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At 0425 on May 25, 1989, with Unit 1 at 18% power, an Auxiliary Feedwater (AFW) System (AFWS) Train A actuation occurred when the wide range (WR) steam 
generator (SG) level signals from LT-2400A and B decreased below the actuation setpoint. All AFWS Train A components actuated as required, resulting in AFW flow to the SGs. Following the actuation, SG levels were verified to be normal using narrow range (NR) SG level instruments, and plant conditions were stabilized. Approximately 1 hour after the actuation, the steam-driven AFW pump G-10 tripped on low suction pressure (suction pressure was verified to be normal using control room indication). At 0605, the AFW Actuation System was reset, and the lineup returned to normal.  

Feedwater and recirculation flow (which are power dependent) cause a pressure drop through the SG downcomer region such that a greater differential pressure is sensed by the WR level instrument, resulting in indicated level being lower than actual level. These effects were overlooked during a design change which converted LT-2400A, B, and C and LT-3400A, B, and C (which provide input to the AFWS actuation circuitry) from NR to WR. As a result, as power was increased, the increased flow through the downcomer resulted in sensed WR level to decrease to the AFWS actuation setpoint. The G-10 trip was caused by a metallic label which was in contact with and caused an electrical short across the input lugs of a termination module in the low suction pressure trip test circuitry.  

A design change has been implemented to convert LT-2400A, B, and C and LT-3400A, B, and C from WR back to NR. This event will be reviewed with engineering and technical support personnel. Termination modules in Unit 1 have been inspected and labels trimmed as necessary to prevent similar events like the AFW pump trip.
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Plant: San Onofre Nuclear Generating Station 
Unit: One 
Reactor Vendor: Westinghouse 
Event Date: May 25, 1989 
Time: 0425 

A. CONDITIONS AT TIME OF THE EVENT: 

Mode: 1, Power Operation (18%) 

B. BACKGROUND INFORMATION: 

1. Steam Generator (SG) [SG] Level Instrumentation: 

SG level instrumentation [LT] is utilized to provide: 

a. Indication and annunciation of SG level during normal and 
emergency (accident) conditions. (Wide range (WR) level 
instrumentation also provides the backup means for 
verification of auxiliary feedwater (AFW) flow to the SGs 
during post-accident conditions.) 

b. Input to the feedwater control system (FWCS) [JB] to control 
level during normal operation (provided by narrow range (NR) 
level instruments LT-453, 454, and 455).  

c. Input to the high SG level turbine [TA] trip circuitry.  
(Prior to the Cycle 10 outage, a concurrent high level signal 
from the NR instrument and the WR instrument for a SG would 
result in a turbine trip.) 

d. Input to the auxiliary feedwater system (AFWS) [BA] actuation 
circuitry [JE] (provided by level instruments LT-2400A, B, and 
C for AFWS Train A and LT-3400A, B, and C for AFWS Train B).  

A SG level signal (utilized for indication or for input to control 
and/or protection systems) is obtained from a differential pressure 
transmitter which measures the pressure difference between an 
attached column of water which corresponds to 100% indicated level 
(high pressure side, or reference leg) and a sensing point in the SG 
(low pressure side, or variable leg). Thus, a larger differential 
pressure would result in a lower indicated SG level. The WR level 
instrument (range 0-318 inches) low pressure sensing point is near 
the bottom of the SG downcomer region. The NR level instrument low 
pressure sensing point is such that 0% NR corresponds to 
approximately 233 inches WR.
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2. AFWS Actuation Circuitry 

SG level instruments LT-2400A, B, and C and LT-3400A, B,.and C 
provide indications of level in SGs A, B, and C, respectively.  
These instruments also provide input to the actuation circuitry for 
AFWS Train A and Train B, respectively; low SG levels (238 inches 
WR, equivalent to 5% NR) in 2 of the 3 SGs completes the AFWS 
actuation logic. Upon an AFWS Train A actuation (without a 
concurrent Train B actuation), the following occurs: 

a. The turbine-driven AFWS pump G-10 starts and begins its 
warmup; 

b. After 40 seconds (since there is no flow on Train B), the 
south motor-driven AFWS pump G-10S starts, its discharge valve 
opens, and flow is admitted to the SGs; 

c. After 2.5 minutes (again with no flow on Train B), G-10 
increases to full speed, its discharge valve opens, and flow 
is admitted to the SGs.  

