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1.0 INTRODUCTION

The Commission's Safety Evaluation Report in the matter of the Diablo Canyon Nuclear
Power Station, Units 1 and 2, was issued on Octobei 16, 1974, In the Safety Evaluation
Report it was stated that supplemental reports would be issued to update the Safety
Evaluation Report in those areas where the staff's evaluations had not been completed.
Supplement Nos. 1, 2 and 3 to the Safety Evaluation Report, issued on January 31, 1975,
May 9, 1975, and September 18, 1975 respectively, documented the resolution of several
outstanding items, and summarized the status of the remaining outstanding items.

The purpose of this supplement is to further updale the Safety Evaluation Report by
providing the staff's evaluation of certain matters which were not resolved when
Supplement No. 3 was issued. Each of the following sections of this supplement is
numbered the same as the corresponding section of the Safety Evaluation Report that
is being updated,

Appendix A to this supplement is a continuation of the chronology of the Nuclear
Regulatory Commission staftf's principal actions with respect to radiological matters
related to the processing of the application. Appendix B is a bibliography. Appendix
C is a report by the U. S. Genlogical Survey dated April 29, 1976.



2.8

2.0 SITE CHARACTERISTICS

Geclogy, Seismology and Foundation Engineering

In Supplement No. 1 to the Safety Cvaluation Report, we described our review of
Amendments 11, 19 and 20 to the FSAR. At thai time we stated that our evaluation

of the earthquake potential of the Hosgri fault zone was continuing. This supplement
presents our review of investigatiors performed by the applicant since then which are
documented in Amendments 31, 32, 34, 37 and 40 to the FSAR. These amendments
responded to a request for information in our letter dated February 12, 1975. That
letter requested additional information and investigations relevant to determining
the earthquake potential of the Hosgri fault zone as follows:

(1) Provide additional discussion and arguments for determining the
maximum earthquake that can be expected on falilts of various ranks
within the San Andreas system. Relate the discussion to historic
seismicity.

(2) Provide additional documentation, including seismic reflection
profiles, on the intgrsection of the Hosgri fault zone with the
Transverse Range faults. Include geologic maps svuthward of those
provided in the PSAR showing the structural relationships of the
Transverse Range faults and structures having northwest trend.

(3) Provide additional documentation, including seismic profiles, on
the northern reaches of the Hosgri fault zone. Include a fuller
development of views on the structural relationship of the Hosgri
fault to the San Simeon fault, g

(4) Provide additional information on the location of the 1927
earthquake, together vith its probable mechanism. Discuss probable
relationships of this event to the geologic structure in the region.

(5) Provide an evaluation of the maximum credible earthquake on the
Hosgri fault zone. Assuming this event occurs, along the segment
of the Hosgri fault zone nearest the site, evaluate its response
spectrum at th« site and compare it with the design response
spectrum.

An independent interpretation of the applicant's data together with data obteined
from other surveys was made by the U. 5. Geological Survey. The Survey's review of
the applicant's investigations, which is based in part on independent
interpretations, is presented in Arpendix C to this supplement.
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Background

In 1971, two geologists with the Shell 011 Company published previously proprietary
data indicating the presence of a 90 miles long fault about 4 1/2 miles offshore from
the Diablo Canyon plant site (Hoskins and Griffiths, 1971). This fault and other

basin boundary faults offshore were indicated as being possibly important in develioping
offshore 011 reserves. In the operating license application submitted in 1973, the
applicant cited the Hoskins and Griffiths reference and provided a map showing tneir
location of the fault offshore of the plant site. As this represented new information
not reviewed during the construction permit licensing phase, we requested that the
applicant conduct an investigation of the fault sufficient to determine whether it
should be considered capable within the meaning of Appendix A to 10 CFR Part 100.

At that time, the U. S. Geological Survey was also conducting reflection surveys in
the area as part of a large erploration oi offshore geclogic structure along the
California coast funded by the Commission. Thehr investigations resulted in the
discovery of an apparent fault offset of the sea floor offshore from the Diablo
Canyon plant site.

The applicant undertook high resoiution seismic reflection surveys in the near
offshore region to supplement the U. S. Geological Survey investigations and to
determine the structura) characteristics and tectonic significance of the offshore
faulting. Those investigations were reported in Agendments 11, 19 and 20 to the FSAR.

As a result of our review of these Amendments, which was reported in Supplement No. 1
to the Safety Evaluation Report, dated January 31, 1975, we concluded the fellowing:

(1) The offshore fault (by then named the Hosgri fault) locally offsets
Tertiary and pre-Tertiary rocks with apparent vertital offsets
between 1500 and 6000 feet and is discontinuous and>segmented in the
late Tertiary and Quaternary section.

(2) The style of deformation on the fault zone is predominately
extensional. The Tertiary section exhibits down to the basin normal
faulting; a component of strike-s1i; movement is apparertly present
in the upper section, however.

(3) Offsets of post-Wisconsinan sediments and locally the sea floor

show the fault to be capable .ithin the meaning of Appendix A to
10 CFR Part 100.
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In responding to our request for additional investigations, dated February 12, 1975,
the applicant conducted extensive seismic reflection surveys to determine the
structural relationships between the San Simeon and Hosgri fault north of the site

anc the Transverse Range faults and Hosgri fault south of the site. Ir addition,
existing deep penetration seismic reflection data were obtained from Western
Geophysical Company and incorporated into the data base.

The structural relationship of the Hosgri fault and San Simeon faults 4s discussed n
Amendment 31 to the FSAR. The appiicant's interpretation of the available data shows
a contfnuation of the Hosgri fault and 1ts branches north of the region of possible
intersection with the San Simeon fault between Cambria and Point Estero. This
interpretation is consistent with that of the U. S. Geologicai Survey and tends to
support the Heskins and Griffiths interpretation that the Hosgri and San Simeon
faults are narallel to each other. The U. S. Geological Survey considers the data
inadequate o preclude intersection of the Hosgri and San Simeon fault zones, but
finds the overall tectonic style of this area to/be rne of branching or en echelon
faults (see Appendix C to this supplement).

The structural relationship between the Hosgri fault zone and the Transvei'se Range
structures 1s also discussed in Amendment 31, The applicant's interpretation shows
the Hosgri fault zone to trend eastward into the Transverse Range structures between
Point Sal and Point Arguello. The independent interpretation of the U. §. Geological
Survey extends the zone at least five miles south of Point Arguello some 20 miles
beyond the southern terminus proposed by the appl1caﬁt.

The contemporary sense of movement on the Hosgri fault zone was previously discussed
by the applicant and the staff': review was reported in Supplement No. 1 to the Safety
Evaluation Report. Additional discussions are presented in Amendments 31 and 32 to
the FSAR. The applicant's investigations and Wagner (1974),both support the esrlier
interpretation of Hoskins and Griffiths that the fault zone experienced predominantly

vertical movement di.ring the Tertiary. Evidence of a lateral component of movement
appears to exist in some seismic profiles which show a crange in the acoustical
signature of one of the reflection horizons acress the fault. Thus, contemporary
movement on the fault zone may have a component of lateral movement or may even be
predominantly lateral,
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Conclusion

The U. S. Geological Survey concluded that a magnitude 7.5 earthquake could occur on
the Hosg~i fault. As stated in Appendix C to this supplement, the Survey's report is
intended to form a basis for deriving an effective acceleration for input into the
process leading to seismic design analysis (which in this case will be a reevaluation
of the seismic capabilities of the Diablo Canyon Nuclear Power Station).

We have adopted the U. S. Geological Survey's assessment as a conservative representa-
tion on the earthquake potential of the Hosgri fault.

The magnitude 7.5 earthquake on the Hosgri fault is to be considered in addition to
the earthquakes considered previously in the construction permit applicaticn. Those
earthquakes which were considered previously and for which the plant's design has
alraady been found acceptable are as folluws: /

(1) Magnitude 8-1/2 along the San Andreas fault 48 miles from the site.

(2) Magnitude 7-1/4 along the Nacimiento fault 20 miles from the site.

(3) Magnitude 7-1/2 along the off-shore extension of the Santa Ynez fault 50 miles
from the site,

(4) Magnitude 6-3/4 aftershock near the site associated with 1,

Effective Acceleration

The ground motion values recommended by the U. S. Geological Survey are based on
instrumental data insofar as possible and do not refiact the presence of structures.
These values must be translated into quantitative measures of effective acceleration
for design purposec. To dev=lop an effective acceleration for Diablo Canyon, we have
obtained the advice of our consultant in this area, Dr, N. M. Newmark of N. M. Newnark
Consulting Engineering Services, He has recomnended, and we have accepted, that an
effective horizonta) ground acceleration of 0.75g be used for the development of design
response spectra. We will provide additional discussion of this matter, and : report
from our consultant, Dr. Newmark, in a future supplement to the Safety Evaluation
Report. Further discussion concerning reevaluation of the facilities is provided in
Section 3.7 of this Supplement.
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3.7

3.0 DESIGN CRITERIA - STRUCTURES, COMPONENTS, EQUIPMENT AND SYSTEMS

Seismic Design

In Sectfon 3.7 of the Safety Evaluation Report we presented our evaluation of seismic
design criteria, methods and procedures and we found them to be acceptable. At that
time our review was based on the original seismic design bases (seismic response
spectra) that were used in designing the plant and which had been approved at the con-
struction permit stage of review. However, because new information concerning geology
and seismology had come to light, we were still reviewing the seismic design bases for
the Diablo Canyon plant site when the Safety Evaluation Report was issued.

