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on 1/5/99 PBNP discovered that the Unit 1 common mini-recirculation flow line return to
the refueling water storage tank (RWST) for the SI and containment spray (CS) pumps would |

Inot pass flow. The line was frozen due to a partial failure of the freeze protection heat
tracing for this piping. Both SI pumps and both CS pumps were declared out of service and
the provisions of TS 15.3.0.B were entered at 1240 CST. ENS notifications were made at
1412 for a condition outside the design bases and at 1515 for initiation of a shutdown
required by TS. A notice of enforcement discretion (NOED) was requested and approved by
the NRC to permit six additional hours to complete a realignment and 50.59 evaluation to
parmit use of the full flow SI test line as an alternate recirculation path for the B SI
pump and to complete an operability determination for the CS pumps. The NOED was verbally
cpproved at 1820. At 2234 efforts to thaw the mini-recirculation line were successful. At
0026 on 1/6/99, the B SI pump and both CS pumps were returned to service and the action I
statement of TS 15.3.0.B was exited. Unit i returned to full power at 0924. At 2108 the A I
SI pump was declared operable using the mini-recirculation line. A safety assessment
concluded that the SI pumps were operable during the event and would have performed their
dssign function under postulated accident or transient conditions.
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Event Description: )
On January 5, 1999, the Point Beach Nuclear Plant (PBNP) operating staff discovered
that the common minimum recirculation flow line return to the refueling water storage
tank (RWST) for the Unit 1 safety injection (SI) and containment spray (CS) pumps was
plugged due to being frozen. This was determined from unsuccessful attempts to pass
flow through the line utilizing the refueling water circulating pump (P-33). The
purpose of the minimum recirculation line is to pass sufficient flow from the SI and
CS pumps when operated against their shutoff head to prevent damage to the pumps.

j

The RWST and portions of the recirculation line are located in the Unit 1 facade, 1

which is an unheated enclosure surrounding the reactor containment structure.
Outside air temperatures at the time of the discovery of this event were below minus
10 degrees F. Although a heat trace circuit (FF-01-22B) is provided to prevent this
line from freezing during cold weather, a portion of that circuit was not functioning
at the time of this event. Efforts were initiated to thaw out the frozen portion of
the piping using a hot air kerosene heater.

Since no flow could be established through the line, the operating staff declared the
SI and CS pumps inoperable at 1240 CST on January 5, 1999, and entered the required
actions of Technical Specification (TS) 15.3.0.B. Specification TS 15.3.0.B requires
that:

"In the event an LCO cannot be satisfied because of equipment failures or limitations
|beyond those specified in the permissible conditions of the LCO, action shall be
|

initiated within one hour to place the affected unit in:
:
1

1. Hot shutdown within seven hours of entering this specification; I

AND
2. Cold shutdown within 37 hours of entering this specification."

An initial ENS notification to the NRC was made at 1412 CST in accordance with 10 CFR i

50.72 (b) (1) (ii) (B) after discussions between regulatory services and design basis )
engineers established that the unavailability of the minimum recirculation line to
the RWST placed Unit 1 in a condition that was potentially outside the design basis
for the plant. A second notification was made to the NRC at 1515 CST in accordance
with 10 CFR 50.72(b)(1)(i)(A) after the plant had commenced a unit shutdown at 1506
CST.

An engineering evaluation of the condition of the minimum recirculation line
determined that the CS pumps were operable but degraded. These pumps are single
stage centrifugal pumps and are not very susceptible to overheating damage if run at

,

shutoff head. Additionally, the discharge valves for these pumps receive an open i

signal ten seconds before the pump breakers close; therefore there are no operating
conditions that would impose a shut off backpressure on these pumps. The potential |
for thermal over pressurization of the CS suction header due to ambient temperature !

changes was also evaluated. Although this overpressurization was considered unlikely
due to normal valve seat and packing leaks.and pump seal leaks, provisions were made
to monitor the CS suction header pressure twice per shift while the recirculation
line remained inoperable.

A second engineering evaluation looked at the operability impact on the SI pumps.
This assessment determined that the B train of SI could be made operable by utilizing
the installed full flow test line with flow throttled to the capacity of the minimum
recirculation lir.o. The engineering staff commenced preparation of the necessary
operability determinations, safety evaluations, work plans, and r ecedure changes to

WRC FORM 366A (4-95)
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document this operability and to accomplish the SI realignment; however, it was
apparent that all these tasks could not be accomplished before the expiration of the
seven hours allowed by the LCO.

At approximately 1530 CST the PBNP Manager's Supervisory Staff (MSS) (on-site nuclear
safety review committee) met to review these issues. The MSS recommended that a
request for a one time enforcement discretion be made to the Nuclear Regulatory
Commission to allow an additional six hours prior to meeting the action requirements
of TS 15.3.0.B, (that is, to allow up to 13 hours for placing Unit 1 in hot shutdown
and 43 hours for placing the unit in cold shutdown following entry into the j
Specification). This extension of up to 6 hours would allow for completion of I

related procedure changes, documentation of operability determinations and related
evaluations pursuant to 10 CFR 50.59 until 0140 CST on January 6, 1999.

Discussions concerning this enforcement discretion request were held with NRC Region ,

III personnel, the PBNP NRC Senior Resident Inspector, and the NRC NRR Projects staff
at approximately 1630 hours CST on January 5. While the NRC was considering the
request for enforcement discretion, the licensee staff proceeded with the work plan
to modify the alignment of the recirculation path for the B safety injection pump.

