperature would have
alerted operators to the conditions. In accordance with the annunciator response procedure,
an elevated temperature alarm (activated above 3500 kilowatts EDG load) would trigger an
engineering assessment and prompt an extended engine cooldown to prevent dropping a
VSI. The inspectors concluded that this degraded condition would not have been permitted
to exist following an operability test and that the previous corrective actions would have
prevented the EDG from being returned to service in a degraded condition. The licensee
informed the inspectors that additional monitoring of cylinder performance at lower load
conditions was being evaluated to eliminate this type of failure. Subsequently, maintenance
procedures for valve adjustments have been improved to prevent over-adjustments in case
of unknown VSI movement. The long-term corrective actions include replacement of all
exhaust VSis to an improved VSI part (discussed below).
Cracked VSI (PIP M99-4450)
On October 4, 1999, the licensee performed a visual inspection for potential loose parts from
the 4L cylinder failure on the remaining EDG 1B cylinder heads and discovered a crack on
cylinder 2R exhaust VSI. The subject VSI contained a 360-degree circumferential crack;
however, the seat remained intact (no missing pieces). A previously cracked VSI occurred
at McGuire on May 19, 1998, where a circumferential crack resulted in a 120-degree piece
of the exhaust VSI (EDG 1A cylinder 6R) breaking away and lodging onto the turbocharger
inlet screen. The inspectors reviewed temperature trends of EDG 1B cylinder 2R, which
revealed no abnormal performance. Prior to identification of this cracked VSI, the licensee
believed that a precursor condition existed that could be detected prior to failure of a cracked
VSI. Although this was true in the previous case, the inspectors observed that these
precursor symptoms (lower than expected exhaust temperatures at low load conditions)
were not present for the current case. In addition, the root cause of the previously cracked
VSI concluded that a material defect likely caused the failure. This conclusion was based on
a detailed root cause investigation; however, the metallurgical analysis did not provide
conclusive evidence of a defect.
Following the recent VSI crack, licensee corrective action included a video inspection of the
VSIs on the other three EDGs. The inspectors considered this to be prudent. The
inspectors observed portions of the video boroscope. Video quality and resolution were
excellent; however, residual fuel oil limited seat details in some areas and only 300 degrees
of the VSI surface could be observed because of physical limitations to camera movement
inside the cylinder head. The licensee informed the inspectors that 360 degree cracking had
been observed previously on cylinders with approximately one million cycles of operation (65
hours of engine run time). The proposed long-term corrective action was to replace the
exhaust VSIs with those having a 0.001 inch greater interference fit and perform the rework
with improved installation methods using qualified McGuire maintenance personnel. All
EDG 1B exhaust VSIs were subsequentlt replaced with those of greater interference fit, the

13
EDG was operated for more than 65 hours, and then the VSIs were boroscoped. For all four
EDGs, no additional cracked exhaust VSIs were identified and the inspectors confirmed that
each cylinder head inspected did have more than 65 hours of run time prior to the video
inspection.
The licensee now believes that both cracked VSls were fatigue related failures related to
improper installation and not a material defect in the VSI. The licensee speculated that
vendor problems with improper dimensional checks and installation techniques may have
contributed to the failures. In addition, the vendor rebuilt the heads with a smaller VSI than
preferred. The inspectors reviewed the purchase order for the 1997 work which specified
that a larger VSI was to be used; however, it noted erroneously that they were the "same" as
the smaller VSIs which were previously used and were acceptable. The inspectors
observed that the recent VSI crack did not affect engine or cylinder performance. The two
cracked VSIs, just like the other degraded EDG sub-components identified in Violation (VIO)
50-369,370/98-07-07, were attributable to inadequate vendor oversight during the 1997
rebuild of the EDGs. As the corrective actions taken in response to VIO 50-369.370/98-07
07 already address vendor oversight improvements, the cracked VSls are considered to be
an additional example of VIO 50-369,370198-07-07: Inadequate Vendor Oversight of EDG
Refurbishment.
c.

Conclusions
A negative trend on emergency diesel generator subcomponent reliability continued with two
recent issues involving VSIs. The time spent to address the VSI condition resulted in
additional EDG unavailability time, which the licensee has acknowledged as a continuing
adverse trend. These degraded sub-components were considered an additional example of
a previous violation for inadequate vendor oversight of rebuilding activities performed in
1997. Corrective action to video boroscope all exhaust VSIs was prudent; the technical
basis for continued operability was adequate; and proposed long-term corrective action to
replace the exhaust VSIs to a more robust part was acceptable.

