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Areas Insoccted: The inspectors reviewed the acceptability of actions taken by PECO
Energy in response to NRC Bulletin 90-01, Supplement 1, " Loss of Fill-Oil in Transmitters
Manufactured by Rosemount." This inspection was performed in accordance with the
guidance of NRC Inspection Manual Temporary Instruction 2515/122, " Evaluation of
Rosemount Pressure Transmitter Performance and Licensee-Enhanced Surveillance
Programs." The scope of this inspection included a review of the enhanced monitoring
program for Model 1153B/D Rosemount transmitters manufactured prior to July 11, 1989.
Other areas reviewed included: the disposition of stored transmitters, the Rosemount
transmitter calibration procedure, and the criteria used to identify transmitter failures caused
by oil loss. The effectiveness of PECO's actions to address failed transmitters was also '

assessed. Data on the performance of Rosemount transmitter models, not suspect of fill-oil
leakage, was also obtained. This included all Model 1151,1152,1153A transmitters and
Model 1153B/D and 1154 transmitters manufactured after July 11, 1989.

Results:

- Transmitters in the spare parts inventory have been reviewed and are properly
controlled to ensure they have a post-July 11, 1989, sensor installed to minimize the
potential for the loss of fill-oil. The licensee has controls in place to include
pre-July 11, 1989, transmitters in the enhanced monitoring program.
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- The calibration trending program was effective in identifying transmitters that
indicated potential fill oil loss; however, in some past cases, followup operational
testing was not timely. It was noted that the timeliness of followup actions for more
recent adverse trends has improved.

- A specific justification to extend the monitoring interval beyond that requested in
NRC Bulletin 90-01, Supplement 1, was not performed for 10 transmitters included in
the scope of the program. PECO performed an evaluation prior to the end of the
inspection.

- The operational data trending program was not fully effective as a result of the use of
inappropriate trend limits. PECO stated that they planned to reassess these limits and
revise them appropriately.

- The failure rates (due to a loss of fill-oil) for Model 1151 transmitters used at
Limerick has been low.

- Station personnel have been trained to recognize the symptoms associated with the
loss of fill-oil.

- Instrumentation calibration procedures contain good direction for the technicians on
how to test for and identify a loss of fill-oil,
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DETAllE

1.0 BACKGROUND

On December 22,1992, the NRC issued NRC Bulletin 90-01, Supplement 1, " Loss Of Fill- |
'

Oil in Transmitters Manufactured by Rosemount," to inform licensees of actions taken by the
NRC staff and the industry in evaluating loss of fill-oil in Rosemount transmitters and to
request licensees to take actions to resolve the issue. Licensees were requested to develop an
enhanced surveillance program for Model 1153, Series B and D, and Model 1154
transmitters manufactured before July 11,1989. The purpose of the surveillance program
was to ensure that installed Rosemount transmitters meet current design criteria as highly
reliable components for which failures can be readily detected. Model 1151,1152, and
1153A transmitters were excluded from the actions requested in the supplement due primarily
to few confirmed oil loss failures and differences in the oil sensor design, as compared to
Model 1153B/D and 1154 transmitters. Similarly, due to transmitter design and process
improvements and few confirmed failures, Model 1153B/D and 1154 transmitters that were
manufactured after July 11, 1989, were also excluded from the supplement actions.
Additional data collected on those transmitters that are outside of the scope of the supplement
will be used to verify failure reports, determine to what extent licensees notify Rosemount of
transmitter failures, and to confirm that actions requested by the bulletin supplement are
sufficient.

2.0 DISPOSITION OF STORED TRANSMITTERS

Pre-Julv 11. 1989. Transmitters in Storage

PECO has inventoried all of the safety grade Rosemount transmitters in the spare parts stock.
Those transmitters that were manufactured prior to July 11, 1989, have been separated to
prevent them from being installed in a safety system. The Model 1153B/D transmitters
manufactured prior to July 11, 1989, will either be repaired (new sensing module installed)
or disposed of as surplus in conjunction with an overall reduction in the spare parts
inventory. If a transmitter is required to be used prior to being repaired, a purchase order
would be processed and result in the component engineer adding the instrument to the
enhanced surveillance program.

Conclusion

The inspectors found that PECO has taken appropriate actions to control the use of
Rosemount transmitters in the spare parts inventory.

