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UNITED STATES 

NUCLEAR REGULATORY COMMISSION 
WASHINGTON, D.C. 20555 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

RELATED TO AMENDMENT NO. 147 TO FACILITY OPERATING LICENSE NO. DPR-13 

SOUTHERN CALIFORNIA EDISON COMPANY 

SAN DIEGO GAS AND ELECTRIC COMPANY 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT NO. I 

DOCKET NO. 50-206 

1.0 INTRODUCTION 

By letter of May 1, 1992 (Reference 1), Southern California Edison Company (SCE or the licensee) submitted a request for a change to the San Onofre Nuclear Generating Station, Unit No. 1, Technical Specifications (TS) appended to Facility Operating License No. DPR-13. The requested changes would amend Section 4.4, "Emergency Power System Periodic Testing," of San Onofre Unit 1 Technical Specifications. The existing TS related to maximum diesel loading and crankshaft inspection were the result of testing and analysis undertaken after cracks were discovered in 1984 in the crankshafts of both diesel 
engines. This work was carried out as part of a project to resolve 
reliability issues associated with diesels manufactured by Transamerica 
Delaval, Inc. (TDI).  

References 2 and 3 provide a detailed discussion of the discovery, the 
corrective work performed to remove the cracks, the subsequent testing and analysis to determine their root cause and the results, conclusions and recommendations based on this work. As a result of these activities, the crankshaft problem was traced to excessive torsional stresses that occur during each diesel startup and coastdown. These stresses were found to be more severe during a fast diesel start (6 to 7 seconds in duration) compared with a slow start (at least 24 seconds in duration) and they also depend on the initial crankshaft position. In addition, the stresses vary from one journal bearing to another. To minimize the stresses and ensure the long-term 
integrity of the crankshafts, the NRC imposed requirements to inspect the 
highly stressed journal bearings at specified intervals. The NRC also 
restricted the maximum permitted surveillance loads on the diesels. These two requirements were first imposed as license conditions (Reference 4) and 
subsequently made part of the TS.  

2.0 EVALUATION 

SCE is proposing to amend Section 4.4 of the TS, which requires that at each 
refueling outage or at the end of 50 engine start-stop cycles since the last 
inspection, whichever comes first, oil hole locations in main journals 8 
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through 12 be inspected using liquid penetrant. If cracks are found, the 
findings have to be reported to the NRC and the engine should be considered 
inoperable, until the disposition is approved by staff.  

The licensee is proposing to increase the inspection interval from 50 start
stop cycles to 70 start-stop cycles. SCE cited several recent developments in 
support of their proposal. These relate to the fatigue analysis of the 
crankshaft. Failure Analysis Associates (FaAA), under contract with SCE, had 
recommended the inspection interval of 50 start-stop cycles based on an 
analysis performed in 1985. The analysis estimated the amount of low-cycle 
fatigue stress that would cause a detectable size (10 mils deep) crack in the 
crankshaft to enlarge to a size where the crack becomes self-propagating under 
a steady-state load of 6000 kw. In making this recommendation, FaAA assumed a 
future load history consisting of average fast starts, which the analysis 
found to be more damaging to the crankshafts than slow starts. However, to 
extend the useful life of the crankshafts, SCE's surveillance procedures were 
later changed to specifically require a slow start (24 seconds or more in 
duration) for all test purposes except the SISLOP* test or where there is a 
special need to verify the fast start capability. Because of this change, the 
present inspection interval is considered more conservative than predicted by 
the 1985 analysis.  

The oil hole locations in the most highly stressed journals of both diesel 
engines have been inspected during the Cycles 9, 10, and 11 refueling outages 
with no evidence of new crack initiation. These inspections will continue in 
the future as required by the TS. SEC's present crack detection technique has 
been approved by the NRC for detecting cracks 10 mils deep (Reference 4). The 
favorable inspection results provide added assurance in support of the 
proposed change.  

In 1990 FaAA reevaluated its original recommendations for SCE, in light of 
present operational practices and experience. The engine response was tested 
and analyzed using the current automatic slow start procedures instead of the 
fast start procedures used at the time of the 1985 analysis. The same crack 
growth analysis methodology, factors of safety, crankshaft material, and 
geometric input were employed as were used in the 1985 analysis. The analysis 
used the same one degree of freedom crack growth model that was used 
previously. However, it used journal 11 instead of 10 as the critical oil 
hole. The reason for this is that even though journal 11 is less stressed 
than journal 10, its stress history contains the largest number of cycles at 
peak stress levels. This makes journal 11 the bounding journal for crack 
propagation modeling purposes.  

The results of the 1990 analysis indicate that 50 average fast start-stop 
cycles are equivalent to 70 average slow start-stop cycles in propagating an 

SISLOP is the signal generated by a sequencer on coincident loss of 
voltage on its associated 4160 volt bus (Bus 1C or 2C) and demand for safety 
injection.
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assumed 10 mils deep crack to a depth of 18 mils. That is, an average fast 
start is 1.4 times as damaging to the crankshaft as an average slow start.  
Based on the results of this analysis the allowable number of emergency diesel 
engine start-stop cycles between crankshaft inspections can be increased from 
50 to 70. The 1990 analysis estimated that after a crack depth of 18 mils has 
been reached, six additional slow starts can be safely accommodated. This 
would still leave adequate reserve capacity in the crankshaft to withstand the 
worst case emergency demand on the diesel without exceeding a maximum 
postulated crack depth of 250 mils. Crankshaft inspections performed during 
1984 revealed cracks in the oil holes up to 250 mils deep and the crankshaft 
had not failed. Since 1984 when cracks were discovered, both diesel 
crankshafts have been inspected several times using accepted nondestructive 
methods. These inspections occurred prior to operation in Cycles 9, 10, and 
11. No evidence of cracking has been detected in any of these inspections.  
The new analysis also recommended that main journal 7 should be included in 
the inspections. Since this journal is less severely stressed than journals 8 
through 12, it should be inspected at a lesser frequency (once every 200 slow 
start-stop cycles).  

