Duke Power Company
McGuire Nuclear Station
Unit 2 Steam Leak
August 31, 1993
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EXECUTIVE SUMMARY

On August 31, 1993, wish Unit 2 in mode 3 at full temperature and nressure, an
anempt was made 10 stop a small secondary system steam leak inside containment.
The leak was from a 1 inch pipe cap downstream of an assumed closed manual
Kerotest vaive, 2CF-130 During the course of the repair effort, the pipe cap came off
and resulted in an unisolable leak from stear: generator 2A. The resultant increase in
containment pressure and temperature caused the ice condenser inlet doors 10 open.
The unit was cooled down to terminate \he leakage.

in response 1o this event, a McGuire Project Management Team, under the leadership
of the Station Manager, was formed tc coordinate and conduct investigations, manage
recovery plans and implement corrective actions. Additionally, a Significant Event
investigation Team (SEIT) investigation, Mechanical Mairtenance HPES investigation
and a LER investigation were begun. The NRC also dispatched an Augmented
inspection Team (AIT).

The Project Team concentrated on reviewing identified root causes and specifying
corrective actions. Response to the event was assessed and corrective actions were
igentified to correct event response problems. The Project Team interfaced with other
investigative teams to clarfy, consolidate and bring closure to ali concerns. The
Project Team maintained a running list of all identified issues and made assignments
10 investigate and resolve each one. As each item was resolved, it was documented
and all appropriate short and long term corrective actions were developed and
assigned to responsible individuals with reguired completion dates. All concerns were
grouped into five general categones: maintenance execution, post maintenance
testing, work contrel, control of plant during cooldown and other corrective actions.

The pnmary cause of this event was that 2CF-130 was improperly assembiled during
corrective maintenance performed during 2ZEOC-8. The spring guide was installed
backwards on the valve disc assembly. This caused the valve aisc to be held off the
seat and made it impossible for this valve to block flow. This improper assembly was
not identified by post maintenance checks or testing, but was discovered upon
disassembly of the valve.

The direct cause of the steam leak, and subsequent ice condenser lower iniet door
opening, was the ejection of the pipe cap from the pipe nipple downstream of 2CF-130
while the cap was being loosened as part of a vendor leak repair procedure. The cap
came orf prematurely due to inadequate thread engagement.

During the plant cooldown, an inadvertent change in modes from 4 to 3 while the ice
condenser lower iniet doors were inoperabie occurred. The primary cause of this was
tailure to recognize the proximity of the reactor coolant temperature to the mode 3
limits and inadequate communications by the reactor operator.



A comprehensive review and investigation of the original work execution, post
maintenance testing, subsegquent planning for ieak repair, response of the plant during
the event and damage to the plant during the event were conducted and short and long
term corrective actions igentified. This report documents the recovery plans and
corrective actions executed and planned.



TEAM CHARTER

Date: 9/1/93
Project Title: Unit 2 Steam Leak in Containment
Start Date: 8/31/93

Expected Compietion Date:  9/7/33

Sponsor/Team Leader: Ted McMeekin / Mac Geddie

Team Members: Ronnie White Gary Gilbert
Bruce Travis Tom Curtis
Bruce Hamilton Jack Boyle
Robert Sharpe

Purpose and Scope:

Coordinate/conduct investigations, manage recovery plans and implement corrective
actions associated with the 8/31/93 steam leak in containment event on McGuire unit 2.

Project Background:

Repair efforts to correct leakage from a pipe cap at valve 2CF 130 (secondary side tube
sheet drain) resulted in the pipe cap blowing off and dumping steam into lower
containment. lce condenser goors opened and some capacity of the ice condencer was
used.

The unit was cooled down and depressurized to Mode 5 to facilitate repairs and recovery
from the event. A SEIT was initiated to investigate the event due to the obvious
significance. Mechanical Maintenance initiated an investigative effort and LER
investigation was begun.

Deliverables:

Management attention and focus to assure root causes are understood. An assessment
of our response 1o the event and identification of corrective actions 10 correct root cause
and event rasponse problems. Interface with investigative teams to clarify, document and
bring ciosure to all concerns generated by this project team and all other investigation
teams.



Actions are clearly categorized and agreed upon as:

(1) Short Term (needed for unit startup), or

(2) Long Term (clear responsibility assigned and target completion dates).
Measurable Success Indicators:

Short term actions are compieted to support unit return to service by #/13/93.