;

Verbal approval of the enforcement discretion request was received at approximately |

1820 CST. A letter documenting this request was submitted on January 6, 1999. The
.

Written confirmation of the NRC approval of this request was documented in a letter i

dated January 8, 1999. |

l

At approximately 1800 CST a work plan (WP 99-003) was initiated to realign the Unit 1
P-15B safety injection pump recirculation flow to the full flow test line. At 1815
the full flow line was throttled to limit recirculation flow to 110 GPM. The
alignment was logged as' complete at 1832 CST.

An operability determination was completed and approved at 2038 for use of the Unit 1
mini-recirc line once the line was thawed. This determination addressed the concerns
of overpressurization of the line while the line was frozen. At 2230 another
operability determination was completed which determined the containment spray pumps
to be operable but degraded without the recirculation line inservice.

In addition to the placement of a heater mentioned previously, efforts to thaw the
line included removal of short sections of the asbestos pipe insulation to facilitate
the attachment of a welder at two points on the recirculation pipe, one near the
floor of the facade and the other approximately two thirds of the way to the top of

i

the RWST. The welder was energized at about 2230. At 2234 CST, these efforts to '

thaw the recirculation pipe were successful and 58 gpm flow was established through
the line using.the P-33 pump. At 2236 a visual inspection of the Unit 1 RWST
recirculation line was completed with no leakage detected. The welder was secured at
2248. Following the thawing of the frozen pipe, the RWST was left in recirculation
using the P-33 pump to assure continued availability of the recirculation path.

At approximately 0026 on January 6, 1999, a completed and approved 10 CFR 50.59
safety evaluation for Unit 1 P-15B SI pump modified recirculation alignment was
delivered to the control room. At that time the IP-14A/B containment spray pumps and
the IP-15B SI pump were returned to service. Unit 1 exited the T.S. 15.3.0.B.1
action statement and entered a 72-hour LCO per T.S. 15.3.3.A.2.b (which started at
1240 on January 5) for IP-15A SI pump out of service. Unit 1 was then released for
return to full power. At 0924 CST Unit 1 was at 100% power. At 2108 CST, SI pump P-
15A was returned to service following satisfactory testing using the minimum
recirculation line to the RWST and the 72 hour LCO on this pung was exited.

NRC f ORM 366A (4-95)
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Cause:

A root cause evaluation team (RCE 99-003) was chartered on January 6, 1999, to
investigate the circumstances regarding this event to identify and evaluate the root
and contributing causes, and to identify proposed near term and long term corrective
actions. The final report of this evaluation was completed on February 12, 1999.
The following discussion of direct and apparent causes of this event is based on the
RCE investigation.

The direct cause of this event was the failure of the heat tracing on the RWST
recirculation line. This piping is provided with two heat trace circuits; however,
the circuits provide little or no overlap to ensure continued freeze protection of
the recirculation line in the event of failure of one of the circuits. The heat
tracing installed on this piping dates from original plant construction in 1970.
Until the asbestos pipe insulation can be removed and the heat trace cable examined,
the cause of the circuit failure cannot be determined. However, it is likely that
the failure is related to end of service life considerations. )

i

On December 22, 1998, at approximately 0625, a facade freeze (FF) protection alarm
'

was received on Point 133 on the FF Temperature Recorder, TR-4178. This point is |
listed as " Unit 1 T-13 RWST Inlet" and is associated with heat tracing circuit for |

'

the RWST recirculation line. The outside temperature at the time of this alarm was
minus 30F. . Procedure OI-106, 'Fagade Freeze Protection System Operation," was
entered. Initial actions included placing the alarm in bypass and initiating a work
order request to trouble shoot the alarm point. Based on several considerations,
including the proximity of the inlet line to the heated RWST, the fact that Point 126,

'

associated with circuit 1FF-01-07A on the same line was reading normally, and past
experience with similar alarm conditions; the on-shift operations personnel concluded
that the heat trace circuit was still functional and that the alarm was probably due
to a faulty thermocouple. The system engineer reviewed these considerations
approximately 18 to 24 hours after the alarm with the shift operating personnel
during their next shift and concurred with their conclusion. These personnel
recognized the safety significance of the flow through the recirculation line for SI
pump operability. However, other freeze protection concerns which were being
experienced at this time, including multiple other FF temperature alarms and the

| freezing of a steam generator blowdown flow sensing line, resulted in distraction of
| their attention to this condition. The failure to verify and validate their
i assumptions concerning the cause of the RWST low temperature alarm is a contributing

cause of this event.

As a result of the failure to recognize this alarm as being a potential operational
concern, the work order associated with this condition was given a low work priority
by the work control center screener. On December 31, 1998, this freeze protection
circuit was placed on the Priority Equipment List and the work priority increased
from a Level 6 to Level 5 by the production plc.nning group; however, no actions were |

taken to assess the reason for this alarm condition or the effect on the piping
protected by this heat trace circuit until January 5, 1999. On that date the NRC
Senior Resident Inspector questioned the condition of the RWST recirculation line
which led to the discovery that this line was frozen.