E4

Engineering Staff Knowledge and Performance

E4.1,

Identification of Upper Core Plate Anomaly During Split Pin Modification

a.

Inspection Scope (37551)
The inspectors reviewed the as-found condition of the Unit I upper core plate. Structural
evaluations, drawings, and the Updated Final Safety Analysis Report (UFSAR) were
reviewed.

b.

Observations and Findings.
During the video surveillance of the installed new split pins, the licensee discovered a
manufacturing variance in the upper core plate. This variance involved a counter-bored hole
machined into the core plate's holes for some of the split pins. The counterbore was
approximately 50 mils (radial) wider than the pin holes at a depth of approximately
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0.5 inches below the top of the upper core plate surface. This counterbore condition was•
identified at twelve flow hole locations around the periphery of the upper core plate. Plant
drawings did not indicate this counterbore. The twelve locations involved eight 17x17 guide
tubes for control rods, two flow columns, and two 15x15 guide tubes.
An investigation and evaluation revealed that the upper core plate in McGuire Unit I was
originally manufactured for the D.C. Cook plant and was originally intended to contain flow
columns in the twelve affected locations. The licensee and Westinghouse evaluated the
effect of this partial loss of the interference fit between the pins and the upper core plate.
Applicable design basis accidents requiring control rod insertion were analyzed. These
analyses demonstrated that the split pins would be within the American Society of
Mechanical Engineers (ASME) code stress allowable for Service levels A and B (normal and
upset conditions) and Service level D (faulted conditions). In addition, lateral deflection
would be minimal during a postulated small break loss-of-coolant-accident (SBLOCA) loads.
The lateral deflection values calculated were within the maximum allowed displacement
based on previous Westinghouse testing of guide tubes. These Westinghouse tests
indicated that lateral displacements of 0.160 inches results in an increased control rod scram
time of 0.11 seconds. Applying a penalty of 0.11 seconds would be within the 2.20 seconds
rod drop time assumed in the safety analyses for McGuire. In addition, the licensee
performed an analysis that demonstrated adequate shutdown margin would still exist if the
eight affected control rods did not insert during a SBLOCA, including an assumed most
reactive control rod stuck out of the core.
The safety analyses concluded that the counterbore condition was acceptable and did not
constitute an unreviewed safety question. Based on a records review, this counterbore
should not be present in the upper core plates in McGuire Unit 2 or the Catawba units. The
inspectors concluded that.the licensee's and Westinghouse analyses were adequate to
demonstrate operability and were appropriately entered into the licensee's corrective action
program under PIPs M99-4869 and M99-4878.
c.

Conclusions
During the Unit I split pin modification, the licensee discovered a manufacturing variation in
the upper core plate. The variation was appropriately evaluated for potential safety impact
and adequately justified the operability of the affected guide tubes, split pins, and associated
rod cluster control assemblies.
IV. Plant Support

R1

Radiological Protection and Chemistry (RP&C) Controls

R1.1

General Comments (71750)
The inspectors made frequent tours of the controlled access area and reviewed radiological
postings. The inspectors observed that workers were adhering to the requirements of
wearing protective clothing. The inspectors also determined that locked high radiation doors
were properly controlled,i high radiation and contamination areas were properly posted, and
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radiological survey maps were updated to accurately reflect radiological conditions in the
respective areas.
R1.2

Occupational Radiation Exposure Control Program

a. - Inspection Scope (83750)
During the current outage, the inspectors reviewed personnel exposure monitoring and
control practices, radiological postings, and primary coolant shutdown chemistry controls for
dose rate reduction. Posted radiation dose rates and contamination levels within the
radiologically controlled area (RCA) were selectively verified.
b.