3.0 ENIIANCED SURVEILLANCE PROGRAM

PECO has established an enhanced surveillance program to monitor the performance of
Model 1153B/D Rosemount transmitters that were manufactured prior to July 11, 1989.
(There are no Model 1154 transmitters installed in any safety-related systems at Limerick.)
An engineer within the component engineering group, a branch of the site engineering
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organization, has responsibility for administration of the surveillance program. This engineer
is responsible for maintaining the computerized database and for the evaluation of the data to ,

|determine if there are any trends that may be indicative of fill-oil loss. If data for a
transmitter shows evidence of potential fill-oil loss, the engineer generates an action request
to perform an operability test. This action request is then scheduled for performance during
the next available opportunity, generally the next system maintenance outage or plant
refueling outage. The results of the trend data and operability testing are reviewed by the
component engineer and system engineer to determine if loss of fill-oil symptoms are evident
and what further actions are appropriate, for example, increased frequency of monitoring or
transmitter replacement.

Monitoring Techniques

PECO is using the following monitoring methods for the transmitters within the scope of the
enhanced surveillance program:

- Calibration Data Trending - transmitter calibration data obtained during routine
calibration checks of the instruments is collected and analyzed to determine the total
cumulative drift from the zero calibration point.

- Drift Trending of Process Operating Data - transmitter operating data is collected and
analyzed to assess response of redundant instruments that monitor the same process
parameter.

- Zero Drift Trending of Process Operating Data - this technique is used to monitor for
channel drift when the process signal is zero during normal plant operation.

Scope of Trending Program / Testing Interval

The inspectors reviewed the PECO evaluation of Rosemount transmitters that are included in .

the enhanced surveillance program, the testing interval, and associated procedures used to
collect the trending data. The inspectors found that the scope of the trending program was in
accordance with that described in the PECO reply to Supplement 1 of NRC Bulletin 90-01,
with the exception of two groups of transmitters associated with the residual heat removal
(RHR) system and the main steam isolation valve (MSIV) leakage control system. In these
systems there are 10 transmitters that are subjected to operating pressures that exceed their
calibrated range during normal plant operations. This condition prevents PECO from
obtaining meaningful trending data while the plant is operating. Requested action 1.c of
Supplement I to NRC Bulletin 90-01 requests, in part, that licensees replace transmitters or
monitor their performance monthly using an enhanced surveillance program. Action 1.c goes
on to state that, on a case-by-case basis, the transmitters may be monitored on a once per
refueling cycle frequency, but not exceeding 24 months, if sufficient justification is provided

'

based on the transmitter performance in service and its specific safety function. This
justification should show that a sufficiently high level of redundancy or diversity of |
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applicable instrumentation and control systems exists, commensurate with the importance of
the function, when considered in conjunction with the overall performance of the reactor
protection trip system, ESF actuation systems or ATWS systems.

|

The inspectors noted that these transmitters were being monitored in the enhanced
surveillance program on a once per refueling cycle basis. During discussions with the
inspectors, PECO stated that the description of their enhanced monitoring program, provided
with their response to NRC Bulletin 90-01, Supplement 1, discussed that the data analysis ,

methods would be based, in part, on the ability to obtain meaningful data during normal i

plant operations and believed that this was adequate justification. However, this statement
did not represent the level of review stated in the generic letter for extending the surveillance
frequency. !

|
l

The PECO site engineering performed a specific justification for extending the affected
transmitter enhanced surveillance inspection interval. A copy of this justification, presented
in a letter from site engineering to the PECO licensing group, was provided to the inspectors I

!on May 27,1994. In this letter, site engineering requested that the licensing department
review this information for transmittal to the NRC.

Conclusion

The inspectors concluded that, with the additional technical justification for extending the
RHR and MSIV leakage control system transmitter monitoring intervals, the scope, methods,
and surveillance periods used in the enhanced monitoring program are in accordance with the
requested actions of NRC Bulletin 90-01, Supplement 1.

4.0 REVIEW AND TRENDING OF CALIBRATION DATA

Trending of Operating Data

PECO trends operating data on a refueling cycle interval. Following a refueling outage,
during which transmitters may be recalibrated, a new trend plot is started so that the trends
are not affected by adjustments made during calibrations.