McGuire management, the SEIT and the NRC are satisfied with investigative and
corrective actions. NRC concurs with actions taken 1o proceed with unit startup.

Progress Updates:

The team will initially meet twice a day 10 review concerns, action responsibility and
status. SEIT and NRC interface will take place during these meetings 1o bring closure to
ISSUes.

Project Goal:

identify all correct actions that need to take place. complete these actions 1o our
satisfaction and NRC's satisfaction to support an on-line date of 8/13/83.

Key Results:
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Operations Staff A originated WR 83029766 1o repair pipe cap
on 2CF-130. He included the information about the pipe
threads being damaged; however, he placed some of the
information in the title instead of the problem statement.

Planner A originated and planned WO 93063230 to repair the
leak identified on WR 93029766; however, the information
about the damaged threads was not documented on the WO.

Mechanical Maintenance Technician D performed Functional
Venfication of valve 2CF-130 per WO 83012110. This
involved visual inspection for leaks following repair. The
nspection revealed leakage around the pipe cap.

Vendor Technician A aftempted to repair leak of pipe cap
downstream of valve 2CF-130 per WO 83063230,
MP/O/A/7650/077, On-Line Leak Sealing Initial Injection,
Temporary Modification, and vendor procedure.

Control Room annunciator 2AD-9 A-5 "ice Condenser Lower
iniet Doors Open"” alarm

Radiation Protection Technician A reported that pipe cap hac
blown off drain line downstream of vaive 2CF-130. One
vendor was burned and transported 10 University Hospital. No
contamination was present.

Entered AP/2/A/5500/01, Steam Leak.

Commenced Reactor Coolant System cooldown and
depressurization pursuant to TS 3.6.1.4. Containment
pressure > 0.3 PSIG. The cooldown/depressurization was
also initiated to decrease steam generator pressure thereby
minimizing energy addition into the containment. Lower
Containment weighted average temperature reached 133
degrees F. Pressure reached 0.45 psi.

ice Condenser temperature > 27 degrees F . declared ice bed
inoperable in accordance with TS 3.6.5.1 due to elevated

temperature. TS Log entry made.
Containment pressure returned to normal.

Shift Manager discussed with the Shift Supervisor the option
of sending ice Condenser Perscnnel into the ice congenser to
evaluate the situation.



08/31/93

08/31/93

08/31/93

08/3 1 :"93

08/31/83

08/31/93

08/31/93

08/31/83
08/31/93

08/31/93

08/31/83

08/31/83

08/31/83

08/31/93
08/31/93

0300**

0348

0450

0500

0650

0630"*

0735

0835

1245

1300**

1400

2241

Shift Manager dispatched an ice condenser team to go into
the ice condenser to evaluate the situation.

Shift Manager reported that Bay 21 had indication of ice
melting. One or Two doors were cracked open and would not

close. (Subsequent investigation determined that Bay 22 was
actually the bay affected.)

Shift Manager reported that up to 6 feet of ice had meited in
Bay 21 (actually Bay 22) and that 4 doors are not fully closed.

Operations Staff and Control Room personnel discussed the
effect of the open ice condenser doors. A decision was

reached to authorize manually hold the doors closed since
containment pressures had returned 10 normal.

Two ice condenser lower inlet doors were held closed by
personnel and listed in the TS Log.

Entered Moge 4.

Attempted to install leak repair pipe cap on leaking drain.
Attempt was unsuccessful due to the volume of steam leaking.
Entered Mode 3.

Re-entered Mode 4.

McGuire site management requested a Significant Event
Investigation Team (SEIT) A separate McGuire site
management te. 1 was formed to investiozte and determine
actions necessary to recover from the event.

Briefed NRC Region I, NRR, and AEOD via conference call.

Decision made to continue cooldown to Mode 5 by site
management team.

Control Room notified of the decision to proceed with
cocldown to Mode 5.

Entrance meeting heid with the SEIT.

Entered Mode 5.



08/01/83 0100** Installed leak repair pipe cap on leaking drain and secured the
eak.

- Ingicates approximate times as determined through interviews and security door
entry l0gs.
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SEIT CHARTER



Charter of the
Significant Event Investigation Team

Purpose

The Significant Event Investigation Team (SEIT) ensures that
a significant operational event is investigated in a timely,
systematic, and technically sound manner, and that a
complete understanding of such an event and lessons learned
is achieved.