Analysis of temperature recorder data for the RWST piping thermocouples, subsequent
to this event, indicates that this circuit probably failed in April 1998. The alarm
which occurred on December 22, 1998, was the first occasion this season of outside
temperatures falling below 0 degrees F. An annual preventive maintenance call up to

NRC FORM 366A (&95)
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measure and record the current readings in the facade freeze protection circuits was
originally scheduled for May 1998. This PM was actually conducted beginning on or
about December 18, 1998, and identified that the current for this freeze protection
circuit was reading approximately one half of the design, or expected, value. (The
results of the 1997 PM showed that the circuit was reading normally.) The failure to
conduct this preventive maintenance before the onset of cold weather and the failure
to promptly investigate the reason for the abnormal current reading also are
contributing causes to this event.

Corrective Actions:

A team investigation and root cause evaluation (RCE) of this event has been performed.
This evaluation focused on the factors leading up to the freezing of the FF protected
piping by gathering information, conducting interviews, constructing a timeline, and
identifying dominant failure modes evident from this event. A detailed review of past
PBNP and industry operating experience associated with cold weather problems was
included in this evaluation. This evaluation identified the root and contributing
causes of this event and identified corrective actions to prevent recurrence. The RCE
commenced on January 6, 1999, and was completed on February 12, 1999. Significant
corrective actions identified in this RCE, and not previously described in this LER
are identified under the heading " Additional Corrective Actions to Prevent

|

,

Recurrence". '

Immediate Corrective Actions-

1. Efforts were initiated to thaw the frozen line using a hot air heater and heating j
the piping with a welder. These efforts were successful in thawing the line at i

2234 on January 5, 1999. A visual inspection of the recirculation line was
completed after flow was established. There was no evidence of leakage or damage
to the piping.

2. After the line was thawed and flow established, the recirculation line was left on |
continuous recirculation using the P-33 pump to prevent refreezing until additional
heat tracing was installed.

3. Actions were completed to establish an alternate recirculation path for the B train
SI pump using the full flow SI test line. These actions included preparation of an
operability determination, an approved work plan, and a 10 CFR 50.59 evaluation.
The alternate flow path was established at 1832 on January 5 and the B SI pump was
declared operable at 0026 on January 6, 1999.

4. An operability determination to evaluate the condition of the recirculation piping
as a result of the freezing of the pipe contents was completed at 2038 on January
5, 1999.

5. During the duration of the NOED the following compensatory measures were taken:

e As mentioned above, realignment and testing of the B train of SI was comp]eted and
the configuration described to the operating crews prior to the assumption of shift
duties. The operators were alerted to the condition of the recirculation line and
the potential need to take action, prior to the system being realigned, to ensure
the SI pumps have the required minimum recirculation flow.

NRC FORM 366A (445)
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e Operations initiated walkdowns of other fluid systems utilizing freeze protection as
well as other cold weather protection provisions to ensure other required systems
remained operable and capable of performing their functions.

eShiftly monitoring of the high flow test line heat tracing circuit was conducted.

| e Temporary procedure changes to the EOPs were implemented for valving changes required
by the 50.59 evaluation. These changes were provided to operations personnel prior
to assuming their watch for the period of re-alignment.

Interim Corrective Actions:

i 1. A FF system walkdown was performed by the system engineer and electrical maintenance

| personnel that included a full point to point heat trace electrical check.

2. Numerous system walkdowns have been performed by maintenance, engineering and
operations personnel to identify other piping within the Unit 1 and Unit 2 facades
that is potentially susceptible to cold weather related problems.

3. All FF callups have been identified and completed or verified complete.

4. A listing of open FF work orders was compiled and priority status updated as
required. Five additional contract electricians were assigned to work on the FF |

system work orders and discrepancies. j
,

|

5. A temporary change to Procedure OI-106, " Facade Freeze Protection System Operation,"
was approved on January 9, 1999. This change added a caution that temperature points
in bypass should be periodically monitored for freeze up, directs that engineering'

should be contacted if circuit identification is uncertain or labels are missing, and
! corrected numerous temperature point and circuit identification errors in the

attachments to the procedure.

6. On January 15 a temporary modification (TM 99-006) was completed which installed
additional heat trace equipment and ir sulation on the RWST recirculation line.

7. An engineering evaluation was conducted to determine and assess the safety
j significance of the loss of SI pump recirculation path during this event. The 1

results of this evaluation are discussed in the Safety Assessment portion of this'

LER.

8. The FF system had been included within the scope of the Maintenance Rule (MR)
following an expert panel recommendation in November 1997. However, following ani

| evaluation of the FF system for MR scope functions, only a subset of circuits
associated with the functions of RWST level instrumentation, main steam pressure
transmitters, and steam generator blowdown flow indicators had been flagged as MR
scope. Not all components in the FF system had been reviewed for MR applicability.
All FF components have now been flagged as within the MR scope.

9. As a result of this event, the SI system exceeded its MR allowable unavailability
time. Since the cause of this unavailability was the functional failure of the FF
system, the FF system has been now designated as an * (a) (1)" system.

Long Term Corrective Actions:

|
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1. Engineering evaluations of the facade freeze protection provisicns and the SI
recirculation piping design are underway. These evaluations will explore
recommendations for more robust, permanent solutions to the facade freeze protection
concerns and associated design issues identified in the root cause evaluation of this
event. Specific corrective actions identified by this evaluation are listed below in
the * Additional Corrective Actions to Preclude Recurrence" section.