Since then we have determined that, in addition to the earthquakes considered in the
original seismic design bases, a magnitude 7.5 earthquake should be assumed to occur
on the Hosgri fault and we have adopted an effectl‘e horizontal ground acceleration of

0.759 for the development of design response spectra (see Section 2.5 of this supplement).

At a meeting on April 20, 1976, we requested that the applicant evaluate the plant's

capability to withstand such an earthquake, An outline of the procedures that we believe

would be appropriate for this evaluation is as follows:

(1) A magnitude 7.5 earthquake on the Hosgri fault should be assumed with horizontal
ground response spectra normmalized to an effective value of 0.75g for engineering
recvaluation of the plant,

(2) A revision of the design response spectra will be accepted depending on the equiva-

lent length of the foundations of individial buildings. This revision recognizes
that ground motion waves are not synchronized underneath structures during earth-
quakes. In other words, different points n the foundation base slab will not
experience the maxima in the ground motion at thé same time (see references 2 and
3, Appendix B to this supplement).

(3) Where such revision in response spectra is used, approprizte allowance for tilting

and torsion, which may result from the nonsynchronized earthquake motion considered

in item (2) above, will be required.

(4) In reevaluating the capability of the plant structures, systems and components,,
inelastic behavior may be relied upon to absorb the ground motion energy. Where
such behavior is relied upon, a ductility ratio not exceeding 1.2 is acceptable
in determining seismic loads and motions, For each particular structure where

inelastic behavicr is utilized, justification and bases will be required for assur-
ing that the additional strains and deformations will not affect the safety functions

of the plant systems and structures, The use of a ductility ratio is permissible
only for near-field earthquakes, such as the earthquake postulated for the Hosgri
fault,

341



The analytical work required to develop individusl response spectrs for the various
plant buildings and to evaluate thefr response will be performed by the applicant and
8 report will be submitted to the Commissfon. We and our consultant, N. M. Newmark
Consulting Engineering Services, will review the report and present our evaluation in a
future suppiement to the Safety Evalustion Report,



4.0 REACTOR

Thermal and Hydraulic Design

Introduction

We have reviewed the Diablo Canyon core design calculations with respect to margins to

departure from nucleate boiling (ONB). These margins were discusced in Section 4.4 of

the Safety Evaluation Report. We have also examined the potential penalties due to two

items for which we have not completed our rev1ew,lpon-un1form heating tests and fuel
i

J

rod bowing. By comparing the potential penalties”imposed by these tv) items with the
margins to DNB, we have determined the net impact of these items on plant operation.
Qur evaluation is presented below,

Effect of Non-Uniform Heating on DNB

In Section 4.4 of Supplement No. 2 and Section 4.4 of Supplement No. 3 to the Safety
Evaluation Report, we stated that we were reviewing the results of ONB tests involving
non-uniform heating. These results were reported in WCAP-8536 (Proprietary) and WCAP-
8537 (Non-Proprietary), "Critical Heat Flux Testing of 17 x 17 Fuel Assembly Geometries
with 22 Inch Grid Spacing." We also indicated that, unless our evaluation of this
matter was completed by the time the technical specifications for Diablo Canyon were
finalized, we would require that the minimum allowable departure from nucleate boiling
ratio (DNBR) be increased by 5 percent above that reqyired to satisfy the 95/9%
criterion.

Since our evaluation of this matter is not yet completed, our position on this item
remains unchanged.

Effect of Bowed Rod on DNB |

In Section 4.4 of Supplement No. 2 and Section 4.4 of Supplement No. 3 to the Safety
Evaluation Report, we staved that we had completed our review of WCAP-8176 (Proprietary)
and WCAP-8323 (Non-Proprietary), "Effect of Bowed Rod on DNB." We had found these
reports to provide an acceptable data base for predicting the effects of rod bowing on
DNB heat flux for the first fuel cycle but we were reviewing additional information
which had been submitted by Westinghouse concerning this effect after the first fuel
cycle.

We have now completed our evaluation of that additional information and find that the
reports provide an acceptable data base for predicting the effects of rod bowing on

departure from nucleate boiling heat flux for a'! fuel cycles.
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Amount of Rod Bowing

In Section 4.4 of Supplement No, 2 and Section 4.4 of Supplement No. 3 to the Safety
Evaluation Report we stated that we had completed our review of WCAP-8346, "An tvalua-
tion of Fuel Rod Bowing." We concluded that the calculational methods were acceptable
for 16 x 15 fuel assemblies, based on rod bow data for 15 x 15 assemblies with seven
spacer grids. We concluded that the methods were also acceptable for 17 x 17 assemblies
with eight spacer grids. However, we stated that the validity of the calculation
methods for the 17 x 17 assemblies must be confirmed by the continuing evaluation of
data to be obtained from the 17 x 17 fuel assembly surveillance program for the two
surry reactors and the Trojan and Diablo Canyon reactors. We would review the methods
as actua) data became available and if necessagy, make appropriate technical specifi-
cation changes.

Since then, new data on i5 x 15 rod bundles with up to 31,000 megawatt days per metric
ton of uranium burnup were documented by Westinghouse in the topical reports WCAP-8691
(Proprietary) and WCAP-2692 (Non-Proprietary), "Fuel Rod Bowing", dated December 1975,
These data show that the bowing model presented in WCAP-8346 underestimates the extent
of fuel rod bowing for both 15 x 15 and 17 x 17 asgemblies and, accordingly, WCAP-BES)
and WCAP-8692 present a revised bowing model.

We have not completed our evaluation of the bowing model presented in WCAP-8691 and
WCAP-8692. However, based on our evaluation to date, usirg conservative calculations
we have estimated the penalties on DNBR relative to the 95/95 criterion that would be
necessary to account for the data, including an allowange for unceriainty in extra-
polatior ¢ the data from 15 x 15 fuel assemblies to 17 x 17 fuel assemblies.

Conclusion

We have compared the DNE margins in the design with the penalties which we would
currently apply to account for uncertainties pending completion of our evaluation of
WCAP-8536 and WCAP-8537 concerning non-uniform heating, and WCAP-8691 and WCAP-8692
concerning the amount of rod bowing. Based on this comparison we have determined that
the Diablo Cunyon cores can be safely operated as follows: (1) First fuel cycle - no
net penalty on DNBR, (2) Second fuel cycle - 1 percent net penalty on DNBR, and (3)
Third fuel cycle - 2 percent net penalty on ONBR,

This is an interim position, pending completion of our evaluation of WCAP-8536, WCAP-
8537, WCAP-B691 and WCAP-8692. As before, it is subject to continuing evaluation of
the data from the 17 x 17 fuel surveillance program confirming the validity of the
model for predicting the amount of fuel rod bowing.
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6.2
8.2.1

5.0 REACTOR COOLANT SYSTEM

Integrity of Reactor Coolant Pressure Boundary
Design of Reactor Coolant Pressure Boundary Components

In Supplement No. 3 to the Safety Evaluation Report, we stated that our review of the

blowdown forces acting on the reactor vessel in the unlikely event of a loss-of-coolant

accident at 2 particular location had not been completed. Although our generic review |

of this matter has sti11 not been completed, we have concluded that continued licensing

of facilities for operation is acceptable unti] we have completed our review, as l

described below. ,
’ l

By letter dated December 10, 1975, we requested that the applicant review the design J

bases for the reactor vessel support system for the Diablo Canyon plant to determine 1

whether the loads discussed in Supplement No. 3 were taken into account appropriately |

in the design. By letter dated January 13, 1976, the applicant reported that the |

Diablo Canyon plant design did not specifically consider differential pressures in the

annular region between the vessel and the biological shield or the transient differen-

tial pressures across the core barrel within the reactdr vessel. Therefore, additional

information must be submitted for our review. After we have reviewed such information

we will determine what modifications to the Diablo Canyon plant, if any, are necessary

to assure that acceptable margins of safety are maintained.

The results of studies reported to date on other applications indicate typically that
although the margins of safety may be less than originally 1ﬁ€ended. the rcactor vess)
support system will retain essential structural integrity and that the ultimate con-
sequences of this postulated accident and their potential effect on the geners! public
are no worse than originally stated. Based on the results of our evaluation of this
phenomenon to date and in recognition of the low probability of the particular pipe
rupture which could lead to additional transient loads on the support systems, we
cenclude that reactor operation will not create undue risk to the health and safety of
the public and is, therefore, acceptable pending completion of our review.