Scope

Significant operaticnal events that should be considered for
a SEIT may inciude, but are not limited tn, the
characteristics as identified in Enclosure 1.

Team Composition

The SEIT will function as the asuthoritative investigation
team for Duke Power Company. The SEIT is composed of a Team
Leader, Nuclear Services Safety Assurance Manager or
alternate, and & team composed of technical area experts
depending on type of event. Additionally, non-Duke
personnel, such as INPC, EPRI, or Owners Groups, may be
selected as SEIT members where desirable.

Method of Operation

The SEIT will be activated in response to a request from the
Nuclear Station Manager, the Site Safety Assurance Manager,
or the Site Vice President. The regquest to activate the
SEIT may be made to the Manager, Nuclear Safety Assurance or
to the General Manager, Nuclear Services.

SEIT activation should occur within twenty-four hours post-
event. The Team Leader will promptly notify the team
members and others as necessary. The SEIT will perform the
event investigation to ensure that the causes and any
contributing factors to the event are understooa. The SEIT
will also ensure that all operational safety concerns are
properly addressed.

An Entrance Meeting with station management will be held to
discuss the activities of the Teanm.

The SEIT Teasm Leader will discuss newly-identified concerns
with the Station Manager and department management at least
daily.

The following aspects will be addressed by the SEIT. Other
investigative aspects will be pursued when necessary as
well.




10.

Development and validation of a sequence of events
associated with the event. This sequence should begin
with plant conditions immediately prior to the event,
including known significant deficiencies in safety-
related and balance-of-plant equipment, and extend
until the plant is stable.

Evaluation of the significance of the event with regard
to radiological consequences, safety system
performance, and plant proximity to safety limits as
defined in the Technical Specifications.

Identification of procedurer in use at the time of the
event, and used to recover from the event. Evaluation
of the effectiveness cof these procedures will be
performed.

Evaluation of the adeguacy of administrative controls
and implementation of those controls in relation to the
event.

Evaluation of the accuracy, timeliness, and
effectiveness with which information on the event was
reported to NRC. Also, event classgification will be
evaluated.

identification of any human factors, training, or
procedural deficiencies related to the event.

Determination of the impact of the following on the
event: plant material condition; quality of
maintenance; responsiveness of engineering to
identified problems.

Evaluation of operator action during the event and
subsegquent plant recovery.

Evaluation of management involvement during the event
and subsequent plant recovery.

For each equipment malfunction or inappropriate action
to the extent practical, determine:

&. Root cause.

b. I1f the eguipment was known to be deficient prior
to the event.

c. I1f equipment history would indicate that the
equipment had either been historically unreliable
or if maintenance or modifications had been

recently performed.



d. Pre-event status of surveillance, testing (e.g.,
Section XI), and/or preventive maintenance.

e. The extent to which the equipment was covered by
existing corrective action programs and the
implication of the failures with respect to
program effectiveness.

Report to Management

The SEIT will hold an exit meeting with station management
and will discuss results of the investigation in regards to
causes, consequences, and areas of concern. Any corrective
action requiring completion prior to entering subsegquent
modes of operation will be identified to station management.
A written report will be subsegquently issued, identifying
all findings and recommended corrective actions.

Copies of the final report will be provided to the Senior
Vice President, Nuclear, Site Vice Presidents of Duke
stations and General Manager of Nuclear Services. Any
generic concerns that could apply to other Duke stations
will be identified under the guidelines cf the Operating
Experience Program. Event will be shared with industry via
INPO Nuclear Network or other means &s deemed appropriate by
Operating Experience Assessment group of Nuclear Sexvices.



a)

b)

<)

d)

e)

£)

9)

Enclosure 1

GUIDELINES FOR SEIT ACTIVATION

An event that is sufficiently complex, unique, or not well
understood such as to warrant an independent investigation.

An event involving loss of a safety function or multiple
failures in systems intended to mitigate plant response.

A significant radioclcgical release to unrestricted areas, or
personnel overexposure.

A significant loss of fuel integrity, reactor coclant
inventory, containment integrity or, primary or secondary
pressure control.

lLoss of Offsite Power.

Inadvertent reactivity changes.

Shutdown Events:

-~unexpected transfer or loss of significant reactor
coolant level

-significant degradation of decay heat removal
capability

-primary or interfacing systems overpressurization



SEIT REPORT
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b)
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d)
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f)

9)

Enclosure 1

GUIDELINES FOR SEIT ACTIVATION

An event that is sufficiently complex, unigue, ©°F not well
understood such as to warrant an independent investigation.

