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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
not 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 1

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 I

the NRC to permit six additional hours to complete a realignmcnt and 50.59 evaluation to
permit 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
approved 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
statement of TS'15.3.0.B was exited. Unit 1 returned to full power at 0924. At 2108 the A
SI pump was declared operable using the mini-recirculation line. A preliminary safety
assessment concluded that the SI pumps were operable but degraded during the event and '

would have performed their design 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 I 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.
The RWST and portions of the recirculation line are located in the Unit 1 facade,
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 ths permissible conditions of the LCO, action shall be
initiated within one hour to place the affected unit in:

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

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
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) (1) (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
f 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*

j the installed full flow test line with flow throttled to the capacity of the minimum
recirculation line. The engineering staff commenced preparation of the necessary4

operability determinations, safety evaluations, work plans, and procedure changes to
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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
Specification). This extension of up to 6 hours would allow for completion of
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
dated January 8, 1999.

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 i
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 I

operability determination was completed which determined the containment spray pumps i
to be operable but degraded without the recirculation line inservice. '

t

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 j

thaw the recirculation pipe were successful and 58 gpm flow was established through i

the line using the.P-33 pump. At 2236 a visual inspection of the Unit 1 RUST ;

recirculation line was completed with no leakage detected. The welder was secured at I

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.
,

i

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 j

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 I was then released for j
return to full power. At 0924 CST Unit I 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 pump was exited. ;
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Ccuse:

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 not available at the time of
submittal of this LER. The following discussion of direct and apparent causes of
this event is preliminary and based on the progress of the RCE investigation at the
time of this LER submittal.

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 1scirculation 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.

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 3*F. Procedure OI-106, " Facade 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 i

I experience with similar alarm conditions; the on-shift operations personnel and the
| system engineer concluaed that the heat trace circuit was still functional and that

the alarm was probably due to a faulty thermocouple. 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
i attention to this condition. The failure to verify and validate their assumptions
| concerning the cause of the RWST low temperature alarm is a contributing cause of
j this event.
i

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 planning 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 outsidea

temperatures falling below 0 degrees F. An annual preventive maintenance call up to
i measure and record the current readings in the facade freeze protection circuits was
i originally scheduled for May 1998. This PM was actually conducted beginning on or
|
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about Decenber 18, 1998, and identified that the current for this freeze protection i

circuit was reading approximately one half of the design, or expected, value. (The
results of ' the 1997 PM showed that the circuit waa reading normally.) The failure to i

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: ;

i
.

A team investigation and root cause evaluation (RCE) of this event is being performed.
| This evaluation is focusing on the factors leading up to the freezing of the FF
j protected piping by gathering information, conducting interviews, constructing a
.

timeline, and identifying dominant failure modes evident from this event. A detailed
I review of past PBNP and inoustry operating experience associated with cold weather

problems is included in this evaluation. This evaluation will identify the root and
,

contributing causes of this event and propose corrective actions to prevent
| recurrence. The RCE commenced on January 6, 1999. A draft of the RCE report is
| expected by February 5, 1999. Corrective actions identified in this RCE, and not

| described in the following, will be provided in a supplement to this LER.

Immediate Corrective Actions:

1. Efforts were initiated to thaw the frozen line using a hot air heater and heating
the piping with a welder. These efforts were successful in thawing the line at
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
l as ' 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 completed and
i
; the configuration described to the operating crews prior to the assumption of shift
i 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.
4

* 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.

i.
j e Shif tly monitoring of the high flow test line heat tracing circuit was conducted.

NRC FORM 26A (4-95)
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|

,

o 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 I
to assuming their watch for the period of re-alignment, j

Interim Corrective Actions:

1. A FF system walkdown was performed oy 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 bee 5 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.

5. A temporary change to Procedure 01-106, " 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

1

should be contacted if circuit identification is uncertain or labels are missing, and
i 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 insulation on the RWST recirculation line.

'

,

7. An engineering evaluation has been initiated to determine and assess the safety
significance of the loss of SI pump recirculation path during this event. The
preliminary 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 an

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,

j 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:

1 Engineering evaluations of the fagade freeze protection provisions and the SI
| recirculation piping design are underway. These evaluations will explore

} recommendation for more robust, permanent solutions to the fagade freeze protection

| concerns and associated design issues identified in the root cause evaluation of this
i event. Specific corrective actions identified by this evaluation will be provided in
1 a supplement to this LER.

NRC FORM 3MA (4-95)
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2. The PBNP CHAMPS system (a plant wide equipment data base) is being reviewed to verify
that all tagged FF components are correctly identified.