As stated above, when our review is completed we will require the applicant to make any
modifications which are determined to be necessary,



6.3

6.0 ENGINEERED SAFETY FEATURES

Emergency Core Cooling System (ECCS)

In Section 6.3.3 of Supplement No. 3 to the Safety Evaluation Report, we stated that
the applicent had submitted a revised analysis of ECCS performance in Amendment 33 to
the FSAR. However, Amendment 33 did not contain all of the required information and
our evaluation coula not be completed. The applicant submitted the additional required
information in Amendment 35 to the FSAR. Uur evaluation of ECCS performance is de-
scribed below,

ECCS Analyses

The applicant's submittal of a large break loss-of-coolant accident (LOCA) analysis was
limited to a spectrum of three guillotine breaks, which was specific for the Diablo
Canyon Nuclear Power Station. To supplement the analysis of the three breaks, the
applicant referenced WCAP-8356, "Westinghouse ECCS Plant Sensitivity Studies," WCAP-
8472, "The Westinghouse ECCS Evaluation Model-Suppiementary Information,” and WCAP-
8565, "Westinghouse ECCS-Four Loop Plant 17x17 Sensfkiv1ty Studies," which demonstrated
that the guillotine breaks are the worst cases for this plant type.

The analyses submitted identified the worst break size as the double-ended cold leg
guillotine break with a Moody muitiplier of 0.6. The calculated peak clad temperatures
were 2030 degrees Fahrenheit for Unit 1 and 193] degrees Eghrenheit for Unit 2, within
the acceptable 1imit of 2200 degrees Fahrenheit (as specified in 10 CFR Part 5C.46(b)).
In addition, the maximum iocal metal/water reaction of 4.24 percent for Unit 1 and 2.9
percent for Unit 2 and a total core-wide metal/water reaction of less than 0.3 percent
for both units were well below the allowable limits of 17 percent and 1 percent,
respectively. The analyses for both units were performed based on an assumed total
peaking factor of 2.32 at 102 percent of a rated power level of 3411 megawatts thermal,
with a peak linear power density of 12.6 kilowatts per foot. This is the thermal
rating for Unit 2, which is slightly higher than the rating for Unit 1.

The small break analysis which was submitted in Amendment 15 to the FSAR included a
three break spectrum and referenced WCAP-8356. Th» small break analysis, which iden-
tified the 4-inch pipe break as the Timiting small break with a peak clad temperature
of 1520 degrees Fahrenheit, demonstrates that the small break LOCA is not limiting.
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ECCS Containment Pressure Evaluation

The ECCS containment pressure calculations for Diablo Canyon were done using the
kestinghouse ECCS evaluation model. We have reviewed the Westinghouse containment
model and found it acceptable for ECCS evaluation, We required, however, that justi-
fication of the plant-dependent input paraweters used in the analysis be submitted for
our review on each plant. This information was submitted in Amendment 35 to the FSAR.
The applicant has reevaluated the containment net free volume, the passive heat sinks,
and operation of the containment heat removal system with regard to the conservatism
for the ECCS analysis. This evaluation was based on measurement within the containment
and from as-built drawings . Since, for the purposes of an ECCS analysis, it is con-
servative to overstate the heat removal capability and thereby calculate a low con-
tainment pressure, margins were added to the measured and as-built values. In addi-
tion, the containment heat removal systems were assumed to operate at their maximum
capacities. Minimum operational values for the syray water and service water temper-
atures were assumed.

Based on our review we have concluded that since the ECCS evaluation model used complies
with Appendix K to 10 CFR Part 50 and the plant dependent information used for the
Diablo Canyon plants is reasonably conservative, the calculated cortainment pressures
are in accordance with Appendix K to 10 CFR Part 50 of the Commission's regulations.

Single Failure Criterion

Appendix K to 10 CFR Part 50 of the Commission's regulations requires that the com-
bination of ECCS subsystems to be assumed operative shall be those available after the
most damaging single failure of ECCS equipment has occurred. The worst single failure,
which was one that could minimize the emergency core coolirg available to cool the core
and yet provide maximum containment cooling, was ideritified by Westinghruse in their
generic topical reports as the loss of a low pressure ECCS pump. In our evaluation of
the Westinghouse topical reports, we concluded that the application of the single
failure criterion was to be confirmed during the review of each plant. We have now
completed our review of the Diablo Canyon ECCS with respect to single failures and
determined that, subject to resolution of the matters discussed below, the results of
the Westinghouse topical reports are applicable.

We have reviewed the piping and instrumentation diagrams for Diablo Canyon and de-
termined that the inadvertent actuation of specific motor-operated valves could

result in a loss of ECCS function which would be a worse single failure than the

loss of a low pressure ECCS pump. As stated in Section 6.3.1 of the Safety Evaluation
Report, we had previously identified certain locations where a single incorrectly
positioned motor-operated valve could result in a loss of ECCS function. Further, in
Section 6.3.1 of Supplement No. 2 to the Safety Evaluation Report, we stated that the
applicant had commitied to lock out electrical power to these valves and that this

was an acceptable resolution of the matter. Since that time we have identified
additional locations where a single spurious valve operation would result in a loss
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of ECCS function. Two such valves, the containment sump isolation valves, were de-

’

scribed in Section 6.3.1 of Supplement No. 3 to the Safety Evaluation Report.

We have now completed our review of the Diablo Canyon piping and instrument diagrams
with regard to this matter. A1l of the valves involved and the modifications that will
be required are described below. The following is a complete 1ist of the motor operated
valves identified by the applicant and staff which will require modification:

Componer’ - ..t .on Failure Mode

Isolates Refueling Water Storage Loss of RWST flow to

8802 A&B

8982 A&B

Tank (RWST) from Safety Injection both SI pumps

(SI) pumps

Isolates Regenerative Heat Removal

(RHR) system from RWST

SI system shutoff valve

isolates hot leg
injection lines

Isolates the RHR system
from the RCS hot leg

Isolates sodium hydroxide
spray additive tank from
containment spray pumps

Containment recirqulation
pump supply to RHR pump

Loss of suction flow
to both RHR pumps

Inadvertent action of
this valve would stop
SI flow to all loops

Opening of either valve
during emergency core
cooling (ECC) injection
and core refloog would
allow injection into
reactor coolant system
(RCS) hot legs and
cause steam binding

Inadvertent opening of
this valve would permit
injection into RCS

hot leg and cause

steam binding

Inadvertent closing of
this valve would cause
loss of sodium hydroxide
flow to containment spray

Loss of flow to RHR
pumps




*B974 A&B Shutoff S1 pumps recirculation Damage or malfunction
lines of S1 pumps durin¢ pumps'
operation prior to
alignment for
recirculation

*8808 A,B, Accumulator isolation Inadvertent closing
C,.D valves of these valves would
stop accumulator flow

8809 A&B RHR pump discharge to Reduction of ECC flow
RCS cold leg loops from RHR pumps to RCS

*Identified by the staff in the present review.

We have reviewed the consequences of the failures of the above valves and have
evaluated the applicant's proposals for modification. We have concluded that the
following modifications would be acceptable for complying with the single failure
criterion:

(1) As has been proposed by the applicant, during power operation, power will be
disconnected from valves 8976, 8980, 8835, 8802 A4B, BBO9 B, 8703, and 8992 by
racking out the circuit breaxer at the motor control center. Valves 8976, 8980,
8835, 8809 B, and 8992 will be locked in the open position. Valves 8802 A&B and
8703 will be locked in the closed position.

During power operation, power will be disconnected from valves 8808 A, B, C, & D

by racking out the circuit breaker at the motor control center. These valves
would be locked in the open position.

During power operation, power will be removed from valves 8974 A&B and 8809 A.
These valves will be in their open position and power will be restorable from the
control room for switchover to the recirculation mode of operation.

The applicant has the option of either removing power from 8982 A&B, with the
valves in tneir closed position, while retaining the capability of restoring power
from the control room, or, of installing two check valves in the RHR suction
header, placing one between valves 8980 and 8700 A and the other between 8980 and
8700 B. Either modification is an acceptable means to eliminate the possible loss
of flow to both RHR pumps in the event of the inadvertent actuation of either 8982
A or B.




We have determined that the modifications described above would be acceptable. Alter-
nately, the applicant may propose and justify some other modifications. In either
event we will require the modifications to be completed prior to plant operation and
will include appropriate requirements in the technical specifications. In addition, we
will review the detailed means of removing power from the valves and, where appro-
priate, the detailed means of restoring power from the controi room to ensure that they
conform to our position, which is documented in Branch Technical Position EICSB 18,
"Application of the Single Failur~ Criterion to Manually-Controlled Electrically-
Operated Valves" contained in Appendix 7A to our Standard Review Plan.