Observations and Findings
Personnel preparing for routine entries into the RCA were observed being briefed on the
radiological conditions in the areas to be entered.The briefings were given by radiation
control personnel before access was granted and covered the dosimetry -andthe protective
clothing and equipment required by the radiation work permit (RWP). The administrative
limits for the allowed dose and dose rate were emphasized during the briefings. The
briefings provided thorough descriptions of the existing dose rates which could be
encountered. The inspectors determined that personnel entering the RCA were adequately
briefed on the radiological hazards which could be encountered while in the RCA and the
radiological protective measures required to be taken. Individuals at selected job sites were
interviewed and the inspectors determined that the workers were aware of their
administrative dose and dose rate limits, the work area dose rates, the proximate low-dose
waiting areas, areas of high contamination, and protective clothing required by the RWP.
Thermoluminescent dosimeters (TLDs) were used as the primary device for monitoring
personnel radiation exposure. In addition, digital alarming electronic dosimeters (EDs) were
used for monitoring the accumulated dose and the encountered dose rates during each RCA
entry. The EDs were set to alarm at administrative limits established for the specific RWP
under which the RCA entry was being made. During tours of the RCA, the inspectors noted
that the required dosimetry was being properly worn by personnel when entering and while
in the RCA. The inspectors also noted that personnel exiting the RCA routinely surveyed
themselves for contamination using personal contamination monitors (PCMs).
During tours of the RCA, the inspectors noted that general areas and individual rooms were
Properly posted for radiological conditions. Survey maps indicating dose rates and
contamination levels at specific locations within the RCA were conspicuously posted. At the
inspector's request, a licensee health physics technician performed dose rate and
contamination surveys in several rooms and locations. The inspectors verified that the
survey instrument readings were consistent with the posted area dose rates. Independent
contamination surveys performed around several posted contaminated areas indicated that
contamination was not being tracked out of the contaminated areas.
The inspectors tabulated the annual and outage collective doses and maximum individual
exposures from the licensee's records. As indicated in the table below, the licensee was
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usually successful in meeting established As Low As Reasonably Achievable (ALARA) goals
during 1997 and 1998.. The licensee was also on track for meeting the Unit I EOC 13
outage and 1999 annual goals.

-

Collective Dose (Man-Rem)
Annual Dose
Year

Actual

Goal

1997

4611

5802

1998

1421

1382

1999

2062.5

3182

Outage Dose
3 Year Unit/
Mean
Cycle

279

280

Actual

Goal

U1C11 3

2331

2602

U2C11 3

194'

2352

76

UIC12

1291.4

1022

33

U2C12

1581

1352

33

41ZJ 1642.6

UIC13

Days

407

'TLD data

2

ED data

3 Steam

Generator Replacement Project

4 Record low for the station

5 As of 9/30199, 13 days into the outage
6 May be reduced due to the success of the Shutdown Chemistry Control Program in
reducing dose rates
7 Scheduled for 40 days beginning
9117/99
The following table indicates that the maximum individual radiation exposures were well
within the licensee's administrative limits and the regulatory limits for occupational dose
specified in 10 CFR 20.1201 (a).
Maximum Individual Radiation Doses (Rem)
Year

TEDE

Skin

1997

1.947

1998

1.144

19991

1.752

Extremity

Eye Lens

2.119

3.200

1.947

1.201

2.585

1.096

2.543

1.580

2.543

Regulatory and Administrative Limits
10 CFR 20

5.000

Admin.
2.000
Year-to-date as of 9/28/99

50.000

50.000

15.000
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inspectors reviewed the licensee's procedures for follow-up actions to personnel
contamination events (PCEs) and reviewed selected records for those events which
occurred during 1999. The licensee's records indicated that 152 PCEs had occurred as of
September 30, 1999. Seventeen of those events occurred during non-outage periods, 110
occurred during the Unit 2 EOC 12 outage earlier in the year, and 25 occurred during the
"firstthirteen days of the current Unit I EOC 13 outage. The inspectors noted that there were
no intakes of radioactive material in excess of 0.2 percent of the Annual Limit on Intake
(ALl), and therefore, pursuant to the licensee's dose assessment procedures, no internal
dose assignments were made. Three hot particle contamination events occurred during the
Unit 2 EOC 12 outage. The inspectors verified that the dose calculations for those events
were consistent with licensee dose calculation procedures and verified that the assigned
doses had been entered into the individuals' dose records. No regulatory dose limits were
exceeded.

SThe

The inspectors also reviewed the licensee's records for contaminated floor space within the
RCA and noted that during non-outage periods the recoverable contaminated floor space
was typically one percent of the RCA floor space, excluding containment buildings. The
non-recoverable contaminated floor space was approximately 9.5 percent.
The inspectors reviewed analytical results for selected chemistry parameters and
determined that the licensee had closely monitored and controlled primary coolant chemistry
during the shutdown for the Unit I EOC 13 outage.
c.