The inspector noted that the data trending program had preestablished limits that would insert
a " monitor" or " evaluation" flag on the data plot. The monitor flag identifies a potentially-
adverse trend that may result in 90% of the recommended drift limit prescribed by
Rosemount being exceeded before the end of the operating cycle. The evaluation flag
identifies that the drift limit has been exceeded. The inspectors questioned the basis for
establishing the flag limits and were informed that the limits were based on Table 1 of
Rosemount Technical Bulletin 4 and Supplement I to this bulletin, dated March 26,1993.
While this bulletin does provide directions on establishing limits for cumulative drift as a
percent of the calibrated span of the instrument, the inspectors noted that these cumulative
drift limits are only applicable if the operating data is available for the entire operating life of
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the transmitter. The bulletin notes that, absent of lifetime operating data on a transmitter,
operating data can be a valid tool in detecting filleil leakage; however, the prescribed drift
limits should not be applied. In these cases, loss of fill-oil may be detected by plotting data
from redundant channels that are monitoring the same plant parameter and evaluating the
data for indications that one of the instruments is beginning to deviate from the other
channels.

The limits PECO applied may not alert the program user that an adverse trend may have
been established prior to the cumulative drift reaching a point that may indicate a loss of fill-
oil. This is true, in particular, where the leakage may occur over the period of a number of
operating cycles. This concern was discussed with the PECO site engineering staff, who
stated that they would reevaluate the drift limits and modify the program to improve its I

effectiveness in identifying transmitters that may have a loss of fill-oil condition.

Trending of Transmitter Calibration Data
1

IPECO had entered calibration data for all the transmitters into the trending program. This
included data for calibrations performed before the implementation of the enhanced
surveillance program. The zero pressure c .libration point drift is trended, and the maximum
cumulative drift limits have been established in accordance with Table A-1 of Rosemount
Technical Bulletin 4. The limits are intended to allow identification of transmitters that may
have fill-oil leakage before the oil loss reaches a point where response times of the
instrument may be degraded. The computer program flags data points that indicate that a
trend exists that may result in 90% of the limit being exceeded before the end of an
operating cycle (monitor flag), or if a limit has been already exceeded (evaluation flag).

I
lData Review

The inspectors reviewed operational data and calibration data trend plots for various |
transmitters and identified the following:

- The trend data associated with two transmitters that experienced operational problems, )
!and were subsequently found to have had a loss of sensor fill-oil, were reviewed.

In March 1993, a reactor pressure transmitter was found to have exhibited sluggish
response following a reactor scram. The calibration data for this instrument had a
trend that resulted in a monitor flag and then on the last calibration an evaluation flag.
The operating data trend also showed a gradual divergence of the affected instrument
from the other channels; however, the limit for a monitor flag was not reached; and,
as a result, the data was not reviewed and the trend was not identified. The
recognition of the abnormal behavior during the post-scram review and subsequent
corrective actions were good. However, this is an example where more timely
evaluation of the trend data may have resulted in the resolution of the problem before
transmitter performance was found to be degraded during plant operations.
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In July 1993, after the identification of a significant drift trend of the calibration data,
an operability test was performed on the transmitter and the results were satisfactory.
The instrument subsequently failed downscale and was replaced. In addition to
symptoms of fill-oil loss, Rosemount identified the presence of particles in the oil,
that may explain the sudden downscale indication. The review of the calibration data
again showed a sustained trend that eventually exceeded the evaluation limit, It
appears that, in this case, the oil loss was not significant enough to cause the
operability test to fail and the testing and calibration activities may have caused the
particles to be movea to a position that then resulted in the downscale reading.

- Some of the past operating data showed evidence of trends where one instrument !
'

began to deviate from redundant instruments; however, the trend limits in use did not
flag this trend to the program user. As a result these trends were not evaluated.

- The trend plots for main steam line flow instruments were found to be plotting one
|instrument from each of the four steam lines on a plot instead of plotting the four

instruments on a particular steam line together. Although there will be a correlation l

between flows in the four lines, a more direct comparison could be made by plotting
redundant instruments on each steam line.

The inspectors also found that calibration data obtained during a refueling outage is not
entered into the trend program until after the outage is complete and the plant is restarted.
While this may be acceptable for some instruments, the opportunity to perform operational
tests on questionable transmitters may be delayed until the next refueling outage due to the
risks associated with working on some of the instruments during power operation. In
particular, those transmitters whose previous data indicated a trend likely to result in |

exceeding the recommended limits (the presence of a monitor flag) would warrant more !

prompt evaluation of the most recent data to ensure transmitter operability throughout the
next operating cycle. The PECO site engineering representatives stated that the data trends I

would be considered when evaluating continued transmitter operability.

