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Purpose of LAR

• Define the 1977 Hosgri earthquake (HE) as the safe 
shutdown earthquake (SSE) for Diablo Canyon Power 
Plant (DCPP)

• Define an evaluation process for newly identified seismic 
i f ti
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information

• Clarify ongoing commitments associated with the Long 
Term Seismic Program (LTSP) within DCPP’s current 
licensing basis



Agenda

• Development of DCPP Seismic Design Basis

• 1977 HE Seismic Design Criteria for DCPP

• 1977 HE + LOCA Seismic Design Criteria
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• Seismic Design Criteria for DCPP
Conclusion

• Revisions to New Seismic Information Evaluation 
Flowchart



Development of DCPP Seismic Design Basis 
Construction Permit

• Atomic Energy Commission (AEC), issued a construction permit 
(CP) for DCPP Unit 1 on April 23, 1968, and for Unit 2 on December 
9, 1970. 

• During the time of the DCPP CP review, the NRC regulation that 
currently governs seismic design (Appendix A to 10 CFR Part 100) 
was in the early stages of development, and the concepts of the 
SSE d ti b i th k (OBE) till b i
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SSE and operating basis earthquake (OBE) were still being 
developed.

• At the time the CP was issued, PG&E concluded, and the AEC 
concurred, that the earthquake design bases for DCPP would be a 
peak horizontal ground acceleration (PGA) of 0.4g (double design 
earthquake (DDE)) for safety-related structures and a PGA of 0.2g 
(design earthquake (DE)) for operational-related structures.



Development of DCPP Seismic Design Basis
Operating License

• During geological investigations in support of the DCPP operating 
license (OL) applications, oil company geoscientists discovered a 
zone of faulting existing a few miles off shore from DCPP.  This 
proprietary offshore geophysical information was made public in 
1971.

• During the next few years, in response to NRC staff requests for 
dditi l i f ti PG&E d USGS i ti t d thi f lt
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additional information, PG&E and USGS investigated this fault zone. 
The zone was later re-named the Hosgri fault.

• Based on the results of these studies, recommendations by the 
USGS, and the issuance of Appendix A to Part 100 (1973), the NRC 
required that Diablo Canyon be able to withstand a horizontal PGA 
of 0.75g based on a postulated magnitude 7.5 earthquake on the 
Hosgri fault 5 km from the DCPP site (1977 HE).



Development of DCPP Seismic Design Basis
Operating License (Cont’d)

• PG&E reanalyzed and upgraded the plant to accommodate the 1977 
HE seismic design basis.  The DCPP seismic design basis was 
reviewed and approved by the NRC Staff in SSERs 7, 8, and 11.  

• In SSER 7 the NRC stated that although the applicant does not 
agree, we now consider the Hosgri event to be the safe shutdown 
earthquake as defined in Appendix A to 10 CFR Part 100 for the 
site or at least its equivalent PG&E at this time equated the DDE
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site, or at least its equivalent.  PG&E at this time equated the DDE 
to the SSE for DCPP.

• SSCs were designed to remain functional if an SSE (HE) occurs 
(SG 29). These SSCs are those necessary to assure (i) the integrity 
of the reactor coolant pressure boundary, (ii) the capability to 
shutdown the reactor and maintain it in a safe shutdown condition, 
or (iii) the capability to prevent or mitigate the consequences of 
accidents which could result in potential offsite exposures 
comparable to the guideline exposures of 10 CFR Part 100 (SG 29 
and App. A  to 10 CFR 100).



Development of DCPP Seismic Design Basis
Operating License (Cont’d)

• The 1977 HE seismic design basis for DCPP was reviewed and approved 
by the NRC's Advisory Committee on Reactor Safeguards (ACRS).

• On July 14, 1978, the ACRS issued a letter report to the NRC concluding 
that DCPP Units 1 and 2 could be operated at full power without undue risk 
to the health and safety of the public.