The other proposed change to Section 4.4 of TS relates to load transients.  
Currently the TS requires that during the monthly surveillance tests the 
diesels be operated for at least 60 minutes at 6000 kw (+100 kw, -500 kw) 
loads. During the SISLOP simulation test (required once every 18 months) the 
diesels are to be operated for at least 5 minutes with the sum of all 
permanently connected loads and automatically connected emergency loads not 
exceeding 6000 kw. As presently formulated, these restrictions do not 
explicitly allow for spiking load transients of a momentary nature, which are 
occasionally experienced at San Onofre Unit 1. In these transients the load 
rises rapidly to several hundred kw above 6100 kw and operator action is 
required to terminate the transients as quickly as possible. Typically, these 
transients last less than 5 seconds. They are not considered to be a 
violation of the TS load restrictions, and this will be stated in the TS by 
providing footnotes.  

The need to allow for load transients was recognized by the NRC in its generic 
safety evaluation of the TDI diesel generator issue (Reference 6). The staff 
qualified the load restrictions applicable to the diesel crankshafts at the 
Rancho Seco plant with the following footnote: 

"Momentary transients (not exceeding 5 secs) that result from changing 
bus loads need not be considered as an overload." 

The version of the safety evaluation applicable to Unit 1 repeats the words 
used in the Rancho Seco evaluation. However, when load restrictions became 
part of the Unit 1 license, this exemption was not incorporated into the 
license. The peak stresses experienced by the crankshaft during momentary 
transient are small compared with the peak stresses experienced during engine 
startup and coastdown. Based on the above discussion, momentary transients 
lasting 5 seconds or less are considered acceptable and within the 
surveillance criteria.
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In addition, the licensee has proposed some editorial changes. These include 
a proposed change to correct a typographical error in Footnote 1 to TS 
4.4.B.1(a). Footnote 1 contains slow start requirements for the diesels and 
incorrectly references TS 4.4.G for information on fast start requirements.  
The correct reference is TS 4.4.F. In addition, this proposed change contains 
several editorial corrections to the text of Section 4.4. These editorial 
changes have no safety significance.  

3.0 STATE CONSULTATION 

In accordance with the Commission's regulations, the California State official 
was notified of the proposed issuance of the amendment. The State official 
had no comments.  

4.0 ENVIRONMENTAL CONSIDERATION 

The amendment changes a requirement with respect to the installation or use of 
a facility component located within the restricted area as defined in 10 CFR 
Part 20 and changes surveillance requirements. The NRC staff has determined 
that the amendment involves no significant increase in the amounts, and no 
significant change in the types, of any effluents that may be released 
offsite, and that there is no significant increase in individual or cumulative 
occupational radiation exposure. The Commission has previously issued a 
proposed finding that the amendment involves no significant hazards considera
tion, and there has been no public comment on such finding (57 FR 22266).  
Accordingly, the amendment meets the eligibility criteria for categorical 
exclusion set forth in 10 CFR 51.22(c)(9). Pursuant to 10 CFR 51.22(b) no 
environmental impact statement or environmental assessment need be prepared in 
connection with the issuance of the amendment.  

5.0 CONCLUSION 

The Commission has concluded, based on the considerations discussed above, 
that (1) there is reasonable assurance that the health and safety of the 
public will not be endangered by operation in the proposed manner, (2) such 
activities will be conducted in compliance with the Commission's regulations, 
and (3) the issuance of the amendment will not be inimical to the common 
defense and security or to the health and safety of the public.  

Principal Contributor: J. R. Rajan 

Date: June 29, 1992



-5

REFERENCES 

1. Letter from Southern California Edison Company, "Amendment Application 
No. 204, Emergency Diesel Generator, San Onofre Nuclear Generating 
Station Unit 1" dated May 1, 1992.  

2. Report titled, "Evaluation of Transient Conditions on Emergency Diesel 
Generator Crankshafts at San Onofre Nuclear Generating Station Unit 1" 
(FaAA-84-12-14, Revision 1.0), dated April 1985, by Failure Analysis 
Associates.  

3. Technical Evaluation Report titled "Review of Resolution of Known 
Problems in Engine Components For Transamerica DeLaval, Inc. Emergency 
Diesel Generators" (PNL-5600), dated December 1985, by Pacific Northwest 
Laboratory.  

4. Letter dated April 14, 1989, from C. M. Trammell (NRC) to K. P. Baskin 
(SCE), Issuance of Amendment No. 123 to Provisional Operating License 
San Onofre Nuclear Generating Station Unit No. 1.  

5. Letter dated November 8, 1990, from J. E. Tatum (NRC) to H. B. Ray 
(SCE), Issuance of Amendment No. 136 to Provisional Operating License 
San Onofre Nuclear Generating Station, Unit No. 1.  

6. NUREG-1216, dated August 1986, Safety Evaluation Report Related to the 
Operability and Reliability of Emergency Diesel Generators Manufactured 
by Transamerica Delaval, Inc.