3. Design Change Process 

Administrative procedures describing the development, review, 
approval, and issuance of proposed facility changes (PFCs) and 
design change packages (DCPs) establish the controls necessary to 
verify compliance with the plant design bases. When it is 
identified that a plant modification is required or desired, a DCP 
is developed which contains the actual document and drawing changes 
and is normally routed for review with the PFC (although it receives 
different reviews than the PFC). A PFC is also developed which 
includes: 1) a description of the change, including the technical 
basis for the change; 2) a list of the design and operating 
documents which are affected; and 3) evaluations which describe the 
impact of the change on design parameters, operations, and plant 
safety. Since the PFC contains the general explanation of the 
design change, it becomes the controlling document for the change.  
DCPs receive: 1) an independent engineering review, 2) an 
interdisciplinary engineering review, 3) supervisory engineering 
reviews, and 4) a Quality Assurance (QA) review. PFCs receive: 1) 
supervisory engineering reviews, 2) a station interdepartmental 
review, 3) plant safety review, and 4) a QA review. The safety and 
QA reviews are normally completed after implementation of the 
PFC/DCP.
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During the course.of implementing plant changes, field interim 
design change notices (FIDCNs) may be generated to make minor 
changes to or correct errors in a design document or to provide 
clarification to documents in order to satisfy their original design 
criteria. The level of review necessary for each FIDCN is based 
upon the scope of the FIDCN. Normally, this level of review is not 
as extensive as that required for a DCP; however, a large FIDCN 
scope may warrant revision of its related PFC, requiring the PFC to 
be reviewed again.  

4. AFWS Design Changes During Cycle 10 Refueling Outage 

During the Cycle 10 refueling outage, which occurred from November 
1988 to May 1989, the AFWS was upgraded to resolve concerns related 
to the plant's capability to respond to certain transients and 
accidents when assuming a concurrent arbitrary single failure. This 
design change consisted mainly of providing automatic controls for a 
third, electrically-driven AFWS pump, and modifying the AFWS 
automatic actuation response.  

For reasons documented in a March 17, 1989 submittal to the NRC 
regarding the Unit 1 restart, SG level instruments LT-2400A, B, and 
C and LT-3400A, B, and C were converted from NR to WR. This design 
change, which required a Technical Specification (TS) change, was 
implemented by the issuance of FIDCNs to the AFWS DCP described 
previously and a revision to the associated PFC.  

5. Shiftly SG Level Channel Checks 

SG level indications from LT-453, 454, and 455 and from the LT-2400 
and 3400 series are recorded once each shift in accordance with 
operating instruction SO1-12.1-4, "Control Room Shift and Daily Log 
Readings". When logging readings, channel checks are also 
performed. A channel check is the qualitative assessment of channel 
behavior during operation by observation. This includes, where 
possible, comparison of channel indications and/or status derived 
from independent instrument channels measuring the same parameter.  

C. DESCRIPTION OF THE EVENT: 

1. Event: 

At 0425 on May 25, 1989, with Unit 1 at 18% power during the initial 
power ascension following the Cycle 10 refueling outage, an AFWS 
Train A actuation occurred when SG level, as sensed by WR level 
instruments LT-2400A and LT-2400B, decreased below 238 inches, 
completing the 2-of-3 logic for the AFWS actuation. All AFWS Train 
A components actuated as required, resulting in AFW flow to the SGs.  
Following the actuation,-SG levels were verified to be normal using 
NR instruments (LT-453, 454, and 455), the AFW discharge valves were
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closed, and plant conditions were stabilized. Approximately 1 hour 
after the actuation, the steam-driven AFW pump G-10 tripped on low 
suction pressure (suction pressure was verified to be normal using 
control room indication). At 0605, the AFW Actuation System was 
reset, and the lineup returned to normal.  