2. The PBNP CHAMPS system (a plant wide equipment data base) has been reviewed to verify
that all tagged FF components are correctly identified.

3. The Master Data Book has been revised to reflect the current status of the FF system.

4. All outstanding fagade freeze protection system drawing change notices (DCN) have
been incorporated into the PBNP drawing system.

5. .The FF annual callup and associated Form PBF-9195 will be revised to reflect the
current status of the FF system,

6. A review of all piping in the facade that does not have heat tracing will be done to
determine if additional heat tracing circuits are necessary.

7. A comprehensive review of all aspects of the preparations for cold weather operations
will be conducted to identify potential interface weaknesses between group efforts
and to ensure that these efforts are better coordinated.

Additional Corrective Actions to Prevent Recurrence

e Determine the best estimate service life for FF heat trace' circuits. (VII. 2 # 7)

e Determine the cause of failure of circuit 1FF-01-22B. (VII.2 #8)

* Identify other non-safety-related support systems whose functional failure may
adversely impact safety-related equipment. (VII.3 #8 Complete)

e Develop an action plan, including scope, to generate a set of as-built drawings for
heat trace. VII.3 #9.

* Evaluate the safety or power generation impacts of systems heated by the facade
freeze protection. For those systems important to nuclear safety, technical
speci fica tions, or continued power generation, include instructions in the alarm
response procedure to inform the DSS immediately. (VII.4 #9)

e Improve the alarm response procedure to ensure that the direct cause of the alarm is
determined, appropriate immediate actions are initiated, and appropriate priorities
are applied to work ordered equipment. (VII.4 #10 Complete)

e Provide detailed expectations for maintaining a questioning attitude. (VII.4 #11
Complete)

e Include provisions in the maintenance heat trace call-up to coordinate performance

NRC FORM 366A (4-95)
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and review of the call-up with system engineering. Include in the maintenance call-up
requirements to check the functionality of key freeze protection circuits components
such as thermostats and thermocouples. (VII.5 #5)

The lessons learned from this event have been incorporated into a case study fore

presentation to the majority of the PBNP staff. (VII. 7 #1)

A conceptual design report for providing a partial enclosure of the cold weather
sensitive equipment in the facade was issued on March 12, 1999 and presented to plant
management on March 18, 1999. Approval for further work on this design was approved.
The following tasks have been initiated within the design engineering group:

Begin replacement of all heat trace components within the facade that are*

considered vital to plant operations.

Continue evaluation of the fagade enclosure design to examine the potential*

benefits and liabilities of this modification and to identify an accurate cost
estimate and proposed schedule.

Safety Assessment:

In the event of an accident or transient that results in the SI pumps starting, but
where the RCS pressure remains above shutoff head, the recirculation line flow path
ensures sufficient flow through the pumps to prevent damage. Inadequate flow results
in pump heating and excessive vibration due to internal recirculation. In the extreme
case of no flow through the pump, pump damage and failure can occur over a very short
period of time (general estimates based on industry experience range from 30 seconds
to 2 or more minutes) rendering the pumps unavailable for injection once RCS pressure
has been reduced below SI pump shutoff head.

Freezing of the common recirculation path apparently had the potential to render both
SI pumps unavailable during such an event by preventing any flow through the pumps.
However, an engineering review and testing of system components has demonstrated that
the SI pumps would have remained available for any postulated event that would have
required their use for accident mitigation. Furthermore, while the frozen line would
have resulted in significant amounts of water spray at various locations within the
plant and a loss of water inventory available for injection, both of these
complications were determined to be inconsequential in overall accident mitigation.
Therefore, there was minimal safety significance associated with having the SI
recirculation line frozen. The following sections detail the various reviews, tests,
and findings made in the process of arriving at this conclusion.

FSAR/ DESIGN BASIS REVIEW

The functional requirements of the Safety Injection pumps to mitigate the consequences
of design basis accidents (DBAs) were reviewed and the Final Safety Analysis Report
(FSAR) licensing basis analysis were evaluated to assess the impact of the frozen
recirculation line. Specifically, the analysis associated with the postulated primary
and secondary system pipe ruptures were examined since these are the transients that
can result in a lowered reactor vessel level and threaten uncovery of the fuel.

During events which result in rapid depressurization of the RCS below the pressure of

NRC FORM 366A (4-95)
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the Safety Injection Accumulators (approximately 700 psig) and the Residual Heat
Removal (RHR) pumps, the Safety Injection pumps contribute minimally to accident
mitigation due to their small flow rate relative to these other sources.

In Loss of Cooling Accidents (LOCAs) or Steam Generator Tube Rupture (SGTR) events that
3

cause rapid depressurization of the RCS to between 700 psig and approximately 1500 psig
(shutoff head of the SI pumps), the SI pumps are relied on to provide makeup for lost
RCS inventory while other mitigating actions are occurring. In such events, the rapid
depressurization to below SI pump shutoff head ensures that they would have remained
available and capable of performing their design function despite the blocked
recirculation line.

While the Point Beach Nuclear Plant (PBNP) FSAR contains only a single size break for
SBLOCAs (4") and SGTRs (1 completely severed tube), sufficient generic industry
evaluations exist to qualitatively assess the impact of SBLOCAs and SGTRs of other
sizes. Based on this generic industry information, an SBLOCA ~2" diameter or greater,
would result in sufficiently rapid depressurization to provide flow through the SI
pumps within the first minute of operation. In the event that no other flow path were
available (which was not the case; see SI Recirculation Line Integrity below), this
provides a qualitative assessment scenario below which the SI pumps would not have been
available.