An event involving loss of a safety function OF multiple
failures in systems i{ntended to mitigate plant response.

A liqniticnnt radioloqicnl release tO gnrestricted areas, ©oF
potsonncl overaxposure.

A signi!icunt loss of fuel integrity., reactor coolant

inventory, containment { tegrity OF. primary or secondary

pressure control.

Loss of pffsite Power.

Inadvertent reactivity changes .

shutdown Events:
-unexpected transfer OF loss of liqniticnnt reactor
—siqniticcnt doq:adation of decay hesat removal
capability

-primary or interfacing systems ovorpxoslnzizntion
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Significant Event Investigation Team
McGuire Unit 2
Aug, 31, 1993 Steam Leak Inside Containment

Sept 4, 1993, Rev 1

I. Executive Summary

On Aug. 31, 1993 during an attempt to stop leakage by valve 2CF-130
a pipe cap came off during removal attempt on the pipe downstream
cf the valve resulting in a significant discharge of steam from the
secondary side of S/G 2A. The increase in containment pressure
resulted in opening ice condenser doors and required cooldown of
the unit to terminate the leakage.

A SEIT team was assembled and arrived on site the afternoon of 8/31
to begin an independent assessment of the event and the plants
corrective actions. The team has reviewed the initial transient
caused by the steam leak, the resulting cooldown of the unit,
maintenance activities being performed on 2CF-130, management
oversight of the vendors performing the work, and the other areas
related to the event as described in the following sections.

From the disassembly of 2CF-130, the cause of the valve leakage was
the incorrect installation of the spring guide on the valve disc
assembly. This caused the valve plug to be held off the seat and
effectively locked the valve handwheel. The valve could not be
closed under these conditions. Subseguent post maintenance testing
failed to discover this condition until leakage was observed around
the pipe cap dovnstream of the valve after the plant reached full
temperature and pressure conditions.

The main conclusion of the team is that the initial event was
primarily caused by incorrect maintenance practices associated with
the previous repair of 2CF-130. The resulting leak repair was
viewed as a routine activity and normal work planning process
resulted in an attempt to remove the existing pipe cap and
subsequent steam leak due to direct leak path through valve 2CF-
130. On-line leak repairs of ron-isclable leaks on high energy
systems involve special considerations that need to be discussed
with all involved individuals to establish a thorough understanding
of the course of action by all groups.

several other related events are discussed in the following
sections with associated rcot causes identified. Section X is a
summary of the recommended corrective actions to be completed prior
to Mode 4 and long range corrective actiocns.




II) SEIT Team Composition

SEIT team was composed of following:

Team Leader:

Morris Sample, Manager of Safety Assurance, Nuclear
Services
Rich Casler, Operations Group, Nuclear Services
Steve Hart, Maintenance Support, Nuclear Services
Tom Ryan, Manager Operational Event Analysis,
Nuclear Services
Jim Allgood, Safety Review, McGuire Safety Assurance



I11) Sequence of Events

After ;eviewinq the operating records and personnel interviews the
following sequence cof events was developed:

Date

08/05/93

08/30/93

08/31/93

08/31/93

08/31/93

08/31/93

08/31/93

08/31/93

08/31/93

08/31/93
08/31/93
08/31/93
08/31/93

-3
[N
8
L]

0038

0115

0140

0348

0445

0500

0650
0735
0835
1245

Description

Repairea valve 2CF130 per WO 92041833. Pipe
cap replaced.

Performed Functional Verification valve 2CF130
per WO 93012110. This involved visual
inspection for leaks following repair.

Attempted leak repair on pipe cap downstream
of 2CF130 per WO 93063230, MP/0/A/7650/077~
On-Line Leak Sealing 1Initial Injection,
Temporary Modification, and USSI procedure
USSI-NP-15 Modification Thread Injection Cap.

RP reported that pipe cap had blown off drain
line at valve 2CF130. One Vendor was burned
and transported to University Hospital. No
contamination was present.

Commenced Reactor Coolant System
depressurization due to Containment pressure >
0.3 PSIG. Weighted Average Temperature
reached 133 degrees Pressure reached 0.45 psi.

lce Condenser temperature > 27 degrees,

declared inoperable in TS Log.

Shift Manager reported that there were
indication of ice melting. One or two doors
were cracked open and would not close.