2. Inoperable Structures, Systems or Components that Contributed to the 
Event: 

None 

3. Sequence of Events: 

DATE TIME ACTION 

2/89 N/A Modified LT-2400 and LT-3400 series SG level 
instruments from NR to WR.  

5/25 0425 AFWS Train A actuation on sensed low SG 
level.  

5/25 -0500 AFW discharge valves closed and plant 
conditions stabilized.  

5/25 0529 G-10 tripped on low suction pressure.  

5/25 0605 AFW Actuation System reset.  

4. Method of Discovery: 

Control room indications and alarms alerted the operators (utility, 
licensed) of the AFWS actuation and of the subsequent AFWS pump G-10 
trip.  

5. Personnel Actions and Analysis of Actions: 

Operators responded properly to the AFWS actuation by: 1) verifying 
that SG levels were normal utilizing NR instrumentation; 2) 
verifying that the main feedwater system was continuing to provide 
feedwater to the SGs; and 3) closing the AFWS pumps' discharge to 
the SGs and stabilizing plant conditions.  

Just prior to the actuation, preparations were being made to perform 
a thermal calibration of the nuclear instrumentation system [IG].  
To support the calibration, SG levels were being closely monitored 
and maintained steady at approximately 42% utilizing the SG NR 
instrumentation which provides input to the FWCS. Following the 
actuation, the control room operators observed a balanced 
feedwater/steam flow indication and did not identify a cause for a 
decrease in SG level; the operators therefore concluded that the NR
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SG level instrumentation provided a more accurate indication of SG 
levels than the WR instrumentation, and continued to maintain SG 
level utilizing the NR instruments. However, to preclude another 
AFWS automatic actuation, SG levels were increased after the 
actuation and then maintained above the AFWS actuation setpoint on 
WR instruments LT-2400A, B, and C and LT-3400A, B, and C.  

6. Safety System Responses: 

a. The AFWS Train A components were verified to actuate as 
required. Following approximately 1 hour of operation, G-10 
tripped on low suction pressure. Refer to sections D and E 
for cause and corrective actions.  

b. At the time of the actuation, level indications from LT-3400B 
and C indicated approximately 10 inches higher than the other 
channels. As a result, AFWS Train B did not actuate. Refer 
to section G for related cause and corrective actions.  

D. CAUSE OF THE EVENT: 

1. Immediate Cause: 

AFWS Train A actuated when LT-2400A and LT-2400B sensed that levels 
in SGs A and B, respectively, decreased below 238 inches, completing 
the 2 out of 3 logic required for the AFWS actuation.  

2. Intermediate Cause: 

Feedwater and recirculation flow causes a pressure drop through the 
downcomer region such that a greater differential pressure is sensed 
by the WR level instrument, resulting in indicated level being lower 
than actual level. This phenomenon is exacerbated by the presence 
of a flow resistance plate assembly in the downcomer region (located 
below the low pressure sensing point of the NR level instrument), 
which causes a greater pressure drop due to creating a greater flow 
restriction than is caused by the downcomer in and of itself. The 
pressure drop increases with increasing feedwater and recirculation 
flow, such that decalibration of the level transmitters occurs.  
Consequently, as reactor power increases (and feedwater and 
recirculation flow also increase), indicated WR SG level becomes 
increasingly lower relative to actual SG level.
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3. Root Cause: 

The effects of internal SG circulation flow on level instrumentation 
were overlooked during the design change which converted LT-2400A, 
B, and C and LT-3400A, B, and C from NR to WR. The fact that the 
design change caused the connection of the subject level 
instrumentation to a WR level tap that was already being utilized 
(i.e., existing WR instrumentation provided a high SG level turbine 
trip) may have misled the design engineer into assuming that the 
existing instrumentation was working properly; this, in turn, may 
have contributed to the lack of additional research by the design 
engineer into the possible effects of flow inside the SG while 
performing the design change.  

In addition, since the dependence of SG WR level on power was not 
realized, there was no perceived need to provide special monitoring 
of the performance of the level instrumentation during power 
ascension. Consequently, the design change post-modification 
testing did not include testing of the level instrumentation 
throughout the full range of plant operating conditions.  