The cases of SBLOCAs less than 2" in diameter and SGTRs in general could naintain RCS
pressure sufficiently high that the SI pumps would not inject for a minute or longer.
Under these conditions, the charging pumps (if available) are the only means of making
up for lost RCS inventory until the RCS pressure has been sufficiently reduced. This
pressure reduction may be the result of continued energy and inventory loss through the
break, an intentional cool down and depressurization as directed by the Emergency
Operating Procedures, or both, j

This limited scope of accidents are a concern if the SI pumps have no minimum flow path
available. Under these conditions, when substantial high head safety injection would
be expected to begin at approximately 1400 psig, injection would be delayed until
approximately 700 psig when the SI accumulators begin to discharge. Depending upon the
various factors involved, this period could be protracted and RCS inventory loss
substantial.

ACCIDENT SIMULATIONS

To assess the facility's ability to respond to SBLOCAs and SGTR events without any SI
pump capability, three unannounced simulator scenarios were run by Licensed Operating
crews. The simulations (a 1.5" diameter SBLOCA and two SGTRs of various sizes that
kept RCS pressure above SI pump shutoff head for several minutes) demonstrated that in
each case the Emergency Operating Procedures as executed by the Operating Crews were
adequate in preventing core uncovery as indicated by core exit temperatures, and
prevented an increase in the consequences of the accident above what is typically seen
for scenarios where SI pumps are available. In each case the loss of the SI pumps was
promptly noted, and appropriate procedural actions taken. These included maximizing
charging, attempts to recover the pumps, and transitions to critical Safety Procedures
(CSPs) designed to rapidly depressurize the RCS and initiate injection from alternate
aources.

|

ICE PLUG INTEGRITY I
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Based upon a review of the available temperature history during this event, it is
unlikely that the recirculation line was continuously frozen, and it was probably
unobstructed for a significant portion of the 14 day period in question. However, the
installed temperature instrumentation is too limited to prove that this was the case.

A review of the methods used to melt the ice plug and common industry practices and
experiences with intentional formation of ice plugs for system isolation concluded that
while an ice plug existed, it was probably of sufficient size, location, and density to
remain intact during an SI pump start event.

SI RECIRCULATION LINE INTEGRITY

The piping in the low pressure portions of the SI recirculation line was reviewed to
determine if a start of the SI pumps would have caused a failure of the line or any of
its components that would have provided a viable flow path to prevent pump damage. The
piping was found to be able to withstand pump shutoff head. However, three diaphragm
valves connected to the recirculation piping would have been subjected to elevated
pressure. A failure of these valves would have provided a limited flow path.

Overpressure testing of two new diaphragm valves identical to those installed at PBNP
was performed at an independent test facility. The testing demonstrated that the
installed plant valves would have provided significant flow through a combination of
internal and external leakage. The valves responded as variable orifices,
accommodating flow rates that increased with pressure in excess of what would be
expected of a fixed sized orifice, valve, or other flow restriction. The valves leaked
immediately upon being subjected to excessive pressure (starting at ~400 psig) with no
discernable time lag. In addition, a degradation of the valves over the short period
of the tests (<1 minute each) was noted, as shown by increasing flow rates with a
constant inlet pressure.

A formal calculation was performed using the test result data to conservatively model
the behavior of the installed system of flow restriction orifices and diaphragm valves.
The calculation concluded that in the event of both SI pumps starting, there would have
been a minimum available flow of 78 gpm per pump. For an event that resulted in only a
single SI pump start, the flow through the pump would have been 88 gpm. This flow
compares favorably with the original design flow rate (70 gpm) of the flow limiting
orifices provided by the pump manufacturer and installed in the recirculation lines.

TIME TO FAILURE FOR SI PUMPS

Time to SI pump failure due to extended operation with various low flow rates was
evaluated. The time to failure is significant in bounding the types and severity of
accidents for which the pumps can be assumed to have failed.

In a response to a request for information for NRC Bulletin 88-04, the pump
manufacturer has stated that an SI pump can be run for up to 15 minutes with a minimum
flow of 70 gpm, 25 minutes with a flow of 110 gpm, and continuously with a flow of 225
gpm. However, plant operating experience early in the life of the plant (prior to
installation of a full flow test line) demonstrated these limits to be very
conservative. During In Service Testing (IST), the pumps were run on numerous
occasions for time periods well in excess of these limits with no indications of
degradation or damage. The average run time on 110 gpm flow was 42 minutes, with a
maximum time of 189 minutes (PBNP response to NRC Bulletin 88-04 dated 28 June 1988).
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To resolve the apparent discrepancy between the manufacturer's stated limits and
empirical plant experience, an evaluation of the safe operating times at reduced flow
rates was performed by an independent consultant with substantial experience in pump
design and operating issues. The analyses considered the effects of temperature rise
across the pump, internal (hydrodynamic) rotor support, Net Positive Suction Head
(NPSH), and internal recirculation effects. The analysis determined that a temperature
rise across the pump (the difference between the inlet and outlet liquid temperatures)
of approximately 18 F would have been experienced with approximately 78 gpm of flow l
through the pump. The analysis also demonstrated that pump operation is not challenged
by these effects until significantly lower flows are encountered (on the order of 40
gpm or less).