Shift Manager reported that ice had melted and
that 4 doors are not fully closed.

Two Ice Condenser doors were blocked closed by
personnel and listed in the TS Log.

Entered Mode 4.
Re-entered Mode 3 due to plant heat up.

Re-entered Mode 4.

Decisgion made to continue cooldown to Mode 5.



09/01/93 0200

Leak was stopped by installation of specially
modified USSI pipe cap.



IV) Radiological Consegquences

The steam leak was irom the secondary side of S/G 2A and did not
result in any release of radicactivity inside the reactor building.
The perscnnel involved in the work were not contaminated as a

result of the leak and no offsite releases were made as a result of
this event.

V) Safety System Perfornance

The safety system response to the initial event involved opening of
the ice condenser doors in response to the increased pressure in
lower containment. All but four of the lower ice dcors ocpened
during the event. Attachment 1 is the technical evaluation
verifying that this response was fully satisfactory under the
transient conditions.

All other system response wr*® normal during the cooldown and
depressurization of the unir.

Prior to this event, NV-1, Letdown Is-.ation had failed shut
causing the cperators to use excess letdown. During the cooldown
and depressurization this caused the¢ operators to keep pressure
higher than normal during the cooldown, but still within the
pressure temperature limits.

Vi) Proximity to Safety Limits

During the initial transient when the leak occurred, the building
pressure peaked at .4. psig which is below the actuation setpoint
for safety injection and building spray. The subsequent cooldown
and depressurization were well within the boundaries of the
pressure/temperature coocldown curve. No other system parameters
approached any safety limit or any safety system actuation
setpoint.




VIiI) Event Response

The response of the Operations crew and management were appropriate
prior to, during, and after the event with the exception of the
inadvertent entrance intoc Mode 3 during the cooldown of the plant
to stop the steam leak in containment. Operations management was
present in the control room shortly after the initiating event and
provided assistance to Shift Supervisor throughout the initial
response to the event.

The root causes, for the re-entry intc Mode 3, were the Operator at
the Controls’' (CATC) lack of communications with the crew on the
increasing Reactor Coolant system (NC) temperature and the lack of
awareness that the Mode 3 conditions were met. The OATC, after
assuming the controls, allowed NC temperature to slowly increase
because of his concern of being close to the over-pressure
protection limit, 320 F., on the cooldown curve. NC temperature at
shift change was 340 F. The OATC from the night shift had stopped
the cocldown at this point because the operators try tc allow at
least a 20 F cushion from the 320 F limit and they wanted the plant
to be as stable as possible during shift turnover.

The day shift OATC felt he needed to allow temperature to drift up
higher to give him mocre margin from this administrative limit
The OATC communicated his intent to the Balance of Plant operator
(BOP) but temperature values were not given. As the NC temperature
increased to 345 F, the OATC tock actions to stabilize temperature
by opening the steam generator blowdown valves. After about 15
minutes the OATC noted NC temperature was still increasing. He
started throttling open the condenser dump valves. He was able to
stop the temperature increase at a temperature of about 366 F.
Even though the OATC knows the Mode 3 criteria, it did not occur to
him at this time that he had entered Mode 3.

For this particular shutdown, an important plant parameter was NC
temperature. The purpose of the shutdown was to reduce a steam
leak on a steam generator drain line. The plan was to cooldown the
NC system far enough to allow a p‘pe cap to be placed on the
leaking line. Based on this, the OATC should have communicated to
the crew that he was allowing the temperature to increase.

The increase in temperature was noticed by the work crew in
containment due to the steam leak rate increasing. They reported
this to the shift supervisor. The shift supervisor investigated
and noted that the NC temperature had been allowed to increase and
instructed the OATC to reduce temperature down to about 340 F.

1f the OATC had communicated his intent to allow temperature to
increase, the discussion of this may have resulted in a crew member
communicating a caution to the OATC about approach to Mode 3
conditions and cculd have prevented the plant from entering Mode 3
inadvertently.



The three NRC notifications were timely and appropriate. The
notifications were:

-- Cooldown required by Technical Specifications caused by the
steam leak in containment increasing containment pressure and
temperature above Technical Specifications limits.

ESF actuation when the ice condenser doors opened due to the
steam leak in containment.

-~ Duke Power press release to the public concerning the steam
leak event inside containment resulting in a delay in the
return to service of Unit #2.