The interdisciplinary review of the above design change was verified 
to have been performed in accordance with existing procedures.  
However, as in the case with the design engineer, the PFC reviewers 
did not identify the omission of SG internal flow effects from the 
design.  

4. Contributing Causes: 

a. In a discussion with Westinghouse several days after the 
event, Westinghouse stated that the phenomenon of 
decalibration of WR due to SG internal circulation flow was 
known within that company. If SCE had contacted Westinghouse 
prior to converting the SG level instruments from NR to WR, 
Westinghouse might have recognized the consequences of the 
change and provided input that would have prevented 
implementation of the design change.  

b. During power ascension, SG water levels are controlled in 
manual by an operator whose main responsibility is to closely 
monitor SG level indications and adjust the FWCS as necessary 
to maintain levels. This is normally performed by monitoring 
the indications from LT-453, 454, and 455 (which input to the 
FWCS).
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During a 3-week period prior to the actuation, in modes 2 and 
3 with little feedwater flow, operators noted several 
discrepancies between the NR and WR level instrument series.  
The channel check criteria stated in the control room shiftly 
log procedure did not specify a required correspondence 
between the instruments other than a qualitative check of 
instrument response. Discussions with engineering personnel 
and feedback received from the initiation of maintenance 
orders indicated that the differences between the instruments 
should be expected. As a result, the discrepancies between 
the NR and WR instruments were generally considered not to be 
significant. Additional diligence in monitoring the LT-2400 
and 3400 instruments during power ascension was, therefore, 
not believed to be necessary.  

A satisfactory channel check of the level instrumentation had 
been performed approximately 4 hours prior to the AFWS 
actuation. However, plant power was increased significantly 
(from 5 to 18%) between the time the surveillance was 
performed and the time of the actuation. Due to the power 
dependence of the level instrumentation output, the indicated 
SG levels decreased sufficiently after the performance of the 
surveillance to cause the actuation without prior detection of 
the level decrease.  

5. G-10 Trip 

An investigation into the cause of the pump trip identified an 
intermittent electrical short across the input lugs of the low 
suction pressure trip test termination module caused by contact with 
a metallic manufacturer's label. Termination modules had been 
installed in the AFWS protection loop instrument drawers during the 
Cycle 10 refueling outage to allow Instrumentation and Control (I & 
C) technicians to perform surveillances without lifting leads. The 
termination modules are typically identified by the manufacturer 
with metallic labels which seem to be affixed without regard to 
their proximity to the input lugs.
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E. CORRECTIVE ACTIONS: 

1. Corrective Actions Taken: 

a. A design change has been implemented to convert SG level 
instruments LT-2400A, B, and C and LT-3400A, B, and C from WR 
to NR. Since decalibration of the NR level instrumentation 
due to SG internal recirculation flow does not occur, this 
action is expected to prevent the recurrence of an unexpected 
AFWS actuation. (Prior to the Cycle 10 outage, the LT-2400 
and LT-3400 series transmitters had been configured as NR 
level instruments for over 7 years without observation of the 
decalibration effect.) 

b. With respect to the AFWS pump G-10 trip, the faulted 
termination module was replaced with one whose label was 
properly positioned. The manufacturer of the termination 
modules has been notified of the potential generic problem of 
improper placement of metallic labels.  

c. A review of the procedure governing FIDCNs was conducted, and 
it was determined that the application of FIDCNs to implement 
portions of the AFW design change did not contribute to the 
root cause of this event and that no procedural changes were 
needed.  

d. Termination modules in Unit 1 have been inspected and labels 
trimmed as necessary to prevent recurrence.  