Long-Term Boric Acid Concentration Buildup

We have reviewed the proposed procedures and the system design for preventing excessive
boric acid buildup in the reactor vessel during the long-term cooling period following
a loss-of-coolant accident. Boric acid can concéhtrate in the reactor vessel during
the initial cold leg injection phase due to boiling. This concentration is effectively
terminated upon switching to simultaneous hot leg and cold leg injection about one day
after a LOCA. We will require that the switchover time from cold leg to simultaneous
hot and cold leg injection be changed from 24 hours, which the applicant proposed, to
19.5 hours after a loss-of-coolant accident, This shorter time will assure that, for
cold leg breaks, the concentration of boric acid will not exceed 23.5 weight percent,
which is 4 weight percent below the solubility limit .at 212 degrees Fahrenheit. We
have determined that the 4 weight percent margin is needed to account for uncertainties
in predicting boric acid concentration in the reactor vessel. The applicant has
committed informally to incorporate this provision in the plant's emergency procedures
and, subject to documentation in the FSAR, we find this commitment acceptable.

We have reviewed the piping and instrumentation diagrams and found that the system
proposed by the applicant for long-term cooling can be operated in a manner complying

with the single failure criterion.

Submerged Valves

The applicant has submitted an analysis which shows that following a loss-of-coolant
accident the maximum water level in the containment will be at the 96-foot 1-inch
elevation. The applicant has identified four motor-operated valves which could be
submerged under these conditions. Those motor-operated valves whose motor operators
are located below the maximum water level are listed below:

Valve Motor Bottom Elevation Description
8808 A,B,C&D 94 feet - 11 inches Accumulator tank

isolation valves
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These four accumulator tank isolation valves are required to be functional following a
loss-of-coolant accident. These valves are normally open, but also receive a safety
injection system opening signal in the event of a loss-of-coolant accident. Since

the accumulator blowdown is completed within the first few minutes after a loss-of-
coolant accident and well before the motor operators could become submerged, subsequent
flooding will have no adverse effects.

Rod Bow

Recent generic information provided by Westinghouse indicates that the effect of rod-
to-rod bowing on local power spike should be considered in evaluating the ECCS perfor-
mance. Westinghouse has provided estimates of the 17x17 rod bow and has indicated that
a maximum 5 percent spike penalty would be appropriately conservative. The Diablo
Canyon Unit 1 and 2 ECCS performance evaluation was performed assuming a total peaking
factor (FQ) of 2.32 and the highest calculated pdak clad temperature was 2030 degrees
Fahrenheit for Unit 1. Extrapolation of the analysis to the limit of 2200 degrees
Fahrenheit would result in an estimated Timiting FQ of 2.46. 1f the 5 percent rod bow
power spike penalty were imposed, an adjusted limiting FQ of 2.35 would result. Since
this is greater than 2.32, we have concluded that the Diablo Canyon design has sufficient
margin to account for the rod bow power spike penalty without requiring modification to
the proposed technical specification 1imits on total peaking factor.

Conclusions

sed on our review as described above we have conclud-d4, subjec to satisfactory
resolution of the matters concerning single failures of motor op:rated valves and
documentation of the applicant's commitment regarding tirs of switchover to simul-
taneous hot leg and cold leg recirculation, that (1), the 0CA analyses that were
performed are wholly in accordance with the requirements of Appendix K to 10 CFR 50,
(2) the ECCS cooling performance conforms to the peak clad temperature and maximum
oxidation and hydrogen generation criteria of 10 CFR 50.46, (3) ICCS cooling perfor-
mance will be adequate despite any postulated failure of a4 single active component, (4)
adequate systems are available to provide long-term core cooling to the reactor vessel
and, therefore, (5) the emergency core cooling system design is acceptable.

We will report the resolution of the matters corcerning single failures of motor-
operated valves and documentation of the applicast's commitment concerning switchover
time to simultaneous hot leg and cold leg injection in a supplement to the Safety
Evaluation Report.
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7.0 INSTRUMENTATION AND CONTROLS

Reactor Trip System
Process Analog System

In the Safety Evaluation Report we stated that we would require that tiie applicant
either: (1) modify the present system to provide a minimum physical separation of six
inches, or provide barriers between the control outputs of the isolation amplifiers and
the protection system circuitry, including the input to the isolation amplifiers; or
(2) qualify the present system, as implemented, by testing. The applicant submitted
reports of tests in letters dated January 16, 1§76, April 7, 1975 and November 24,
1975. The systems were tested for noise susceptibility including magnetic interference
effects and maximum credible output cabie voltage faults. The test results indicated
that noise or interference from the non-safety portions of the system were not in-
troduced into the satety portions and the equipment performed as designed before,
during and after the tests. Therefore, based on our review, we have found the test
program to indicate the acceptability of the system as installed at Diablo Canyon. Our
evaluation was documerted in a letter to the applicant dated April 22, 1976.

We consider this matter resolved.

Anticipated Transients Without Scram (ATWS)

In the Safety tvaluation Report we stated that we had not.completed our evaluation of
the information which had been submitted by the applicant concerning anticipated
transients without scram. The current status of this matter is described below.

Our position with respect to anticipated transients without scram is provided in the

technical report, "Anticipated Transients Without Scram for Water-Cooled Power Reactors,"

WASH-1270, dated September 1973. Unit ) was classified by the staff as a "1.C.'
facility as defined in WASH-1270; for this Unit, WASH-1270 indicates an analysis
describing and evaluating the consequences of a postulated anticipated transient with-
out scram would be acceptable. Unit 2 was classified as a "!.B." facility; for this
Unit, WASH-1270 indicates a prooram to incorporate any design chanyes necessary to
assure that the consequences of anticipated transients without scram would be accept-
able. The applicant submitted the information described by WASH-1270 in a letter dated
October 1, 1974, In that letter the applicant referrad to two Westinghouse topical
reports, WCAP-8330, "Westinghouse ATWS Analysis," dated August 1974 and WCAP-7706, “An
Evaluation of Solid State Logic Reactor Protection in Anticipated “ransients," dated
July 1971, The applicant stated that these reports contain the necessary analyses and
that they are applicable to the Diablo Canyon Nuclear Power Plant. In addition, the
applicant stated that Unit 1 as well as Unit 2 would be considered as a category "I1.B."

facility.
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We evaluated these Westinghouse topical reports and presented our conclusions ir a
report, "Status Report on Anticipated Transients Without Scram for Westinghouse Reac-
tors," dated December 9, 1975. This report descrites a number of outstanding issues
which must be resolved. We have discussed our status report with the Advisory Com-
mittee on Reactor Safeguards and we will consider the Committee's comments in develop-
ing our final position. We have requested that Westinghouse submit the information
needed to resolve the outstanding issues related to the evaluation model by June 30,
1976. We plan to request that the applicant submit promptly thereafter (1) an analysis
of the Diablo Canyon units using the approved Westinghouse evaluation model, (2) de-
tailed descriptions of the design changes determined to be necessary from the analysis,
and (3) a schedule for installing the design changes.

We will continue to review this matter and will require any changes indicated to be

needed in the Diablo Canyon design by the result of approved analyses to be incor-
porated into the design in a timely manner. /
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9.0 AUXILIARY SYSTEMS

9.6 Other Auxiliary Systems
9.6.1 Fire Protection System

In the Safety Evaluation Report, we stated that the fire protection system was
acceptable., Subsequent to the fire at the Browns Ferry facility (Docket Nos. 50-259,
50-260 and 50-296), we requested additional information from the applicant concerning
fire stops in cable trays and at cable wall penetrations. In Section 22 of Supplemer.t
No. 3 to the Safety Evaluation Report, we stated that the applicant had not yet pro-
vided this additional information. The applicantf/ provided this information in Amend-
ment 36 to the FSAR,

We have reviewed this information and, based on our review, we have not changed our
previous conclusion, as stated in the Safety Evaluation Report, that the fire pro-

tection systems meet the requirements of Criterion 3 of the General Design Criteria
and, therefore, they are acceptable,

We consider this matter resolved.

We also note that further studies of fire protection systems for nuclear power plants
are being conducted by the staff. When the results of these studies become available
we will require, if the results so dictate, upgrading the fire protection systems at

Diablo Canyon to further improve their capabilities for preventing unacceptable damace
that could result from fires. :
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10.4

10.0 STEAM AND POWER CONVERSIGN SYSTEM

Other Features

In Suprlement No. 3 to the Safety Evaluation Report we stated that we would report the
results of our evaluation of the information which had been provided by the applicant

concerning secondary system flow instability (feedwater hammer) in a future supplement
to the Safety Evaluation Report. We have completed this evaluation as described below.

In a letter dated August 5, 1975 the applicant described two modifications being made
to the Diable Canyon design to reduce the possibi)ity and/or consequences of feedwaier
hammer. These modifications are (1) minimizing é&e length of horizontal feedwater
piping which could be emptied when the steam generator water level drops below the
level of the feedwater ring, and (2) insiallation of inverted u-bend vents in each
feedwater ring. In addition, in a letter dated March 16, 1976, the applicant informed
us that the feedwater rings in the steam generators will be modified by the installa-
tion of J-tubes which are intended to prevent the feedwater ring from emptying when the
steam generator water level drops below the level of the feedwater ring. The applicant
also stated that tests conducted at the Trojan Nucledr Plant (Docket No. 50-344) with
steam generators of the same ‘esign and with the same modifications and a similar
feedwater system showed that flow instability would not occur at Diablo Canyon. On
this basis, the applicant did not propose a similar test at Diablo Canyon. The appli-
cant also stated in the letter of August 5, 1975, based on experience at other plants,
that limiting the feedwater flow rate could eliminate the possibility ¢ feedwater
harmer, even in the absence of the modifications desqribed‘Sbove.