The conclusion of this analysis is that under the conditions experienced while the
recirculation line was blocked by ice, the SI pumps would have remained fully
functional and capable of performing their design functions for several hours pending
the establishment of additional flow or being secured.

As'previously discussed, it is only small break LOCAs and SGTRs that result in a slow
enough depressurization that SI pump operation may have been jeopardized. The PBNP
Emergency. Operating Procedures (EOPs) direct a controlled cooldown and depressurization j
of the Reactor Coolant System (RCS) in both cases in order to reduce or stop flow out

1

of the break. i

Based upon observed and validated EOP performance, these procedures are executed at
approximately 30 seconds per step. Post-LOCA cooldown and depressurization to refill
the pressurizer is directed to be performed 66 steps into the EOP network. Therefore,
it is reasonable to assume that these actions would have been performed in

,

approximately 33 minutes, and bounded by an assumption that additional flow would have i
been established through the SI pumps within 1 hour of their start, l

SGTR events result in SI termination when RCS and Steam Generator pressures have been
equalized. An existing analysis of postulated SGTR events determined that the maximum

,

time to pressure equalization is 44 minutes. '

While a main steam line break event would not immediately jeopardize SI pump
operability, it could be postulated that such events could have resulted in prolonged
operation of the SI pumps after the transient has been terminated and RCS pressure had
been restored above SI pump shutoff head. SI termination is directed 10 procedural
steps after the RCS has been repressurized. Therefore, the SI pumps would be subjected
to approximately 5 minutes of operation at low flow before being secured in such an
event.

In each case, the duration of SI pump operation at reduced flow is substantially less
than the best estimate of longevity of several hours. Therefore, WE has concluded that
the SI pumps would have remained fully functional and available to perform their design
functions during and after any analyzed transient.

COLLATERAL EFFECTS OF SYSTEM LEAKAGE
.

The following sections address the various potential concerns raised by the substantial
quantities of water lost from the SI system during an SI pump start during postulated
events.

feRC tORM 366A (4-95)
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Internal Leakage

While the valve testing demonstrated that external leakage comprised the majority
of the water lost from the system under high pressure conditions, some internal
leakage (i.e. past the seat of the diaphragm valves) was also shown. In two cases
(1-SF-811 and 1-WL-1729) the piping on the other side of the diaphragm valves is

,

| "open ended" (i.e. directed to systems that are at very Jow pressure, and with '

I ample capacity to absorb the leakage). These are the Spent Fuel Pool system and
the CVCS Waste holdup tanks.

|
; The third valve (1-SI-828) connects to a normally isolated header with several
| other diaphragm valves branching from it. These valves would have been subjected
| to an upstream pressure of approximately 750 psig, and would therefore have also
! experienced external leakage. However, the test data demonstrated that this
| leakage would be relatively minor, and the acceptability of this (now external)
| leakage is addressed below.

External Leakage

Effects on Adjacent Equipment

The location of each of the installed diaphragm valves was walked down to
determine what, if any, effect water sprayed from the diaphragm valve bodies would
have on surrounding equipment and structures. All of the valves are located
within the Primary Auxiliary Building (PAB). It was determined that in each case,

| there was adequate drainage available to building sumps to prevent cascading of
water onto equipment or switchgear important to safety or used in the mitigation
of accidents.

)
| One instrumentation enclosure was found to be in the direct path of probable spray ;
' patterns from a valve (1-WL-1729). Despite an apparently tight door, unvented i

enclosure, and liquid tight conduits and fittings, it is likely that water from .

the high velocity spray would have eventually infiltrated the enclosure, and may l
have caused shorting of the internal instrumentation circuitry. |

,

The instruments in the cabinet (1-TI-622B and 1-TI-623B) are two local indicators
for the Residual Heat Removal (RHR) heat exchanger outlet temperatures (one per
heat exchanger). The indicators provide local indication for use in manually
controlling RHR heat exchanger flow for cool down during 10 CFR Appendix R safe
shutdown scenarios when the control room indications are not sccessible. |

The local indications are driven by amplifiers with isolated outputs housed in a
separate remotely located enclosure. Therefore, a fault at th9 local indicator (s)
would not cause propagation of the fault back to the control coom indicators that
share input from the same temperature elements.

|

Since the local indicators are used as a primary indication only during situations
.

when the control room is inaccessible, and the control room was continuously
occupied during the period in question, unavailability of the indicators during a
postulated Safety Injection event is not an issue.

However, in the event that these-indications were required for safe shutdown
purposes concurrent with an SI event that had rendered them unavailable (a

| NRC FORM 366A (4-95)
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simultaneous event that is outside both the License and Design bases of the
Facility), other indirect means of assessing core decay heat removal via RHR are

i available. Specifically these would be Core Exit Thermocouples (CETs) and hot and
i cold leg RCS temperatures.

.
No other equipment important to safety or used in accident mitigation was found to

I be susceptible to the postulated spray from the diaphragm valves.