Th ACRS l tt t t i d d ti th t t ll l d t
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• The ACRS letter report contained a recommendation that eventually led to 
issuance of the conditions on the DCPP Unit 1 low-power and full-power 
operating licenses requiring a reevaluation of the seismic design bases of 
the plant.  

• After public hearings before the NRC's Atomic Safety and Licensing Board 
and Atomic Safety and Licensing Appeal Board, and meetings with the 
NRC, OLs were issued on November 2, 1984, and August 25, 1985 for Unit 
1 and 2, respectively.  License condition, Item 2.C.(7) was placed on the 
Unit 1 OL.



Development of DCPP Seismic Design Basis
LTSP

• PG&E's reevaluation effort to meet License 
condition, Item 2.C.(7), was named the "Long 
Term Seismic Program." The objective of the 
LTSP was to satisfy the license condition, using 
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new techniques and data developed since 1979, 
to reevaluate the seismic design bases.

• Over 60 public meetings were held in relation to 
the LTSP between 1984 and 1991.



Development of DCPP Seismic Design Basis
LTSP (Cont’d)
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ACRS Meeting



Development of DCPP Seismic Design Basis
LTSP (Cont’d)
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ACRS Meeting



Development of DCPP Seismic Design Basis
LTSP (Cont’d)

• The NRC’s review of PG&E submittals relating to the LTSP concluded that 
License Condition 2.C.(7) has been met.

• The NRC stated in SSER 34 
– The seismic qualification basis for DCPP will continue to be the original 

design basis plus the Hosgri evaluation basis, along with the associated 
analytical methods, initial conditions, etc.  
The LTSP has served as a useful check on the adequacy of the seismic
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– The LTSP has served as a useful check on the adequacy of the seismic 
margins and has generally confirmed that the margins are acceptable. 

– The LTSP spectra, increased to envelope the exceedances in the 
vertical and horizontal 1977 Hosgri spectra, should be used to verify 
that the plant HCLPF values remain acceptable for future plant design 
modifications.

– Comparison of LTSP site-specific ground motions with the seismic-
qualification-basis response spectra to be able to judge the level of 
demand resulting from LTSP ground motion.

• If the Hosgri responses were found to be greater than the LTSP 
responses, then no additional evaluation would be needed



1977 HE Seismic Design Criteria for DCPP

• The NRC performed a review to the classification criteria 
documented in Regulatory Guide (RG) 1.29, "Seismic Design 
Classification.” They concluded that SSCs important to safety that 
are designed to withstand the effects of a Hosgri event and remain 
functional have been properly classified in conformance with the 
Commission's regulations, the applicable RG and industry 
standards
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standards.

• The SSCs that are analyzed and qualified for the 1977 HE are those 
necessary to assure (1) the integrity of the reactor coolant pressure 
boundary, (2) the capability to shutdown the reactor and maintain it 
in a safe shutdown condition, or (3) the capability to prevent or 
mitigate the consequences of accidents which could result in 
potential offsite exposures comparable to the guideline exposures of 
10 CFR Part 100.



1977 HE Seismic Design Criteria for DCPP 
(Cont’d)

• The NRC requested that PG&E consider in detail the equipment and 
procedures necessary to achieve long-term cold shutdown 
conditions after a Hosgri event, assuming that:  (1) only equipment 
qualified for the event would be available, (2) single failures may 
occur in that equipment, and, (3) offsite power may be lost for an 
extended period of time.

Th NRC i d th bilit t l th l t t ld h td
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• The NRC reviewed the capability to cool the plant to cold shutdown 
conditions and provide long-term cooling. 

• PG&E demonstrated that sufficient systems are available for 
residual heat removal with or without offsite power and assuming a 
single failure in accordance with Criterion 34 of the General Design 
Criteria.  Similarly, these systems were qualified for operation in the 
event of the Hosgri event in accordance with Criterion 2 of the 
General Design Criteria. This included the qualification of some 
Design Class II and III components to 1977 HE.