2. Planned Corrective Actions: 

a. This event will be reviewed with all engineering design and 
appropriate technical support personnel and will be included 
in the training program for supervisory personnel performing 
review of technical and engineering work.  

b. The post-modification testing program will be enhanced to 
ensure that testing throughout the full range of plant 
operating conditions is performed, where appropriate.  

c. The proper response of the SG level instruments will be 
verified over the entire power range during the next power 
ascension.
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d. SG level channel check criteria that is more precise will be 
developed and included in operating instruction S01-12.1-4 to 
ensure discrepancies between SG level channels receive 
appropriate attention.  

e. An evaluation will be performed to determine other 
enhancements necessary to the channel check methodology to 
better determine whether an instrument is responding properly.  

f. The procedures/standards which govern the development, review, 
approval, and issuance of design change documents will be 
amended to include a statement to consider contacting the 
reactor vendor for design changes that require a TS change.  

g. Procurement procedures will be amended to ensure that other 
components with similarly (and improperly) placed metallic 
labels are not accepted.  

h. Units 2 and 3 will be inspected for termination modules with 
improperly positioned metallic labels; the labels will be 
trimmed as necessary to prevent recurrence.  

F. SAFETY SIGNIFICANCE OF THE EVENT: 

The AFWS safety function was preserved since actual SG levels were higher 
than indicated levels, resulting in AFWS initiation at a level that is 
more conservative than the actual setpoint.  

There was no safety significance to the AFWS pump G-10 trip on low suction 
pressure. This trip capability is not required as part of the safety 
function for the AFWS, and it is not addressed in technical 
specifications. The trip can be overridden if the operation of the pump 
is necessary during emergencies; thus, the trip does not prevent G-10 from 
performing its safety function. Also, in accordance with Emergency 
Operating Instructions, vital parameters such as feedwater flow are 
frequently monitored by control room operators during emergencies; thus, 
the trip of G-10 could have been identified within 10 minutes. Further, 
the other Train A AFWS pump, G-10S, performed satisfactorily during this 
event.  

G. ADDITIONAL INFORMATION: 

1. High SG Level Trip Circuitry 

The steam generator high level alarm/turbine trip function is 
provided to mitigate the consequences of excess feedwater flow 
events as described in Updated Final Safety Analysis Report (UFSAR) 
Section 15.1.2. Prior to Cycle 10 operation, the automatic high SG 
level turbine trip circuity was a 2-of-2 logic (for each SG), with 
one input received from the cold calibrated SG WR level instrument
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and the second input received from the NR level instrument.  
Annunciation is provided on either channel. As a result of the AFWS 
actuation, it was realized that the automatic portion of the high SG 
level turbine trip has never been functional at higher powers, since 
the WR channel would not have increased to the trip setpoint due to 
the decalibration effect. In conjunction with the design change 
which converted LT-2400A, B, and C and LT-3400A, B, and C from WR to 
NR, the first input to the turbine trip circuitry for each SG has 
been changed from the cold calibrated, SG WR level instrument to LT
3400A, B, and C. This restores the SG high level trip capability.  

There is no safety significance as a result of the WR channel 
decalibration effects. As discussed in UFSAR Section 15.1.2, the 
automatic turbine trip is not credited for limiting increased 
feedwater flow events (i.e., to 3 SGs). Instead, manual operator 
action within 2 minutes is credited for response to the high level 
alarm. The NR level instrument (on at least 2 of 3 SG concurrent 
with a single failure) would have provided the high level alarm 
necessary to prompt operator action. In a less limiting increased 
feedwater flow event (i.e., to only 1 SG), a failure of the NR 
channel (which disables its alarm function) could preclude receipt 
of a high SG level alarm from either the NR or WR channels.  
However, the core consequences would have remained bounded without 
operator action in response to the alarm, because an automatic 
reactor trip would be initiated from applicable RCS parameters if 
DNB or pressure limits were approached.  

2. Post-Accident Monitoring Requirements of AFW Flow 

NUREG 0737 requires backup indication of post-accident AFWS flow; 
this requirement was partially met by the LT-2400 and LT-3400 
series. Since these level instruments have been returned to 
providing NR indication, they will no longer meet the requirements 
for post-accident monitoring of AFW flow. Instead, new, 
environmentally qualified SG WR instruments (LT-465A, B, and C) have 
been installed.  