The inspectors did note that four additional preduly 11,1989, Model 1153D transmitters
were found by the component engineer to have calibration trend data that indicated the ,

possibility of fill-oil loss. An operational test was performed on two transmitters that
confirmed possible fill-oil loss, and the transmitters were replaced and sent to Rosemount for
a failure analysis. The other two transmitters did not receive an operability test, due to the
difficulty in replacing these transmitters while operating. They were replaced during the I

outage and sent to Rosemount for failure analyses. The results of the failure analysis were i

not available at the time of this inspection.
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The inspec: ors reviewed the status of current calibration data with the component engineer
and found that none of the transmitters had trends that resulted in a monitor flag. Based on
this information and the recent actions taken to replace four suspect transmitters, the
inspector concluded that corrective actions were appropriate.

Conclusion

The inspectors concluded that the trending programs, in particular the calibration data
trending, were providing useful data for predicting the presence of fill-oil loss. However, in
some cases, the monitor Dags did not result in prompt performance of operational tests to
further assess the transmitter performance before operational problems were encountered.
Also, the operational data trend limits need to be reevaluated to ensure potentially adverse
trends are identified and assessed in a timely manner. PECO engineers stated that they
would reevaluate the trend limits and revise them as appropriate.

5.0 OBSERVATION OF TRANSMITTER CALIBRATION / PROCEDURE REVIEW

During the intpection, there were no Rosemount calibrations performed; however, the
inspectors reviewed the calibration procedure, " Calibration of Rosemount Model 1153 and
1154 Transmitters," to determine if there was adequate guidance for the instrumentation and
controls (I&C) technicians to identify symptoms of a loss of fill-oil. Precaution 3.2.7 of the
procedure references NRC Bulletin 90-01 and directs the technician to notify I&C
supervision if any of the following are identified (symptoms of fill-oil loss):

- failure of transmitter to respond over full calibrated range; or

- slow or sluggish response to input changes; or

- transmitter drift greater than 1% from previous calibration.

This precaution is applicable during the entire procedure, as well as during the performance
of a full range step change check performed during Step 5.5.5 of the procedure.

The inspectors also interviewed I&C technicians and a foreman and found that they were
aware of the loss of fill-oil concern and the symptoms that may be apparent during
calibrations. Also, when one of the transmitters was found to have a loss of fill-oil
condition, most of the department technicians had the opportunity to operate the transmitter
in a bench test setup and directly observe the behavior of a failed transmitter.

Conclusion

f

| The inspectors determined that the calibration procedure contained the appropriate guidance
for the I&C technicians to enable them to detect loss of fill-oil in the tmnsmitters. The I&C
technicians interviewed were cognizant of the loss of fill-oil concern.

;
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6.0 REVIEW OF MODEL 1151,1152, AND 1153A TRANSMITTERS

The inspectors reviewed licensee records to identify all Model 1151,1152, and 1153A
Rosemount transmitters in safety-related (excluding pressure boundary) applications, review
any calibration failures and determine the results of PECO's review to determine the cause of
the failure.

The inspectors determined that originally 104 of these model Rosemount transmitters (102
Model 1151 and two Model 1153A) were used in Unit I and 2 safety systems. Of these,70
of the original transmitters have been replaced, primarily as a result of the expiration of the
transmitter qualified life. The remaining 34 are scheduled to be replaced during the next
refueling outage. These model transmitters are not included in the enhanced surveillance
monitoring program.

The inspector obtained calibration data for the following Model 1151 transmitters that are
used in high pressure safety system applications. These transmitters required recalibration
during the three most recent calibration check surveillance procedures.

- PT-01-1N052C Turbine First Stage Pressure
- FT-43-lN024B Recirculation loop B Flow
- FT-43-lN024C Recirculation Imop B Flow
- FT-43-lN024D Recirculation loop B Flow
- PT-56-IN053 HPCI Pump Suction Pressure.
- PT-42-2N090A Reactor Pressure

The review of calibration data indicated normal calibration drift or transmitter failure not
associated with fill-oilleakage.