1977 HE Seismic Design Criteria for DCPP
Seismic Qualification of Structures

• RG 1.61, Rev. 0 damping values were used.

• Average values of material properties, from tests 
of the actual materials installed, were used in 

t d t i ll bl t l l
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some cases to determine allowable stress levels 
instead of using code specified minimum 
material properties. 

• Ductility (yielding) in structures was allowed in 
limited cases.



1977 HE Seismic Design Criteria for DCPP
Seismic Qualification of Structures (Cont’d)

• Fixed base mathematical models were used for 
structures and above ground tanks. 

• The horizontal ground response spectra were 
reduced somewhat to account for foundation

15

reduced somewhat to account for foundation 
size effects in relation to ground motion waves 
(spatial incoherence). 

• A vertical response dynamic analysis was 
performed rather than assuming an invariant 
vertical acceleration throughout the structures.



1977 HE Seismic Design Criteria for DCPP
Seismic Qualification of Structures (Cont’d)

• A modified procedure was used for 
smoothing the raw floor response spectra.

• In combining structural responses at each 
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g p
point, responses due to horizontal 
excitation in two directions were combined 
with the response due to vertical excitation 
by the square-root-of-the-sum-of-the-
squares (SRSS) rule. 



1977 HE Seismic Design Criteria for DCPP
Seismic Qualification of Mechanical Components

• Damping values recommended in RG 1.61,  
Rev. 0 were generally used in the reevaluation. 

• In some cases, where material test data were 
il bl t l t i l ti ll d
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available, actual material properties was allowed 
in lieu of code specified minimum properties to 
establish allowable stress limits to justify 
structural integrity where the calculated stress 
exceeded the limits of the ASME Code.



1977 HE Seismic Design Criteria for DCPP
Seismic Qualification of Mechanical Components (Cont’d)

• A one-quarter scale model structural test was 
allowed to be performed on the reactor vessel 
shoe and pad system to determine the load-
carrying capacity of the assembly rather than 
using the usual methods to determine code 
allo able stresses

18

allowable stresses.

• Low amplitude shock or vibration testing of 
systems and components as they are actually 
installed (in-situ testing) were performed to 
experimentally validate the natural 
frequencies, mode shapes and damping 
values used in the seismic analysis. 



1977 HE Seismic Design Criteria for DCPP
Seismic Qualification of Mechanical Components (Cont’d)

• Many piping systems, including the reactor 
coolant loops, were analyzed assuming single 
snubber failures. 

Th t 1977 HE l d th DDE
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• The responses to 1977 HE loads or the DDE 
loads (whichever was more limiting) were 
combined with the response due to normal 
operation and the response due to postulated 
LOCA loads using the absolute summation 
method for response combination.



1977 HE + LOCA Seismic Design Criteria 
Seismic Qualification of Mechanical Components

• In a letter dated November 10, 1977, the NRC requested 
the submission of PG&E’s analysis which consider the 
effects of combining the normal operating loads, the 
earthquake loads (the more limiting of the 1977 HE or 
DDE loads) and the LOCA loads, and to explain and 
justify the method of load combination
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justify the method of load combination.
• PG&E submitted the analysis that evaluated the 

combination of a postulated LOCA and seismic event in 
the following four ways:
– No combination, seismic alone
– No combination, LOCA alone
– Seismic and LOCA by absolute summation
– Seismic and LOCA by SRSS



1977 HE + LOCA Seismic Design Criteria 
Seismic Qualification of Mechanical Components (Cont’d)

• The evaluation showed that all component loadings of the reactor 
coolant system were below allowable values with the exception of 
the reactor internals, reactor coolant pump supports and reactor 
vessel support which were over the allowables by a very small 
amount for the absolute summation combination of LOCA and 
seismic.

Th " ll bl " diti d t ff t th f ti f th
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• These "over-allowable" conditions do not affect the function of the 
supports or the internals.