Internal Flooding

As noted previously, the diaphragm valve testing detected an increasing flow rate
I with time. It is therefore reasonable to assume that the valves would eventually

degrade to the point that they presented no significant flow restriction, and flow

| would become limited solely by the installed flow limiting orifices. In that
I case, the maximum rate of inventory loss would be approximately 220 gpm (110 gpm
I per pump), or 13,200 gallons per hour. Lower RCS pressures would reduce this rate
I of inventory loss due to the SI pumps operating at a lower discharge pressure.

The PAB -19' elevation sump has two redundant sump pumps powered from diverse
power supplies. Each pump is rated for 75 gpm, and discharge to the Waste Holdup
Tank (WHUT, maximum capacity 21,000 gallons). The combined capacity of the pumps
of 150 gpm is less than the maximum postulated leakage of 220 gpm.

A review of Operating logs determined that during the period from 12/22/98 through
1/5/99, the minimum available volume in the WHUT was 9,000 gallons, and was
typically -15,000 gallons. Assuming the most limiting value, the WHUT would have
been filled to capacity by the sump pumps in 60 minutes. At this point the roomi

| containing the sump pumps would have had a depth of approximately 10 inches, well
below the elevation of the sump pump motors and associated wiring. At that point,,

I the WHUT would have overflowed back into the PAB -19' elevation until the sump
| pumps were flooded and disabled.

During a review of this event it was determined that one of two valves designed to
isolate floor drains from the Unit 1 RHR pump rooms adjacent to the PAB -19
elevation sump leaked by and would have permitted accumulating water to enter the,

| RHR pump room. While this leakage would have been limited to ~10-20 gpm
(dependent upon water depth in the adjoining room), sufficient water would have

| accumulated in approximately 110 minutes to flood the associated RHR pump motor
and render it inoperable when water elevations eventually equalized. It was also
determined that the valves which isolate the Unit 2 RHR pump rooms from the -19
elevation sump were not leak tight; however, with Unit 2 in a refueling shutdown

| and defueled during this event, there would have been no operability concern for
! Unit 2 from postulated back leakage through these valves.

The remaining RHR pump would have continued to function until the accumulated
leakage overtopped the flood wall and filled it's room to a level of ~22 inches.
A lower bounding value for this time would have been 3.6 hours.

. The PAB sump and RHR pump rooms each have a high level alarm that annunciates in |
| the control room. Other indicators of an abnormal situation would be the loss of

| indication for the running sump pumps when * hey are submerged. These indications
are checked when a high sump level alarm is received. Per the alarm response!

| procedure, these indications are checked when an alarm is received, and an
| Operator is dispatched to determine the cause. If the leakage continues to the
| point of overtopping the flood wall into the operating RHR pump cubicle (but well |
|
'
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before the pump itself would be jeopardized), an additional alarm from the RHR
pump room would be received.

For any accident that would result in sustained leakage into the PAB sump (i.e. a
small break LOCA), it is reasonable to assume that these alarms, coupled with the )
spray from the leaking valves would have prompted an evaluation of the situation,
and appropriate mitigating actions taken prior to the flooding endangering the RHR
pumps.

Actions to mitigate the flooding are contained within the Emergency Operating |
Procedures. By cooling down and depressurizing the RCS, SI discharge pressure is
decreased and the leak flow would decrease accordingly. Concurrently, the SI flow
reduction sequence contained in the EOPs would similarly reduce leak flow, |
Ultimately, SI flow reduction or isolation of the recirculation line in
preparation for establishing containment sump recirculation would have stopped all
leakage, j

Other actions that could have been taken in addition to those directed by the EOPs
would have been to open adjacent valves to the WHUT, CVCS, or SFP systems to
divert the SI pump recirculation line flow, or to isolate the line once minimum
injection flow had been established.

1

Loss of Available Inventory

Refueling Water Storage Tank (RWST) inventory loss on the order of 13,000 gallons
per hour would not have been a concern for Main Steam Line Breaks and SGTRs where
containment sump recirculation is not used and SI is terminated within a short
period after the transient initiates. !

Loss of inventory could become a concern during LOCA events when containment sump
recirculation is required. The Net Positive Suction Head for the RHR pumps is
provided by water transferred into containment from the Refueling Water Storage
Tank during the injection phase. The minimum RWST level required by Technical
Specifications is 275,000 gallons. However, only 100,000 gallons of this volume
is needed (corresponding to the volume above 60% level in the RWST) to ensure
sufficient NPSH is available for the RHR pumps to function in recirculation mode.
The transition to containment sump recirculation commences at 60% RWST level, and
the SI pump minimum flow recirculation line is isolated shortly after the
transition begins, stopping the leak flow.

As previously discussed, the maximum volume of ~45,000 gallons of leakage could
have been accommodated by the PAB sump room before the RHR pumps would have been
endangered. It is reasonable to assume that corrective actions would have
prevented exceeding this amount of accumulated leakage. The loss 45,000 gallons
from the 275,000 gallon RWST when only 100,000 is needed in containment for NPSH
purposes is inconsequential.

For all LOCAs, RWST draw-down continues using containment spray until a level of
9% (~32,000 gallons remaining) is reached to ensure injection of a sufficient
. quantity of NaOH is achieved for iodine scrubbing and long term containment pH
concerns. However, the design basis of the containment spray pumps shows that
this is achieved after only 65 minutes of containment spray operation, independent
of SI injection flow rates. The NaOH injection rate is only dependent on spray
pamp operation, and a 9% RWST Level is used since this would ensure sufficient
NaOH had been delivered during the relatively short injection phase of a large
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break LOCA. Smaller LOCAs that result in a longer containment spray duration will
ensure sufficient NaOH is added to the containment sump prior to reaching 9% RWST
level. For these events, the inventory loss during the injection phase is
inconsequential.