The Duke Power press releacse was timely and appropriate.

After containment pressure had returned to normal range,
Operations' management present in the control room discussed the
concern that two of the ice condenser doors remained slightly open.
After a thorough discussion of safecy concerns and the effect this
would have on further degradation of the ice bed, they made the
decision to hold closed two of the 24 ice condenser doors that

would not stay <closed. This decision is considered to be
appropriate and timely and prevented further inappropriate loss of
ice inventory. This action enhanced the ability of the Iice

condenser to respond to any further challenge had this been
necessary during the subsequent cooldown. Attachment 2 gives the
technical evaluation of blocking the function of these ice doors
during cooldown.

The release of steam in lower containment resulted in opening the
ice condenser doors and tome local ice melting in the bays adjacent
to the leak. This caused water to drain from the ice condenser
through drain lines into lower containment, and resulted in
temperature and humidity in ice bed exceeding ncrmal operating
limits. Refreezing of this watar and moisture could cause lower
inlet docors to become stuck end froct buildup on ice bed
structures. Thorough insgzcilza of the ice condenrer will be
necessary to insure any degradation that could affect Iice
performance is corrected.



Recommer.dations

Prior to startup, the operability of ice cundcenser shall be fully
verified including required ice inventory, lower condenser inlet
doors, ice condenser drains and verification that frost buildup
will not adversely affect ice condenser performance.

rior to startup, an evaluation of all equipment in containment
exposed to elevated temperature, humidity and water drained from
ice condenser shall be completed ¢» verify cepability to perform
it's intended function. This shall IiInclude considerations of
environmental qualifications of affected components.

Emphasize to the operating crews the importance of complete
communications of important plant parameters to allow the crew to
function as a team to enhance thée response to plant conditions.

Develop and implement actions that will heighten the awareness of
the crews to the plant approaching Mocde change conditions.

Document the items that need to be considered and satisfied prior
to making the decision to block the ice condenser doors closed.
This guidance should be placed in an op2ration's procedure such as
the ice condenser annunciator response procedure.



VIII) wWork Control Practices

All Work Control packages associated with work on 2-CF-1 9 frum
1/82 to pr.osent were reviewed in detail including associated
procedures. Station and vendor perscnnel were interview:d and all
information and actions associated with this leak repair job were
discussed. Qualifications of the vendor personnel from USSI were
considered fully adequate for this activiiy, which had been
successfully performed on previous occasions.

After these discussions it was apparent that all groups involved in
the work planning and execution did not fully understand all the
essential facts concerning work order 93063230 for lsak repair of
2CF-130. 1If a thorough discussion of all available information had
occurred, & different leak repair method might have prevented this
event.

Incorrect use of the Work Origination Screen caused crucial
information dealing with bad pipe threads not to be transferred to
the printed Work Order. The Planner understood the concerns with
the threads. but did not documert this as-found condition in the
Wwork Package. He did verbally communicate to the vendor interface
that bad threads or cross-threading was probable. It was not clear
if the vendor technician on the job was aware of this conceira.

Operations was not aware of the change made in the leak repair
procedure which allowed removal of the pipe cap. Operation's
understanding was that this type of repair consisted of drilling a
hole in the existing pipe cap and injecting a leak repair compound
into the pipe cap. However, maintenance perscnnel believed
Operations was aware of this change by their sign-off on the
Maintenance Procedure, which describes the plan to remove the
existing pipe cap.

The root cause involves treating this maintenance activity as a
routine event which did not trigger any additional discussions
outside of normal maintenance planning activities. The as-found
condition of the pipe threads was not fully communicated or
documented in the work package and operations personnel were not
fully aware of the intent to remove the existing pipe cap in the
repair process.



Recommendations:

Any maintenance activity involving the potential for a high energy
release should be treated as a non-routine job and require a pre-
job planning meeting with all involved groups and a thorough
understanding of the maintenance activities to be performed.

Enhance the work control process to ensure all critical as-found
condition information is included in the work package
documentation.