• The fuel grid exceeded the test strength for the absolute 
combination and the SRSS combination. In SSER 8 the NRC’s 
review concluded that the deformation of the core under combined 
seismic and LOCA loads is conservatively limited in flow area and 
that the calculated peak cladding temperature is within the 
acceptance criteria.  For these reasons the NRC concluded that the 
reactor fuel will maintain coolable geometry under these loading 
conditions and meets the acceptance criteria of 10 CFR 50.46.



1977 HE + LOCA Seismic Design Criteria 
Seismic Qualification of Mechanical Components (Cont’d)

• The evaluation demonstrated that the entire primary system is 
capable of withstanding the simultaneous occurrence of the peak 
earthquake loads (the more limiting of the 1977 HE or DDE) and the 
LOCA loads without compromising its ability to safely shut down the 
system and retain it in a shutdown condition.

• SSER 7 documents the NRC’s review and approval of this 
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pp
evaluation concluding that the evaluation was acceptable based on 
the conservative process of requiring that the peak responses to the 
seismic and LOCA loads be combined on an absolute sum basis.

• The NRC’s acceptance of the evaluation results based on the use of 
the absolute sum method is inconsistent with the results of the 
evaluation determining that four components exceed allowable 
values when using this method, and later acknowledging and 
approving in SSER 8 the use of SRSS for fuel assemblies.



1977 HE + LOCA Seismic Design Criteria 
Seismic Qualification of Mechanical Components (Cont’d)

• PG&E proposes to continue to allow the use of the 
SRSS method for the evaluation of load combinations of 
seismic with LOCA.  

• This methodology is consistent with the guidance 
provided in NUREG-0484
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provided in NUREG 0484.

– It is highly improbable that the peak loads or stresses from each 
of the events would occur in the same planar direction with the 
same sign and at exactly the same time such that the maximum 
effects of each event would combine absolutely.  

– The SRSS method of combination is commonly used in seismic 
analysis and is appropriate when combining statistically 
independent transient functions.



1977 HE Seismic Design Criteria for DCPP 
Seismic Qualification of Electrical Equipment

• The methods identified in RG 1.100 Revision 1 and IEEE Standard 
344-1975 were used, per the NRC’s request, during the Hosgri 
requalification of components where the original qualification level 
did not envelope the required seismic inputs to equipment for the 
HE. 

• In SSER 7 the NRC stated, “the original qualification has been 
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, g q
reviewed to ensure that the original methods are adequately justified 
in light of current standards.  Requalification according to the current 
standards is being performed either where necessitated by changes 
in seismic inputs or where our review revealed concerns about the 
justification for the original qualification.  We have found in our 
review of this plant, as we have in reviewing other operating license 
applications, that these criteria provide reasonable assurance that 
safety-related electrical equipment will function as intended before, 
during and after a safe shutdown earthquake (Hosgri event for this 
plant).”



Seismic Design Criteria for DCPP
Conclusion

• PG&E used more realistic and contemporary methods during the evaluation 
for Hosgri and performed additional testing to demonstrate that DCPP could 
meet criteria comparable to that defined in Appendix A to 10 CFR 100 for 
the SSE. 

• The 1977 HE seismic design for DCPP was reviewed by the NRC against 
the criteria from GDC 2, RG 1.29 and Appendix A to 10 CFR 100. 
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• The NRC considered the 1977 HE to be the SSE, as defined in Appendix A 
to 10 CFR Part 100, or at least its equivalent, while reviewing the 
reevaluation for Hosgri.

• The approval of this LAR would revise DCPP current licensing basis so that 
the DDE would no longer be equated to the SSE.

• PG&E has maintained the seismic design requirements for the DE, DDE, 
1977 HE, commitments associated with LTSP and continues to apply them 
at DCPP.



Revisions to New Seismic 
Information Evaluation Flowchart

• An additional decision box to determine if 
exceedances of the 1991 LTSP spectra 
results in a minimum seismic margin 
below 1 3
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below 1.3.

• Refer to separate flowchart file.



Backup Slides
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Deterministic Comparison
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