We are presently evaluating feedwater hammer on a ge-eric basis for all pressurized
water reactors. While we believe that the applicant's modifications may preclude
unacceptable damage from feedwater hammer, pending completion of our studies we will
require that the applicant perform tests to demonstrate that uncovering the modified
feedwater sparger and subsequent refill via the auxiliary feedwater system over the
complete range of allowable refill rates will not result in damage from feedwater
hammer., Until these tests have been performed to establish a particular 1imit for this
plant, the steam generator water level recovery rate will be limited to 1.2 inches per
minute or less. This recovery rate was demonstrated to be acceptable in teste performed
at the Calvert Cliffs Nuclear Power Plant Unit No. 1 (Docket No. 50-317). Based on
experience at Calvert Cliffs and other facilities, we have determined that this limit-
ing refill rate is conservative for the Diablo Canyon facility.

We will include the appropriate limitations in the technical specifications.
We consider this matter resolved.
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11.0 RADIOACTIVE WASTE MANAGEMENT

Our evaluation of the radioactive waste management systems was presented in the Safety
Evaluation Report where we found these systems to be acceptable.

Since then the Commission has adopted Appendix I to 10 CFR Part 50 (effective June 4,
1975 and amended September 4, 1975) entitled "Numerical Guides for Design Objectives on
Limiting Conditions for Operation to Meet the Criterion 'As Low As Is Reasonably
Achievable' for Radioactive Material in Light Water Cooled Nuclear Power Reactor
Effluents." Appendix 1 to 10 CFR Part 70 requires that, for plants with construction
permits issued before January 2, 1971, the applicant submit, by June 4, 1976, the
information necessary to evaluate the means for’ keeping radioactivity levels in effluents
as low as is reasonably achievable. Diablo Canyon falls in this category.

We provided guidance to the applicant concerning submission of this information in a
letter dated February 25, 1976. further, staff representatives riet with the applicant
on April 1, 1976 to provide additional guidance. When the information is submitted, we
will review it and report the results of our evaluation in a supplement to the Safety
Evaluation Report, '




22.0 CONCLUSIONS

In Section 22 of Supplement No. 3 to the Safety Evaluation Report, we stated that
several items were still outstanding, and that favorable resolution of tiese items
would be required before operating licenses for Diablo Canyon Units 1 and 2 could be

issued. Resolutions for a number of those items have been presented in this supplement.

Items which remain outstanding are summarized below.

1. An evaluation of the plant's capability to withstand an earthquake of magnitude
7.5 on the Hosgri fault (Section 3.7 of this supplement) including a tsunami
generated by such an earthquake (Sections 4.2, 2.4.3 and 2.4.5 of Supplement
No. R

2.  An evaluation of the environmental and seismic qualification of Category I elec-
trical, instrumentation and control equipment (Sections 3.10 and 7.8 of the Safety
Evaluation Report).

3. An evaluation of the means to be used to ensurg that single failures in motor
operated valves cannot result in a loss of emergency core cooling system function
and documentation of the applicant's commitment regarding the switchover time to
simultanecus hot leg and cold leg injection following a loss-of-coolant accident
(Section 6.3 of this supplement).

4. An evaluation of the consequences of Anticipated Tramsients Without Scram (Section

‘

7.2.5 of this supplement).

5, An evaluation of the ability of the liquid and gaseous radioactive waste manaqe-
ment systems' ability to meet Appendix I to 10 CFR Part 50 (Section 11,0 of this
supplement).

6. An evaluation of the effects of postulated pipe breaks outside containment (Sec-
tion 3.6 of the Safety Evaluation Report).

7. An evaluation of the plant's tornado missile protection (Section 3.5 of Supplement
No. 3 to the Safety Evaluation Report).

Subject to favorable resolution of the outstanding matters described above, the con-
clusions as stated in Section 22 of the Safety Evaluation Report remain unchanged.



APPENDIX A

CONTINUATION OF THE CHRONOLOGY OF THE RADIOLOGICAL REVIEW

September 17, 1975

September 26, 1975

October 6, 1975

October 6, 1975

October 17, 1975

October 21, 1978

October 21, 1975

October 30, 1975

November 11, 1975

November 12, 1975

November 14, 1975

Letter from applicant regarding schedule for providing infcrmation
requested September 4, 1976.

Letter to applicant regarding outstanding issues and requesting
schedule for submitting additional information.

Letter from applicant providing Sﬁ?edule requested September 26, 1975,

Submittal of Amendment 35 including (1) partial response to questions
dated February 12, 1975, and (2) miscellaneous changes.

Letter from applicant indicating that ECCS information was submitted
in Amendment 35.

Letter from applicant providing additional information on protection
against tornado-generated missiles requested July 11, 1976.

Submittal of Amendment 36 including (1) partial responses to requests
for information dated July 11, 1975, August 7, 1975 and September 26,
1975, and (2) miscellaneous changes,

Submittal of Amendment 37 incorporating (1) completion of responses
to request for information dated February 12, 1975, and (2) reorgani-
zation of Section 15.4 of FSAR.

Letter from applicant submitting reports entitled (1) "Teleseismic
Location of tne 1927 Lompoc Earthquake," and (2) “Aftershocks of the
1927 Lompoc Earthquake."

Letter from applicant submitting report entitled, "Western Geophysical
Company and Shell 011 Company Proprietary Seismic Reflection Data
from the Offshore Region between Point Estero and Point Arguello:
Basic Data, Interpretive Data, and Discussion," and requesting that
the report be withheld from public disclosure as proprietary data.

Letter to applicant providing revised review schedule and requesting
additional information on geology, seismology and seismic design.

A<l



November 24, 1975

November 25, 1975

December 1, 1975

December 4, 1975

December 8, 1975

December 8, 1975

December 10, 1975

December 11, 1975

Decembe * 16, 1975

December 22, 1975

December 24, 975

December 30, 1975

January 8, 1976

January 12, 1976

Letter from applicant providing supplement to report entitled,
"Westinghouse Protection Systems Noise Tests."

Meeting with applicant to discuss responses to request for information
dated November 14, 1975.

Letter from applicant submitting additional copies of reports pre-
viously submitted November 11, 475,

Meeting with applicant to discuss technical specifications.

Letter from applicant submitting additional copies of proprietary
data submitted November 12, 1975.

Letter from applicant submitting ‘;ophysical survey records in partial
response to request for information dated November 14, 1975.

Letter to applicant informing him of safety question regarding reactor
pressure vessel support system and requesting information.

Letter from applicant submitting report entitled, "Seismic Reflection

Data from the Offshore Region Between' Point Estero and Point Arquello:
Interpretive Data and Discussion," which constitutes a non-proprietary
version of the material submitted Novembe: 12, 1975.

Letter from applicant submitting USGS offshore geophysical survey re-
cords in partial response to request for information dated November 14,
1975, E

Submittal of Amendment 38 including (1) information on electrical, in-
strumentation and control systems (equipment qualification) in partial
response to request for infermation dated August 7, 1975, and (2)

miscellaneous changes.

Letter from USGS * NRC staff providing draft report on Diablo Canyon.
Letter from applicant submitting location data for electrical equip-
ment related to pipe breaks outside containment in partial . esponse

to request for information dated August 7, 1975,

Letter from applicant transmitting reports on reactor containment
building integrated leak rate test and structural integrity tests.

Letter from USGS to NRC staff providing draft report on Diablo Canyon.
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January 13, 1975

January 14, 1976

January 14, 1876

January 19, 1976

February 2, 1976

February 5, 1976

February 24, 1976

February 25, 1976

February 25, 1976

March 2, 1976

March 2, 1976

March 2, 1976

Letter from applicant regarding design of reactor ressure vessel
support system in responss to request for information dated
December 10, 1975.

Meeting with applicant to discuss geology and seismology.

Letter from appiicant providing information on pipe breaks outside
containment in partial response to request for infcrmation dated
August 7, 1975,

Letter from applicant submitting a report entitled, "A Discussion of
the Application of the Migration Process to Western Geophysical Com-
pany Seismic Reflection Line W74-12 in the Vicinity of the Hosgri
Fault Zone, in the Area Offshore from the Diablo Canyon Power Plant
Site," in partial response to a regfuest for information dated
November 14, 1976 and requesting that the report be withheld from
public disclosure as proprietary data.

Submittal of Amendment 39 including miscellaneous changes and Amend-
ment 40 including partia) response to request for information dated
November 14, 1976.

Meeting with applicant and USGS to discuss geology and seismology.

Letter tc applicant transmitting draft Regulatory Guides 1.AA through
1.FF related to radicactive waste management calculations required by
Appendix 1 to 10 CFR 50.

