
November 19, 1981 

Docket No.  
LSO5-81 -11-041 

Mr. R. Dietch, Vice President 
Nuclear Engineering and Operations 
Southern California Edison Company 
2244 Walnut Grove Avenue 
Post Office Box 800 
Rosemead, California 91770 

Dear Mr. Dietch: 

SUBJECT: SAN ONOFRE 1 - SEP TOPICS XV-8 CONTROL ROD MISOPtRATION 
AND XV-12 SPECTRUM OF CONTROL ROD EJECTION ACCIDENTS 

By letter dated July 1, 1981, you submitted safety assessment reports for 
the above topics. The staff has reviewed these assessments and our con
clusions are presented in the enclosed safety evaluation reports, which 
complete these topics for San Onofre 1.  

These evaluation will be basic inputs to the integrated assessment for 
your facility. The evaluations may be revised in the future if your 
facility design is changed or if NRC criteria relating to these topics 
are modified before the integrated assessment is completed.  

Sincerely, 

Dennis M. Crutchfield, Chief 
Operating Reactors Branch No. 5 
Division of Licensing 

Enclosures: 
As stated 

cc w/enclosures: 
See next page 
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Mr. R. Dietch 

cc 
Charles R. Kocher, Assistant 

General Counsel 
James Beoletto, Esquire 
Southern California Edison Company 
Post Office Box 800 
Rosemead, California 91770 

David R. Pigott 
Chickering & Gregory 
Three Embarcadero Center 
Tventy-Third Floor 
San Francisco, California 94111 

Harry B. Stoehr 
San Diego Gas & Electric Company 
P. 0. Box 1831 
San Diego, California 92112 

Resident Inspector/San Onofre NPS 
c/o U. S. NRC 
P. 0. Box 4329 
San Clemente, California 92672 

Mission Viejo Branch Library 
24851 Chrisanta Drive 
Mission Viejo, California 92676 

Mayor 
City of San Clemente 
San Clemente, California 92672 

Chairman 
Board of Supervisors 
County of San Diego 
San Diego, California 92101 

California Department of-Health 
ATTN: Chief, Environmental 

Radiation Control Unit 
Radiological Health Section 
714 P Strqet, Room 498 
Sacramento, California 95814 

U. S. Environmental Protection Agency 
Region IX Office 
ATTN: EIS COORDINATOR 
215 Freemont Street 
San Francisco, California 94111



SAN ONOFRE UNIT 1 

Topic XV-8 Control Rod Misoperation 

Introduction 

Control Rod Misoperation events include uncontrolled control rod assembly 
withdrawal from subcritical or low power startup condition, uncontrolled 
control rod assembly withdrawal at power, and control rod assembly 
misalignment (dropped rod). The first two events add reactivity to the 
core causing an increase in core power, heat flux, coolant temperature, 
and pressure, and thus reduction in margin to fuel design limits on DNBR 
and fuel centerline temperature. A control rod misalignment event 
(dropped rod) causes an initial decrease in core power, pressure and 
temperature. Returning the reactor to normal power results in a distorted 
core power distribution with a reduction in margin to DNB.  

Criteria 

Acceptance criteria for these events specified in Standard Review Plan 
Sections 15.4.1, 15.4.2, and 15.4.3 are: 

(1) Critical heat flux should not be exceeded. For San Onofre this 
means that minimum DNBR should not be less than 1.3 using the W-3 
correlation.  

(2) Fuel temperature and fuel clad strain limits consistent with the 
acceptance criteria of SRP Section 4.2 should not be exceeded.  

Related Topics 

SEP Topic IV-2, "Reactivity Control Systems Including Functional Design 
and Protection Against Single Failures", identifiei failures in electrical 
circuits of the control rod system that could cause a control rod misoper
ation event.  

Evaluation 

Uncontrolled Rod Withdrawal From Subcritical Condition 

A control rod assembly withdrawal incident when the reactor is subcritical 
results in an uncontrolled addition of reactivity leading to a power 
excursion. The nuclear power response is characterized by a very fast 
rise terminated by the reactivity feedback of the negative fuel temperature 
coefficient. Since the power rise is rapid and is followed by an immediate 
reactor trip, the moderator temperature rise is small The licensee's 
most recent analysis (Ref. 1) shows that for a 40x10 -5Ak/sec reactivity insertion rate the peak heat flux achieved is 74 percent of "design rating" with 
peak fuel and clad temperatures of approximately 724 0 F and 562 0F,
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respectively. These temperature increases will not result in violation of 
specified acceptable fuel design limits. Because of this, the staff con
cludes that the analysis of the uncontrolled rod withdrawal from subcritical 
condition is acceptable.  

