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On April 24, 1990, with Unit 1 in Mode 1, an engineering evaluation determined 

that the maximum normal and maximum abnormal Spent Fuel Pit (SFP) heat loads 

calculated in 1982 and described in the Updated Final Safety Analysis Report 

(UFSAR) were in error and underestimated the actual system heat loads. This 

discovery occurred during a review of administrative controls necessary for a 

full core off-load planned for the upcoming refueling outage. Due to a 

calculational error, the actual heat loads on the SFP Cooling System will be 

greater than those reported in the UFSAR. The decay heat calculation utilized 

the electrical rated capacity of the plant rather than the thermal rating.  

The SFP Cooling System currently meets the temperature and time to boil limits 

indicated in the UFSAR since the actual heat load in the pool is far below those 

postulated. The system design currently includes one permanently installed pump 

and a spare pump which can be installed in place of the primary pump in the 

event of its failure. The spare pump will be permanently installed in the 

cooling system prior to the upcoming full core off-load. This modification will 

ensure that the SFP will not boil given the maximum abnormal heat load and a 

worst case active component failure. In addition, an amendment application has 

been submitted to the NRC requesting approval of a revision to the decay heat 
removal requirements of the SFP Cooling System as described in the UFSAR.
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Plant: San Onofre Nuclear Generating Station 
Unit: One 
Reactor Vendor: Westinghouse 
Event Date: 04-24-90 

A. CONDITIONS AT TIME OF THE EVENT: 

Mode: 1, Power Operations 
RCS Temperature: 551 F 

B. BACKGROUND INFORMATION: 

1. System Description 

The Spent Fuel Pit (SFP) Cooling System [DA] removes fission product 
decay heat from the spent fuel assemblies stored in the SFP. In 
addition, it maintains the required SFP water level, boron 
concentration and water purity. The decay heat is transferred by 
means of a heat exchanger from the SFP cooling system to the 
Component Cooling Water (CCW) System [CC] which in turn transfers it 
to the Salt Water Cooling (SWC) System and the ultimate heat sink.  

The SFP cooling system consists of a spent fuel pump [P], heat 
exchanger [HX], filter (FLT], demineralizer [DM], piping, valves, 
and associated power and instrumentation. Temperature and level 
indication annunciate in the Control Room [NA], with the high 
temperature alarm set at 125 F. It is a single train system, but 
does have a partially installed spare pump which can be connected if 
necessary. Prior to utilization, approximately 16 hours are 
required to install the piping spool pieces and electrical 
connections. During SFP heat exchanger outages, one of two CCW heat 
exchangers can be used to remove decay heat.  

2. Design Basis 

The Updated Final Safety Analysis Report (UFSAR) requires the SFP 
Cooling System to be able to remove the decay heat from one and one 
third cores while maintaining the pool temperature at a temperature 
below 150 F. The licensing basis maximum abnormal heat load assumes 
a full core off-load occurs 30 days following restart from a 
refueling outage. The calculation assumes core off-load occurs 
within 90 hours of the shutdown (although administrative controls
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require that fuel not be moved for at least 148 hours after being 
subcritical), no heat loss through the walls of the SFP, and the 
residual heat release produced by one and one third reactor cores 
with an operating time of 16,000 hours. These calculations, which 
resulted in the Section 9.1.3.4 UFSAR requirement, were performed as 
part of the Systematic Evaluation Program (SEP) for SONGS 1. The 
results of those calculations were submitted to the NRC by SCE 
letter dated September 1, 1982. The NRC reviewed and approved that 
submittal in a Safety Evaluation Report forwarded to SCE via letter 
dated December 7, 1982.  

The above described calculation determined that the maximum abnormal 
heat load and pit temperature resulting from a full core off-load 30 
days following a refueling off-load is 6.8 MBTU/hour and 116 F, 
respectively. Assuming the worst single active failure occurred 
(failure of the SFP primary pump), boiling in the SFP would not 
occur for approximately 47 hours. This would provide ample time for 
the manual actions necessary to align the spare pump.  