Letter to applicant providing guidancé on submitting required radio-

active waste management information per Appendix I to 10 CFR 50, and

requesting the applicant's plans for compliance with Appendix 1.

Latest completion dates in Cbnstruction Permits for Units 1 and 2 were
extended by the Commission.

Letter from applicant submitting a report entitled, "A Discussion of
the Application of the Migration Process to Western Geophysical Com-
pany Seismic Reflection Line W74-12 in the Vicinity of the Hosgri
Fault Zone, in the Area Offshore from the Diablo Canyon Power Plant
Site," which constitutes a non-proprietary version of the information
submitted January 19, 1976.

Submittal of Amendment 41 including miscellaneous changes.

Letter from applicant submitting additional copies of material sub-
mitted November 12, 1975 and January 19, 1976.
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March

March

March

April

April

April

April

April

16, 1976

23, 1976

30, 1976

1, 1976

21, 1976

20, 1976

22, 1976

29, 1976

Letter from applicant providing update of information on secondary
system flow instability that was submitted August 5, 1975.

Letter from applicant submitting errata for containment structural
integrity test report submitted January 8, 1976.

Letter from applicant stating that plans for compliance with Appendix
1 to 10 CFR 50 would be submitted after a meeting of April 1, 1976

with the staff.

Meeting with the applicant (and other applicants) to provide further
guidance on compliance with Appendix 1 to 10 CFR 50.

Letter to applicant stating that information submitted November 12,
1975, December 8, 1975 and Januar’ 19, 1976 would be withheld from
public disclosure pursuant to 10 CFR 2.790.

Meeting with applicant to discuss seismic design.

Letter to applicant providing staff eval.iation of report entitled,
"Westinghouse Protection System Noise Tests," submitted January 16,

1975 and revised April 7, 1975 and November 24, 1975.

Letter from USGS to NRC staff providing report on Diablo Canyon.
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B16L 10GRAPHY

(Documents referenced in or used to prepare Supplement No. 4 to the Safety Evaluation
Report for the Diablo Canyon Nuclear Power Station, Units 1 and 2, are listed below.
This 1ist of decuments is in addition to those previously listed in the bibliographies
for the Safety Evaluation Report and Supplement No, 1 to the Safety Evaluation Report.)

Structural Engineering

tar

Geology, Seismology, and Foundation Engineering

/

Newmark, N. M., "Earthquake Response Analysis of Reactor Structures,” presented at
the First International Conference on Structural Mechanics in Reactor Technology,
Berlin, September 1971.

Scanlan, A, M., “Seismic Wave Effects on Soil Structure Interaction," presented at
the Third International Conference on Structural Mechanics in Reactor Technology,
Berlin, September 1975, ’

Yamahara, M., "Ground Motions During Earthquakes and the Input Loss of Earthquake
Power to an Excitation of Buildings," Soils and Foundations, VOL. X, No. 2, June
1970, Japanese Society of Soil Mechanics and Foundation Engineering.

(2]

Abee, A. L. and J. L. Smith, 1968, "Earthquake Characteristics and fault Activity
in Southern California," Special Publication of the Los Angeles section of the
Association of Engineering Geol. Arcadiz, California, 1960.

Agermissen, S. T., (196%), "Studies in Seismicity and Earthquake Damage Sta-
tistics," prepared for the Department of Housing and Urban Development, Office of
Economic anal. by ESSA, Coast and Geodetic Survey.

Bernreuter, D. and L, Wight, 1976, "Analysis of Some of the Major Parameters
Influencing the Response Spectra for the Diablo Canyon Site," Lawrence Livermore
Laboratory Report to the Nuclear Regulatory Commission.

Borilla, M. G. in R. L. Wiegel led.), 1970, “Earthquake Engineering," Prentice
Hall, 51B pgs.



Bonilla, M. G, and J. M. Buchanan, 1970, "Interim Report on World Wide Historic
Surface Faulting," USGS open file report 16113.

9. Donovan, N. C., 1973, "A Statistical Evaluation of Strong Motion Data Including
the February 9, 1971 San Fernando Earthguake." Paper 155 Proceedings of the Fifth
World Conference on Earthquake Engineering, Rome.

10. Gawthrop, W., 1975, "Seismicity of the Central California Coastal Region,"” USGS
open file report 75-134.

1. Hall, Jr., C. A., 1975, "San Simeon-Hosgri Fault System, Coastal California:
Economic and Environmental Implications." Science, 26 December, paos 1291-1294.

12. Hofmann, R, B., 1974, "Factors in the Specjfication of Ground Motions tor Design
Earthquakes in California," U. S. Army Corps of Engineers Waterways Experiment
Station Miscellaneous Paper 5-731, 93 pgs.

13. Hoskins, £, G. and J. R, Griffiths, 1971, "Hydrocarbon Potential of Northern and
Central California Offshore," Am. Asscc. Pet. Geol. Mem. 15, pg. 212.

14, Schnable, P. B. and H. B. Seed, "Acceleration in Rock for Earthguakes in the
Western United States," Bull. Seis. Soc. of Am. V. 63, No. 2.

15,  Trifunac, M. D., 1976, "Preliminary Analysis of the Peaks of Strong Earthquake
Ground Motion . . .," Bull, Seis. Soc. Volume 66, No. 1, pas. 189-219.

16.  Wagner, V. C., 1974, "Marine Geology Between Cape San Martin and Pt. 5al South-
Centrai California Offshore," USGS open file report 74-252,

17.  Wesson, R, L. and W. L. Elsworth, 1973, "“Seismicity Preceding Moderate Earthquakes
in California," Jour. Geoph. Res. Vol, 78, No. 35, pes. B8527-8546.



APVENDIX C

United States Department of the Interior

GEOLOGICAL SURVEY
RESTON, VIRGIMIA 22092

APR 29 1978

Mr. Benard C. Rusche

Director of the Office of Nuclear
Reactor Regulation

U.S. Nuclear Regulatory Commission

Washington, D.C. 20555

Dear Mr. Rusche:

Transmitted herewith, in vesponse to your request, is a review of the
geologic and seismologic data relevant to the Diablo Canyon Nuclear
Power Station, Units 1 and 2 (NRC Docket Nos. 50-275 OL and 50-323 OL).

This review was prepared by F. A, McKeown and J. F. Devine of the u.S.
Geological Survey. Mr. McKeown was assisted by Holly Wagner, David
McCulloch and Robert Yerkes in the preparation of portions of this
review. Mr. Devine was assisted by Robert Page and Wayne Thatcher in
the preparation of portions of this review.

Ve have no objection to your making this review part of the public
record.

Sincerely yours,

p / (/L)‘(',\,L /

betimg Director

Enclosure




PACIFIC GAS AND ELECTRIC COMPANY

DIABLO CANYON SITE, UNITS 1 AND 2
SAN LUIS OBISPO COUNTY, CALIFORNIA
AEC DOCKET NOS. 50-275 AND 50-323

Geology and Seismolcgy

This is a review of the geological and seismological information
contained in Amendments 21, 32, 34, 37 and 40 of the Final Safety Analysis
Report (FSAR) for the Diablo Canyon nuclear power plant site. The review
also includes a discussion of questions congérning the size of an earthquake
to be expected on offshore fault zones raised by some California scientists

since review of the amendments.

The amendments were prepared by the Pacific Gas and Electric

1975, from the Nuclear Reguliatory Commission (NPC) for certain additional
information relevant to design basis earthquake issues, which have been
the principa) problems requiring additional earth sciences information
and analyses. To support assertions in the FSAR through Amendments 11,
19, and 20, five requests for information (referred to as questions in

the Amendments) were made.

2.17. Provide additional discussion and arguments for determining the
maximum earthquake that can be expected on faults of various
ranks within the San Andreas system. Relate the discussion to

Company (PG&E) in response to a request in a letter dated February 12,
J
historic seismicity. }

2.18. Provide additional documentation, including seismic reflection
profiles, on the intersection of the Hosgri fault zone with
the Transverse Range faults. Include geologic maps southward
of those provided in the FSAR showing the structural relation- |
ships of the Transverse faults and structures having & north-
west trend.
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Provide additional documentation, including seismic profiles,
on the northern reaches of the Hosgri fault zone. Include a
fuller development of your views on the structural relationship
of the Hosgri fault to the San Simeon fault.

2.20. Provide additional information on the location of the 1927
event, together with its orobable mechanism. Discuss probable
relationships of this event to the geclogic structure in the
region.

2.21. Provide your evaluation of the maximum credible earthquake on
the Hosgri fault zone. Assuming this event occurs along the
segment of the Hosgri fault zone nearest the site, evaluate
its response spectrum at the site and compare it with the
design response spectrum. /

The response in the FSAR to the questions has provided considerable
additional geologic and seismologic information and analyses. Many
uncertainties in the data and interpretations still exist. Among the
most important of these are: (1) the location and mechanism of the
1927 earthquake, (2) the exac: relation of the Hosgri fault zone to
faults in the Transverse Range system and the San Simeon fault, (3) the
continuity of some faults, (4) the relative amounts of dip-slip and
strike-s1ip movement on the Hosgri fault zone, (5) the sense of displace-
ment on parts of the Hosgri zone, (6) identification and correlation
of acoustical units, and (7) kinematic. relations among lifferent fault
zones.