3. Discrepancy between Train A and Train B SG WR Level Instrumentation 

When Train A AFWS actuated (by LT-2400A and B), LT-2400C and LT
3400A indicated slightly above the actuation setpoint. LT-3400B and 
C, however, indicated above the other level indications by 
approximately 10 inches. While in cold shutdown following the AFWS 
actuation, an investigation was performed to determine the cause of 
the discrepancy. This investigation included: 1) calibration 
checks of the level transmitters; 2) walkdown of the sensing lines 
to detect leaks (no leaks were detected); 3) confirmation of the SG 
level instrument tap locations to verify the instrument range; 4) 
functional checks of the level transmitters and review of the bench 
calibration procedures by the vendor supplier, and 5) fill and vent
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of the level transmitter sensing lines. During the performance of 
the fill and vent, air was noted to have been present in the 
reference legs of some of the level instruments. During subsequent 
SG level draindowns, the discrepancies between the LT-2400 and LT
3400 instrument were no longer evident. In addition, after the LT
2400 and 3400 instruments were converted from WR back to NR, further 
discrepancies were noted to occur between the instruments during the 
subsequent plant heatup. Air was also found in the reference legs 
of the level instruments during fill and vent operations. The cause 
of the air in the lines is believed to be the methodology used to 
perform the fill and vent evolution. The procedure governing the 
filling and venting of transmitter sensing lines will be reviewed 
and enhanced as necessary.  

4. Post-Actuation Operability Assessment of SG WR Level Instrumentation 

Soon after the AFWS actuation, an assessment was made that the LT
2400 and LT-3400 level instruments were operable pending the results 
of an engineering evaluation. This assessment was based on the 
level indication being conservative relative to the two required 
functions as follows: 

a. Accident Monitoring TS 3.5.6 requires that the level 
indication be operable to determine AFW flow to the SGs during 
accident conditions. The SG level indication was capable of 
performing this function as it was indicating changes to level 
and was conservative in that the actual level was greater than 
the indicated level, ensuring adequate heat removal.  

b. Auxiliary Feedwater Instrumentation TS 3.5.7 requires that the 
level indication be operable to initiate the AFWS when the SG 
level decreases to the actuation setpoint. Since the actual 
SG level was greater than the indicated level, actuation of 
the AFWS would occur prior to level reaching the required 
initiation setpoint.  

Notwithstanding the determination that the instrumentation was 
operable, an operator had been assigned to closely monitor and 
control SG levels during the plant evolutions prior and subsequent 
to the AFWS actuation. Although not explicitly directed, this 
operator could have been able, based on his training and experience, 
to identify the plant conditions necessary to warrant manually 
initiating the AFWS as required by the action statement of TS 3.5.7 
for more than one SG level channel inoperable.
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At approximately 1100 on May 25, the Train A level instruments (LT
2400A, B, and C) were declared inoperable in response to the 
following concerns: 1) the magnitude of the difference between that 
instrumentation and other channels of level instrumentation was 
larger than expected; and 2) the reason for the decalibration of the 
level instrumentation was not fully understood. Although the 
aforementioned assessment was still considered to be valid, this 
action was taken as a conservative measure.  

At 0750 on May 26, the engineering evaluation was completed. The 
evaluation verified that the initial assessment of operability of 
the level instrumentation was valid, and the Train A level 
instruments were declared operable.  

5. Component Failure Information: 

Not applicable.  

6. Previous LERs for Similar Events: 

LERs reporting design and related design control deficiencies have 
been previously submitted, the most recent of which is LER 89-008 
(Docket No. 50-206). As previously described in an October 8, 1987 
letter to the NRC regarding an SCE assessment of engineering and 
technical support for San Onofre, one of the corrective actions 
taken has been the implementation of a training program for 
supervisory personnel performing review of technical and engineering 
work. This program addresses, in part, the responsibilities of 
technical reviewers and emphasizes the need to foster a questioning 
attitude to ensure poor quality work is identified during the design 
review process. Although the supervisory review of the PFC which 
converted the LT-2400 and LT-3400 instrument series from NR to WR 
was performed with such a questioning attitude, the lack of 
consideration of the SG internal flow effects in the design change 
was not identified by the reviewers, as previously discussed in 
Section D.3, Root Cause.  

7. Results of NPRDS Search: 

Not applicable.