During the short duration of a Large Break LOCA, the relatively small volume of
inventory loss would have a minor effect in reducing the length of time that
containment spray continues (A reduction of less than 10 minutes). A review of
the iodine removal capability of containment spray found that the removal half-
life for spray is very short (approximately 2 minutes). The off site dose
analyses for the facility assumes that all iodine releases from the core occur at
time zero. Therefore, the effect of the minimally reduced spray time on iodine
activity released from the containment is negligible since the vast majority of
iodine removal is accomplished during the first several minutes of spray
operation. An estimate of the increase in total integrated radio-iodine released
from containment was approximately 3% for the most limiting isotope, and was still
a minor fraction of the off site release limits of 10 CFR 100.

When containment spray is terminated, the focus of accident recovery shifts to
actions as appropriate based upon measured containment parameters, and as directed
by both on-site and off-site support facilities. Measurements of containment sump
pH and containment atmosphere activity would determine whether additional NaOH
injection was needed, and action would be taken as appropriate. Therefore, the
effect of the inventory loss on containment spray effectiveness was determined to
be negligible.

Radiological Consequences

Prior to establishing containment sump recirculation, emergency operating I
procedures direct the isolation of the SI pump recirculation flow path upstream of )
the diaphragm valves. Therefore, the radiological contamination caused by leakage i

from these valves would have been limited to the levels present in the RWST at the !

time. I

A review of chemistry records determined that the gross activity in the RWST was
approximately 3.7E-4 pCi/ml, primarily due to long lived isotopes of Cobalt,
Cesium, and Antimony. None of the isotopes identified in a sample of the RWST are
volatile, and the constituent with the lowest boiling point was Cesium (678 C).

The total curie content from the maximum postulated leakage of 45,000 gallons
would have resulted in approximately 6.3E-2 Curies of activity total being spilled
within the PAB, with a substantial fraction of this activity remaining in the
liquid drained to the building sumps. All liquids collected in the PAB sumps are
processed through the radioactive waste system.

'The cold spray from the valves would have resulted in a limited aerosolizing of
non-volatile radioactive particulates, but it would not have caused an increase in
gaseous activity.

The PAB is maintained at a negative pressure to prevent unmonitored releare of
radioactive contamination. All air removed from the building is filtered and
subsequently monitored for elevated activity levels. If acceptable thresholds are
exceeded, the ventilation system is automatically shut down to prevent an
unacceptable release. In the absence of forced ventilation removing aerosols by
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filtration, the aerosolized particulates would have rapidly settled out on
surrounding surfaces in the PAB.

Based upon these considerations, the potential for an unmonitored or unacceptably
large release activity due to the postulated SI recirculation line leakage is
considered to be negligible.

SUMMARY OF SAFETY ASSESSMENT

The evaluation determined that while the collateral effects of the leakage that would
have occurred in the PAB are undesirable, the safety significance of the frozen SI
recirculation line event was negligible. The SI pumps would have remained available
under any postulated accident or transient condition to inject water into the RCS and
prevent or mitigate fuel damage as designed. There would have been no impact on other 4

RHR, SI, and containment system components to perform their emergency core cooling and i
containment functions. Therefore, there was no impact to either the Core Damage |
Frequency (CDF) or Large Early Release Frequency (LERF). |

Radioactivity released from the SI recirculation line would have been minimal, would I

have been contained within the PAB, and would not have resulted in an offsite release.

In the unlikely event of a design basis LOCA, there may have been a minor reduction in
the amount of NaOH injected by the containment spray system due to a reduction in
available RWST inventory. However, the consequences of this reduction would have been
negligible due to corrective actions taken during the post accident recovery phase.

Based upon these considerations, this event presented negligible increase in risk to
the health and safety of the facility staff and the public.

,

system and component Identifiers:

The Energy Industry Identification System component function identifier for each
component / system referred to in this report are as follows:

Compowent/ System Identifier

Containment Spray System BE
Safety Injection System BQ
Heat Tracing System FD
Temperature Monitoring System IM
Temperature Recorder TR
Temperature, Indicator TI
Temperature, Alarm TA
Flow Indicator FI
Piping PSP
Refueling Water Storage Tank TK
Cable CBL
Heater, combustion CHTR

Similar Occurrences:

A review of recent LERs (past two years) identified one event, LER 266/97-028-00 *RWST
Recirculation Piping Not In Accordance with Design Basis," which involved the seismic
qualification of the recirculation piping for the RWST. In addition the following list
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of older LERs were identified whiCh involved events caused by cold weather problems:

LER NUMBER Title

266/82-027-00 PT-469 "A" SG Pressure Sensing Line Transmitter Inoperable
301/82-011-00 "A" SG Pressure Sensing Line Inoperable
266/82-001-00 PT-469/PT-482 SG Pressure Sensing Line Freeze Up
266/81-020-00 PT-482 SG Pressure Sensing Line Freeze Up
266/77-013-01 Frozen SG Pressure Sensing Line
266/76-013-00 MS Pressure Sensing Line Freezeup

j

i

i
.
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