In addition to these uncertainties, some information shown on the
profile= is not shown on the maps and vice versa, and some profile
data arc not included that are important to evaluate the extension or
character of some faults. Because geologic maps developed from seismic
reflection profiles are based upun much interpretation that may differ

among several interpreters, it was necessary for the purposes of our
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review to make independent interpretations of the seismic profiles.

These independent interpretations are somewhat different than the
interpretations presented in Amend -nts 31 and 32. The major differences
are briefly described in appropriate sections of this review.

Although some changes in, and additions to, geologic and seismologic
details have been made in Amendments 31, 32, 34, 37 and 40 compared with
previous data in the FSAR, no major changes can be made in our conclu-
sions that were stated in the review of the FSAR, and Amendments 11,

19, and 20, which was transmitted to the NRé from the Director of the
United States Geological Survey by letter of January 28, 1975. The
pertinent statement in our previous conclusions was as follows:
“"Earthquakes along the EBZ1 presumably would not be as large as expected
on the San Andreas fault, however, from the information presently at
hand we can find no evidence that would preclude the occurrence of an
earthquake as large as events characteristic of subparalle! strike-
slip faults, which bound basins, such as the Santa.Maria, in the San
Andreas system and which do not transect strucfura\ provinces." The
size of an earthquake on faults that bound basins was not specified
in this conclusion. For reasons stated in subsequent parts of this
review, however, the magnitude of the design basis earthquake for
the Diablo Canyon nuclear reactor site should be about 7.5 and
located on the Hosgri fault zone. This is based principally on

the fact that the November 4, 1927, earthquake had a maanitude of

Tas defined in the FSAR, EBZ refers to the East Boundary fault zone,
which is the Hosgri fault zone.
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7.3 and that the best estimates of its location indicate that it could
have occurred on the Hosgri fault. Furthermore, the range in magnitude
is compatible with the largest recorded or estimated magnitudes of
earthquakes that have occurred on subsidiary faults in the San Andreas
system.

Selected comments important to an evaluation of the amendments

are outlined below.

Amendment 31/
NRC Question ?2.18

On figures 8 and 9 relative displacement on the Hosgri fault
between Point Buchon and Point Sal is shown to be down on tre east.
On figure 10 relative displacement on the soufhern extension of the
Hosgri fault south of Point Sal is down on the west, which is compatible
with the argument that the Hosgri fault is the east boundary of a
portion of the Santa Maria Basin. Changes ia direction of relative
movement, however, are very suggestive of lateral displacement, which
may have occurred after development of the basin and bounding faults.

On page 9, reference is made to figure 11 as evidence that no
scarp-forming seismic events have occurred on the southernmost part
of the Hosgri fault since prior to the Wisconsinan stage of the
Pleistocene. It is true that no offset of the ocean floor is evident
on figure 11. However, close inspection of figure 11 shows offset of
the post-Wisconsinan unconformity when sighting along it or placing a
straightedge along the mapped trace. Also, faulting of the post-

Wisconsinan cediments cannot be precluded because a change in acoustical
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| signature is evident acrocs an upward projection of the fauit shown
in figure 11. The change in the acoustical signature of unit A2 across
the fault is quite clear and may be evidence of lateral movement or
the fauit.

It is r9t clear from the profiles in figures 13a and 13b that the
disturbed . ' 25 in them that are inferred to represent the West Hosgri
fault are the same. At least three additional faults can be inter-
preted in the profile of figure 13b. Also a/disturbed zone appears
to be between stations 133 and 136 in the profile of line 13a. Kelez,
Bartlett, and Polaris survey lines crisscross this area and
evidence from them to support or negate the suggested correlation of
disturbed zones is not apparent.

An independent interpretation of the seismic profiles in the
offshore area from about Point Sal to about five miles south of Point
Arguello indicates that the Hosgri fault extends at.least five miles
south of Point Arguello and does not turn eastwérd as suggested in
Amendment 31.

Although the Lompoc fault zone appeérs to have offset the sea
floor, and may, therefore, be considered capable of movement again,
its length of only about eight miles as inferred by the applicant
appears to be incompatible with a magnitude 7.3 earthquake. An
independent interpretation of the seismic profiles in the area of the
Lompoc fault differs from that of the applicant in that it shows that
the Lompoc fault zone is about 20 miles long; the longest single fault

in the zone is about 15 miles in length. Furthermore, the displacement
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is interpreted to be dip slip or passibly oblique slip; rather than

reverse slip as suggested by the applicant.

NRC Question 2.19

As no.. in the previous section, the sense of displacement on
the southern part of the Hosgri fault is up on the west side, figure 1
(N), and therefore is not compatible with its being primarily related
to basin development. However, an a]ternaf}ve interpretation suggests
the displacement on the Hosgri fault in figure 1 to be down on the west.

Figure 1 (N) has three buried faults not shown on Plate I. This
leads to questions concerning the interpretation of some of the data
in the report.

Another instance of faults shown in profiie but not on a map is

seen from comparison of figure 4 (N) and Plate I. The correlation of

faults between Lines 16 and 12 (figures 3 (N) and 4 (N)) is questionable.

A profile along Line 14 would help. Also, an interpretation of Line 10
should be included.

Fithough the straight coast 1ine between Canbria and Point Estero
suggests that the extension of the San Simeon fault is just offshore;
data are lacking to prove this. None of the data presented in Amendment
31 preclude the San Simeon fault from intersecting the Hosgri fault
offshore between Cambria and Point Estero. The two faults even as
shown on Plate I1 (N) are less than 2.5 miles apart and could very well
be tectonically coupled to each other by an en echelen or anastomosing
series of faults which is characteristic of faults in the coast ranges.

Such coupling of the Hosgri and San Simeon faults is supported by
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interpretation of stratigraphic sections recently reported by Hall (1975).

He infers that "...the S¢n Simeon and Hosgri faults are part of the

same system,..." and that 80 km or more of right slip has occurred

along the system during the last 5 to 13 million years.

Figures 7a {N) and 7b (N) are very puzzling. They show an inflection

in the sea floor over the Hosgri fault and a drastic change in the
thickness and acoustical signature of unit A2, assuming A2' s correlative
with A2. In addition to vertical displacem%?t. lateral displacement,
which 1s not mentioned, could be interpreted from these profiles.
However, the basis for separating A2' from A3 is not apparent. Similarly, {
it is nc. apparent why unit A', east of the fault, is terminated. It
appears to continue to the east edge of these profiles.

On figure 112 (N) the A2 unit east of the‘fault at station 119
is correlated with the Monterey formation (p. 8, NRC Question 2.19,
Amendment 31), but the signature of the A2 unit west of this fault is

completel. {ifferent. This inferred 1ithologic change, as elsewhere,

suggeste & eral displacement.

NRC Question 2.20
On page 10 it 1s reasoned that both the Hosgri and West Hosgri
faults can be eliminated as sources of the 1927 earthquake because
neither the sea floor nor the post-Wisconsinan unconformity are offset
in the epicentral area of the earthquake. This reasoning is not

satisfactory because typically surface rupturing of a fault is discon-

tinuous, and offset may not be detected if the displacement had a
1
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large lateral component. Furthermore, as stated on page 4 of this
review, the base of post-Wisconsinan sediments is offset, and a fault
in the sediments cannot be precluded in figure 11. The evidence,
therefore, to eliminate the Hosgri fault as the source of the 1927
earthquake 1s inadequate. As previously stated, the length of the
Lompoc fault appears to be incompatible with the magnitude of the 1927
earthquake.

Figure 1 shows that segments of the Hosgfi fault zone, the Lompoc

fault, Purisima fault, and Lion's Head fault occur within the error

circle of Gawthrop and error ellipse of Engdahl for the 1927 earthquake.

However, all of the faults are outsice of the area designated by Smith
as the "inferred distribution of aftershock sequence of the 1927
earthquake." The 1927 earthquake, therefore, cannot be unequivocally
located on any one of these faults. The Hosgri fault, however, is
closer to the center of the estimate of error than the other faults
and, therefore, must be considered as a poss1b1e'fau1t on which to

locate the earthquake.

Amendment 32
NRC Question 2.17

Although this sectinn contains descriptions and explanations of
the "kinematics of structural behavior 1n the south-central California
region..." contemporary seismic activity is not fully exp‘ained. Also,
we do not agree with some statements given as fact. For exampie, on
page 2 it is stated as fact that the 1927 M.7.3 earthquake occurred
on the Lompoc fault. This is not fact but a highly controversial
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assumption. Item 2 on page 2 of this amendment indicates that the
Lompoc and San Andreas are the only faults in the southern Coast Ranges
that "reflect substantial late Quaternary surface deformation." As
defined on page 3 of this amendment, "substantial" clearly includes the
San Simeon fault, which as stated on page 7 of this review may be
coupled with the Hosgri fault. The attempt to explain the large
magnitude by using the logic that the Lompoc fault is in a transition
zone between the Coast Ranges and Western Transverse Ranges applies

to other faults in the zone including the §guthern part of the Hosgri

fault.