C. DESCRIPTION OF THE EVENT: 

1. Event: 

On April 24, 1990, with Unit 1 in Mode 1, an engineering evaluation 
determined that the maximum normal and maximum abnormal heat loads 
calculated in 1982 and described in the Updated Final Safety 
Analysis Report (UFSAR) were in error and underestimated the actual 
postulated system heat loads. This discovery occurred during a 
review of administrative controls necessary for the full core off
load planned for the next outage. Due to a calculational error, the 
actual heat loads on the SFP Cooling System will be greater than 
those reported in the UFSAR. The decay heat calculation utilized 
the electrical rated capacity of the plant rather than the thermal 
rating. As indicated in the Table below, the UFSAR indicated heat 
load for the maximum abnormal heat load (6.8 MBTU/h and 47 hrs., 
respectively) is much lower than the potential maximum value (17.0 
MBTU/hr and 3 hrs., respectively).  

SCE has recalculated the maximum heat loads, pool temperatures and 
times to boil upon loss of cooling for several plant conditions. A 
comparison of the results of these preliminary calculations with the 
current UFSAR maximum abnormal heat load is tabularized below:
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SFP COOLING SYSTEM DECAY HEAT REMOVAL CAPABILITY 
COMPARED TO CURRENT UFSAR MAX. ABNORMAL HEAT LOAD 

Time to Boil 
Max. SFP Heat Max. SFP Upon Loss of 

Plant Condition Load (MBTU/h) Temp (F)l Cooling (hr) 

Current UFSAR Max. 6.8 116 47 
Abnormal Heat Load 

Fuel Cycle 10 0.5 <90 N/A 
(current SFP 
fuel inventory) 

Cycle 11 Outage 8.6 138 21 

Fuel Cycle 11 14.7 179 6 
(with postulated 
emergency defueling) 

Corrected UFSAR Max. 17.0 193 3 
Abnormal Heat Load 

The above data demonstrates that the time to boiling is less 
than the 47 hour period stated in the UFSAR should the 
primary SFP cooling pump become inoperable for the worst case 
heat load conditions. Since the spare pump is not presently 
connected to the SFP Cooling System, up to 16 hours is 
required to install the piping spool pieces and electrical 
connections. While 16 hours was considered sufficient time 
to connect the spare pump for the current UFSAR maximum 
abnormal heat load case (i.e. 47 hours to boiling), this 
amount of time is not adequate for the corrected UFSAR 
maximum abnormal heat load (3 hours to boiling) or for a 
postulated emergency defueling in fuel cycle 11. Also, this 
amount of time does not provide adequate margin given the 
corrected 21 hours to boiling expected for the actual heat 
load projected during the upcoming outage.  

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

Not applicable.  

With SFP cooling system in operation.
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3. Sequence of Events: 

DATE ACTION 

July 1982 The calculations of maximum normal and 
abnormal heat loads for the SFP were 
performed as part of the SEP.  

February 1990 A review of administrative controls for the 
Cycle 11 outage revealed that actual heat 
loads on the SFP cooling system could be 
greater than expected heat loads and an 
engineering evaluation was initiated.  

April 1990 The engineering evaluation concluded that 
the previously (1982) calculated maximum 
residual heat load described in the UFSAR 
underestimated the actual system heat 
loads.  

4. Method of Discovery: 

During a review of administrative controls necessary for the 
Cycle XI refueling outage, it was recognized that potential 
heat loads on the SFP cooling system could be greater than 
expected heat loads.  

5. Personnel Actions and Analysis of Actions: 

Upon recognizing that the potential heat loads on the SFP 
cooling system were not consistent with the UFSAR, an 
engineering evaluation was initiated. This evaluation 
concluded that the previously calculated maximum residual 
heat load described in the UFSAR underestimated the actual 
system heat loads.  

6. Safety System Responses: 

Not applicable.  

D. CAUSE OF THE EVENT: 

1. Immediate Cause: 

The decay heat calculation performed in 1982 mistakenly 
utilized the electrical rated capacity of the plant rather 
than the thermal rated capacity.
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2. Root Cause: 

Although specific root causes for the above described 
deficiencies cannot be conclusively determined, SCE believes 
that this condition is a result of one or more of the general 
engineering deficiencies previously described in the October 
3, 1988 submittal to the NRC regarding SCE's assessment of 
engineering and technical support for San Onofre.  

E. CORRECTIVE ACTIONS: 

1. Corrective Actions Taken: 

By letter dated May 16, 1990 from Harold B. Ray to the NRC, 
SCE submitted Proposed Change No. 224 (Amendment Application 
No. 182), SCE requested approval of a revision to the decay 
heat removal requirements of the SFP Cooling System as 
described in Section 9.1.3 of the UFSAR. Included in this 
request are provisions for implementing the planned 
corrective actions shown below.  