IX EQUIPMENT MALFUNCTIONS

The root cause of the failure of Kerotest drain valve 2CF-130 to
isolate flow was the improper reassemb. y of the valve due to
personnel error in following the maintenance procedures. During
final reassembly of the disc assembly, the spring guide was
installed upside down. When inssrted in the valve, the improper
configuration of the spring guide prevented the disc assembly from
contacting the seat, prevented the diaphragms from seating and
therefore prevented the valve from properly stroking. These
conditions were verified during an as-found evaluation of valve
2CF-130 in the MNS Hot Machine Shop on September 2, 1993,

Factors that possibly cont:i’buted to the personnel error were the
valve location, orientation (stem down), lack of clarity in the
Maintenance Procedure on how to assemble the disc/ spring guide/
spring/ disc cap, and the similar appearance of the disc assembly
in the correct and incorrect configuration. All personnel were
gqualified to work on Kerotest valves.

The present Post Maintenance Test process would have identified
this prohlem if the valve had been stroked during the functional
verification test as required. Failure to follow the PMT procedure
was a contributing root cause.

Direct monitoring of valve leakage during the system fill and

initial pressurization would aliow more and safer repair options
before high energy conditions are achieved.

Recommendations:

Emphasize to all valve technicians the consequences of improper
spring gquide installation and the importance of following
procedures. The consequences of this event should be included in
these discussions.

Enhance the Kerotest Maintenance Procedure to emphasize proper
spring guide installation prior to further use.

Enhance the Post Maintenance Test process to ensure direct seat
leakage verification is performed, when practical, during fill
and/or pressurized conditions.

Prior to startup, evaluate the consequences of improper maintenance
on other Kerotest packless valve applicaticns and take appropriate
action.



The root cause of the ejected pipe car was inadequate controls in
the procedure to ensure minimal pressure existed prior to cap
removal, aggravated by gross leakage through the drain valve and
damaged pipe threads. The possibility of a combination of damaged
threads, crossed threads, and inadequate thread engagement could
provide a configuration that may not cause the leakage to respond
as expected during loosening and agitation of the pipe cap. The
vendor's previous practice has been to slowly loosen the pipe cap
which allows pressure to bleed down or indicates that valve leakage
is excess.ive. The vendor relies heavily on their training and
“good practices” to conduct their unigque repairs and has a
remarkable safety record.

Because of the frequent installation and removal of pipe caps, the
potential for thread damage is high. A method of monitoring and
improving thread conditions or using connectors other than the
conventional pipe threads would improve safety, integrity, and
efficiency.

Recommendations:

Investigate and implement methods cf improving the safety of on-
line leak repairs, including pipe cap removal considerations.

Immediately suspend pipe cap removals in pressurized high energy
systems until improvements are made in the method of determining
any potential leakage tnrsough isclation valve.

Deveiop a process to ensure adequate integrity of vent and drain
pipe cap threaded connections.

Investigate methods of improving the performance of vent and drain
operations including new valve and cap designs/configurations.



2NC-14, a 3" Walworth globe valve, was discovered to have a
pressure seal leak during unit cooldown. The bonnet leak was
repaired initially by injecting sealant compound just above the
seal ring through two drilled holes in the bonnet, 180 degrees
apart. When leakage later developed at the yoke/bonnet threads,
injection holes were drilled through the yoke and sealant compound
was injected to stop the lcak. This repair was evaluated as
satisfying the construction code stress allowables and, therefore,
in compliance with ASME Section XI. Repair of 2NC-14 would involve
a complete drain-down below the coolant loops and waa not judged
advisable for this outage.

2NV-1, Reacter Coolant Letdown Isclation, failed closed due to a
short in a wire between the terminal box and the scolenocid valve,
apparently from damaged insulation. Root cause of the damaged wire
has not yet been determined. The conduit containing the wire showed
no signs of moist.i> intrusion from 2NC-14 leak in the same general
area. The leziage on 2NC-14 did not appear to contribute to this
failure although it did influence the timing of th« repair to 2NV-
1. Due to the loss of normal letdown, the operators were on excess
letdown during the cooldown.

Recommendation:

Further investigation of the failure mechanism for wiring on 2NV-1
should attempt to determine likely cause of failure and possible
corrective action to prevent this type of failure. Installation
methods for electrical leads should be reviewed to determine any
potent!al for damage.



X)

Recommendation Summary

Following is a summary of the recommendations made in the detail
sections above. It is anticipated that the plant will track
resolution of these recommendations to completion.

Prior to Entering Mode 4:

A)

<)

D)

Long

E)

F)

G)

H)

Operability of the ice condenser shall be fully verified
including required ice inventory, operation of the lower
inlet doors, drains are clear and verification that frost
buildup will not adversely affect performance of the ice
condenser.

An evaluation of all equipment in containment exposed to
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