3. The Master Data Book is being revised to reflect the current sta tus of the FF system.

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

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

6. A review of all piping in the facade tha t 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 j
will be conducted to identify potential interface weaknesses between group efforts
and to ensure that these efforts are better coordinated.

Safety Assessment: )
i

)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 minimum recirculation line flow

,

path ensures sufficient flow through the pumps to prevent damage. Inadequate flowl

| results in pump heating and excessive vibration due to internal recirculation. In the
| extreme case of no flow, pump damage and failure can occur very rapidly rendering the

pumps unavailable for injeefion once RCS pressure has dropped below SI pump shutoff
head.

Freezing of the common recirculation path appeared to have the potential to render
both SI pumps unavailable during such an event. However, the continuing investigation
of the event has determined that there is high confidence that both pumps would have
remained available for any postulated event that would have required their use for

| accident mitigation. During the investigation of the Safety Significance of the
| frozen recirculation line event, several reviews have been conducted. The following
| sections summarize those reviews completed, and provide a status of those that are

still in progress.

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.

In general, Small Break Loss Of Coolant Accidents (SBLOCAs) and Steam Generator Tube
Ruptures (SGTRs) present the greatest challenge if SI pumps are not available. In both,

'

cases, RCS inventory continues to be lost with minimal makeup capability until actions
are taken to mitigate the event by injecting with alternate sources (SI accumulators,

i and Residual Heat Removal pumps) and/or stopping the break flow.

j 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

NRC FORM 306A (4-95)
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evaluations exist to qualitatively assess the impact of SBLOCAs and SGTRs of other
sizes.

In accidents or transients that result in a rapid depressurization of the RCS (SBLOCAs
> -2" diameter and Main Steam Line Breaks), the SI pumps would begin injecting almost

]
immediately, preventing damage from low flow operation. j

ACCIDENT SIMULATIONS

To assess the f acility's ability to respond to SBLOCAs and SGTR events without SI pump
capability, three unannounced simulations were run on 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) demonstrated that in each case the Emergency
Operating Procedures and the Operating Crews' proficiency were adequate in preventing
core uncovery and prevented an increase in the consequences of the accident above what
is typically seen for scenarios where SI pumps are available.

ICE PLUG INTEGRITY

Based upon a review of the available temperature history, it is unlikely that the
recirculation line was continuously frozen, and was probably unobstructed for a 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

the ice plug was probably of sufficient size, location, and density to ensure continued'

integrity during an SI pump start event.
]

TIME TO FAILURE FOR SI PUMPS

Time to SI pump failure due to operation at shutoff head with various low flow rates is |
being 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.

|
iThe 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 IST testing, the pumps were run on numerous occasions well in )
excess of these limits with no indications of degradation or damage. The average run '

time at 110 gpm flow was 42 minutes, with a maximum time of 189 minutes (PBNP response,

| to NRC Bulletin 88-04 dated 28 June 28, 1988) A refined analysis of the safe
'

operating times at reduced flow rates is being perf ormed to better assess the likely
time to failure due to reduced flow rates. The final safety assessment of the event is
dependent upon the result of this analysis.

SI RECIRCULATION LINE INTEGRITY
'

The piping in the low pressure portions of the SI recirculation line was reviewed to
i determine if a start of the SI pumps would have resulted in f ailure of the line or any
'

of its components that would have provided a viable flow path to prevent pump damage.
While the piping was found to be able to withstand pump shutoff head, certain diaphragm

| valves connected to the recirculation piping were identified that would have failed and

i proviosd a limited flow path.
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i
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
internal and external leakage. Preliminary calculations indicate that the aggregate !

leakage from the diaphragm valves installed in the plant would have been approximately
,

75 gpm per SI pump. This compares favorably with the design flow rate of the '

recirculation line flow limiting orifices provided by the pump manufacturer of 70 gpm.

Preliminary reviews of the locations of the diaphragm valves and their failure modes
(i e. internal and external leakage without catastrophic failure) found that their
leakage would not jeopardize other Safety Related plant equipment, and that the loss of
inventory could be sustained without significant degradation in the ability to mitigate
any design basis accidents.

SUMMARY OF SAFETY ASSESSMENT

When completed, the analysis of reduced flow time to failure and the expected
available minimum flow through the pumps is expected to establish that the SI pumps
would have remained operable but degraded under any postulated accident or transient
condition. "herefore, and in conjunction with the results of the simulator runs

; documented herein, there is reasonable assurance that the ultimate conclusion will be
that 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:

Component / 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
1

4

|
|
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Similar Occurrences:
,

l
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

| 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

|
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