Uncontrolled Control Rod Assembly Withdrawal at Power 

An uncontrolled control rod assembly withdrawal at power produces a 
mismatch in steam flow and core power, resulting in an increase in 
reactor coolant temperature. This transient was reanalyzed as part of 
the Cycle 8 reload (Ref. 1). A range of insertion rates similar to 
those used in the previous analysis FSA was analyzed. The limiting case 
was an.inverse insertion rate of 833.3 min/Ak from full power which 
resulted in a minimum DNBR of 1.313.  

The same range of insertion rates was analyzed for rod withdrawal from reduced power (80 percent). The limiting case showed more margin to DNB and occurred at a lower inverse reactivity insertion rate. The results 
.showed that the nuclear flux and variable low pressure trips prevent the core minimum DNB ratio from falling below 1.30. The staff concludes 
that the analysis of the uncontrolled control rod assembly withdrawal at power is acceptable.  

Dropped Rod 

A drop of a Control Rod Assembly results in a step decrease in reactivity 
which produces a reduction in core power, thus reducing the coolant 
average temperature. A highly negative moderator temperature coefficient results in a.power increase above the turbine runback value of 75 percent power causing a power mismatch between core power and secondary extraction capability. The licensee's analysis (Ref. 1) continues to show that the DNBR limit of 1.3 can be accommodated with margin. Because of this, the staff concludes that the dropped rod analysis is acceptable.  

Conclusion 

Based on this review, the staff concludes that the analyses of these events are acceptable and that Topic XV-8 is complete and meets current requirements.  

Reference 
1. Reload Safety Evaluation San Onofre Nuclear Generating Station 

Unit 1, Cycle 8, Revision 1, October 1980.



SAN ONOFRE 1 

Topic XV-12 Spectrum of Control Rod Ejection Accidents 

Introduction 

A control rod ejection accident is caused by the mechanical failure of a 
control rod mechanism pressure housing and the RCS pressure ejects the 
control rod and drive shaft. This results in a rapid positive reactivity 
insertion and a rapid rise in core power for a short period of time.  
The ejected rod results in an adverse core power distribution leading to 
possible localized fuel damage. Fuel damage is limited by control rod 
insertion limits and by reactor trip on high neutron flux which combine 
to limit fuel enthalpy,-fuel and clad temperature and RCS pressure 
during the transient to acceptable values.  

Criteria 

The Standard Review Plan Section 15.4.8 lists'the following acceptance 
criteria for this event: 

(1) Reactivity excursions should not result in a radially averaged 
enthalpy greater than 280 cal/gm at any axial location in any fuel 
rod.  

(2) The maximum pressure during any portion of the assumed transient 
should be less than the value that will cause stress to exceed 
"Service Limit C" as defined in the ASME code.  

Westinghouse has adopted the following more restrictive acceptance 
criteria for this event: 

(1) Average fuel pellet enthalpy at the hot spot below 225 cal/gm for 
unirradiated fuel and 200 cal/gm for irradiated fuel.  

(2) Average clad temperature at the hot spot below the temperature at 
which clad embrittlement may be expected (2700 F).  

(3) Peak reactor coolant pressure less than that which would cause 
stresses to exceed-the faulted condition stress limit.  

(4) Fuel melting will be limited to less than 10 percent of the fuel 
volume at the hot spot even if the average fuel pellet enthalpy is 
below the limits of Criterion 1 above.



Evaluation 

The rod ejection transient was analyzed at full power and at hot standby 
for both beginning of life and end of life conditions. All four cases 
were reanalyzed for Cycle 8 operation (Ref. 1). The methods used (Ref. 2) 
have been previously approved. The summary of rod ejection analysis 
parameters and results was reviewed. All current requirements with re
spect to initial conditions, reactor parameters, and acceptance criteria 
were met. The maximum fuel enthalpy ranged from 59.2 cal/gm for zero 
power end of life case to 143.7 cal/gm for the full power, beginning of 
life case. The maximum fuel enthalpy ranged from 1305'F for the zero 
power, end of life case to 2109'F for the full power beginning of life 
case.  

The staff concludes that the analysis performed for the spectrum of 
control rod ejection accidents meets current requirements and is acceptable.  
This completes Topic XV-12.  

References 

1. Reload Safety Evaluation San Onofre-Nuclear Generating Station Unit 1 
Cycle 8 Revision 1, October 1980.  

2. D. H. Risher, Jr., "An Evaluation of the Rod Ejection Accident in 
Westinghouse Pressurized Water Reactors Using Spatial Kinetics Methods," 
WCAP 7588, Revision 1-A, January 1975.