2. Planned Corrective Actions: 

a. SFP Cooling System modifications will be completed 
prior to conducting the upcoming full core off-load 
during the Cycle 11 outage so that the time to place 
the spare pump in-service will be reduced to 
approximately 30 minutes. The mechanical and civil 
additions to the system will be Seismic Category A and 
quality class safety-related. Powering the spare pump 
will be from a separate electrical train. A non-safety 
related power source that is fed directly from the San 
Diego Gas and Electric power grid, or is otherwise 
provided, will be the interim power source. In this 
configuration, the spare SFP cooling pump can be placed 
into service within approximately 30 minutes of a 
primary pump failure.  

b. As a minimum, Operation of the SFP Cooling System will 
be monitored once per shift during the full core off
load. Should the existing pool high temperature alarm 
of 125 F be received in the control room, the alarm 
setpoint will be reset to 150 F or an individual will 
be assigned to monitor the system's performance. If 
the pool temperature should ever exceed the 150 F 
limit, a dedicated individual will continuously monitor 
system operation. At a pool temperature of 150 F, it 
would take approximately 15 hours with no action to 
reach pool boiling. Should the primary pump fail, the
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dedicated individual would be present to quickly align 
and operate the spare pump. This would assure that the 
SFP heat load would continue to be removed.  

c. The spare pump will be permanently installed prior to 
Cycle 12 refueling. This modification will provide 
permanent controls that satisfy the quality 
requirements of the existing system and will provide 
power to the spare pump from a redundant safety-related 
electrical train.  

d. The corrective actions identified in SCE's October 3, 
1988 submittal to the NRC concerning engineering and 
technical work are also applicable to the root cause of 
this condition.  

F. SAFETY SIGNIFICANCE OF THE EVENT: 

The SFP Cooling System currently meets the temperature and time to 
boil limits indicated in the UFSAR since the actual heat load is 
far below those postulated; therefore, in the current configuration 
there is no safety significance to the calculational error.  

It is very unlikely that the maximum hypothetical heat loads would 
have ever been achieved. Administrative controls require that fuel 
not be moved for at least 148 hours after being subcritical (rather 
than the 90 hours utilized in the calculation). The licensing 
basis calculation also conservatively assumed that there is no heat 
loss through the SFP walls or to atmosphere and no cooling effect 
due to evaporation.  

An emergency full core off-load is also an unlikely event.  
However, should it have become necessary to defuel the reactor for 
this condition, it must be postulated that the SFP heat load may 
have exceeded UFSAR requirements. If such a core off-load would 
have been necessary, and SFP temperature exceeded 125 F, the 125 F 
high SFP temperature alarm would have been received and fuel 
transfer would have been halted. Had loss of SFP cooling occurred 
following an emergency defueling, adequate make-up water from other 
sources would have been available to replace inventory lost through 
evaporation during the time required to align the spare SFP pump.  
Since the fuel would have remained covered with borated water, it 

is concluded that the potential for exceeding the SFP cooling 
system capacity has minimal safety significance.
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G. ADDITIONAL INFORMATION: 

1. Component Failure Information: 

Not applicable.  

2. Previous LERs for Similar Events: 

The following are LERs which reported similar design and 
design control related conditions: 

Unit 1 (Docket No. 50-206) 

LER 88-006, Revision 1, reported a condition where the Unit 1 
backup nitrogen systems (as designed, installed and operated) 
did not satisfy the licensing and design basis for the 
systems.  

LER 88-009, Revision 1, reported a condition in which the 
emergency diesel generators could have exceeded an intended 
electrical load limit.  

LER 88-017, Revision 1, reported a condition in which the 
auxiliary feedwater storage tank minimum volume requirements 
for accident mitigation may have been inadequate.  

LER 88-019 reported that design deficiencies existed in 
automatic controls of the electrical power distribution 
system.  

LER 89-003 reported a condition in which the failure mode of 
Component Cooling Water was non-conservative with respect to 
design requirements due to inadequate single failure 
analysis.  

Unit 2 (Docket No. 50-361) 

LER 88-008, Revision 1, reported various conditions resulting 
in the component cooling water system being outside its 
design basis due to design control program deficiencies.  

LER 89-012, Revision 1, reported instrument mounting 
configuration discrepancies caused by Environmental 
Qualification and design control program weaknesses.