Amendment 34
NRC Question 2.21

The maximum credible earthruake of € 1/4 - 6 1/2 on the Hosgri
fault zone used in this section to derive peak site ground acceleration
is unacceptable because as stated previously the 19?7 earthquake with
a magnitude of 7.3 cannot be precluded from having occurred on the
Hosgri fault. Although we believe that the 1927 earthquake should be
used to estimate the safe shutdown earthquake, fault length-magnitude
relationships have also been considered. The uncertainties in these
relationships and the assumptions involved in the use of them are well known.
Nevertheless, we may consider that the Hosgri fault is about 90 miles
(144 km) long, or even greater if it is coextensive with the San
Simeon fault. The part of this total length that may rupture during
an earthquake is highly conjectural, particularly in view of the complex

tectonic style of the faults in question. However, using a reasonable
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factor for continuous rupture along a discontinuous zone of deformation,
in our judgment, it is prudent to consider magnitude 7 as a possible
minimum magnitude based on this criterion above, exclusive of the
consideration of the 1927 earthquake.

Recently some earth scientists in California have discussed the
possibility that the Hosgri fault zone not only may intersect or be
coextensive with the San Simeon fault, but that the San Simeon fault
may connect with the San Gregorio fault, presumaé]y in the vicinity of
Monterey Bay. It is argued that these three faults could comprise a
system that may make i1t capable of generating a magnitude 8 earthquake.
fvailable data, although incomplete, do not substantiate this inferred
system of faults in the sense that it is a long Tinéar fault along
which major movements are occurring and, therefore, is capable of a
magnitude 8 or larger earthquake.

It is well known that earthquakes with instrumentally measured
magnitudes of 8+ generally occur along major discontinuities that may
be either subduction zones or transform faults. In western North America
the only such discontinuity recognized is the San Andreas fault.

Not only is there no record of a magnitude 8 earthquake on the offshore
system, but significant differences in tectonic style exist between
that system and the San Andreas fault, which strongly suggest that the
great length of rupturing associated with magnitude 8 earthquakes on

strike-slip faults would not occur. These differences are outlined below:



(1) As stated previously, an interpretation that the San Simeon
intersects the Hosgri fault zone offshore between Cambria and Point
Estero cannot be precluded. Such an intersection would permit a nearly
straight line continuation of the Hosgri 2one. However, interpretations |
by Hoskins and Griffiths, the applicant, and Wagner all show continuation
of the Hosgri zone or branches of it north of any postulated intersection.
1f the San Simeon fault does not intersect the Hosgri zone, then they are ‘
en echelon to each other as originally 1ntérpreted by Hoskins and Griffiths.
The tectonic style of this area, therefore, is one of branching or
en echelon faults. ‘
(2) Data on the relationship of the San Simeon fault to the San |
Gregorio fault have not been provided by the applicant nor were they
requested. The Hosgri fault zone is comprised of many discontinuous,
anastomosing, and en echelon faults as interpreted by both Wagner and

McCu’ ¢ h, and the applicart. Relationships between HSS zones appear

to be similar to the style of faulting in the coast ranges: an anastomosing,
en echelon pattern unlike that of the San Ardreas fault

Offshore faults north of Point Piedro Blancas do not form a single
continuous fault. CGreene and others (1973) show the San Gregorio fault
connecting with the onshore Palo Colorado fault northeast of the Sur-
Nacimiento fault zone. Furthermore, the San Simeon fault {f projected
northwest immediately offshore is truncated by the Sur-Nacimiento zone
(Crowell, 1975). These relationships appear to preclude any similarity

to the continuous style of the San Andreas fault.
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(3) The Hosgri zone and the San Simeon fault are considered in this
review as part of the San Andreas system of faults. This interpretation
is made because (2) of evidence of lateral movement along the Hosgri
fault zone and the San Simeon fault, (b) these faults like coast range
faults are subparallel to the San Andreas fault, end (c) the regional
stress field responsible for the plate boundary movements concentrated
along the San Andreas fault may reasonably be expected to cause lateral
movement on subparallel faults. Much ge010g4c and seismologic evidence,
however, shows that the major plate boundary movements are occurring
on the San Andreas fault. Specuiation that the major movements now
occurring on the San Andreas fault should transfer tens of miles to
another part of the system, which is discontinuous and nonlinear, withi
a few decades or perhaps several hundred years cannot be supported with
available geologic evidence.

(4) The Hosgri fault zone and San Simeon fault.are recognized as
the eastern boundaries of offshore basins with iarge vertical displace-
ments. The evidence for this is compelling, and the presence of *he
basins is reason for exploration by 0il éompanies. In our review we
have not disputed this evidence, but argued that the displacement on
these basin-bounding faults in the current stress regime may have a
large component of lateral displacement should an earthquake occur on
them. These faults apparently do not form crustal plate boundaries
which suggest that both their length and depth are not of the order of
plate boundary faults and probably would not support earthquakes as
large as those that occur along cructal plate boundary faults.
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The suggestion that the Hosgri-San Simeon-San Gregorio faults

compris2 a system capable of a magnitude 8 earthquake is a legitimate
and serious question, which has been considered since discovery of the
Hosgri fault zone by Hoskins and Griffiths (1971). It is our current
judgment, however, based upon the data in the FSAR, data in the literature,
some work in progress within the USGS, present concepts of earthquake

source areas along the west coast of the U.S., and the arguments given
above that such faults have not been demonstrgted to be capable of genecating

In essence the Hosgri, San Simeon, and San Gregorio faults, even
if parts of a common zone of deformation, have the dominant characteristics
of subsidiary faults within the San Andreas system. Such subsidiary
faults have no record of or estimate of earthquakes larger than magnitude 7.5

on them,

magnitude 8+ earthquakes. |
Conclusions
Although the FSAR includes a considerable amount of new information
and analysis, the only change that can be made in the original conclusions |

transritted to the NRC on January 28, 1975, is to be more specific in

our estimate of the design basis earthquake. This is based upon the
following facts and judgments.

1. The Hosari fault zone is more than 90 miles long and may even
be tectonically coupled to the San Simeon fault as they are within 2.5
miles of each other and both form parts of the eastern boundary of the

Santa Maria basin.



2. Marked changes in thickness and signature of acoustical units
across the Hosgri fault zcne in several profiles indicates evidence of
lateral slip. This was noted in our review of January 28, 15975, but such
changes are even more abundant in the profiles of Amendment 31. Right
lateral movement is reported for the San Simeon fault. These data
suggest that displacements on the Hosgri fault are related to the highly
active San Andreas plate-boundary system.

3. The length of the Lompoc fault appearé incompatible with the
magnitude of the 1927 earthquake.

4. The Hosgri fault is closer to the center of the estimates of
error of both Engdahl and Gawthrop than any other fault. It is therefore
a possible source of the 1927 earthquake. :

5. Questicnable evidence related to vertical displacement on the
Hosgri fault in the epicentral area of the 1927 earthquakes does not
eliminate it as a source. Surface rupture is generally discontinuous, and
if lateral slip occurred, it probably would not be detected. Offset of
the base of post-Wisconsinan sediments and.probable faulting of them is

evidence of post-Pleistocene movement.

For the above reasons and discussions given in the review, we
conclude that the 1927 earthquake could have occurred on the Hosgri
fault and that a similar earthquake with a magnitude of about 7.5

could occur in the future anywhere along the Hosgri fault.




6. We recognize the suggestion that the h.sgri, San Simeon, and
San Gregorio faults may comprise a system capable of magnitude 8
earthquakes. It is our judgment, however, that these faults are sub-
sidiary faults within the San Andreas system and such faults have not
been demonstrated to be capable of magnitude 8+ earthquakes.

7. We repeat our opinion that, for sites within 10 km of the
surface expression of a fault, the descrie}ion of maximum earthquake
ground motion by means of a single acceleration value may not be an
appropriate representation.

Consequently, we feel that an appropriate earthquake for this
site should be described in terms of near-fault horizontal ground motion.
A technique for such a description is presenéed in the Geological
Survey Circular 672 entitled "Ground Motion Values for Use in the
Seismic Design of the Trans-Alaska Pipeline System" (Ref. 4). It is
our intention that the ground motion values as exémplified by Table 2
“Near-fault horizontal ground motion" of Ref. (4) for magnitude 7.5 be
used to form the basis of a description of the earthquake postulated
to have the potential for occurring on the Hosgri fault at a point
nearest to the Diablo Canyon site subject to the condi:ions placed
on these values in Ref. 4. The earthquake so described should be used

in the derivation of an effective engineering acceleration for input

into the process leading to the seismic design analysis.




It is intended, also, that this potential ¢.rthquake be considered
in addition to all earthquakes considered previously by the applicant

during the construction permit review process.
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