Conclusions
The licensee was properly monitoring and controlling personnel radiation exposure during
the Unit 1 refueling outage and posting area radiological conditions in accordance with 10
CFR Part 20. Personnel entering the radiologically controlled area were adequately briefed
on radiological hazards and protective measures. Maximum individual radiation exposures
were controlled to levels which were well within the regulatory limits for occupational dose
specified in 10 CFR 20.1201(a). The licensee was usually successful in meeting established
As Low As Reasonably Achievable (ALARA) goals. The licensee had implemented an
effective shutdown chemistry control plan and closely monitored primary coolant chemistry
during the shutdown for the Unit I refueling outage.
V. Management Meetings

Xl

Exit Meeting Summary
The resident inspectors presented the inspection results to members of licensee
management at the conclusion of the inspection on November 4, 1999. The licensee
acknowledged the findings presented. No proprietary information was identified.
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PARTIAL LIST OF PERSONS CONTACTED
Licensee
Barron, B., Vice President, McGuire Nuclear Station
Bradshaw, S., Superintendent, Plant Operations
Byrum, W., Manager, Radiation Protection
Caldwell, D., Quality Assurance / Inservice Inspection
Cash, M., Manager, Regulatory Compliance
Dolan, B., Manager, Safety Assurance
Evans W., Security Manager
Geddie,.E., Manager, McGuire Nuclear Station
Geer, T., Manager, Civil/ElectricallNuclear Systems Engineering
Jamil, D., Superintendent, Maintenance
Lanka, B., Civil Engineering Group Supervisor
Loucks, L., Chemistry Manager
Peele, J., Manager, Engineering
Pring, J., Nuclear Service Water System Engineer
Thomas, K, Superintendent, Work Control
Travis, B., Manager, Mechanical Systems Engineering
Wallace, H., Modification.Engineer
INSPECTION PROCEDURES USED IP 37551:
IP 40500:
IP 62707:
IP 61726:
IP 71707:
IP 71750:
IP 73753:
• IP 83750:
IP 90712:

Onsite Engineering
Effectiveness of Licensee Controls in Identifying, Resolving, and Preventing
Problems
Maintenance Observations
Surveillance Observations
Conduct of Operations
Plant Support
Inservice Inspection
Occupational Radiation Exposure
Event Reports
ITEMS OPENED, CLOSED, AND DISCUSSED

Discussed

50-369,370198-07-07

V10

Inadequate Vendor Oversight of EDG Refurbishment
an additional example was identified (Section E2.1)
LIST OF ACRONYMS USED

AFW
ALARA
ALl

Auxiliary Feed Water
As Low As Reasonably Achievable
- Annual Limit on Intake
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ASME "
CRAVS
CRPB
DIG
ECCS
EDG
ED
EOC
FW
GL
IR
ISI
ND
NI
NS
NV
NRC
NRR
NS
PCE.
PCM
PIP
PORC
RCA
RCS
RFO
RHT
RP&C
RWP
RWST
SBLOCA
TLD
TS
TSSR
"IT
UFSAR
UT
VIO
VSI

.
--

-

.American Society of Mechanical Engineers
Control Room Area Ventilation System
Control Room Pressure Boundary
Diesel Generator
Emergency Core Cooling System
Emergency Diesel Generator
Electronic Dosimeter
End Of Cycle
Refueling Water
Generic Letter
Inspection Report
Inservice. Inspection
Residual Heat Removal
Safety Injection
Containment Spray
Chemical and Volume Control
Nuclear Regulatory Commission
NRC Office of Nuclear Reactor Regulation
Containment Spray
Personnel Contamination Event
Personal Contamination Monitor
Problem Investigation Process
Plant Operating Review Committee
Radiologically Controlled Area
Reactor Coolant System
Refueling Outage
Reactor Holdup Tank
Radiological Protection and Chemistry
Radiation Work Permit
Refueling Water Storage Tank
Small Break Loss of Coolant Accident
Thermoluminescent Dosimeter
Technical Specifications
Technical Specification Surveillance Requirement
Temporary Test
Updated Final Safety Analysis Report
Ultrasonic Test
Violation
Valve Seat Insert