Three Rosemount Model 1151 transmitters were returrH to Rosemount for failure analysis.
The failure mode and results of the analysis are as folle :

- Transmitter Model 1151GP9E22T000lPB, Serial Number 126745, was returned to
Rosemount for failure analysis due to intermittent calibration failure on
September 23,1991. The Rosemount analysis identified the failure to be caused by
two, small, metalized glass particles on the high pressure side of the transmitter
sensor. These particles were creating a short circuit between the sensor center
diaphragm and the high pressure side capacitor plate. Repeated testing and
, ressurizing of the module apparently caused the particles to move around in the'

sensor cell and result in intermittent failures. This failure was not associated with any
loss of fill-oil.

- Transmitter Module 1151DP5A22T0174PB, Serial Number 100044, was returned to
Rosemount for failure analysis due to calibration failure on October 2,1991. The
Rosemount analysis identified an open solder joint on one of the pins of the zero
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potentiometer en the calibration board. This failure was not associated with any loss
of fill-oil.

-

Transmitter Model 1151GP8D22HBGE3-M, Serial Number 51851, was replaced on
March 13,1990, when it was suspected to have fill-oil leakage due to a sluggish
response during calibration. The Rosemount analysis identified leakage of fill-oil
from the sensor by way of the glass to metal cell cup seal.

Conclusion

The operation of these model transmitters has been reliable and only one failure has been
attributed to a loss of fill-oil.

7.0 MODEL ll53B/D AND 1154 TRANSMITTERS MANUFACTURED AFTER
.IULY 11,1989

The inspectors reviewed information for the Model ll53B/D that were manufactured after
July 11,1989 to determine if any had failed calibration. For those that had failed
calibration, the cause for the failures was reviewed. There are no Model 1154 transmitters
used in any safety-related application at Limerick.

PECO engineers were unable to retrieve data on transmitters by serial number, thereby
making it difficult to determine how many post-July 11, 1989, transmitters were installed.
From a review of the number of these transmitters purchased from Rosemount, and available
plant records, it appears that approximately twelve are installed in plant systems.

One post-July 11,1989, Model 1153D, has failed as the result of a loss of fill-oil. However,
this failure was not the result of leakage at the sensor 0-rings, but was the result of leakage
at the sensor fill tube.

Condusien

There has been a limited amount of operating experience with the post-July 11,1989,
transmitters; however, of those in use, no fill-oit leakage at the sensor o-ring joint has been
identified.

7.0 TRANSMITTER FAILURE ANALYSES AND REPORTING

Less of Fill-Oil Criteria

To confirn am of fill-oil conditions, PECO performs an operability acceptance test at the
earliest pos M: oppodunity. This generally would be the next available system maintenance
outage or rooding outage. This test consists of recalibrating the transmitter to the fd upper
range limit of the transmitter and observing the transmitter's response to ensure that the

I
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response is essentially instantaneous and the expected output can be obtained. Transmitters |
that fail this test are considered to be inoperable, and appropriate, corrective actions are
taken.

'

Failure Reoorting and Analyses

l

Failed transmitters are returned to Rosemount for the performance of a failure analysis.
,

Conclusion ;

PECO has established acceptable criteria for confirming transmitter fill-oilloss, and the
return of transmitters to Rosemount results in a full accounting of failures.

,

,

8.0 EXIT MEETING |

At the conclusion of the inspection on May 27,1994, the inspector met with PECO
representatives denoted in Attachment 1. The inspector summarized the scope of the l

'

inspection findings at that time. The facility licensee representatives acknowledged the NRC
inspector findings and stated that the trend limits used for the enhanced monitoring program ;
operating data evaluation would be reviewed and revised as appropriate.

I
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ATTACHMENT 1

Persons Contacted |

PECO Energy Comoany

O. Becker, I&C ;

P. Colgan, I&C
!R. Frisby, Peach Bottom I&C*
I

D. Gassman, Site Engineering*

R. George, I&C :*

D. Jackson, I&C i

H. Lobb, Materials Management i
'B. Mason, I&C

J. Muntz, Plant Engineering* ,

D. Neff, Experience Assessment |*

iG. Schweizer, Site Engineering*

J. Tucker, Shift Supervisor {
!

U. S. Nuclear Regulatory Commission |
i

T. Eastick, Resident Inspector j*

N. Perry, Senior Resident Inspector j

i A. Wilford, NRR Intern Program*

Denotes those present at exit meeting.*
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